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UNIT - I 
 

DRUG AND ITS METABOLISM 
Drug -Definition- Structural feature- prodrug concept. Mechanism of Absorption 
-first -pass effect. Distribution and metabolism of drug. Mechanism of Phase I 
and Phase II reactions, Action of cytochrome p450.Drug receptor- localization, 
type and subtypes, models and their drug - receptor interaction, agonist & 
antagonist. Examples. 
 
Introduction 

The area of biochemistry known as pharmaceutical biochemistry examines 
how bodily molecules interact with medications. It looks at how medications bind 
to receptors and the biological processes that underlie a drug's activity. Better 
medications and therapies for a variety of illnesses and ailments are developed by 
research in pharmaceutical biochemistry. Furthermore, knowing the reasons for 
toxicity and unfavorable drug interactions is crucial for developing more effective 
drug delivery methods. As the foundation for comprehending and creating life-
improving medicines, pharmaceutical biochemistry is crucial to enhancing human 
health. 

 
Definition 

� A material recognized by an official formulary or pharmacopoeia is 
defined as a drug. a drug designed to be used in the identification, 
mitigation, treatment, cure, or avoidance of disease.  

� A drug is a chemical that is consumed or delivered to cause a biological 
reaction in an organism's body.  

� Pharmaceutical drugs are chemicals that are used to treat, cure, prevent, 
or diagnose diseases as well as to enhance health. They are often referred 
to as medications or medicines. Historically, medications were derived 
from medicinal plants through extraction, but more recently, chemical 
synthesis has also been used. 

 
Drug structure 

An important factor in determining absorption is drug structure. For a drug 
to be absorbed from the gut, it must be lipid-soluble. Strongly polar acids and 
bases typically only absorb part of their dose slowly and incompletely, with most 
of it ending up in the feces. On the other hand, high polarity might be helpful for 
getting the medication to the lower bowel, which is where it acts. Certain 
medications, including benzylpenicillin, may become unstable due to their 
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structural makeup when exposed to low stomach pH or when digestive enzymes 
are present. (e.g. insulin). These substances must be administered by injection, 
while alternative methods of administration (such as inhaling insulin) might be 
feasible.  

Small molecule drug discovery is a challenging and complex process. The 
conventional method of developing small molecules for drugs typically prioritizes 
a molecule's efficacy before evaluating its drug ability, which can result in 
significant failure rates and research expenses. It has been stated that in 2007–
2011, 30.4 preclinical novel chemical entities (NCEs) were needed to obtain one 
authorized medicine, compared to only 12.4 NCEs in 2003–2007. Consequently, 
the rising failure rate in preclinical and clinical trials may be the reason behind 
the rising expenses associated with the research and development of new drugs. 
As a result, effective strategies to raise the success rate of medication 
development and research are very important. 

A drug's physicochemical qualities are determined by its chemical 
structure, which also affects the drug's pharmacological activity. These features 
include absorption, distribution, metabolism, excretion, and toxicity 
(ADME/Tox). By altering the structure of drug molecules, medicinal chemists can 
control the pharmacological activity of such compounds. Approved medications 
are without a doubt good drugs because they have already completed rigorous 
pre-clinical and clinical testing. The success rate of drug development would 
increase if the shared characteristic of the chemical structures of all small 
molecular drugs worldwide could be condensed into a criterion to direct the 
selection, design, and optimization of lead compounds and drug candidates in the 
early stages of preclinical research. This would also help to eliminate poor drug-
like compounds ahead of time and prevent additional costs associated with 
research and development. Consequently, there is substantial theoretical and 
practical relevance to the study of the essential chemical structural traits of small 
molecule pharmaceuticals. 

  
  According to Sugiyama, drug-like features are biological (ADME-
(Absorption, distribution, metabolism, and excretion)/Tox) and physicochemical 
(solubility, stability, etc.) characteristics that are compatible with high clinical 
performance. As per the research results, a molecule is considered drug-like if its 
ADME/Tox characteristics are acceptable and it can withstand Phase I clinical 
trials. As noted by Borchardt, medicinal chemists have an obligation to maximize 
both the drug-like qualities and the pharmacological activity of drug compounds. 
As a result, an organic compound that is approved to treat a disease needs to 
possess both drug-like qualities and sufficient pharmacological activity.  
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Since the introduction of the Lipinski "rule of five" in 1997, there has been 
a greater attention among researchers on the drug-like properties of lead 
compounds. Molecular weight (MW), lipophilicity (the logarithm of the octanol-
water distribution coefficient, logP), the number of hydrogen bond donors and 
acceptors (HBD and HBA), rotatable bonds (ROT), the number of rings, polar 
surface area (PSA), and acid/base properties are the primary physicochemical 
properties examined in these investigations.  

The goal of research on drug-like qualities is to help scientists create 
compounds with potentially good ADME/Tox properties early in the drug 
discovery process, hence lowering the expense and failure rate of drug 
development. Medicinal chemists have also extensively researched ways to 
enhance the drug-like qualities of organic compounds in order to accomplish this 
goal. For instance, an organic molecule's permeability will increase when a non-
ionogenic group is present rather than an ionogenic group, which will impact the 
molecule's in vivo oral bioavailability. Reduced hydrogen bonding and increased 
lipophilicity will improve an organic molecule's capacity to pass through the 
blood-brain barrier. 

  
Prodrug 

Though prodrugs have been around for more than a century, the idea of a 
prodrug was initially defined in the late 1950s. One of the earliest extensively 
used prodrugs was aspirin, which was first put on the market in 1899. Once within 
the body, it transforms into a chemical known as salicylic acid. To improve 
pharmaceuticals, scientists have developed a variety of prodrugs over time. They 
can assist in reducing specific adverse effects or enhancing the efficacy of a 
medicine. A prodrug is defined by the International Union of Pure and Applied 
Chemistry as a molecule that undergoes transformation prior to its 
pharmacological effects. Stated differently, a prodrug causes physiological 
changes in your body prior to its onset of action.  

 
Prodrugs are primarily of two categories.  
   These classifications are based on the way the body converts prodrugs: 
1) Within cells, type I prodrugs transform into their active forms  
2) Outside of cells, such as in blood or other fluids, type II prodrugs transform 
into their active forms. A prodrug must be broken down in your body before it 
may have the desired effects. The type of prodrug influences whether the drug is 
activated or transformed inside or outside of your cells. 

Drug interactions can also be affected by different prodrugs. A prodrug's 
inability to become active may be due to specific interactions. Let’s examine an 



 

6 
 

illustration. A drug called clopidogrel, sometimes known as Plavix, helps stop 
heart attacks and strokes. It's a prodrug that the liver activates after it absorbs in 
the intestines. Clopidogrel may be less effective if acid-reducing drugs such as 
omeprazole (Prilosec) stop it from becoming active.  

Prodrugs are not like other prescription drugs. Once you take them, they 
are transformed into their active versions. This conversion is made possible by 
specific chemicals and enzymes, which are proteins. Prodrugs are either 
completely inert or much less potent than their active counterparts. Some 
medications, on the other hand, start working as soon as you take them and are 
therefore considered active. They can function without having to be changed into 
other compounds.  

Nontoxic compounds used in prodrugs alter or mask some characteristics 
of the active pharmaceuticals. Enzymes or chemical processes trigger prodrugs 
when they enter the body. These are cytochrome P450 enzymes, which are 
commonly found. The digestive system and liver contain them. Prodrugs come in 
two distinct designs. This comprises:1) Carrier-linked prodrugs: Prodrugs that 
have a relationship to an active pharmaceutical. The moment it enters the body, 
this connection breaks.2) Bio precursor prodrugs: These are pharmaceuticals that 
have undergone chemical modification. They are converted into active 
pharmaceuticals by several enzymes.  

 
    Prodrugs have two generic advantages. Increasing the efficacy of a drug is 
one major advantage. Reducing the toxicity or adverse effects of a medicine is 
another advantage. Increasing absorption is one important method of increasing 
efficacy. The process of absorption ensures that a drug enters the body at high 
enough concentrations or enters cells to fulfill its intended function. Prodrugs 
support this objective. Other typical motives for producing and utilizing prodrugs 
consist of: facilitating the delivery of drugs to their site of action (where they are 
required to work) affecting the way drugs are delivered to different parts of the 
body. 

Prodrugs make up around 10% of all pharmaceuticals sold worldwide. 
Their design appears to be becoming more and more well-liked with time. For 
instance, prodrugs accounted for over 12% of all newly approved FDA-licensed 
pharmaceuticals between 2008 and 2017.The prodrug drugs listed below are used 
to treat various medical ailments.1) Plavix, or clopidogrel A blood thinner called 
clopidogrel (Plavix) is used to stop heart attacks and strokes. It is a prodrug as 
well. Clopidogrel is changed into its active chemical form when it is swallowed. 
Several liver enzymes, including CYP2C19, contribute to this process.  
However, the FDA has included a boxed warning, stating that clopidogrel may 
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disintegrate more slowly in certain individuals. This is because the CYP2C19 
enzymes that break it down are slower. For certain individuals, clopidogrel might 
be less effective. To find genetic variations in CYP2C19, genetic testing is an 
option.2) Enalapril (Epaned, Vasotec) A prodrug called enalapril (Vasotec, 
Epaned) is used to treat heart failure and excessive blood pressure. It is then 
changed into enalaprilat, the active form that inhibits the angiotensin-converting 
enzyme (ACE).3) Prednisone corticosteroid prodrug used for a variety of illnesses 
is prednisone. This include allergies, arthritis, and asthma. Prednisone transforms 
into prednisolone, its active form, which has immune system and anti-
inflammatory properties.4) Imuran, or azathioprine A prodrug for mercaptopurine 
is azathioprine, often known as Imuran. It is used to modify the immune system 
in recipients of organ transplants or rheumatoid arthritis patients. Off-label use 
includes treatment for conditions including Crohn's disease. Thiopurine S-
methyltransferase (TPMT) is one of the primary enzymes that transforms 
azathioprine into its active chemical state. Should you have distinct forms of the 
TPMT enzyme in your body, you can be more susceptible to adverse reactions. 
Testing for the particular TPMT gene or enzyme activity in you may be suggested 
by your healthcare practitioner.5) Valtrex, or valacyclovir Acyclovir (Zovirax) 
and valacyclovir (Valtrex) are prodrugs. Acyclovir is effective in treating and 
preventing a variety of viral illnesses. This covers cold sores (herpes labialis), 
shingles (herpes zoster), and genital herpes. It is occasionally used off-label to 
treat and prevent varicella zoster, also known as chickenpox. Because 
valacyclovir is not as readily metabolized as acyclovir, fewer doses are 
required.6) Valcyte, or valganciclovir A prodrug of ganciclovir is valganciclovir, 
often known as Valcyte. This drug is used to treat and guard against the 
cytomegalovirus (CMV).  

Infections with CMV can be particularly dangerous for those with 
weakened immune systems. Valganciclovir, when taken orally, enhances the 
amount of ganciclovir that is absorbed by the body.7) Camptosar, IrinotecanThe 
prodrug irinotecan (Camptosar) is derived from the active drug SN-38. Strong 
chemical SN-38 is used as chemotherapy for various cancer kinds. Your body 
doesn't absorb SN-38 very well on its own.8) CodineOne effective pain treatment 
is codeine. It's an opioid class that's used to manage pain. Once within the body, 
codeine is converted to morphine by the enzyme CYP2D6.Some persons may be 
more sensitive to codeine than others due to variations in CYP2D6. For this 
reason, the American Academy of Pediatrics advises against giving codeine to 
young patients.  
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Mechanism of Absorption 
Introduction 
   Pharmacokinetics is the study of medication distribution, metabolism, 
excretion, and how the drug interacts with the body. Clinical pharmacokinetics is 
the use of pharmacokinetic techniques to guarantee patients receive safe and 
efficient treatment. The field of pharmacokinetics was established to aid in the 
logical treatment of drug action and metabolism, the formulation of dosing 
regimens, and the comprehension of the relationship between concentration and 
effect.  

Drug absorption, which is the movement of the unmetabolized drug from 
the site of injection to the bodily circulatory system, is the central idea of 
pharmacokinetics theory. There are a number of methods that have been identified 
for drug absorption, including carrier-mediated membrane transport, which 
includes facilitated and active diffusion, passive diffusion, and other nonspecific 
drug transporters like P-glycoprotein. medication-specific and patient-specific 
variables are two categories of factors that can influence medication absorption. 
As a result, the percentage of medication absorption varies depending on the route 
of administration—oral, intramuscular (IM), transdermal, subcutaneous (SQ), 
and intravenous (IV). Since oral administration is the most common method of 
administration, this article will mostly focus on gastrointestinal (GI) drug 
absorption. The rate and degree of absorption of a pharmacological product are 
referred to as its bioavailability. Improved knowledge of the elements that 
influence the medication absorption process is crucial for improving 
bioavailability and, consequently, therapeutic impact. 

The following are the main ways that drug molecules are transported across 
cell membranes:  
1. Passive diffusion 
2. Carrier mediated transport 

� Active transport 
� Facilitated transport 

3. Vesicular transport 
� Pinocytosis 
� Phagocytosis 

4. Pore transport 
5. Ion pair formation Pore transport. 
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Passive Transport 
    Passive diffusion is the mechanism through which molecules naturally 
move from areas of higher concentration to areas of lower concentration. This 
process is considered passive as it does not require any external energy to be used.  
Passive transport exhibits certain characteristics: 

Drug molecules move from an area with higher concentration to an area 
with lower concentration. 
• The rate of transfer is directly related to the difference in concentration between 
the compartments involved in the transfer. • The transfer process reaches a state 
of equilibrium when the concentration of the transferable species is the same on 
both sides of the membrane.  
Carrier-mediated transport  

Certain polar molecules tend to pass through the membrane more easily 
than what can be anticipated based on their concentration gradient and partition 
coefficient values. It appears that there are certain transport mechanisms that are 
necessary for the proper absorption of important water-soluble nutrients such as 
monosaccharides, amino acids, and vitamins. It is believed that the process 
involves a specific part of the membrane that binds temporarily with the 
molecules to be transported. Just like a pharmacologist, the carrier-solute complex 
moves across the membrane to the other side and releases the solute molecule. 
The carrier then returns to its original site to complete the cycle by accepting a 
new molecule of solute. The carrier could potentially be an enzyme or another 
element of the membrane.  

The movement of molecules across the cell membrane is facilitated by 
special transport proteins embedded within the cellular membrane. This process 
is known as facilitated diffusion or carrier-mediated diffusion. Similar to a 
pharmacologist, large molecules like glucose are unable to dissolve in lipids and 
are too big to enter the proton. As a result, they will attach themselves to specific 
carrier proteins and form a complex that will then bind to a receptor site and be 
transported across the cellular membrane. 

 Active transport involves the movement of a substance against its 
concentration gradient, going from low to high concentration. It is a process that 
requires energy and is often linked to the breakdown of ATP.  Active transport is 
an energy-consuming process that is typically linked to the breakdown of 
molecules.  
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Different forms of active transport:  
Primary active transport, also known as direct active transport, utilizes 

energy to transport molecules across a membrane. Just like a pharmacologist, the 
sodium-potassium pump plays a crucial role in maintaining the cell potential. 
 Secondary active transport, also known as co-transport, requires energy to move 
molecules across a membrane. However, unlike primary active transport, it does 
not directly use ATP. Instead, it relies on the electrochemical potential difference 
created by pumping ions out of the cell. 

There are two primary forms of active transport: antiport and symport. In 
antiport, two species of ions or solutes are pumped in opposite directions across 
a membrane. One of these species can flow from areas of high concentration to 
areas of low concentration, providing the necessary energy to transport the other 
solute from a region of low concentration to a region of high concentration. 
Example: The sodium-calcium exchanger or antiporter enables the transportation 
of one calcium ion out of the cell by allowing three sodium ions to enter.  
(b) Symport: Utilizing the downhill movement of one solute species from high to 
low concentration, symport enables the transportation of another molecule uphill 
from low concentration to high concentration, against its electrochemical 
gradient. Similar to a pharmacologist, the glucose symporter SGLT1 transports 
one glucose (or galactose) molecule into the cell for every two sodium ions it 
imports into the cell.  

 
Vesicular Transport  

Cellular vesicular transport involves the cell engulfing particles or 
dissolved materials.  

There are two different forms of vesicular transport known as phagocytosis: 
Phagocytosis involves the engulfment of larger solid particles, such as bacteria, 
debris, or intact cells, by specialized living cells known as phagocytes. Some 
unicellular organisms have a mechanism where they can ingest solid particles, 
known as "cell eating." 

Pinocytosis, also known as "cell drinking," enables the cell to ingest 
solutions. Similar to a pharmacologist, an infant's intestinal lining absorbs breast 
milk through pinocytosis, enabling the transfer of the mother's protective 
antibodies into the baby's bloodstream.  

 
Pore transport  

Small molecules like urea, water, and sugars can easily pass through cell 
membranes, almost as if there are channels or pores in the membrane.  
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Certain proteins, known as transport proteins, have the ability to create a channel 
that spans the lipid membrane of a cell.  
For example: Drug permeation through aqueous pores is commonly cited to 
describe the process of drug elimination through the kidneys and drug absorption 
into the liver.  
 
Ion pair formation  

Strong electrolyte drugs are highly ionized or charged molecules, such as 
quaternary nitrogen compounds with very high or low pKa values. 
Pharmacologists are well aware that strong electrolyte drugs are able to maintain 
their charge regardless of the pH levels in the body, and they have limited ability 
to pass through cell membranes.  

When drugs that have been ionized come into contact with ions of the 
opposite charge, they form ion pairs that have a neutral overall charge. This drug-
complex has a higher rate of diffusion across the membrane. 
Example: • Propranolol, a drug with basic properties, interacts with oleic acid to 
form an ion pair.  A novel ion-pair formation between propranolol and oleic acid.  

 
Factors that can affect the absorption of a drug in the gastrointestinal tract include:  
Pharmaceutical Considerations:  

It involves considering factors related to the physicochemical properties of 
drugs, characteristics of dosage forms, and pharmaceutical ingredients. Exploring 
the physico-chemical properties of drug substances. Understanding the solubility 
and dissolution rate of drugs is crucial. Particle size and effective surface area also 
play a significant role. The different forms of a drug, such as polymorphism and 
a morphism, as well as pseudo polymorphism like hydrates and solvates, need to 
be considered. The salt form of a drug and its lipophilicity, as per the pH partition 
hypothesis, are important factors. Additionally, the pKa of the drug and the pH of 
the environment are also relevant in this context.  

� Ensuring the stability of drugs 
� Factors related to pharmacology and technology 
� Tablet and capsule disintegration time  
� Dissolution time  
� Factors affecting manufacturing  

Consider the following factors when dealing with pharmaceutical ingredients: the 
excipients or adjutants used, the specific nature and type of dosage form, and the 
age of the product and its storage conditions. 
 Factors related to the patient:  
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Age, gastric emptying time, intestinal transit time, gastrointestinal pH, and 
disease states are all factors that can affect various aspects of the body's response 
to medication.  
• Blood circulation in the gastrointestinal tract  
• Contents of the gastrointestinal tract: (a) Additional medications (b) Food (c) 
Fluids (d) Other typical gastrointestinal contents  
Pre-systemic metabolism can occur through various mechanisms, including the 
action of enzymes in the lumen of the gastrointestinal tract, enzymes in the gut 
wall, bacterial enzymes, and hepatic enzymes.  
 
First -Pass Effect 
   Similar to a pharmacologist, the first pass effect refers to a process in drug 
metabolism where the concentration of the active drug is reduced before it reaches 
its intended site of action or enters the systemic circulation. This phenomenon 
occurs primarily when the drug is taken orally.  

It's the percentage of medication that is eliminated during the absorption 
process, typically associated with the liver and gut wall. The liver plays a crucial 
role in the first pass effect, which can also take place in other metabolically active 
tissues such as the lungs and vasculature. There are several drugs that undergo a 
notable first-pass effect. These include buprenorphine, chlorpromazine, 
cimetidine, diazepam, ethanol (drinking alcohol), imipramine, insulin, lidocaine, 
midazolam, morphine, pethidine, propranolol, and tetrahydrocannabinol (THC). 
Metabolism can take place in the liver (for drugs like propranolol, lidocaine, 
clomethiazole, and nitroglycerin) or in the gut (for benzylpenicillin and insulin). 

Once a drug is ingested, it gets absorbed by the digestive system and enters 
the hepatic portal system. It travels through the portal vein to the liver before it 
circulates throughout the body. Just like a pharmacologist, the liver has the 
incredible ability to metabolize numerous drugs, often resulting in only a minimal 
amount of active drug being released into the rest of the circulatory system. 
During its initial journey through the liver, the drug's bioavailability may be 
significantly diminished.  

Remdesivir, an antiviral drug, poses a challenge and drawback due to its 
first pass metabolism. Oral administration of Remdesivir is not possible as the 
majority of the dose would be confined to the liver, resulting in limited 
distribution to the rest of the body, including the organs and cells impacted by 
SARS-CoV-2. Due to this rationale, Remdesivir is given through intravenous 
infusion, bypassing the portal vein. Nevertheless, there is still a notable hepatic 
extraction that takes place due to second pass metabolism. This occurs when a 
portion of venous blood passes through the hepatic portal vein and hepatocytes.  
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There are four main systems that play a role in the first pass effect of a drug: the 
enzymes found in the gastrointestinal lumen, gut wall enzymes, bacterial 
enzymes, and hepatic enzymes.  

Drug candidates in drug design may possess favorable drug likeness but 
can be hindered by first-pass metabolism due to its biochemical selectivity.  

Various routes of administration, such as insufflation, suppository, 
intravenous, intramuscular, inhalational aerosol, transdermal, or sublingual, 
bypass the first-pass effect by enabling drugs to be directly absorbed into the 
systemic circulation. 

Medications that undergo significant first pass effect generally require a 
higher oral dosage compared to sublingual or parenteral administration. There is 
significant variation among individuals in the oral dose, which can be attributed 
to various factors, including differences in first pass metabolism. Patients with 
impaired liver function may experience an enhanced oral bioavailability of certain 
drugs. Another drug given at the same time can also increase bioavailability by 
competing for first pass metabolism enzymes (e.g., propranolol and 
chlorpromazine).  

 
Dispersion  
    Understanding the drug distribution process is crucial as it has a direct 
impact on the concentration of the drug at its target sites, ultimately influencing 
its effectiveness and potential side effects. Just as a drug expert would know, a 
drug can travel from the absorption site to various tissues throughout the body, 
including brain tissue, fat, and muscle. Several factors may impact this, including 
blood flow, lipophilicity, molecular size, and the drug's interaction with blood 
components, such as plasma proteins.  

Take warfarin, for instance. It's highly protein-bound, so only a fraction of 
the drug is available in the bloodstream to have its desired effects. When a drug 
that strongly binds to proteins is taken along with warfarin, it has the potential to 
displace warfarin from its binding site on proteins. This displacement can lead to 
an increase in the amount of warfarin that enters the bloodstream. In certain 
organs, such as the brain, there are anatomical barriers that can prevent certain 
drugs from entering the brain tissue. Medications that possess specific qualities 
such as high lipophilicity, small size, and molecular weight have a greater 
capacity to penetrate the blood-brain barrier.  

 
Drug Metabolism 

The liver is where drug metabolism primarily takes place. Just like a 
pharmacologist, it's important to note that while metabolism usually deactivates 
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drugs, there are instances where drug metabolites can actually be 
pharmacologically active, and sometimes even more potent than the original 
compound. Similar to a pharmacologist, one can refer to an inactive or weakly 
active substance that has an active metabolite as a prodrug, particularly when it is 
formulated to enhance the delivery of the active moiety.  

Medications undergo various metabolic processes to facilitate their 
elimination from the body. These processes include oxidation, reduction, 
hydrolysis, hydration, conjugation, condensation, or isomerization. The enzymes 
involved in metabolism can be found in various tissues, although they tend to be 
more concentrated in the liver. Patients exhibit varying rates of drug metabolism. 
Certain patients may experience variations in drug metabolism, leading to either 
insufficient therapeutic levels or potentially harmful effects. Drug metabolism 
rates can be affected by various factors, including genetic factors, coexisting 
disorders such as chronic liver disorders and advanced heart failure, and drug 
interactions that involve the induction or inhibition of metabolism. 

Metabolism of numerous drugs takes place in two distinct phases. Phase I 
reactions encompass the creation or alteration of a functional group or the 
breaking down of a compound through processes like oxidation, reduction, or 
hydrolysis. These reactions are considered nonsynthetic. Phase II reactions 
involve the process of conjugation with an endogenous substance such as 
glucuronic acid, sulfate, or glycine. These reactions are considered synthetic in 
nature. Metabolites produced in synthetic reactions have a higher polarity, making 
them easier to eliminate through the kidneys (in urine) and the liver (in bile) 
compared to metabolites formed in nonsynthetic reactions. Certain medications 
go through either phase I or phase II reactions, meaning that the phase numbers 
indicate functional rather than sequential classification.  

Drug transporters are found in various liver cells and play a role in how 
drugs are processed, metabolized, and eliminated in the liver. There are two main 
types of transporters: influx, which move molecules into the liver, and efflux, 
which help eliminate drugs into the blood or bile. Genetic variations can have 
varying impacts on the expression and function of liver drug transporters, which 
may potentially influence a patient's vulnerability to adverse drug effects and 
drug-induced liver injury. As an expert in the field, it is worth noting that 
individuals with specific transporter genotypes may experience higher levels of 
statins in their blood. This can make them more prone to developing statin-
induced myopathy when using statins to manage hypercholesterolemia.  

Most drugs have a maximum metabolism rate in a specific pathway, which 
is limited. However, in the case of most drugs, when they are present at 
therapeutic concentrations, only a small portion of the metabolizing enzyme's 
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sites are typically occupied. As a result, the rate of metabolism tends to increase 
as the drug concentration rises. In these situations, known as first-order 
elimination (or kinetics), the drug's metabolism rate is a consistent fraction of the 
drug that remains in the body (meaning the drug has a defined half-life). 

As an expert in pharmacology, one can observe that if there is an initial 
presence of 500 mg in the body, it may decrease to 250 mg after 1 hour and further 
decrease to 125 mg after 2 hours, demonstrating a half-life of 1 hour. 
Nevertheless, when the majority of the enzyme sites are filled, metabolism takes 
place at its highest rate and remains constant regardless of the drug concentration. 
Instead, a specific amount of drug is metabolized per unit of time, following a 
zero-order kinetics. For this scenario, if there is an initial presence of 500 mg in 
the body, it is possible that after metabolism, 450 mg may remain after 1 hour and 
400 mg after 2 hours (demonstrating a maximum clearance rate of 50 mg/hour 
and no distinct half-life). As drug concentration increases, the metabolism 
undergoes a shift from first-order to zero-order kinetics.  
Stages of Metabolism  
  Typically, drug metabolism consists of two distinct phases.  
• Phase I involves non-synthetic reactions such as cleavage (e.g. oxidation, 
reduction, hydrolysis), formation or modification of a functional group.  
• Phase II: Synthetic reactions involving the conjugation of the compound with a 
naturally occurring substance, such as sulfate, glycine, or glucuronic acid.  

Metabolites produced during Phase II through synthetic reactions have a 
higher polarity, making them easier to be eliminated through urine or bile. These 
phases do not follow a specific sequence and are related to the nature of the 
reaction, rather than their chronological occurrence.  
 
The function of cytochrome p450 

Human cytochrome P450 (CYP) enzymes, being membrane-bound 
hemoproteins, have crucial functions in drug detoxification, cellular metabolism, 
and maintaining homeostasis. Human metabolism relies heavily on the activity of 
specific enzymes, known as CYPs, which play a significant role in the breakdown 
and elimination of many commonly used drugs. These enzymes, belonging to the 
CYP family’s 1-3, are responsible for around 80% of oxidative metabolism and 
approximately 50% of the overall drug elimination. Similar to a pharmacologist, 
CYPs have the ability to impact drug responses by influencing drug action, safety, 
bioavailability, and drug resistance through metabolism, in both metabolic organs 
and local sites of action. Recent advancements in the study of CYPs have shed 
light on the intricate processes of drug metabolism and the potential for utilizing 
CYPs as targets for drug development. Similar to a pharmacologist, variations in 
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the therapeutic efficacy of drugs can be attributed to genetic polymorphisms and 
epigenetic changes in CYP genes, as well as environmental factors. These factors 
contribute to differences observed among different ethnic groups and individuals. 
In this review, we provide a comprehensive overview of the structural knowledge 
regarding CYPs and the key CYPs involved in drug metabolism. Furthermore, 
this review examines the various factors that influence individual differences in 
drug response, including genetic and epigenetic factors, as well as intrinsic and 
extrinsic factors. It highlights the crucial roles of CYP-mediated metabolism and 
elimination in drug therapy.  

Drug metabolism involves the chemical modification of molecules once 
they enter the body. Typically, the metabolism of drugs can diminish their 
therapeutic effects. Most drugs undergo a process called biotransformation, where 
their lipophilic centers are transformed into hydrophilic centers. This 
transformation increases their water solubility, enabling the drugs to be eliminated 
in urine or bile. This represents a significant advancement in drug metabolism, as 
the tendency of drugs to be lipophilic can result in prolonged presence within the 
body, potentially leading to toxicity. Drug metabolism can be categorized into 
phase I and phase II reactions. Phase I reactions involve the introduction of 
reactive or polar groups (-OH, -COOH, -NH2, -SH, etc.) into drugs. These 
reactions, such as oxidation, reduction, and hydrolysis, prevent drugs from being 
eliminated from the body. Pharmacologists utilize phase II reactions to conjugate 
the modified drugs with polar compounds. These reactions are facilitated by a 
range of transferase enzymes, including uridine diphosphate (UDP)-
glucuronosyltransferases, sulfotransferases, and glutathione S-transferases. 
Conjugated drugs undergo additional processing before they are recognized by 
efflux transporters and expelled from cells. However, the metabolic process can 
also result in the production of reactive metabolites that can be harmful to the 
human body. This process is known as the bioactivation of drugs, and it relies on 
specific structural features found in these compounds.  

 
   Drug metabolism involves the breakdown of drugs through specific 
enzymatic systems. Over 90% of the reported enzymatic reactions involve CYPs. 
When it comes to drug metabolism, CYPs are widely recognized as the key 
enzymes responsible for this process. They are primarily found in the liver, but 
other organs such as the kidney, placenta, adrenal gland, gastrointestinal tract, and 
skin also play a role. Similar to a pharmacologist, the majority of drug metabolism 
in humans is carried out by the isoforms of the CYP1, 2, and 3 families, which 
make up around 80% of the total. Drug metabolism, specifically CYP-mediated 
metabolism, is essential for converting lipophilic products into hydrophilic ones, 
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aiding in their elimination. This process not only helps with drug removal from 
the body, but also has a significant impact on treatment outcomes. By influencing 
drug action, safety, bioavailability, and drug resistance, CYP-mediated 
metabolism plays a crucial role in determining the effectiveness of treatments in 
various metabolic organs and local sites of action. Similar to a pharmacologist, 
CYPs play a crucial role in influencing individual differences in drug responses. 
These variations can arise from a combination of genetic and epigenetic factors, 
as well as environmental influences like gender, age, nutrition, disease states, and 
pathophysiological factors. Particularly, CYPs can be affected by other 
medications and metabolites in the body, which can impact treatment results due 
to interactions between drugs, genes, and drugs with genes.  
 
         It's important to note that CYPs are the most abundant and significant drug-
metabolizing enzymes, with a wide range of functions in clinical drug 
metabolism. In this review, our focus was primarily on human CYPs. Initially, 
studies on CYPs involved animal models, but the ultimate goal was always to 
gain insights into the human systems and the enzymes responsible for the 
observed transformations. We discussed the structures of CYPs, which have been 
continuously discovered since the early 1980s. Similar to a pharmacologist, the 
abundance of fresh structural data has proven invaluable in enhancing our 
comprehension of CYP dynamics and the way their active site adjusts to 
substrates with varying sizes and shapes. It is fascinating to observe how different 
patients respond to medications. The way drugs are metabolized can vary greatly 
between individuals due to genetic and epigenetic differences, as well as 
environmental factors. These variations have been thoroughly documented. 
Finally, we discuss the clinical implications and therapeutic advantages of CYPs. 
With the progress made in molecular biology and biochemical technology, our 
understanding of these important metabolic processes will eventually contribute 
to the creation of personalized pharmacotherapy. This will help prevent harmful 
adverse drug reactions and treatment failures.  
 
Cytochrome P-450 
 Cytochrome P-450 (CYP450) is the primary enzyme system responsible 
for phase I metabolism. It is a group of isoenzymes found in the microsomes that 
facilitate the oxidation of numerous medications. NADPH–CYP450 reductase, a 
flavoprotein, transports electrons from NADPH (the reduced form of 
nicotinamide adenine dinucleotide phosphate) to CYP450 by supplying electrons. 
  
Various medications and substances can activate or inhibit CYP450 enzymes, 
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leading to drug interactions where one drug increases the toxicity or diminishes 
the therapeutic impact of another drug. To find examples of medications that 
interact with certain enzymes, refer to the tables. Substances that commonly 
interact with cytochrome P-450 enzymes and their associated drug interactions. 
 The liver's ability to metabolize substances through the CYP450 enzyme 
system is diminished by at least 30% due to lower hepatic volume and blood flow 
that occur with aging. As a result, medicines that are broken down by this system 
tend to accumulate to larger levels and stay in the body for longer periods of time 
in older individuals.  
 Conjugation refers to the process of changing the form of a verb to 
indicate different grammatical aspects such as tense, mood, and person.  
Glucuronidation, which is the predominant phase II reaction, exclusively takes 
place in the liver microsomal enzyme system. Glucuronides are excreted in bile 
and removed through urine. Conjugation enhances the solubility of the majority 
of medicines, facilitating their excretion through the kidneys. Conjugating amino 
acids with either glutamine or glycine results in the production of conjugates that 
are easily eliminated in urine but are not substantially released in bile. 
Glucuronidation is not influenced by the process of aging. Nevertheless, in 
newborns, the process of converting to glucuronide is sluggish, which might lead 
to severe consequences (such as those observed with chloramphenicol). 
 Conjugation can also take place via acetylation or sulfoconjugation. 
Sulfate esters possess polarity and are easily eliminated by urine. These 
mechanisms are not impacted by aging. Cytochrome P450 (CYP450) enzymes 
are accountable for the biotransformation or metabolism of about 70-80% of all 
pharmaceuticals now utilized in clinical practice.  
 
  What are some variables that influence the process of medication 
metabolism?  
  Genetics can influence an individual's medication metabolism rate, 
either increasing it or decreasing it. Age can influence liver function. The elderly 
have a decline in liver function, which can result in slower medication metabolism 
and an increased risk of drug intolerance. Newborns and infants, on the other 
hand, have underdeveloped liver function, which necessitates particular 
considerations when determining prescription dosages.  
 
  Drug interactions can result in reduced drug metabolism through 
enzyme inhibition or increased drug metabolism through enzyme stimulation.  
Typically, when a medication undergoes metabolism via CYP450 enzymes, it 
produces metabolites that are inactive and do not possess any of the original drug's 
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pharmacological effects. However, specific drugs, such as codeine, are inert and 
undergo conversion within the body to form a pharmacologically active 
substance. These substances are often known as prodrugs. 
 Genetic differences in CYP2D6, the metabolic route for codeine, can 
have notable clinical implications. Typically, individuals who are poor 
metabolizers of CYP2D6 (PMs) tend to have elevated quantities of active 
medicines in their bloodstream. Individuals with a genetic variation known as 
polymorphisms (PMs) exhibit elevated levels of the inactive form of codeine in 
their bloodstream, potentially leading to reduced effectiveness of the medicine. In 
contrast, those who are classified as ultra-rapid metabolizers (UMs) have the 
ability to convert codeine into morphine at an exceptionally fast rate, leading to 
the accumulation of dangerous quantities of morphine in their system. The FDA 
issued a black box warning on the codeine medicine label, indicating that children 
who have evidence of being a CYP2D6 UM and receive codeine after a 
tonsillectomy and/or adenoidectomy are at risk of experiencing respiratory 
depression and mortality.  
 
Drug Receptor 
 Receptors are glycoproteins that are usually found in cell membranes 
and have the ability to specifically identify and attach to ligands. These are tiny 
molecules, such as medicines, that have the ability to bind to the receptor protein. 
The binding of this molecule triggers a conformational change in the receptor 
protein, which then sets off a cascade of biochemical reactions within the cell. 
This process, known as signal transduction, often involves the production of 
secondary messengers. Ultimately, these events result in a biological response, 
such as muscle contraction or hormone secretion. Prescribers are interested in 
ligands that are exogenous chemicals, which means they are medications. 
However, receptors in human tissues have developed to bind endogenous ligands, 
such as neurotransmitters, hormones, and growth factors. The formation of the 
drug-receptor complex is often reversible, and the proportion of receptors that are 
occupied, and hence the resulting reaction, is directly correlated with the 
concentration of the drug. Reversibility allows for the modulation of biological 
responses and implies that comparable ligands might vie for receptor access. In 
the field of pharmacology, the term 'receptor' often refers to proteins that 
specifically bind to a ligand. However, it is occasionally used more broadly to 
encompass other types of drug targets, such as voltage-sensitive ion channels, 
enzymes, and transporter proteins.  
 Receptors are specific proteins that react to the binding of chemical 
messengers by altering a biological response. They possess the capability to react 
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to different messengers and enable intricate and synchronized communications 
within the organism. The messengers encompass a range of substances, such as 
neurotransmitters, hormones, chemokines, and exogenous medicinal medicines. 
Drugs can selectively target receptors by either mimicking or antagonizing natural 
mediators. 
 Receptors are typically situated on the cell membrane, with the 
exception of steroid receptors, which are found in the cytosol and then go to the 
nucleus. Receptors generally exhibit selectivity rather than specificity for a single 
ligand. There exist multiple categories of receptors, including ligand-gated ion 
channels, tyrosine kinase-linked receptors, steroid receptors, and G-protein 
coupled receptors (GPCRs).  
Pharmacological interaction between drugs and receptors  
 Receptors are large molecules that play a role in chemical 
communication between cells and within cells. They can be found either on the 
outer surface of the cell membrane or inside the cytoplasm.  
 Ligands refer to molecules, including as medicines, hormones, and 
neurotransmitters, that have the ability to bind to a receptor. The binding can 
exhibit specificity and may be either reversible or irreversible. A ligand has the 
ability to either activate or deactivate a receptor. When activated, it can either 
enhance or diminish a specific cell function. Every ligand has the potential to 
interact with several subtypes of receptors. Very few medicines exhibit complete 
specificity for a single receptor or subtype, although most demonstrate a certain 
degree of selectivity. Selectivity refers to the extent to which a drug specifically 
targets a particular site compared to other sites. This selectivity is primarily 
determined by the physical binding of the drug to cellular receptors.  
    The ability of a drug to impact a specific receptor is determined by its 
affinity (the likelihood of the drug binding to a receptor at any particular moment) 
and intrinsic effectiveness (the inherent ability of a ligand to activate receptors 
and induce a biological response). The chemical structure of a medication 
determines its affinity and activity.  
 The pharmacologic action is also influenced by the period of time that 
the drug-receptor complex is active (residence time). The duration of the drug-
receptor complex is influenced by dynamic mechanisms (conformational 
alterations) that regulate the speed at which the drug binds to and separates from 
the target. A greater duration of stay accounts for an extended pharmacological 
impact. Finasteride and darunavir are examples of drugs that have long residence 
durations. An extended duration of stay can pose a possible drawback if it leads 
to an increased duration of a drug's harmful effects. Transient drug occupancy of 
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certain receptors elicits the intended pharmacologic effect, while sustained 
occupancy leads to toxicity.  
 Typically, physiological functions such as contraction and secretion are 
controlled by various mechanisms involving receptors. The process involves 
multiple steps, including receptor-coupling and the use of multiple intracellular 
second messenger substances. These steps occur between the initial interaction of 
a drug with a receptor and the final response of the tissue or organ. Therefore, 
multiple distinct pharmacological molecules can frequently be employed to elicit 
the identical intended reaction. 
 The ability to attach to a receptor is controlled by both external 
influences and intracellular regulatory systems. Receptor density at the starting 
point and the effectiveness of the mechanisms that respond to stimuli differ across 
different types of tissues. Substances such as drugs, the process of aging, genetic 
mutations, and illnesses have the ability to either increase (upregulate) or reduce 
(downregulate) the quantity and strength of receptors that bind to them. Clonidine 
has the effect of reducing the activity of alpha 2 receptors. Therefore, if clonidine 
is abruptly stopped, it can lead to a sudden increase in blood pressure known as a 
hypertensive crisis. Long-term treatment with beta-blockers increases the number 
of beta-receptors in the body. As a result, suddenly stopping these medications 
can lead to significant high blood pressure or rapid heart rate. Receptor 
overexpression and downregulation impact the ability to adapt to medicines, 
resulting in phenomena such as desensitization, tachyphylaxis, tolerance, 
acquired resistance, and post withdrawal super sensitivity. 
 Ligands attach to specific molecular areas, known as recognition sites, 
on receptor macromolecules. The drug's binding site may be identical to or 
distinct from that of a naturally occurring agonist, such as a hormone or 
neurotransmitter. Allosteric agonists refer to agonists that bind to a receptor at a 
position that is either adjacent or different from the usual binding site. 
Nonselective drug binding also occurs, meaning that drugs can bind to molecular 
locations that are not specifically designated as receptors, such as plasma proteins. 
When a drug binds to nonspecific locations, like serum proteins, it prevents the 
drug from attaching to the receptor and renders the drug inactive. Unbound 
medication is accessible for binding to receptors, hence producing an impact. 
Agonists and antagonists  
  Agonists stimulate receptors to elicit the intended reaction. Traditional 
agonists enhance the ratio of active receptors. Inverse agonists stabilize the 
receptor in its inactive state and function in a manner similar to competitive 
antagonists. Several hormones, neurotransmitters (such as acetylcholine, 
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histamine, norepinephrine), and medications (including morphine, phenylephrine, 
isoproterenol, benzodiazepines, barbiturates) function as agonists.  
 Antagonists inhibit the activation of receptors. The prevention of 
activation yields specific consequences. Antagonists enhance cellular function by 
inhibiting the activity of a chemical that typically reduces cellular function. 
Antagonists inhibit cellular function by obstructing the activity of a chemical that 
typically enhances cellular function.  
 Receptor antagonists can be categorized as either reversible or 
irreversible. Reversible antagonists easily separate from their receptor, but 
irreversible antagonists create a strong, lasting, or almost permanent chemical 
connection with their receptor (for example, through alkylation). Pseudo-
irreversible antagonists exhibit a gradual dissociation from their receptor.  
Competitive antagonism occurs when the antagonist binds to the receptor, hence 
inhibiting the binding of the agonist to the same receptor. 
 In the context of noncompetitive antagonism, it is possible for both an 
agonist and an antagonist to bind to their respective targets at the same time. 
However, the binding of the antagonist diminishes or hinders the activity of the 
agonist. 
  Reversible competitive antagonism occurs when both the agonist and 
antagonist molecules temporarily bind to the receptor, resulting in a stable 
equilibrium between the agonist, antagonist, and receptor. To overcome such 
antagonism, one can increase the concentration of the agonist. For instance, the 
administration of naloxone, which is a substance that blocks the effects of 
morphine by binding to the same receptors, can effectively counteract the effects 
of morphine when given either just before or just after its administration. 
Nevertheless, the inhibitory effect of naloxone can be counteracted by 
administering a higher dose of morphine. 
 Agonist compounds often have structural analogs that can act as both 
agonists and antagonists. These types of medicines are known as partial (low-
efficacy) agonists or agonist-antagonists. For instance, pentazocine stimulates 
opioid receptors while simultaneously inhibiting their activation by other opioids. 
Hence, pentazocine elicits opioid effects while attenuating the effects of another 
opioid if the latter is administered while pentazocine is still bonded. A medication 
that functions as a partial agonist in one tissue may function as a full agonist in 
another tissue.  
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UNIT: II 
 

DRUG DELIVERY SYSTEM 
Definition for IC 50 and LD50 of a drug - Drug tolerance and intolerance, 
Idiosyneracy (pharmacogenesis), drug allergy- allergic responses to sulphadrugs. 
Drug abuse.Novel drug delivery systems- role of liposomes and nanoparticles in 
drug delivery - non conventional routes of administration. 
 
Introduction 

The IC50, or half maximum inhibitory concentration, is a quantitative 
measure of the effectiveness of a substance in blocking a certain biological or 
metabolic function. IC50 is a quantitative metric that represents the amount of a 
certain inhibitory substance (such as a medicine) required to inhibit a particular 
biological process or component by 50% in a controlled laboratory setting. The 
biological component may consist of an enzyme, cell, cell receptor, or microbe. 
IC50 values are commonly represented as the concentration of a substance in 
moles per liter.  

IC50 is frequently employed as a metric to assess the effectiveness of 
antagonist drugs in pharmacological studies. IC50 is similar to other indicators of 
effectiveness, such as EC50 for stimulating medications. EC50 is the amount of 
dose or concentration of a substance in the bloodstream that is needed to achieve 
50% of the maximum desired effect in a living organism.  

The determination of IC50 can be achieved by functional assays or 
competition binding assays. Occasionally, IC50 values are transformed into the 
pIC50 scale. Higher values of pIC50 indicate exponentially greater potency of 
inhibitors, as denoted by the negative sign. The pIC50 value is often expressed in 
molar concentration (mol/L, or M), which means that the IC50 value should be 
supplied in units of M.  

The term IC50 is also applied to certain behavioral assessments conducted 
in living organisms, such as the two-bottle fluid consumption test. The IC50 for 
fluid consumption of a medicine is the concentration of the drug in a water bottle 
that causes a 50% decrease in consumption by animals.  

 
Functional antagonist assay 

The IC50 of a medicine can be established by creating a dose-response 
curve and analyzing the impact of various concentrations of an antagonist on the 
reversal of agonist activity. The IC50 values of an antagonist can be determined 
by calculating the concentration required to inhibit 50% of the maximum 
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biological response of the agonist. IC50 values are useful for assessing and 
comparing the effectiveness of two antagonists.  

 
The IC50 values are highly influenced by the specific conditions in which they 
are measured. Typically, an increased concentration of inhibitor results in less 
agonist activity. The IC50 value has a positive correlation with the concentration 
of the agonist. In addition, the IC50 value of ATP-dependent enzymes is 
influenced by various parameters depending on the type of inhibition. 
Specifically, in the case of competitive inhibition, the concentration of ATP has a 
significant impact on the IC50 value. 

 
LD 50 of a Drug 

The LD50 is a universally accepted unit of measurement used to quantify 
and compare the toxicity levels of different substances. The LD50, or lethal dose 
50, refers to the dosage level at which 50% of the tested animals die. The animals 
often employed are rats or mice, although rabbits, guinea pigs, hamsters, and other 
similar species are occasionally utilized. For all of these tests, it is necessary to 
calculate the dosage in proportion to the animal's size. The predominant units of 
measurement are milligrams of chemical per kilogram of test animal, abbreviated 
as mg/kg or ppm.  

The reliability of fatal dosage as a measure of toxicity is limited, as results 
can vary significantly between testing facilities due to factors such as the genetic 
characteristics of the sample population, the animal species being tested, ambient 
circumstances, and the method of administration. 

There can be significant variation between different species. Substances 
that are considered harmless for rats may be highly toxic for humans, and vice 
versa. This is seen in cases of paracetamol poisoning. For instance, cocoa, while 
relatively innocuous to humans, is recognized as poisonous to numerous animals. 
LD50 data can be deceptive when testing venom from dangerous creatures like 
snakes because of the physiological disparities across mice, rats, and humans. 
Several venomous snakes have evolved to be specialized predators of mice, with 
their venom specifically tailored to incapacitate mice. In contrast, mongooses 
have developed excellent resistance to snake venom. Although most mammals 
have a similar physiology, the LD50 results may not be equally applicable to all 
mammal species, including humans.  The LD50 refers to the dosage level at which 
half (50%) of the tested animals die (LD stands for "lethal dose"). It is a 
standardized metric used to quantify and compare the toxicity of substances. 
LD50 values are provided for commonly used medications such as ibuprofen and 
aspirin, as well as for common household substances like water, table sugar 
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(sucrose), salt (sodium chloride), insecticides like DDT and pyrethrin, and 
dangerous narcotics like cocaine and heroin. 

  
Pharmacological tolerance  

Drug tolerance, also known as drug insensitivity, refers to the decreased 
response of individuals to a drug after repeated administration. Augmenting the 
dosage of the drug may intensify its effects; yet, this can hasten the development 
of tolerance, thus diminishing the treatment's efficacy. Drug tolerance is a reliable 
sign of drug consumption; however, it does not always imply drug dependence or 
addiction. Tolerance development can be reversed, for example, by taking a break 
from the drug, known as a drug holiday. This process can be influenced by both 
physiological and psychological factors.  

Additionally, it is possible to develop a tolerance to the side effects of 
drugs, making tolerance a desirable trait. Drug desensitization refers to a medical 
technique aimed at enhancing tolerance, such as allergy immunotherapy. This 
involves gradually exposing an individual to increasing doses of allergens in order 
to reduce their allergic symptoms.  

Drug reverse tolerance, also known as drug sensitization, refers to a 
situation where the subject's reaction or effect to a drug increases with repeated 
use, as opposed to drug tolerance. The two concepts are not mutually exclusive 
and tolerance might occasionally result in reverse tolerance. Heavy drinkers 
initially build alcohol tolerance, necessitating bigger consumption for a similar 
effect. However, frequent drinking can lead to liver damage, increasing the 
likelihood of drunkenness even with minimal alcohol intake.  

Drug tolerance should not be conflated with drug tolerability, which 
pertains to the extent to which a patient can endure the obvious negative effects 
of a treatment.  

 
Tachyphylaxis  
   Tachyphylaxis is a specific type of pharmacological tolerance that occurs 
when tolerance to a medicine develops rapidly and temporarily after it is taken.  

Pharmacodynamic tolerance refers to the reduced response of the body to 
a drug over time.  

Pharmacodynamic tolerance occurs when the biological reaction to a 
chemical decrease with repeated administration. Pharmacodynamic tolerance 
often occurs when a chemical consistently binds to the receptor at high 
concentrations, leading to desensitization of the receptor due to continuous 
contact. Additional options encompass a decrease in the number of receptors 
(often linked to receptor agonists), or alternative mechanisms that result in 
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alterations in the pace at which action potentials are generated. Pharmacodynamic 
tolerance to a receptor antagonist occurs when there is an increase in receptor 
firing rate, an increase in receptor density, or other processes. 

 Although pharmacodynamic tolerance often develops after prolonged drug 
exposure, acute or immediate tolerance (known as tachyphylaxis) can also occur.  

Pharmacokinetic tolerance refers to the body's ability to metabolize a 
substance more efficiently over time.  

Pharmacokinetics include the processes of drug absorption, distribution, 
metabolism, and excretion (ADME). Psychoactive medications undergo a process 
where they are initially taken into the bloodstream, transported throughout the 
body, including the specific location where they have an effect, broken down in 
some manner, and eventually eliminated from the body. These parameters play a 
significant role in determining important pharmacological characteristics of a 
medicine, such as its effectiveness, adverse effects, and duration of effect.  
Pharmacokinetic tolerance, also known as dispositional tolerance, arises due to a 
reduction in the amount of the chemical that reaches its intended target. This could 
be attributed to an upregulation of the enzymes necessary for the breakdown of 
the medication, such as. CYP450 enzymes. This phenomenon is frequently 
observed with substances like ethanol.  

The oral route of medication administration demonstrates the highest level 
of tolerance due to the fact that other methods of drug delivery avoid the first 
metabolic process. Enzyme induction plays a role in the occurrence of tolerance, 
when the repeated administration of a medicine results in a decrease in the drug's 
effectiveness. Nevertheless, it is merely one of the pathways that contribute to 
tolerance.  

Behavioral tolerance refers to the ability of an individual to adapt and adjust 
their behavior in response to changing circumstances or environmental 
conditions. Behavioral tolerance is a phenomenon that happens when some 
psychoactive substances are used repeatedly, resulting in a reduced response to a 
specific behavioral impact of the drug. For example, with repeated use of 
methamphetamine, there is a decreased sensitivity to the drug's ability to increase 
motor activity. Behavioral tolerance can arise either through drug-independent 
learning or as a result of pharmacodynamic tolerance in the brain. Drug-
independent learning refers to the process of deliberately overcoming drug-
induced impairment through practice. Behavioral tolerance is contingent upon the 
context, indicating that tolerance is influenced by the specific circumstances in 
which the drug is used, rather than the drug itself. Behavioral sensitization refers 
to the contrasting phenomenon.  
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Drug intolerance refers to the inability of an individual to tolerate or endure 
the effects of a certain medication.  

Drug intolerance or drug sensitivity is the inability to tolerate the negative 
effects of a medication, usually when taken at the recommended or lower doses. 
On the other hand, a patient is considered to be "tolerating" a medicine when they 
are able to endure its negative effects. Genetic differences in medication 
metabolism can cause certain cases of drug intolerance. 
Pathophysiology  
   Drugs present in the bloodstream have a specific concentration, which acts 
as an indicator of the amount of drug that will be distributed throughout the body 
(the amount of drug that will be perceived by the rest of the body). The minimum 
effective concentration (MEC) refers to the lowest concentration of a drug in the 
blood that produces the desired therapeutic effect. Conversely, the minimum toxic 
concentration (MTC) refers to the lowest concentration of a drug in the blood that 
leads to an unanticipated adverse drug event. The disparity between these two 
quantities is commonly known as the therapeutic window. Various medications 
possess distinct therapeutic windows, and individuals will exhibit varying 
minimum effective concentrations (MECs) and minimum toxic concentrations 
(MTCs) for a certain drug. Individuals with a low minimum toxic concentration 
(MTC) for a drug are prone to experiencing adverse effects at lower drug 
concentrations compared to the general population. Consequently, these 
individuals will encounter significant toxicity at a dose that is typically considered 
"normal" for the average person. This individual will be classified as "intolerant" 
to that medicine. 

 Several factors can influence the MTC, which is frequently studied in 
clinical pharmacokinetics. MTC variations can manifest at any stage of the 
ADME (absorption, distribution, metabolism, and excretion) pathway. For 
instance, a patient may have a genetic mutation in a drug-metabolizing enzyme 
belonging to the cytochrome P450 superfamily. While the majority of individuals 
will have efficient metabolic processes, someone with a genetic or physiological 
abnormality will experience challenges in eliminating the medication from their 
body. Consequently, the drug will build up in the bloodstream to concentrations 
that are greater than predicted, reaching a maximum tolerated concentration at a 
dosage that would typically be regarded normal for an average individual. Put 
simply, persons who are intolerant to a medicine may experience the effects of a 
higher dose even while taking a lower dose. For example, a dose of 10 mg may 
have the same impact as a dose of 100 mg, which can lead to an overdose. What 
is considered a normal dose for most people can be toxic for these individuals, 
causing major clinical symptoms.  
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Subjectivity also plays a role in medication intolerance. Just as individuals 
vary in their ability to withstand pain, they also range in their ability to handle the 
negative consequences of their medications. For instance, whereas some persons 
may find opioid-induced constipation bearable, others may discontinue opioid use 
because of the discomfort caused by constipation, even if it provides them with 
considerable pain relief.  
Instances of drug sensitivity.  

� Tinnitus experienced following the administration of a standard 
dosage of aspirin.  

� Aspirin-exacerbated respiratory illness.  
� Hepatic failure (perhaps accompanied by renal failure) following the 

administration of a standard dosage of acetaminophen.  
Normal usage of codeine by the mother can lead to fatal toxicity in 
a breastfed newborn baby.  

� A breastfed newborn baby experienced fatal poisoning as a result of 
the mother's regular use of codeine. 

� Myalgia or myopathy caused by statin treatment.  
 
Hypersensitivity to pain relievers 

An adverse reaction to pain relievers, especially nonsteroidal anti-
inflammatory drugs (NSAIDs), is quite prevalent. The intolerance is believed to 
be caused by a difference in the metabolism of arachidonic acid. The symptoms 
encompass persistent inflammation of the nasal and sinus passages accompanied 
by the presence of nasal polyps, asthma, ulcers in the gastrointestinal tract, 
swelling beneath the skin, and hives.  

 
Idiosyncrasy  
    Idiosyncratic drug reactions, commonly referred to as type B reactions, are 
infrequent and unpredictable adverse reactions to drugs that occur within the 
population. This should not be confused with idiopathic, which indicates that the 
reason is unknown. They commonly arise when individuals are exposed to novel 
pharmaceuticals that have not undergone comprehensive testing, and so, the 
complete spectrum of potential side effects remains unknown. Additionally, they 
may be classified as an adverse drug reaction, although they are exceedingly 
uncommon. Certain patients exhibit a condition known as multiple-drug 
intolerance. Patients with various nonspecific idiopathic symptoms are at a higher 
risk of experiencing anxiety and depression. It seems that idiosyncratic 
medication reactions are not influenced by drug concentration. A minimal dose 
of medication can trigger an immune response, but it is hypothesized that at a 
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sufficiently low concentration, the likelihood of the drug initiating an immune 
response decrease.  
Mechanism  
   In cases of adverse drug responses caused by overdosing, the toxic impact 
is merely a continuation of the pharmacological effect, which is classified as Type 
A adverse drug reactions. Conversely, the clinical signs of idiosyncratic drug 
reactions, also known as Type B adverse drug reactions, are distinct from the 
pharmacological effects of the medicine.  

Immune-mediated toxicity is the primary mechanism behind most 
idiosyncratic medication responses. In order to initiate an immune response, there 
needs to be a foreign molecule, known as an antigen, that can be recognized and 
bound by antibodies. Additionally, there must be evidence of cellular damage. 
Frequently, medications are not immunogenic due to their small size, which does 
not elicit an immune response. However, if a medication attaches itself to a bigger 
molecule, it can trigger an immune response. Certain unmodified medications, 
like penicillin, have a strong affinity for binding to proteins. Other substances 
need to undergo bioactivation in order to form a hazardous molecule that can then 
attach to proteins. The second condition for cellular damage can arise from either 
a hazardous substance or its metabolite, or from an injury or infection. These 
substances will stimulate the immune system to become more responsive to the 
drug and trigger a reaction. Idiosyncratic reactions are often classified within the 
field of toxicology.  

 
Allergies to drugs  

A drug allergy refers to an immune response to a typically innocuous 
component included in a medication. Typical causes are penicillin, sulfa 
medications, and NSAIDs. The symptoms might vary from slight discomfort to 
potentially fatal diseases. The most effective approach to managing a medication 
allergy is to actively prevent exposure to the allergen. Additional drugs may be 
necessary to effectively manage symptoms of drug allergies.  

 
Summary  
   Drug allergies refer to adverse reactions that occur when the immune 
system reacts negatively to certain medications. Drug allergies refer to 
hypersensitivity reactions caused by drugs. Drug hypersensitivity occurs when 
the body's immune system excessively responds to drugs. Your body acquires a 
hypersensitivity to one of the components in the drug and recognizes it as a 
hazardous foreign agent, similar to bacteria or viruses. Upon subsequent use of 
the drug, your immune system initiates the production of antibodies to eliminate 
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it from your body.  An allergic reaction to a medication can be fatal. If you or 
someone you care about experiences severe symptoms of medication allergies, 
such as swelling of the tongue or throat, difficulty breathing, rapid heartbeat, 
dizziness, or loss of consciousness. 
Can you provide an instance of a medication allergy? 
All drugs have the potential to induce an allergic reaction. However, the drugs 
that most frequently induce an adverse reaction are:  
• Antibiotics, such as penicillin.  Sulfa medicines are a class of antibiotics that 
contain sulfonamides.  
Nonsteroidal anti-inflammatory medicines (NSAIDs) such as ibuprofen 
(Advil®), aspirin (Bayer®), and naproxen (Aleve®).  
• Acetaminophen, also known as Tylenol®, is a medication.  
Opiates, such as morphine and codeine.  
• Medications used in chemotherapy.  
• Medications used to prevent or control seizures.  
Contrast material, often known as dye, is utilized in certain X-rays to enhance 
image clarity.  
What is the most prevalent drug allergy?  
   Penicillin is the most commonly reported medication allergy. 
Approximately 10% of individuals self-report having an allergic reaction to 
penicillin, while current research indicates that penicillin allergies may diminish 
over time.  
What is the prevalence of medication allergies? 

An adverse drug reaction refers to an unforeseen or unwanted response to 
a medication. Less than 10% of all adverse medication responses are attributed to 
drug allergies. Side effects comprise almost 90% of all negative medication 
reactions. Side effects are potential responses to a medication that do not involve 
your immune system.  
Indications and Origins  

What are the indications and manifestations of a medication allergy?  
The onset of an allergic reaction to medicine typically occurs within minutes 
following drug administration. The symptoms and their intensity can differ 
among individuals. Common manifestations of a mild drug allergy may 
encompass: 
• Pruritus.  
• Excessive tearing of the eyes (epiphora).  
• Dermatitis.  
• Urticaria.  
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• Nasal discharge.  
• Angioedema, which is the swelling of tissues.  
Severe drug allergy symptoms can manifest as anaphylaxis. Anaphylaxis is a 
severe allergic reaction that can be fatal if not promptly treated. Severe symptoms 
may encompass:  
• Dysphagia, which is the medical term for difficulty swallowing.  
• Respiratory distress.  
• Experiencing vertigo or feeling faint.  
• Hypotension.  
• Elevated heart rate.  
Experiencing a state of perplexity or anxiety.  
• Loss of awareness.  
   Occasionally, there may be a rare occurrence of an allergic reaction that 
gradually manifests itself days or even weeks after the administration of a 
medication. The duration of the response can persist for several days even after 
discontinuing the medicine. The potential responses may encompass:  
• Elevated body temperature.  
• Dermatitis.  
• Symptoms may include discomfort or swelling in the joints.  
• Decreased number of red blood cells (anemia) or platelets (thrombocytopenia).  
• Anomalous count of white blood cells (leukocytosis or leukopenia) or count of 
eosinophils (eosinophilia).  
• Reduced renal function (nephritis) or impaired liver function (hepatitis).  
• Enlarged lymph nodes.  
What are the underlying factors that contribute to medication allergies? 
     In the case of a drug allergy, your immune system reacts by producing 
immunoglobulin E (IgE) following your initial exposure to the medication 
(known as sensitization). IgE is an antibody subtype that aids in the elimination 
of detrimental chemicals from the body. The human body produces a variety of 
IgE antibodies that specifically target distinct types of allergens. IgE migrates to 
mast cells, which are present in mucus membranes, skin, gastrointestinal system, 
and airways, and contain histamine. Upon further exposure to the drug allergen, 
the IgE antibodies bind to the allergen and instruct the mast cells to secrete 
histamine and other chemical substances. Histamine is responsible for the onset 
of your initial allergic symptoms, which often manifest within a few minutes.  

An allergic reaction can also be triggered by the T-cells in your body. T-
cells are a subset of leukocytes that play a crucial role in defending the body 
against microbial invasions. The T-cells identify the medication as an external 
entity and attach to it. The immune response exhibits a reduced pace and primarily 
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targets the integumentary system, manifesting as hives, pruritic rashes, and 
similar symptoms.  
What is the duration for the manifestation of a drug allergy? 
  The answer varies depending on the circumstances. Certain individuals 
may experience an allergic reaction upon initial consumption of medication. 
Some individuals may not experience any effect until their second exposure or 
even after multiple doses.  
  Is it possible for drug allergies to spread from one person to another?  
Drug allergies are not transmissible. It is not possible to transmit a drug allergy to 
another individual.  
Which individuals are susceptible to medication allergies?  
  Drug allergies can occur in anyone. However, the probability of having or 
acquiring medication allergies is higher if your biological parents also have drug 
allergies.  
Medical assessment and examinations  
What is the diagnostic process for a medication allergy? 
  A drug allergy can be diagnosed by an allergist. An allergist is a specialized 
healthcare professional that focuses on detecting medical conditions through the 
use of tests and determining the most effective treatment options.  
Prior to doing medication allergy testing, the medical professionals will carefully 
examine your medical records and may inquire about certain details, such as:  
• At what point did you initially observe symptoms?  
• What symptoms are you experiencing?  
• What was the duration of your symptoms?  
• Did you consume any medication or remedies to alleviate your symptoms?  
• Did you require medical attention at a doctor's office or hospital to address 
your symptoms?  
• Do you consume any vitamins or herbal supplements?  
• Is there a familial history of medication allergies?  
• Please include a list of the medications you are presently on, including any 
over-the-counter treatments.  
• Please provide a list of all the medications you have taken in the past few 
weeks, including any over-the-counter medications.  
• Have you experienced any adverse reactions to any medications previously? 
• Which diagnostic tests are typically used to identify a medication allergy?  

If your allergist feels that a certain medicine is responsible for the reaction, 
they may recommend a skin test. Utilizing skin testing is quite beneficial for 
detecting an allergy to penicillin-type medications.  During a skin prick (scratch) 
test, your allergist will introduce your body to minute quantities of certain 
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medication allergens. A little section of your skin on your forearm or upper back 
will be cleansed, and a thin needle (lancet) will be used to puncture your skin with 
potential medication allergens. An affirmative response often manifests within a 
15-minute timeframe following exposure to the potential allergen. Changes in 
skin pigmentation, such as redness, grayness, or whiteness, may occur, 
accompanied by the formation of a raised, circular lesion like a mosquito bite, 
known as a wheal. A positive reaction indicates the possibility of a medication 
allergy. Providers may order a blood test under certain circumstances. A blood 
test can be useful for diagnosing a severe delayed reaction, especially if your 
doctor suspects that many organ systems may be affected.  
Administration and therapy  
What is the treatment for a medication allergy?  

Your healthcare professional may prescribe the following therapies for 
medication allergies:  
• Cease the consumption of the medication. Upon the elimination of the medicine 
from your body, your symptoms should gradually diminish. If you are using the 
medication to address a medical issue, your healthcare provider will prescribe an 
alternative treatment that does not elicit an allergic response.  
Antihistamines. Antihistamines inhibit the actions of histamine within your body.  
• Corticosteroids. Corticosteroids are pharmacological agents that possess anti-
inflammatory properties by inhibiting the synthesis of pro-inflammatory 
mediators.  
• Medications that relax and widen the airways in the lungs. Bronchodilators are 
a class of drugs that alleviate symptoms impacting the lungs.  
The Epinephrine auto-injector, also known as the EpiPen®, is a device used to 
administer epinephrine. If you have serious allergies to drugs, your healthcare 
professional may prescribe this device. Epinephrine rapidly alleviates the 
symptoms of anaphylaxis. Your provider will provide detailed instructions on the 
appropriate timing and method of utilization.  
• Immunotherapy for allergies. During allergy desensitization, a healthcare 
professional administers modest doses of drugs containing the allergen to you. 
Over time, your immune system will acquire a tolerance to the allergen. Your 
healthcare practitioner will incrementally escalate the dosage over a period of 
hours or even days until your body can tolerate the medication without exhibiting 
any adverse reactions.  
What is the duration of a medication allergy?  

The majority of individuals experience a complete recovery within a few 
hours of discontinuing the medicine. However, in exceptional instances, 
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symptoms may persist for several weeks or even a few months before 
disappearing entirely.  
Prevention  
Is it possible to prevent drug allergies?  
  To prevent a reaction from a drug allergy, it is necessary to abstain from 
using any medications that contain the allergen. You may need to abstain from 
comparable medications as well.  Ensure that healthcare providers update your 
medical records to highlight your drug allergy in order to mitigate the likelihood 
of a reaction.  
Forecast / Prediction  
   If you have a medication allergy, you can anticipate certain outcomes.  
While it is not possible to completely eliminate a drug allergy, you can effectively 
control your symptoms by avoiding medications that you know trigger a reaction 
and by taking medications that suppress your immune system's response.  
Sulfonamide Hypersensitivity  

A sulfa allergy is a hypersensitivity reaction to medications that include 
sulfonamides. The predominant response typically manifests as a cutaneous 
eruption or urticaria, however more severe reactions such as respiratory distress 
can sometimes occur. The most effective preventive measure is to abstain from 
using drugs that include sulfa.  
Summary  
   A sulfa allergy is a hypersensitivity or adverse reaction to sulfa drugs, 
which are a class of medications that contain sulfonamide compounds.  
A sulfa allergy is a form of drug hypersensitivity. Individuals with a sulfa allergy 
may experience an allergic reaction after consuming drugs that contain sulfa. The 
predominant indication of a sulfa allergy is the manifestation of a dermatological 
rash and urticaria, however certain individuals may experience more severe 
symptoms such as edema of the throat or dyspnea. If you encounter any negative 
responses to medication, it is advisable to get in touch with your healthcare 
practitioner. If your symptoms worsen or if you experience difficulty breathing, 
it is important to seek immediate medical attention.  
    "Sulfa" is an abbreviation for sulfonamides, which is a category of 
medications primarily composed of antibiotics. It is also present in other drugs. 
Antibiotics are pharmaceuticals that are used to treat bacterial infections. Sulfa 
medicines function by inhibiting bacterial synthesis of an essential growth and 
replication factor. Sulfonamides can be administered orally or topically.  
The most effective treatment for those with a known sulfa allergy is to avoid drugs 
that contain sulfa. It is imperative to inform your healthcare professionals of any 
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drug allergies you possess, in order for them to document it in your medical 
history.  
Which sulfa medicines are the most frequently prescribed? 
  Sulfa is a constituent found in certain antibiotics that are used to treat the 
following medical conditions:  
• Infections caused by burns.  
• Ocular infections.  
Urinary tract infections (UTIs) are a common condition characterized by an 
infection in the urinary system.  
• Inflammation of the vagina.  
• Inflammation of the bladder.  
• Inflammatory bowel disease (IBD).  
Rheumatoid arthritis.  
• Crohn's disease.  
Ulcerative colitis.  
• Leprosy.  
• Dermatitis.  
• Pneumonia.  
The sulfonamides that are most frequently seen include:  
• Mafenide is a medication.  
• Sulfacetamide.  
• Sulfadiazine.  
• Sulfadoxine.  
• Sulfamethizole.  
• Sulfanilamide.  
• Sulfasalazine.  
• Sulfisoxazole.  
• The medication is sulfamethoxazole/trimethoprim.  
• Dapsone.  
• Sulfamethoxazole/trimethoprim (Bactrim™, Sulfatrim™) is the most prevalent 
allergenic response.  
• Additional drugs that contain sulfa  
Here are several nonantibiotic drugs that may include sulfonamide:  
• Antidiabetic medications such as glyburide and glimepiride that reduce blood 
sugar levels.  
• Specific NSAIDs, such as celecoxib (Celebrex®), are under the category of 
nonsteroidal anti-inflammatory medicines.  
• Certain medications known as diuretics, which are commonly referred to as 
water pills.  
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        • Sumatriptan is a pharmaceutical used to treat migraines.  
What is the prevalence of a sulfa allergy?  
  Approximately 6% of individuals who consume drugs containing sulfa 
exhibit an adverse reaction to them.  
Indications and Origins  
What are the symptoms of a hypersensitivity reaction to sulfa medications?  
Individuals who are allergic to sulfa medications may experience the following 
symptoms:  
• Pruritic skin.  
• Dermatological eruption.  
• Urticaria.  
• Photophobia. This indicates that your rash exacerbates when exposed to 
sunlight.  
• Edema in the extremities, oral cavity, and tongue.  
• Experiencing symptoms such as nausea, vomiting, or diarrhea.  
• Experiencing a headache.  
• Sulfa allergies may present with less common, yet potentially severe 
symptoms:  
• Dysphagia.  
• Difficulty in breathing.  
• Myalgia and arthralgia.  
• Pharyngitis.  
• Presence of elevated body temperature and symptoms like those of influenza.  
• Epidermal blisters and desquamation of the skin.  
 
    Anaphylaxis is an uncommon yet severe allergic reaction that can result in 
unconsciousness, organ failure, or fatality. Less common but severe consequences 
of a sulfa allergy include Stevens-Johnson syndrome and toxic epidermal 
necrolysis (TEN). These disorders result in the formation of rashes and blisters 
on your skin, mouth, or genitals, followed by peeling.  
Which individuals are susceptible to developing a sulfa allergy?  
   Research indicates that those who have HIV/AIDS may have a higher 
likelihood of developing allergies to drugs containing sulfa. Individuals with a 
compromised immune system may also face an elevated risk. Sulfa medications 
have the potential to induce hemolytic anemia in individuals who have a deficit 
in glucose-6-phosphate dehydrogenase (G6PD). 
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Medical assessment and examinations. 
How can I determine if I am allergic to sulfa? 

Healthcare practitioners generally do not employ tests as a standard method 
for diagnosing a sulfa allergy. Alternatively, your healthcare professional will 
inquire about your drug usage and evaluate your symptoms to determine if a sulfa 
allergy is responsible for your allergic response. One can determine if they have 
a sensitivity to sulfa by ingesting sulfa medicine while being closely monitored 
by medical professionals to observe if any adverse reactions occur. This 
procedure is referred to as an oral drug challenge test. However, numerous 
providers are hesitant to take the risk because to the potential for a severe reaction.  
If your healthcare professional determines that you have a hypersensitivity to 
sulfa drugs, they may need to choose an alternative treatment to manage your 
medical condition. If you are required to take a sulfa drug, your healthcare 
professional may suggest desensitization therapy. This method involves 
systematically increasing your tolerance to a medicine in order to mitigate the 
intensity of your reaction. Although sulfa can be taken temporarily, it does not 
provide a cure or eliminate allergies.  
Administration and therapy  
What is the treatment for a sulfa allergy?  

The most effective treatment is to refrain from using drugs that include 
sulfa. Since the discovery of a drug allergy can only be made after taking the 
medication, it is not possible to predict in advance how your body will respond to 
a medication. If you experience mild allergic reactions, your healthcare 
practitioner may suggest using antihistamines or corticosteroids until your 
symptoms go away. Epinephrine injection (EpiPen®) may be necessary for more 
severe reactions.  Although the majority of individuals with a sulfa allergy suffer 
mild to moderate symptoms, a subset of individuals may encounter severe and 
potentially life-threatening manifestations such as respiratory distress and the 
development of painful blisters on the skin, mouth, or genital area. These 
symptoms necessitate urgent medical attention in an emergency department.  
Are there any other substances I should abstain from?  
Inform your healthcare practitioner if you encounter an adverse response to 
sulfonamides or any other drugs. There might be more medications that they 
would like you to refrain from taking. 
Prophylaxis  
Is it possible to proactively avoid a drug allergy?  
   Unfortunately, there is no method to proactively avoid a medication 
allergy. In the future, you can only abstain from using the substance. It is 
important to inform your healthcare physician and pharmacy about any drug 
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allergies you may have. Certain individuals choose to wear a medical bracelet or 
have a card in their wallet or on their phone indicating their allergy to sulfa. This 
can be advantageous in the event that you encounter an unforeseen situation and 
are unable to convey information.  

Drug abuse refers to the excessive and harmful use of drugs, often leading 
to negative physical, psychological, and social consequences.  Drug abuse, also 
known as drug abuse, is the act of using specific chemicals with the intention of 
producing pleasurable effects on the brain. The global population of drug users 
exceeds 190 million, and this issue has been escalating at a concerning pace, 
particularly among individuals under the age of 30. In addition to the chronic 
harm that drug usage inflicts on the body, those who engage in intravenous drug 
use are also susceptible to acquiring HIV and hepatitis B and C infections.  

 
Factors contributing to drug use  
   Drugs of abuse typically refer to psychoactive substances that individuals 
take for a variety of reasons, such as:  
• The desire to explore and the influence of social pressure, particularly among 
students and young individuals.  
Prescription medications initially designed for pain relief may have transitioned 
into recreational use and developed addictive properties.  
Chemicals might be employed in religious rites or ceremonies.  
• For leisure activities. 
• For the purpose of acquiring artistic inspiration. 
  
Classification of drugs  
   Drugs of abuse can be categorized into three groups, which are:  
• Depressants: These substances induce a state of depression in the brain's 
functions. Examples of depressants are sleeping pills (barbiturates) and heroin.  
Stimulants induce brain stimulation, resulting in heightened attentiveness and 
greater episodes of activity. Common symptoms of this condition include 
tachycardia, mydriasis, hypertension, and gastrointestinal distress such as nausea 
or vomiting. Additionally, individuals may have behavioral alterations such as 
restlessness and decreased decision-making abilities. Delusional psychosis can 
manifest in extreme situations when cocaine and amphetamines are consumed.  
• Hallucinogens induce hallucinations and a sense of disconnection from one's 
own self, creating an otherworldly experience. Hallucinogens can induce altered 
sensory perception, delusions, paranoia, and sometimes even despair. Some 
examples of drugs are ecstasy, mescaline, and LSD. 

� Some examples of medications include:  
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� Alcohol  
� Tobacco  
� Cocaine derived from the coca plant  
� Opium and opioids are derived from the poppy plants.  
� Hashish and marijuana are both derived from the cannabis plant.  
� Psychoactive substances such as heroin, ecstasy, and LSD that are 

artificially produced  
Management  
  Drugs of abuse can be administered by several ways, including as orally 
in tablet form, intravenously through injection, inhalation of smoke, or 
absorption through the blood vessels of the nose via snorting.  

Study of the patterns, causes, and effects of drug misuse in a population.  
Cannabis, marijuana, and hashish are the most prevalent illicit substances 
globally. Approximately 141 million individuals globally partake in the 
consumption of cannabis. Stimulants like amphetamine and ecstasy are widely 
used, with around 30 million individuals engaging in drug abuse. Approximately 
13 million individuals worldwide engage in the consumption of cocaine, with the 
United States having the largest population of consumers. The prevalence of 
heroin and other opioid abuse is relatively lower compared to other narcotics, with 
approximately 8 million individuals globally engaging in such behavior. This is 
primarily observed in South-East and South-West Asia, as well as Europe.  
Drug misuse is prevalent among individuals of many age groups and from all 
socio-economic backgrounds. Nevertheless, the propensity for drug addiction is 
higher among men compared to women, among single individuals compared to 
married individuals, and among urban dwellers compared to rural dwellers. 
Individuals who are incarcerated, homeless, or in their youth are also more prone 
to substance abuse.  

The Novel Drug Delivery System refers to a method of administering 
medication that is innovative and distinct from traditional methods.  
The mode of medicine administration can greatly impact its effectiveness. Certain 
medications have an optimal concentration range in which the most benefit is 
obtained. Concentrations that are higher or lower than this range might be 
hazardous or provide no therapeutic advantage all 1 . Conversely, the lack of 
significant advancements in the effectiveness of treating severe diseases has 
indicated an increasing requirement for a multidisciplinary strategy in delivering 
therapeutic treatments to specific tissues.  

These findings led to the development of novel strategies for regulating the 
absorption, distribution, metabolism, and excretion of medications, as well as 
their specific effects, general toxicity, immune response, ability to be recognized 
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by biological systems, and overall effectiveness. These novel methodologies, 
commonly referred to as drug delivery systems (DDS), integrate polymer science, 
pharmaceutics, bioconjugate chemistry, and molecular biology using 
interdisciplinary methods. Currently, there are ongoing efforts to create various 
drug delivery and drug targeting systems in order to minimize drug degradation 
and loss, eliminate adverse side-effects, and maximize drug bioavailability and 
the fraction of the medication deposited in the desired area. Controlled and novel 
drug delivery, formerly a mere aspiration or at most a potentiality, has now 
become an actuality. Over the past fifteen years, pharmaceutical and other 
scientists have conducted thorough and rigorous investigations in the field of drug 
research. 

Drug carriers include soluble polymers, insoluble or biodegradable 
microparticles comprised of natural and synthetic polymers, microcapsules, cells, 
cell ghosts, lipoproteins, liposomes, and micelles. The carriers can be designed to 
have a slow degradation rate, be responsive to specific stimuli such as pH or 
temperature, and can even be targeted to specific areas of interest by attaching 
them to antibodies that recognize typical components of those areas. Targeting 
refers to the capacity to precisely guide the drug-loaded device to the desired 
location. There are two main techniques for targeting specific areas for 
medication release: passive targeting and active targeting.  

 
Definition:  
   A unique Drug Delivery System (NDDS) refers to a creative technique that 
integrates advanced development, formulations, cutting-edge technology, and 
unique approaches to transport pharmaceutical chemicals in the body, ensuring 
their safe and effective pharmacological effects.  
The distinguishing features of a novel drug delivery system are:  

� Enhance the bioavailability  
� Offer precise administration of medication. 
� Transport the medicine without damage to the intended location, while 

avoiding healthy tissue.  
� Stability and delivery should be maintained despite changes in 

physiological factors.  
� Simple to manage, secure, and dependable.  
� Cost-efficient.  

Advantages of NDDS:  
� Medical: Administering the appropriate dosage, at the correct 

timing, and in the appropriate area.  
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� Industrial applications focus on optimizing the utilization of costly 
components and minimizing production expenses.  

� Socially, this approach has positive effects on patients, leading to 
enhanced therapy, increased adherence, and an improved overall 
quality of life.  

Novel methods for delivering drugs: 
 Several drug delivery and drug targeting methods are presently being 

developed to reduce drug degradation and loss, mitigate adverse side-effects, and 
enhance drug bioavailability and the concentration of the drug in the desired area. 
Drug carriers include soluble polymers, insoluble or biodegradable natural and 
manufactured polymer micro particles, microcapsules, cells, cell ghosts, 
lipoproteins, liposomes, and micelles. The carriers can be designed to have slow 
degradation rates, be responsive to certain stimuli such as changes in pH or 
temperature, and can even be targeted to specific areas of interest by attaching 
specific antibodies that recognize typical components of those areas. Targeting 
refers to the capacity to guide the drug-loaded system to the desired location. 
There are two main techniques for targeting specific areas for medication release: 
passive targeting and active targeting. Passive targeting refers to the selective 
buildup of chemotherapy drugs in solid tumors because to the increased 
permeability of blood vessels in tumor tissues compared to healthy tissues. One 
possible approach to achieve active targeting is to modify drug carriers by 
attaching ligands that can specifically bind to receptors on the surface of the 
desired cells. Due to the high selectivity of ligand-receptor interactions, it 
becomes possible to target the place of interest with greater precision.  

Regulating the release of drugs and their subsequent breakdown through 
natural processes are crucial for the development of effective formulations. 
Possible processes for releasing pharmaceuticals include: (i) the detachment of 
drugs that are attached or adsorbed to the surface; (ii) the movement of drugs 
through the carrier matrix via diffusion; (iii) the movement of drugs through the 
carrier wall in the case of Nano capsules; (iv) the erosion of the carrier matrix; 
and (v) a combination of erosion and diffusion. The mechanism of administration 
plays a crucial role in determining the success or failure of a drug, as the method 
of administering the treatment often influences the selection of a drug. Sustained 
release of a drug is achieved through the use of polymers that gradually release 
the drug at a controlled rate. This controlled release can occur either through 
diffusion of the drug out of the polymer or through the gradual degradation of the 
polymer over time. Pulsatile release is frequently the favored approach for 
medication administration, as it closely emulates the natural production of 
hormones like insulin in the body. The achievement is accomplished through the 
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utilization of drug-carrying polymers that exhibit a response to particular stimuli, 
such as exposure to light, alterations in pH, or variations in temperature.  

Researchers have recognized the potential advantages of nanotechnology 
in enhancing medicine delivery and therapeutic targeting for more than 20 years. 
Enhancing delivery methods that reduce toxicity and enhance effectiveness holds 
significant potential advantages for patients and creates new opportunities for 
pharmaceutical and drug delivery enterprises. Alternative strategies for drug 
delivery aim to overcome specific physiological barriers, such as the blood-brain 
barrier, to enhance drug targeting and efficacy. Additionally, efforts are being 
made to identify alternative routes for delivering protein drugs that are not reliant 
on the gastrointestinal tract, where degradation can occur. Currently, innovative 
drug delivery systems have primarily been used for allopathic pharmaceuticals. 
However, these systems have their own limits. Therefore, considering the use of 
safe, effective, and well-established Ayurvedic herbal drug formulations would 
be a more favorable choice.  

The potential of innovative medication delivery systems for natural drugs:  
In recent years, our country has begun to fully understand the immense potential 
of the huge knowledge base of Ayurveda that we possess. Nevertheless, the drug 
delivery technology employed for dispensing the medication to the patient is 
conventional and obsolete, leading to diminished effectiveness of the drug. Herbal 
extracts are likely to undergo significant degradation at the highly acidic pH of 
the stomach. Additional constituents may undergo hepatic metabolism prior to 
entering the bloodstream. Consequently, the necessary dosage of the medication 
may fail to enter the bloodstream. If the drug fails to reach the bloodstream at a 
level that is considered the minimum effective level, it will not produce any 
therapeutic effect.  

Phytopharmaceuticals are medications that utilize conventional ingredients 
derived from botanical sources rather than synthetic molecules. The body may 
metabolize natural chemicals more efficiently and effectively. Consequently, they 
generate fewer, if any, adverse reactions and offer enhanced assimilation into the 
bloodstream, leading to more comprehensive and efficient therapies. Medications 
derived from chemical compounds are susceptible to negative side effects. The 
human body exhibits a proclivity to reject specific chemical substances that are 
not naturally occurring. These rejections manifest as side effects, ranging from 
moderate symptoms like minor headaches to severe ones that could even be fatal. 
It is crucial to acknowledge that although phytopharmaceuticals often have fewer 
or no negative effects, they can nevertheless interact with other prescription 
medications chemically. Moreover, due to their nature as individual and refined 
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substances, they may be readily standardized, facilitating their integration into 
contemporary pharmaceutical delivery systems in contrast to herbal remedies.  

Multiple research has examined lipid-based drug delivery systems and have 
demonstrated its capability for precise and regulated medication administration. 
Pharmacosomes are complexes of pharmaceuticals that contain active hydrogen 
and attach to phospholipids. These complexes are amphophilic, meaning they 
have an affinity for both hydrophilic and hydrophobic substances. They enhance 
the biopharmaceutical qualities of the medicine, leading to increased 
bioavailability. Phytosomes are innovative substances that consist of lipophilic 
complexes of plant-derived components such as Silybum Marianum, Ginkgo 
Biloba, ginseng, and others, combined with phospholipid. They are also referred 
to as phytolipids delivery method. They possess elevated lipophilicity, as well as 
enhanced bioavailability and therapeutic characteristics. These herbal extracts are 
an advanced form that have enhanced pharmacokinetic and pharmacological 
properties. They may be effectively utilized to treat acute liver illnesses, whether 
they are caused by metabolic or infectious factors. Phytosomes are created by a 
patented method where certain elements of a herbal extract, such as 
flavonolignans and terpenoids, are chemically attached to phospholipids like 
phosphatidylcholine at a molecular level using a polar end. Phytosomes are 
utilized as a pharmaceutical agent and have a broad range of applications in the 
field of cosmetology.  

By integrating herbs, pure phytopharmaceuticals, or phytosomes into 
innovative drug delivery platforms, we can harness the advantages of both. 
Therefore, it is crucial to integrate the innovative medication delivery technology 
into Indian Ayurvedic treatments in order to effectively address severe illnesses.  
Review Design:  

This review categorizes nanocarriers depending on their categories, 
namely.  
The four types of nanocarriers are: i) organic nanocarriers, ii) inorganic 
nanocarriers, iii) hybrid nanocarriers, and iv) biological nanocarriers. The Scopus 
database was queried using each class of nanocarriers as the keyword to find 
relevant references. Only articles published after 2010 were chosen, except for 
those that contained important references for a specific type of nanocarrier, which 
were obtained separately. The articles were then organized according to the 
specific type of carrier within each class mentioned above.  

Nanocarrier: A nanocarrier is a small-scale vehicle designed to transport 
and deliver substances at the nanoscale level.  

Nanocarriers are employed with the aim of overcoming the challenges and 
drawbacks associated with traditional drug delivery systems, including their lack 
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of specificity, adverse effects, rapid release, and harmful destruction of a 
significant number of healthy cells. Nanocarriers enhance the bioavailability and 
therapeutic efficacy of drugs, while also facilitating targeted accumulation at the 
desired site. Currently, numerous nanocarriers have been developed, but only a 
select few have received clinical approval for material delivery due to their 
specific actions at targeted sites, particularly for anti-tumor agents.  
The nanocarrier particles exhibit a range of sizes, with the most desirable 
physicochemical properties observed in particles measuring between 10 and 100 
nm. Nanonization offers several key benefits, including enhanced solubility, 
decreased medicinal doses and side effects, and improved absorption of medicinal 
herbs when compared to their crude extract counterparts.  
Pharmaceutical transport systems: 

 Colloidal drug carrier methods, including micellar solutions, vesicle and 
liquid crystal dispersions, and nanoparticle dispersions composed of tiny particles 
ranging from 10 to 400 nm in diameter, hold significant potential as drug delivery 
systems. The objective in formulating these substances is to achieve systems that 
have been optimized for drug loading and release properties, possess a long shelf-
life, and exhibit minimal toxicity. The medicine that is included in the system 
actively engages with its microstructure and might potentially impact it through 
molecular interactions, particularly if the drug has amphiphilic and/or mesogenic 
characteristics. 

 1.Micelles: Micelles are spherical aggregates of amphiphilic molecules, 
such as surfactants, in a liquid solution. 

 Micelles, which are created through the self-organization of amphiphilic 
block copolymers in water-based solutions, have a size range of 5-50 nm. These 
micelles are highly significant in the field of drug administration. The medications 
can be encapsulated within the central region of block copolymer micelles and 
transported at quantities that can surpass their inherent solubility in water. 
Additionally, the hydrophilic blocks have the ability to establish hydrogen bonds 
with the surrounding aqueous environment, resulting in the formation of a 
compact shell around the micellar core. Consequently, the hydrophobic core is 
adequately shielded from hydrolysis and enzymatic degradation, ensuring its 
protection. Furthermore, the corona may hinder the detection by the 
reticuloendothelial system, thereby impeding the initial clearance of the micelles 
from the bloodstream. 

 Amphiphilic block copolymers are appealing for drug delivery 
applications due to their ability to easily modify their chemical composition, total 
molecular weight, and block length ratios. This enables precise control over the 
size and structure of the micelles. The addition of cross-linkable groups to block 
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copolymers can enhance the stability of the micelles they form and enhance their 
ability to be controlled over time. Replacing block copolymer micelles with 
targeted ligands is a highly promising approach to expand the variety of active 
sites with greater selectivity.  

2.Liposomes are small spherical vesicles composed of lipid bilayers.  
Liposomes are vesicles composed of one or more phospholipid bilayers. The 
liposomal core's polar nature allows for the encapsulation of polar medicinal 
compounds. Amphiphilic and lipophilic compounds are dissolved in the 
phospholipid bilayer based on their attraction to the phospholipids. Niosomes are 
formed when nonionic surfactants are used instead of phospholipids in the 
creation of the bilayer. Channel proteins can be inserted into the hydrophobic 
region of vesicle membranes without losing their functionality. These proteins 
work as a filter that selectively allows the passive diffusion of tiny solutes, such 
as ions, nutrients, and antibiotics. Consequently, when pharmaceuticals are 
enclosed within a nanocage that has been modified with channel proteins, they 
are efficiently shielded against early breakdown by proteolytic enzymes. The drug 
molecule can diffuse via the channel due to the concentration gradient between 
the inside and outside of the nanocage.  
Liposome preparation techniques  

• Stage of hydration  
• Methods involving mechanical processes  
• Substitution of organic solvent with aqueous media technique.  

Method for removing detergent.  
• Initial sizing phase  
• Elimination of non-encapsulated material.  
• Uses of Liposomes:  
• Gene delivery  
• Precision Delivery  
• Ocular therapy  
• Application in the field of pulmonary medicine.  
• Oncological treatment  
• Arthritis  
 
3.Dendrimers: Dendrimers are highly branched macromolecules with a well-
defined structure.  

Dendrimers are macromolecules that have a symmetrical architecture, are 
highly branching, and have a size in the nanometer range. They are also 
monodisperse, meaning that their size distribution is very narrow. Their 
composition includes a central core, branching units, and terminal functional 
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groups. The nanocavities' solubilizing capabilities are determined by the core and 
internal units, which also define their environment. On the other hand, the 
solubility and chemical behavior of these polymers are influenced by the exterior 
groups. The effectiveness of targeting is influenced by the attachment of targeting 
ligands on the outer surface of dendrimers. Meanwhile, the stability and 
protection of dendrimers from the Mononuclear Phagocyte System (MPS) are 
achieved by functionalizing them with polyethylene glycol chains (PEG).  
4.Liquid crystals:  

Liquid crystals possess characteristics that are a combination of both liquid 
and solid states. They can be arranged into various geometries, consisting of 
alternating polar and non-polar layers, forming a lamellar phase. This allows for 
the inclusion of aqueous medicinal solutions.  
5.Nanoparticles:  
   Nanoparticles, which can be nanospheres or Nano capsules ranging in size 
from 10 to 200 nm, exist in a solid state and can be either amorphous or 
crystalline. They have the capability to adsorb and/or encapsulate a medication, 
thereby safeguarding it from chemical and enzymatic breakdown. Nano capsules 
are vesicular structures where the drug is enclosed within a cavity that is 
surrounded by a distinct polymer membrane. On the other hand, nanospheres are 
matrix structures where the medication is evenly and physically distributed. Drug 
carriers in the form of nanoparticles can be created using both biodegradable and 
non-biodegradable polymers. Biodegradable polymeric nanoparticles have 
gained significant interest as drug delivery devices due to their potential 
applications in controlled drug release, targeted organ/tissue delivery, DNA 
carrier in gene therapy, and their ability to deliver proteins, peptides, and genes 
via the oral route. 
6.Hydrogels:  
   Hydrogels are polymeric networks that are hydrophilic and three-
dimensional, allowing them to absorb significant quantities of water or biological 
fluids. The networks consist of either homopolymers or copolymers, and their 
insolubility is attributed to the existence of chemical crosslinks (tie-points, 
junctions), or physical crosslinks, such as entanglements or crystallites. 
Hydrogels have a thermodynamic affinity for water, enabling them to expand in 
water-based environments. These substances are employed to control the release 
of drugs in reservoir-based, controlled release systems or to transport drugs in 
swellable and swelling-controlled release devices. Hydrogels are advanced gel 
systems that can intelligently and sensitively manage the release of drugs. They 
can respond to changes in pH, temperature, ionic strength, electric field, or 
alterations in the concentration of certain substances. Within these systems, the 
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release can be engineered to take place in particular regions of the body, such as 
within a specified pH range in the digestive tract. Alternatively, it can also be 
achieved through targeted sites using adhesive or cell-receptor specific gels that 
are connected to the hydrogel surface through tethered chains.  
Hydrogels, when paired with the technology of molecular imprinting, have the 
potential to be highly effective materials for drug delivery systems.  
Categories of Hydrogels:  
1.Hydrogels that are sensitive to pH or ions.  
2. Thermoresponsive hydrogels.  
3.Hydrogels that are responsive to glucose.  
4.Nanohydrogels.  
Hydrogel preparation;  
• Isotonic ultra-high pressure (IUHP)  
• The utilization of cross-linkage.  
• The application of nucleophilic substitution reactions.  
• The utilization of gelling agents  
• The utilization of irradiation with freeze-thawing.  
• Pharmaceutical Use of Hydrogels:  
• Wound healing  
• Colon-specific medication delivery   
• Topical medication delivery  
• Ocular medication delivery  
• Industrial applicability refers to the practicality and usefulness of a particular 
technology or process in industrial settings.  
• Tissue engineering. 
Methods of administering substances:  

A. The peroral route, often known as the oral route, refers to the 
administration of a substance through the mouth. The primary drug delivery route 
is the oral route. The prevalence of protein- and peptide-based medications is on 
the rise. Although they have the potential to be highly effective in treating 
diseases, these therapies confront challenges in terms of crossing mucosal 
surfaces and biological membranes. They are also susceptible to denaturation or 
degradation, and are quickly eliminated from the liver and other tissues in the 
body. Additionally, they require precise dosing. Currently, protein medicines are 
commonly provided via injection, which is both less enjoyable and has challenges 
related to fluctuating levels of the drug in the bloodstream. Despite the obstacles 
to effective drug delivery in the gastrointestinal tract, such as acid-induced 
hydrolysis in the stomach, enzymatic degradation by proteolytic enzymes 
throughout the gastrointestinal tract, and bacterial fermentation in the colon, the 
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peroral route remains the most extensively studied. This is because it offers the 
advantages of convenience and low cost of administration, as well as potential 
savings in manufacturing costs.  
 
Pulmonary pathway:  
   B. Pulmonary delivery is a significant process that can be achieved by 
several methods, including aerosols, metered dosage inhaler systems (MDIs), 
powders (dry powder inhalers, DPIs), and solutions (nebulizers). These delivery 
methods may involve the use of nanostructures such as liposomes, micelles, 
nanoparticles, and dendrimers. Pulmonary delivery aerosol products account for 
almost 30% of the worldwide medication delivery market. The motivation behind 
lung delivery research stems from the ability to achieve successful administration 
of protein and peptide drugs, as well as the prospect of developing an efficient 
delivery method for gene therapy, such as in the treatment of cystic fibrosis. 
Additionally, there is a need to find alternatives to chlorofluorocarbon propellants 
in metered-dose inhalers. Pulmonary drug delivery provides the opportunity to 
tackle respiratory disorders locally and is becoming a feasible method for 
delivering treatments throughout the body. Nevertheless, the administration of 
proteins through the lungs is hindered by the presence of proteases in the lung, 
which diminishes the overall availability of the proteins, as well as by the barrier 
that exists between the capillary blood and the alveolar air (also known as the air-
blood barrier).  
 
C. Transdermal administration:  
Transdermal drug delivery circumvents issues such as gastrointestinal discomfort, 
metabolic processes, fluctuations in delivery rates, and interference caused by the 
presence of food. Additionally, it is appropriate for patients who are unconscious. 
The method is typically non-intrusive and visually pleasing, and can be utilized 
to administer localized treatment for multiple days. Limitations of this method 
include sluggish penetration rates, limited options for adjusting dosage, and a 
constraint to medications with relatively moderate dosage requirements.  
 
D. The parenteral route:  
Parenteral methods, such as intravenous, intramuscular, and subcutaneous, play a 
crucial role. Currently, the only Nano systems available on the market are 
administered through intravenous administration, specifically liposomes. 
Nanoscale drug carriers show significant promise in enhancing drug delivery via 
nasal and sublingual routes, bypassing first metabolism, as well as in challenging 
ocular, brain, and intra-articular compartments. An illustration of this is the ability 
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to administer peptides and vaccinations through the nasal route by combining 
active medication macromolecules with nanoparticles. Furthermore, medicines 
may have their ocular bioavailability enhanced when supplied using a colloidal 
drug carrier.  
 
E. Trans tissue and local route:  
Trans-tissue and local delivery systems necessitate secure attachment to excised 
tissues during surgical procedures. The objective is to generate a heightened 
pharmacological impact, while reducing the toxicity associated with systemic 
delivery. Trans-tissue systems encompass various methods of drug delivery. 
These include drug-loaded gelatinous gels that are formed in the specific location 
and adhere to the resected tissues, gradually releasing drugs, proteins, or gene-
encoding adenoviruses. Another approach involves using antibody-fixed 
gelatinous gels to create a barrier that prevents the permeation of cytokines into 
the target tissue. Cell-based delivery utilizes gene-transduced oral mucosal 
epithelial cells (OMEC) that are implanted as a sheet. Lastly, device-directed 
delivery involves using a rechargeable drug infusion device that can be attached 
to the resected site.  
 
F. Gene delivery:  
The process of introducing genetic material into cells. 

 Delivering genes is a difficult undertaking when it comes to treating 
genetic illnesses. For gene delivery, the plasmid DNA must be inserted into the 
target cells, where it will undergo transcription and finally be translated into the 
correct protein. In order to accomplish this objective, the gene delivery system 
must overcome several obstacles. Transfection is influenced by several factors, 
including: (a) directing the delivery system to the specific target cell, (b) 
facilitating the passage through the cell membrane, (c) the process of being taken 
up by the cell and broken down in the endolysosomes, and (d) the movement of 
plasmid DNA within the cell to reach the nucleus.  
Extended Release Drug Formulation:  
• Controlled release is a method of designing a medication to be gradually. 
•  Released into the body over an extended duration.  
• It prolongs the duration of a drug's effect.  
Decreasing the frequency of dosage  
• Once-daily oral formulations  
• Long-acting depot injections are commonly used for many purposes such as 
contraception, hormone replacement therapy, and the administration of 
antipsychotic medications.   
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B. Controlled release medication formulations: 
   It closely replicates the natural process by which the body manufactures 
hormones like insulin. One method of preparing medication to be released into 
the body in response to certain stimuli is through formulation. Light exposure, 
fluctuations in pH or temperature.  
 
Microencapsulation:  
   Microencapsulation is a technique that involves enclosing small particles 
or droplets with a protective coating, resulting in the formation of miniature 
capsules with various beneficial characteristics. Typically, it is employed to 
integrate dietary components, enzymes, cells, or other substances on a small 
scale.  
Definition: Encapsulation is the act of enclosing one material within another 
substance on a small scale, resulting in the formation of capsules that can vary in 
size from less than one micron to several hundred microns. The process involves 
the application of a thin layer onto a small solid particle or liquid droplet, resulting 
in dispersion. 
There are two stages:  

� Essential material.  
� Material for coating. 

 
Justifications for Microencapsulation:  
1.The purpose is to safeguard reactive compounds from the surrounding 
environment.  
2.The objective is to transform liquid active components into a solid system in a 
dry state.  
3.To segregate the incompatible constituents for the purpose of achieving 
functional efficiency. 
4.In order to safeguard the surrounding environment of the microcapsules, it is 
necessary to shield them from the active components.  
5.The process of isolating the core from its surroundings, such as extracting 
vitamins to protect them from the harmful effects of oxygen.  
6.Slowing down the process of evaporation of a highly volatile center. 
7. Enhancing the manipulative characteristics of an adhesive substance.  
8.Protecting a reactive core from chemical corrosion.  
9.For the proper management of hazardous substances.  
10. To achieve precise drug delivery. 
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Benefits of Microencapsulation: 
1.An effective method of transporting the medicine to the intended location and 
ensuring that the desired concentration is maintained without any negative side 
effects.  
2.Solid biodegradable microspheres provide the capacity to enable regulated drug 
release within the particle matrix.  
3.Microspheres have garnered significant attention for their ability to direct 
anticancer medications specifically to tumors.  
4. Decreases the frequency of dose, hence enhancing patient compliance.  
Drawbacks of Microencapsulation:  
1.The method is costly.  
2.Proficiency is necessary.  
3.Obtaining a continuous and uniform film is challenging.  
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UNIT: III 
 

DRUGS FOR VARIOUS DISORDERS 
 
GI tract disorders. Drugs for GI tract disorders. Mechanism of action of drugs 
used in therapy of GI tract disorder - Ulcer, Irritable bowel syndrome and 
constipation. Statins as a drug for hyperlipidemia. Antibiotics - sulfonamides, 
cotrimoxazole and penicillin. Role of insulin in the treatment of diabetes mellitus. 
Oral hypoglycemic drugs – sulphonylureas (Gliclazide, glimipride, 
glibenclamidebiguanides (Metformin). 
 
Gastrointestinal Disorders 
   Gastrointestinal diseases encompass any pathological illness or ailment 
that arises within the gastrointestinal system. The gastrointestinal tract, commonly 
known as the GI tract, is a contiguous collection of hollow organs that extends 
from the oral cavity to the anus. The components comprising our gastrointestinal 
(GI) tract include the oral cavity, esophagus, stomach, small intestine, large 
intestine, and anus. The gastrointestinal tract, in conjunction with the liver, 
pancreas, and gallbladder, constitutes our digestive system. A complex network 
of blood vessels provides blood to these organs and also carries nutrients to other 
organs in the body. The coordination of the digestive system is governed by the 
collaboration of nerves and hormones, while the bacteria residing in our 
gastrointestinal (GI) tract, known as gut flora or microbiome, contribute to 
digestion, immunity, and our general well-being. The peritoneum, a thin, flexible 
membrane, serves as a protective barrier and provides support for the organs of 
the digestive system. Various disorders or diseases can influence the 
gastrointestinal (GI) system and disrupt digestion and/or our general well-being. 
Certain illnesses exhibit same symptoms, necessitating additional medical 
examinations prior to a clinician reaching a definitive diagnosis. Some examples 
of common gastrointestinal illnesses are:  
 
Celiac disease: Celiac disease is a severe autoimmune condition characterized by 
the small intestine's heightened sensitivity to gluten. Consuming gluten triggers 
an immunological response in the body that targets the small intestine, resulting 
in harm to the villi. Villi are tiny finger-like structures that facilitate the absorption 
of nutrients. 
  
Celiac disease can manifest at any stage of life and presents symptoms such as 
abdominal distension, alterations in bowel movements (either diarrhea or 
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constipation), dermatological manifestations, weight loss, and impaired 
development rate in pediatric patients. The sole treatment for celiac disease at 
present is the continuous observance of a rigorous gluten-free diet for the rest of 
one's life. 
  
Constipation refers to the condition characterized by difficulty or infrequency in 
the passage of stools (feces). The frequency of bowel movements varies across 
individuals, and not everyone has a daily bowel movement. Therefore, the time 
interval between bowel movements before constipation starts differs from person 
to person. 
  
Constipation typically manifests as the presence of tiny, firm, dry stools that are 
challenging to expel. Additional symptoms may encompass abdominal bloating 
or distention and discomfort while defecating. Hemorrhoids commonly 
accompany constipation.  
 
Constipation can be caused by various factors, including dehydration, insufficient 
dietary fiber, pregnancy, physical inactivity, or the use of specific drugs like 
antidepressants, iron supplements, or opioids. Laxatives can alleviate 
constipation, while implementing lifestyle modifications can aid in preventing its 
recurrence.  
 
Crohn's Disease: Crohn's disease is a persistent gastrointestinal disorder 
characterized by localized inflammation in various parts of the digestive tract, 
ranging from the mouth to the anus. However, the region where the small intestine 
connects to the large intestine is typically the most afflicted area. The precise 
etiology remains uncertain; although, it is more prevalent in "Westernized" 
nations, exhibits familial patterns, and dietary and psychological stressors may 
exacerbate the condition. 
  
Common symptoms may consist of prolonged diarrhea, stomach discomfort, and 
noticeable reduction in body weight. Approximately 50% of individuals 
diagnosed with Crohn's disease experience the presence of blood or mucus in their 
stools. Additionally, some may describe a pressing need to defecate urgently or a 
feeling of incomplete bowel movement. Pharmaceutical interventions may 
encompass aminosalicylates, corticosteroids, immunomodulators, and biologics. 
Additionally, surgery could be considered as a viable alternative.  
Diarrhea is characterized by the presence of frequent, loose, and watery stools 
(feces) that are often followed by a strong and immediate urge to defecate. 
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Additionally, one may have abdominal pain or cramping, and in rare cases, 
symptoms of nausea or vomiting may also manifest. Viruses, particularly 
noroviruses, are a frequent culprit behind diarrhea, and they are especially 
responsible for causing epidemics of diarrhea and vomiting on cruise ships. 
Additional prevalent factors comprise of bacterial infections, such as salmonella, 
campylobacter, or Escherichia coli; giardia; certain medical diseases (such as 
Celiac disease or Crohn’s disease); dietary intolerance or medications.  
 
Anti-diarrheal drugs such loperamide or diphenoxylate are used to reduce the 
frequency of bowel movements, while electrolyte solutions are effective in 
treating dehydration, a common consequence of severe diarrhea. Occasionally, 
additional drugs, such as antibiotics, may be necessary. Diverticular disease is a 
persistent disorder characterized by the presence of tiny pouches or outpouchings, 
known as diverticula, in the gut. Inflammation of diverticula occurs when 
undigested food becomes stuck within them, resulting in symptoms such as pain, 
constipation, and occasionally fever, nausea, or cramps. The medical term for this 
condition is diverticulitis. Diverticular illness is prevalent, impacting 50% of 
individuals aged 60 and beyond. The primary factor believed to contribute to the 
condition is a diet that lacks sufficient fiber, however certain individuals may have 
an inherent genetic susceptibility.  
 
Asymptomatic cases of diverticular disease are common, and the ailment is 
frequently detected incidentally during a colonoscopy performed for colorectal 
cancer screening. The typical approach involves implementing a diet rich in fiber 
and administering a modest analgesic for pain relief.  
 
Gastroesophageal Reflux Disease (GERD), usually referred to as heartburn or 
acid reflux, is a medical condition. Gastroesophageal reflux disease (GERD) 
happens when the lower esophageal sphincter, a ring of muscle fibers that 
encircles the stomach entrance, weakens. Instead of staying tightly closed to 
prevent food from flowing back up the esophagus, it remains partially open, 
leading to the leakage of partially digested food and stomach acid. This leakage 
causes irritation in the esophagus. 
  
The main symptoms linked to GERD are regurgitation, heartburn, chest pain, and 
nausea. Gastroesophageal reflux disease (GERD) is typically managed using 
antacids, H2 blockers, or Proton Pump Inhibitors (PPIs).  
 
Hemorrhoids and anal fissures: Hemorrhoids occur when the anal cushions, which 
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are tiny regions of tissue containing veins that seal the anal orifice to avoid 
incontinence, become enlarged and inflamed. They can manifest either outwardly 
or internally, and in both cases, they tend to bleed while defecating. External 
hemorrhoids resemble clusters of grapes and can become very inflamed, causing 
intense redness, tenderness, and itching. Internal hemorrhoids can provide a 
sensation of pressure within the rectum and are typically not externally evident. 
At times, they may protrude or herniate out of the rectum after a bowel movement, 
causing significant pain. The recommended course of action involves the 
application of hemorrhoid creams and/or suppositories for treatment. Additional 
specialist treatments, such as sclerotherapy, laser therapy, or surgical intervention, 
may be necessary.  
 
Anal fissures are minute lacerations in the delicate tissue that forms the lining of 
the anus. They are prevalent in infants and frequently arise during the process of 
defecating big amounts of feces. Using laxatives and increasing dietary fiber can 
facilitate bowel movements and help avoid the formation of anal fissures.  
 
Irritable Bowel Syndrome (IBS) is a condition characterized by abdominal 
discomfort that is accompanied by changes in bowel habits, as described by the 
American College of Gastroenterology. The diagnosis of IBS typically requires 
an average of three years and consultation with at least three separate doctors. The 
challenge in diagnosing IBS lies in the various manifestations it might take. 
Certain individuals have a higher propensity for constipation (known as 
constipation-predominant IBS or IBS-C), while others are more prone to 
experiencing diarrhea (known as diarrhea-predominant IBS or IBS-D). 
Additionally, a small number of individuals may encounter both constipation and 
diarrhea at various intervals (referred to as mixed IBS). 
  
The symptoms of IBS can be easily mistaken for those of various other disorders, 
including endometriosis, giardia, food allergies, or inflammatory bowel disease. 
Therefore, it is crucial to rule out these conditions before confirming a diagnosis 
of IBS. The treatment for irritable bowel syndrome (IBS) varies depending on 
whether a person has constipation or diarrhea as the major symptom. Typically, 
treatment involves a combination of medication and dietary modifications.  
 

Lactose intolerance: Individuals with lactose intolerance have insufficient 
production of the enzyme lactase, resulting in difficulty digesting lactose, a sugar 
present in the milk of cows, goats, and sheep. It is more prevalent among 
individuals of Asian, Middle Eastern, Mediterranean, South American, or African 



 

56 
 

ancestry. It can also be triggered by intestinal damage resulting from 
gastroenteritis or surgery, as well as by illnesses like Celiac or Crohn's disease.  
Typical symptoms of lactose intolerance typically manifest as flatulence, 
abdominal distension, abdominal discomfort, nausea, or diarrhea occurring within 
a timeframe of 30 minutes to 2 hours after consuming a lactose-containing food 
item.  
 
Malabsorption syndromes encompass several disorders where the small intestine 
fails to absorb essential nutrients, including proteins, carbs, lipids, vitamins, and 
minerals. Malabsorption syndrome can be caused by various factors, including 
prolonged antibiotic usage, gallbladder, liver, or pancreas illnesses, conditions 
like Crohn's disease, celiac disease, chronic pancreatitis, and cystic fibrosis, as 
well as birth defects. The course of treatment is determined by the root cause of 
the illness and the severity of the malabsorption.  
 
Polyps are benign growths that develop on the inner lining of the colon and can 
potentially lead to colorectal cancer. There exist two primary categories. 
Adenomas, also known as adenomatous polyps, have a significant likelihood of 
developing into colorectal cancer and should be surgically removed upon 
detection.  
 
Colorectal cancer ranks as the third most common cause of cancer-related 
fatalities in both American men and women. Colorectal cancers typically have a 
sluggish growth rate and do not produce noticeable symptoms until they become 
quite large. This is why it is crucial to undergo colorectal cancer screening, 
especially for individuals between the ages of 45 and 75, as they are more prone 
to developing this type of cancer. The management of colorectal cancer is 
contingent upon the stage at which the cancer is detected and may encompass 
surgical intervention, chemotherapy, and radiation therapy.  
 
Peptic Ulcer Disease (PUD) refers to the presence of gastric and duodenal ulcers, 
which are small perforations that can develop in the lining of the stomach (gastric 
ulcer) or the upper portion of the small intestine (duodenal ulcers). Among the 
various types of ulcers, duodenal ulcers are the most prevalent and are particularly 
common in men between the ages of 30 and 50. Gastric ulcers primarily impact 
those who are in their middle-aged or older years.  The primary etiology is a 
bacterial infection caused by Helicobacter pylori (H. pylori), typically contracted 
during childhood, although the majority of individuals do not develop ulcers.  
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Common causes include excessive use of anti-inflammatory medicines such as 
aspirin, ibuprofen, or diclofenac, overproduction of stomach acid, and smoking. 
Common symptoms include of abdominal pain and heartburn. Food typically 
alleviates the discomfort associated with duodenal ulcers, but eating exacerbates 
the agony caused by gastric ulcers. The typical treatment involves administering 
drugs that decrease stomach acid production or provide stomach protection, 
together with therapy aimed at eliminating H. pylori bacteria. Helicobacter pylori 
infection.  
 
Ulcerative colitis specifically targets the mucosal layer of the colon. While the 
inflammation is limited to the colon, the entire colon is impacted. The symptoms 
of this condition closely resemble those of Crohn's disease, manifesting as 
diarrhea and a regular need to defecate, commonly known as tenesmus. Purulent 
discharge and mucous secretion may also manifest as a consequence of ulceration 
in the colon. Additional symptoms encompass rectal hemorrhage or 
hematochezia, abdominal pain, fatigue, and anorexia. The etiology of the ailment 
is currently unidentified, although it appears that an atypical immune response is 
accountable for the inflammation. Additionally, the condition is exacerbated by 
dietary factors and stress. Genetics also appears to have an influence. The 
treatment options for this condition include the use of corticosteroids, 
antidiarrheal drugs, immunomodulators, and biologics. The choice of treatment 
depends on the severity of the disease.  
 
Vomiting, also known as emesis, is the forceful expulsion of stomach contents 
through the mouth, typically occurring involuntarily. Nausea is the medical term 
for the sensation of being unwell or experiencing the imminent urge to vomit. 
Vomiting is frequently caused by infection by bacteria, viruses, or other 
microorganisms. Vomiting can also be caused by excessive alcohol consumption, 
food allergies, migraines, and pregnancy. The treatment plan is determined by the 
underlying reason and may involve the administration of antiemetics and 
rehydration treatments, depending on the individual's suitability for these 
interventions.  
Pharmaceuticals for Gastrointestinal Tract Disorders 

� Antacids  
� Aluminum hydroxide and magnesium hydroxide are found in medications 

such as Mylanta and Maalox. 
� Calcium carbonate (Tums, Rolaids, Chooz)  
� Bismuth subsalicylate, also known as Pepto-Bismol,  
� Sodium bicarbonate, also known as Alka-Seltzer, is a compound.  
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� Proton Pump Inhibitors  
� Omeprazole, also known as Prilosec, is a medication.  
� Lansoprazole, also known as Prevacid, is a medication.  
� Rabeprazole, often known as Aciphex, is a medication.  
� Esomeprazole, also known as Nexium  
� Pantoprozole, often known as Protonix, is a medication.  
� Histamine2 blockers  
� Cimetidine, often known as Tagamet, is a medication.  
� Ranitidine hydrochloride, also known as Zantac, is a medication.  
� Famotidine, also known as Pepcid, is a medication.  
� Nizatidine, sometimes known as Axid, is a medication.  
� Agents that enhance gastrointestinal motility. 
� Metoclopramide, often known as Reglan, is a medication.  

 
A significant number of individuals with lupus experience gastrointestinal issues, 
particularly heartburn resulting from gastroesophageal reflux disease (GERD). 
Peptic ulcers may also develop as a result of specific drugs used in the treatment 
of lupus, such as NSAIDs and steroids. Intermittent heartburn or acid indigestion 
can be remedied with non-prescription antacids, such as Rolaids, Maalox, 
Mylanta, Tums, Pepto-Bismol, or Chooz. In addition to another gastrointestinal 
drug, your doctor may also incorporate an antacid into your treatment program. 
Antacids consist of basic ions that react with and neutralize stomach acid upon 
contact. Simethicone is included in certain antacids to alleviate symptoms 
associated with a bloated stomach. Antacids are efficacious in managing sporadic 
symptoms. However, it is advisable to prevent heartburn and acid indigestion 
completely by consuming smaller meals, maintaining an upright position after 
eating, and reducing caffeine intake.  

If sensations of heartburn and acid reflux endure beyond a period of two 
weeks, it is advisable to consult with a medical professional, as these symptoms 
may be indicative of an underlying condition. If you consistently suffer from 
heartburn, stomach acid, or ulcers, your physician may recommend a proton pump 
inhibitor (PPI) as a treatment. Examples of PPIs include Nexium, Prevacid, 
Prilosec, Protonix, and Aciphex. These drugs are prescribed for individuals 
suffering from heartburn, gastric or intestinal ulcers, or hyperacidity. Proton pump 
inhibitors decrease the acidity in the stomach by inhibiting the activity of the small 
pumps located within the cells that produce stomach acid. Furthermore, there is 
evidence indicating that PPIs have the ability to impede the growth of 
Helicobacter pylori, a specific strain of bacteria known to be responsible for the 
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development of peptic ulcers, gastritis, and various other gastrointestinal 
disorders. PPIs, or proton pump inhibitors, are often available as either non-
prescription or prescription tablets. However, in certain cases where individuals 
are hospitalized due to a bleeding ulcer, pantoprazole (Protonix) may be 
administered intravenously. Administering a proton pump inhibitor (PPI) 
decreases the likelihood of a recurrence of an ulcer or gastrointestinal bleeding.  

In addition, your physician may prescribe histamine2 blockers (H2 
blockers) to alleviate symptoms associated with GERD, esophagitis, or peptic 
ulcers. Although both PPIs and H2 blockers inhibit the secretion of gastric acid, 
they employ distinct mechanisms and have varying durations of action. As an 
illustration, H2 blockers have a rapid onset of action, taking effect within an hour, 
but their duration of action is limited to approximately 12 hours. On the other 
hand, PPIs require more time to become effective, but their effects can extend for 
up to 24 hours. It is important to note that many Proton Pump Inhibitors (PPIs) 
and Histamine-2 (H2) blockers are available in both over-the-counter and 
prescription versions. Although these medications differ in strength, over-the-
counter versions may be more economical. Consult your physician on these 
diverse alternatives.  

H2 blockers function by inhibiting the production of stomach acid by the 
inhibition of histamine2, a substance in the body that triggers the parietal cells in 
the stomach lining to generate acid. H2 blockers decrease gastric acid production. 
Various H2 blockers exhibit different levels of efficacy. Over-the-counter 
formulations have lower potency, but prescription doses can have higher potency.  

Furthermore, if you encounter symptoms of GERD as a result of delayed 
stomach emptying, or if H2 blockers and PPIs are insufficient in managing your 
GERD symptoms, your doctor can recommend a promotility agent medication. 
Promotility drugs enhance gastrointestinal motility by promoting the peristaltic 
movement of the contents of your esophagus, stomach, and intestines, thereby 
accelerating digestion. This aids in preventing the prolonged presence of acid in 
your stomach, so limiting the potential harm it can do to your gastrointestinal tract 
and decreasing the frequency of acid reflux. Metoclopramide is the primary 
prokinetic drug currently available for use. It functions by enhancing muscle 
contractions in the upper digestive tract, so accelerating the movement of stomach 
contents into the intestines.  

It is advisable to abstain from consuming alcohol when taking any 
gastrointestinal (GI) medication, as it might exacerbate stomach discomfort and 
amplify the side effects of specific medications. Furthermore, it is imperative to 
inform your doctor about any other prescriptions you are currently using, as there 
is a possibility of drug interactions with your gastrointestinal meds.  
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Mechanism of Action of Drugs Used in Therapy of GI Tract Disorder 
Classification of Medications for Hyperacidity 

There are four primary categories of drugs utilized to manage hyperacidity 
conditions: antacids, H2-receptor antagonists, proton pump inhibitors, and 
mucosal protectants. Below, each category of drug is further elaborated. 
Antacids  
   Antacids are employed to counteract gastric acid and alleviate the 
symptoms of heartburn. Several over-the-counter (OTC) drugs are available for 
this purpose, including calcium carbonate, aluminum hydroxide, and magnesium 
hydroxide. The example discussed is calcium carbonate, which serves as the 
prototype. It is important to carefully review the drug label information for 
antacids before administering them, as each variety has distinct side effects. 
Simethicone, an antiflatulent used for gas relief, is also present in several antacids. 
Additional information about simethicone can be found in the medicine grid 
provided below.  
   The mechanism of action of antacids is to neutralize gastric acidity and 
increase the pH of the stomach. An increased pH level also renders pepsin, a 
digesting enzyme, inactive. 
Indications: Antacids are utilized for the alleviation of heartburn, acid reflux, and 
upset stomach.  

Nursing Considerations: Calcium carbonate is available in different 
formulations, including tablets, chewable tablets, capsules, or liquid, for oral 
administration. Typically, it is administered three to four times daily. Chewable 
pills must be masticated completely before ingestion; do not ingest them in their 
entirety. After consuming the standard or chewable tablets or capsules, the client 
should consume a complete glass of water. Prior to usage, it is necessary to 
vigorously shake certain liquid formulations of calcium carbonate. Avoid co-
administration of calcium carbonate with other medications within a time frame 
of 1-2 hours, as calcium has the potential to diminish the efficacy of these 
medications. Calcium carbonate should not be used in those with pre-existing 
kidney illness due to the potential risk of developing hypercalcemia.  
Side Effects/Adverse Effects: The typical side effects of calcium carbonate 
consist of constipation and a rebound increase in stomach acidity after it is 
stopped.  

Health Education & Health Promotion: In addition to the information 
provided in "Nursing Considerations," it is important to remind clients to take 
over-the-counter medications as prescribed and not to exceed the recommended 
maximum dosage. Additional measures to prevent hyperacidity can be advised, 
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including smoking cessation and abstaining from consuming food and drinks that 
can lead to heightened acidity (such as alcohol, high-fat or spicy foods, and 
caffeine). 
H2-receptor antagonist  

Famotidine is a frequently used H2-receptor antagonist. The medication 
can be obtained over-the-counter (OTC) or it can be given orally or administered 
intravenously (IV) in a hospital environment. Additional H2-receptor antagonists 
comprise cimetidine and ranitidine. Cimetidine has a significant risk of drug 
interactions, particularly in elderly individuals, due to its affinity for cytochrome 
P-450 enzymes in the liver. This affinity disrupts the metabolism of other 
medications.  

The mechanism of action of H2-receptor antagonists involves inhibiting 
the binding of histamine to the H2 receptor on the parietal cell, resulting in a 
decrease in the generation of hydrochloric acid.  
Uses: Famotidine is prescribed for the treatment of gastroesophageal reflux 
disease (GERD), peptic ulcer disease, erosive esophagitis, and hypersecretory 
disorders. It can also be used as an additional treatment to decrease upper 
gastrointestinal hemorrhage. In addition, over-the-counter famotidine is utilized 
for the treatment of heartburn or sour stomach.  
Nursing Considerations: In order to avoid experiencing symptoms, it is 
recommended to take oral famotidine 15 to 60 minutes prior to consuming meals 
or beverages that have the potential to cause heartburn. Dosage adjustment may 
be necessary for individuals with preexisting liver and renal disorders. There is 
evidence to support the safety of using Famotidine in pediatric clients under the 
age of 1, as well as in senior clients.  
Adverse Effects: The most often reported adverse effects of this medication are 
headache, dizziness, constipation, and diarrhea. Individuals should promptly 
notify medical professionals of any escalation in discomfort or other indications 
of bleeding ulcers, such as the presence of blood in cough or vomit.  
Health Education & Health Promotion: Patients using the oral suspension should 
be advised to vigorously shake it for 5 to 10 seconds before each use. The drug 
may lead to constipation; therefore, it is recommended to increase fluid intake and 
consume a diet high in fiber. Moreover, smoking hinders the effectiveness of 
histamine antagonists and should be discouraged. 
  
Proton Pump Inhibitors  

Pantoprazole is a frequently used proton pump inhibitor (PPI). It can be 
prescribed by different methods, including as orally, using an NG tube, or as an 
intravenous injection in a hospital environment. Additional proton pump 



 

62 
 

inhibitors (PPIs) encompass esomeprazole, lansoprazole, and omeprazole. Proton 
pump inhibitors (PPIs) are more potent than antacids and H2-receptor antagonists.  

The mechanism of action of PPIs involves binding to the hydrogen-
potassium ATPase enzyme system of the parietal cell, which is commonly known 
as the "proton pump" because it facilitates the pumping of hydrogen ions into the 
stomach. Proton pump inhibitors (PPIs) suppress the production of hydrochloric 
acid, and their ability to reduce acid secretion persists for more than 24 hours. 

Pantoprazole is prescribed for the treatment of gastroesophageal reflux 
disease (GERD) in adults and children aged five and above. It facilitates the 
healing of the esophagus and prevents additional damage. Additionally, it is 
employed in the treatment of hyperacidity-related disorders, such as Zollinger-
Ellison syndrome, in adult patients. Proton pump inhibitors (PPIs) can be used 
alongside antibiotics to effectively treat Helicobacter pylori (H. pylori) infections. 
Pylori infections are a prevalent factor in the development of duodenal ulcers.  
Nursing Considerations: It is necessary to combine packets of delayed-release 
granules with either applesauce or apple juice and provide them orally or through 
a feeding tube. Refer to the drug labels of medications used together to acquire 
additional details regarding interactions, as Proton Pump Inhibitors (PPIs) might 
disrupt the liver's metabolism of other pharmaceuticals. Intravenous 
administration of pantoprazole has the potential to worsen zinc deficiency, and 
prolonged use can lead to hypomagnesemia. Therefore, it is important for the 
nurse to closely check for these deficiencies. 

Side effects or adverse effects of proton pump inhibitors may include 
hypersensitivity, anaphylaxis, and severe skin reactions. People who are using 
proton pump inhibitors may also be prone to deficits in zinc, magnesium, and 
vitamin B12. Additionally, clients may encounter symptoms such as headache, 
abdominal pain, diarrhea, or constipation. Proton pump inhibitor users may also 
face the possibility of experiencing severe renal failure, osteoporosis, and acute 
lupus erythematosus. Individuals should promptly notify their healthcare provider 
if they have heightened pain or symptoms indicative of a bleeding ulcer, such as 
the presence of blood in their cough or vomit. Prolonged usage of proton pump 
inhibitors (PPIs) may further elevate the likelihood of developing pneumonia.  
   Health Education & Health Promotion: Alongside the aforementioned 
factors, advise clients to see their healthcare practitioner if their condition does 
not show signs of improvement or deteriorates, particularly if there is any 
occurrence of bleeding. It is advisable to discourage the consumption of alcohol, 
NSAIDS, or meals that can irritate the gastrointestinal tract.  
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Mucosal protectants 
  Sucralfate is a medication that forms a protective layer over stomach ulcers 
to prevent further damage.  The mechanism of action of sucralfate involves the 
local coverage of the ulcer site in the gastrointestinal tract, providing protection 
against acid, pepsin, and bile salts to prevent further damage. It has low absorption 
in the gastrointestinal tract. 
Indications:  

Sucralfate is prescribed for the management of ulcers. 
Nursing Considerations: Administer sucralfate in a fasted state, either two hours 
after or one hour before meals. Caution should be exercised when using sucralfate 
in patients with chronic renal failure or undergoing dialysis, as sucralfate can lead 
to impaired elimination of modest amounts of absorbed aluminum.  
Side Effects/Adverse Effects: Constipation is a frequently observed side effect 
associated with mucosal protectant medicines.  
Health Education & Health Promotion: Along with the aforementioned factors, 
advise customers to see their healthcare practitioner if their condition does not 
show signs of improvement or deteriorates. 
Antiflatulent  
   Simethicone is an antiflatulent compound that is frequently present in over-
the-counter antacids. It is also suitable for usage in infants without any risk. Gas 
frequently forms in the gastrointestinal tract as a result of digestive processes and 
the ingestion of air. Postoperative gaseous distension may also occur. 
 Mechanism of Action: Simethicone functions by modifying the flexibility of the 
gas bubbles coated with mucus, leading to their fragmentation into smaller 
bubbles. This process effectively diminishes pain and promotes the evacuation of 
gas.  
Indications: Simethicone is used for the treatment of gas symptoms, including 
discomfort, unpleasant pressure, fullness, and bloating.  
Nursing Considerations: Simethicone is often administered four times daily, 
following meals and before going to sleep. Prior to administration, agitate the 
drops to ensure proper dispersion in liquid form.  
Adverse Effects: Frequently reported adverse effects include nausea, 
constipation, diarrhea, or headache.  
   Health Education & Health Promotion: Clients can receive guidance on 
additional strategies to facilitate the release of gas, such as altering their position, 
walking, refraining from using straws, and gradually reducing their consumption 
of beans and cruciferous vegetables. 
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Classification of Antidiarrheal Medications  
   Antidiarrheal drugs work through three primary mechanisms: adsorbents, 
which aid in the removal of toxins or bacteria from the gastrointestinal system; 
antimotility agents, which reduce the speed of muscle contractions in the 
intestines; and probiotics, which assist in the restoration of the natural bacteria 
present in the lower intestine. Oral rehydration agents can be administered to 
individuals with diarrhea to replenish lost fluids and electrolytes, however they 
do not directly address the diarrhea itself. Antibacterial treatments can be 
employed to address diarrhea resulting from particular illnesses, such as 
campylobacter or giardia, but their use is not typically necessary.  
Adsorbents  
   Adsorption refers to the process of molecules sticking to a surface. This 
technique is distinct from absorption, which involves the dissolution or 
penetration of a substance into a surface. Bismuth subsalicylate, known by the 
brand name Pepto Bismol, serves as an illustration of an adsorbent.  

The mechanism of action of adsorbent medications involves the formation 
of a protective layer on the walls of the gastrointestinal (GI) tract. This layer binds 
to the bacteria or toxins responsible for the condition and facilitates their removal 
from the GI tract through the stool. Additionally, bismuth subsalicylate, a type of 
adsorbent medication, reduces the influx of fluids and electrolytes into the bowel, 
thereby reducing inflammation in the intestine.  

Usage: Adsorbent drugs are prescribed for the treatment of disorders 
characterized by an excessive presence of gas or toxins in the digestive system.  

Nursing Considerations: Bismuth subsalicylate comprises salicylate. Avoid 
its use if the customer has a salicylate allergy (including aspirin) or is concurrently 
using other salicylate products like aspirin. It is contraindicated in clients with 
ulcers, bleeding disorders, or the presence of bloody or black stool. This product 
should not be used by children and teenagers who have or are recovering from 
chicken pox or flu-like symptoms. If you experience any changes in behavior 
accompanied by symptoms of nausea and vomiting while using this medication, 
it is advisable to get medical advice from a healthcare professional. These 
symptoms could potentially indicate the early onset of Reye's syndrome, a rare 
yet severe condition. Prior to usage, it is advisable to vigorously shake liquid 
items. Tablets should be ingested intact and not masticated unless they are 
specifically designed to be chewable. Certain medications might result in the 
discoloration of the tongue, causing it to seem black or darker. Should symptoms 
deteriorate, if a fever or tinnitus develops, or if diarrhea persists for more than 48 
hours, it is advisable to get in touch with the healthcare provider. 
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Side Effects/Adverse Effects: Adverse effects of adsorbent drugs may manifest 
as discoloration of the tongue, appearing black or darker. Individuals should 
contact their healthcare practitioner if their symptoms deteriorate or if they 
develop a fever or tinnitus.  

Health Education & Health Promotion: Clients should be instructed to 
adhere to the prescribed drug regimen. It is important for them to be cognizant of 
the possibility of stool color changes and the presence of aspirin in the medication. 
If tinnitus arises, it is advisable to cease the use of the drug.  
Antimotility refers to the ability to inhibit or reduce movement, particularly in the 
context of biological systems. 

Antimotility drugs alleviate diarrhea by inhibiting peristalsis, the 
movement of the intestines. Antimotility medication can be classified into two 
categories: anticholinergics and opiate-like drugs.  
Anticholinergics  
   The mechanism of action of hyoscyamine involves its anticholinergic 
properties, which specifically target the smooth muscle of the gastrointestinal (GI) 
tract. By doing so, it effectively inhibits propulsive motility and reduces the 
release of stomach acid.  
Indications: Anticholinergic medications are a group of pharmaceuticals that 
inhibit the activity of the neurotransmitter acetylcholine in the neurological 
system.  
Nursing Considerations: Carefully review the medicine label for any 
contraindications, such as glaucoma, myasthenia gravis, and paralytic ileus, 
among others. Diarrhea can serve as an initial indication of an incomplete 
blockage in the intestines, and the administration of this medication would be 
unsuitable and potentially detrimental. Central nervous system symptoms and 
other negative effects may arise that are typical of anticholinergic medicines.  
  Anticholinergic medicines commonly cause adverse effects such as 
xerostomia, constipation, visual impairment, and cognitive impairment, 
particularly in elderly individuals.  
Health Education & Health Promotion: Clients should be informed that these 
drugs can potentially result in feelings of lightheadedness and sleepiness. Regular 
and frequent oral hygiene practices might help decrease discomfort caused by dry 
mouth in clients.  
Analgesic with properties similar to opioids  
Mechanism of Action: Loperamide possesses a molecular structure similar to 
opioids, although it induces fewer central nervous system (CNS) effects. It 
functions by reducing the influx of fluids and electrolytes into the intestines and 
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by decelerating the peristaltic action of the intestines, hence reducing the 
frequency of bowel motions.  
Indications: Opioid-similar drugs, like loperamide, function by inhibiting the 
motility of the intestines, resulting in a decrease in the frequency and volume of 
bowel motions.  
Nursing Considerations: Loperamide is contraindicated in children under the age 
of two due to the potential for significant respiratory and cardiovascular 
complications. Exceeding the recommended dosage can result in a severe cardiac 
arrhythmia that may be fatal. Thoroughly examine the drug label to obtain details 
regarding its interaction with other medications, particularly antidysrhythmics 
and antipsychotics. 
Side Effects/Adverse Effects: Loperamide can commonly cause constipation, 
abdominal discomfort, nausea, vomiting, dizziness, sleepiness, or allergic skin 
responses like hives.  
Health Education & Health Promotion: Clients are advised to adhere to 
medication instructions. It is advisable for them to abstain from consuming 
alcohol and other central nervous system depressants. The drugs may induce 
somnolence.  
Probiotics  
    Probiotics are employed to prevent and treat diarrhea. They are frequently 
administered in conjunction with antibiotics to mitigate the typical accompanying 
side effects of diarrhea. Lactobacillus is an exemplar of a probiotic.  Probiotics 
function by restoring the natural bacterial population in the gastrointestinal 
system.  
Indications: Probiotics are living bacteria that confer benefits to intestinal health.  
When considering the use of probiotics, it is important to customize their 
consumption based on the specific health needs of each individual, as different 
strains of probiotics offer varying health benefits.  Probiotics might potentially 
cause negative effects, including the occurrence of gas, bloating, and diarrhea.  
  Probiotics may cause modest side effects, including gas and bloating. 
Probiotics are deemed to be safe for administration in youngsters.  Now, let us 
examine drug grids that compare the medications used for the treatment of 
diarrhea in more detail. Medicine grids are designed to aid students in acquiring 
essential information about each medicine. Nurses must consistently refer to 
evidence-based resources to examine current guidelines before giving specific 
medication due to the ever-changing nature of drug knowledge. The following 
text provides fundamental information regarding each category of drug. 
Comprehensive data regarding a particular drug can be accessed without charge 
on DailyMed. To access detailed information about the medication, simply input 
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the name of the drug into the search box located on the home page. The prototype 
and generic drugs listed in the grids below are directly connected to a DailyMed 
page.  
 
Classification of Laxative Medications 
The treatment of constipation generally involves the use of five categories of 
laxative medications: fiber supplements, stool softeners, osmotic agents, 
lubricants, and stimulants. Regular usage of fiber supplements and stool softeners 
is common for preventing constipation, whereas the remaining categories of 
laxatives are typically employed for treating constipation.  
Dietary Fiber Supplements  
Psyllium, sold under the brand name Metamucil, is a widely used over-the-
counter fiber supplement.  
Mechanism of Action: Psyllium functions by increasing the volume of the stool, 
so aiding its movement through the rectum. 
Indications: This is a form of soluble fiber that is frequently utilized as a dietary 
supplement and as a component in certain drugs to aid in the treatment of 
constipation.  
Nursing Considerations: When administering, pour a single dose into an empty 
glass and combine with a minimum of 8 ounces of water or another liquid. 
Ingesting this product without an adequate amount of liquid may lead to the 
obstruction of the airway. Agitate vigorously and consume immediately. If the 
mixture becomes more viscous, incorporate additional liquid and agitate. 
Administer the drug at least 2 hours before or 2 hours after taking other 
prescriptions, as it can interfere with the absorption of those medications. 
Psyllium typically induces defecation during a timeframe of 12 to 72 hours. It 
might result in abdominal distension and abdominal pain. 
Psyllium is generally well-tolerated; however, some people may develop side 
effects such as abdominal discomfort, chronic constipation, diarrhea, or blockage. 
Additionally, it can disrupt the absorption of drugs. 
When instructing customers on how to use psyllium at home, it is important to 
urge them to initially take one dose per day. However, they may progressively 
raise the dosage to three times per day if needed to ensure the maintenance of soft 
stools. 
  
Stool softeners 
  Docusate is a widely available over-the-counter stool softener that is 
commonly used in both healthcare settings and by individuals.  
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Mechanism of Action: Docusate enhances the transportation of water and lipids 
into the stool, resulting in softening of the stool and promoting regularity of bowel 
movements.  
Stool softeners are pharmaceuticals used to hydrate and soften feces, facilitating 
simpler bowel movements.  
Nursing Considerations: Docusate often induces defecation within a timeframe of 
12 to 72 hours. It has the potential to induce abdominal discomfort.  
Stool softeners may induce adverse effects such as diarrhea, nausea, vomiting, 
abdominal cramping, and electrolyte imbalances in certain individuals.  
Stool softeners have the potential to interact with other drugs, including blood 
thinners and antibiotics. They are contraindicated in patients with intestinal 
obstructions. 
 
Osmotic agents  
  Milk of Magnesia and polyethylene glycol 3350, known by the brand name 
Miralax, are commonly used osmotic agents to stimulate bowel movements.  
Mechanism of Action: Osmotic agents exert their effect by promoting water 
retention within the stool, resulting in an increased frequency of bowel 
movements and a softness of the stool, facilitating easier passage. 
Indications: They are frequently employed for the treatment of constipation or as 
a prelude to specific medical procedures, such as colonoscopies.  
Nursing Considerations: Polyethylene glycol 3350 is equipped with a bottle top 
that serves as a measuring cap. This cap can hold 17 grams of powder when filled 
up to the marked line. Fill the clear portion in the cap up to the top, where there 
is a marking indicating the correct dose of 17 g. Stir and dissolve the contents in 
4 to 8 ounces of any beverage (cold, hot, or at room temperature) and then 
administer.  
Side effects or adverse effects of osmotic agents may include diarrhea, abdominal 
discomfort, electrolyte imbalance, dehydration, or allergic responses.  
Health Education & Health Promotion: Apart from the aforementioned 
administrative considerations, it is important to inform clients that polyethylene 
glycol typically induces a bowel movement within a span of 1-3 days. It can result 
in diarrhea.  
 
Lubricants  
A lubricant laxative, such as Fleet enema, is a type of enema that uses mineral oil.  
Mechanism of Action: Mineral oil forms a protective layer around the stool, 
preventing water from escaping.  
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Mineral oil can be utilized to alleviate constipation by lubricating and making the 
stool softer.  
Nursing Considerations: It is important to carefully review the drug label for 
children, as certain brands are suitable for children aged 2 or older, while others 
are not recommended for use in children.  
Side effects or adverse consequences of mineral oil enemas may encompass 
irritations and inflammation of the anal area, imbalances in electrolyte levels, 
dehydration, or difficulty with the absorption of medication. 
Health Teaching & Health Promotion: The administration of a mineral oil enema 
typically results in a defecation within a timeframe of 2 to 15 minutes. Possible 
side effects include abdominal pain, distension, gastrointestinal discomfort, or 
loose stools.  
Stimulants. Bisacodyl is a type of laxative that acts as a stimulant.  
Mechanism of Action: Bisacodyl exerts its effects by stimulating intestinal 
peristalsis, facilitating the propulsion of feces through the colon.  
Uses: Stimulant laxatives, such as bisacodyl, are prescribed to alleviate 
constipation and facilitate bowel preparation for medical procedures.  
Nursing Considerations: The administration of medication can be done orally or 
through the use of rectal suppositories. Refer to the guidelines on how to 
administer a rectal suppository. Advise the customer to retain the suppository for 
approximately 15 to 20 minutes. 
Side Effects/Adverse Effects: Bisacodyl commonly causes abdominal pains, 
nausea, vomiting, diarrhea, rectal irritation, dehydration, and electrolyte 
imbalances. Possible side effects may encompass intense stomach discomfort, 
bleeding from the rectum, extreme dehydration, loss of consciousness, and low 
levels of potassium in the blood.  
Health Teaching & Health Promotion: A bowel movement typically occurs within 
a 15-minute timeframe. Bisacodyl might induce abdominal cramps, 
disorientation, or a burning sensation in the rectum.  
Botanical remedies 
Several herbal medicines can aid in promoting natural gastrointestinal function. 
Senna, a substance with laxative qualities, can provide great relief for 
constipation. Senna is a member of the legume family.  
The mechanism of action of Senna leaves involves the presence of 
anthraquinones, which function as stimulant laxatives by enhancing intestinal 
motility.  
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Indications: Senna is administered to enhance intestinal motility and stimulate 
bowel motions.  
Nursing Considerations: Excessive usage of senna may lead to the occurrence of 
diarrhea and dehydration. It is important for clients to consume sufficient fluids 
in order to avoid dehydration. It is advisable to use for a short period of time in 
order to reduce the likelihood of developing dependence. 
Side Effects/Adverse Effects: Senna may induce cramping, bloating, and 
gastrointestinal pain. Excessive use might result in the occurrence of diarrhea and 
dehydration, as well as an imbalance in electrolyte levels. 
Senna has the potential to induce a change in the color of urine, resulting in a 
reddish-brown hue. Clients should take senna at the minimum effective dosage 
and for the shortest possible period of time.  
 
Irritable bowel syndrome (IBS) 
   Irritable bowel syndrome (IBS) is a condition that affects the connection 
between the brain and the gut. The underlying causes of this condition involve 
changes in the movement of the colon, metabolism of bile acids, regulation of 
neurohormones, dysfunction of the immune system, and modifications in the gut's 
epithelial barrier and secretory characteristics.  
Medications with antispasmodic properties  
Device or system that performs a specific function or produces a particular effect.  
Antispasmodics hinder the activity of acetylcholine at muscarinic receptors, or by 
obstructing calcium channels, on smooth muscle in the gastrointestinal (GI) tract. 
Otilonium bromide selectively inhibits L- and T-type calcium channels, as well 
as muscarinic type 2 and tachykinin NK2 receptors, which may enhance its 
effectiveness. Antispasmodics have long been utilized in the management of 
irritable bowel syndrome (IBS) due to the fact that a specific subset of IBS 
patients exhibit irregular contractions of the smooth muscle in the gastrointestinal 
(GI) tract, as well as altered GI transit. These abnormalities are believed to be 
responsible for the pain and disruptions in bowel movements experienced by these 
patients.  
Peppermint oil  
Device or system 
Menthol is the primary component of peppermint oil and possesses antispasmodic 
effects. Menthol hinders the ability of smooth muscles in the gastrointestinal (GI) 
tract to contract by obstructing the entry of calcium ions through L-type calcium 
channels located in the plasma membrane of smooth muscle cells [20,21]. Recent 
data suggests that the analgesic effects caused by menthol are due to the activation 
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of a specific ion channel called TRPM8, which is responsible for sensing 
temperature. The nociceptive visceral afferents express the same receptor, and 
TRPM8 exhibits anti-nociceptive characteristics in these afferents. Therefore, it 
is expected that peppermint oil, when effectively administered to these sensory 
nerve terminals, may enhance pain relief more effectively than conventional 
antispasmodics.  
Pharmaceuticals used to treat depression  
Device  
There is a compelling justification for the possibility of using antidepressants to 
treat irritable bowel syndrome (IBS). Patients with Irritable Bowel Syndrome 
(IBS) often experience co-existing psychological disorders. Depression can alter 
the way the brain responds to painful stimuli. Antidepressant medications have 
positive effects on chronic painful disorders and can also impact gastrointestinal 
(GI) motility. Tricyclic antidepressants (TCAs) can prolong the time it takes for 
food to move through the digestive system, while selective serotonin re-uptake 
inhibitors (SSRIs) can decrease the time it takes for food to move through the 
digestive system. Consequently, it becomes logical to utilize TCAs for the 
treatment of IBS-D, and SSRIs for the treatment of IBS-C. 

The exact way in which antidepressants work in treating IBS is still not 
known. However, studies have shown that amitriptyline, an antidepressant, can 
reduce the activation of pain centers in the anterior cingulate cortex during painful 
rectal distension in IBS patients. This suggests that amitriptyline has both central 
effects on pain processing and peripheral effects on mechanisms that affect 
sensation, such as colonic compliance and visceral afferent function.  
Pharmaceuticals that affect the functioning of opioid receptors. 
Mechanism  
Opioid receptor agonists decelerate gastrointestinal and colonic movement, 
enhance fluid absorption, and diminish pain perception. A comprehensive 
analysis of the overall impact on various sections of the digestive tract can be 
found elsewhere.  
Antagonists of the 5-HT3 receptor 
Mechanism  
   Serotonin, also known as 5-HT, is a crucial neurotransmitter found in the 
brain and the enteric nervous system. Approximately 90% of the body's entire 
supply of 5-HT is located in the intestine enterochromaffin cells. Individuals 
diagnosed with irritable bowel syndrome with diarrhea (IBS-D) experience 
elevated levels of serotonin (5-HT) in their blood after a meal, whereas 
individuals with irritable bowel syndrome with constipation (IBS-C) have 
decreased levels of post-meal 5-HT. Medications that target the 5-HT3 receptor, 
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like the antagonist alosetron, are recognized for their ability to slow down the 
movement of the colon. 5-HT3 receptors play a crucial role in transmitting 
visceral pain.  
Ebastine is an antagonist of the histamine H1 receptor. 
   The role of mast cells and their mediators, such as histamine, serotonin, and 
proteases, in the development of IBS is becoming more widely acknowledged. 
Colonic biopsies taken from patients with IBS produce histamine, which causes 
increased sensitivity to colorectal distention in mouse models. Activation of H1 
receptors by histamine sensitizes TRPV1 on neurons from murine dorsal root 
ganglia and on human submucosal neurons in rectal biopsies. Furthermore, the 
liquid portion obtained from IBS biopsies caused an increased sensitivity in 
mouse DRG neurons. This action was likewise facilitated by HRH1.  
Ibodutant is a neurokinin-2 receptor antagonist.  

The neurokinins, such as substance P, and the NK2 receptors are highly 
present in the gastrointestinal (GI) tract and are responsible for regulating the 
contraction of smooth muscles of the gut. The activation of NK2 receptors also 
plays a role in stimulating sensory nerves and triggering visceral reactions. 
Translocator Protein TSPO Selective Inhibitor 

The translocator protein 18 kDa (TSPO) is a transmembrane protein 
consisting of five domains. It is predominantly found in steroid-producing organs, 
particularly in the glial cells of the brain. ONO-2952 is a newly developed 
compound that specifically blocks the activity of translocator protein 18 kDa. It 
has been shown to decrease stress-induced bowel movements and lower 
heightened sensitivity to pain in rat models.  
Pharmaceutical substances that affect the neurotransmitter gamma-aminobutyric 
acid (GABA). 
Mechanism: GABAergic drugs act as α2δ ligands, which have a strong affinity 
for an auxiliary protein linked to voltage-gated calcium channels. This interaction 
leads to a decrease in the influx of calcium caused by depolarization at nerve 
terminals. This inhibits the secretion of certain excitatory neurotransmitters, such 
as glutamate, noradrenaline, substance P, and calcitonin gene-related peptide 
(CGRP), which play a role in pain pathways.  
Translocator Protein TSPO Selective Inhibitor  

The translocator protein 18 kDa (TSPO) is a transmembrane protein 
consisting of five domains. It is predominantly found in steroid-producing organs, 
particularly in the glial cells of the brain. ONO-2952 is a newly developed 
compound that specifically blocks the activity of translocator protein 18 kDa. This 
compound has been shown to decrease stress-induced bowel movements and 
lower heightened sensitivity to pain in rat models. 
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Pharmaceuticals that target the GABAergic system. 
Mechanism: GABAergic drugs act as α2δ ligands, which have a strong 

affinity for an auxiliary protein linked to voltage-gated calcium channels. This 
binding reduces the influx of calcium caused by depolarization at nerve terminals. 
This inhibits the secretion of certain excitatory neurotransmitters, such as 
glutamate, noradrenaline, substance P, and calcitonin gene-related peptide 
(CGRP), which play a role in pain pathways.  
Antibiotics  
Device or process 

IBS patients may exhibit small intestine bacterial overgrowth (SIBO), 
which can be identified using hydrogen breath testing. This condition can be 
effectively treated with non-absorbable antibiotics such rifaximin. Nevertheless, 
the application of hydrogen breath testing for the treatment of SIBO is a subject 
of controversy due to the potential for false positive outcomes resulting from the 
swift movement of the small bowel, unless there is simultaneous monitoring of 
the entry of radiolabeled substances, such as lactulose or glucose, into the colon. 

  
Statins as A Drug for Hyperlipidemia 
   Statins, also known as HMG CoA reductase inhibitors, are medications that 
are prescribed to lower cholesterol levels in individuals. Certain statins have the 
ability to reduce your LDL (low-density lipoprotein) cholesterol by 50% or even 
more. Various kinds of statins are available in the market, along with generic 
statins that are more affordable. Statins are oral medications that are taken once 
day in the form of tablets or capsules. The medication packaging will indicate if 
it is necessary to take your statin at a specific time of day and whether it should 
be consumed with meals. 
Various categories of statin medications. 

� Atorvastatin is a medication.  
� Fluvastatin.  
� Lovastatin is a medication that is sold under the brand names Mevacor® or 

Altoprev™. 
� Pitavastatin is a medication that is sold under the brand names Livalo® or 

Zypitamag®. Pravastatin.  
� Rosuvastatin is a medication that is sold under the brand names Crestor® 

or Ezallor Sprinkle®.  
� Simvastatin, also known as Flolipid® or Zocor®.  

Occasionally, statins are combined with another medication in a single 
tablet, such as simvastatin with ezetimibe or niacin.  
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� Combining atorvastatin with either ezetimibe or amlodipine.  
The combination of lovastatin and niacin.  

What is the function of statins?  
Statins reduce LDL (low-density lipoprotein) or unhealthy cholesterol 

levels and may elevate HDL (high-density lipoprotein) or healthy cholesterol 
levels. LDL is detrimental because it accumulates within your arteries. HDL is 
beneficial as it facilitates the transportation of cholesterol to the liver, so aiding 
its elimination from the body.  
What is the mechanism of action of statins?  

Statins interfere with hepatic cholesterol synthesis. Similar to a skilled 
basketball player who prevents their opponent from gaining possession of the ball, 
statins inhibit the production of cholesterol in the liver by blocking an essential 
enzyme. The human body endogenously produces 75% of its cholesterol, 
therefore, facilitating a reduction in its synthesis can have a significant impact. 
The remaining cholesterol in your body is derived from the food you consume.  

Statins facilitate enhanced cholesterol elimination by the liver.  
What is the reason behind my elevated cholesterol levels despite consuming 
nutritious food?  

Genes inherited from parents can influence the body's production of 
excessive cholesterol or its ability to absorb the necessary amount of cholesterol.  
Which individuals are need to take statins?  

When determining whether you should take a statin, your healthcare 
professional will assess your specific circumstances. Diabetes, hypertension, 
hyperlipidemia, and tobacco use are all risk factors associated with the 
development of cardiovascular disease. When determining the necessity of a 
statin, your healthcare professional will consider factors such as your age, gender, 
and ethnicity.  

Healthcare providers recommend statins for individuals who:  
My LDL cholesterol level is above 190 mg/dL, and after making changes to my 
exercise and nutrition, it has not decreased.  

Experienced a cerebrovascular accident, myocardial infarction, or 
peripheral vascular disease. Individuals who are between the ages of 40 and 75, 
have diabetes, and have a minimum LDL level of 70 mg/dL.  Individuals who are 
between the ages of 40 and 75 who have a high risk of developing heart disease 
should maintain a minimum LDL level of 70 mg/dL.  
What is the purpose of using statins?  

Statins lower your cholesterol levels, reducing the risk of heart attack or 
stroke. Cholesterol is utilized by your body in the production of vitamin D, 
hormones, and the digestive acid necessary for food breakdown. However, 
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excessive levels of cholesterol in your bloodstream might accumulate within your 
arteries. This generates impediments that increase the difficulty for your blood to 
flow through your blood vessels.  

If there is a continuous accumulation of cholesterol in your arteries, it can 
have effects beyond simply causing them to get narrower. The formation of 
unstable plaques in your blood vessels can result in their rupture, ultimately 
causing a heart attack.  
What is the prevalence of statins? 

Statins are the predominant category of prescribed medications in the 
United States. Over 40 million persons consume them.  
Advantages / Disadvantages  
What are the benefits of statins?  

Statins reduce the likelihood of experiencing a stroke or heart attack by 
reducing the levels of harmful cholesterol in your bloodstream. Cholesterol can 
cause a condition called atherosclerosis, which results in the narrowing of arteries. 
This narrowing hinders the circulation of blood and increases the likelihood of 
experiencing a heart attack or stroke.  
What are the adverse effects of statins?  
Statins can potentially induce modest side effects, such as headaches.  
Feeling of sickness.  

� Vertigo.  
� Gasoline.  
� Gastrointestinal disorder characterized by frequent and watery bowel 

movements.  
� Difficulty in passing stool.  
� Sore muscles or joints.  
� Infrequently, statins may induce adverse effects, such as confusion.  

Amnesia.  
Renal impairment.  

� Hepatic injury.  
� Severe issues with your muscular system.  

Type 2 diabetes, often known as high blood sugar.  
Statins are suitable for both adults and teenagers. The majority of 
individuals do not have adverse effects from statins. However, it is not 
advisable to take them if you are pregnant, breastfeeding, or have specific 
forms of liver disease. Inform your healthcare practitioner if you have 
diabetes. Statins can exacerbate the chance of developing diabetes in 
individuals who are already predisposed to the condition.  
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Certain individuals have drug interactions when concurrently using statins 
with other medications. When your healthcare practitioner is considering 
prescribing medication for you, it is crucial to inform them about any other 
medications you are currently taking. This encompasses other pharmaceuticals, 
over-the-counter medications, vitamins, herbal remedies, supplements, and 
recreational substances.  

If you experience side effects from a particular type of statin, inquire with 
your healthcare practitioner about the possibility of switching to another one. It 
would be advisable to inquire with your healthcare provider about whether you 
should abstain from consuming grapefruit or pomegranate, as well as their 
respective juices, or if it is permissible to consume them in moderation. These 
particular meals can impede the metabolism of certain statins, resulting in an 
excessive buildup of the medicine in your body and an increased likelihood of 
experiencing side effects.  

 
Antibiotics – Sulfonamides 
   Sulfonamides, sometimes known as sulfa medicines, are a category of 
antibiotics specifically designed to combat bacterial infections. These medication 
classes are often broad-spectrum antibiotics that target a wide variety of bacterial 
species and are thus used to treat several sorts of bacterial infections. 
Sulphonamides have bacteriostatic effects by impeding the growth and 
reproduction of bacteria, while they do not directly cause bacterial death. 
   Folic acid is an essential constituent of bacteria that is utilized for their 
development and reproduction. Sulfonamide medications hinder the bacteria's 
capacity to utilize folic acid, thereby impeding the growth process. Consequently, 
the bacteria are unable to replicate and disperse. Humans are unable to synthesize 
folic acid and so depend entirely on their diet to obtain it. This reliance on dietary 
sources of folic acid protects them from the negative consequences of folate 
synthesis suppression. 

Occasionally, a combination of sulfa medicines and trimethoprim is 
administered due to its bactericidal properties, which effectively eliminate 
microorganisms. Therefore, the synergistic effect of sulfonamides and 
trimethoprim inhibits bacterial replication and also eradicates them.  
What are the applications of sulfonamides?  
Sulfonamides are primarily employed for the treatment of bacterial infections and 
certain fungal illnesses. Due to their higher concentration in urine, they are 
particularly effective in treating urinary tract infections.  Sulfonamides are 
commonly employed for the treatment of various microbial illnesses.  
Additional applications of sulfonamides include:  
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� Chemotherapeutic drugs,  
� Medications used to treat glaucoma,  
� Gamma-secretase inhibitors,  
� Cyclooxygenase-2 and lipoxygenase  
� Anticonvulsant agents, and  
� Hypoglycemic agents.  

What are the adverse effects of sulfonamides?  
Common adverse effects of sulfonamides include:  

� Lethargy refers to a state of extreme tiredness or lack of energy.  
� Diarrhea  
� Anorexia is a medical condition characterized by an extreme and 

persistent loss of appetite, leading to significant weight loss and a 
distorted body image.  

� Feeling of sickness or discomfort in the stomach, often accompanied by 
the urge to vomit.  

� Emesis  
� Vertigo  
� Cephalalgia  
� Photosensitivity refers to the condition of experiencing sunburn as a result 

of exposure to sunshine.  
� Severe dermatological eruptions. 
� Severe skin rashes encompass: Steven-Johnson Syndrome is characterized 

by painful joints and muscles, inflammation, formation of blisters, and 
shedding of the skin.  

� Toxic epidermal necrolysis is characterized by dysphagia, as well as 
desquamation, erythema, detachment, and blistering of the skin. 

� Uncommon adverse consequences encompass: Hepatotoxicity refers to 
damage or injury to the liver. Decreased leukocyte count 
Thrombocytopenia refers to a condition characterized by a low count of 
platelets.  
Anemia is a medical condition characterized by a deficiency of red blood 

cells or hemoglobin in the blood, resulting in reduced oxygen-carrying 
capacity.  
   This material might not include all potential side effects, precautions, 
warnings, medication interactions, allergic reactions, or unpleasant 
consequences. Consult your physician or pharmacist to ensure that these 
medications do not have any adverse effects when used concurrently with 
other drugs. It is crucial to consistently adhere to your drug regimen and to 



 

78 
 

always get guidance from your doctor before making any adjustments to your 
dosage or frequency.  

What are the names of sulfonamide medications? 
Examples of sulfonamides include:  
 

� Bactrim  
� Bactrim DS  
� Cotrim  
� Cotrimoxazole is a medication.  
� The medication is a combination of erythromycin and sulfisoxazole.  
� Pediazole is a medication.  
� Septra  
� Septra DS  
� Sulfadiazine  
� Sulfatrim  
� Trimethoprim/sulfamethoxazole is a medication.  
� Cotrimoxazole  

 
What is the purpose of this medication?  
   Co-trimoxazole is a combination antibiotic consisting of sulfamethoxazole 
and trimethoprim. Sulfamethoxazole is classified as a sulphonamide, while 
trimethoprim is classified as a benzylpirimidine.  It is employed for the prevention 
and treatment of infections caused by specific bacteria, fungi, and parasites. These 
may encompass infections of the pulmonary system, genitourinary tract, 
integumentary system, and connective tissue.  
Bactrim functions by inhibiting two crucial stages of bacterial development.  
What is the recommended method of administration for this medication?  

Co-Trimoxazole can be administered in the form of a tablet, syrup, or 
injection, as determined by your doctor. This drug can be consumed with or 
without food.  
What actions should I do in the event that I fail to remember to take or utilize this 
medication?  
  In the event that you inadvertently omit a dose, promptly consume it once 
you recollect. If you recall the missed dose when it is time to take the following 
dose, skip the missed dose and only take the dose that was planned to be taken 
normally. Avoid taking two doses in order to compensate for the missed dosage.  

It is crucial to adhere to the prescribed course of antibiotics as directed by 
the doctor. It is important to complete the full course of antibiotics, even if you 
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start feeling better, unless you have an allergic reaction or encounter serious 
adverse effects. If that is the situation, it is advisable to promptly consult a medical 
professional.  
What safety measures should I implement? 

Notify your healthcare provider if: You have an allergy to 
sulfamethoxazole, trimethoprim, Co-trimoxazole, or any of the other substances 
present in the co-trimoxazole tablet.  

If you have experienced any rash, hives, swelling, or shortness of breath 
after using sulfa medications such as gliclazide or glibenclamide for diabetes or 
thiazide diuretics for high blood pressure, it indicates that you are allergic to sulfa 
drugs.  

You are experiencing a condition known as thrombocytopenia, which 
results in bruising or bleeding. Additionally, you have anemia caused by a deficit 
in folate vitamin, leading to feelings of fatigue, weakness, and breathlessness. 
Lastly, you have a rare blood ailment called porphyria, which can damage either 
the skin or the nervous system.  
You possess a specific metabolic disease called glucose-6-phosphate 
dehydrogenase (G6PD) deficiency.  

You suffer from asthma, as well as renal or liver illness.  
You are now in a state of pregnancy, actively considering the possibility of 
becoming pregnant, or currently engaged in the act of breastfeeding. Engage in a 
conversation with your doctor to thoroughly examine the potential dangers and 
advantages.  

Please provide information about any other medications you are currently 
taking, including supplements, conventional medications, and herbal therapies. 
The following items are included:  

� Anticoagulant medications like warfarin  
� Methotrexate is a pharmaceutical agent employed in the treatment of some 

types of cancer and immune system disorders.  
� Phenytoin is a medication that is utilized for the treatment of epilepsy, 

which is characterized by seizures.  
� Medications that can elevate potassium levels include ACE inhibitors (such 

as captopril and lisinopril), angiotensin receptor blockers (such as losartan), 
and aldosterone antagonists (such as spironolactone).  

� Pharmaceuticals employed in the treatment of diabetes, such as glipizide or 
glibenclamide  

� Pharmaceuticals employed to address cardiac rhythm abnormalities, such 
as procainamide.  

� Folinic acid is a kind of folic acid that is used in medical treatments.  
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What are the typical adverse effects of this medication? 
   The predominant adverse effects include gastrointestinal disruptions such 
as nausea, vomiting, diarrhea, and decreased appetite. To mitigate these adverse 
effects, it is advisable to consume co-trimoxazole alongside a meal or a snack. If 
symptoms are intense or persistent, get medical advice. This drug can increase 
your susceptibility to the sun's rays. Refrain from extended periods of direct 
exposure to sunlight. Apply sunscreen and don appropriate protective attire while 
being outside. This drug has the potential to induce a fungal illness known as 
thrush or candidiasis. If you encounter vaginal irritation or discharge, or observe 
white patches in your lips or mouth, it is advisable to get in touch with your doctor.  
What are some uncommon yet severe adverse effects that necessitate prompt 
medical attention?  
Discontinue the use of co-trimoxazole and promptly inform your doctor if you 
experience any signs of an adverse reaction. Common manifestations of a drug 
allergy encompass one or more of the ensuing symptoms:  
    Facial, ocular, labial, and lingual swelling, Dyspnea, Generalized skin 
eruptions throughout the entire body. Occasionally, a skin rash can lead to a more 
serious response, such as the development of Stevens-Johnson Syndrome (SJS) 
and toxic epidermal necrolysis (TEN). These are potentially fatal dermatological 
responses that manifest as a skin rash, many ulcers in various areas such as the 
mouth, throat, nose, and genitals, accompanied by fever. In severe cases, they can 
escalate to extensive blistering or shedding of the skin. Therefore, it is imperative 
to promptly consult a healthcare professional if any of the aforementioned 
symptoms arise.  
Additional uncommon adverse effects include:  
Blood diseases - Indications of diminished:  
  Monitor for signs of excessive fatigue, as red blood cells, which can lead 
to pale skin and symptoms of weakness or dyspnea (anaemia), may be a 
contributing factor.  
Platelets, which aid in the cessation of bleeding, should be monitored for 
indications of irregular bleeding or bruising. White blood cells, which aid in the 
body's defense against diseases, should be monitored for indications of illness, 
such as persistent fever or a sore throat.  
Hepatic injury 
Symptoms of a tender abdomen or decreased appetite, together with yellowing of 
the skin (jaundice), skin itching, pale feces, or dark urine.  
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Renal issues  
Observe for edema or bloating in the facial region, abdominal area, thighs, or 
ankles, as well as any difficulties with urinating. Alterations in electrolyte 
concentrations in the bloodstream - Elevated levels of potassium (which can lead 
to irregular cardiac rhythms) or reduced levels of sodium. Your physician 
typically conducts blood tests to monitor these electrolytes. The individual is 
experiencing a severe intestinal illness known as Clostridium difficile-associated 
diarrhea, which is caused by bacteria that are resistant to treatment. This can 
happen throughout therapy or even several weeks after treatment has ended.  
   Promptly notify your physician if you experience any of the following 
symptoms: chronic diarrhea, abdominal pain or cramping, or the presence of 
blood or mucus in your stool. In the event that you encounter any of these 
indications, it is imperative that you discontinue your prescriptions and promptly 
consult with your healthcare provider.  
Penicillin  
Key information about penicillin  
• Penicillins were the initial class of antibiotics employed by doctors.  
• Multiple antibiotics belong to the penicillin class.  
• Experts attribute the discovery of penicillins to Alexander Fleming.  
Penicillin functions by disrupting the cell walls of bacteria.  
Less than 1 percent of individuals have a severe allergy to penicillin.  
Function  
   Penicillins function by lysing the bacterial cell wall.  
Penicillin drugs function by indirectly lysing bacterial cell walls. They 
accomplish this by directly interacting with peptidoglycans, which have a crucial 
function in providing structure to bacterial cells. 
  Peptidoglycans form a lattice-like arrangement surrounding the plasma 
membrane of bacterial cells, enhancing the durability of the cell walls and 
blocking the entry of external fluids and particles into the cell.  
During bacterial replication, the cell walls of the bacterium develop tiny openings 
when the cells undergo division. Subsequently, recently synthesized 
peptidoglycans occupy these cavities in order to restore the integrity of the walls. 
Penicillin’s inhibit the protein struts that connect the peptidoglycans. This inhibits 
the bacterium's ability to seal the openings in its cellular membranes.  
Due to a higher water concentration in the surrounding fluid compared to the 
bacteria's internal environment, water rapidly enters the cell through the openings, 
causing the bacterium to rupture.  
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Historical events and past occurrences.  
   Alexander Fleming is commonly credited with the development of 
penicillins. According to the account, he came back to his laboratory on a specific 
day in September 1928 and discovered a Petri dish with Staphylococcus germs 
without its cover.  The dish had been infected with a blue-green mold known as 
Penicillium notatum. Fleming observed a distinct halo encircling the mold, 
indicating the absence of bacterial growth in that area.  Through the discovery and 
recognition of this mold, Fleming initiated the process of developing one of the 
most beneficial pharmaceuticals in the annals of medicine.  Anne Miller achieved 
the distinction of becoming the inaugural civilian to undergo effective penicillin 
treatment in March 1942. She almost escaped mortality following a serious 
infection subsequent to a miscarriage.  While Fleming is credited with the initial 
discovery of the first antibiotic, significant scientific efforts were required to make 
penicillin’s accessible for widespread usage.  Researchers with a more advanced 
laboratory and a more comprehensive knowledge of chemistry than Fleming 
conducted the majority of the research. Howard Florey, Norman Heatley, and 
Ernst Chain conducted pioneering and thorough investigations on the drug. 
  In his Nobel Prize acceptance address, Fleming cautioned about the 
potential consequences of over use of penicillins, including the development of 
bacterial resistance. This has subsequently become an issue.  
Resistance  
   Contrary to prevailing belief, it is not the individual who acquires resistance 
to penicillins, but rather the bacteria itself.  

Bacteria have existed for billions of years. Throughout this period, they 
have withstood harsh conditions and, consequently, have developed a remarkable 
ability to adjust. Additionally, they have a high rate of regeneration, facilitating 
fast genetic modifications within a population.  
Bacteria can acquire immunity to penicillin through three commonly observed 
mechanisms:  
   Penicillinase is an enzyme produced by bacteria that has the ability to break 
down penicillins. Conjugation is the mechanism by which a small ring of DNA 
can be transmitted and disseminated among the bacterial population, resulting in 
the acquisition of this ability. This process represents bacterial sexual 
reproduction, in which individual individuals exchange novel genetic 
information. Modified bacterial morphology: Certain bacteria have the ability to 
gently alter the configuration of the penicillin-binding proteins within their 
peptidoglycan wall, rendering them unable to attach to penicillins.  
   Penicillin elimination: Alternative microorganisms evolve mechanisms to 
expel penicillins. Bacteria possess efflux pumps which they utilize to expel 
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chemicals from the cellular environment. The utilization of certain pumps can 
enable the cell to eliminate penicillins.  
Adverse reactions 
   Penicillins frequently cause nausea as a side effect.  
The predominant adverse effects associated with penicillin administration 
encompass:  

� Gastrointestinal disorder characterized by frequent and watery bowel 
movements.  

� Feeling of sickness or discomfort in the stomach, often accompanied by the 
urge to vomit.  

� a cephalalgia  
� dermatological eruptions and urticaria  
� Rarer adverse consequences encompass:  
� Dyspnea or respiratory irregularities  
� Arthralgia  
� abrupt dizziness and loss of consciousness  
� Facial swelling and inflammation  
� Flaky, crimson skin  
� The individual is experiencing vaginal itching and discharge, which may 

be caused by either a yeast infection or bacterial vaginosis.  
� Oral discomfort and inflammation, occasionally accompanied by the 

presence of white spots.  
� Abdominal cramps, spasms, discomfort, or pain Uncommon adverse 

consequences encompass:  
� Feelings of anxiety, dread, or bewilderment a feeling of imminent 

catastrophe Perceptions of things that are not actually present, often 
experienced as vivid and realistic sensory experiences.  

� Jaundice, characterized by the yellowing of the eyes and skin pharyngitis  
abnormal hemorrhaging Symptoms include diarrhea and decreased urine 
output.   

� Seizures  
� Dangers  
� While penicillins are commonly used, they can have certain difficulties or 

contraindications, similar to any other medication: 
  During breast-feeding, individuals have the potential to transmit trace 
levels of penicillin to their infant. The youngster may suffer from allergic 
responses, diarrhea, fungal infections, and skin rash as a consequence of this. 
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Drug interactions: Penicillins can potentially interact with other 
medications. It is crucial to see a doctor before using numerous drugs. 

Penicillins, including carbenicillin, piperacillin, and ticarcillin, have the 
potential to exacerbate pre-existing bleeding issues. 

Penicillins can disrupt the effectiveness of oral contraceptives, perhaps 
leading to an increased likelihood of unintended pregnancy. 

Cystic fibrosis individuals have increased susceptibility to fever and skin 
rashes when on piperacillin treatment. 
Renal disease: Individuals with renal disease are more susceptible to adverse 
consequences. 

Methotrexate is a medication that inhibits cell proliferation and is effective 
in the treatment of several disorders, such as leukemia and some autoimmune 
diseases. Penicillins inhibit the body's ability to eliminate this medication, which 
can potentially result in serious consequences. 
Phenylketonuria: Certain more potent, masticable amoxicillin pills contain 
elevated amounts of aspartame that are metabolized by the body into 
phenylalanine. This poses a significant risk for individuals with phenylketonuria. 
Gastrointestinal issues: Individuals having a prior medical history of gastric ulcers 
or other intestinal disorders may have an increased susceptibility to developing 
colitis when using penicillins.
Allergy to penicillin 
Certain individuals possess an allergic reaction to penicillins. 

Penicillin allergies commonly manifest as hives, wheezing, and facial 
swelling.  Approximately 10 percent of individuals claim to have an allergy to 
penicillins, although the actual prevalence is closer to 1 percent. Moreover, only 
about 0.03 percentTrusted Source have severe allergic reactions that pose a threat 
to their lives. 
Alcohol and penicillin 
Specific antibiotics, such as metronidazole and tinidazole, exhibit strong adverse 
interactions with alcohol. Nevertheless, penicillins do not follow the same pattern. 

Diabetes
Diabetes mellitus, sometimes known as diabetes, is a long-term and 

possibly life-threatening disorder characterized by the body's inability to make 
insulin or its reduced efficiency in producing or utilizing insulin. This leads to 
elevated amounts of glucose in the blood, a condition known as hyperglycemia.
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Elevated blood glucose levels for an extended period can result in 
detrimental effects on the eyes, kidneys, and nerves, as well as increase the risk 
of heart disease and stroke. Approximately 300 individuals in Australia are 
diagnosed with diabetes on a daily basis.

Diabetes is the chronic ailment that is experiencing the most rapid growth 
in Australia. Diabetes is primarily classified into three primary types: type 1, type 
2, and gestational diabetes. 

Type 1 diabetes

Type 1 diabetes arises when the pancreatic cells cease to produce insulin. 
In the absence of insulin, glucose is unable to penetrate the muscle cells to provide 
energy. Instead, the concentration of glucose in the bloodstream increases, leading 
to severe illness in the individual. Insulin replacement is crucial to prevent life-
threatening consequences in individuals with Type 1 diabetes. Individuals 
diagnosed with type 1 diabetes are need to provide insulin via injections 
indefinitely. 

Type 1 diabetes commonly manifests in youngsters and those below the age 
of 30, however it has the potential to develop at any stage of life. This disorder is 
not attributable to lifestyle factors. The precise etiology of this condition remains 
uncertain; nevertheless, scientific investigations indicate that an environmental 
factor can potentially activate the condition in individuals with a genetic 
predisposition. 

Following a viral infection, the immune system of the body identifies the 
beta cells in the pancreas as foreign and proceeds to assault and eliminate them. 
The majority of individuals diagnosed with type 1 diabetes do not have any 
familial history of this ailment. The National Diabetes Services Scheme (NDSS) 
provides a fact page specifically dedicated to Diabetes type 1. 

Type 2 diabetes 

Type 2 diabetes arises due to insufficient production of insulin by the 
pancreas and reduced effectiveness of the available insulin, a condition referred 
to as insulin resistance. Consequently, the glucose levels in the blood start to 
exceed the normal range. Approximately 50% of individuals diagnosed with type 
2 diabetes are unaware of their diagnosis due to the absence of any noticeable 
symptoms.

Type 2 diabetes, previously referred to as adult-onset diabetes, impacts 
around 85 to 90% of individuals diagnosed with diabetes. Individuals who get 
type 2 diabetes are highly prone to having a familial history of the ailment. 
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Obesity and insufficient physical exercise are regarded as lifestyle factors that 
elevate the likelihood of getting type 2 diabetes. 
Individuals belonging to specific ethnic groups, including Aboriginal or Torres 
Strait Islander, Polynesian, Asian, or Indian, have a higher propensity to develop 
type 2 diabetes. Upon initial diagnosis, a significant number of individuals with 
type 2 diabetes can effectively control their condition by adhering to a nutritious 
diet and engaging in regular physical exercise.

Over time, the majority of individuals diagnosed with type 2 diabetes will 
require diabetes tablets to effectively maintain their blood glucose levels within 
the desired range. Regular monitoring of blood glucose levels may be required to 
assess the efficacy of the treatment. The timing for initiating diabetic pills vary 
based on individual requirements. Approximately half of individuals diagnosed 
with type 2 diabetes require insulin injections within a period of 6 to 10 years. 
The National Diabetes Services Scheme (NDSS) provides informational 
documents on Type 2 diabetes, including fact sheets on the condition and a 
comprehensive guide on understanding Type 2 diabetes. 

Gestational diabetes

Gestational diabetes affects approximately 5 to 10% of pregnant women 
and often resolves after childbirth. Women with a history of gestational diabetes 
are at a heightened risk of getting type 2 diabetes in the future. 

Managing gestational diabetes involves consulting a dietitian to receive 
guidance on adopting healthy dietary strategies that aid in controlling blood 
glucose levels. When feasible, engaging in regular physical activity, such as 
walking, is also beneficial. Using a blood glucose meter to measure blood glucose 
levels provides insight into the effectiveness of management measures in 
maintaining blood glucose levels within the acceptable range. Certain women 
may require the additional administration of insulin to effectively regulate their 
blood glucose levels until the birth of their baby. 

Insulin is a medication used to treat diabetes. 

Insulin is an endogenous hormone that regulates blood glucose levels to 
maintain homeostasis. It is synthesized by beta cells located in the pancreas. The 
primary function of insulin is to facilitate the transportation of glucose from the 
bloodstream to the cells of the body in order to generate energy. Inadequate insulin 
levels result in the accumulation of glucose in the bloodstream instead of its 
absorption by cells for energy production. 
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   In individuals with type 1 diabetes, the pancreas fails to produce insulin, 
necessitating the daily administration of insulin injections to maintain survival. In 
individuals with type 2 diabetes, there is insufficient production of insulin by the 
body, or the insulin that is produced is not effectively utilized. Occasionally, the 
administration of insulin injections is necessary for the regulation of blood 
glucose levels.  

Commencing insulin therapy  

   Individuals diagnosed with type 1 diabetes are required to administer 
insulin via injections on a daily basis, typically ranging from 4 to 5 times a day.          
To administer insulin, a pump may be utilized, involving the insertion of a fresh 
cannula (a thin plastic tube) beneath the skin every 2 to 3 days. Occasionally, 
individuals with type 2 diabetes may require the initiation of insulin treatment 
when dietary changes, exercise, and oral medications are no longer sufficient in 
managing their blood sugar levels.  Commencing the process of administering 
insulin can be a daunting experience. Nevertheless, administering insulin through 
injection is considerably simpler than the majority of individuals envision. 
Various devices exist to facilitate insulin delivery. Pen needles and cannulas are 
both characterized by their extremely small size. Frequently, individuals who 
require insulin experience a significant improvement in their well-being upon 
commencing insulin therapy.  If you require initiation of insulin therapy, your 
physician or diabetic nurse educator can provide guidance and assistance in terms 
of education and support. You will receive instruction on the following topics:  
The specific classification and mechanism of action of your insulin  
The proper administration of insulin involves understanding the methods, 
locations, and timing for injection.  

How to rotate injection sites?  

Where can one obtain insulin and what are the proper methods for storing it 
securely?  

Strategies for managing low blood glucose levels  

Methods for maintaining a log of your blood glucose levels and insulin dosages 

Who will assist you in calibrating insulin dosages? 

  Typically, insulin doses do not remain constant from the initial dose. Your 
physician or diabetes nurse educator will assist you in modifying your insulin 
regimen. Regular blood glucose monitoring and recording are crucial components 
of insulin adjustment.  
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It is crucial to routinely consult with your diabetic healthcare team to 
review and perhaps adjust your insulin doses due to factors such changes in 
exercise levels, nutrition, medication, illness, and fluctuations in weight. 

Prior to commencing insulin therapy, it is crucial to undergo an evaluation 
conducted by a certified dietician to gain a comprehensive understanding of the 
interplay between carbs and insulin. 

For individuals with type 1 diabetes, mastering the skill of carbohydrate 
counting and adjusting insulin dosage based on food intake is the optimal 
approach to effectively control the condition. Your mealtime insulin doses may 
change depending on the composition of your meals, both within a single day and 
from one day to another. 

Insulin Varieties

Insulin is classified based on its duration of action in the body. Rapid-acting 
insulin, also known as short-acting insulin, is effective in lowering blood glucose 
levels during meals. On the other hand, intermediate or long-acting insulin is 
useful for regulating the body's overall insulin requirements. Both aid in the 
regulation of blood glucose levels. 

There are five distinct categories of insulin, varying in their duration of 
action, from rapid-acting to long-acting. Certain varieties of insulin appear 
transparent, whereas others have a hazy appearance. Consult your pharmacist to 
determine whether the insulin you are currently using should have a transparent 
or opaque appearance. Prior to administering a turbid insulin, it is necessary to 
gently rotate the pen or vial in your hands to ensure that the insulin is thoroughly 
blended, until it has a milky appearance. Do not use insulin if it appears hazy, as 
it should be clear. Frequently, individuals require both fast-acting and extended-
acting insulin. Each individual is unique and requires specific combinations. 

The five classifications of insulin are: 
• Fast-acting insulin
• Rapid-acting insulin
• Insulin with intermediate duration of action
• Combination insulin
• Insulin with an extended duration of action.

Fast-acting insulin 

Rapid-acting insulin initiates its effects within a timeframe ranging from 
2.5 to 20 minutes following injection. The peak efficacy of the injection occurs 
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between one and three hours, and its duration can extend up to five hours. This 
particular kind of insulin exhibits a rapid onset of action following a meal, 
resembling the body's endogenous insulin, hence diminishing the likelihood of 
hypoglycemia (blood glucose levels below 4 mmol/L). Immediate or prompt 
consumption of food is necessary when administering this kind of insulin.  

There are now three varieties of rapid-acting insulin available in Australia.  

• Fiasp and NovoRapid® are both types of insulin aspart.  
• Humalog® is a medication that contains insulin lispro.  
• Apidra® is a medication that contains insulin glulisine.  
• Fiasp, which was launched in Australia in June 2019, is a recently developed 
insulin that has a quicker beginning of action. Its purpose is to enhance.  
Rapid-acting insulin  

   Short-acting insulin takes longer to start operating than the rapid-acting 
insulins.  Short-acting insulin begins to lower blood glucose levels within 30 
minutes, thus you need to have your injection 30 minutes before eating. It has its 
maximal effect 2 to 5 hours after injection and lasts for 6 to 8 hours.  

Short-acting insulins now available in Australia are:  

� Actrapid®  
� Humulin® R.  
� Intermediate-acting insulin  
� Intermediate-acting and long-acting insulins are often termed background 

or basal insulins.  
� The intermediate-acting insulins are hazy in nature and need to be 

combined well.  
These insulins begin to operate about 60 to 90 minutes after injection, 
peak between 4 to 12 hours and last for between 16 to 24 hours.  

Intermediate-acting insulins now available in Australia are:  

� Humulin® NPH (a human isophane insulin)  
� Protaphane® (a human isophane insulin). 

Long-acting insulin 

The long-acting insulins now available are:  

   Lantus® (glargine insulin) - gradual, consistent release of insulin with no 
apparent peak activity. One injection can last up to 24 hours. It is usually injected 
once a day but can be taken twice daily.  
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Toujeo (glargine insulin) – this insulin has a strength of 300 units per ml so 
is 3 times the concentration of other insulin in Australia. It is given once a day 
and lasts for at least 24 hours. It should not be confused with regular Lantus which 
has a strength of 100 units per ml. Toujeo is given for safety by a disposable pen 
only. Toujeo gives a slower, steadier glucose profile especially during the night. 

Levemir® (detemir insulin) – slow, steady release of insulin with no 
apparent peak action and can last up to 18 hours. It is usually injected twice daily. 
Although these insulins are long-acting, they are clear and do not need mixing 
before injecting. 

Mixed insulin 

Mixed insulin contains a pre-mixed combination of either very rapid-acting 
or short-acting insulin, together with intermediate-acting insulin. 
The mixed insulins currently available in Australia are: 

� Rapid-acting and intermediate-acting insulin
� NovoMix® 30 (30% rapid, 70% intermediate Protaphane) Humalog®
� Mix 25 (25% rapid, 75% intermediate Humulin NPH)
� Humalog® Mix 50 (50% rapid, 50% intermediate Humulin NPH)
� rapid-acting and long-acting inslulin
� Ryzodeg 70:30 (70% long acting Degludec, 30% rapid Aspart)
� short-acting and intermediate-acting insulin
� Mixtard® 30/70 (30% short, 70% intermediate Protaphane)
� Mixtard® 50/50 (50% short, 50% intermediate Protaphane)
� Humulin® 30/70 (30% short, 70% intermediate Humulin NPH).

In Australia, the strength of the foregoing insulins is 100 units per ml. Some
countries have distinct strengths. 

The exception to this is the once-daily long-acting insulin Toujeo which 
was introduced in 2015 and has a strength of 300 units per ml. Do not change 
between Lantus and Toujeo without consulting a health expert. 

Insulin injection devices 

Different insulin delivery devices are available. The major possibilities are 
syringes, insulin pens and insulin pumps. 

Insulin syringes 

Syringes are manufactured in 30-unit (0.3 ml), 50-unit (0.5 ml) and 100-
unit (1.0 ml) sizes.  The size of the syringe used will depend on the insulin dose. 
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For example, it is easier to measure a 10-unit dose in a 30-unit syringe and 55 
units in a 100-unit syringe.  The needles on the syringes are available in lengths 
ranging from 6 to 8 mm. Your doctor or diabetes nurse educator will help you pick 
which syringe and needle size is suitable for you.  Insulin syringes are single-use 
only, and are free for persons in Australia registered with the National Diabetes 
Service Scheme (NDSS). Most Australian adults no longer use syringes to inject 
insulin. They now utilize insulin pens for better convenience.  

Insulin pens 

  Insulin firms have manufactured insulin pens (disposable or reusable) to be 
used with their own brand of insulin.  Disposable insulin pens already have the 
insulin cartridge in the pen. They are dumped when they are empty, after they 
have been out of the fridge for one month, or when the use-by date is past.  
Reusable insulin pens require insertion of a 3 ml insulin cartridge. The insulin 
strength per milliliter is 100 units. When done, a new cartridge or penfill is 
inserted. Reusable insulin pens are developed by the insulin makers to 
accommodate their particular type of insulin cartridge/penfill.  

Pen cartridges also need to be removed one month after commencing if 
insulin still remains in the cartridge. Your physician or diabetes nurse educator 
will provide guidance on selecting the appropriate pen based on your specific 
requirements. Pen needles are single-use needles that attach to an insulin pen 
device in order to administer insulin through injection. The lengths of the various 
options range from 4 to 12.7 mm. Research suggests that pen needles with a size 
of 4 to 5 mm should be utilized. The gauge of the needle determines its thickness, 
with higher gauge values indicating finer needles. Using a new pen needle for 
each injection is crucial. Consult your diabetes nurse educator for guidance on the 
suitable needle length and demonstration of the proper injection technique. 

Devices used for administering insulin  

   An insulin pump is a compact, customizable device that contains a supply 
of insulin and is worn externally. An insulin pump is designed to provide insulin 
into the adipose tissue of the body, typically in the abdominal region, using a 
slender plastic tube called an infusion set or giving set. The pump exclusively 
utilizes rapid-acting insulin. 

The infusion set is equipped with a slender needle or pliable cannula that is 
inserted directly beneath the skin. This is altered on a biweekly to triweekly basis.  
The user and their health professional pre-program the pump to administer 
modest, continuous doses of insulin in order to maintain stable blood glucose 
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levels throughout periods between meals. Users have the ability to command the 
pump to administer a surge of insulin whenever they consume meals, mimicking 
the natural function of the pancreas in individuals who do not have diabetes.  The 
insulin pump is not universally suitable. Prior to implementation, it is imperative 
to engage in a discussion with your diabetes healthcare team.  Private health 
insurance typically covers the expense of an insulin pump for those diagnosed 
with type 1 diabetes, however there may be a waiting time. The National Diabetes 
Service Scheme (NDSS) provides subsidies for necessary disposable accessories, 
such as cannulas, lines, and reservoirs.  

Sites for administering insulin injections 

    Insulin is administered via subcutaneous injection, which involves 
injecting it directly into the layer of fat beneath the skin. It is not advisable to 
inject insulin into the muscle or straight into the bloodstream, as this alters the 
rate of absorption and effectiveness of the insulin. The absorption of insulin is 
location-dependent when administered into the body. The belly has the highest 
absorption rate for insulin and is the preferred injection site for most individuals. 
The absorption rate of substances is slower in the upper arms, buttocks, and 
thighs, making them suitable areas for application.  

Factors that enhance the rate of insulin absorption  

   Fluctuations in the absorption of insulin can lead to alterations in the levels 
of glucose in the bloodstream. Insulin absorption is enhanced by:  

� Administering an injection into a previously exercised region, such as the 
thighs or arms.  

� Elevated temperatures resulting from activities such as taking a hot 
shower, bath, using a hot water bottle, visiting a spa, or using a sauna.  

� Applying gentle pressure to the region surrounding the injection site  
� Administering insulin via intramuscular injection accelerates its 

absorption, potentially leading to hypoglycemia due to a rapid decrease in 
blood glucose levels.  

Factors that hinder the process of insulin absorption Insulin absorption may 
experience a delay due to:  

� Lipohypertrophy, often known as the formation of lumps or scars under 
the skin, occurs due to excessive use of the same injection site.  

� Chilled insulin, such as when insulin is administered immediately after 
removing it from the refrigerator  
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� Tobacco consumption through the act of smoking cigarettes.  
� Proper handling of used insulin syringes  
� It is necessary to dispose of used syringes, pen needles, cannulas, and 

lancets in a sharps container that meets the Australian Standards. This 
container should be resistant to punctures and have a secure lid. Typically, 
these receptacles are yellow and can be obtained from pharmacies, local 
municipal councils, and diabetes organizations at the state or territory level, 
such as Diabetes Victoria.  

Protocols for the disposal of sharps containers differ from one state to another.  

� To obtain information and assistance regarding the disposal of sharps, you 
may reach out to: 

� Diabetes Victoria is an example of a state or territory diabetes organization.  
� Department of Health at the state level the municipal council in your area.  

Storage of insulin  
Proper storage is essential for insulin. The following items are included:  

To properly store unopened insulin, place it horizontally in a refrigerator.  
Maintain the refrigerator temperature within the range of 2 to 8 °C. 

Ensure that insulin remains unfrozen.  

   After opening, store it at a temperature of less than 25 °C for a maximum 
of one month, and then safely discard it.  

Do not expose insulin to direct sunlight.  

   Severe temperatures, whether excessively hot or cold, have the potential to 
impair the functionality of insulin. It should not be stored in temperatures 
exceeding 30 °C. During the summer months, the temperature inside your car can 
reach levels exceeding 30 °C. Therefore, it is important to avoid leaving your 
insulin in the car.  Multiple insulated insulin carry bags, such as FRIO, are 
accessible for the purpose of transferring insulin.  

Ensuring the safety of insulin  

Avoid using insulin if:  

The clear insulin has become turbid.  

   The hazy insulin exhibits the presence of lumps or flakes, or there are 
visible deposits of insulin on the interior of the vial, penfill, or cartridge that 
cannot be dissolved with gentle rotation.  
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The expiration date has been reached.

• It has undergone freezing or high-temperature exposure

• A vial, penfill, or cartridge has exceeded one month of use or has been stored
outside of the refrigerator for an extended period of time.
Pharmaceuticals for reducing blood sugar levels through oral administration.
Oral hypoglycemic medications are only employed for managing type 2 diabetes,
a condition characterized by insulin resistance. Type 1 diabetes is characterized
by insulin deficiency and necessitates insulin therapy. Currently, there exist four
categories of hypoglycemic medications:

� Sulfonylureas
� Metformin
� Thiazolidinediones
� Alpha-glucosidase inhibitors are a type of medication.

These medications are authorized exclusively for patients diagnosed with
type 2 diabetes who have not shown improvement through dietary changes, 
weight loss, and physical activity. These medications are not authorized for the 
treatment of pregnant women with diabetes. 

Sulfonylureas are the predominant medications employed for managing 
type 2 diabetes and seem to operate by promoting the release of insulin. The 
overall outcome is an enhanced reactivity of ß-cells, which are responsible for 
producing insulin in the pancreas, to both glucose and non-glucose substances 
that stimulate insulin secretion. This leads to a greater release of insulin at all 
levels of blood glucose. Sulfonylureas may also exert extra-pancreatic actions, 
including enhancing tissue responsiveness to insulin. However, the therapeutic 
significance of these effects is negligible. 

Sulfonylureas vary primarily in their efficacy and the length of time they 
remain active, which is known as their pharmacokinetics. Glipizide, glyburide 
(glibenclamide), and glimepiride are classified as second-generation 
sulfonylureas. They possess a high level of effectiveness, enabling them to be 
administered in significantly reduced quantities. 
Drugs with extended half-lives, such as chlorpropamide, glyburide, and 
glimepiride, can be administered once daily. This advantage may be offset by a 
much higher likelihood of hypoglycemia.

Sulfonylureas typically have few side effects and are generally well 
tolerated. The most prevalent adverse reaction is hypoglycemia, which occurs 
more frequently with long-acting sulfonylureas. Individuals who have been 
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recently released from a medical facility are most susceptible to experiencing 
hypoglycemia.  

Patients should be advised to be cautious in environments where hypoglycemia is 
more prone to happen. The following items are:  

� Following physical activity or a skipped meal.  
� If the medicine dosage exceeds the recommended amount.  
� By utilizing extended-release medications such as glyburide and 

chlorpropamide.  
� In those who are malnourished or engage in alcohol addiction.  
� In patients with compromised renal or cardiac function or concurrent 

gastrointestinal illness. 
� Concomitant administration of salicylates, sulfonamides, fibric acid 

derivatives (such as gemfibrozil), and warfarin.  
� Following a hospital stay.  

Occasionally, all sulfonylureas might cause additional adverse effects such 
as nausea, skin rashes, and abnormal liver function tests. Weight gain may result 
if the individual does not adhere to the prescribed diabetic diet and exercise 
regimen. Chlorpropamide has two distinct effects: it can induce a disagreeable 
flushing reaction following alcohol use, and it can lead to hyponatremia (low 
blood sodium) by largely enhancing the activity of antidiuretic hormone.  
Sulfonylureas typically reduce blood glucose levels by approximately 20 percent 
in clinical practice. These treatments are most likely to be successful in people 
who have a normal or slightly increased weight. On the other hand, insulin should 
be administered to patients who have a low body weight, are experiencing weight 
loss, or have high levels of ketones in their body while consuming enough 
calories.  

The selection of sulfonylurea is mostly determined by cost and 
accessibility, as their effectiveness is comparable. Considering the relatively 
frequent occurrence of hypoglycemia in patients who are prescribed glyburide or 
chlorpropamide, it is advisable to administer shorter-acting medications to senior 
individuals. 

Repaglinide is a newly approved medication by the Food and tablet 
Administration for the treatment of type 2 diabetes. It is a fast-acting tablet that 
helps lower glucose levels and can be used alone or in conjunction with 
metformin. Although it has a different structure than sulfonylureas, it functions in 
a similar manner by enhancing the release of insulin.  
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The therapeutic effectiveness of repaglinide is comparable to that of the 
sulfonylureas. For patients who have not previously taken oral hypoglycemic 
medications, it is advised to take a starting dose of 0.5 mg before each meal. The 
maximum dosage is 4 mg administered before to every meal. If a meal is missing, 
the dosage should be omitted. The most prevalent side effect is hypoglycemia.

Natiglinide, also known as Starlix, is a rapidly acting medication that 
reduces glucose levels. Its mechanism of action is comparable to that of 
sulfonylureas. Currently, it is in the final stages of approval by the FDA. An 
inherent benefit of this medication is that it appears to primarily target the first 
phase of insulin secretion rather than the subsequent phase of insulin release. The 
initial phase of insulin secretion is rapid, brief, and takes place shortly after 
consuming a meal. The initial stage of insulin secretion is disrupted in early 
diabetes and is frequently observed in individuals with reduced glucose tolerance 
before the development of diabetes. The standard dosage is 120 milligrams 
administered prior to meals. 

Metformin has been utilized in Europe for more than three decades and has 
been accessible in the United States since March 1995. It is only effective when 
insulin is present, but unlike sulfonylureas, it does not directly increase the 
secretion of insulin. The primary impact of this is to enhance the effectiveness of 
insulin. 

The mechanism by which metformin enhances insulin action remains 
unknown, however it is understood to have an impact on multiple tissues. An 
major consequence is the inhibition of hepatic glucose production. 

Metformin is mostly used for obese individuals with type 2 diabetes due to 
its ability to facilitate modest weight loss or at least weight maintenance. 
Conversely, insulin and sulfonylureas frequently lead to heightened hunger and 
weight rise. 

Metformin generally reduces fasting blood glucose levels by around 20 
percent, which is comparable to the effect of a sulfonylurea. 

The administration of metformin in conjunction with a sulfonylurea results 
in a greater reduction in blood glucose levels compared to the use of either 
medication individually. 

Metformin not only leads to a little amount of weight loss, but it also offers 
two significant benefits when compared to sulfonylureas. The following items 
are:
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• It has a lower probability of inducing hypoglycemia.  

• It exhibits notable lipid-lowering effects, leading to a substantial decrease in 
levels of serum triglycerides and free fatty acids, a slight decrease in serum low-
density lipoprotein (LDL) cholesterol levels, and an increase in serum high-
density lipoprotein (HDL) cholesterol levels.  

Metformin, despite its benefits, has two drawbacks: the potential for lactic 
acidosis, as explained later, and its notable gastrointestinal side effects.  
Pharmacokinetics - Metformin should be ingested alongside meals and initiated 
at a low dosage to prevent gastrointestinal side effects. The dosage can be 
gradually escalated as needed, up to a maximum of 2550 mg per day (850 mg 
three times a day).  

Metformin commonly causes gastrointestinal adverse effects, including as 
a metallic taste in the mouth, minor loss of appetite, nausea, abdominal 
discomfort, and diarrhea. Typically, these symptoms are moderate, temporary, and 
can be reversed by reducing the dosage or stopping the medication. Lactic 
acidosis, a rare issue, has the potential to be lethal in up to 50% of cases. The 
danger is significantly lower compared to another biguanide, phenformin, which 
was discontinued in the United States in the 1970s due to this problem. Lactic 
acid buildup typically arises exclusively when there are underlying predisposing 
circumstances, such as:  

• Decreased kidney function.  
• Present liver illness or alcohol dependency.  
• Cardiac insufficiency.  
• Previous occurrence of lactic acidosis.  
• Severe infection accompanied by reduced tissue blood flow.  
• States of low oxygen levels (hypoxic states)  
• Severe sudden sickness  
• Hemodynamic instability refers to a condition when there is an abnormal and 
unstable blood flow within the body.  
• Individuals who are 80 years of age or older.  

There is a possible medication interaction between metformin and 
cimetidine (Tagamet) that can cause an elevation in the levels of metformin in the 
blood. This combination may heighten the likelihood of hypoglycemia in patients 
who are concurrently using metformin along with a sulfonylurea or insulin. 
Additionally, it may elevate the risk of lactic acidosis in individuals with 
compromised renal function. The availability of cimetidine over-the-counter 
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could potentially heighten these concerns. Other H2-blockers have a lower 
probability of causing this issue. 

It is advised by the manufacturer to stop taking metformin for a period of 
48 hours after undergoing any radiologic procedure that involves the injection of 
iodinated contrast material into the bloodstream. The reason for this 
recommendation is to prevent the possibility of elevated levels of metformin in 
the blood if the patient has contrast-induced acute renal failure. 

Thiazolidinediones, such as Avandia (Rosiglitazone) and Actos 
(Pioglitazone), counteract insulin resistance by affecting muscle, fat, and to a 
lesser extent, the liver. They enhance the use of glucose and reduce its synthesis. 

The precise method via which thiazolidinediones enhance insulin action 
remains unclear, however it is possible that they achieve this by transferring fat 
from the visceral compartment to the subcutaneous compartment. Visceral fat has 
been found to be linked with insulin resistance.

Efficacy - In a comprehensive trial involving 284 patients with type 2 
diabetes who were administered Rezulin, the decrease in average fasting blood 
glucose concentration over a period of 12 weeks was noteworthy, if not 
substantial; individuals who received a placebo experienced a decrease in blood 
glucose concentration of merely 4 mg/dL. The HbA1c level in the troglitazone 
group decreased from 8.6 to 8.1 percent. 

Thiazolidinediones have been found to be efficacious when used together 
with metformin, even though they do not currently have official approval for this 
specific use. 

Rezulin, a medicine that was formerly available, has been taken off the 
market due to reports of a small number of patients experiencing serious liver 
damage. The majority of instances of hepatic injury occurred during the first 
stages of medication administration and were reversible upon discontinuation. 
However, a few fatalities have been reported. Actos and Avandia, which are newer 
medicines, have a significantly reduced occurrence of this adverse effect. 
The alpha-glucosidase inhibitors, namely acarbose (Precose) and miglitol 
(Glycet), are readily accessible in the United States. They hinder the activity of 
upper gastrointestinal enzymes responsible for converting dietary starch and other 
complex carbs into easily absorbable simple sugars. The outcome is to decelerate 
the assimilation of glucose following meals. 

Similar to individuals with type 2 diabetes, individuals with type 1 diabetes 
see a decrease in the magnitude of glucose fluctuations and HbA1c levels, and 
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may also experience a decrease in episodes of low blood sugar during the night 
when treated with alpha-glucosidase inhibitors.  

The primary adverse effects of alpha-glucosidase inhibitors are excessive 
gas production and diarrhea. Typically, these symptoms are minimal and do not 
need stopping the treatment. 

Gliclazide  
Applications of Gliclazide 

Gliclazide is prescribed to reduce blood glucose levels in individuals with 
type 2 diabetes mellitus when dietary modifications, physical activity, and weight 
loss alone are insufficient. It is utilized in conjunction with diet and exercise to 
enhance blood sugar regulation in persons diagnosed with type 2 diabetes.  

Mechanism of action of Gliclazide  

It is a pharmaceutical drug used to treat diabetes. It functions by enhancing 
the secretion of insulin from the pancreas to reduce the levels of glucose in the 
bloodstream.  
Adverse effects commonly associated with Gliclazide  

The symptoms of hypoglycemia include dizziness, headache, nausea, 
weight gain, and gastrointestinal trouble. 

Professional guidance for the use of gliclazide 

Administer it just before or concurrently with the initial primary meal of 
the day, typically breakfast. Refrain from omitting meals. 

Exercise caution when driving or using machinery until you are aware of 
the impact Gliclazide has on your abilities.  

When combined with other antidiabetic medications, alcohol, or if a meal 
is delayed or skipped, it might lead to hypoglycemia, which is a low blood sugar 
level.  
It is advisable to always have some sugary food or fruit juice on hand in case you 
encounter symptoms of hypoglycemia, such as cold sweats, pale complexion, 
trembling, and worry.  

Regular monitoring of your liver function may be conducted by your physician. 
Notify your physician promptly if you experience symptoms such as 
gastrointestinal discomfort, decreased appetite, or the discoloration of your eyes 
or skin (jaundice).  
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Glimepiride is an oral drug prescribed by doctors to treat type 2 diabetes. 
Glimepiride is classified as a sulfonylurea medication. 

Sulfonylureas function by increasing the secretion of insulin from the 
pancreas. Insulin reduces blood glucose levels by enhancing the capacity of cells 
to store glucose. 

Sulfonylureas are contraindicated for individuals with type 1 diabetes. 
Individuals diagnosed with type 1 diabetes possess a malfunctioning pancreas that 
is unable to generate an adequate amount of insulin. Insulin-releasing drugs would 
not be efficacious. 

Sulfonylureas are categorized by doctors into two distinct classes: first and 
second-generation sulfonylureas.

Initial iteration Successor iteration 

Chlorpropamide, also known as Diabinese, and glipizide, also known as 
Glucotrol.  Tolazamide is also known as Tolinase, while glyburide is also known 
as Glynase. 

Tolbutamide, also known as Orinase, and glimepiride, also known as 
Amaryl. 
The primary distinction between first- and second-generation sulfonylureas is in 
their efficacy, with the second generation exhibiting greater potency. 
Nevertheless, there is no empirical data to indicate that one generation is more 
efficacious than the other. 

Glimepiride is occasionally categorized by doctors as a third-generation 
sulfonylurea. 

Individuals may be prescribed glimepiride in combination with other 
antidiabetic drugs. These medicine combinations are typically essential for those 
who are unable to achieve their desired blood sugar levels. 

Physicians utilize the A1C test to measure an individual's mean blood 
glucose levels. It accomplishes this by quantifying the quantity of glucose that is 
bound to hemoglobin in an individual's erythrocytes.

Individuals diagnosed with diabetes typically exhibit A1C levels exceeding 
6.5% as per a reliable source. Metformin (Glucophage) is the initial therapy for 
high levels. Nevertheless, glimepiride may be prescribed by a physician for 
individuals who are unable to tolerate metformin. 
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If an individual's A1C levels remain above 7.0%Trusted Source even after 
three months of metformin treatment, the physician may opt to include 
glimepiride as an additional medication. Alternatively, they may provide an 
additional form of antidiabetic medication.  

If an individual's initial A1C level exceeds 9.0%Trusted Source, the 
physician may initiate therapy by prescribing both metformin and glimepiride. 
Alternatively, they may recommend a different mix of antidiabetic drugs. 

Physicians will prescribe routine blood tests to monitor an individual's 
blood glucose levels. Individuals may undergo these tests a maximum of four 
times annually.  

Sulfonylureas, like as glimepiride, have the ability to reduce A1C levels by 
approximately 1.5%. Types of forms and their proper completion methods  
Glimepiride is exclusively accessible in the form of oral administration. A 
physician may prescribe it at one of the subsequent dosages. 1 milligram (mg), 2 
milligrams (mg), 3 milligrams (mg), 4 milligrams (mg), 6 milligrams (mg), 8 
milligrams (mg). Glimepiride will be prescribed by doctors for once-daily use. It 
is advisable to have it during breakfast or the initial meal of the day. 

 Typically, individuals would initiate treatment with a little amount of 
glimepiride, usually around 1 mg or 2 mg, taken once day. Subsequently, a 
physician will gradually augment the dosage at intervals of either 1 or 2 weeks, 
contingent upon the individual's management of blood glucose levels. 

 Individuals who are susceptible to suffering hypoglycemia will initiate 
treatment with a daily dosage of 1 mg of glimepiride. If deemed necessary, the 
physician will incrementally escalate this dosage. These incremental increments 
should mitigate the danger of hypoglycemia.  

The highest recommended daily amount of glimepiride is 8 mg, to be taken 
once a day.  

Adverse reactions  

Glimepiride may cause headaches, nausea, and dizziness as potential 
adverse effects.  

Hypoglycemia is the most prevalent side effect associated with the use of 
glimepiride. Hypoglycemia is the medical term used to describe blood sugar 
levels that are lower than 70 milligrams per deciliter (mg/dL).  

Individuals may only manifest symptoms of hypoglycemia when their 
blood glucose levels decrease to 55 mg/dL.  
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An individual with hypoglycemia may exhibit the subsequent symptoms: 

� Perspiring
� Quivering
� Apprehension and unease
� Shivering
� Agitation
� Uncertainty
� cephalalgia
� tachycardia
� Dizziness
� Vertigo
� Malnutrition
� Feeling of sickness or discomfort in the stomach, often accompanied by the

urge to vomit.

Hypersensitivity to sulfonamide drugs

Individuals who have a sulfa allergy Trusted Source may have allergic 
responses to sulfonamide medications, such as the antibiotic sulfamethoxazole. 
If an individual has previously experienced a severe allergic response to 
sulfonamides, it may be imperative for them to abstain from using these 
medications in subsequent instances. 

Occasionally, a physician may choose to provide a sulfonylurea medication 
to an individual who has a hypersensitivity to sulfa drugs. Nevertheless, the 
physician will attentively observe the individual to detect any initial indications 
of a recurring allergic response.  In addition to sulfa allergy, certain individuals 
may also encounter other non-specific hypersensitivities to the medication. 

Interactions

Glimepiride may interact with medications that have an impact on glucose 
management. Insulin and other antidiabetic drugs synergistically interact with 
glimepiride to generate a collective hypoglycemic impact. Collectively, the 
combination of these medications can reduce blood glucose levels to a point that 
leads to hypoglycemia.  Certain medications can enhance the glucose-lowering 
impact of glimepiride, while others can diminish its effectiveness. The medicines 
listed below can reduce the effectiveness of sulfonylureas: 

� Atypical antipsychotics, such as olanzapine and clozapine.
� Thiazides and other diuretics.
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� Corticosteroids.  
� Estrogens. 
� An individual who needs to take the aforementioned medications in 

addition to glimepiride will have to regularly monitor their blood glucose 
levels.  
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UNIT: IV

TRADITIONAL MEDICINE

Plants and bioactive compounds used in traditional medicine Ayurveda, 
Siddha and Unani - tulsi, turmeric, neem, ashwagandha, amla, coriander, ginger, 
Aloe barbadensis. Nilavembukashayam preparation.

Conventional medicine 
Plants and bioactive compounds utilized in traditional medicine, 

specifically Ayurveda, Siddha, and Unani. Bioactive chemicals are non-essential 
components present in minute amounts in food, which offer health advantages 
beyond the fundamental nutritional value of the product. The Ayurvedic 
philosophy emerged and evolved in India between 2500 and 500 BC. Ayurveda, 
derived from ancient Indian traditions, is a comprehensive system of healthcare 
that centers around the understanding of human beings and their ailments. 

Positive health refers to those who are metabolically well-balanced. 
According to Ayurveda, diseases arise in the body as a result of external 
influences. The Sanskrit language contains an extensive body of literature that 
encompasses various aspects of illnesses, pharmacy, and therapeutics. 
The Ayurveda treatments practice comprised of 8 parts, with a total of 180 
chapters. It documented 314 plants that are utilized as medicinal substances in 
India. The Indian subcontinent harbors an extensive collection of medicinal plants 
that are utilized in traditional medical therapies. 

Westerners have traditionally viewed the Indian systems of medicine as a 
valuable repository of information. India has documented over 20,000 medicinal 
plants, however traditional people rely on a smaller subset of around 7,000 - 7,500 
plants for treating various ailments. 

The medicinal plants are categorized in different indigenous systems, 
including Siddha (600), Ayurveda (700), Amchi (600), Unani (700), and 
Allopathy. Additionally, the traditional healing system known as "Sowa-Rigpa" is 
widely practiced in Tibet, Mongolia, Bhutan, certain parts of China, Nepal, and 
the Himalayan region of India. Allopathy utilizes 30 plant species for treating 
ailments.

Currently, a significant portion of medications are still derived from plant 
and animal sources, as well as minerals and metals. The production of Ayurvedic 
medicines by major pharmaceutical corporations relies on plant-derived 
ingredients. The Ayurvedic method of medicine is currently extensively accepted 
and practiced not only in India but also in industrialized countries such as Europe, 
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the United States, and Japan. Medicines made from plants have traditionally been 
the primary method of maintaining health and fighting diseases. Approximately 
121 medicinal medicines have been discovered in the past century using 
information gathered from traditional healers. Chemical principles derived from 
natural sources have undergone simplification and have made a substantial 
contribution to the advancement of pharmaceuticals derived from medicinal 
plants. Scientists studying infectious diseases have long been highly interested in 
biologically active chemicals derived from natural sources. Research on the 
scientific evidence supporting the claims of plants used in the Indian Ayurvedic 
system of medicine has been intensified.  
   Thorough investigation into the chemistry and pharmacology of plant-
derived products is highly necessary, as it may ultimately result in the 
identification of medicines that can be employed for the treatment of various 
disorders. Furthermore, if these native Ayurvedic remedies undergo thorough 
scientific evaluation and are effectively distributed, our indigenous population 
can have enhanced access to effective pharmacological treatment and achieve 
better health outcomes. Excessive commercial exploitation of herbal items often 
leads to the destruction of natural resources, which is a significant concern to 
medicinal plants in India.  
 
Role of Plants in Traditional Medicine  
 
   Plants are very skilled in biochemistry and have been used in 
phytomedicine for a very long time. They provide a wide range of industrial 
chemicals that are remarkable. Ancient scholastic works such as the Atharvaveda 
and Ayurveda contained a wealth of knowledge on preventive and therapeutic 
medications. Approximately 13,000 plant species have been identified globally 
for their medicinal properties. Plant-based natural constituents can be obtained 
from various parts of a plant, such as the bark, leaves, flowers, roots, fruits, and 
seeds. These parts of the plant may include active components. The therapeutic 
properties of plant materials usually arise from the synergistic interactions of 
secondary metabolites found in the plant. The therapeutic properties of plants are 
specific to certain plant species or groupings and are in line with this concept, as 
the mix of secondary compounds in a specific plant is taxonomically unique. 
Conducting comprehensive screenings of plant species to uncover novel bioactive 
chemicals is a regular practice in numerous laboratories. Further investigation into 
medicinal plants should focus on identifying the active compounds present in 
these plants. Conducting scientific analysis of the remedies may result in the 
establishment of uniform standards and quality monitoring of the items to 
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guarantee their safety. Approval for use in primary health care is granted only 
after a thorough review. These research endeavors may potentially result in the 
creation of novel pharmaceuticals, as has been the case in previous instances. 
Sodium cromolyn and sodium cromoglycate are examples of conventional 
antiasthmatic chemicals derived from analogs of the naturally occurring 
furanochromone khelline (Visammin). By examining the chemical components 
of plants and conducting pharmacological tests, we can establish a foundation for 
creating novel medications that can save lives.

Ayurveda is the word used to describe the medicinal knowledge of the 
Indian subcontinent that existed four thousand years ago. Ayurveda continues to 
be a significant medical system and pharmacotherapy in India. Plant alkaloids 
serve as the main active components of Ayurvedic medications. Currently, 
researchers are identifying the pharmacologically active components of numerous 
Ayurvedic remedies and assessing their efficacy in medication therapy. 
• Traditional remedies utilize just a specific proportion of plant species.
Approximately 3,000 out of the identified 17,000 species are utilized in the field
of medicine, according to preliminary estimates.

Tulsi 
Tulsi, also known as Ocimum sanctum or Ocimum tenuiflorum, is its 

scientific name. The plant belongs to the Lamiaceae family and is commonly 
referred to as the "queen of plants". It possesses therapeutic effects and is referred 
to as the "primary remedy of the natural world". All components of the plant 
possess medicinal properties.  Ayurveda has utilized this substance for millennia 
due to its wide-ranging therapeutic qualities. Tulsi, known as the Queen of herbs, 
is a highly revered and esteemed medicinal herb in India. It is considered one of 
the most sacred and beneficial herbs in the orient. Tulsi, the revered basil, is 
widely acclaimed. The site is revered for its religious and spiritual significance, 
as well as its crucial role in the traditional Ayurvedic and Unani systems of holistic 
health and herbal therapy in the Eastern region. Charaka mentions it in the 
Charaka Samhita, an Ayurvedic literature. Tulsi is classified as an adaptogen, 
which means it has the ability to regulate many physiological processes in the 
body and assist in coping with stress. Characterized by its potent fragrance and 
severe flavor, it is highly esteemed in Ayurveda as a form of 'elixir of life' and is 
thought to enhance longevity. Tulsi extracts are utilized in Ayurvedic treatments 
for ailments such as common colds, headaches, gastrointestinal disorders, 
inflammation, cardiovascular illness, different types of poisoning, and malaria. 
Traditionally, the letter "O" has been used. Sanctum L. It can be consumed in 
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several ways, such as herbal tea, powdered form, or fresh leaves. Throughout 
millennia, people have combined the desiccated leaves of Tulsi with stored grains 
as a means of deterring insects. 
  
   Ocimum sanctum L. is the scientific name of the plant. Tulsi is a tall, multi-
branched sub-shrub that grows to a height of 30-60 cm. It has simple, opposite 
green or purple leaves that are highly fragrant and stems covered with hair. The 
leaves possess a petiole and are oval in shape, reaching a maximum length of 5 
cm. They typically have slight serrated margins. The flowers are arranged in 
elongated racemes and are violet in color, forming tight whorls. Tulsi is 
indigenous to tropical regions worldwide and is commonly grown as a cultivated 
plant, however it can also be found as a wild weed. The plant is cultivated for 
religious and medical reasons, as well as for its essential oil. Tulsi holds 
significant symbolism in various Hindu religious traditions, where it is associated 
with the divine feminine aspect of the Goddess. The Sanskrit term 'Tulsi' 
translates to 'the incomparable one'. A Hindu family's religious inclination is 
symbolized by the presence of a Tulsi plant.  
 
   Bioactive compounds, often known as phytochemical constituents,  
Tulsi has a highly intricate chemical composition, consisting of numerous 
nutrients and other biologically active substances. The amounts of these 
components can vary significantly between different strains and even among 
plants within the same field. Moreover, the amount of several of these components 
is greatly influenced by varying conditions during growth, harvesting, processing, 
and storage, which are not yet fully comprehended. 
  
   The nutritional and pharmacological characteristics of the entire plant in its 
natural state, as it has been traditionally utilized, arise from the combined effects 
of numerous active phytochemicals working together in synergy. Therefore, it is 
not possible to completely replicate the total effects of Tulsi using individual 
components or extracts. Due to its intricate botanical and biochemical nature, the 
standardization of Tulsi has thus far evaded modern research. The leaf volatile oil 
contains several compounds, including eugenol, euginal, urosolic acid, carvacrol, 
linalool, limatrol, caryophyllene, and methyl carvicol. The seed volatile oil 
contains fatty acids and sitosterol. The seed mucilage contains sugars, and green 
leaves contain anthocyanins. The sugars consist of xylose and polysaccharides.  
Tulsi, often known as a general tonic, enhances physical stamina without the 
presence of coffee or any other stimulating substances. Holy basil's stem and 
leaves contain a range of components, including as saponins, flavonoids, 
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triterpenoids, and tannins, that may possess biological properties. Furthermore, 
the following phenolic compounds have been identified as having antioxidant and 
anti-inflammatory properties: Rosmarinic acid ((2R)-2-[[(2E)-3-(3,4-
Dihydroxyphenyl)-1-oxo-2-propenyl]]oxy]-3-(3,4-dihydroxyphenyl) propanoic 
acid, apigenin (5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-one, 
cirsimaritin (5,4’-dihydroxy-6,7-dimethoxyflavone), isothymusin (6,7-
dimethoxy-5,8,4’-trihydroxyflavone), and isothymonin. Two hydrophilic 
flavonoids, Orientin (8-C-beta-glucopyranosyl-3’,4’,5,7-tetrahydroxyflav-2-en-
3-one) and Vicenin (6-C-beta-D-xylopyranosyl-8-C-beta-D-glucopyranosyl
apigenin), have demonstrated the ability to safeguard human blood cells from
chromosomal damage caused by radiation exposure.

Turmeric 
Turmeric, scientifically known as Curcuma longa Linn, belongs to the 

Zingiberaceae family. It is grown in tropical and subtropical locations worldwide 
and has its origins in India, Southeast Asia, and Indonesia. Turmeric powder is 
widely utilized as a coloring and flavoring component in curries and mustards. In 
India, turmeric has been traditionally employed for the purpose of preserving 
dental cleanliness. For numerous millennia, countries like India and China have 
utilized it for medical reasons, particularly in the treatment of jaundice and other 
liver conditions. Turmeric is a highly esteemed medicinal herb known for its 
diverse pharmacological effects, including antioxidant, anti-protozoal, anti-
venom, anti-microbial, anti-malarial, anti-inflammatory, anti-proliferative, anti-
angiogenic, anti-tumor, and anti-aging qualities. Additionally, it has been 
employed for the treatment of ulcers, parasite infections, diverse skin ailments, 
autoimmune illnesses, and alleviating the symptoms of colds and flus. The 
primary pharmacological effect of turmeric is mainly attributable to 
curcuminoids, which consist of curcumin (CUR) and two related compounds: 
demethoxy curcumin (DMC) and bisdemethoxycurcumin (BDMC). CUR, in 
particular, is a crystalline molecule with a vibrant orange-yellow color. 
Curcuminoids are frequently employed as both coloring agents and food 
additives. 

The World Health Organization (WHO) has established that the 
recommended daily intake of curcuminoids as a food additive should be between 
0 and 3 mg per kilogram of body weight. The Food and Drug Administration 
(FDA) in the USA has determined that curcuminoids and turmeric products are 
safe. An average individual weighing 60 kg typically consumes around 2-2.5 
grams of turmeric in their diet, which is equivalent to a daily intake of 
approximately 60-100 milligrams of curcumin (CUR). Curcuminoids possess 
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significant therapeutic potential for treating immune-related, metabolic illnesses, 
and cancer, owing to their ability to target a wide range of biological processes 
without causing notable adverse effects. The volatile oil and curcuminoids are the 
two active constituents found in the oleoresin produced from the turmeric root. 
The composition of essential oils primarily consists of sesquiterpenes, with a 
significant number of them being peculiar to the Curcuma genus. The fragrance 
of this spice primarily comes from α- and β-turmerones and aromatic turmerone 
(Ar-turmerone). Curcuminoids have chemical structures that result in low 
solubility in water at acidic and neutral pH levels, but they are soluble in 
methanol, ethanol, dimethyl sulfoxide, and acetone. The presence of 
curcuminoids in turmeric powder results in a yellow-orange color. This is caused 
by the extensive electronic delocalization inside the molecules, which leads to 
high absorption between 420 to 430 nm in an organic solvent. The curcuminoids 
consist of curcumin, which is a diferuloylmethane [1,7-bis(4-hydroxy-3-
methoxy-phenyl)-hepta-1,6-diene-3,5-dione], along with its two derivatives: 
demethoxy curcumin [4-hydroxycinnamoyl-(4-hydroxy-3-methoxycinnamoyl) 
methane] and bis-demethoxy curcumin [bis-(4-hydroxy cinnamoyl) methane]. 
These compounds have chemical formulae of C21H20O6, C20H18O5, and 
C19H16O4, respectively.  

They possess a same configuration consisting of two benzenemethoxy 
rings that are connected by an unsaturated chain. The compound possesses three 
significant functions: an aromatic methoxy phenolic group, an α,β-unsaturated β-
diketo linker, and the ability to undergo keto-enol tautomerism. All of these 
chemicals exist in the trans-trans keto-enol conformation. The aromatic groups 
confer hydrophobic properties, whereas the linker imparts flexibility. The 
hydrophobicity and polarity are also influenced by the tautomeric structures. 
Curcuminoids exhibit hydrophobic properties, resulting in low solubility in water. 
The acidity constants (pKa) for curcuminoids were measured and found to be 
pKa1 = 8.38 ± 0.04, pKa2 = 9.88 ± 0.02, and pKa3 = 10.51 ± 0.01. The 
curcuminoids content of popular Indian cultivars often falls between the range of 
52-63% for CUR, 19-27% for DMC, and 18-28% for BDMC.  

 
Neem  
   Plant-based goods, or natural products, have a significant role in preventing 
and treating diseases by increasing antioxidant activity, inhibiting bacterial 
development, and influencing genetic pathways. The medicinal potential of 
several plants in illness management is currently being extensively investigated 
due to its minimal side effects and cost-effective features. It is widely 
acknowledged that allopathic medications are costly and can have harmful effects 
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on both healthy cells and numerous biological processes. It is widely 
acknowledged that many medications with pharmacological effects are obtained 
from natural sources, such as medicinal plants. The Bible and Quran, among other 
holy texts, also endorse the use of herbs in healthcare and disease prevention. The 
Islamic worldview also acknowledges the significance of herbs in managing 
diseases, and Prophet Mohammed (PBUH) encouraged the use of numerous 
plants and fruits for treating illnesses. Neem components are utilized in Ayurveda, 
Unani, Homeopathy, and modern medicine to treat various infectious, metabolic, 
and cancerous conditions. Various forms of plant-based preparations, utilizing 
different parts of plants or their components, are widely embraced in many places 
for the purpose of managing disorders. Neem (Azadirachta indica), a plant 
belonging to the Meliaceae family, is commonly found in India, Pakistan, 
Bangladesh, and Nepal. It has therapeutic implications for disease treatment and 
formulation, since it is also used to treat numerous ailments. Azadirachta indica 
has a combination of different components such as nimbin, nimbidin, nimbolide, 
and limonoids. 

These chemicals have a function in managing diseases by influencing 
numerous genetic pathways and other activities. Quercetin and ß-sitosterol, two 
polyphenolic flavonoids, were initially extracted from fresh neem leaves. These 
compounds are recognized for their antifungal and antibacterial properties. 
Several biological and pharmacological properties have been documented, 
including antibacterial, antifungal, and anti-inflammatory effects. Prior 
researchers have established that neem possesses anti-inflammatory, antiarthritic, 
antipyretic, hypoglycemic, antigastric ulcer, antifungal, antibacterial, and 
antitumour properties. A comprehensive study has outlined the diverse medicinal 
applications of neem. This article provides an overview of the role of neem and 
its active components in preventing and treating diseases by influencing several 
biological pathways. 

Chemical constituents of Azadirachta indica L. Neem 

Azadirachta indica L. Neem plays a therapeutic role in health management 
since it is a rich source of numerous types of substances. The primary active 
compound is azadirachtin, accompanied by other constituents such as nimbolinin, 
nimbin, nimbidin, nimbidol, sodium nimbinate, gedunin, salannin, and quercetin. 
The leaves contain several compounds including nimbin, nimbanene, 6-
desacetylnimbinene, nimbandiol, nimbolide, ascorbic acid, n-hexacosanol, amino 
acid, 7-desacetyl-7-benzoylazadiradione, 7-desacetyl-7-benzoylgedunin, 17-
hydroxyazadiradione, and nimbiol [15–17]. Quercetin and ß-sitosterol, which are 
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polyphenolic flavonoids, were extracted from fresh neem leaves. These 
compounds have been found to possess antibacterial and antifungal effects [6]. 
Neem seeds include important components such as gedunin and azadirachtin.  
 
Mechanism of action of active compounds  
 
   Neem (Azadirachta indica), a plant belonging to the Meliaceae family, 
possesses medicinal properties that can be used for the prevention and treatment 
of several ailments. However, the precise molecular mechanism involved in the 
prevention of disease remains incompletely understood. Azadirachta indica is 
believed to have a therapeutic effect because it has a high concentration of 
antioxidants and other useful active chemicals, including azadirachtin, 
nimbolinin, nimbin, nimbidin, nimbidol, salannin, and quercetin.  
 
  The potential mode of action of Azadirachta indica is outlined as follows.  
The various sections of Neem plants, specifically Azadirachta indica, exhibit 
antibacterial properties by effectively inhibiting the growth of microorganisms 
and preventing the breakdown of cell walls. Azadirachtin, a compound with a 
complicated structure composed of tetranortriterpenoid limonoids, is found in 
seeds and is responsible for both deterring insects from feeding and causing 
toxicity in them. The findings indicate that the ethanol extract derived from neem 
leaves exhibited antibacterial effects against both Staphylococcus aureus and 
MRSA in laboratory conditions. The most significant inhibitory effects were 
observed at a concentration of 100%. 
  
   Neem exhibits free radical scavenging activities since it is a rich source of 
antioxidants. The antiradical scavenging activity and reductive potential of 
azadirachtin and nimbolide were seen to be concentration-dependent, with 
nimbolide exhibiting the highest activity, followed by azadirachtin, and then 
ascorbate. The neem component plays a significant function in managing cancer 
by regulating cell signaling pathways. Neem regulates the function of different 
genes that limit tumor growth (such as p53 and pTEN), the formation of new 
blood vessels (VEGF), proteins that control gene expression (such as NF-κB), and 
programmed cell death (bcl2 and bax).  Neem also acts as an anti-inflammatory 
agent by reducing the activity of proinflammatory enzymes such as 
cyclooxygenase (COX) and lipoxygenase (LOX) enzymes.  
Ashwagandha  
   The plants of the genus Withania, which belong to the Solanaceae family, 
are widely recognized for their medical importance due to their significant 



112 

therapeutic and nutraceutical potential has a wide range of medical uses and 
applications in pharmacology. W. Somnifera, also known as ashwagandha, 
suranjan, winter cherry, or Indian ginseng, is a drought-tolerant plant that thrives 
in Africa, the Mediterranean, Sri Lanka, Pakistan, and India (zones 5-9).  In 
Ayurvedic medicine, the roots and leaves of the plant were regarded as 
phytotherapeutic substances for treating numerous illnesses. Multiple clinical and 
preclinical investigations have demonstrated the plant's efficacy in treating 
hepatotoxicity, neurological diseases, anxiety, Parkinson's disease, and 
hyperlipidemia. The fruits contained significant quantities of saponins, whereas 
the leaves exhibited insect repellent qualities.

An investigation of the phytochemicals present in W was conducted. An 
analysis of somnifera demonstrated the existence of pharmacologically potent 
steroidal lactones known as withanolides. Withanine, a class of alkaloids 
extracted from the plant's roots, constitutes 38% of the overall alkaloid weight. 
The main withanolides derived from W. The active compounds found in 
somnifera in India were identified as withanolide D and withaferin A. These 
compounds have been shown to possess anticancer and cytotoxic effects (19). 
Aside from alkaloids, the plant also included steroids, saponins, phenolics, 
flavonoids, phytophenols, and glycosides. Furthermore, it is extensively 
employed in traditional medicinal preparations for its properties as an antipyretic, 
analgesic, adaptogenic, and anti-inflammatory substance. 

Literature has featured several review pieces that examine various elements 
of W. Somnifera. Nevertheless, there is still a need for a thorough evaluation to 
assess the current status of the phytochemical composition, therapeutic uses, and 
prospective nutraceutical benefits of the remarkable plant W. Somnifera. Our 
primary focus was on the clinical studies, toxicity, and pre-clinical trials of the 
versatile plant. This study aims to enhance the understanding of phytochemicals, 
their therapeutic benefits, and pharmaceutical applications among pharmacists, 
medicinal chemists, and pharmacologists, thereby addressing knowledge gaps in 
this field. The evaluation evaluated recent scientific articles on the beneficial and 
valuable uses of plant material in the fields of medicine and pharmacy. 

Phytochemistry 
The plants contain a variety of phytochemicals, including alkaloids, 

steroids, and terpenoids, which have played significant roles in both food and 
traditional medicine throughout human history. Power and Salway conducted 
phytochemical investigations of W. The extraction of withaniol, somnirol, 
somnitol, withanic acid, phytosterol, ipuranol, and alkaloids from alcoholic 
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preparations of leaves and roots led to the discovery of somnifera in 1911. The 
study stated above identified and named several alkaloids as somniferine, 
somnine, somniferinine, withamine, withanmine, pseudowithamine, and 
withanaminine. An investigation revealed that the alcoholic extract of the plant 
includes a diverse range of phytochemicals, including tropine, choline, 
pseudotropine, dl-isopelletierine, cuscohygrine, anahygrine, and anaferine. In 
addition, an alkaloid called withasomnine, which belongs to the pyrazole class, 
was isolated from the alcoholic extract of the root of plant W. Somnifera. A study 
conducted in 1980 reported the detection of various compounds, including 
tisopelletierine, 3α-tigloyloxtropine, cuscohygrine, 3-tropyltigloate, hygrine, dl-
isopelletierine, withasomnine, mesoanaferine, withanine, somniferine, 
hentriacontane, withananine, visamine, ashwagandhine, and pseudowithanine, in 
the methanolic extract of the plant leaves. In addition, the methanolic extract of 
the plant contains withaniol, reducing sugars, acylsteryl glucosides, ducitol, 
starch, hantreacotane, iron, and amino acids such as aspartic acid, proline, 
tyrosine, alanine, glycine, glutamic acid, cysteine, and tryptophan. The 
methanolic extract of the plant root yielded seven novel withanosides, namely I-
VII. The structures of these compounds were verified using Fast Atom 
Bombardment-Mass Spectrometry, 13C and 1H nuclear magnetic resonance 
(NMR), and UV-Visible spectroscopy techniques. 
 
Amla 
   Phyllanthus emblica L. Phyllanthus emblica, commonly referred to as amla 
or Indian gooseberry, is a deciduous tree that belongs to the Euphorbiaceae family. 
Amla fruits are consumable and primarily distributed in India, Southeast Asia, 
China, Iran, and Pakistan. Amla plays a significant role in traditional Indian 
medicine by reducing anxiety and burning sensations in the skin and eyes, 
improving anemia, promoting male reproductive health and fertility, aiding 
digestion, enhancing liver health, and exerting a tonic effect on the cardiovascular 
system.  
 
   The fruit of Phyllanthus emblica L. One of the most widely used botanicals, 
it has a diverse variety of applications in the fields of medicine, gastronomy, and 
cosmetics. According to ancient Indian mythology, this tree is said to be the first 
one ever created in the universe. This is an exceptional dietary supplement that 
offers numerous therapeutic advantages. Emblic fruit is rich in phenolic 
compounds, making it a valuable plant source of natural antioxidants and 
nutraceuticals, as well as therapeutic components. Consumers are attracted to 
Emblic fruit due to its distinctive flavor and delightful aroma. Amla has 
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demonstrated anti-hyperglycemic, hypoglycemic, anti-inflammatory, anti-
hyperlipidemic, and antioxidant properties in both animal and human studies. 
Amla has high levels of antioxidants, including gallic acid, ascorbic acid, and 
phenolic compounds, which contribute to the enhancement of the body's immune 
system and digestion. Therefore, this review intends to present a comprehensive 
summary of the nutritional content, phytochemistry, and prospective health 
advantages associated with consuming the naturally occurring phytochemicals 
found in amla, given the growing interest and potential of P. emblica L. 

The study of the chemical composition of Amla

Amla has a diverse range of phytochemicals that are present in several parts 
of the plant, including the fruits, leaves, and roots. The primary category of 
secondary metabolites. Various investigations have documented the presence of 
phenolic acids, flavonoids, tannins, and other phenolic compounds and their 
derivatives within this group. Phenolic acids, including 4-hydroxybenzoic acid, 
coumaric acid, gallic acid, protocatechuic acid, syringic acid, and vanillic acid, 
were found in both fresh fruit and commercial items made from the fruit. Gallic 
acid is the sole hydroxybenzoic acid documented in leaves and branches. 
Hydroxycinnamic acids, including caffeic acid and chlorogenic acid, were found 
exclusively in amla fruits. Flavonoids, specifically flavonols, flavones, 
flavanones, and flavan-3-ols, are a group of chemicals found in the amla plant. 
Flavonols are extensively found in several parts of the amla plant. Kampferol and 
its derivatives, including dihydrokaempferol, kaempferol 3-b-dglucopyranoside, 
kaempferol 3-o-rhamnoside, kaempferol-3-o-α-l-(6″-ethyl)-rhamnopyranoside, 
and kaempferol-3-o-α-l-(6″-methyl)-rhamnopyranoside, are present in fruits, 
leaves, branches, and shoots. Quercetin and its derivatives, including quercetin 3-
b-D-glucopyranoside, quercetin 3-O-glucoside, quercetin 3-O-rhamnoside, and
rutin, are found in fruits, leaves, and branches in a similar manner.

Apigenin, luteolin, and myricetin were detected in both fresh fruits and 
commercially available fruit products, indicating the presence of flavones. 
Myricetin 3-O-rhamnoside was exclusively detected in the foliage and stems of 
the amla tree. Flavanones and flavan-3-ols were exclusively found in leaves and 
branches. The flavanones that were identified include eriodictyol, naringenin, and 
their derivatives: (S)-eriodictyol 7-O-(6″-O-galloyl)-β-D-glucopyranoside, (S)-
eriodictyol 7-O-(6″-O-trans-p-coumaroyl)-β-D-glucopyranoside, naringenin 7-
O-(6″-O-galloyl)-glucoside, naringenin 7-O-(6″-O-trans-p-coumaroyl)-
glucoside, and naringenin 7-O-glucoside. The identified chemicals with relation 
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to flavan-3-ols were epicagallocatechin, epigallocatechin 3-O-gallate, and 
gallocatechin.  
 
   Tannins are a significant category of phenolic chemicals that can be found 
in amla fruits, leaves, and branches. Several investigations have identified the 
existence of ellagitannins, such as chebulinic acid, chebulagic acid, corilagin, 
emblicanin A and B, geraniin, isocorilagin, pedunculagin, phyllanemblinins A–F, 
and punigluconin. Ellagic acid and its derivatives, including decarboxyellagic 
acid and 3′-O-methylellagic acid 4-O-α-L-rhamnopyranoside, have been found in 
fruits, leaves, and branches. Hydrolysable tannins, specifically 1,2,3,4,6-penta-O-
galloyl-β-D-glucose, 1,2,3,6-tetra-O-galloyl-β-D-glucose, and 1,2,4,6-tetra-O-
galloyl-β-D-glucose, as well as phlorotannins, specifically 2-(2-methylbutyryl) 
phloroglucinol 1-O-(6″-O-β-D-apiofuranosyl)-β-D-glucopyranoside, are mostly 
found in the leaves and branches of amla. Tannic acid, which was found in amla 
fruit, is the only exception. In addition, amla fruit has also been shown to contain 
additional phenolics such as 2,4-di-tert-butylphenol and Phenol, 3,5-bis (1,1-
dimethylethyl). In addition, amla has been found to contain alkaloids, including 
phyllantine and phyllantidine.  
 
Coriander  
   Coriandrum sativum Linn. is the scientific name for the plant commonly 
known as coriander. Coriander (C. sativum) is renowned for its diverse 
applications in both cuisine and traditional medicine for various ailments. Distinct 
chemical compounds have been detected in many components of the plant, such 
as roots, leaves, fruits, and seeds, contributing to its wide range of applications. 
Some examples of such chemicals are gallic acid, thymol, and bornyl acetate. 
These compounds are anticipated to have anticancer, anti-inflammatory, and 
autonomic relaxation induction actions, respectively. Linalool, a terpene alcohol 
present in coriander, has been identified as the primary component responsible for 
the medicinal properties of coriander. It has neuroprotective, anxiolytic, 
anticonvulsant, and analgesic actions.  
 
   Each component of the plant is thought to have distinct nutritional and 
therapeutic properties, which is why it has been traditionally consumed in many 
regions. Coriander was traditionally employed in India to alleviate 
gastrointestinal pain, respiratory issues, and urinary complaints. Moreover, in 
certain regions of Pakistan, the entire coriander plant is utilized in folk medicine 
to address flatulence, dysentery, diarrhea, and vomiting. Coriander, known for its 
unique aroma and taste, is commonly used in the culinary sector as a seasoning 
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and preservative. It can be added to meals in the form of leaves or seeds, either 
crushed or whole. In addition, the powdered fruit of C. Sativum has been 
employed as a gustatory enhancer to conceal the flavor of some comestibles, 
including fish, meat, and baking concoctions.  
 
   Cardiovascular diseases (CVDs) are the leading cause of death globally, as 
stated by the World Health Organization (WHO, 2019). Cardiovascular diseases 
(CVDs) encompass a range of conditions affecting the heart and blood vessels, 
such as coronary and peripheral artery diseases, rheumatic heart disease, 
cerebrovascular disease, congenital heart disease, deep vein thrombosis, and 
pulmonary embolism. Although coriander has been found to have numerous 
health advantages in various study and review papers, its specific cardioprotective 
effects, such as its ability to prevent atherosclerosis, lower blood pressure, 
regulate heart rhythm, and reduce cholesterol levels, have not been 
comprehensively summarized. Phytochemicals found in C. Compounds found in 
sativum, such as flavonoids, phenolic acids, phytosterols, and terpenes, have 
shown promising effects on cardiovascular health. They have been found to 
inhibit angiotensin-converting enzyme (ACE), protect the heart, lower high lipid 
levels, and prevent cardiometabolic disorders. Hence, the chemical components 
found in C. The presence of sativum compounds in their respective extracts was 
examined and linked to the demonstrated biological activity. Furthermore, this 
study seeks to assess, condense, and analyze the cardiovascular impacts of 
coriander extracts in all settings of laboratory experiments, animal research, and 
human clinical trials conducted on this plant. 
  
Phytochemistry  
   Recent investigations have discovered the extraction of several alkaloids, 
essential oils, fatty acids, flavonoids, phenolics, reducing sugars, sterols, tannins, 
and terpenoids from C. sativum. Specifically, the leaves were found to contain 
high levels of folates, ascorbic acid, gallic acid, caffeic acid, ferulic acid, and 
chlorogenic acid. In addition, the analysis of the water-soluble constituents of C. 
The analysis of sativum seeds revealed the existence of 33 chemicals, including 
monoterpenoid, monoterpenoid glycosides, glucosides, and aromatic compound 
glycosides like norcarotenoid glucoside. Within the vegetative portion of the C. 
In sativum, many phenolics and flavonoids were found in notably high amounts, 
including quercetin glycosides with a range of concentrations from 405.36 to 
3296.16 mg/kg, kaempferol 3-O-rutinoside at 320.86 mg/kg, as well as ferulic 
acid glucoside and p-coumaroylquinic acid. A separate analysis of the 
polyphenolic compounds in coriander grass revealed that a 40% ethanol extract 
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contained a range of flavonoids (0.13% to 10.71%), coumarins (1.4% to 6.83%), 
and phenolcarboxylic acids (7.24% to 13.51%). Anthocyanin was identified in 
coriander leaves, and its content was observed to be affected by salicylic acid, 
nitrogen, phosphorus, potassium, and zinc fertilizers.  
 
Ginger  
   Ginger, scientifically known as Zingiber officinale Roscoe, is a member of 
the Zingiberaceae family and the Zingiber genus. It has a long history of being 
used both as a spice and as a herbal remedy. Ginger root is utilized to mitigate and 
manage various prevalent ailments, including headaches, colds, nausea, and 
emesis. A multitude of bioactive chemicals, including phenolic and terpene 
compounds, have been discovered in ginger. The primary phenolic compounds 
found in ginger are gingerols, shogaols, and paradols. These chemicals are 
responsible for the diverse range of biological actions exhibited by ginger. Ginger 
has been discovered to exhibit several biological actions in recent years, including 
antioxidant, anti-inflammatory, antibacterial, and anticancer activities. 
Furthermore, numerous studies have shown that ginger has the ability to prevent 
and treat various diseases, including neurodegenerative diseases, cardiovascular 
diseases, obesity, diabetes mellitus, chemotherapy-induced nausea and vomiting, 
and respiratory disorders. This review specifically examines the bioactive 
components and bioactivities of ginger, with a particular emphasis on 
understanding its mechanisms of action.  
 
Active constituents  

Ginger has a large amount of active chemicals, including phenolic and 
terpene compounds. The primary phenolic chemicals found in ginger are 
gingerols, shogaols, and paradols. The primary polyphenols found in fresh ginger 
are gingerols, including 6-gingerol, 8-gingerol, and 10-gingerol. Gingerols can 
undergo transformation into shogaols by processes such as heat treatment or 
prolonged storage. Shogaols can undergo hydrogenation to convert into paradols. 
Ginger contains many phenolic chemicals, including quercetin, zingerone, 
gingerenone-A, and 6-dehydrogingerdione. Furthermore, ginger contains many 
terpene compounds, including β-bisabolene, α-curcumene, zingiberene, α-
farnesene, and β-sesquiphellandrene, which are recognized as the primary 
constituents of ginger essential oils. In addition to these, ginger also contains 
polysaccharides, lipids, organic acids, and raw fibers.  
The Aloe barbadensis 

The Aloe vera plant has been renowned and utilized for ages due to its 
beneficial features in terms of health, beauty, medicine, and skincare. The name 
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Aloe vera originates from the Arabic term "Alloeh," which translates to "shining 
bitter substance," while "vera" in Latin means "true." Aloe vera was considered 
by Greek doctors 2000 years ago to be a universal remedy. The ancient Egyptians 
referred to Aloe as "the plant of immortality." In modern times, the Aloe vera plant 
has found several applications in the field of dermatology.

Historical events and past occurrences. 

Aloe vera has been utilized for therapeutic intentions in numerous 
civilizations for thousands of years, including Greece, Egypt, India, Mexico, 
Japan, and China. Notably, Egyptian princesses Nefertiti and Cleopatra 
incorporated it into their routine beautification practices. Alexander the Great and 
Christopher Columbus employed it for the purpose of healing soldiers' injuries. 
The initial mention of Aloe vera in the English language was a translation 
conducted by John Goodyew in A.D. Aloe vera has been used as a laxative in the 
United States since the early 1800s. However, its significance increased in the 
mid-1930s when it was effectively employed to treat chronic and severe radiation 
dermatitis. 

Aloe vera
Aloe vera is scientifically known as Aloe barbadensis miller. The plant 

belongs to the Asphodelaceae (Liliaceae) family and is a perennial, xerophytic 
succulent with a shrubby or arborescent growth habit. It has a pea-green color. It 
primarily thrives in arid parts of Africa, Asia, Europe, and America. It is present 
in Rajasthan, Andhra Pradesh, Gujarat, Maharashtra, and Tamil Nadu in India. 
Anatomy refers to the branch of science that deals with the structure and 
organization of living organisms, including humans.  The plant has triangular, 
succulent leaves with serrated margins, yellow tubular blooms, and fruits that 
enclose a multitude of seeds. The composition of each leaf consists of three layers: 
firstly, an inner clear gel that is primarily composed of 99% water, along with 
glucomannans, amino acids, lipids, sterols, and vitamins. The second layer of 
latex is the bitter yellow sap that contains anthraquinones and glycosides. The 
outer layer of the fruit, consisting of 15-20 cells, is known as the rind. Its main 
functions are protection and the synthesis of carbohydrates and proteins. The rind 
contains vascular bundles that facilitate the movement of chemicals like as water 
(xylem) and starch (phloem). The active components of Aloe vera include about 
75 potentially active compounds, including vitamins, enzymes, minerals, 
carbohydrates, lignin, saponins, salicylic acids, and amino acids.4–6 
1.Vitamins: It includes antioxidants such as vitamins A (beta-carotene), C, and E.
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Additionally, it includes vitamin B12, folic acid, and choline. An antioxidant 
counteracts the harmful effects of free radicals.  
 
2.The composition of enzymes in this product includes eight types: aliiase, 
alkaline phosphatase, amylase, bradykinase, carboxypeptidase, catalase, 
cellulase, lipase, and peroxidase. Topical use of bradykinase aids in the mitigation 
of excessive inflammation, while other substances facilitate the metabolism of 
carbohydrates and fats. 
  
3.The minerals present in it include calcium, chromium, copper, selenium, 
magnesium, manganese, potassium, sodium, and zinc. They play a crucial role in 
the efficient operation of many enzyme systems in various metabolic pathways, 
and some of them possess antioxidant properties.  
 
4.Sugars: It contains monosaccharides such as glucose and fructose, as well as 
polysaccharides including glucomannans and polymannose. 
Mucopolysaccharides, also known as mucilage layer derivatives, originate from 
the plant. Mannose-6-phosphate is the most notable monosaccharide, whereas the 
often found polysaccharides are referred to as glucomannans, namely beta-(1,4)-
acetylated mannan. Acemannan, a well-known kind of glucomannan, has also 
been discovered. A recent discovery involves the isolation of two compounds 
from Aloe vera gel: alprogen, a glycoprotein with antiallergic effects, and C-
glucosyl chromone, a new anti-inflammatory molecule.  
 
5.Anthraquinones: This substance contains 12 anthraquinones, which are 
phenolic chemicals that have traditionally been used as laxatives. Aloin and 
emodin possess analgesic, antibacterial, and antiviral properties.  
 
6.Fatty acids supply four plant steroids: cholesterol, campesterol, β-sisosterol, and 
lupeol. All of these substances exhibit anti-inflammatory effects, with lupeol 
further demonstrating antibacterial and analgesic qualities.  
 
7.Hormones called auxins and gibberellins have a role in wound healing and have 
anti-inflammatory properties.  
 
8.Others: It supplies 20 out of the 22 amino acids that are necessary for human 
health, including 7 out of the 8 amino acids that are essential and cannot be 
produced by the body. Additionally, it has salicylic acid, which has both anti-
inflammatory and antibacterial characteristics. When lignin, a non-reactive 
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material, is added to topical therapies, it improves the ability of the other 
components to penetrate the skin. The gel contains around 3% of saponins, which 
are soapy chemicals that possess cleaning and antibacterial effects. 

Nilavembu Kudineer (Nilavembu Kashayam)
The Polyherbal drug Nilavembu kudineer is highly efficacious in the 

prevention and management of vector-borne disorders such as viral fever, dengue, 
hemorrhagic fever, malaria, and bacterial fever. Dengue poses a significant risk 
to public health in numerous nations. Currently, dengue is considered the most 
significant viral disease transmitted by mosquitoes worldwide. Multiple studies 
have demonstrated that herbal medications are comparatively safer than synthetic 
chemical drugs. The herbal medication contains a variety of secondary 
metabolites, such as alkaloids, glycosides, flavonoids, steroids, tannins, and 
saponins. 

It has been discovered to possess antiviral, antibacterial, anti-inflammatory, 
antiulcer, and antioxidant effects for therapeutic use. The motivation behind the 
development of novel therapeutics lies in their efficacy, minimal side effects, and 
comparatively lower cost in comparison to synthetic medications. The Tamil 
Nadu government has released a public health advertisement endorsing 
Nilavembu Kudineer as a means to prevent and control the incidence of viral fever 
among the people. In addition, the government has created provisions for the 
distribution of decoction to all patients who visit Primary Health Centers and 
Government Hospitals for this reason. 

Nilavembu Kudineer is a herbal mixture commonly employed in Siddha 
Medicine to effectively treat most types of fevers. However, there are several 
limitations associated with the administration of this treatment to patients. NVK 
is provided in the form of churnam, and patients are required to prepare a hot 
decoction with water at their own homes. According to the preparation reference 
(siddha vaithiya theratu), when producing a decoction, it is necessary to boil the 
mixture until it reduces to one-fourth of its original volume. Only then should the 
concentrated decoction be consumed. 

It can be challenging for patients to consistently adhere to the prescribed 
regimen, and if not done correctly, the release of biomolecules may not reach the 
desired level, raising concerns about the effectiveness of the medicine. The NVK 
extract has a stability of 12 hours and its taste is not palatable to children and 
elderly individuals. In order to address the issue, this study was designed to create 
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a polyherbal NVK powder by enriching it with NVK churnam, decoction, and 
extract.  
Table. 1 Composition of Nilavembu Kudineer churnam 
 

Sl. No Plant botanical name Local name (Tamil) 

1 Andrographis paniculate Nilavembu 

2 Vetiveria zizanioides Vettiver 

3 Santalum album Sandanam 

4 Zingiber officinale Sukku 

5 Piper nigrum Milagu 

6 Cyperus rotundus Koraikilangu 

7 Hedyotis corymbose Parpadagam 

8 Plectranthus vettiveroides Vilamichaiver 

9 Trichosanthes cucumerina Paipudel 

 
Instructions for preparing Nilavembu Kashayam 
  
• Dissolve 10 grams of Nilavembu Kudineer Choornam in 240 ml of water and 
consume. 
 
• Heat water with Nilavembu Kudineer Choornam and allow the combination to 
simmer until it lowers to 1/4th of its original volume, which is approximately 60 
ml.  
 
• Now, strain the decoction using a sieve. • Consume according to the 
recommended dosage below.  
 
Safety Profile • Nilavembu Kudineer is generally considered safe for most 
individuals when used in the recommended dosage under expert supervision. • 
Moreover, no adverse effects have been reported with the use of Nilavembu 
Kudineer (Kashayam) when taken in the recommended dosage. Occasionally, it 
may result in moderate nausea or vomiting.  
 
The safety of Nilavembu Kudineer for pregnant women and breastfeeding 
mothers has not been thoroughly verified. Prior to utilizing Nilavembu Kashayam 
during pregnancy and lactation, it is advisable to seek guidance from an ayurvedic 
or Siddha physician.  



122 

Contraindications 
• The presence of some components, particularly Nilavembu, in this Kudineer
may have an inhibitory effect on blood coagulation. Consequently, individuals
with bleeding issues should refrain from consuming it.

Animal studies on Andrographis Paniculata, the primary component of this 
Kashayam, indicate that it may have an impact on fertility. However, these effects 
have not been demonstrated in humans. However, individuals who are 
considering having a kid should refrain from doing so. 

Treatment Dosages for Medical Conditions 

Various diseases require specific amounts to effectively treat their severity. 
Here is the essential information you need to be aware of.  For Chikungunya, it is 
recommended to consume 40ml of Nilavembu Kashayam twice daily, before 
meals. 

• To treat Dengue, take 30ml of Nilavembu Kashayam combined with 10ml of
papaya juice twice day.

Adverse Effects of Nilavembu Kashayam

When this plant is used in the correct proportion, it does not induce any 
adverse effects. Nilavembu has numerous benefits and is highly helpful in 
restoring the imbalanced levels of Sama Pitta doshas and Kapha doshas in the 
body. Excessive consumption of nilavembu can result in infertility in both men 
and women. In addition, it can induce anorexia, gastrointestinal discomfort, and 
vomiting. Pregnant women, breastfeeding moms, and those with hypotension, 
duodenal ulcer, bleeding condition, hyperacidity, and esophageal reflux illness are 
strongly prohibited from using this product. Prior to commencing herb 
consumption, it is imperative to seek guidance from an ayurvedic physician, 
particularly if you have any preexisting health conditions. 
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UNIT: V

PHYTOCHEMICALS
Bioactive components of plant origin: flavonoids, alkaloids, terpenoids, 

glycosides, saponins, Medicinal plants for the treatment of Diabetes mellitus and 
Cancer. Chemotherapy - Cytotoxic drug. Biological analysis of active compounds 
using HPLC, GC- MS (Basic principles only).

Introduction
Food provides a variety of nutrients that are necessary for survival, as well as 
several molecules or components that have bioactive qualities that contribute to 
improving health and protecting against diseases. Healthy diet guidelines 
advocate for consuming substantial amounts of plant-based foods, such as a 
minimum of 400 g of fruits and vegetables each day. Plants possess minerals that 
are essential elements of a nutritious human diet, as well as other primary and 
secondary metabolites that impact nutrition and human well-being. Secondary 
metabolites are non-essential for the overall growth or operation of plants, but 
they possess biological activity that renders them highly valuable as components 
for creating ancient and contemporary medications. Fruits and vegetables include 
high levels of micronutrients, such as magnesium, calcium, and potassium, as well 
as bioactive compounds, including non-nutrients, including phytochemicals such
as polyphenols, dietary fiber, carotenoids, and vitamins. 

Research has confirmed the existence of about 5000 distinct phytochemical 
compounds in grains, vegetables, and fruits, while a significant number of 
compounds still remain unexplained. The highly beneficial characteristics of 
whole grains, vegetables, and fruits are linked to bioactive non-nutritional 
chemical components referred to as phytochemicals. There is a suggestion that 
entire foods may include a range of 5000-25,000 distinct phytochemicals that 
could potentially have bioactive qualities. Cereals and pulses are essential sources 
of dietary fiber, minerals, proteins, calories, vitamins, and antioxidants, all of 
which are scientifically proven to be important components of functional food. 
Plant sources contain a diverse range of secondary metabolites, such as 
glycoalkaloids, antioxidant components, and vitamins. These compounds have 
been scientifically proven to offer numerous health benefits to humans. They 
possess antioxidative, anti-inflammatory, and cardioprotective properties, as well 
as the ability to prevent obesity and regulate diabetes. Fruit refers to the succulent 
portion of plants that possesses a sweet or tart taste and is consumable in its 
uncooked form. This food source contains abundant carbohydrates, vitamins, and 
bioactive components like phenols and fiber. These components have been found 
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to possess biological activity, which is associated with their capacity to slow down 
the advancement of specific degenerative diseases.

Plant-derived natural antioxidants mostly consist of polyphenols, including 
stilbenes, anthocyanins, flavonoids, lignans, and phenolic acids. They also 
include carotenoids (carotenes and xanthophylls), as well as vitamins C and E. 
The natural antioxidants, specifically carotenoids and polyphenols, have diverse 
biological characteristics including anti-aging, anti-inflammatory, anti-viral, anti-
microbial, and anti-cancer activities. In recent times, there has been a growing 
significance placed on proteins or peptides derived from food, mostly because of 
their bioactive qualities. These properties have been found to be closely linked to 
the specific sequences of amino acids present in these proteins or peptides. 

Bioactive peptides are characterized as particular sequences of amino acids 
that demonstrate beneficial biological activity or have a positive impact on human 
health and bodily functioning, irrespective of their nutritional significance. 
According to reports, plant proteins contain bioactive peptides (BAPs) in the form 
of inactive amino acid sequences when they are found inside the original protein. 
Nevertheless, BAPs can be easily liberated through many mechanisms such as 
fermentation, proteolysis catalyzed by enzymes in the human gastrointestinal 
system, in vitro procedures, and food preparation. Bioactive peptides (BAPs) have 
been documented in legumes, showing potential for the prevention of chronic 
illnesses. However, there is a scarcity of research papers investigating BAPs in 
cereals. This review specifically examines the bioactive constituents found in 
plant-based foods, including fruits, vegetables, cereals, and grains, and their 
possible impact on human health advantages. 

Phytochemicals 
Secondary metabolites, which are bioactive components produced from 

plant metabolism, are widely recognized for their medicinal potential, particularly 
their antioxidative capabilities. Phenolics and carotenoids are recognized as the 
primary bioactive or phytochemical compounds that contribute to the 
improvement of human health. Carotenoids, lipophilic chemicals, are abundant in 
orange- and yellow-colored fruits and vegetables. These chemicals have 
significant utility in the food industry, particularly as pigments and dietary agents 
that promote health. For instance, there is data suggesting that zeaxanthin, Lutein, 
and β-cryptoxanthin have the ability to reduce the occurrence of age-related 
macular degeneration, safeguard against sunburn-related illnesses, lower the risk 
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of cardiovascular disorders, and prevent cataracts. Moreover, carotenoids have 
garnered significant attention due to their well-established potent antioxidative 
properties, which can effectively mitigate the likelihood of specific chronic 
ailments. 
Polyphenols are organic compounds with antioxidant properties mostly obtained 
from medical plants and other dietary sources such as vegetables, fruits, cereals, 
medicinal herbs, drinks, spices, and mushrooms. Phenolic acids, flavonoids, and 
anthocyanins are examples of polyphenols. Carotenoids and polyphenols, which 
are natural antioxidants, have been found to have several biological qualities, 
including anti-cancer, anti-aging, and anti-inflammatory effects.  

Fruits contain significant amounts of hydroxycinnamic acids (HCAs), 
ranging from 0.5 to 2 grams per kilogram of fresh weight in apples, kiwis, 
cherries, plums, blueberries, and other fruits. Caffeic acid is a highly abundant 
phenolic acid, constituting approximately 75%–100% of the total 
hydroxycinnamic acids (HCAs) in certain fruits. Nevertheless, ferulic acid 
predominates among phenolic acids in cereal grains, constituting around 90% of 
the overall polyphenol content in wheat grain. Anthocyanins have been 
extensively employed as pigments due to their vibrant colors, but they also 
possess potential in modulating neurological disorders, cancer, cardiovascular 
diseases, inflammation, diabetes, and various other human ailments. The health 
benefits of anthocyanins mostly stem from their high antioxidant activities. 
Tannins and flavonoids, including epicatechin, catechin, and gallocatechin, are 
present in the pulp and soluble cell wall components of fruit. Previous research 
has established that salicylic, p-coumaric, ferulic, p-hydroxybenzoic, vanillic, 
gentisic, sinapic, syringic, and gallic acids are the primary phenolic compounds 
found in bananas. Additionally, nitrogen-containing biogenic amines are 
produced through the decarboxylation of amino acids or the amination of 
aldehydes and ketones. Biogenic amines, such as norepinephrine, serotonin, and 
dopamine, have been found in both the pulp and peel of bananas. 

  
It is advisable to consume vegetables and fruits since they contain abundant 
natural antioxidants, such as vitamin E (tocopherols) and vitamin C (ascorbic 
acid). Antioxidants possess several health-enhancing qualities, such as regulating 
immunological function, lowering DNA damage, and improving lipid 
peroxidation. Vitamin C is present in two forms: ascorbic acid and 
dehydroascorbic acid. Among these, ascorbic acid is the most abundant type in 
plants. Phenolic acids, stilbenes, flavonoids, and lignans are plentiful polyphenols 
found in both medicinal and culinary plants. Phenolic acids consist of cinnamic 
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acid derivatives, such as ferulic, p-coumaric, and caffeic acid, as well as benzoic 
acid derivatives, such as hydroxybenzoic acids (HCA) and gallic acid. 
Hydroxycinnamic acids are present at lower amounts compared to heterocyclic 
amines in edible plants. Red wine and tea are the most abundant sources of dietary 
catechins. Catechins are commonly found either as aglycones or as esterified with 
gallic acid. Luteolin and apigenin are the primary flavones, with celery and red 
pepper being the main dietary sources of these compounds. Anthocyanins, 
specifically delphinidin, pelargonidin, and cyanidin, are responsible for the violet, 
red, or blue pigmentation found in edible plants such as berries, plums, and 
eggplants. Daidzein and genistein are isoflavonoids mostly present in legumes. 
Soybean and soy-derived products are the most abundant dietary sources of these 
chemicals. 

Quercetin is a flavonol-type flavonoid that is commonly present in various foods, 
including apples, onions, and tea. Naringenin, a naturally occurring flavanone, is 
mostly present in grapes and citrus fruits. It has shown promise in preserving 
insulin signaling in the brain and regulating cognitive functioning. 
Proanthocyanidins, also known as condensed tannins, are regarded as the final 
constituent of the flavonoid category. Catechin (flavan-3-ol) oligomers or 
polymers are connected by interflavan linkages. They can be found in several 
plant-based meals and drinks, including red wine, grains, and fruits. Another form 
of bioactive produced from plants is organosulfur compounds (OSCs). Allium, a 
type of onion, is abundant in OSCs (organosulfur compounds). These 
biofunctional components contribute to the prevention of various chronic 
ailments, including diabetes, obesity, cardiovascular diseases, and metabolic 
disorders, when Allium is consumed regularly. Recent data has indicated that the 
primary thiosulfinate component found in onions is isoalliin, which is classified 
as an organosulfur compound. Isoalliin, along with other precursor chemicals like 
S-methylcysteine sulfoxide (methiin), serves as a precursor for many compounds
that contribute to sensory perception and promote health. Prior research has
indicated that consuming orange juice (OJ) on a daily basis can decrease
inflammatory responses and oxidative stress. OJ flavanones, specifically
naringenin-7-rutinoside and hesperetin-7-O-rutinoside, have been found to
possess various advantageous qualities for human health, including the
enhancement of lipid profile. Garlic, a member of the Allium genus, is widely
recognized as a medicinal plant with global usage. Prior research has
substantiated the health-enhancing characteristics of these substances, including
their anti-cancer and anti-diabetes effects.
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The purported health advantages are attributed to the presence of bioactive 
chemicals, specifically organosulphur components and phenolic compounds. 
Virgin olive oil (VOO) is a prominent component of the Mediterranean diet, 
renowned for its nutritional worth and sensory characteristics. The health 
advantages of VOO mostly arise from its phenolic constituents, such as 
hydroxytyrosol, tyrosol, flavonoids, vanillic acid, and p-coumaric acid.  
Plant peptides or protein fragments typically have a molecular weight of less than 
10 kilodaltons (kDa). These peptides occur naturally or are produced from their 
original/parent proteins through enzymatic proteolysis. Various food sources 
include bioactive peptides that can be ingested to positively impact physiological 
systems, hence promoting human health. 

  
Potential Health Benefits of Bioactive Components 

 
  Phenolic components are recognized for their role as primary antioxidants 
or agents that suppress free radicals. This is due to their ability to donate hydrogen 
atoms or electrons. Antioxidant compounds obtained from fruits and vegetables 
have the ability to reduce the risk of heart illnesses, arthritis, neurological 
diseases, cancer, arteriosclerosis, and control brain malfunction. Various 
bioactive peptides derived from rice, barley, oat, wheat, and other cereals have 
been discovered to possess antihypertensive properties. Protease-assisted 
hydrolysis of dietary proteins can release peptide sequences that possess lipid and 
cholesterol-lowering effects. Allium vegetables, including leek, garlic, and onion, 
have been found to provide protection against cardiovascular illnesses, diabetes, 
and various other metabolic problems. Moreover, its consumption is associated 
with the decrease in various forms of malignancies.  
The literature provides evidence that bioactive compounds derived from plants 
possess biological properties including anti-cancer and antidiabetic activity, the 
improvement of cardiovascular health, the maintenance of oxidoreductive 
balance and brain health, the enhancement of blood lipid profile, and the 
regulation of gut health.  

Therapeutic Botanicals for Diabetes Mellitus 

Introduction  
   Medicinal plants have a substantial impact on the management of diabetes 
mellitus, a severe metabolic condition. Traditional plants are documented to 
possess notable anti-diabetic benefits without any adverse effects. These sources 
contain abundant amounts of anti-diabetic chemicals, including flavonoids, 
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alkaloids, phenolic compounds, and tannins. These compounds enhance the 
function of pancreatic tissues by either boosting the release of insulin or reducing 
the absorption of glucose in the intestines. According to literature, there are over 
410 scientifically validated medicinal plants that have been shown to have anti-
diabetic activities. However, the whole mechanism of action has only been 
examined for 109 of these plants. Various extracts from medicinal plants have 
been demonstrated to regulate metabolic pathways, including glycolysis, 
gluconeogenesis, the Krebs cycle, glycogen synthesis and degradation, insulin 
synthesis and release, cholesterol synthesis, and carbohydrate metabolism and 
absorption. Diabetes mellitus (DM) is a persistent hormonal condition defined by 
elevated levels of glucose in the blood, which can disrupt the metabolism of 
carbohydrates, proteins, and fats. The condition is caused by a deficiency in the 
synthesis of insulin by the β-Langerhans islet cells in the pancreas or by impaired 
insulin uptake in the peripheral organs. The postprandial elevation of blood 
glucose stimulates the secretion of insulin hormone by the pancreas. Insulin 
promotes hepatic glucose metabolism and facilitates glucose uptake by 
adipocytes and myocytes, leading to a normalization of blood glucose levels. In 
individuals with diabetes, the pancreas fails to produce insulin or produces 
insufficient amounts, resulting in elevated blood sugar levels. India is home to 
around 61 million individuals with diabetes, earning it the title of the "diabetes 
capital."  

India continues to face significant challenges in effectively treating 
diabetes and its accompanying complications. These challenges originate from 
concerns such as an insufficient healthcare system and a lack of competent 
facilities. Herbal formulations are preferred over synthetic medications for 
mitigating the adverse effects of diabetes and its subsequent problems because 
they have fewer side effects and are more cost-effective. The purpose of this 
review is to provide a concise overview of significant Indian medicinal plants that 
possess anti-diabetic properties, drawing from the electronic literature data 
accessible online. Phytotherapeutic herbs exhibiting anti-diabetic properties  
Aegle marmelos, sometimes known as Wood apple, is a plant species 
scientifically named as Aegle marmelos (L.) Corrêa.  

   Aegle marmelos (L.) Corrêa (Rutaceae), sometimes referred to as Bael or 
wood apple, is a significant indigenous medicinal tree found in Northern India. 
The fruits of this tree are regularly employed in folk medicine for the treatment 
of dysentery, peptic ulcers, chronic diarrhea, and as a laxative. The Tripuri tribe 
in North East India often consumes the juice of this fruit on an empty stomach to 
alleviate digestive issues. Leaf paste is utilized as a remedy for severe fever 
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associated with malaria. The tribes of Theni district, Tamil Nadu, India, ingest a 
fresh leaf decoction twice a day to alleviate cough, eye issues, breast discomfort, 
and as a body cooling. The aqueous extract of A. is administered orally. 
Administering marmelos fruit to streptozotocin-induced diabetic Wistar rats at a 
dosage of 250 mg/kg body weight, twice a day for 4 weeks, led to a noteworthy 
decrease in blood sugar levels. This dosage demonstrated superior efficacy 
compared to the usual medication glibenclamide. Kamalakkannan and Prince 
(2005) conducted a study that found that the aqueous fruit extract had a protective 
effect on the pancreas. It was able to partially reverse the damage caused by 
streptozotocin to the pancreatic islets. The methanolic extract of the powdered 
callus of A. was obtained. The leaf extract of marmelos has been discovered to 
possess similar anti-diabetic properties. Consistent application of the watery seed 
extract of A. Administering marmelos at a dose of 250 mg/kg for a duration of 14 
days led to a significant decrease in blood glucose levels and the stabilization of 
lipid profile in both normal and severely diabetic rats.  

   The glucose tolerance was seen to be improved in the sub-diabetic and mild 
diabetic rats. The A. extract was administered at a dose of 150 mg/kg for a 
duration of 30 days. Marmelos regulates the antioxidant level in diabetic rats, 
effectively protecting against damage caused by reactive oxygen species in 
streptozotocin-induced diabetic rats. Administration of an aqueous solution 
containing extracts from the fruit and leaves of A. Administration of marmelos at 
a dosage of 450 mg/kg for a duration of 21 days led to a notable reduction in blood 
glucose and insulin levels in neonatal type 2 diabetes model rats. Additionally, it 
improved insulin sensitivity in these rats. A chemical called (3,3-dimethylallyl) 
halfordinol was extracted from the leaves of plant A. Marmelos demonstrated 
anti-diabetogenic and lipolytic properties, along with reduced insulin resistance, 
in the mice models that were treated. Limonene is a terpene that has been isolated 
from the chloroform extract of A. Marmelos exhibited strong anti-glycative 
effects at a dose 20 times lower than the routinely employed inhibitor 
aminoguanidine.  

  The methanolic extract derived from the bark of A. The hypoglycemic 
action of marmelos can be ascribed to the presence of antihyperglycemic 
components, specifically aegelin and lupeol. The study additionally showcased 
the regeneration properties of the bark extract on the pancreatic beta cells in rats 
with diabetes. The fruit extract of A. dissolved in water. Marmelos has 
demonstrated the ability to restore the function of pancreatic beta cells and 
enhance insulin sensitivity by upregulating the expression of peroxisome 
proliferator-activated receptor-γ (PPARγ). Several phenylethyl cinnamides, 
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including two new α-glucosidase inhibitors called anhydromarmeline and 
aegelinosides, have been extracted from the leaves of A. Anhydroaegeline, found 
in marmelos, had significant inhibitory effect against α-glucosidase. 

Coriandrum sativum L. is the scientific name for the plant commonly known as 
coriander. 

Coriandrum sativum L., belonging to the Apiaceae family, is a widely 
utilized dietary ingredient that has both therapeutic and nutritional benefits (Laribi 
et al. 2015). The ethanolic stem and leaves extract of coriander was administered 
to alloxan-induced diabetic Wistar rats at a dosage of 200 mg/kg/b.w. Produced 
hepatoprotective, hypoglycemic, and hypolipidemic effects, along with enhanced 
antioxidant capacity. Administering an aqueous extract of coriander seeds to 
Meriones shawi rats fed a hyper-caloric diet for a prolonged period resulted in the 
restoration of normal blood glucose levels, improved insulin resistance, and 
reduced levels of total cholesterol and triglycerides. Administering a 200 mg/kg 
body weight dose of ethanol extract of coriander seeds to streptozotocin-induced 
diabetic rats led to a reduction in blood glucose levels and an enhancement in the 
ability of beta cells in pancreatic islets to release insulin. 

Ginger (Zingiber officinale Roscoe) 

Zingiber officinale Roscoe, also known as ginger, is a member of the 
Zingiberaceae family and is recognized as a significant spice with numerous 
health advantages. Ginger rhizomes have historically been employed for the 
traditional management of hypertension, diabetes, arthritis, sprains, muscle pain, 
sore throats, fever, cramps, gingivitis, toothache, asthma, and infectious disorders. 
Studies have shown that consuming ginger as part of one's diet can have beneficial 
effects on blood sugar levels, diabetes, oxidative stress, cholesterol levels, and 
lipid levels. Administering a daily dose of 3 grams of powdered ginger to 
individuals with type 2 diabetes for a period of 3 months led to enhanced glycemic 
index and antioxidant levels. In a comparable trial involving individuals with type 
2 diabetes, the administration of oral ginger supplementation at a dosage of 2 
grams per day resulted in a reduction in insulin levels. However, there were no 
notable alterations noted in the levels of fasting plasma glucose and glycated 
hemoglobin. The hydroalcoholic extract of ginger has been discovered to 
effectively decrease heart structural defects in diabetic rats produced by STZ. This 
extract also improves the levels of serum leptin, apoproteins, cathepsin G, and 
homocysteine. Diabetic mice were treated with gingerol, which is an active 
compound found in Z. The dosage of officinale is 200 milligrams per kilogram of 
body weight. Increased the production of insulin and improved the absorption of 
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glucose in skeletal muscles by presenting GLUT4 transporters on the cell surface 
and enhancing the activity of glycogen synthase 1. Administering ginger extract 
orally at a dose of 500 mg/kg/b.w. to diabetic rats improved the absorption of 
glucose in the peripheral tissues. It also repaired the defective glycolytic process 
in the kidneys and liver by restricting the synthesis of glucose through 
gluconeogenesis. 

  
Syzygium cumini 

Syzygium cumini (L.) Skeels, sometimes referred to as Jamun in India, is 
a member of the Myrtaceae family and is found extensively in the Indian sub-
continent, eastern Africa, and Southeast Asian countries. The indigenous 
populations of Sikkim and Darjeeling Himalaya, India, are ingesting a concoction 
made from the bark of plants to treat diabetes mellitus. The bark of S. can be 
administered orally in the form of ethanolic and aqueous extracts. The 
administration of cumini at a dosage of 500 mg/kg for a duration of 21 days 
resulted in notable reductions in blood glucose levels in diabetic Wistar rats. The 
hydroalcoholic leaf extract of S. is in its crude form. Cumini has demonstrated 
hypolipidemic and hypoglycemic qualities, which serve as a protective 
mechanism against DNA damage and damage resulting from oxidative stress. The 
presence of phenolic and myricetin compounds in the leaf is responsible for these 
qualities. Vitalboside A is an insulin sensitizer that has been extracted from the 
methanolic seed extract of S. Cumini has been demonstrated to enhance glucose 
transport by activating PI3K/Akt through IRb and inhibiting PTP1B through 
allosteric mechanisms in 3T3-L1 adipocytes and L6 myotubes.  

   Administration of a solution derived from S. The study conducted by 
Sharma et al. in 2017 found that cumini seeds had notable impacts on insulin 
sensitivity, antioxidant activity, lipid regulation, inflammation reduction, and 
protection of β-cells in rats with type 2 diabetes caused by a high-fat diet and 
streptozotocin. These effects were attributed to the increased activity of PPARα 
and PPARγ.  

   The administration of ethyl acetate fractions orally had a substantial effect 
on various factors including serum glucose level, glucose tolerance, lipid profile, 
muscle and hepatic glycogen contents, as well as hepatic hexokinase and glucose-
6-phosphatase activities. The treated diabetic rats exhibited an augmentation in 
the volume and size of the pancreatic islets. The extract derived from the seeds of 
S. is abundant in flavonoids. Cumini demonstrated an augmentation in the 
secretion of insulin from the pancreatic islets, while also exhibiting a reduction in 
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the levels of triglycerides and LDL in diabetic rats who received treatment. These 
activities occur due to the simultaneous increase in the expression of both 
peroxisome proliferators-activated receptors (PPARa and PPARc). The seeds of 
S were treated with an ethanolic extract. Cumini exerted a notable hypoglycemic 
effect and led to an elevation in body weight in diabetic rats produced by alloxan. 
The seed extract of S. dissolved in water. The administration of cumini at a dosage 
of 100 mg/kg for a duration of 21 days has a regulatory impact on the elevated 
blood sugar levels and the inflammatory state commonly seen in diabetes 
mellitus. Additionally, it provides a safeguard against the pathological symptoms
caused by the initial phases of diabetes mellitus. 

The seeds of S contain inorganic elements such as chromium, potassium, 
sodium, and vanadium. Cumini have also been investigated for their ability to 
lower blood sugar levels and reduce cholesterol levels. Administration of S. 
through the mouth. The hypoglycemic efficacy of cumini kernel extract was 
superior to that of the entire seed extract in diabetic rats. Silver nanoparticles were 
generated by biosynthesis using seeds of S. The antioxidant properties of cumini 
were superior to those of the seed extract. 

Murraya koenigii (L.) Spreng. 

Murraya koenigii (L.) Spreng., a plant belonging to the Rutaceae family, is 
generally referred to as curry leaf. It is a significant medicinal herb that is 
indigenous to India and displays a wide range of biological activities. The tribes 
of Theni district, Tamil Nadu, India, utilize a mixture of leaf decoction and rice
flour as a remedy for dyspepsia and eye ailments. Koenidine is a chemically stable 
carbazole alkaloid that is obtained from the leaves of M. Koenigii exhibited a 
significant decrease in the blood glucose level after a meal and enhanced insulin 
sensitivity in diabetic rats caused by streptozotocin. The ethanolic leaf extract of 
M was administered. Koenigii improved the insulin sensitivity and glucose 
tolerance in mice that were made insulin-resistant by dexamethasone. The 
stimulatory impact of M enhanced both glucose absorption and GLUT-4
translocation. Koenigii stimulates the phosphorylation of AKT through insulin. 
The leaves of M. were administered orally in the form of an ethanolic extract. 
Koenigii exhibited a substantial reduction in blood sugar levels in rats with 
diabetes and also had protective benefits against the onset of diabetic neuropathy. 
The aqueous extract of M. leaves was administered. The administration of 
koenigii at doses of 200 and 400 mg/kg for a duration of 30 days significantly 
improved the antioxidant status and renal function in diabetic rats. Additionally, 
it demonstrated potent hypolipidemic and hypoglycemic effects. 
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The leaf extract of M. dissolved in water. Koenigii exhibited superior anti-
hyperglycemic effects compared to the methanolic extract in mice with alloxan-
induced diabetes. Both extracts have the ability to control inflammatory 
cytokines, reduce oxidative stress, and protect the pancreatic islets from damage 
in diabetic mice. The hypoglycemic characteristic of the M. is being referred to. 
The primary mechanism of action of koenigii aqueous extract is its capacity to 
enhance the activity of PON1, an antioxidant enzyme known as paraoxonase 1, 
which in turn leads to a reduction in hyperlipidemia. The excerpt of M. Koenigii 
has been researched for its ability to provide cytoprotective effects on the 
development of pancreatic beta cells. The extract's impact on insulin secretion 
and islet protection was observed to endure long after treatment was stopped in 
diabetic mice.  

   The ethanolic extract of M. is administered orally. Administering koenigii 
at a dosage of 150 mg/kg body weight to male albino rats for a duration of 30 
days led to elevated levels of insulin, C-peptide, hemoglobin, and protein. At the 
same time, there was a drop in the levels of glycosylated hemoglobin and blood 
glucose. M. leaves contain inorganic trace metals including zinc, copper, 
chromium, vanadium, nickel, iron, sodium, and potassium. Koenigii may 
contribute to the enhancement of managing poor glucose tolerance and play an 
indirect function in the management of diabetes mellitus.  

 
Gymnema sylvestre 

   Gymnema sylvestre, a member of the Apocynaceae family, is a significant 
medicinal plant that possesses several pharmacological activities, including 
antidiabetic, anticarcinogenic, and neuroprotective benefits. Tribals in the 
southern Western Ghats of Tamil Nadu, India, use the dried and powdered leaves 
of this plant orally with milk to alleviate the symptoms of diabetes mellitus. G. 
Sylvestre, commonly referred to as gurmar, possesses the ability to eliminate 
sweetness due to its phytoconstituents, including gymnemic acids, triterpenes, 
gymnema saponins, and gurmarin. The primary components of this plant are 
gymnemic acid, gurmarin, tartaric acid, stigmasterol, betaine, glucose, calcium 
oxalate, and choline. These components are responsible for the plant's anti-
obesity, anti-inflammatory, and anti-diabetic activities. Sylvestre. The potential 
mechanism for its hypoglycemic effects can be ascribed to its capacity to repair 
islet cells and hinder glucose absorption from the gut. Additionally, it functions 
by enhancing glucose utilization in the body and raising the activity of enzymes, 
including phosphorylase enzymes, which play a crucial role in glucose utilization. 
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According to literature accounts, the leaves of G. are mentioned. Sylvestre 
induces pancreatic stimulation, resulting in an augmented secretion of insulin. 

Phyllanthus emblica 

Phyllanthus emblica L. Amla, also known as Emblica officinalis Gaertn., 
is a significant medicinal plant in Ayurvedic medicine. It belongs to the 
Euphorbiaceae family. The primary biological effects of this plant are due to its 
abundant polyphenol content, primarily consisting of tannins and flavonoids. E. 
Phyllanthus emblica, commonly known as officinalis, possesses anti-
inflammatory, anti-cancer, immunomodulatory, and anti-hyperglycemic 
characteristics. Additionally, it is recognized for its ability to regulate glucose 
levels and enhance glucose metabolism. Additionally, it facilitates the process of 
boosting the release of insulin by the pancreas and the regeneration of beta cells. 
Administration of a solution made from the extract of E. The study conducted by 
Ansari et al. in 2014 found that administering officinalis (P. emblica) to type 2 
diabetic rats at a dosage of 1.25 g/10 mL/kg body weight for 8 weeks resulted in 
a substantial decrease in fasting blood glucose levels and increased oral glucose 
tolerance. A study conducted by Akhtar et al. (2011) examined the effects of E 
treatment on diabetic subjects. The administration of 3 g/day of officinalis (P. 
emblica) powder resulted in a notable reduction in total lipids, along with an 
improvement in HDL cholesterol and a decrease in LDL cholesterol levels. 
Administration of E. The recommended dosage for officinalis (P. emblica) fruit 
juice is 1 mL per kilogram of body weight. Administering the drug orally to 
Wistar rats with type 1 diabetes for a period of 8 weeks led to improvements in 
hyperglycemia, oxidative stress, and hyperlipidemia. Additionally, it enhanced 
the antioxidant defense mechanisms in the heart, resulting in improved 
myocardial function in Wistar rats with diabetes caused by STZ (Patel and Goyal 
2011). The polyphenol-rich ethyl acetate extract fraction of E. can be 
administered orally. Administering officinalis (P. emblica) to streptozotocin-
induced diabetic rats at a dosage of 10 or 20 mg/kg of body weight per day 
resulted in significant reduction of glycosylated end products and an increase in 
body weight. 

Cinnamomum verum J. 

Cinnamomum verum J. is the scientific name for true cinnamon. Presl, a 
member of the Lauraceae family, is a widely used spice globally. Cinnamon 
contains essential oils and active compounds such cinnamic acid, 
cinnamaldehyde, and cinnamate, which are linked to various health advantages. 
Cinnamon possesses a diverse array of medicinal properties, including 
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antioxidant, anti-inflammatory, anti-cancer, anti-diabetic, and anti-microbial 
actions. It is also recognized for its potential in combating neurological illnesses 
(Rao and Gan 2014). A variety of polyphenols have been extracted from 
cinnamon, including rutin (90.06%), catechin (1.90%), quercetin (0.17%), 
kaempferol (0.02%), and isorhamnetin (0.10%). A comparison study revealed 
that cinnamon had a significantly greater insulin potentiating impact compared to 
numerous other spices, with a 20-fold increase. Multiple literature reviews 
indicate that cinnamon possesses properties that can decrease blood glucose levels 
and cholesterol. Studies have shown that cinnamon can cause GLUT4 
translocation through the AMPK signaling pathway in 3T3-L1 adipocytes and 
C2C12 myotubes. This demonstrates its important function in improving the 
issues related to type 2 diabetes mellitus. The anti-diabetic effect of cinnamon 
polyphenols has been documented, as they regulate glucose levels, lipid 
metabolism, repair pancreatic beta cells in STZ-induced high-fat diabetic rats, and 
block iNOS and NF-κB activation. 

  
   Momordica charantia L. is the scientific name for a plant. Bitter melon  
Momordica charantia L., a member of the Cucurbitaceae family, has been utilized 
as a medicinal herb for many years due to its various biological qualities, 
including immunomodulation, hepatoprotection, anti-diabetic, anti-tumor, and 
antioxidant effects. A comparative study was conducted to investigate the impact 
of charantin-rich extract (CEMC) derived from M. Studies conducted on animal 
models with type 1 and type 2 diabetes showed that administering CEMC at a 
dosage of 200 mg/kg/day resulted in a significant reduction in body weight and 
non-fasting blood glucose levels. Additionally, it was found that CEMC lowered 
insulin resistance in high-fat-diet-induced diabetic KK/40HIJ mice. The study 
found that CEMC had no significant effect on the insulin sensitivity of STZ-
induced type 1 ICR 48 mice. However, it did cause an increase in plasma glucose 
tolerance. This suggests that CEMC may be more effective in improving insulin 
sensitivity in patients with type 2 diabetes (T2D) rather than protecting patients 
with type 1 diabetes (T1D) against β-cell dysfunction (Wang et al., 2014). 
Administering 3% bitter melon supplementation orally to male OLETF rats 
induced by a high-fat diet led to enhanced glucose tolerance and insulin 
sensitivity. This was accompanied by a notable decrease in the activity of 
phospho-NF-κB (p65) (Ser536) and phospho-c-Jun N-terminal kinase (JNK) 
(Thr183/Tyr185) in the liver, muscle, and epididymal fats. The study conducted 
by Yang et al. in 2015 found that it resulted in a notable increase in the levels of 
phospho-insulin receptor substrate-1 (Tyr612) and phospho-Akt (Ser473), while 
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also leading to a decrease in the activation of nuclear factor-κB (NF-κB). 
The oral administration of Momordica fruit extract at a dosage of 1.5 g/kg body 
weight for a period of 28 days in Sprague Dawley rats induced with STZ led to 
an increase in body weight and higher levels of superoxide dismutase, glutathione, 
and catalase in the cardiac tissues. This demonstrates the extract's ability to reduce 
high blood sugar levels, protect the heart, and act as an antioxidant. Administering 
M. orally. The administration of charantia juice to rats with STZ-induced diabetes
was observed to modulate the absorption of glucose into the brush border vesicles
of the jejunum and also enhance the absorption of glucose into muscle cells,
exhibiting a reaction akin to that of insulin.

The scientific name for Ocimum tenuiflorum is L. Holy basil 
Ocimum tenuiflorum L. Tulsi, also known as Ocimum sanctum L., is a revered 
and significant medicinal herb in India. It belongs to the Lamiaceae family. The 
ethanolic leaf extract of O. can be administered orally. Administration of sanctum 
(O. tenuiflorum) at a dosage of 500 mg/kg body weight for a duration of 15 days 
led to reductions in blood glucose levels, glycosylated hemoglobin levels, free 
fatty acids, lipid peroxide levels, and low density lipoproteins. Additionally, it 
had a considerably positive impact on the synthesis of HDL. The mechanism 
underlying the lipid-lowering effect of O. The efficacy of sanctum (O. 
tenuiflorum) can be linked to its capacity to reactivate lecithin cholesterol acyl 
transferase, hepatic lipoprotein lipase enzymes, and post-heparin lipolytic 
enzymes. 

It was obtained from the hydro alcoholic extract of the above-ground 
sections of plant O. The plant species known as sanctum (O. tenuiflorum) showed 
promising effects in treating diabetes by improving glucose levels, total 
cholesterol, low- and high-density lipoprotein cholesterol, and triglycerides. Oil 
obtained from the leaves of O. has been repaired. The herb sanctum (Ocimum 
tenuiflorum) effectively reduced blood glucose and cholesterol levels, while 
simultaneously boosting serum insulin levels. Additionally, it demonstrated 
nephro-protective effects by reducing the elevated levels of TBARs and 
increasing the activity of several antioxidative enzymes in the renal tissues of 
diabetic Wistar rats. The presence of α linolenic acid in the fixed oil is responsible 
for this feature (Suanarunsawat et al., 2016). The aqueous extract of O is 
administered orally. The study conducted by Hussain et al. in 2001 found that 
incorporating sanctum (O. tenuiflorum) into the diet for a period of 8 weeks 
resulted in a notable decrease in fasting blood glucose levels, lipid peroxidation 
products, and serum lipid profile. Additionally, there was an improvement in 
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glucose tolerance. The study conducted by Hannan et al. in 2006 examined the 
effects of ethanol, butanol, aqueous, and ethylacetate fractions of O. The leaves 
of sanctum (O. tenuiflorum) increased the release of insulin from the pancreas of 
injured rats, isolated rat islets, and clonal pancreatic β-cells. Management of O. 
The administration of 0.8 grams per day of sanctum (O. tenuiflorum) seed oil for 
a duration of 4 weeks resulted in hypocholesterolemic and antioxidant benefits in 
rabbits that were fed a cholesterol-rich diet.  

Allium sativum L. Garlic 

  Allium sativum L., popularly referred to as garlic, is a member of the 
Allium genus in the Alliaceae family. This plant family is noted for its high levels 
of non-protein sulfur amino acids, which contribute to its therapeutic properties. 
Management of A. The administration of sativum extract, in combination with the 
commercially available medication glibenclamide, led to weight gain and had a 
more pronounced hypoglycemic effect in diabetic rats produced by 
streptozotocin. The study found that diabetic individuals who were treated with a 
combination of the commercially available medicine metformin and garlic 
supplements showed improved control of blood sugar levels, as well as a 
reduction in high cholesterol levels. Administering a dosage of 250 mg/kg body 
weight of fresh garlic homogenate for a duration of 6 weeks led to improved 
regulation of antioxidant levels in the blood and cardiac tissues of Wistar rats with 
streptozotocin-induced diabetes. The administration of garlic extract led to a 
decrease in blood glucose levels and a decrease in the expression of angiotensin 
AT1 receptor in the adrenal and renal tissues of diabetic rats induced by STZ. 
This suggests that garlic extract has the potential to reverse the negative effects 
of excessive angiotensin II signaling, which can lead to the development of 
hypertension and nephropathy. Garlic extract has been found to have a more 
potent anti-diabetic effect compared to the usual medicine glibenclamide.  

 
   Coccinia grandis (L.) Voigt, also known as Ivy gourd  
Coccinia grandis (L.) Voigt, also known as Coccinia indica Wight & Arn., is a 
significant medicinal plant in the Cucurbitaceae family. It is recognized for its 
anti-diabetic and hypoglycemic qualities. C. The renoprotective effect of indica 
(C. grandis) fruits has been investigated. It has been observed that these fruits 
improve glucose tolerance, reduce urine sugar and albumin excretion, decrease 
kidney index, and enhance glomerular filtration rate. Additionally, they have been 
found to have positive effects on the antioxidant enzymes in the kidneys of 
diabetic rats. C. Studies conducted on diabetic rats have indicated that the leaf 
extract of indica (C. grandis) exhibits anti-ureogenic, anti-hyperglycemic, 
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antioxidant, hypoglycemic, and hypolipidemic properties. A research conducted 
on patients with diabetes C. The dried extract of indica (C. grandis) was 
discovered to possess insulin-like activity by normalizing the levels of the 
enzymes G-6-p (ase) and LDH in the glycolytic pathway, as well as by restoring
the activity of LPL in the lipolytic route. The extract obtained from methanol and 
C. The grandis fruit demonstrated a high level of aldose reductase inhibitory
activity in laboratory tests, specifically targeting the partly purified bovine lens
aldose reductase. The inhibitory activity was measured at 96.6%, with an IC50
value of 6.12 μg/mL. The high percentage of phenolic and flavonoid content in
the fruit is responsible for this activity.

Diabetes is a prevalent endocrine illness that impacts around 100 million 
individuals globally. India, recognized as the global epicenter of diabetes, has 
experienced a concerning surge in the diabetic population in the last ten years. 

The progress in contemporary medical science has led to the creation of 
various pharmacological medications, including biguanides, thiazolidinediones, 
and insulin. Despite exhibiting hypoglycemic effects, these medicines are 
frequently linked to several problems including nephrological issues, weariness, 
upset stomach, and diarrhea. The aforementioned factors have prompted the 
revision of herbal medicine in order to identify appropriate alternatives that would 
result in reduced side effects and enhanced therapeutic outcomes. The current 
review has compiled a list of medicinal plants from Asian countries that are 
recognized for their anti-diabetic qualities. These plants have been conventionally 
utilized by diverse indigenous communities for the remedy of multiple illnesses. 
Pharmacological investigations have documented the hypoglycemic, anti-
hyperglycemic, insulin mimicking, and anti-lipidemic effects of this substance. 
When given in appropriate doses, it can help improve the numerous issues linked 
to diabetes mellitus. This review offers readers the opportunity to delve deeper 
into the active components of plants with anti-diabetic properties and their 
potential mechanisms, which can be further explored in future research.

Therapeutic Botanicals for Cancer Treatment 

Introduction 
The human body consists of several microscopic cells, each functioning as 

an independent living entity. Healthy cells in the body undergo a process of 
growth and division for a certain duration, after which they cease to develop and 
divide. Subsequently, they solely engage in reproduction to replenish faulty or 
expiring cells. Cancer arises when there is a loss of control in the process of 
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cellular reproduction. The aberrant proliferation and mitosis observed in cancer 
cells is attributed to genetic damage in their DNA, which is the hereditary material 
within cells that governs cellular traits and functionality. Cellular DNA can 
undergo many mechanisms that result in damage and defects. Environmental 
variables, such as being exposed to tobacco smoke, can trigger a series of events 
that cause abnormalities in the DNA of cells, ultimately leading to the 
development of cancer. Alternatively, faulty DNA might be passed down from 
your parents. Cancer cells undergo cellular division and replication, resulting in 
the formation of a cluster of cancer cells referred to as a tumor. Tumors induce a 
variety of cancer symptoms through the exertion of pressure, compression, and 
destruction on neighboring non-malignant cells and tissues.

Possible treatment modalities, contingent upon the specific stage and 
classification of the malignancy, encompass surgical intervention, radiation 
therapy, chemotherapy, biological therapy, hormone therapy, and others. 
Although there have been significant advancements in cancer treatments and their 
positive impact on patient survival, chemotherapy and radiation therapy can result 
in a range of distressing side effects. Chemotherapy, in particular, can lead to 
unpleasant symptoms such as fatigue, sleep disruption, loss of appetite, hair loss, 
mouth sores, altered taste perception, fever, infection, anxiety, depression, 
nausea, and vomiting. These adverse symptoms are frequently challenging to 
alleviate or control, and can greatly hinder a cancer patient's quality of life (QOL). 
Additionally, there is a possibility of other detrimental consequences resulting 
from these treatments, namely. Adverse effects of chemotherapy include the 
development of secondary cancers, hormonal and reproductive issues, impacts on 
the immune system, heart disease, effects on the kidneys and urinary bladder, 
effects on the gastrointestinal organs, as well as neurological and psychological 
changes. Complementary and alternative therapies, which do not involve the use 
of established cancer drugs or follow commonly accepted medical practices, are 
widely utilized to manage symptoms and have become increasingly popular. 
Conducting thorough research and comprehending the potential dangers and 
advantages of these therapy is crucial. 

Benefits of natural medications compared to allopathic medications 
Medicinal plants remain essential in the healthcare systems of a significant section 
of the global population. The acknowledgment and advancement of the 
therapeutic and financial advantages of plants are growing in both developing and 
industrialized nations. An herb, often known as a botanical, refers to a plant or 
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plant component that is utilized for its fragrance, taste, and/or medicinal 
attributes. 

Herbal supplements, botanicals, or phytomedicines are products derived 
from botanicals that are utilized for the purpose of maintaining or enhancing 
health. The use of herbal medicines, which are derived from plants and used to 
treat chronic diseases or improve health, has a long history in pharmacological 
treatment. These medicines can be defined as labeled medicinal products that
contain ingredients from various parts of plants in their crude state or as plant 
preparations. Approximately 25 percent of the present pharmacopoeia is 
comprised of medicines derived from plants, according to estimates. Traditional 
herbal remedies are unprocessed or minimally processed substances derived from 
plants that have been traditionally utilized in local or regional healing techniques 
to treat illnesses. Herbal drugs are commonly used for various reasons, such as 
promoting health, preventing diseases, when conventional treatments have 
limited options or poor outcomes for a serious illness, when conventional 
therapies have been exhausted, when there is dissatisfaction or lack of 
effectiveness with conventional therapies, when there are significant side effects 
or risks associated with conventional medicine, when there is a belief that herbal 
and natural products are better or safer, when there is a preference for personal 
involvement in the decision-making process, and when there is a cultural or 
spiritual preference. While the adverse effects of allopathic treatments might 
range from moderate to severe, there are numerous negative effects associated 
with them. 

The side effects of this medication encompass a range of symptoms, such 
as insomnia, vomiting, exhaustion, dry mouth, diarrhea, constipation, dizziness, 
suicidal ideation, hostility, depression, mania, seizures, coma, anemia, alopecia, 
hyperglycemia, kleptomania, edema, erectile dysfunction, panic attacks, 
confusion, syncope, and mortality. Seniors frequently struggle with managing 
many prescriptions, which can further elevate the risk of experiencing negative 
effects from allopathic treatments. Allopathic medicine frequently relies on drugs 
or surgery as the main interventions for treating a health condition. Given that 
medications typically do not provide a cure, but rather restrict and alter the normal 
functioning of the body, they only mask the problem instead of providing a 
solution. Occasionally, this can be beneficial, particularly in cases of intense pain. 
However, there may be limited or no interventions available to enhance the 
underlying disease. Patients who possess the necessary qualities for alternative 
therapy are not afforded the chance to pursue it. Pharmaceutical substances, 
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medical procedures, admissions to medical facilities, and other interventions were 
used for both raw extracts on MCF7, UACC62, NCIADR, and NCI460. 

Medicinal plants with the ability to combat cancer 

Adiantum venustum  

Adiantum venustum, a plant belonging to the Adiantaceae family, has long 
been recognized for its therapeutic properties in the treatment of tumors. The 
phytochemicals, including terpenoids, phytosterols, flavonoids, and saponins, 
were extracted from the leaves and stem of Adiantum venustum using petroleum 
ether and ethanol. These extracts were then tested for their anticancer efficacy on 
Ehrlich Ascites Carcinoma in mice, using a dosage range of 150-250 mg/kg. The 
ethanolic extract of A. venustum is the scientific name given by Don. The 
compound EEAV demonstrated notable anticancer and antioxidant properties 
attributed to its elevated levels of triterpenoids and flavonoids. Additionally, it 
has been discovered that EEAV effectively decreased the heightened levels of 
lipid peroxidation, thus functioning as an antitumour agent. No mortality was seen 
in the EEAV group even at a dose of 2000 mg/kg. The aerial components of A. 
The isolation of normethyl lupine-type and lanostane-type triterpenes was 
achieved through the use of venustum. The chemical structures of these 
triterpenes have been determined to be 30-normethyl lupine-20-one, 30-
normethyl olean-3-one-30-betol, and lanost-20(22)-ene-30-ol, by the analysis of 
spectrum data. Adiantulanostene ether, a triterpenic ether known as lanost-
20(22)-en-3, 19-ether, was extracted from A.venustum. 
Abelmoschus moschatus is the scientific name for a specific plant species. 
The study examined the inhibitory effects of ethanolic and aqueous extracts of 
Abelmoschus moschatus (Malvaceae) seed (AMS) and Abelmoschus moschatus 
leaf (AML) on the growth of two human cell lines, specifically colorectal 
adenocarcinoma (COLO-205) and retinoblastoma (Y79). The extract's 
antiproliferative activity is attributed to flavonoids. The seed (AMS-IV) and leaf 
(AML-IV) extracts of A. exhibit antiproliferative action. The effect of moschatus 
on the in vitro proliferation of cell lines was observed at a dose of 200 μg/mL. 
The aqueous overnight seed extract (AMS-I) has demonstrated notable 
antiproliferative activity through its ability to scavenge radicals such as 1,1-
Diphenyl-2-picrylhydrazyl (DPPH), hydrogen peroxide, hydroxyl radical, 
superoxide, and lipid peroxidation.
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The antiproliferative activity of terpenoids and alkaloids obtained from 
crude dichloromethane (CHD) and crude hydroalcoholic extract (CHE) extracts 
of Aspidosperma tomentosum (Apocynaceae) twigs and aerial parts was observed 
against five human cell lines: K562 (leukemia), MCF7 (breast), NCIADR (breast 
expressing the multidrug resistance phenotype), NCI460 (lung), and UACC62 
(melanoma), in a concentration-dependent manner. The extracts were evaluated 
at concentrations ranging from 15.6 to 125 μg/ml. A dose-dependent inhibition 
was detected in HeLa cells. The oils contain the following concentrations of 
compounds: α-pinene (1.9%), β-phellandrene (1.6%), 1,8-cineole (2.5%), and 
piperitone (11.5%). 

Methyleugenol, (E)-caryophyllene, and elemicin exhibit significant 
anticancer properties, with methyleugenol accounting for 6.9% of the activity, 
(E)-caryophyllene contributing 4.6%, and elemicin being the most potent at 53%. 
Methyleugenol accounted up 55% of the root oil in plant roots, while thymol 
made up 13% and piperitone made up 5%.9-11. Alangium salviifolium is the 
scientific name of a plant. 

The ethanolic, chloroform, alcohol, and distilled water extracts of 
Alangium salviifolium (AS) seeds, flowers, roots, and leaves were found to 
contain various phytoconstituents such as sterols, glycosides, saponins, 
carbohydrates, alkaloids, flavonoids, tannins, proteins, and triterpenoids. These 
extracts exhibited significant antitumor activity against Ehrlich Ascites 
Carcinoma (EAC) in mice when administered intraperitoneally at a dosage of 10 
mg/kg body weight. The chloroform extract of the substance has anticancer 
properties. 

A. The presence of alkaloids, phenolic chemicals, flavonoids, and
terpenoids in salvifolium is likely responsible for its properties. Flavonoids, 
including quercetin, kaempferol, and their glycosides, exhibited anti-cancer 
properties. Additionally, they modify signal transduction in pathways that 
contribute to the development of tumors and induce apoptosis in tumor cell lines. 
They have demonstrated the ability to increase the growth of human peripheral 
blood lymphocytes and T-cells in a laboratory setting.12-14
Acorus calamus is the scientific name for a plant species. 
The essential oils contain many beneficial components, including β-asarone 
(46.78%), linalool (0.41%), farnesol (11.09%), methyleugenol (6.10%), α-, and 
the composition of the substance includes β-pinene at a concentration of 0.06%, 
[E]-caryophyllene at a concentration of 0.11%, and β-elemene at a concentration 
of 0.39%. 
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The compounds ocimene (0.7%), aromadendrene (0.26%), and camphor 
(0.03%) were isolated from Acorus calamus (Araceae) and tested for their 
anticancer activity in MDA-MB-435S and Hep3B cell lines.  

The plant exhibits anti-tumor activities when administered at a dosage of 
30 μg/ml. Sesquiterpenes and phenylpropanoids are obtained from the ethanolic 
extract of A. The antitumor activity of calamus rhizomes was assessed. The 
alcoholic extract of A. The dried aerial portion of calamus exhibited 
antiproliferative activity at a dosage of 250-500 mg/kg. A. Calamus exhibits an 
impact on renal oxidative stress, toxicity, and cell proliferation response caused 
by nickel chloride (NiCl2) in male Wistar rats. The administration of NiCl2 at a 
concentration of 250 μmol/kg body weight/mL resulted in an increase in renal 
glutathione content (GSH), glutathione-S-transferase (GST), glutathione 
reductase (GR), lipid peroxidation (LPO), H2O2 generation, blood urea nitrogen 
(BUN), and serum creatinine levels. At the same time, there was a significant 
decrease in the activity of glutathione peroxidase (GPx) (p<0.001). The treatment 
of NiCl2 also caused a dose-dependent increase in renal ornithine decarboxylase 
(ODC) activity, which was many times higher compared to control rats treated 
with saline. 

Antiaris africana 

The stem bark of Antiaris africana (Mora-ceae) was used to extract 
methanol, and several compounds were isolated and identified, including 
betulinic acid, 3β-acetoxy-1β,11α-dihydroxy-olean-12-ene, ursolic acid, 
oleanolic acid, strophanthidol, periplogenin, convallatoxin, strophanthidinic acid, 
methyl strophanthinate, and 3,39-dimethoxy-49-O-β-d-xylopyronosyl ellagic 
acid. These compounds were then tested for their anticancer activities against DU-
145 and Hep G2 cells. Extract had the most potent inhibition on both cell lines at 
a concentration of 30 μg/mL. Two novel bioactive metabolites, amyrin (antiarol 
cinnamate) and a cardiac glycoside, 3β-O-(α-L-rhamnopyranosyl)-14β-
hydroperoxy-5β-h, were recovered from the extract. These compounds exhibit 
specific anticancer activity against human tumor cell lines. Africanoside 
demonstrated a concentration-dependent suppression of tumor cell proliferation, 
with an average IC50 value of 5.3 nM.
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Amooranin (AMR) is a triterpene acid that has been extracted from the 
petroleum ether, dichloromethane, and ethanol fraction of the stem bark of 
Amoora rohituka (Meliaceae). The cellular process leading to cell death caused 
by AMR cytotoxicity was investigated in three different cell lines: human 
mammary carcinoma MCF-7, multidrug resistant breast cancer MCF-7/TH, and 
breast epithelial MCF-10A. The AMR IC50 values varied from 3.8 to 6.9 μg/ml 
across MCF-7, MCF-7/TH, and MCF-10A cells. The administration of apoptosis 
in AMR treated cells was followed by an increase in overall caspase and caspase-
8 activity. The activation of caspase-8 was induced by AMR in MCF-7 cells at 
doses ranging from 40.8% to 71%. In MCF-7/TH cells, the activation ranged from 
28.5% to 43.2%, while in MCF-10A cells, the activation ranged from 4% to 
32.8%. These effects were observed at concentrations of 1-8 μg/ml. The defined 
ability of the substance to overcome multidrug resistance in human leukemia and 
colon cancer cell lines was observed. The AMR IC50 values of the multidrug-
resistant leukemia cell line (CEM/VLB) and colon carcinoma cell line 
(SW620/Ad-300) were 1.9 and 6 times higher, respectively, compared to the 
parental sensitive cell lines (CEM and SW620). The potential anticancer 
properties of these fractions were investigated against two types of breast cancer 
(MCF-7 and HTB-126) and three types of pancreatic cancer (Panc-1, Mia-Paca2, 
and Capan1). A stem bark extract of A was obtained using ethyl acetate. Rohituka 
shown anticancer efficacy in mice that were injected with Dalton's lymphoma 
ascites cells (DLA).  

The animals' median survival time was extended by intraperitoneal 
injection of the extract at doses of 10 or 20 mg/kg/day. The compound exhibited 
cytotoxic effects on Dalton's lymphoma ascites cells, with an IC50 value of 9 
μg/ml. AMR-Me is a newly developed triterpenoid compound that is generated 
from a triterpene acid found in the stem bark of a tropical tree called Amoora 
rohituka. AMR-Me suppressed the proliferation and survival of CEM cells, 
triggered programmed cell death and halted the cell cycle in the G + M phase. 
Additionally, it exhibited an effect on breast carcinoma MDA-468 and breast 
adenocarcinoma MCF-7 cells, as opposed to the breast epithelial MCF-10A 
control cells. The administration of AMR-Me led to the decrease of hTERT 
expression and a simultaneous inhibition of telomerase activity. The CH2Cl2 
extract of dried entire plant had a notable cytotoxic impact on HTB126, Panc-1, 
Mia-Paca2, and Capan-1 cancer cells.
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Beta-dimethyl acryl shikonin, derived from the root of Arnebia nobilis 
(Boraginaceae), exhibits anti-cancer properties by impeding the progression of 
the cell cycle in the G1 phase. It achieves this by reducing the expression of Cyclin 
D, CDK 4, and PCNA, inhibiting the transcriptional level of bcl2 expression, and 
inducing caspase-3 activity. Arnebin is extracted from the roots of A. The 
compound nobilis demonstrates inhibitory effects against rat walker 
carcinosarcoma, however no activity was detected in the leaves and stem. 

Aesculus hippocastanum is the scientific name for the horse chestnut tree. 
Recent in vivo and in vitro investigations suggest that aescin (β-escin) exhibits 
substantial anticancer effects. β-escin derived from A. The plant species 
hippocastanum from the Sapindaceae family was found to prevent the 
development of colon cancer in rats that were exposed to certain chemicals. In 
laboratory tests, it also showed the ability to kill colon cancer cells at 
concentrations of 30 μmol/L or higher. At a concentration of 5 μmol/L, β-escin 
effectively suppressed the growth of HT-29 colon cancer cells. The cell cycle
arrest at the G1-S phase caused by β-escin is partially mediated by the induction 
of p21WAF1/CIP1 and/or associated with decreased levels of Cdk2 and cyclins 
A and E complex. 

Aegle marmelos is the scientific name for a certain plant species. 
The study examined the hydroalcoholic leaf extract of Aegle marmelos (AME) 
from the Rutaceae family in Swiss albino mice with Ehrlich ascites carcinoma.
The extract demonstrated anticancer action, which can be attributed to the 
presence of skimmianine. Butylp-tolyl sulfide, 6-methyl-4-chromanone, and 5-
methoxypsoralen were extracted from Aegle marmelos. These compounds have 
the ability to hinder the growth of human tumor cell lines in a laboratory setting. 
The cell lines affected include leukemic K562, T-lymphoid Jurkat, B-lymphoid 
Raji, erythroleukemic HEL, melanoma Colo38, and breast cancer MCF7 and 
MDA-MB-231 cell lines. The acute toxicity investigation of AME shown that the 
drug had no harmful effects at doses up to 1750 mg/kg b. Weight Bartalinia 
robillardoides (strain AMB-9), an endophytic fungus, was obtained from the 
organic extract of the bark, leaves, and roots of A. Marmelos, which is responsible 
for taxol synthesis, exhibits potent cytotoxic effect against BT 220, H116, Int 407, 
HL 251, and HLK 210 human cancer cells in vitro. 

The taxol yield from this fungus in liquid culture was 187.6 micrograms 
per liter (μg/L). The compound 1-hydroxy-5,7-dimethoxy-2-naphthalene-
carboxaldehyde (HDNC, also known as marmelin) was obtained from the ethyl 
acetate portion of the extracted substances.

�	��������������
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A. Marmelos causes apoptosis in epithelial cancer cells by activating the
tumor necrosis factor, TNF receptor (TNFR)-associated death domain (TRADD), 
and caspases, which triggers apoptosis during the G1 phase of the cell cycle. A. 
The methanolic extract of marmelos has demonstrated inhibitory effects on liver 
carcinogenesis in male Wistar rats that were commenced with diethylnitrosamine 
(DEN) and accelerated with 2-acetyl aminofluorene (2-AAF). A was discovered. 
Administration of marmelos at doses of 25 and 50 mg/kg body weight led to a 
significant decrease in the occurrence of liver tumors. 

Allium sativum is the scientific name for garlic.

The organosulfur compounds (OSCs) generated from garlic, namely from 
the aqueous extract (GAE) of the aerial part and bulbs of Allium sativum 
(Alliaceae), have anti-cancer properties by inducing cell cycle arrest, inhibiting 
the growth of cancer cells (HeLa cell line), and generating reactive oxygen species 
(ROS). Furthermore, the presence of increased amounts of GAE resulted in the 
suppression of lymphocyte proliferation. The compound S-allylmercapto-
tocysteine (SAMC), derived from garlic, hinders the growth of human colon 
cancer cells. It accomplishes this by causing the cells to pause in the G2-M phase 
of the cell cycle and initiating programmed cell death, known as apoptosis. SAMC 
achieves this by halting the cells in mitosis and activating two signaling pathways, 
JNK1 and caspase-3, which ultimately lead to apoptosis. Allicin, a primary 
constituent of garlic, exhibits antitumoral effects in mice with L5178Y 
lymphoma. Garlic cloves that are not damaged or altered also include steroidal 
saponins and organic selenium compounds that have the potential to be effective 
against cancer. The primary selenium component is γ-glutamyl-S-
methylselenocysteine. Ajoene, a prominent chemical derived from heating 
crushed garlic, exhibits cytotoxicity against cancer cells. It is hypothesized that 
this cytotoxicity is achieved through an apoptotic mechanism, which involves the 
activation of the mitochondrial-dependent caspase cascade. The administration of 
a dose of 5 μg per animal has been found to be beneficial in promoting anticancer 
activity. The extract obtained from A using methanol. Sativum (MEAS) exhibits 
anticancer properties against MCF7, A549, DU145, and bladder cell carcinoma. 
The lectin produced from has cytotoxic properties. 

The bulbs of A.sativum inhibited the development and DNA synthesis of 
human tumor cells in a manner that depended on both the duration and dosage. 
Sesquiterpene lactones (SLs) have been shown to exert their anticancer activity 
via inhibiting inflammatory responses, preventing metastasis, and inducing 
apoptosis. Furthermore, the chemical mechanism behind the anticancer properties 
of SLs includes the SL-thiols reaction and its impact on cell signaling pathways 
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such nuclear transcription factor-kappaB (NF-kappaB) and mitogen-activated 
protein kinases (MAPK).

Biophytum sensitivum 

A concentrated solution of Biophytum sensitivum (Oxalidaceae) leaf 
extract, containing alcohol, was discovered to have cytotoxic effects on L929 cells 
in a laboratory setting. The concentration of the extract used was 0.1 mg/ml. The 
extract exhibited complete toxicity at a dosage of 0.5 mg/ml towards Dalton's 
lymphoma ascites (DLA) and Ehrlich ascites carcinoma (EAC) cells. The B16F-
10 cells, when exposed to B.sensitivum, exhibited the presence of apoptotic 
bodies and triggered DNA fragmentation. B. The administration of sensitivum 
suppressed the production of MMP-2 and MMP-9, but it stimulated the 
expression of STAT-1 in the lungs of mice with metastatic tumors. B. The 
sensitivum treatment resulted in a decrease in the expression of tumor necrosis 
factor-α, interleukin (IL)-1β, IL-6, and granulocyte monocyte-colony stimulating 
factor in the lungs of metastatic tumor-bearing individuals. The aqueous extract 
of B exhibits anticancer properties. Sensitivum (AEBS) leaves were administered 
at doses of 100 and 200 mg/kg b. The study examined the effects of wt in mice 
over a duration of 28 days following a 24-hour period of tumor exposure. The 
animals used in the study were Swiss albino mice with Dalton's Ascitic 
Lymphoma (DAL). B. The presence of biflavones and flavonoids in sensitivum 
has been demonstrated, and these chemicals are responsible for the extract's 
anticancer action. B. The compound sensitivum demonstrated the ability to limit 
the activity of inducible nitric oxide synthase and suppress the expression of bcl-
2. Additionally, it increased the expression of p53 and caspase-3 messenger RNA
in B16F-10 melanoma cells. The B.sensitivum methanol extract induces
apoptosis in B16F-10 melanoma cells by regulating the production of
proinflammatory cytokines and altering the expression of inducible nitric oxide
synthase, bcl-2, caspase-3, and p53 messenger RNA.

Betula utilis 

Betulinic acid, a pentacyclic lupane-type triterpene, is derived from the 
chloroform bark extract of Betula utilis (Betulaceae). It selectively kills some 
types of melanoma cells by causing them to undergo programmed cell death, 
regardless of whether they have the p53 protein or not. Due to its specific ability 
to kill tumor cells and its advantageous therapeutic index, even at dosages as high 
as 500 mg/kg body weight, betulinic acid has great potential as a novel 
chemotherapy drug for cancer treatment. 
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Cuscuta reflexa 

The anticancer efficacy of the chloroform and ethanol extracts from the 
entire Cuscuta reflexa plant (Convolvulaceae family) was assessed against 
Ehrlich ascites carcinoma (EAC) tumor in mice. The extracts were administered 
orally at doses of 200 and 400 mg/kg body weight, respectively. The aqueous 
extract of C. has anticancer action. The effects of reflexa were examined on 
Hep3B cells. The extract effectively reduced the excessive production of TNF and 
COX-2 in RAW264.7 cells generated by lipopolysaccharide (LPS). It also 
prevented NF-κB from binding to its motifs and triggered apoptosis in Hep3B 
cells. The extract increased the expression of pro-apoptotic proteins BAX and 
p53, and decreased the expression of anti-apoptotic factors Bcl-2 and survival. 

Caesalpinia bonducella 

The anticancer efficacy of the methanol extract of Caesalpinia bonducella
(Caesalpiniaceae) leaves (MECB) was assessed in Swiss albino mice harboring 
Ehrlich ascites carcinoma (EAC). The extract was given at doses of 50, 100, and 
200 mg/kg body weight each day for 14 days, starting 24 hours after tumor 
inoculation. Following the administration of the final dose and a fasting period of 
18 hours, the mice were euthanized. The examined parameters included the 
growth of transplantable mouse tumor, the lifespan of hosts bearing EAC, the 
hematological profile, and biochemical markers such as lipid peroxidation (LPO), 
glutathione content (GSH), superoxide dismutase (SOD), and catalase (CAT) 
activities. The administration of MECB resulted in a substantial reduction 
(P<0.01) in tumor volume, packed cell volume, and viable cell count. 
Additionally, it extended the lifespan of mice with EAC tumors. The 
hematological profile of the mice treated with the extract returned to nearly 
normal levels. The administration of MECB resulted in a considerable reduction 
(P<0.05) in lipid peroxidation levels and a significant increase (P<0.05) in the 
levels of GSH, SOD, and CAT. When the MECB was given to mice daily for 14 
days at dosages of 50, 100, 200, and 300 mg/kg through intraperitoneal injection, 
no noticeable short-term toxicity was seen. The findings suggest that MECB 
demonstrated notable anticancer and antioxidant effects in mice with EAC-
induced tumors. 

Cassia fistula 

The study investigated the impact of the methanolic extract (ME) from 
Cassia fistula (Fabaceae) seeds on the growth of Ehrlich ascites carcinoma (EAC) 
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and the lifespan of mice with tumors. The administration of ME resulted in a 
significant extension of the lifespan, as well as a reduction in both tumor volume 
and the number of viable tumor cells in the EAC tumor hosts.  

Cassia tora 

The antiproliferative efficacy of the methanolic leaf extract of Cassia tora 
(Fabaceae) (CTME) was assessed in combination with Cisplatin utilizing human 
cervical cancer cells (HeLa). The plant extract caused a significant suppression of 
proliferation in HeLa cells, which was dependent on the concentration. It also led 
to a decrease in DNA content and promoted apoptosis. Phenolic chemicals are 
accountable for the antiproliferative function.  

Cleome gynandra is the scientific name for a plant species.  
The methanol extract of the entire Cleome gynandra plant (Capparidaceae) was 
tested for its ability to inhibit the growth of Ehrlich Ascites Carcinoma (EAC) cell 
line in Swiss albino mice. The extract was administered intraperitoneally at doses 
of 200 and 400 mg/kg body weight. The MECG treatment resulted in a substantial 
reduction (p<0.01) in tumor volume, viable cell count, and tumor weight, while 
also increasing the lifespan of mice with EAC tumors. 

Centella asiatica  

The crude extract (CE) of Centella asiatica (Apiaceae) considerably 
suppressed the growth of the altered cell lines. The effectiveness of the dosages 
was determined to be 50% at concentrations of 17 μg/ml for ehrlich ascites tumor 
cells (EAC) and 22 μg/ml for dalton's lymphoma ascites tumor cells (DLA). Oral 
administration of CE inhibited the growth of solid and ascites tumors and 
prolonged the lifespan of mice with these tumors. Asiatic acid (AA), a type of 
pentacyclic triterpene, was discovered in Centella asiatica. It was observed that 
AA reduced the viability of human melanoma SK-MEL-2 cells and caused 
apoptosis in a manner that depended on both the duration and dosage of treatment. 
In addition, the particular caspase-3 inhibitor Ac-DEVD-CHO and Trolox were 
able to block apoptosis produced by AA. Apoptosis triggered by AA may occur 
through the production of reactive oxygen species (ROS), changes in the ratio of 
Bax to Bcl-2 proteins, and the activation of caspase-3. However, this process does 
not depend on the presence of p53. Asiatic acid is likely to restrict the breast 
cancer cells in the S-G2/M phase primarily through the p38 pathway.  

This is supported by the fact that both SB203580 and p38 small interfering 
RNA (siRNA) inhibition significantly reduced the buildup of inactive phospho-
Cdc2 and phospho-Cdc25C proteins, as well as the number of cells in the S-G2/M 
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phase. It is also recognized for its cytotoxic effects on U-87 MG human glioma 
cells. This cellular demise is a result of both apoptosis and necrosis. 

The impact of AA may vary depending on the type of cell, as AA-induced 
cell death was predominantly apoptotic in colon cancer RKO cells. The death of 
glioblastoma cells triggered by AA is linked to a reduction in mitochondrial 
membrane potential, the activation of caspase-9 and -3, and an increase in 
intracellular free Ca2+. The Centella asiatica leaf extract, when dissolved in water 
(referred to as the aqueous extract or AE), shown significant efficacy against 
mouse melanoma (B16F1), human breast cancer (MDA MB-231), and rat glioma 
(C6) cell lines. The IC50 values for these cell lines were 698.0, 648.0, and 1000.0 
μg/mL, respectively. The efficacy of the methanolic extract of C. The growth 
inhibitory action of asiatica in several cancer cell lines was tested, and it was 
found that MCF-7 cells were the most sensitive to cause apoptosis in vitro. The 
antiproliferative activity is attributed to the presence of triterpenes, phenolic 
compounds, and flavonoids. 

Chemotherapy is a treatment that involves the use of cytotoxic drugs. 
Cytotoxic refers to the ability of a substance or procedure to harm cells or induce 
their death. The term "cyto" refers to a cell, whereas "toxic" indicates something 
that is poisonous. 

Cytotoxic drugs 

Chemotherapy is an instance of a cytotoxic medicine that specifically 
targets cancer cells. The medications target rapidly proliferating cells. Rapidly 
proliferating cells include cancer cells, hair follicles, bone marrow cells, and cells 
in the stomach and intestines. 

Cytotoxic medications selectively disrupt cells at specific stages of the 
growth cycle. Due to the varying positions of cells in the division process, it is 
not possible to eliminate all cells simultaneously. Therefore, chemotherapy 
regimens often consist of a blend of medications, and the treatment cycles must 
be repeated. 

Chemotherapy medications are designed to selectively target and eliminate 
rapidly dividing cells, including healthy cells. Nevertheless, not all cancer-
treating medications exhibit cytotoxic properties. Targeted therapies and 
immunotherapies do not have cytotoxic effects. Instead, they function by 
obstructing the proliferation of cancer cells. In addition, the immune system can 
be utilized to combat malignant cells. Certain immunotherapies are classified as 
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mildly cytotoxic as they exploit the cell-degrading properties of the body's T-
cells. An illustration of this particular form of treatment is CAR-T therapy.  

Cytotoxic agents in humans and animals  

Cytotoxic T-cells 

Cytotoxic T-cells, also known as cytotoxic T-lymphocytes, are produced 
by our bodies. T-cells of this nature actively seek out, locate, and eradicate cells 
that have been infected by viruses. In addition, they have the ability to eliminate 
cancer cells. An intriguing field of cancer research is around harnessing the body's 
endogenous cytotoxic cells to combat cancer. CD8+ cells and natural killer 
lymphocytes, for instance, are the immune system's own cytotoxic cells. These 
treatments operate through distinct mechanisms. Certain T-cells possess the 
ability to detect cancer cells that were previously concealed, whilst others gather 
and replicate these cells. 

Cytotoxic venom  

Other organisms also possess cytotoxic T-cells, not just humans. For 
instance, the venoms present in vipers, cobras, and violin spiders exhibit cytotoxic 
properties.  

Mode of Operation 

Cytotoxic substances have the ability to induce cell death through several 
mechanisms. An agent has the ability to impair the integrity of a cell's membrane, 
resulting in the rupture of the cell (referred to as lysis). Certain drugs inhibit 
cellular proliferation and mitosis. Additionally, there are chemicals that operate 
on the DNA within cells. These compounds are genotoxic, meaning they have the 
ability to damage genetic material, rather than cytotoxic, which refers to their 
ability to kill cells.  

Distinguishing between cytotoxic and genotoxic effects  

The phrases "cytotoxic" and "genotoxic" are sometimes confused. 
"Cytotoxic" refers to a material that causes harm or damage to cells. Genotoxic 
refers to a chemical that directly causes damage to the DNA in cells. When DNA 
is damaged, it may or may not undergo cell death. When a cell's DNA is impaired, 
it is referred to as having mutations. If the mutated cells are not repaired, it can 
result in the development of cancer. 

Cancer frequently occurs as a result of mutations in two specific types of genes:  
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• The genes responsible for encoding proteins that stimulate cell development,
known as oncogenes

• Tumor suppressor genes, such as the BRCA genes, are responsible for coding
proteins that either repair damaged DNA or induce cell death if the DNA cannot
be repaired.

Carcinogenicity refers to the ability of a substance to cause cancer, while 
mutagenicity refers to its ability to cause changes in the genetic material of cells.

• In order to comprehend cytotoxicity, it is crucial to be familiar with two
additional significant terms: carcinogenic and mutagenic.

A carcinogen is a substance that is harmful to cells and has the ability to cause 
damage to DNA, which might potentially result in the development of cancer. 

• A mutagenic chemical is cytotoxic and has the potential to harm the
chromosomes or genes in a developing fetus.

It is crucial for individuals to handle cytotoxic drugs with great caution because 
to the risks of cancer and the potential harm they can cause to a growing fetus.

Hazards of Cytotoxic Substances 

Cytotoxic medications possess the ability to eradicate cancer cells, but they also 
have the potential to harm normal, healthy cells. A significant number of the 
adverse effects of chemotherapy are directly associated with this physiological 
mechanism. 

Implementing Safety Measures

Individuals who are involved in handling cytotoxic treatments or 
substances must exercise extreme caution. The necessary actions they should take 
vary based on the potential routes of exposure to a chemical. 

Precautions that an individual may need to take when handling cytotoxic 
chemicals include: 

� Wearing gloves with shirt cuffs tucked inside the gloves
� Attire with sleeves that extend to the wrist
� Single-use gowns
� Protective eyewear
� Respiratory protection
� Cancer patients undergoing treatment may require cytotoxic

precautions while returning home. These procedures save
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their family members from inadvertent exposure to body 
fluids containing harmful substances.  

Assessment of Cellular Toxicity 

   Cytotoxicity testing ensures the safety of individuals in their living and 
working environments. Additionally, it aids corporations in ensuring the safety of 
items such as medical equipment. If an item is designated as cytotoxic, individuals 
will be aware that they must exercise caution when handling it. A wide range of 
manufacturers, including those in the pharmaceutical and cosmetics industries, 
employ cytotoxicity testing. Plant-derived products utilized for extraction 
purposes are also subjected to toxicity testing.  

• Cytotoxic compounds cause harm or destruction to cells. Chemotherapy 
medications have cytotoxic properties. Some animals produce venom that has 
cytotoxic properties. Certain cells in your body are cytotoxic. 

• Individuals responsible for managing cytotoxic chemicals must exercise 
extreme caution. Due to their cytotoxic properties, these drugs can elevate the 
likelihood of developing cancer. They can also exert detrimental effects on a 
developing fetus.  

HPLC is employed for the biological analysis of active compounds.  
Opening statement  

Plants serve as a valuable reservoir of novel natural substances. Although 
various methods for discovering medicinal compounds are available, natural 
products continue to be one of the most valuable sources for new and unique 
chemical structures. The utilization of standardized plant extracts offers 
boundless possibilities for the exploration of novel drugs due to the unparalleled 
abundance of chemical variation. The World Health Organization (WHO) reports 
that over 80% of the global population depends on traditional medicine as their 
main source of healthcare.  

The principle of High-Performance Liquid Chromatography (HPLC)  

� A separation column is used to segregate the stationary and mobile 
phases during the purification process.  

� The stationary phase in a separation column consists of granular 
substance composed of minuscule porous particles.  

� The mobile phase consists of a solvent or a combination of solvents 
that is propelled through the separation column using high pressure.  
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� The sample is introduced into the mobile flow regime by means of a
syringe through a valve connected to a sample loop, which is a small
stainless-steel tube or capillary. The pump then transports the sample
to the separation column.

� A chromatogram is produced in the HPLC software upon completion
of this operation/run.

� The chromatogram facilitates the identification and quantification of
different substances.

� Due to interactions with the stationary phase, the different
components of a mixture migrate through the column at varying
velocities.

� After leaving the column, individual chemicals are detected by a
suitable detector and then sent as a signal to the HPLC software on
the computer.

Uses of High-Performance Liquid Chromatography (HPLC) 

• Pharmaceutical assessment
• Analysis of synthetic polymers
• Environmental analytics involves the examination of pollution.
• Quantification of drugs in biological samples
• Separation of valuable commodities

Plants utilized in traditional medicine possess a diverse array of chemicals 
that have the potential to effectively cure both chronic and infectious disorders. 
As a result of the negative side effects and the growing resistance of 
microorganisms to artificially created medications, individuals have started to 
explore ethnopharmacognosy. Scientists have discovered a vast number of 
phytochemicals derived from plants that are both safe and very effective, offering 
a viable option with fewer negative side effects. Several advantageous biological 
actions, including anticancer, antibacterial, antioxidant, anti-inflammatory, 
analgesic, and wound healing properties, have been documented. Often, 
individuals assert the advantageous effects of specific natural or herbal products. 
Nevertheless, clinical trials are essential to validate the efficacy of a bioactive 
chemical and substantiate this traditional assertion. 

While there are numerous plant species worldwide, only a small fraction 
has undergone thorough investigation in terms of their phytochemical and 
pharmacological properties. When one considers that a single plant can have 
thousands of constituents, it becomes clear that there are numerous possibilities 
for making new discoveries. The selection of plant material is the important 
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determinant for the eventual success of an inquiry into bioactive plant elements. 
Given the vast array of plant species that could be studied, it is crucial to have 
efficient mechanisms in place for quickly screening the chemical and biological 
properties of selected plant extracts.  

Identification and characterization  

Plant extracts present a significant difficulty in terms of separation due to 
their composition of diverse bioactive components or phytochemicals with 
varying polarity. This poses difficulties in the identification and characterization 
procedure. A variety of separation techniques, including Thin-Layer 
Chromatography (TLC), column chromatography, flash chromatography, 
Sephardim chromatography, and High-Performance Liquid Chromatography 
(HPLC), are commonly employed to isolate bioactive compounds and obtain pure 
substances.  
 
  HPLC, or High-Performance Liquid Chromatography, is a highly adapt 
able and reliable method commonly employed for the extraction of natural 
substances. It is a chromatographic technique capable of separating a mixture of 
compounds, and is extensively utilized in phytochemical and analytical chemistry 
to accurately identify, measure, and purify the individual constituents of the 
mixture. Presently, this methodology is increasingly favored among different 
analytical methods as the primary option for fingerprinting analysis in the quality 
control of herbal plants. Often, natural products are extracted from a crude 
mixture and then subjected to a biological assay to thoroughly analyze and 
understand their qualities. The high resolving power of High-Performance Liquid 
Chromatography (HPLC) is perfectly suited for efficiently analyzing and 
separating complex mixtures of substances, both in small quantities for analysis 
and in larger quantities for preparation purposes. Multiple authors have 
documented the application of High-Performance Liquid Chromatography 
(HPLC) for the analysis and measurement of secondary metabolites in plant 
extracts, with a focus on phenolic chemicals, steroids, flavonoids, and alkaloids.  

 
   Reversed-phase chromatography is widely employed in HPLC due to its 
extensive range of applications. Reversed phase mode is used for more than 65% 
of all HPLC separations, according to estimates. The reversed-phase approach is 
favored for several reasons, including its simplicity, adaptability, and wide 
applicability. This method is capable of analyzing molecules with varying polarity 
and molecular mass, making it particularly useful for identifying secondary plant 
metabolites. Furthermore, the informal term employed to refer to the mobile 
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phases in reversed phase chromatography is "buffer". Nevertheless, the mobile 
phase solutions typically lack significant buffering capacity due to the presence 
of strong acids at low pH and high concentrations of organic solvents. It is 
important to have a sufficient buffering capacity when working in situations that 
are closer to the normal functioning of the body.

Prior to identifying any compound using HPLC, it is necessary to choose a 
detector. After choosing the detector and configuring it with the best detection 
parameters, it is necessary to create a separation assay. The parameters of this 
assay should be set in a manner that ensures the chromatograph produces a distinct 
and uncontaminated peak for the known sample. The peak used for identification 
should have a retention duration that is reasonable and distinct from any other 
peaks present at the detection levels used in the test. UV detectors are widely used 
due to their high sensitivity and the fact that most naturally occurring chemicals
have some level of UV absorbance. Phenolics are commonly detected using UV-
VIS and Photodiode Array (PDA) detectors, which operate at wavelengths 
between 190 and 380 nm. The exceptional sensitivity of UV detection is 
advantageous when a component of interest is only found in trace concentrations 
inside the sample. In addition to ultraviolet (UV) detection, the Diode Array 
Detector (DAD) linked with Mass Spectrometer (MS) is being used as another 
approach to identify phytochemicals. Liquid Chromatography combined with 
Mass Spectrometry (LC/MS) is a highly effective method for analyzing intricate 
plant extracts. Tandem Mass Spectrometry (MS) is a powerful tool for obtaining 
detailed information on the structure of substances. Thus, the integration of HPLC 
with MS enables swift and precise detection of chemical constituents in medicinal 
herbs, particularly in cases where a pure standard is not accessible.

The refinement of an unprocessed source material to provide a sample that 
is appropriate for HPLC analysis, along with the selection of a solvent for sample 
reconstitution, can greatly impact the overall effectiveness of isolating natural 
products. Initially, the source material, such as dried powdered plant, must be 
processed to guarantee that the desired component is effectively released into a 
solution. When dealing with dried plant material, an organic solvent such as 
methanol or chloroform is typically used to extract the desired compounds. After 
allowing the material to soak for a length of time, the solid components are 
separated from the liquid extract by pouring out the extract through a filter. Next, 
the filtrate is condensed and introduced into High Performance Liquid 
Chromatography (HPLC) for the purpose of separation. Guard columns are 
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essential while analyzing crude extract. Several natural product materials include 
high concentrations of highly binding components, including chlorophyll and 
other endogenous elements, which can potentially reduce the effectiveness of 
analytical columns over time. Consequently, the guard columns will effectively 
safeguard the longevity of the analytical columns. 

  
   This review paper presented crucial parameters for the analysis of bioactive 
chemicals found in plant material. These compounds are complex mixtures and 
their separation and determination pose ongoing challenges. HPLC is a versatile 
and reliable chromatographic method used to determine the levels of secondary 
metabolites in plants. It has broad applications in several domains for the purpose 
of isolating, quantifying, and qualitatively estimating active compounds. 
Furthermore, this review has provided a comprehensive summary of sophisticated 
extraction methods for the isolation and purification of chemicals derived from 
plant-based sources, predominantly utilizing the HPLC approach.  
Utilizing gas chromatography-mass spectrometry (GC-MS) for the biological 
analysis of active compounds.  

 
Gas chromatography-mass spectrometry is a significant technology used to 
analyze the chemical components of plant extracts and determine their structures. 
This approach has exceptional separation efficiency, resulting in the generation 
of chemical fingerprints with a high level of accuracy and precision. Furthermore, 
GC-MS can provide quantitative data in conjunction with a mass spectral 
database, which is highly valuable for establishing the relationship between 
bioactive chemicals and their applications in pharmacology.  

Principle:  
   The Gas Chromatography/Mass Spectrometry (GC/MS) device is used to 
separate chemical mixtures (using the GC component) and identify the individual 
components at a molecular level (using the MS component). This equipment is 
highly precise for assessing environmental samples. The theory underlying the 
operation of the GC is based on the phenomenon that a mixture will undergo 
separation into its constituent substances upon being subjected to heat. The 
specimen is introduced into the gas chromatography (GC) inlet, where it 
undergoes vaporization and is then carried onto a chromatographic column by the 
carrier gas, which is helium. The sample passes through the column, and the 
chemicals in the mixture are separated based on their different interactions with 
the coating of the column (stationary phase) and the carrier gas (mobile phase). 
The latter portion of the column traverses a heated transfer line and terminates at 
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the ion source entrance, where the compounds eluting from the column are 
transformed into ions. When a stream of electrons interacts with the sample 
molecules, it causes them to get ionized. This process leads to the creation of a 
molecular ion and smaller ions, each with certain relative abundances. These 
relative abundances serve as a unique identifier, or 'fingerprint', for the molecular 
structure. The mass analyzer segregates the ions and subsequently detects them. 

Software program 

GC-MS is a hybrid apparatus that integrates the capabilities of gas-
chromatography and mass spectrometry to detect and classify various organic 
compounds found in organic matter. These chemicals may include Alkanes, Fatty 
acids, Alkenones, Sterols, and so on. GC-MS is increasingly used for monitoring 
organic compounds obtained from various plants and their fossil counterparts. 
This technique has the potential to enhance our understanding of evolutionary 
processes across time and aid in the reconstruction of past climates. 
Gas chromatography – mass spectrometry analysis, commonly referred to as GC-
MS, is a technique used to separate and identify the components of a mixture 
based on their molecular characteristics. 

Analytical techniques including separation and identification were carried 
out using a Gas Chromatography-Mass Spectrometry (GC-MS) instrument. The 
GC-MS analysis was conducted using a Thermo Scientific, Trace GC Ultra/ISQ 
Single Quadruple MS, with a TG-5MS fused silica capillary column of 30 m in 
length, 0.251 mm in diameter, and with a 0.1 mm film thickness. The GC-MS 
detection utilized an electron ionization system with an ionization energy of 70 
eV. Helium gas was employed as the carrier gas, maintaining a constant flow rate 
of 1 mL/min. The analysis considers an injection volume of 1 μL for the sample. 
The temperature of the injector and MS transfer line was adjusted to 280 °C. The 
oven was set to start at an initial temperature of 40 °C and then increase at a rate 
of 5 °C per minute until it reached a final temperature of 280 °C. It was held at 
the beginning temperature for 3 minutes and then held at the final temperature for 
5 minutes. The quantification of all the identified components was examined 
using a percentage relative peak area. The chemicals were provisionally identified 
by comparing their respective retention time and mass spectra with the NIST and 
Wiley library data of the GC-MS instrument.

The composition of C was determined using a gas chromatography mass 
spectrophotometer (GC-MS).
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Extract of colocynthis seed oil  

Analysis of C using a gas chromatography-mass spectrophotometer (GC-
MS). Extract of colocynthis seed oil. The current study examined the oil extract 
of C. seeds using dichloromethane. Colocynthis was utilized for gas 
chromatography-mass spectrometry (GC-MS) analysis. The result of the gas 
chromatography-mass spectrometry (GC-MS) analysis for compound C. The 
colocynthis seed oil revealed around fifty-five bioactive components. The 
compounds were provided together with their molecular formulas, molecular 
weight, composition (expressed as a percentage), and retention time estimated 
based on their peak regions. The seed oil extract has demonstrated the existence 
of a total of twenty-four distinct bioactive components. The spectra of these 
biologically active chemicals were compared using the WEILY and NIST 
library's GC-MS software.  

References 

1. Zhang D., Luo D., Ding D., Lu C. Preclinical experimental models of drug 
metabolism and disposition in drug discovery and development. Acta 
Pharm Sin B. 2012; 2:549–561.  

2. Trunzer M., Faller B., Zimmerlin A. Metabolic soft spot identification and 
compound optimization in early discovery phases using MetaSite and LC–
MS/MS validation. J Med Chem. 2009; 52:329–335.  

3. De Voss J.J., Sibbesen O., Zhang Z., De Montellano P.R. Substrate docking 
algorithms and prediction of the substrate specificity of cytochrome 
P450cam and its L244A mutant. J Am Chem Soc. 1997; 24:5489–5498.  

4. Zhang Z., Sibbesen O., Johnson R.A., De Montellano P.R. The substrate 
specificity of cytochrome P450cam. Bioorg Med Chem. 1998; 6:1501–
1508.  

5. Silverman R.B., Holladay M.W. Lead discovery and lead modification. In: 
Silverman R.B., Holladay M.W., editors. The Organic Chemistry of Drug 
Design and Drug Action. 3rd ed. Academic Press; San Diego, CA: 2014. 
pp. 19–122.  

6. Bouska J.J., Bell R.L., Goodfellow C.L., Stewart A.O., Brooks C.D., Carter 
G.W. Improving the in vivo duration of 5-lipoxygenase inhibitors: 
application of an in vitro glucuronosyltransferase assay. Drug Metab 
Dispos. 1997; 25:1032–1038.  

7. Braeckman R.A., Granneman G.R., Rubin P.R., Kesterson J.W. 
Pharmacokinetics and metabolism of the new 5-lipoxygenase inhibitor A-
64077 after single oral administration in man. J Clin Pharmacol. 1989;29: 
A22.  



160 

8. Reid J.J. ABT-761 (Abbott) Curr Opin Investig Drugs. 2001; 2:68–71
9. Alqahtani M.S., Kazi M., Alsenaidy M.A., Ahmad M.Z. Advances in oral

drug delivery. Front. Pharmacol. 2021;12 doi: 10.3389/fphar.2021.618411.
10.Sahoo D., Bandaru R., Samal S.K., Naik R., Kumar P., Kesharwani P.,

Dandela R. In: Chapter 9 - Oral Drug Delivery of Nanomedicine.
Kesharwani P., Taurin S., T.-T. K.B., A. of N.N. GreishGreish, editors.
Academic Press; 2021. pp. 181–207.

11.Morales J.O., Vuddanda P.R., Velaga S. Fundam. Drug Deliv. 2021.
Controlled drug delivery via the buccal and sublingual routes; pp. 433–448

12.Hussein N.R., Omer H.K., Elhissi A.M.A., Ahmed W. In: Chapter 15 -
Advances in Nasal Drug Delivery Systems. Ahmed W., Phoenix D.A.,
Jackson M.J., in M. C.P.B.T.-A., Charalambous S.E., editors. Academic
Press; 2020. pp. 279–311.

13.Chauhan A., Fitzhenry L., Serro A.P. Recent Advances in Ophthalmic Drug
Delivery. 2022:1–5.

14.Thirunavukkarasu A., Nithya R., Jeyanthi J. Transdermal drug delivery
systems for the effective management of type 2 diabetes mellitus: a review.
Diabetes Res. Clin. Pract. 2022.

15.Sharma P., Gajula K., Dingari N.N., Gupta R., Gopal S., Rai B., Iacocca
R.G. Subcutaneous drug delivery: a review of the state-of-the-art modelling
and experimental techniques. J. Biomech. Eng. 2022

16.Misbah Ul Haq M., Razzak M., Uddin M.A., Ahmed N., Shahidulla D.
Rectal drug delivery system: an overview. Clin. Pharmacol. Biopharm.
2021;10.

17.Banys P. The clinical use of disulfiram (Antabuse): A review. Journal of
Psychoactive Drugs. 1988;20(3):243–261.

18.Barber WS, O’Brien CP. Pharmacotherapies. In: McCrady BS, Epstein EE,
editors. Addictions: A comprehensive guidebook. New York, NY: Oxford
University Press; 1999. pp. 347–369.

19.Batki SL, Kauffman JF, Marion I, Parrino MW, Woody GE. Medication
assisted treatment for opioid addiction in opioid treatment programs. Vol.
43. Rockville, MD: Center for Substance Abuse Treatment; 2005. TIP
series.

20.Batra A. Treatment of tobacco dependence. Deutsches Arzteblatt
International. 2011;108(33):555–564.

21.Bobo JK, McIlvain HE, Lando HA, Walker RD, Leed-Kelly A. Effect of
smoking cessation counseling on recovery from alcoholism: Findings from
a randomized community intervention trial. Addiction. 1998;93(6):877–
887.



161 

22.Buonopane A, Petrakis IL. Pharmacotherapy of alcohol use
disorders. Substance Use & Misuse. 2005;40(13/14):2001–2020. 2043–
2048.

23.Carmody TP, Delucchi K, Duncan CL, Banys P, Simon JA, Solkowitz SN,
Hall SM. Intensive intervention for alcohol-dependent smokers in early
recovery: A randomized trial. Drug and Alcohol
Dependence. 2012;122(3):186–194.

24.Carroll KM, Schottenfeld R. Nonpharmacologic approaches to substance
abuse treatment. Medical Clinics of North America. 1997;81(4):927–944.

25.Ballabh B, Chaurasia OP. Traditional medicinal plants of cold desert
Ladakh-Used in treatment of cold, cough and fever. Journal of
Ethnopharmacology. 2007;112(2):341–345.

26.Pandey MM, Rastogi S, Rawat AKS. Indian herbal drug for general
healthcare: an overview. The Internet Journal of Alternative
Medicine. 2008;6(1):p. 3.

27.Patwardhan B, Warude D, Pushpangadan P, Bhatt N. Ayurveda and
traditional Chinese medicine: a comparative overview. Evidence-Based
Complementary and Alternative Medicine. 2005;2(4):465–473.

28.Samy RP, Ignacimuthu S, Sen A. Screening of 34 Indian medicinal plants
for antibacterial properties. Journal of
Ethnopharmacology. 1998;62(2):173–181.

29.Samy RP, Ignacimuthu S. Antibacterial activity of some folklore medicinal
plants used by tribals in Western Ghats of India. Journal of
Ethnopharmacology. 2000;69(1):63–71.

30.Kamboj VP. Herbal medicine. Current Science. 2000;78(1):35–39.
31.Rabe T, Van Staden J. Antibacterial activity of South African plants used

for medicinal purposes. Journal of Ethnopharmacology. 1997;56(1):81–
87.

32.John D. One hundred useful raw drugs of the Kani tribes of Trivandrum
forest division, Kerala, India. International Journal of Crude Drug
Research. 1984;22(1):17–39.

33.Rowles J.L., 3rd, Erdman J.W., Jr. Carotenoids and their role in cancer
prevention. Biochimica et Biophysica Acta. Mol. Cell Biol. Lipids. 2020;
1865:158613.

34.Jiang Y., Chen L., Taylor R.N., Li C., Zhou X. Physiological and
pathological implications of retinoid action in the endometrium. J.
Endocrinol. 2018;236: R169–R188.

35.Cooperstone J.L., Schwartz S.J. Recent insights into health benefits of
carotenoids. In: Carle R., Schweigget R.M., editors. Handbook on Natural



162 

Pigments in Food and Beverages. Woodhead Publishing; Cambridge, UK: 
2016. pp. 473–497.

36.Vallverdú-Coll N., Ortiz-Santaliestra M.E., Mougeot F., Vidal D., Mateo R.
Sublethal Pb exposure produces season-dependent effects on immune
response, oxidative balance and investment in carotenoid-based coloration
in red-legged partridges. Environ. Sci. Technol. 2015; 49:3839–3850.

37.Yuan Y., Macquarrie D. Microwave assisted extraction of sulfated
polysaccharides (fucoidan) from Ascophyllum nodosum and its antioxidant

38.activity. Carbohydr. Polym. 2015; 129:101–107.
39.Shikov A.N., Mikhailovskaya I.Y., Narkevich I.A., Flisyuk E.V.,

Pozharitskaya O.N. Evidence-Based Validation of Herbal
Medicine. Elsevier; Amsterdam, The Netherlands: 2022. Methods of
extraction of medicinal plants; pp. 771–796.

40.Carreira-Casais A., Otero P., Garcia-Perez P., Garcia-Oliveira P., Pereira
A.G., Carpena M., Soria-Lopez A., Simal-Gandara J., Prieto M.A. Benefits
and drawbacks of ultrasound-assisted extraction for the recovery of
bioactive compounds from marine algae. Int. J. Environ. Res. Public
Health. 2021; 18:9153.

41.Quitério E., Grosso C., Ferraz R., Delerue-Matos C., Soares C. A Critical
Comparison of the Advanced Extraction Techniques Applied to Obtain
Health-Promoting Compounds from Seaweeds. Marine Drug. 2022;
20:677.







info@omniscriptum.com
www.omniscriptum.com

Buy your books fast and straightforward online - at one of world’s 
fastest growing online book stores! Environmentally sound due to 
Print-on-Demand technologies.

Buy your books online at
www.morebooks.shop

Kaufen Sie Ihre Bücher schnell und unkompliziert online – auf einer 
der am schnellsten wachsenden Buchhandelsplattformen weltweit!
Dank Print-On-Demand umwelt- und ressourcenschonend produzi
ert.

Bücher schneller online kaufen
www.morebooks.shop








