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Abstract

Cancer is one of the diseases that rapidly appear worldwide, affecting 82% of the world's population. It
is a complex disorder involving modifications in the body's physiological conditions. This disease is
considered a global issue, primarily affecting developing countries. According to research surveys,
63% of cancer-related deaths are reported in developing countries. Some studies describe it as an
abnormal condition where a group of physiological cells ignore cell divisions and grow uncontrollably.
These cells do not respond to signals that activate the natural cell cycle, exhibiting a degree of self-
sufficiency leading to unregulated growth and spread in transformed cells. 90% of cancer cell spread is
fatal due to their migration to adjacent tissues.

Obijectives: Study the effect of 5-Fluorouracil drug and Annona muricata seed extract on chemically
induced tumors by Thioacetamide on the livers of laboratory rats and determine the changes occurring
in the tissues.

Method of work: Taking (48) male rats and dividing them into eight groups, each group consisting of
six animals. (The first group) the control group, the natural control group, for a period of 28 days. (The
second group) treated with 5-fluorouracil once a week for 28 days. (The third group) treated with the
plant extract of seeds for 28 days. (The fourth group) treated with the plant extract of seeds and 5-
fluorouracil for 28 days. (The fifth group) received daily doses of thioacetamide for 5 days. (The sixth
group) received daily doses of thioacetamide for 5 days, then treated with 5-fluorouracil for 23 days as
mentioned above. (The seventh group) received daily doses of thioacetamide and then treated with the
extract. (The eighth group) received daily doses of thioacetamide for 5 days and then treated with 5-
fluorouracil and the plant extract of seeds for 23 days.

Results and Conclusion: Histological sections of the liver and chemical tests showed clear positive
effects of the plant extract of seeds in rats treated with thioacetamide. Positive effects were also
observed in rats treated with thioacetamide and injected with 5-Fluorouracil, and in rats treated with
thioacetamide and the plant extract of seeds along with 5-Fluorouracil.
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Introduction

Fluorouracil was first introduced as an anticancer agent 30 years ago and is still widely used
in the treatment of common malignant tumors including liver, colon, breast, skin, rectum,
ovary, pancreatic, and stomach cancers. It is metabolized through metabolic pathways in the
body, and despite identifying several potential sites of antitumor activity, the precise
mechanism of action and the contribution of each of these sites to tumor suppression or host
cell toxicity remain unclear. Various methods are available for measuring fluorouracil in
serum, plasma, and other biological fluids, and this drug is poorly absorbed after oral
administration, with incorrect bioavailability, hence it is primarily used as an injectable dose,
intravenously in humans and intraperitoneally in mice. Additionally, this drug is used to treat
malignant skin cancers 1. This medication is considered a primary chemotherapy treatment
for many glandular tumors, urinary tract, and digestive system El. Despite its proven high
therapeutic efficacy, this medication has many side effects that affect the body. The most
common symptoms associated with fluorouracil include diarrhea, mucosal membrane
inflammation, body infections, ventricular arrhythmias, arterial spasms, heart muscle
atrophy, heart failure, heart shock, and vascular angina I, Due to the importance of plants in
medical treatments, Annona muricata plant was used to study its effects on liver tumors. It is
a straight tree with low branching, reaching a height of 8-10 meters.
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The tree has shiny green leaves that are evergreen, and
flowers appear anywhere on the trunk or any branch and is
usually grown from seeds that can be stored for several
months before planting. Seed germination usually takes 3
weeks, but under less than ideal conditions, it can be
delayed for 2-3 months. It produces tropical fruits due to the
strict environmental requirements for tree cultivation and
the short life after harvest of its fruits . The Annonaceae
family consists of about 120 genera and is distributed in
tropical and subtropical regions around the world. The
Annona genus is the most important genus in this family
with about 50 other species in Brazil &, It is a strange fruit
with inedible skins, and the plant is covered with many soft
thorns, and the pulp is white. The unripe fruit is green, and
when ripe, the skin becomes soft and turns greenish-yellow,
and the pulp becomes soft, with a number of black seeds and
fibrous membranes around the pulp. Its taste is described as
a mix of strawberry, pineapple, and citrus, with a distinctive
scent similar to guava fruit 1. This plant is of great
importance due to its various biological effects such as
antioxidants, anti-mutagenic, antimicrobial properties, and
treatment for diabetes U],

The materials and methods

A plant (Annona muricata) was obtained from the local
market, 1 kilogram of it was taken, cleaned from impurities
and dust, placed in dry and clean bags, and stored in the
refrigerator until use. The chemical materials used in this
study were standard ready-made Kit packages.

The animals used

Male rats weighing (200-250) grams were taken from the
animal house at the College of Veterinary Medicine /
University of Mosul for experimental investigation in this
study. They were placed in prepared cages equipped with
water and their specific animal feed. They were divided into
eight groups, left for one week to acclimatize to the
laboratory conditions of light and temperature.

Method of extracting seeds from the Annona Muricuta
plant

The seeds are removed from the Annona muricata plant,
then washed, ground, and dried in an electric oven at 45
degrees Celsius for two weeks, where the seeds become
ground into coarse particles. Then, 100 grams of the coarse
form are mixed in 500 ml of distilled water and placed in a
magnetic stirrer for 48 hours to create the mixture. The
mixture is then filtered through a Whatman filter paper and
concentrated using a rotary evaporator, followed by drying
in an electric oven at 40 degrees Celsius and cooling the
extract to 4 degrees Celsius before use [,

https://www.biochemjournal.com

Doses

1. Thioacetamide

Dissolve thioacetamide in distilled water and administer this
substance to rats at a concentration of 100 mg/kg per day for
five days [,

2. Fluorouracil

Rats were given 5-Fluorouracil by injection into the
peritoneal membrane at a dose of (75 mg/kg), as
chemotherapy is given in standard doses to show the
minimum weight loss, as large doses have caused weight
loss or death in animals [,

3. Plant extracts

After preparing the plant extracts from the seeds of the
Annona muricata plant, the rats were given the plant
extracts orally at a dose of (500) mg/kg daily for 28 days (€,

Experimental design

Taking (48) male rats and dividing them into eight groups,
each group consisting of six animals.

Group 1: Control group (natural control group) for 28 days.
Group 2: Treated with (5-Fluorouracil) once a week for 28
days.

Group 3: Treated with plant extract (Seeds) for 28 days.
Group 4: Treated with plant extract (Seeds) and 5-
Fluorouracil for 28 days.

Group 5: Receiving daily doses of Thioacetamide for five
days.

Group 6: Receiving daily doses of Thioacetamide for 5
days then treated with 5-Fluorouracil for 23 days as
mentioned above.

Group 7: Receiving daily doses of Thioacetamide and then
treated with plant extract (Seeds) for 23 days.

Group 8: Receiving daily doses of Thioacetamide for five
days and then treated with Fluorouracil and plant extract
(Seeds).

Blood samples collection

After the specified period, blood was drawn from the rats
from the eye socket using special capillary tubes by blood
dripping M and collected in dry and clean tubes. The tubes
were then left in a water bath for 10 minutes at a
temperature of 37 degrees Celsius, followed by serum
separation using a centrifuge for 15 minutes at a speed of
5000 revolutions per minute and stored in special tubes at (-
20) degrees Celsius for biochemical tests.

Results and Discussion

Table 1: Shows some of the biochemical variables measured in serum, where the letters (a, b, ¢, d, e, f, g) indicate significant differences at a
probability level of P<0.05 for each clinical variable and for each group of them.

Mean+ SD
Clinical Variables Control Flu Seed group Seed+ TAA group Flu Seed Seed+ TAA
group group Flu group +TAA +TAA +Flu
Glutathione (umoleA) 5.20+0.39d | 4.18+0.34c | 4.39+0.36¢ | 4.14+0.34c | 1.77+0.61a |3.33+0.59b|3.44+0.35b | 4.15+0.29¢
Malondialdehyde (umoleA) | 4.30+0.53a | 5.20+0.77b | 5.50+0.44bc | 6.14+0.54c | 11.35+1.17e |7.19+0.20d | 7.38+0.65d | 5.51+0.55bc
Total Protein (g/dl) 16.01+3.43e| 12.98+1.14c | 15.35+1.71e |13.55+0.86¢cd| 6.85+1.10a |12.65+0.24¢9.63+0.073b[14.89+0.66de
AFP (ng/ml) 4.76+0.72a | 8.26+0.83b | 8.90+0.43b |13.90+0.43c|90.16+1.47g [67.53+1.34f|47.65+1.04d[52.10+3.94e

Glutathione: The results shown in the table indicate a
significant decrease at a probability level of P<0.05 in rats
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drug use, as a study indicated that some medications have a
negative effect on antioxidant levels. A decrease in
glutathione levels was observed during patient treatment, as
glutathione removes the free radicals produced by
chemotherapy, thereby reducing the toxic effects of the
treatment 121, While there were no significant differences in
the concentrations of glutathione in rats injected with 5-
Fluorouracil and treated with plant seed extract compared to
the group treated with plant seed extract alone, the results
also show a significant decrease in glutathione
concentrations in the group of rats treated with
thioacetamide compared to the group treated with
thioacetamide and injected with 5-Fluorouracil. The reason
for the decrease in glutathione concentrations in rats treated
with thioacetamide may be attributed to a deficiency in the
essential precursors necessary for its synthesis during
oxidative stress, including NADPH produced by the pentose
phosphate pathway, which serves as the cofactor for the
enzyme Glutathione reductase, responsible for converting
glutathione from its inactive disulfide form to its active form
(131 The decrease in glutathione concentrations is
accompanied by a decrease in the levels of other
antioxidants in general and an increase in cell sensitivity to
oxidative damage, leading to lipid peroxidation. The results
also indicated a significant increase in GSH concentrations
in rats treated with thioacetamide and injected with 5-
Fluorouracil and plant seed extract compared to rats treated
with thioacetamide alone. This may be attributed to the fact
that glutathione is formed by two enzymes involved in its
synthesis, the first enzyme being glutamate-cysteine ligase
and the second enzyme being y-glutamyl transpeptidase,
which depend on stimulation to provide the initial substrates
for glutathione synthesis, which may be provided by the
seeds [141,

Malondialdehyde

The results shown in the previous table indicate a significant
increase in MDA concentrations at a probability level of
p<0.05 in rats injected with 5-Fluorouracil compared to the
control group. This may be attributed to the fact that
chemical treatments affect both tumor and normal cells,
resulting in toxic secretions and increased free radicals,
leading to increased oxidative stress. MDA is one of the
products of lipid oxidative stress. Additionally,
chemotherapy stimulates enzymes such as Nitric oxide-
Synthase and cyclooxygenase enzymes, while increasing
ROS 23, However, no significant differences were observed
in MDA levels in rats injected with 5-Fluorouracil and
treated with plant seed extract compared to the group treated
with plant seed extract. The results indicate a significant
increase in MDA concentrations in the group of rats treated
with thioacetamide compared to rats treated with
thioacetamide and injected with Fluorouracil. This may be
attributed to the fact that many oxidative stress-related
conditions, including cancerous tumors, exhibit increased
activity of free radicals beyond the capacity of antioxidants
to neutralize or remove them. This leads to lipid
peroxidation, elevation of MDA levels, and an imbalance
between the effectiveness of free radicals and antioxidant
activity causing oxidative stress and an increase in MDA
formation, which leads to loss of cellular membrane
elasticity and permeability, thereby increasing the
proportion of free radicals [*> 6], The results also revealed a
significant decrease in MDA concentrations in rats treated
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with thioacetamide and injected with 5-Fluorouracil and
plant extract from seeds compared to the group of rats
treated with thioacetamide and plant extract from seeds, as
well as the group treated with thioacetamide alone. This
decrease may be attributed to the seeds containing various
vital components, including flavonoids and polyphenolics,
which are compounds that may inhibit free radicals in the
body, resulting in decreased MDA concentrations 7],

The reason may also be attributed to the increase in levels of
antioxidant enzymes in the plant extract and the decrease in
MDA concentration by inhibiting the growth of cancer cells
through the arrest of the G1 cell cycle phase, leading to
programmed cell death of cancer cells, in addition to its
regulation of mitochondrial function [ The drug
Fluorouracil, used as a chemotherapeutic treatment, is a
pyrimidine analogue with a stable fluorine atom instead of a
hydrogen atom at position 5 of the uracil ring. The fluorine
interferes with the conversion of Deoxyuridylic acid to
Thymidylic acid, depriving the cell of thymidine base. This
drug is one of the essential types for DNA synthesis and is
primarily used in the treatment of slow-growing tumors 291,
Such properties found in seeds and Fluorouracil may work
to reduce MDA concentrations in the body.

Total Protein

The results shown in the table indicate a significant decrease
in total protein levels at a probability level of p<0.05 in rats
injected with 5-Fluorouracil compared to the control group.
There was also a significant decrease in total protein
concentration in rats injected with 5-Fluorouracil and treated
with plant seed extract compared to the group treated with
plant seed extract alone. This may be attributed to the side
effects of the chemical treatment Fluorouracil which has
been shown to have adverse effects on the body and may
lead to a reduction in blood serum protein concentration [2°1,
The results also indicate a significant increase in the total
protein concentration in rats treated with thioacetamide and
injected with Fluorouracil compared to the group treated
with thioacetamide alone, as the concentration reached. The
results also pointed to a significant increase in the total
protein concentration in rats treated with thioacetamide and
plant seed extract and injected with Fluorouracil compared
to the group treated with thioacetamide and plant seed
extract. The reason for the increase in total protein
concentration may be attributed to the presence of
Fluorouracil, which acts through the chemical treatment
response by suppressing the activity of Thymidylate
Synthase and its involvement in the metabolic process of
DNA and RNA synthesis resulting from cell death [,
thereby potentially increasing protein concentration in the
blood. The plant seed extract contains several amino acids
that may help increase total protein concentration in the
body 22,

Alpha Feto Protein

An increase in the level of significance at p<0.05 was
observed in rats injected with Fluorouracil compared to the
control group. Additionally, a significant increase was noted
in rats treated with the plant seed extract and injected with
Fluorouracil, where the AFP concentration was found to be
comparable to the group treated with the plant seed extract.
This may be attributed to the negative effects of
Fluorouracil, which can lead to inflammation in the body
1201, Previous studies have indicated a significant increase in
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AFP concentration due to the occurrence of liver
inflammation, especially acute and chronic inflammation.
AFP concentration is also used as a diagnostic marker for
liver inflammation 3. The results also demonstrate a
significant increase in AFP concentration in rats treated with
thioacetamide compared to the group treated with
thioacetamide and injected with Fluorouracil. This may be
attributed to the increase in gene expression (AFP-mRNA),
leading to its elevation in the bloodstream. This increase is
typically observed in liver cancers 24 Studies also indicate a
correlation between elevated AFP levels in patients with
non-tumorous testicular cancer, making it important for
diagnosis, classification, monitoring of progression, and
response to chemotherapy 2. The results also indicated a
significant decrease in AFP levels in rats treated with
thioacetamide and seed plant extract compared to the group
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treated with thioacetamide, Fluorouracil, and seeds, and the
group treated with thioacetamide alone. The decrease in
AFP levels may be attributed to the extent of the impact of
phenolic compounds present in the plant and their support
and assistance to liver cells in regeneration. The plant
components, rich in phenolic compounds, led to a reduction
in AFP formation [?61. Therefore, genetic expression is
inhibited by the formation of hepatic tumors 2?7, As known,
AFP is formed early during the S1 phase of the cell cycle
and is secreted before the M phase 8. It is directly
proportional to the amount of mRNA produced during the
gene synthesis phase, with a half-life of 5-6 days in adult
cancer. After that, gene transcription, and as the tumor
progresses, it is cleared from the bloodstream by Asialo
glycoprotein present on the surface of Kupffer cells, which
remove the sugar protein from the bloodstream [,

Table 2: Shows some of the biochemical variables measured in the serum, where the letters (a, b, c, d, ¢, f, g) indicate significant differences
at a probability level of p<0.05 for each of the clinical variables and for each group of them.

- . Mean + SD
Clinical Variables Control group| Flugroup | Seed group | Seed +Flu | TAA group | Flu+ TAA | Seed +TAA |Seed+ TAA + Flu
Alkaline phosphatase (IUA) | 47.19+4.91a | 99.64+7.24d | 75.55+3.12bc |72.26+16.14h|150.026+4.36f|111.39+0.23e| 81.29+2.48c 94.18+3.61d
Paroxonas (IUAL) 126.64+14.59f |162.092+4.32b|66.41+10.97bc | 74.14+3.58cd | 35.64+1.57a | 81.60+4.10d |72.99+2.97cd 98.06+8.48¢e
AST (IUAL) 43.19+2.12a | 99.95+3.73e | 62.23+6.10bc | 65.17+3.52c | 107.80+4.11f | 92.41+3.73d |62.08+1.52bc| 60.17+4.36b
ALT (IUAL) 49.74+3.24a | 80.02+7.05d | 62.37+6.84b | 63.56+3.50b |146.78+7.047f|100.16+4.93e| 73.62+1.95¢c 70.45+3.68¢

Alkaline Phosphates

The results in Table (2) indicated a significant increase at a
probability level of p<0.05 in the activity of the enzyme
ALP in rats injected with the anticancer drug Fluorouracil
compared to the control group. This may be attributed to the
side effects of Fluorouracil, which cause tissue changes
affecting the liver of rats, especially the inner parenchymal
cells %, and the drug also causes necrosis in liver cells with
changes in hepatocytes leading to an increase in enzyme
activity in the blood serum B,

No significant differences in the enzymatic activity of ALP
were observed in rats injected with Fluorouracil and treated
with plant seed extract compared to the group treated with
plant seed extract alone. The results indicate a significant
increase in ALP enzyme activity in the group of rats treated
with thioacetamide compared to the group injected with
Fluorouracil and treated with thioacetamide. This was
attributed to a study suggesting that enzyme activity
increases in cases such as disturbances in enzyme secretion
activity, changes in enzyme receptors, or genetic
abnormalities in enzyme formation that may affect its
effectiveness 2. The reason for the increase may also be
attributed to obstruction in the bile ducts leading to a failure
in enzyme secretion through them, and the relatively narrow
bile ducts lead to its accumulation and an increase in
enzyme activity in the blood serum. Such an increase occurs
in cases of liver cancers, as indicated by previous studies 3%
34, It is also noted from the results a significant decrease in
enzyme activity in rats treated with thioacetamide and plant
seed extract compared to rats treated with thioacetamide
injected with Fluorouracil and plant seed extract. This may
be attributed to the plant seed extract containing phenols and
flavonoids that may improve liver damage, as well as for the
anticancer drug Fluorouracil 3%,

Paraoxonase

The results shown in Table (2) indicate a significant
decrease at the probability level p<0.05 in rats injected with
Fluorouracil compared to the control group. This may be
attributed to the enzyme resisting the action of
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chemotherapy through enzyme reactions present in the
mitochondria membranes, as it performs the same function
to resist chemotherapy in a number of cancer cells. The
enzyme plays a vital and defensive role for the cell in an
attempt to keep it alive 7381, It is inversely proportional to
the weight of the animal's body, and this is consistent with
previous studies 8, and no significant differences were
found in the enzyme activity in rats injected with
Fluorouracil and treated with plant seed extract and the
group of rats treated with plant seed extract. The results
show a significant decrease in the activity of the paroxonase
enzyme in the group of rats treated with thioacetamide
compared to the group of rats treated with thioacetamide
injected with Fluorouracil, and the reason for the decrease in
the activity of the paroxonase enzyme may be that cancer
patients suffer from oxidative stress and that cancer has
multiple strategies for tumor spread, affecting respiratory
chain pathways, increasing free radicals in the body, and
affecting enzyme levels . It is also noted that there is a
significant increase in enzyme activity in rats treated with
thioacetamide and treated with plant seed extract injected
with Fluorouracil compared to the group of rats treated with
thioacetamide and plant seed extract, and the group of rats
treated with thioacetamide, and the reason for this may be
that fenugreek seeds possess enzymatic and non-enzymatic
antioxidants, which may work to maintain or increase
enzyme levels in the body . Flavonoids present in the
seeds, such as active polyphenols, act as if they were drug
compounds with biological roles and have been used as
therapeutic agents, and drugs and chemical compounds may
bind to the chemical structure of the enzyme, leading to a
reduction in enzyme activity in the blood serum 431,

Aspartate Transaminase

The results showed a significant increase in rats treated with
Fluorouracil drug at a probability level of p<0.05 compared
to the control group. This may be attributed to liver damage
caused by Fluorouracil drug, as it is eliminated by
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approximately 90% through metabolic processes in the liver
2 The enzyme AST correlates directly with the extent of
cell damage, especially in the liver and kidneys 3. There
were no significant differences in rats injected with
Fluorouracil and treated with plant seed extract compared to
the control group. The results indicate a significant increase
in AST enzyme activity in rats treated with thioacetamide
compared to the group treated with thioacetamide and
injected with Fluorouracil. This could be due to the
chemical substances, including thioacetamide, causing
damage to the inner area of the liver by increasing levels of
Cytochrome P450 Oxidase enzymes, leading to the
formation of highly toxic compounds. This is followed by
an increase in the production of reactive oxygen species
(ROS) and the release of cytokines that assist in
inflammation ¥4, There were no significant differences in
the enzymatic activity in rats treated with thioacetamide and
plant seed extract injected with Fluorouracil and the group
treated with thioacetamide and plant seed extract. The
results also indicate a significant decrease in enzyme
activity in rats treated with thioacetamide and plant seed
extract injected with Fluorouracil compared to the group
treated with thioacetamide. This may be attributed to the
chemotherapy that may improve liver function, in addition
to the plant seed extract, which contains bioactive
compounds that may play an important role in improving
liver function 1,

Alanine Transaminase

The results shown in Table (2) indicated a significant
increase at a probability level of p<0.05 in rats injected with
the drug Fluorouracil compared to the control group. Recent
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studies have confirmed that chemotherapy causes liver
toxicity, manifesting in various patterns including hepatic
inflammation, cholestasis, and the occurrence of what is
known as fatty degeneration, which is a disturbance in the
fat metabolism process within the cell. These disturbances
may lead to liver damage, resulting in disturbances in liver
enzymes and elevated levels [“6l. No significant differences
were observed in the enzyme activity in rats treated with
plant seed extract injected with Fluorouracil compared to the
control group treated with plant seed extract. The results
indicate a significant increase in enzyme activity in the
group of rats treated with Thioacetamide compared to the
group treated with Thioacetamide injected with
Fluorouracil. This may be attributed to the role of
Thioacetamide in increasing coagulation pathways,
exacerbating liver cell damage and enlargement, which may
increase enzyme activity in the blood serum ©71. No
significant differences were observed in enzyme activity in
rats treated with Thioacetamide and plant seed extract
injected with Fluorouracil compared to the group treated
with Thioacetamide and plant seed extract. However, a
significant decrease in enzyme activity was observed in rats
treated with Thioacetamide and plant seed extract injected
with Fluorouracil compared to the group treated with
Thioacetamide. This may be attributed to the important role
of seeds in prolonging the assumed lifespan of the drug
Fluorouracil and supporting it through its components that
have the ability to scavenge free radicals, reduce their
effects on cells, and this depends on the decrease in the
activity of the measured ALT enzyme [26],

Histopathology
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Fig 1: A- histological section of a rat liver for the control group showing the hepatic tissue and the central vein B- Kupffer cells C-
hepatocytes and sinusoids.
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Fig 2: histological section of a rat liver treated with Thioacetamide shows A- hepatocellular cancer cells with visible staining and variability
in their shapes B- along with nuclear division phenomenon C- infiltration of inflammatory cells D- and congestion of sinusoids.

Fig 3: Shows a histological section of a rat liver treated with Thioacetamide and fluorouracil, A- demonstrating a few hepatocellular tumor
cells with nuclear pleomorphism and division, B- central vein congestion, C- and infiltration of inflammatory cells around it

Fig 4: Section shows a histological section of a rat liver treated with Thioacetamide and plant seed extract A- demonstrating vacuolar
degeneration of some hepatocytes, B- congestion of sinusoids, C- and proliferation of Kupffer cells
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Fig 5: Shape of a histological section of a rat liver treated with Thioacetamide and, Fluorouracil, and a plant extract of seeds of plant A -
showing the appearance of a number of tumor cells B - demonstrating cell division and nuclear enlargement C - and some liver cells
necrosis.

Conclusion

This study demonstrates the effectiveness of 5-Fluorouracil
and Annona Muricata seed extract in mitigating liver tumor
damage in rats, with improved histology and biochemical
markers. The combination of both treatments enhances
protective effects, suggesting potential for integrated
therapies to enhance efficacy and reduce side effects in liver
tumor management.
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