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Abstract:
Cytotoxic medications hinder or stop the cell’s ability to operate. The main 

application for cytotoxic medications is the treatment of cancer, usually in in-
teraction with chemotherapy. Their applications have grown in recent years to 
include the treatment of rheumatoid and juvenile rheumatoid arthritis, psoriasis, 
and steroid-resistant muscular disorders.

The most widely used class of cytotoxic medications is called antineoplastics. 
It was common to use the terms cytotoxic and antineoplastic interchangeably. 
Cytotoxic medications can stop the cancer cells from proliferating and growing 
quickly. They may also have effect on the development of other quickly divid-
ing cells in the body, such as the coating of the digestive tract and hair follicles. 
Along with the cancer cells many normal cells are also harmed by the treatment.
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الدور السمي الخلوي للمركبات الدوائية 
في تثبيط بقاء الخلايا السرطانية

أ.م.د فــرح تركي عريبــي الجميلي
كليــة التقنيــات الاحيائيــة / قســم التقنيــات الحيويــة الجزيئيــة والطبيــة / جامعــة النهريــن ، العراق - بغداد

مستخلص:

ــة  ــا أو تُوقــف قدرتهــا عــى العمــل. ويتمثــل الاســتخدام الرئيــي لهــذه الأدوي ــة الســامة الخلاي تُعيــق الأدوي
ــرة  ــنوات الأخ ــا في الس ــعت تطبيقاته ــد توس ــي. وق ــاج الكيميائ ــع الع ــل م ــادةً بالتفاع ــان، ع ــاج السرط في ع
لتشــمل عــاج التهــاب المفاصــل الروماتويــدي والروماتويــدي لــدى الأطفــال، والصدفيــة، واضطرابــات 
ــا مضــادات الأورام. وكان مــن  ــة الســامة للخلاي ــواع الأدوي ــر أن العضــات المقاومــة للســتيرويدات تُســمى أكث
الشــائع اســتخدام مصطلحــي »ســام للخلايــا« و»مضــاد للــورم« بالتبــادل. ويمكــن للأدويــة الســامة للخلايــا أن 
تمنــع الخلايــا السرطانيــة مــن التكاثــر والنمــو السريــع. كــا قــد تؤثــر عــى نمــو خلايــا أخــرى سريعــة الانقســام في 
ــة، يتــرر العديــد مــن  ــا السرطاني الجســم، مثــل غشــاء الجهــاز الهضمــي وبصيــات الشــعر. وإلى جانــب الخلاي

ــة أيضًــا بســبب هــذا العــاج. ــا الطبيعي الخلاي
الكلمات المفتاحية : السمية الخلوية - العلاج الكيميائي- مضادات الأورام- التهاب المفاصل .
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Cytotoxicity  
Cytotoxicity is the degree to which 

a chemical compound or biological 
agent can harm cells, leading to re-
duced cell viability, altered function, 
or cell death, means the characteristic 
of being cell-toxic. hazardous metals, 
chemicals, radiation particles, microbi-
al neurotoxins, and certain neurotrans-
mitters Examples of hazard agents are 
those that occur when the system is out 
of balance. In addition, convinced ven-
oms are poisonous to cells, such as that 
of the brown recluse spider (Loxosce-
les reclusa) or puff adder (Bitis ari-
etans) (1) .

Cell physiology
is the area of biology that focuses 

on the activities and processes of cells, 
which are the fundamental structural 
and functional building blocks of all 
living things, It focuses on how cells 
adapt to their surroundings, commu-
nicate, and sustain life processes. The 
prognosis for cells treated with the cy-
totoxic chemical can vary. Death is the 
condition in which the cells lyse fast 
and lose their membrane integrity. The 

cells can also initiate apoptosis, a con-
trolled cell death caused by a genetic 
mechanism, or they can cause actively 
proliferating and separating (a drop in 
cell viability). Necrosis-affected cells 
which usually enlarge quickly, lose 
their ability to form membranes, stop 
their metabolism, and leak their con-
tents into the surrounding area. Rap-
idly necrotizing cells in vitro loss the 
energy or time to trigger the apoptotic 
apparatus and will not show apoptotic 
markers (2) .

The well-defined cytological and 
molecular processes that character-
ize apoptosis include nuclear conden-
sation, cytoplasmic shrinkage, DNA 
fragmentation into regularly sized 
fragments, and a change in the cell’s 
refractive index. Secondary necrosis 
eventually occurs in cultured cells after 
they undergo apoptosis. They will halt 
metabolism, lyse, and lose membrane 
integrity.(3) .

Measurement
Cytotoxicity tests are usually used 

in the pharmaceutical sector to assess 
the cytotoxicity of chemical librar-
ies. Scientists can search for cytotoxic 
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compounds or, otherwise, filter “hits” 
from early high-quantity drug screens 
for unfavorable cytotoxic effects if 
they are interested in developing a 
treatment that specifically targets fast 
dividing cancer cells. (1) .

Assessing the integrity of the cell 
membrane is typically how cytotoxic 
effects and cell viability are measured.

Cytotoxic compounds often erode 
the integrity of cell membranes. Im-
portant dyes, such as propidium iodide 
or trypan blue, are frequently prohib-
ited from entering healthy cells. They 
can, however, penetrate and dye in-
tracellular components when the cell 
membrane is compromised. As an 
alternative, the integrity of the mem-
brane can be assessed by monitoring 
substances that are normally contained 
inside cells. The chemical common-
ly evaluated using the LDH assay is 
lactate dehydrogenase (LDH). A col-
or shift results from LDH converting 
NAD to NADH when NADH interacts 
with a specific probe. (4).

Within a single cell population re-
searchers can now evaluate the quan-
tity of living and dead cells to identify 
the protease biomarkers. healthy cell 

membranes allow the live-cell pro-
tease to function if a cell is damaged 
or exposed to the outside world, the 
protease becomes inactive. Dead-cell 
protease is unable to traverse the cell 
membrane and can only be quantified 
in culture media subsequent to the loss 
of membrane integrity in the cells (5) .

The MTS assay or 2,3-bis-(2-me-
thoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide (XTT), 
which produces a water-soluble prod-
uct, or 3-(4, 5-Dimethyl-2-thiazolyl)-2, 
5-diphenyl-2H-tetrazolium bromide 
(MTT) fig (1) can also be used to eval-
uate cytotoxicity. A colorimetric reac-
tion is used in this assay to quantify the 
decrease of the cell. The MTS reagent 
will be transformed by living cells into 
a fluorescent dye and a colored (For-
mazan) product. In addition to employ-
ing dyes to indicate the redox poten-
tial of cells for viability monitoring, 
scientists have created tests that use 
ATP concentration as a viability mark-
er. Among these ATP-based tests are 
bioluminescent assays, where ATP acts 
as the luciferase reaction’s limiting re-
agent (6).
 



96The role of Cytotoxic pharmacological compounds 
in inhibiting the viability of cancer cell  .............................................  Farah T.O. Al-Jumaili

Cytotoxicity can be also monitored 
by  (SRB) assay, WST assay and clo-
nogenic assay (7)                                                                              

Drug toxicity
 Is a drug’s unwanted or detrimen-

tal effect on biological organs that re-
sults in cell death or functional abnor-
malities. Both acute (arising shortly 
after exposure) and chronic (arising 
after prolonged use) effects are pos-
sible Drug toxicity, which deals with 
the concept of “cell viability,” which 
is commonly thought to be an aggre-
gate characteristic describing the num-
ber and proportion of living and dead 
cells in the population, was one of the 
primary areas of focus in pharmacol-

ogy. Additionally, it contributes to the 
loss of roughly one-third of therapeutic 
candidates and dramatically increases 
the expense of drug research..(8)

Cytotoxic medications are a com-
ponent of several chemotherapy treat-
ments, and their aim is to obstruct cell 
division. These medications aim to 
destroy tumors before they spread to 
the hosts, however they are unable to 
distinguish between normal and malig-
nant cells.(8)

In the well-established and con-
stantly growing field of cancer treat-
ment, cytotoxic medicines play a sig-
nificant role. Cytotoxic substances not 
only have the ability to destroy healthy 
cells but also have therapeutic effects 

Figure (1) : MTT assay (6)
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on cancerous cells. It is frequently not 
feasible for a patient to finish the en-
tire course at the center due to finan-
cial limitations and great reserves from 
their home towns or villages because 
of the comparatively small number of 
cancer treatment centers.

Many patients find it convenient to 
complete the remaining treatment in 
their closest medical facility after the 
first one or two courses. Physicians at 
these non-specialized facilities might 
not be aware of the drug’s local side 
effects, though. The infusion of cyto-
toxic medications is frequently entrust-
ed to a junior house surgeon or intern, 
even in cancer institutions. This is be-
cause their lack of training in venipunc-
ture and unawareness of the defenses 
involved in infusing a cytotoxic drug 
might result in the drug extravasation 
the body (9).

It speeches the idea of “cell viabil-
ity,” which is usually took as a broad 
characteristic that characterizes the 
number and proportion of living and 
dead cells in the population. The forma-
tion of reliable, available, and scalable 
viability assays based on the effects of 
biomarkers linked to cell death is cru-

cial for the effective screening of drug 
toxicity.(10)

The first class of medications that 
were successfully utilized to treat neo-
plasms were cytotoxic ones. The first 
medication to be created was nitro-
sourea. These medications cause apop-
tosis (cytotoxicity) by attacking DNA 
or metabolic processes that are essen-
tial for cell division. Alkylating agents, 
antimetabolites, natural products, and 
other medications are the general cate-
gories into which they fall. DNA inter-
strand linkage is caused by alkylating 
chemicals through alkylation. Through 
the formation of DNA adducts, plati-
num compounds also result in inter- and 
intra-strand linking. Antimetabolites 
function by preventing the synthesis of 
pyrimidine, purines, or both. Natural 
products include antibiotics that create 
breaks in DNA strands fig (2) campto-
thecins and epipodophyllotoxins that 
interfere with topoisomerase function, 
and vinca alkaloids and taxanes, which 
damage microtubules (11).

Drugs in the miscellaneous group 
include those that work through com-
pletely distinct mechanisms, such as 
arsenic trioxide (ATO) and tretinoin 
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(ATRA), which both cause cell differ-
entiation. Every drug class has a large 
number of more recent equivalents.
Despite giving patients hope, cytotox-
ic chemotherapy comes with a multi-
tude of adverse drug reactions (ADRs), 

mostly because these medications act 
on the body’s normal, quickly dividing 
cells. Because tailored chemotherapy 
has a lower frequency of adverse drug 
reactions, it has recently acquired im-
portance in research.

Figure (2):Antibiotics that create breaks in DNA strands (11)

Different cell fates can arise from 
treating cells with the cytotoxic chemi-
cal. The cells may experience necrosis, 
a condition in which cell lysis causes 
them to lose their membrane integrity 
and quickly perish. The cells can either 
initiate a genetic program of controlled 
cell death (apoptosis) or cease active-
ly growing and dividing (a decrease in 
cell viability). (12). 

A wide range of compounds can be 
harmful. Scientists and medical profes-
sionals need to be aware of the impacts 
and the extent to which they can harm 
an organism because certain substanc-
es are more poisonous than others. The 
property that makes a substance toxic 
or poisonous, such as a drug, is called 
toxicity. The dosage determines the 
toxicity. Toxicology is a more gener-
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al term for a substance’s detrimental 
effects on an organism, whereas cyto-
toxicity describes a substance’s toxic-
ity to cells. A cytotoxic substance can 
cause necrosis or apoptosis, which 
can damage or destroy cells. Because 
certain chemicals are more cytotoxic 
than others, researchers check a chem-
ical’s cytotoxicity levels to make sure 
it won’t harm or kill people. Cytotox-
ic agents include, for example, several 
venoms and chemotherapy drugs.(13)

Cytotoxicity measurement finds 
application in the realm of chemo-
therapeutic medications and cancer 
research. It is critical to understand a 
drug’s cytotoxic effects on malignant 
cells as well as any unintentional effects 
on normal, healthy cells. For instance, 
several chemotherapy medications are 
teratogenic, meaning they cause phys-
ical and functional abnormalities in fe-
tuses or embryos(14).

Chemotherapy can be administered 
to relieve symptoms as well as with the 
goal of curing or extending life. Radi-
ation and surgery are increasingly be-
ing combined with chemotherapy. This 
may be used as an adjuvant therapy or 
to shrink the tumor. Every cytotoxic 

medication has adverse effects, thus 
the patient’s benefit and toxicity must 
be balanced (15).

Certain cancer treatments involve 
the use of medication combinations. 
Although these combinations usually 
have higher cytotoxic levels than indi-
vidual medications, they offer the ben-
efit of improving tumor treatment and 
improving patient survival. However, 
single-drug treatment is still the best 
option for certain malignancies (16).

Cytotoxic medicines are classified 
into various classes. Each has distinct 
areas of action, toxicity, and anti-tumor 
efficacy. The sites of metabolism and 
excretion are important factors to take 
into account before choosing a medi-
cine since they may increase toxicity 
by impairing drug handling. In order 
to prevent any potential negative side 
effects, dosage is very crucial (17).

Cytotoxicity and Nanoparticles
Recently, there has been increased 

interest in the topic of nanotechnology. 
Although the quantity of these mate-
rials and their uses has expanded sig-
nificantly over the past few decades, 
there is still a dearth of research on 
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the long-term effects of nanoparticles 
and nanomaterials on the human body. 
This suggests that they might be cyto-
toxic as well. An increasing number of 
medicinal and diagnostic instruments 
are utilizing nanoparticles (18) .

Variations in the physicochemical 
characteristics of nanoparticles can 
cause the body to unintentionally be-
come cytotoxic. Knowing their cyto-
toxic effects is not limited to their usage 
in medicine. They also occur naturally 
as an unintentional byproduct of indus-
trial research and development.

A number of routes exist for 
nanoparticles to enter the body, includ-
ing injection, implantation, absorption, 
and ingestion. Once within the body, 
they may interact with lipids, proteins, 
DNA, and cell membranes, causing 
spontaneous adsorption of proteins and 
other potentially harmful effects. These 
may cause apoptosis, alteration of cell 
membranes, inflammation, and oxida-
tive stress, among other bioeffects. Un-
derstanding their level of cytotoxicity 
is essential as they are utilized increas-
ingly frequently across all industries 
(19). 

Cytotoxic Agents in Humans and 
Animals

Cytotoxic constituents can also be 
originate in humans and animals:

Cytotoxic T-cells
Cytotoxic T-cells, also known as cy-

totoxic T-lymphocytes, are produced 
by our bodies. These T-cell types look 
for, locate, and eliminate virus-infect-
ed cells. They are also capable of kill-
ing cancer cells                          .  
Utilizing the body’s own cytotoxic 
cells to combat cancer is an intriguing 
field of cancer research. For instance, 
the immune system’s own cytotox-
ic cells are natural killer lymphocytes 
and CD8+ cells                                 .    
These therapies function differently. 
Some enable T-cells to “see” previous-
ly concealed cancer cells, while others 
collect and multiply the cells. (20).

Cytotoxic Venom
The presence of cytotoxic T-cells is 

not unique to humans. Vipers, cobras, 
and violin spiders, for instance, have 
cytotoxic venoms .

There are other cytotoxic com-
pounds in nature, such as snake venom.  
Even your own cytotoxic cells, which 
are essential to your immune system, 
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are produced by your body (21).
It’s informal to confuse the “cyto-

toxic” with “genotoxic.” If a chemical 
harms cells, it is deemed cytotoxic. If 
a chemical directly damages the DNA 
of cells, it is deemed genotoxic. Death 
may or may not follow DNA damage. 
Damage to a cell’s DNA results in mu-
tations. If the mutated cells are not 
fixed, cancer may develop.(22)

Cancer often happens when there 
are mutations in two kinds of genes 
•	 Oncogenes mean the genes that 

produce the proteins that propel 
cell division

•	 The genes encoding the proteins 
that repair damaged DNA or, in the 
event that the DNA cannot be re-
paired, kill the cell (tumor suppres-
sor genes) One example of this type 
of gene is the BRCA gene.(23).

•	
Dangers of Cytotoxic Substances
Although cytotoxic medications de-

stroy cancer cells, they can also harm 
healthy, normal cells. This procedure is 
connected to a number of the adverse 
effects of chemotherapy.Those who 
handle cytotoxic drugs or substances 
must use extreme caution. Depending 

on how they might be exposed to a 
drug, different actions must be taken.
(24).

Protections a person might need 
to take when handling cytotoxic sub-
stances include:
•	 Gloves with their shirt manacles 

inserted under the gloves
•	 Long cover clothing
•	 Disposable dresses
•	 Safety glasses
•	 Protecting the respiratory system

Cytotoxic safety measures may 
need to be followed at home by cancer 
patients undergoing treatment. These 
precautions safeguard their relatives in 
case they inadvertently come into con-
tact with bodily fluids containing cells 
that are harmful to humans.(25)

Conclusion
In an attempt to find the perfect med-

ication that would destroy the tumor 
without endangering healthy tissue, 
there was a massive rush of research 
into novel anticancer drugs follow-
ing the initial encouraging outcomes 
of cytotoxic treatment in the 1940s. 
Although this ambition remains un-
fulfilled forty years later, the hunt for 
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novel cytotoxic agents has produced 
thousands of molecules with potential 
medicinal uses. Nowadays, a little few-
er than forty of these are regularly uti-
lized.
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