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ABSTRACT 
The study was carried out to investigate the effect of ethanolic leaf extract of Annona muricata, ELAM on some early changes in cycas-induced colorectal 
carcinogenesis in rats. 7 groups of male Wistar rats (10 rats /group) were used. Groups were fed either mash alone or mash mixed with 5 % (w/w) cycas leaf 
powder. ELAM (100 mg/kg body weight) was administered before, simultaneously with, or after exposure to 5 % (w/w) cycas, for 30 days. After sacrifice, 
colon sections were dissected out for histological and some biochemical analysis. Results showed that cycas alone caused significant decreases in colon total 
protein (p <0.05), but administration of cycas with ELAM (irrespective of which came first) led to reversal of these decreases, with colon protein restored to 
levels higher than values for controls. Cycas-induced increases in LDH were significantly (p <0.05) reduced by ELAM. Colon SOD, catalase and GPx 
activities were significantly decreased in the group fed cycas, while these enzymes were significantly increased above control values in the groups fed both 
cycas and ELAM (p <0.05). In addition, the cycas-treated group had significant elevation of colon MDA, but MDA levels were significantly lowered in the 
groups fed cycas and ELAM. Histology results revealed early cancer-related morphological changes in the cycas group, including mucosal erosion, oedema 
and glandular hyperplasia. These lesions were absent in the groups given ELAM and cycas, irrespective of the duration of ELAM exposure. These results 
demonstrate evidence for protective role of ELAM in early biochemical events associated with colorectal carcinogenesis in rats. 
Keywords: Cycas, Colorectal Cancer, Annona muricata, Protection. 
 
INTRODUCTION 
Cancer is recognized as a leading cause of mortality in the 
world1. The disease affects practically all tissues, but the 
most prominent forms include breast, prostate, liver and 
colon (colorectal) cancers. These neoplasms constitute over 
50 % of all newly-diagnosed cancers in the United 
Kingdom2. Colorectal cancer is the most prevalent 
malignancy in the US, ranking third behind prostate and lung 
cancer in men, and behind breast and lung cancer in women3. 
Studies have shown that colon cancer accounts for 10-50 % 
of gastro-intestinal malignancies in Nigeria4-6. Colon cancer, 
which begins as benign polyps, has been associated with 
several pre-disposing factors including age and diet7; 
inactivity and obesity8; as well as sedentary life style9. 
Conventional treatments for colorectal cancer are the same as 
in other cancers and include surgery, chemotherapy and 
radiotherapy. However the toxicity and side effects 
commonly associated with the chemotherapy and 
radiotherapy, which target all dividing cells, have tended to 
decrease survival rates of cancer patients10. This has led to 
increasing attention on alternative remedies with more 
precision and minimum side effects. Herbal remedies have 
been used for centuries as alternative to chemotherapy and 
radiotherapy11. Indeed the search for plant-based cancer 
treatment strategies has continued to engage the attention of 
researchers12. Many effective anti-neoplastic agents have 
been isolated from plants13. Intensive research has focused on 
the cancer-killing properties of the leaves and stem of A. 
muricata since their anti-carcinogenic properties became 
known14. The anti-neoplastic agents in Annona muricata have 
been identified as acetogenins, a group of polyketide-derived 
fatty acids present in plants of the family Annonaceae15,16. 

Researchers at Purdue University, Indiana, have reported that 
acetogenins selectively suppress proliferation of cancer cells, 
especially those resistant to the most potent chemotherapy 
drug adriamycin, without apparent toxicity to normal cells10. 
Acetogenins exert their selective anti-neoplastic effects by 
inhibiting complex 1 of the mitochondrial respiratory chain, 
thereby blocking ATP supply to the cancer cells17. Several in 
vitro and in vivo studies have consistently demonstrated 
strong anti-carcinogenic effects of acetogenins on various 
cancers in experimental animals and cancer cell lines18-22. 
However these studies were based on pure acetogenins which 
may not be readily available and affordable as alternative 
cancer remedies, especially for the vast majority of poor 
dwellers in rural settings in the tropics, for whom the leaves 
and stem of Annona muricata offer much cheaper and more 
readily-available options. For these people, results from 
studies based on the crude plant extract would be of more 
practical significance. The present study is aimed at assessing 
the protective effect of ethanolic leaf extract of Annona 
muricata against some early events in cycas-induced 
colorectal cancer in rats. 
 
MATERIALS AND METHODS 
Preparation of ethanolic leaf extract of Annona muricata 
(ELAM) 
A large quantity of fresh, green leaves of Annona muricata 
was collected from trees in house-hold gardens in Benin City, 
Edo State, Nigeria. The plant was identified by Dr Bamidele 
of Department of Plant Biology and Biotechnology, 
University of Benin and authenticated by Professor Idu of the 
same Department. A voucher specimen, number UBHa 0205 
was deposited at the Herbarium of Department of Plant 
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Biology and Biotechnology, University of Benin. The leaves 
were rinsed in tap water and dried at room temperature (about 
25oC) for about 4 weeks. Thereafter the leaves were ground 
to fine powder in an electric blender. For extraction, 402 g of 
the powder was soaked in 2.6 liters of absolute ethanol (99 % 
w/v) for 72 hours with regular stirring. The extract was 
filtered through sintered funnel and Whatman No.1 filter 
paper and the filtrate was concentrated in vacuo in a rotary 
evaporator. The resultant dense, greenish emulsion was dried 
in a beaker under ambient air to yield 16.3 g of powdery 
extract. This was kept refrigerated in a clean plastic jar prior 
to use. 
 
Collection and preparation of cycas (Cycas circinalis) leaf 
powder 
Fresh cycas leaves were collected from the Ugbowo Campus 
of University of Benin. The leaves were dried at room 
temperature (about 25oC), and subsequently ground to 
powder. The powder was kept in air-tight glass jar until used. 
Strict safety procedures were adopted during the grinding and 
subsequent handling of the cycas powder, by regular use of 
nasal masks and thorough washing of hands afterwards. 
 
Experimental Animals, grouping and treatment 
70 male Wistar rats (mean weight =199 g) were randomly 
assigned to 7 groups of 10 rats each and members of each 
group housed separately in clean, disinfected cages in a room 
with a 12-hour light/dark cycle. The rats were acclimatized to 
growers mash (Bendel Feed and Flour Mills Ltd, Ewu, 
Nigeria) for 2 weeks prior to commencement of the 
experiment. Each group received either pure mash, or mash 
with 5 % (w/w) cycas with or without Annona muricata (100 
mg/kg body weight) given either prior to or post cycas 
exposure. All groups were fed their respective diets for 4 
weeks. The groupings and treatments are summarized in 
Table 1. 
 

Table1: Animal groups and their treatments 
 

Group Treatment 
I (Control) Mash  

II Mash + 5 % (w/w) cycas 
III Mash + 5 % (w/w) cycas for 3 weeks, then 100 mg 

ELAM/kg body wt. for 1 week 
IV Mash + 5 % (w/w) cycas for 1 week, then 100 mg 

ELAM/kg body wt. for 3 weeks 
V Mash + 100 mg ELAM/kg body wt. for 1 week, then 5 

% (w/w) cycas for 3 weeks 
VI Mash + 100 mg ELAM/kg body wt for 4 weeks 
VII Mash + 5 % (w/w) cycas + 100 mg ELAM/kg body wt 

for 4 weeks 
 
The study was carried out in strict compliance with the ethics 
in Guidelines and Specifications on Experimental Animal 
Care23. All groups had unrestricted access to clean drinking 
water. The experiment was conducted at an average room 
temperature of 25oC and 12-hour day light cycle. After 30 
days, the rats were sacrificed by cervical dislocation and 
sections of the colon were dissected out, rinsed severally in 
saline and used for preparation of tissue homogenates for 

some biochemical assays. Sections for histology were 
immediately fixed in 10 % formol-saline prior to processing. 
The tissue homogenate was prepared by grinding 0.5 g of 
colon in a mortar with acid-washed sand and 5 ml of normal 
saline for 10 minutes at room temperature (25oC). The 
homogenate was centrifuged at 10,000 g for 5 minutes and 
the resultant supernatant was used for the biochemical assays.  
 
Biochemical Assays  
LDH was assayed spectrophotometrically using Randox kits, 
by monitoring NAD+ reduction at 340 nm. SOD was assayed 
by following auto-oxidation of adrenaline at 420 nm24. 
Catalase assay was as described by Cohen et al25, in which 
the rate of decomposition of hydrogen peroxide is monitored 
at 480 nm. GPx activity was determined by measuring the 
production of purpurogallen from pyrogallol at 420 nm26. 
Total protein was estimated colorimetrically using Randox 
Biuret test kits. MDA levels were measured in a colorimetric 
reaction with thiobarbituric acid as described by Varshney 
and Kale27. 
 
Histology 
Colon sections fixed in formol-saline were processed for light 
microscopy at the Department of Anatomy, Faculty of Basic 
Medical Sciences, College of Medicine, University of Benin. 
The slides were read and interpreted by one of us, G.I.E, a 
Consultant Pathologist. 
 
Statistics 
Results from biochemical assays were expressed as Mean ± 
S.E.M. Data were analyzed by paired sample Student’s t-test 
using SPSS package (version 15). Values of p < 0.05 were 
taken as significant. 
 
RESULTS 
Results for colon total protein and LDH activities for rats in 
the various groups are shown on Table 2. Group II given 
cycas alone had significantly higher colon LDH activity 
(p<0.01) and significantly lower colon total protein (p< 0.05) 
than in any other group. 1 week treatment with ELAM 
following prior exposure of the rats to cycas for three weeks 
significantly reduced colon LDH below control levels and 
increased total protein significantly above control values 
(p<0.05). A similar pattern was seen in rats given cycas for 1 
week before exposure to ELAM for 3 weeks and also in those 
exposed simultaneously to both cycas and ELAM.  
 
Table 2: Changes in colon LDH (U/100g fresh weight) and total protein 

(mg/g fresh weight) of rats in the various groups 
 

Groups LDH Total protein 
I 12.30 ± 1.80a 0.443 ± 0.01a 
II 94.81 ± 10.20b 0.416 ± 0.10b 
III 18.83 ± 3.10ac 0.433 ± 0.10ab 
IV 21.69 ± 0.60c 0.535 ± 0.20c 
V 4.92 ± 0.01d 0.544 ± 0.10c 
VI 4.43 ± 1.40de 0.551 ± 0.01cd 
VII 3.44 ± 0.80def 0.515 ± 0.12ce 

Values are Mean ± S.E.M. (n=10). Values having different superscripts 
between groups differ significantly (p< 0.05). 
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Table 3: Colon MDA levels, and activities of SOD, Catalase and GPx of rats in the various groups 
 

Group MDA×10-3 (mmoles/g fresh weight) SOD (U/g fresh weight) Catalase (U/g fresh weight) GPx (U/mg fresh weight) 
I 14.73 ± 0.30a 2.11 ± 0.010a 321.00 ± 6.00a 56.90 ± 4.00a 
II 74.22 ± 0.30b 1.71 ± 0.003b 256.00 ± 6.00b 37.60 ± 2.00b 
III 53.54 ± 0.90c 3.13 ± 0.030c 363.00 ± 7.00c 59.50 ± 7.00a 
IV 33.26 ± 1.70d 3.14 ± 0.004cd 350.00 ± 9.00acf 184.00 ± 2.00c 
V 48.16 ± 1.40e 3.00 ± 0.001e 341.00 ± 10.00acfg 131.00 ± 2.00d 
VI 48.99 ± 0.60ef 3.14 ± 0.040cdf 367.00 ± 4.00acfh 119.00 ± 7.00de 
VII 40.12 ± 0.22g 3.00 ± 0.001eg 363.00 ± 10.00acfgh 85.00 ± 4.00ef 

Values are represented as Mean ±S .E.M. (n=10). For each parameter, values having different superscripts between groups differ significantly (p< 0.05). 
 
Figures 1 to 7 are photomicrographs of colon sections taken from rats in most of the groups investigated, depicting either pathological changes or 
normal colon architecture, as indicated. 
 
 

 
 

Figure 1: Rat colon from control group showing normal mucosal lining A, glands B and muscularis mucosa C (H and E; x 10) 
 
 

A 

B 
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Figure 2 : Colon section of rats treated with cycas for 4 weeks, showing mucosal erosion (A); oedema (B) and glandular hyperplasia (C). (H and E; x 

10) 
 
   

 
 

Figure 3: Rat colon treated with cycas for 3 weeks and Annona muricata for 1 week showing reduced mucosal damage A and reduced 
glandular abnormality B (H and E; x 10) 
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Figure 4: Rat colon treated with cycas for 1 week and Annona muricata for 3 weeks showing marked reduction in the mucosal damage A 
and in the glandular abnormality B (H and E; x 10) 

 

 
 

Figure 5: Colon section from rats treated with Annona muricata for 1 week followed by cycas for 3 weeks. Mucosal oedema A, abnormal 
mitosis B and mild infiltrates of chronic inflammatory cells C are shown (H and E; x 40) 
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Figure 6: Section of colon from rats treated with Annona muricata for 4 weeks showing fairly unremarkable mucosal lining A, glands B 
and mildly activated lymphoid aggregates C (H and E; x 10) 

 

 
 

Figure 7: Colon section of rats treated simultaneously with Annona muricata and cycas for 4 weeks. Fairly unremarkable mucosal lining A 
and glands B are seen (H and E; x 10) 

 
DISCUSSION 
Extracts of medicinal plants have been employed for 
centuries in the treatment of a variety of diseases. Indeed 
cancer is one of the diseases for which intensive research 
towards a plant-based treatment is on-going12. The quest for 
herbal remedy for cancer is informed by the toxic side 

effects, lack of specificity and resistance associated with 
conventional chemotherapeutic strategies10. In the present 
study, the abnormal changes seen in the colon 
photomicrographs of the rats given cycas alone (i.e. mucosal 
erosion, oedema and glandular hyperplasia) are consistent 
with early events in cycas-induced carcinogenesis. Cycas 
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(Cycas circinalis) contains cycasin and its aglycone methyl 
azoxymethanol, which are known to induce colon cancer in 
lower animals28. On ingestion of a cycas meal, intestinal 
bacteria hydrolyse the ß-glucoside bond of cycasin to release 
the aglycone, methyl azoxymethanol28. Since researchers 
became aware of the potent carcinogenic properties of 
cycasin and methyl azoxymethanol, these agents have been 
employed as reliable animal models for inducing a range of 
intestinal cancers, including colorectal cancer29,30. Due to 
increased energy demand and mitochondrial dysfunction, 
cancer cells are known to exhibit high rates of glycolysis, 
even under aerobic conditions31,32. It is now known that 
succinate, an intermediate of tricarboxylic acid cycle, serves 
as the link between mitochondrial dysfunction and 
oncogenesis via hypoxia-inducible factor, HIF-1α33. 
Mitochondrial dysfunction in turn leads to accumulation of 
the glycolytic intermediate pyruvate and elevated activities of 
LDH through substrate-activation of LDH gene31. This is in 
agreement with the significant increases in colon LDH seen 
in the rats given cycas alone, which is a manifestation of 
some early events in carcinogenesis. These very high 
increases in colon LDH were significantly reduced to control 
values by administration of ELAM after 3 weeks of cycas 
exposure, with significant reduction in the accompanying 
pathological changes i.e. reduced mucosal damage and 
reduced glandular abnormality. This demonstrates a 
protective role of Annona muricata in cycas-induced 
carcinogenesis. Further evidence is seen in the Annona 
muricata-mediated reversal of decreases in colon tissue 
protein, anti-oxidant enzymes (catalase, GPx and SOD); and 
the reduction in MDA levels (lipid peroxidation). Lipid 
peroxidation is an important pre-disposing factor in 
carcinogenesis34. The pattern of changes in the levels of the 
antioxidant enzymes, as well as LDH and MDA also indicate 
that co-administration of ELAM and cycas neutralizes the 
deleterious effect of cycas. This is corroborated by 
histological evidence of near-normal or completely normal 
colon architecture in the groups given cycas and Annona 
muricata extract simultaneously and in the group given cycas 
for one week prior to a 3-week exposure to cycas. The cycas-
induced decrease in colon protein is in agreement with tissue 
protein loss usually associated with most cancers and the 
ability of Annona muricata to reverse it is a further indication 
of its protective effect. Weight loss, which is an important 
prognostic factor in cancer36; has been attributed to increased 
protein degradation and/or decreased protein synthesis37,38. 
The observed protective effect of Annona muricata in this 
study can be attributed to annonaceous acetogenins present in 
the plant15,16. Acetogenins destroy cancer cells by blocking 
NADH-CoQ oxidoreductase (complex 1), thereby starving 
the cancer cells of much-needed ATP17. Annonaceous 
acetogenins also possess potent anti-oxidant properties39. 
This may in part account for the observed significant 
decreases in lipid peroxidation in the rats exposed to Annona 
muricata and the significantly enhanced anti-oxidant 
potential of these groups relative to those exposed to cycas 
alone. Although data from several in vitro and in vivo studies 
have confirmed the potent anti-neoplastic properties of 
annonaceous acetogenins, the absence of direct information 
from human studies have tended to play down the therapeutic 
import of these findings.  
 
 
 

CONCLUSION 
The results obtained in this study demonstrate evidence for a 
protective role of ethanolic extract of Annona muricata on 
some early events associated with colorectal carcinogenesis 
in rats. Since the properties of intact biological systems are 
often more than the sum of properties of purified individual 
components, the use of crude leaf extracts of Annona 
muricata may indeed be more beneficial than the application 
of purified acetogenins. If animal-to-human extrapolation is 
permitted, our results indicate a promising potential for the 
use of leaves of Annona muricata in the management of 
colorectal cancer. This is considered beneficial and of more 
practical significance where commercial preparations of 
acetogenins are not readily available or affordable, especially 
in poor, rural communities with unrestricted access to the 
plant in its natural form. 
 
REFERENCES 
1. World Health Organization. Cancer. Fact Sheet No. 297; 2009. 
2. UK Office of National Statistics. Cancer incidents and mortality in the 

United Kingdom, 2008-2012. Statistical Bulletin of UK Office of 
National Statistics; 2012. 

3. American Cancer Society. Cancer facts and figures for African 
Americans. Publication of the American Cancer Society; 2011. 

4. Ohanaka CO, Ofoegbu RO. The pattern of surgical cancers in Nigeria: 
the Benin experience. Trop Doct 2002; 32: 38-39. PMid:11991027 

5. Seleye Fubara D, Gbobo I. Pathological study of colorectal carcinoma in 
adult Nigerians: a study of 45 cases. Niger J Med 2005; 14: 167-172. 
PMid:16083240 

6. Adesanya AA, Da-Rocha JT. Colorectal cancer in Lagos: A critical 
review of 100 cases. Niger Postgrad Med J 2007; 7: 129-136.    

7. Burt RW, Barthel JS, Dunn KB. NCCN clinical practice guidelines in 
oncology. Colorectal cancer screening. J Natl Comp Cancer Netw 2010; 
8: 8-61. PMid:20064289    

8. Ballard Bardash R, Hunsberger S, Alciati MN. Physical activity, weight 
control and breast cancer risk and survival: clinical trial rationale and 
design considerations. J Natl Cancer Inst 101; 630-643. http://dx.doi.org/ 
10.1093/jnci/djp068PMid:19401543 PMCid:PMC2677576 

9. Lee IM, Paffenbarger Jr RS, Hsieh C. Physical activity and the risk of 
developing colorectal cancer among college alumni. J Natl Cancer Inst 
1991; 83: 1324-1329. http://dx.doi.org/10.1093/jnci/83.18.1324 
PMid:1886158 

10. Chamerlain J. Cancer: The complete recovery guide. New York: Long 
Island Publishers; 2008. p. 46-51 

11. Watson RR, Preddy RV, editors. Botanical medicine in clinical practice. 
Oxon: CABI; 2008. 

12. Hang HG, Jeong, SH, Cho JH. Antimutagenic and anticarcinogenic 
effect of methanol extract of Petasis japonicus Maxim leaves. J Vet Sci 
2010; 11: 51-58. http://dx.doi.org/10.4142/jvs.2010.11.1.51 
PMCid:PMC2833430 

13. Shoeb M. Anticancer agents from medicinal plants. Bangladesh J 
Pharmacol 2006; 1: 35-41. 

14. Alali FO, Liu XX, McLaughlin JL. Annonaceous acetogenins: Recent 
progress. J Nat Prod (Lloydia) 1999; 62: 504-540. http://dx.doi.org/ 
10.1021/np980406d PMid:10096871 

15. Liawe CC, Change FR, Lin CY, Chon CJ, Chiu HF, Wu MJ. New 
cytotoxic monotetrahydrofuran annonaceous acetogenins from Annona 
muricata. J Nat Prod 2002; 65: 470-475. http://dx.doi.org/ 
10.1021/np0105578 

16. Chang FR, Wu YC. Novel annonaceous cytotoxic acetogenins from 
Annona muricata. J Nat Prod 2001; 64: 925-931. http://dx.doi.org 
/10.1021/np010035s PMid:11473425 

17. Nianguang L, Zhihao S, Yuping T, Jianwei C, Xiang L. Recent progress 
on the total synthesis of acetogenins from Annonaceae. Beilstein J Org 
Chem 2008; 4: 48. 

18. Oberlies N, Chang CJ, McLaughlin JL. Structure – activity relationships 
of diverse Annonaceous acetogenins against multi-drug resistant human 
mammary adenocarcinoma (MCF – 7/Adr) cells. J Med Chem 1997; 
40: 2102-2106. http://dx.doi.org/10.1021/jm9700169 PMid:9207950 

19. Wang SS, Davis S, Cerhan JR, Hartge P, Severson RK, Cozen W, Lan 
Q, Welch R, Chanock SJ, Rothman N. Polymorphisms in oxidative 
stress genes and risk for non-Hodgkin lymphoma. Carcinogenesis 2006; 
27: 1828-1834. http://dx.doi.org/10.1093/carcin/bgl013 PMid:16543247 

20. Yuan SS, Chang HL, Chen HW, Yeh YT, Kao YH, Lin KH, Wu YC, Su 
JH. Annonacin, a mono-tetrahydrofuran acetogenin, arrests cancer cells 
at the G1 phase and causes cytotoxicity in a Bax and caspase-3-related 



Okolie Ngozi Paulinus et al: Effect of Annona muricata Linn on Cycas-induced colorectal carcinogenesis in rats 
 

JPSI 2 (4), Jul–Aug 2013, 14-21 

pathway. Life Sci 2003; 72: 2853-2861. http://dx.doi.org/ 
10.1016/S0024-3205(03)00190-5 

21. Tormo JR, Royo I, Gallardo T, Zafra Polo MC, Hernandez P, Cortes D, 
Pelaez F. In v itro  antitumor structure-activity relationships of 
threo/trans/three mono-tetrahydrofuranic acetogenins: correlations with 
their inhibition of mitochondrial complex 1. Oncol Res 2003; 14: 147-
54. PMid:14760863 

22. Alvarez Gonzalez I, García Aguirre KK, Martino Roaro L, Zepeda 
Vallejo G, Madrigal Bujaidar E. Anti-carcinogenic and genotoxic effects 
produced by acetogenins isolated from Annona muricata. Toxicol Lett 
2008; 180: 228-229. http://dx.doi.org/10.1016/j.toxlet.2008.06.027 

23. Animal Care and Use program. In, Guidelines for Care and Use of 
Animals in Scientific Research, 8thed, Washington: National Academic 
Press; 2011. p. 11- 103 

24. Misra HP, Fridovich I. The role of superoxide ion in the auto-oxidation 
of epinephrine and a simple assay for superoxide dismutase. J Biol 
Chem 1972; 247: 3170-3175. PMid:4623845 

25. Cohen G, Dembiec D, Marcus J. Measurement of catalase activity in 
tissue extracts. Ann Biochem 1970; 34: 30-37. http://dx.doi.org 
/10.1016/0003-2697(70)90083-7   

26. Flohe L, Guüzler WA. Assay of glutathione peroxidase. Methods 
Enzymol 1984; 105: 114-121. http://dx.doi.org/10.1016/S0076-
6879(84)05015-1 

27. Varshney R, Kale RK. Effects of calmodulin antagonists on radiation-
induced lipid peroxidation in microsomes. Int J Rad Biol 1990; 58: 733-
743. http://dx.doi.org/10.1080/09553009014552121 PMid:1977818 

28. Laqueur GL, Michelson O, Whiting MG, Kurlan J. Carcinogenic 
properties from nuts of Cycas circinalis. J Natl Cancer Inst 1963; 31: 
1919-1951. 

29. Laqueur GL. The induction of intestinal neoplasm in rats with cycasin 
and its aglycone. Virchows Arch Abt A Pathol Anat 1965; 340: 151-
153. 

30. Druckrey H, Preussman P, Matzkies F, Ivankovic S. Selektive 
Erzengung von Darmktebs bei Ratten durch 1,2-dimethylhydrazin. 

Naturwissenchaften 1967; 58: 285-286. http://dx.doi.org/10.1007 
/BF00620890 

31. Xuezhi B, Quigsong Ls, Tet WE, Sashikant J, Tao Y, Han-Ming S, 
Choon, NO, Peh YC, Kong W, Choy Leong H. Proteomic analysis of 
colorectal cancer reveals alterations in metabolic pathways: mechanism 
of tumorigenesis. Mol Cell Proteomics 2006; 5: 1119-1130. 
http://dx.doi.org/10.1074/mcp.M500432-MCP200 PMid:16554294 

32. Xu RH, Pelicano H, Zhou Y, Carew JS, Feng L, Bhalla KN, Keating 
MJ, Huang P. Inhibition of glycolysis in cancer cells: a novel strategy to 
overcome drug resistance associated with mitochondrial respiratory 
defect and hypoxia. Cancer Res 2005; 65: 613-621. PMid:15695406 

33. Selak MA, Armour SM, MacKenzie ED, Boulahbel H, Watson DG, 
Mansfield KD, Pan Y, Simon MC, Thompson CB, Gottlieb E. Succinate 
links TCA cycle dysfunction to oncogenesis by inhibiting HIF-α pyrolyl 
hydroxylase. Cancer Cell 2005; 7: 77-85. http://dx.doi.org/10.1016/ 
j.ccr.2004.11.022 PMid:15652751 

34. Gago Dominguez M, Castelao JE, Pike MC, Sevanian A, Haile RW. 
Role of lipid peroxidation in the epidemiology and prevention of breast 
cancer. Cancer Epidemiol Biomarkers Prev 2005; 14: 2829-2839. 
http://dx.doi.org/10.1158/1055-9965.EPI-05-0015 PMid:16364997 

35. Cooke MS, Evans MD, Dizdaroglu M, Lunec J. Oxidative DNA 
damage: mechanisms, mutation and disease. FASEB J 2003; 17: 1195-
1214. http://dx.doi.org/10.1096/fj.02-0752rev PMid:12832285 

36. Donhoe CL, Ryan AM, Reynolds JV. Cancer cachexia: Mechanisms and 
clinical implications. Gastroenterol Res Pract 2011; PMC 3132494 

37. Tisdale MJ. Reversing cachexia. Cell 2009; 142: 511-512. http://dx. 
doi.org/10.1016/j.cell.2010.08.004 PMid:20723750 

38. Evans WJ, Morly JE, Agriles J, Bales C, Baracos V, Guttridge D, Jatoi 
A, Kalantar Zadeh K, Lochs H. et al. Cachexia: A new definition. Clin 
Nutri 2008; 27: 793-799. http://dx.doi.org/10.1016/j.clnu.2008.06.013 
PMid:18718696 

39. Lima LAR, Pimenta LPS, Boaventura MAD. Acetogenins from Annona 
cornofolia and their antioxidant capacity. Food Chemistry 2010; 122: 
1129-1138. http://dx.doi.org/10.1016/j.foodchem.2010.03.100 

 
 
 
 
 
 

Source of support: Nil, Conflict of interest: None Declared 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

How to cite this article:   
Okolie Ngozi Paulinus, Agu Kinsley and Eze Gerald Ikechi. Protective effect of ethanolic leaf extract of Annona muricata Linn on some early events in Cycas-
induced colorectal carcinogenesis in rats. J Pharm Sci Innov. 2013; 2(4): 14-21. 
 

QUICK RESPONSE CODE 

 

ISSN (Online) : 2277 –4572 

Website 
http://www.jpsionline.com 


