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Abstract: The aim of this study is to determine the protection of ethanolic annona muricata (soursop) leaves extract
on cyclophosphamide induced toxicity and oxidative stress in liver of male wistar rat. The healthy male albino rats of
wistar strain, after acclimatization for a period of two weeks were randomly distributed to three (3) groups with four (4)
rats in each group, group 1 served as control and was feed on pelletized growers feed and distilled water for 14 days.
Group 2 served as positive control and was feed on pelletized growers feed and distilled water throughout the experiment
(14days), then received 100mg/kg per body weight (b.w.) of cyclophosphamide via injection, and were sacrificed after
one day. While group 3 served as test and was feed on pelletized growers feed and distilled water, and also 100mg/100kg
(b.w.) of ethanolic leaves extract of soursop for 14 days, then received 100mg/kg per body weight (b.w.) of
cyclophosphamide via injection, and were sacrificed after one day. For the methodology, hepatic anti-oxidant enzymes,
ALT, AST, and histopathology of the liver were the parameters assayed using biochemical methods. The results showed
that there was a significant decrease (P<0.05) in SOD activites of wistar albino rats following the administration of
cyclophosphamide. However, treatment of rats with cyclophosphamide was observed to have caused a significant
increase in MDA levels. Administration of Annona muricata extract was observed to have reversed the adverse effects
caused by cyclophosphamide. The results showed that there was a significant increase (P<0.05) in the enzyme levels
compared to the control in albino male rat liver after the administration of the cyclophosphamide. However,
administration of extract was observed to have ameliorated the effects of cyclophosphamide induced damage thereby
causing the decrease in ALT and AST concentrations. In conclusion, Annona muricata leaves possess hepatoprotective
properties and can therefore be recommended for treatment of hepatotoxicity and oxidative stress.
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INTRODUCTION

Natural products, especially those derived from plants, are used to help mankind sustain its health since the
dawn of medicine. Over the past century, the phytochemicals in plants are a pivotal pipeline for pharmaceutical
discovery. The importance of the active ingredients of plants in agriculture and medicine has stimulated significant
scientific interest within the biological activities of these substances [1]. Although these studies have been done, a
restricted range of plant species has experienced detailed scientific inspection, and our knowledge is comparatively
insufficient concerning their potential role in nature. Hence, the attainment of a cheap perception of natural products
necessitates comprehensive investigations on the biological activities of these plants and their key phytochemicals [2].
During a pharmaceutical landscape, plants with an extended history of use in ethno medicine are a rich source of active
phytoconstituents that provide medicinal or health benefits against various ailments and diseases. One such plant with
extensive traditional use is soursop. Annona muricata could also be a member of the Annonaceae family and is an
evergreen tree. it's cultivated in tropical and subtropical regions and thought of as a typical medicine [3]. Its leaves
contain several groups of medicine collectively called annonaceous acetogenins that include murihexocin, annocuricin
[4] annopentocin A, B and C, (2, 4-cis)-annomuricin-D-one, murihexocin A and B, (2,4-trans)annomuricin-D-one, 4-
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acetyl gigantetrocin, cis-gigantrionin [5] muricatocin A, B and C [6] and annohexocin [7]. These compounds are highly
potent and selective against microbial resistance [8]. They showed anti-tumor effects in vivo and in vitro [9-11]. The
essential oils of A. muricata leave have parasiticidal, anti-diarrheal, rheumatological, and anti-neuralgic properties [12,
13]. The leaves extracts are gastroprotective [15], anti-diabetic, hepatoprotective [14] anti-bacterial [17], anti-arthritic,
anti-inflammatory [16] and are modulators of the innate system [18]. Cyclophosphamide (CP) is an alkylating agent
widely used for treating many human malignant tumors and as immunosuppressant drug [19; Mahmoud et al., [20];
Omole et al., [21]. However, its clinical application is typically limited thanks to its adverse side effects, including
hepatotoxicity [19-21]. Exposure to high doses of CP can induce acute hepatotoxic effects provoked by oxidative stress
and activation of inflammatory cascade reaction [22, 23]. The deleterious effects of CP are attributed to its metabolites
phosphoramide mustard and acrolein produced through the action of hepatic microsomal cytochrome P450 (CYP450)
[24]. The highly reactive metabolite acrolein features a brief biological half-life and triggers the assembly of reactive
oxygenspecies (ROS) [25]. In turn, ROS provoke lipid peroxidation (LPO), protein carbonylation and oxidative DNA
damage, and activate multiple signalling molecules, including nuclear factor-kappaB (NF-«kB), eventually resulting in
necrobiosis. Oxidative stress and inflammation can activate the apoptotic signaling pathways in hepatocytes and are
therefore implicated in CP hepatotoxicity [26, 20, 22, 23]. Medicinal plants are identified and used throughout human
history. Plants have the facility to synthesize an honest kind of chemical compounds that are used to perform important
biological functions and to defend against attack from predators like insects, fungi and herbivorous mammals [27].
Chemical compounds in plants mediate their effects on the human body through processes a bit like those already well
understood for the chemical compounds in conventional drugs; thus herbal medicines don't differ greatly from
conventional drugs in terms of how they work [28]. This allows herbal medicines to be as effective as conventional
medicines, but also gives them the same potential to cause harmful side effects. The use of plants as medicines predates
written human history. Ethno-botany is recognized as an efficient because of discover future medicines. Many of the
pharmaceuticals currently available to physicians have an extended history of use as herbal remedies including aspirin,
digitalis, quinine, and opium. The use of herbs to treat diseases is almost universal among non-industrialized societies
and is typically cheaper than purchasing expensive modern pharmaceuticals [29]. Herbal medicine is that the utilization
of medicinal plants for prevention and treatment of diseases: it ranges from traditional and popular medicines of every
country to the use of standardized and titrated herbal extracts [30]. Traditional medical system may indicate safety, but
not efficacy of treatments, especially in herbal medicine where tradition is almost completely supported remedies
containing active principles at low and ultra-low concentrations, or depending on magical-energetic principles [31].

MATERIALS AND METHODS

Plant Source
The leaves of Annona muricata were obtained from a farm in Amassoma, Wilberforce Island.

Preparation of plant leaves extract

Fresh leaves of Annona muricata was rinsed in a clean water and shade dried at room temperature. The dried
leaves were grounded into fine powder with a mechanical grinder. 5009 of the powdered leaf was dissolved with 1900ml
of 75% ethanol. The resulting mixture was filtered with the aid of a sterile cheese cloth and the filtrate was subjected to a
low but complete solvent evaporation using a water bath at a temperature of 60°C. The extract was stored in an air tight
container, labelled and stored at room temperature.

Chemicals/Reagents

All chemicals used were of analytical grade. Ethanol, 30mM Hydrogen peroxide, 6M hydrogen tetraoxosulphate
(H,SO,), Tris amino methane buffer (hydroxyl methyl), Phosphate buffer, Carbonate buffer, KMNO,4 NaCl, NaOH,
Na,HPO, HCI, Na,CO;, NaHCO;, EDTA (Ethylenediamminetetraacetic acid), Adrenaline solution.

Experimental animals

Twelve (12) healthy adult male wistar albino rats with an average weight of 124g to 186g were used for this
study. They were obtained from the animal house of the Department of Pharmacology, Niger Delta University,
Wilberforce Island, Bayelsa State, Nigeria and were maintained under standard housing conditions (photoperiod: 12h
natural light and 12h dark). The animals were acclimatized for three weeks and were fed pelletized growers feed and
were exposed to clean tap water throughout the period of the study.

Experiment design

The healthy male albino rats of wistar strain, after acclimatization for a period of two weeks were randomly
distributed to three (3) groups, with four (4) rats in each group. Group 1 (control) was feed on pelletized growers feed
and distilled water throughout the experiment (14days). Group 2 (positive control) was feed on pelletized growers feed
and distilled water for 14 days, then received 100mg/kg per body weight (b.w.) of cyclophosphamide via injection, and
was left for a day for the cyclophosphamide to take effect. Group 3 was feed on pelletized growers feed and distilled
water for 14 days, received 100mg/kg per body weight (b.w.) of ethanoic extract of Annona muricata for 14 days, then
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received 100mg/kg per body weight (b.w.) of cyclophosphamide via injection, and was left for a day for the
cyclophosphamide to take effect.

Method of collection and handling sample (liver)

Annona muricata leaf extract was administered orally with gavage for 14 days after which the animals were
sacrificed via chloroform anaesthetization. The whole body was dissected and the liver tissue excised and washed in
normal saline and part of it was placed in a sample bottle containing 10% formal saline. This was subjected to
histological analysis. Then 10% homogenate was prepared. This was subjected to biochemical analysis. The blood was
centrifuged for 10minutes at 3000rpm and the serum was collected.

Histopathological studies of the liver

The liver tissue was removed, weighed and immediately fixed in 10% formalin for histological studies. The
tissue samples were cleared in xylene and embedded in paraffin wax and sections were cut using 5-micron in a rotary
microtome. The sections were then examined using the light microscope after staining with haematoxylin and eosin dyes
and interpreted by an expert histologist.

Biochemical assay

The level of superoxide dismutase (SOD) activities was determined by the method of Misra and Fridovich [32].
Lipid peroxidation was determined by measuring the thiobarbituric acid (TBA) and reactive substrates (RS) produced
during lipid peroxidation. Catalase assay was carried out according to the method described by Aebi [33].

STATISTICAL ANALYSIS

Results obtained were expressed as mean + standard deviation (SD). Analysis of variance (ANOVA) was
carried out on the result data at 95% confidence level using SPSS statistical software package, version 17.

RESULTS
Effect of Annona muricata on liver MDA and SOD

Table-1.0: The effect of administration of Annona muricata on liver MDA and SOD.

Treatment SOD (U/ml) | MDA (mM/I)
Control (feed and water) 5.25+1.16 * | 401.09+1°

Cyclophosphamide 2.48+0.29° | 1207.98+1.39°
Cyclophosphamide + ethanolic soursop leave extract | 4.58+0.17 % | 385.95+31.14 *

Data are Mean = SD (n = 4). Mean in the same column with different superscript letter(s) are significantly different,
(P<0.05).

The results showed that there was a significant decrease (P<0.05) SOD activity of wistar albino rats following
the administration of cyclophosphamide. However, treatment of rats with cyclophosphamide was observed to have
caused a significant increase (P<0.05) in MDA levels. Administration of Annona muricata extract was observed to have
reversed the adverse effects caused by cyclophosphamide. Administration of Annona muricata caused an increase
(P<0.05) in SOD activity bringing it close to the original level of activity. The administration of Annona muricata also
caused a significant decrease (P<0.05) in the levels of MDA bringing it close to the original MDA levels.

Effect of Annona muricata on liver ALT and AST level

Table-2.0: The effect of administration of Annona muricata extract on the ALT and AST level of liver of albino
male wistar rat

Treatment AST (IU/L) | ALT (1U/L)
Control (feed and water) 67.83+1.39 % | 43.73+1°
Cyclophosphamide 173.4+0.81 " | 128.25+0.68
Cyclophosphamide + ethanolic soursop leave extract | 67.06+1.28 * | 42.75+1.42 %

Data are Mean £ SD (n = 4). Mean in the same column with different superscript letter(s) are significantly different,
(P<0.05).

The results showed that there was a significant increase (P<0.05) in the enzyme levels compared to the control
in albino male rat liver after the administration of the cyclophosphamide. However, administration of Annona muricata
extract was observed to have ameliorated the effects of cyclophosphamide induced damage thereby causing the decrease
in ALT and AST concentrations.
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Effects of Annona muricata on histopathology of liver

Fig-1: (Control group) Liver with cords of hepatocytes well preserved, cytoplasm not vacuolated, sinusoids well
demarcated, no area of necrosis, no fatty change, and no fatty degeneration. The result shows the control group only fed
with feed and water. There are no signs of damage

Fig-2: (Positive control group treated with cyclosphosphamide 100kg/mg b. wt) Liver showing enlarged
hepatocytes with vacuolation of cytoplasm. There is compression of the sinusoid. The result shows the positive control
group showed signs of liver damage caused by the administration of cyclophosphamide.

‘l’
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Fig 3: Liver (treated with cyclosphosphamide 100mg/kg bwt + ethanolic soursop leave extract 100mg/kg bwt)
with normal architecture. Showing central vein .Cords of hepatocytes well preserved cytoplasm not vacuolated.
Sinusoids well demarcated no area of necrosis, no fatty change, no fatty degeneration. The result shows the test group
after administration of cyclophosmide and then the leaf extract. The liver architecture is normal, showing central vein,
cords of hepatocytes well preserved and cytoplasm not vacuolated. Sinusoids are well demarcated with no area of
necrosis, no fatty change, and no fatty degeneration.

Di1SCcUSSION

Liver disease and toxicity is common, especially with many drug treatments. Serum activities of AST and ALT
are the foremost commonly used biochemical markers of liver injuries. SOD and MDA levels can also function
biomarkers of oxidative stress in liver. The results of this study showed increase within the levels of ALT and AST
within the test group injected with cyclophosphamide as compared to the control group. The rise in serum level of AST
and ALT has been attributed to the damaged structural integrity of the liver. This is often because they're cytoplasmic in
their location and are released into circulation after cellular damage [34]. Enzymes are proteins found within the body
that increase the speed of chemical reactions. Liver has enzymes which perform these actions within the liver. the
foremost common liver enzymes are Aspartate aminotransferase (AST), Alanine aminotransferase(ALT) and Alkaline
Phosphatase (ALP) which are useful biomarkers of liver injury during a patient with a point of intact liver function [35].
Tests are performed on patient’s blood sample, a number of which are related to functionality of the liver (e.g. albumin)
and cellular integrity (e.g. transaminase) while some are related to conditions linked to the biliary tract (gammaglutamyl
transferase and alkaline phosphatase) [36]. Several biochemical tests are useful within the evaluation and management of
patients with hepatic dysfunction. These tests are often wont to detect the presence of liver diseases, distinguish among
differing types of liver disorders, gauge the extent of known liver damage, and follow ]Jliver injury [35]. An initial step in
detecting liver damage may be a simple biopsy to work out the extent of certain liver enzymes (proteins) within the
blood. Under normal circumstances, these enzymes mostly reside within the cells of the liver. But when the liver is
injured for any reason, these enzymes are spilled into the bloodstream [37]. Oxidative stress (OS) may be a condition
produced by the imbalance between oxidants and antioxidants during a biological system. The imbalance occurs as
results of the surplus level of reactive oxygen species (ROS) or improper functioning of the antioxidant system [38].
SOD (SOD) may be a liver antioxidant, that is, SOD is an enzyme that helps break down potentially harmful oxygen
molecules within the liver. In event of a big change within the normal enzyme activity of SOD, it can cause oxidative
stress within the liver as there would be more free radicals and fewer SOD to assist break them down. Malondialdehyde
(MDA) within the liver is one among the ultimate products of polyunsaturated fatty acids peroxidation within the cells. a
rise in free radicals causes overproduction of MDA, so MDA is usually referred to as a marker of oxidative stress and
antioxidant status. The present study was conducted to guage the protective effect of the extract of soursop leaves on
cyclophosphamide induced oxidative stress and toxicity in liver of male rats of wistar strain. Soursop was chosen because
it's widely used and readily available in Nigeria also as in many parts of Africa and therefore the world. Soursop is
understood as graviola, soursop and guanabana. This plant is distributed in tropical areas of Central and South America,
Africa and south-east Asia as alittle evergreen tree that grows around 4 to eight m tall and produces green spiny heart-
shaped fruit. The bark, fruit, seed and leaves are traditionally used for the management of a good sort of diseases like
malaria, diabetes and parasitosis [39]. The observed effect of soursop on liver enzymes has been attributed to its leaves
containing several groups of drugs collectively called annonaceous acetogenins [40] and also other phytochemicals of the
plant including alkaloids (ALKSs) [41, 42], megastigmanes (MGs) [43], flavonol triglycosides (FTGs) [44], phenolics
(PLs) [45], cyclopeptides (CPs) and essential oils [46, 47]. Flavonoids are known to be antioxidants, radical scavengers
and antilipoperoxidant resulting in hepatoprotection. The mechanism by which soursop exerts protection against
cyclophosphamide induced alterations within the liver could also be thanks to the antioxidative and acetogeninic effect of
the plant extract. The pharmacological effects of A. muricata leaf extracts and acetogenins isolated from A. muricata on
major body systems suggests a favourable safety profile [39].

The observed effect of Annona muricata on liver enzymes has been attributed to its leaves containing several
groups of substances collectively called annonaceous acetogenins [40] and also other phytochemicals of the plant
including alkaloids (ALKS) [41, 42], megastigmanes (MGs) [43], flavonol triglycosides (FTGs) [44], phenolics (PLSs)
[45], cyclopeptides (CPs) and essential oils [46, 47]. Flavonoids are known to be antioxidants, free radical scavengers
and antilipoperoxidant leading to hepatoprotection. The mechanism by which Annona muricata exerts protection against
cyclophosphamide induced alterations in the liver may be due to the antioxidative and acetogeninic effect of the plant
extract. The pharmacological effects of A. muricata leaf extracts and acetogenins isolated from A. muricata on major
body systems suggests a favourable safety profile [39].

The activity of SOD when compared to the control decreased significantly (P<0.05) from 5.25+1.16 to
2.48+0.29 (U/ml) after treatment with cyclophosphamide. On the other hand, administration of Annona muricata
increased the level of SOD from 2.48+0.29 to 4.58+0.17 (Table 1).
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The level of MDA when compared to the control increased significantly (P<0.05) from 401.09+1 to
1207.98+1.39 (mM/I) after treatment with cyclophosphamide. On the other hand, administration of Annona muricata
decreased the level of MDA from 1207.98+1.39 to 385.95+£31.14 (Table 1).

Histopathological study showed that the control sample showed no signs of injury, that is, no area of necrosis,
no fatty change, no fatty degeneration and cytoplasm not vacuolated (Fig 1). The results show the group administered
cyclophosphamide feature enlarged hepatocytes with vacuolation of cytoplasm and there's compression of the sinusoid
(Fig 2). The results also show the group treated with soursop leaves extract after administration of cyclophosphamide
with normal architecture, showing central vein, cords of hepatocytes, well preserved cytoplasm not vacuolated, sinusoids
well demarcated no area of necrosis, no fatty change, and no fatty degeneration (Fig 3).The level of AST and ALT in
comparison to the control increased significantly (P<0.05) from 67.83+£1.39 to 173.4+0.81 for AST and 43.72+1 to
128.25+0.68 for ALT, after treatment with cyclophosphamide (Table 2). On the other hand, administration of Annona
muricata increased the level of AST and ALT from 173.4+0.81 to 67.06+1.28 for AST and 128.25+0.68 to 42.75+1.42
for ALT (Table 2).

The results of this study however demonstrated that pre-treatment with ethanolic leaf extract
of soursop significantly caused a decrease in serum ALT and AST as compared to treatment with cyclophosphamide
alone. Thus the extract protected the hepatocytes from cyclophamide induced injuries. The stabilization of transaminases
denotes the renewal of the normal hepatic activity. The efficacy of any hepatoprotective drug depends on its capacity of
either reducing the harmful effect or restoring the traditional hepatic physiology that has been distributed by a
hepatotoxin. soursop ethanolic leaf extract decreased (p < 0.05) cyclophosphamide induced high ALT and AST levels in
tested groups, indicating the protection of structural integrity of hepatocytic cell wall or regeneration of damaged liver
cells [48].

The results of this study however demonstrated that pre-treatment with ethanolic leaf extract of Annona
muricata significantly caused a decrease in serum ALT and AST as compared to treatment with cyclophosphamide alone.
Thus the extract protected the hepatocytes from cyclophamide induced injuries. The stabilization of transaminases
denotes the renewal of the original hepatic activity. The efficacy of any hepatoprotective drug is dependent on its
capacity of either reducing the harmful effect or restoring the normal hepatic physiology that has been distributed by a
hepatotoxin. Annona muricata ethanolic leaf extract decreased (p < 0.05) cyclophosphamide induced high ALT and AST
levels in tested groups, indicating the protection of structural integrity of hepatocytic cell membrane or regeneration of
damaged liver cells [48].

These results accept as true with the study of Offor et al., [49] on “Effect of Ethanol Leaf-Extract of soursop on
Liver Enzymes of Albino Rats” which reported that soursop might be wont to treat hepatic toxicity and restore liver
enzyme level. This result agrees with the study of Arhoghro et al. [50] on “Effect Of Costus Afer On Fertility Parameters
In Cyclophosphamide-Induced Reproductive Toxicity In Male Albino Rats” which reported that cyclophosphamide
induced toxicity in male albino wistar rats. These results also accept as true with the study of Usunobun et al., [51] on
“Attenuation of N, N-Dimethylnitrosamine-Induced Liver Fibrosis in Rats by Ethanolic Leaf Extract of Annona
Muricata” which reported that soursop might be wont to treat oxidative stress of the liver because the extract restored the
hepatic antioxidants to healthy levels when administered after induction of oxidative stress. These results also accept as
true with the study of Adewole and Ojewole, [15] on “Protective Effects Of soursop Linn. (Annonaceae) Leaf Aqueous
Extract on Serum Lipid Profiles and Oxidative Stress in Hepatocytes of Streptozotocin-Treated Diabetic Rats” which
reported that A. muricata leaves extract possess antioxidant properties which is in a position to inhibit and/or prevent
hepatic oxidative damage.

The study of Wai-Jo et al., [39] on “The Safety and Tolerability of Annona muricata Leaf Extract: A Systematic
Review” reported and show that the pharmacological effects of A. muricata leaf extracts and acetogenins isolated from A.
muricata on major body systems suggests a favourable safety profile.

CONCLUSION

From the results of this study, the Annona muricata had a significant effect on the liver enzymes and
antioxidants. Treatment with Annona muricata leaf extract restored the level of enzymes and antioxidant function in the
liver, and Histopathological study showed liver damage repair. This justifies the conclusion that the extract might help
with alleviation of liver damage as such might be recommended for treatment of hepatotoxicity.

REFERENCES
1. Moghadamtousi, S. Z., Goh, B. H., Chan, C. K., Shabab, T., & Kadir, H. A. (2013). Biological activities and
phytochemicals of Swietenia macrophylla King. Molecules, 18(9), 10465-10483.

© South Asian Research Publication, Bangladesh Journal Homepage: www.sarpublication.com 17



Arhoghro et al., South Asian Res J Pharm Sci; Vol-3, Iss-1 (Jan-Feb, 2021): 12-19

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Moghadamtousi, S. Z., Kamarudin, M. N. A., Chan, C. K., Goh, B. H., & Kadir, H. A. (2014). Phytochemistry and biology
of Loranthus parasiticus Merr, a commonly used herbal medicine. The American journal of Chinese medicine, 42(01), 23-
35.

Mishra, S., Ahmad, S., Kumar, N., & Sharma, B. K. (2013). Annona muricata (the cancer killer): a review. Glob J Pharma
Res, 2(1), 1613-1618.

Kim, G. S., Zeng, L., Alali, F., Rogers, L. L., Wu, F. E., Sastrodihardjo, S., & McLaughlin, J. L. (1998). Muricoreacin and
murihexocin C, mono-tetrahydrofuran acetogenins, from the leaves of annona muricata in honour of professor GH Neil
Towers 75th birthday. Phytochemistry, 49(2), 565-571.

Wu, F. E., Gu, Z. M., Zeng, L. U., Zhao, G. X., Zhang, Y., McLaughlin, J. L., & Sastrodihardjo, S. (1995). Two new
cytotoxic monotetrahydrofuran Annonaceous acetogenins, annomuricins A and B, from the leaves of Annona
muricata. Journal of Natural Products, 58(6), 830-836.

Zeng, L., Wu, F. E., Oberlies, N. H., McLaughlin, J. L., & Sastrodihadjo, S. (1996). Five new monotetrahydrofuran ring
acetogenins from the leaves of Annona muricata. Journal of Natural Products, 59(11), 1035-1042.

Alali, F. Q., Liu, X. X., & McLaughlin, J. L. (1999). Annonaceous acetogenins: recent progress. Journal of Natural
products, 62(3), 504-540.

Dzotam, J. K., Touani, F. K., & Kuete, V. (2016). Antibacterial activities of the methanol extracts of Canarium
schweinfurthii and four other Cameroonian dietary plants against multi-drug resistant Gram-negative bacteria. Saudi
journal of biological sciences, 23(5), 565-570.

Gleye, C., Duret, P., Laurens, A., Hocquemiller, R., & Cavé, A. (1998). cis-Monotetrahydrofuran Acetogenins from the
Roots of Annona muricata. Journal of Natural products, 61(5), 576-579.

Hamizah, S., Roslida, A. H., Fezah, O., Tan, K. L., Tor, Y. S., & Tan, C. I. (2012). Chemopreventive potential of Annona
muricata L leaves on chemically-induced skin papillomagenesis in mice. Asian Pacific Journal of Cancer
Prevention, 13(6), 2533-2539.

Moghadamtousi, S. Z., Kadir, H. A., Paydar, M., Rouhollahi, E., & Karimian, H. (2014). Annona muricata leaves induced
apoptosis in A549 cells through mitochondrial-mediated pathway and involvement of NF-kB. BMC complementary and
alternative medicine, 14(1), 1-13.

Arthur, F. K. N., Woode, E., Terlabi, E. O., & Larbie, C. (2011). Evaluation of acute and subchronic toxicity of Annona
muricata (Linn.) aqueous extract in animals.

Moghadamtousi, S. Z., Fadaeinasab, M., Nikzad, S., Mohan, G., Ali, H. M., & Kadir, H. A. (2015). Annona muricata
(Annonaceae): a review of its traditional uses, isolated acetogenins and biological activities. International journal of
molecular sciences, 16(7), 15625-15658.

Haro, G., Utami, N. P., & Sitompul, E. (2014). Study of the antibacterial activities of Soursop (Annona muricata L.)
leaves. International Journal of PharmTech Research, 6(2), 575-581.

Adewole, S., & Ojewole, J. (2009). Protective effects of Annona muricata Linn.(Annonaceae) leaf aqueous extract on
serum lipid profiles and oxidative stress in hepatocytes of streptozotocin-treated diabetic rats. African journal of
traditional, complementary and alternative medicines, 6(1).

Foong, C. P., & Hamid, R. A. (2012). Evaluation of anti-inflammatory activities of ethanolic extract of Annona muricata
leaves. Revista Brasileira de Farmacognosia, 22(6), 1301-1307.

Arthur, F. K., Larbie, C., Woode, E., & Terlabi, E. O. (2012). Evaluation of hepatoprotective effect of aqueous extract of
Annona muricata (Linn.) leaf against carbon tetrachloride and acetaminophen-induced liver damage.

Harun, N. H., Septama, A. W., & Jantan, I. (2015). Immunomodulatory effects of selected Malaysian plants on the
CD18/11a expression and phagocytosis activities of leukocytes. Asian Pacific Journal of Tropical Biomedicine, 5(1), 48-
53.

Moignet, A., Hasanali, Z., Zambello, R., Pavan, L., Bareau, B., Tournilhac, O., ... & Lamy, T. (2014). Cyclophosphamide
as a first-line therapy in LGL leukemia. Leukemia, 28(5), 1134-1136.

Mahmoud, A. M., Germoush, M. O., Alotaibi, M. F., & Hussein, O. E. (2017). Possible involvement of Nrf2 and PPARy
up-regulation in the protective effect of umbelliferone against cyclophosphamide-induced hepatotoxicity. Biomedicine &
Pharmacotherapy, 86, 297-306.

Omole, J. G., Ayoka, O. A, Alabi, Q. K., Adefisayo, M. A., Asafa, M. A., Olubunmi, B. O., & Fadeyi, B. A. (2018).
Protective effect of kolaviron on cyclophosphamide-induced cardiac toxicity in rats. Journal of Evidence-Based Integrative
Medicine, 23, 2156587218757649.

Mansour, D. F., Saleh, D. O., & Mostafa, R. E. (2017). Genistein ameliorates cyclophosphamide-induced hepatotoxicity
by modulation of oxidative stress and inflammatory mediators. Open access Macedonian journal of medical sciences, 5(7),
836.

Hamzeh, M., Hosseinimehr, S. J., Khalatbary, A. R., Mohammadi, H. R., Dashti, A., & Amiri, F. T. (2018). Atorvastatin
mitigates cyclophosphamide-induced hepatotoxicity via suppression of oxidative stress and apoptosis in rat
model. Research in pharmaceutical sciences, 13(5), 440.

Fahmy, S. R., Amien, A. I., Abd-Elgleel, F. M., & Elaskalany, S. M. (2016). Antihepatotoxic efficacy of Mangifera indica
L. polysaccharides against cyclophosphamide in rats. Chemico-biological interactions, 244, 113-120.

Moghe, A., Ghare, S., Lamoreau, B., Mohammad, M., Barve, S., McClain, C., & Joshi-Barve, S. (2015). Molecular
mechanisms of acrolein toxicity: relevance to human disease. Toxicological Sciences, 143(2), 242-255.

© South Asian Research Publication, Bangladesh Journal Homepage: www.sarpublication.com 18



Arhoghro et al., South Asian Res J Pharm Sci; Vol-3, Iss-1 (Jan-Feb, 2021): 12-19

26.

217.

28.

29.

30.

3L
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Zhu, H., Long, M. H., Wu, J., Wang, M. M., Li, X. Y., Shen, H., ... & Li, S. L. (2015). Ginseng alleviates
cyclophosphamide-induced hepatotoxicity via reversing disordered homeostasis of glutathione and bile acid. Scientific
reports, 5(1), 1-14.

Nwogu, L. A, Igwe, C. U., & Emejulu, A. A. (2008). Effects of Landolphia owariensis leaf extract on the liver function
profile and haemoglobin concentration of albino rats. African Journal of Biochemistry Research, 2(12), 240-242.

Akah, P. A, Okolo, C. E., & Ezike, A. C. (2009). The haematinic activity of the methanol leaf extract of Brillantasia nitens
Lindau (Acanthaceae) in rats. African Journal of Biotechnology, 8(10).

Oyedepo, T. A. (2014). Hepatoprotective Activity of Annona muricata leaf extract against paracetamol induced
hepatotoxicity.

Fabio, C. T., & Luigi, R. (2007). Biochemistry effects on Liver and Kidney of rats administered aqueous stem bark extract
of Xemenia americana. African Journal of Biotechnology, 7(19): 234-237.

Owolabi, F., William O. E., & Edeh O. J., (2013). Annona muricata nutritional value. Nature, 10(20):234-237.

Misra, H. P., & Fridovich, 1. (1972). The role of superoxide anion in the autoxidation of epinephrine and a simple assay for
superoxide dismutase. Journal of Biological chemistry, 247(10), 3170-3175.

Aebi, H. (1984). [13] Catalase in vitro. Methods in enzymology, 105, 121-126.

Huang, C. H., Horng, L. Y., Chenc, C. F., & Wu, R. T., (2007). Chinese herb Radix Polygoni Multiflori as a therapeutic
drug for liver cirrhosis in mice. Journal of Ethnopharmacology, 114:199-207

Ezejindu, D. U., Udemezue, O. O., Ckukwukekwu, I. E., and Nwajagu, G. I. (2014). The effects of ethanolic leaf-extract of
Annona muricata on liver enzymes of adult Wister rats. Unique research Journal, 2(5): 84-81.

Wang, C.S., Chang, T., Yao, W., Wang, S., & Chou, P. (2012). Impact of increasing alanine aminotransferase levels within
normal range on incident diabetes. Journal of Medical Association, 111(4): 201-208.

Sushmita, C., Latika, S., & Manoranjan, P. S. (2012). Phytochemical and Antimicrobial Screening of Annona muricata
leafextracts against clinical important gastrointestinal pathogens. Journal of Natural production of Plant Resource,
2(4): 524-529

Chiurchiu, V., Orlacchio, A., & Maccarrone, M. (2016). Is modulation of oxidative stress an answer? The state of the art of
redox therapeutic actions in neurodegenerative diseases. Oxidative medicine and cellular longevity, 2016.

Chan, W. J. J., McLachlan, A. J., Hanrahan, J. R., & Harnett, J. E. (2020). The safety and tolerability of Annona muricata
leaf extract: a systematic review. Journal of Pharmacy and Pharmacology, 72(1), 1-16.

Rupprecht J. K., Hui Y. H., & McLaughlin, J. L., (1990). Annonaceous acetogenins: A review. J. Nat. Prod., 53, 237—
278.

Leboeuf, M., Cavé, A., Bhaumik, P. K., Mukherjee, B., & Mukherjee, R. (1980). The phytochemistry of the
Annonaceae. Phytochemistry, 21(12), 2783-2813.

Yang, C., Gundala, S. R., Mukkavilli, R., Vangala, S., Reid, M. D., & Aneja, R. (2015). Synergistic interactions among
flavonoids and acetogenins in Graviola (Annona muricata) leaves confer protection against prostate
cancer. Carcinogenesis, 36(6), 656-665.

Matsushige, A., Matsunami, K., Kotake, Y., Otsuka, H., & Ohta, S. (2012). Three new megastigmanes from the leaves of
Annona muricata. Journal of natural medicines, 66(2), 284-291.

Nawwar, M., Ayoub, N., Hussein, S., Hashim, A., El-Sharawy, R., Wende, K., ... & Lindequist, U. (2012). Flavonol
triglycoside and investigation of the antioxidant and cell stimulating activities of Annona muricata Linn. Archives of
pharmacal research, 35(5), 761-767.

Jimenez, V. M., Gruschwitz, M., Schweiggert, R. M., Carle, R., & Esquivel, P. (2014). Identification of phenolic
compounds in soursop (Annona muricata) pulp by high-performance liquid chromatography with diode array and
electrospray ionization mass spectrometric detection. Food Research International, 65, 42-46.

Pélissier, Y., Marion, C., Kone, D., Lamaty, G., Menut, C., & Bessiére, J. M. (1994). Volatile components of Annona
muricata L. Journal of Essential Oil Research, 6(4), 411-414.

Kossouoh, C., Moudachirou, M., Adjakidje, V., Chalchat, J. C., & Figuérédo, G. (2007). Essential oil chemical
composition of Annona muricata L. leaves from Benin. Journal of Essential Oil Research, 19(4), 307-3009.

Palanivel, M. G., Rajkapoor, B., Kumar, R. S., Einstein, J. W., KUMAR, E. P., KUMAR, M. R,, ... & JAYAKAR, B.
(2008). Hepatoprotective and antioxidant effect of Pisonia aculeata L. against CCl4-induced hepatic damage in
rats. Scientia pharmaceutica, 76(2), 203-216.

Offor, C. E., Uko, A. U., Alum, E. U., Ugwu, P. O., & Agbafor, K. N. Effect of Ethanol Leaf-Extract of Annona Muricata
on Liver Enzymes of Albino Rats.

Arhoghro, E. M., & Sule, O. J. (2017). Effect of costus afer on fertility parameters in cyclophosphamide-induced
reproductive toxicity in male albino rats. European Journal of Biomedical, 4(10), 119-125.

Usunobun, U., Okolie, N. P., & Eze, I. G. (2015). Attenuation of N, N-Dimethylnitrosamine-induced liver Fibrosis in rats
by ethanolic leaf extract of Annona muricata. Saudi Journal of Medical and Pharmaceutical Sciences, 1(2), 62-69.

CITATION: Arhoghro Ejovwoke Marcellinus et al (2021). Cyclophosphamide Induced Toxicity and Oxidative Stress
in Liver of Male Wistar Rat: Protection by Ethanolic Soursop (Annona Muricata) Leaves Extract. South Asian Res J
Pharm Sci, 3(1): 12-19.

© South Asian Research Publication, Bangladesh Journal Homepage: www.sarpublication.com 19



