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BIOLOGICAL STUDIES ON ANNONA FRUIT'S PULP (ANNONA CRASSIFLORA) AND ITS 

PROTECTIVE EFFECT ON RATS WITH LIVER CANCER 

Ashraf R. El-Zainy*  Hanaa F. El-Mehiry*  

Lobna A. Shelbaya*  Aziza M. Esmaeil*  

Abstract: 
     The current investigation was carried out to examine the possible 

potential protective effects of ethanolic extract of the pulp of annona fruit 
against trichloroacetic acid (TCA) induced liver cancer. The biological 
experiment used twenty- four albino rats. After the adaptation period, the 
rats were divided into four groups (6 rats each). One of them was considered 
as a negative control and another positive control (Trichloroacetic acid 
group). The remaining groups were divided into two groups consisting of 
extracts from pulp at levels 100 and 150 mg / kg. Feed consumption was 
recorded daily, and the rats' body weights were assessed once a week. After 
the experiment period (47 days) had passed blood samples were collected to 
assays the levels of (WBC, RBC, HGB, PLT, HCT, MCV and MCHC) liver 
functions (ALT, AST, ALP, BIL, TP, ALB and GLB), some kidney 
functions (creatinine and urea), and oxidation stress (CAT, GPX and MDA). 
Liver tissues were collected for inflammation markers analyses (IL6, AFP, 
COX2 and PGE2).The study results were as the fallowing: all liver cancer 
protected groups by extracts of annona pulp at doses of 100 and 150 mg/kg 
of rat weight showed a significant improvement in rats weights, complete 
blood count, liver functions, some kidney functions, oxidation stress and 
inflammation markers, when compared them with the unprotected liver 
cancer group (+ve). Therefore, this study recommends that the insertion 
pulp of annona fruit in diets (Jelly - marmalade - jam - juices - pastries of all 
kinds) because its hepatoprotective, anti-cancer and antioxidants effects.  

Keywords: Annona fruits- Pulp- Antioxidants- Cancer- Liver 
functions- Kidney- Trichloroacetic acid.  
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Introduction  

Annona pulp has widely potent antioxidants such as ascorbic, quinic, 
caffeic, and ferulic acids, xanthoxylin, rutin, caffeoyltartaric acid, caffeoyl 
glucose and [quercetin+hexose+pentose H] (Silva et al., 2013). There are 
many phenolic compounds in annona pulp including (derivatives of 4- 
hydroxybenzoic acid, p-coumaric acid, ferulic acid, gallic acid, sinapic acid, 
caffeic acid, (epi) catechin, quercetin, kaempferol, rutin, tangeretin, syringic 
acid, apigenin, and naringenin (Arruda et al., 2023). Cancer is a major 
reason of death both in developed and developing countries. Among the 
various types of cancers, liver cancer represents about 4% of all cancers 
around world. Liver cancer is a major health problem worldwide which 
described as a complex and heterogeneous malignancy from liver tissues 
(Severi et al., 2010; Abdelaal, 2019 and Sivakumari et al., 2022). The 
global burden of cancer is projected to raise from 13.3 to 21.4 million 
incident cases from 2010 to 2030 due to demographic changes alone, which 
dominated by a growing burden in middle- and low-income countries 
(Subha, 2019). Liver cancer is the fourth in Egypt and the sixth common 
cancer in worldwide (Rashed et al., 2020). Trichloroacetic acid (TCA) is a 
chemical carcinogen with the potential to cause experimental multistage 
hepatocarcinogenesis; it produces pre-neoplastic lesions after a short period 
in the form of dysplastic tissue changes, vascular congestion, hepatocyte 
ballooning, and liver cell foci with extensive vacuolation. (Abdel-Hamid 
and Morsy, 2010 and Alzergy et al., 2018).  

Material and Methods 

1) Material  

     Plant, chemicals, diet and microbiological environments: 

a) Plant: Annona fruit (Annona crassiflora Mart) was obtained from 
Local market, Mansoura, Egypt.  

b) Chemicals: Ethanol alcohol and trichloroacetic acid (TCA) were 
brought from El-Gomhouria for trading chemicals and medical 
appliance, Mansoura, Egypt.  
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c)  Experimental rats: Twenty- four healthy adult albino male rats 
(Sprague- Dawley strain.) were at the age of 2- 4 months. The weight 
of male rats was about 130± 10g and were purchased from the 
Agricultural Research Center, Giza, Egypt. 

2) Methods:  

a- Preparation of annona fruits: 

Ripe fruits were selected free from scratches and microbial 
infections or any color changes in preparation for making the ethanolic 
extract. Annona fruit was washed with tap water to remove surface dirt. The 
pulp was cut into thin slices (Arruda et al., 2016). 

c- Extraction method: 

Annona pulp was oven-dried at 45 °C. The dried pulp was ground 
into powder by domestic electrical mill and stored at 4 °C until further use 
(Shehata et al., 2021).The powder of pulp was weighed and soaked them in 
a containers with 95% ethanol was added at ratio (1:2 v/v) (Abd-Elrazek et 
al., 2021). The soaking was done for three days with 95% ethanol (4 L) at 
room temperature (25 °C). This process was repeated 3 times. After 

filtration, ethanol was removed by using a rotary evaporator in a water bath 
at 40 °C (Justino et al., 2019).  

Induction of liver cancer: 

 TCA was neutralized with NaOH to a final pH of 6.5 (Herren-
Freund et al., 1987). TCA had been given as a carcinogen after 28 day from 
experimental period at dose 500mg/kg orally once a day for 5 days 
consecutive according to Tao L. et al., (2000). 

Experimental rats design: 

The animals were housed in polypropylene cages under the standard 
laboratory condition (25 ± 2°C, humidity 60–70%, 12-h light/dark cycles). 
They were fed with standard commercial rat pellet diet and water was 
provided ad libitum. The rats were acclimatized to laboratory conditions for 
7 days prior to the commencement of the experiment. After acclimatization 
period, the animals were divided into four groups (6 rats/ group). One of 
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them healthy control group and three liver cancer groups (including one 
without protected and two groups protected with annona pulp extracts). The 
experiment continued for 47 days. The protected liver cancer groups 
received annona extracts for 28 days. Then, TCA was given for 5 
consecutive days at dose 500mg/kg orally (Tao L. et al., 2000). After that, 
the extracts were given for 14 day. It was arranged as follows: 

• Group 1: The animals fed on based diet as normal control group 
during the experiment period. 

• Group 2: liver cancer group which the animals were subjected to 
chemo-induction of liver cancer through administration of TCA.  

• Group 3: liver cancer group protected by annona pulp extract (APE) 
at level 100mg/kg B.W. by oral stomach tube once daily.  

• Group 4: liver cancer group protected by annona pulp extract 
(APEX) at level 150mg/kg by oral stomach tube once daily.  

Determination of food efficiency ratio (FER): 

Feed consumption was recorded daily, and the rats' body weights 
were assessed once a week. At the end of the experimental, feed intake and 
total body weight gain were calculated, and the feed efficiency ratio was 
calculated according to Chapman et al., (1959). 

Biochemical analysis:  

At the end of the experiment period, rats were anesthetized di-by 
using ethyl ether. Blood samples were collected from the inner canthus of 
the rats eye using heparinized capillary tubes for CBC analysis including 
RBC, WBC, HGB, HCT, PLT, MCV and MCHC according to the method 
published by Schalm et al., (1975); Brown, (1976); Schallenberg et al., 
(1987) and Feldman and Zink, (2002), respectively. Then the serum were 
obtained after centrifugation at 3000 rpm for 10 minutes Bull et al., (1993) 
and Vidya et al., (2021). The serum samples were preserved in a deep 
freezer at -20 ˚C until be used for liver functions (ALT, AST, ALP, BIL, 
TP, ALB and  GLU) were determined accordance to the method of 
Hafkenscheid and Dijt, (1979); Tietz et al., (1983); Doumas et al., 
(1985); Schneditz et al., (1989); Doumas et al., (1972) and Fernandez et 
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al., (1966), respectively. Kidney functions (creatinine and urea) according to 
Houot (1985) and (Patton and Crouch, 1977), respectively. Oxidation 
stress analyzes (MDA, CAT, and GPX) according to Stocks and 
Donnandy, (1971); Aebi, (1984) and Tappel, (1978), respectively. On the 
other hand, liver tissues were collected for inflammation markers analyses 
(AFP, COX2, IL6 and PGE2) according to (Abelev, 1974; Uotila et al., 

(1981); Chan and Miao, (1986); Mohamed et al., (2016); Kulmacz and 
Lands, (1983); Lemay et al., (1990) and Kelly et al., (1986), respectively. 
All experimental animals in this study were managed according to the 
guidelines for the Care and Use of Laboratory Animals in Neuroscience and 
Behavioral Research and were approved by the Research Ethics Committee, 
Home Economics Department, nutrition and food science, Mansoura 
University, Egypt, under animal protocol code No (R/35).  

Statistical analysis:  

The gained data were statistically analyzed by SPSS computer 
software according to Artimage and Berry, (1987). The calculation 
accrued by analysis of variance ANOVA & follow up LSD (SPSS) 
Computer program variation. 

Results and Discussion 

Data presented in Table (1) showed the mean values of initial 
weight, final weight, weight gain (g), food intake, and Food efficiency ratio 
(FER) of normal control and liver cancer groups. The initial weight of all 
groups had similar values to that of the control group. The non-protected 
group of rats with liver cancer showed a significant lower in final weight, 
weight gain, food intake, and food efficiency ratio, compared with the 
normal control (-ve). Liver cancer group protected by APEX showed a 
significant higher in final weight, weight gain (g), food intake, and Food 
efficiency ratio, compared to the positive group followed by APE. Our 
results agreed with the results of Kumar et al. (2017) who noted that rat 
body weight is an important predictor for estimating the pathological status 
of liver tissue. Accordingly, lower body weight is associated with liver 
cancer as a result of decreasing food intake and increasing water intake 
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(Esparza-Baquer et al., 2021). On the other hand, our results agree with 
Elumalai et al., (2017) who reported that groups treated with extract of 
annona fruit at doses of 200, 250, and 300 mg/kg b.w. / day had increased in 
body weight compared to the group with cancer. 

Data presented in Table (2) showed the mean values of white blood 
cells (WBC), red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), 
platelet (PLT), mean corpuscular volume (MCV) and mean corpuscular 
hemoglobin concentration (MCHC) of normal control and liver cancer 
groups. The obtained results showed that, non-protected group of rats with 
liver cancer showed a significant higher in WBC, but correspondingly a 
significant fall in RBC, HGB, HCT, PLT, MCV and MCHC, compared with 
the normal control (-ve). Liver cancer group protected by APEX showed a 
significant lower in WBC,  but on the other hand showed a significant 
higher in RBC, HGB, HCT, PLT, MCV and MCHC levels, compared to the 
positive group Followed by APE. Our results agreed with the results of 
Christy et al., (2022) who indicated that red blood cells and hemoglobin 
decreased in rats with cancer as a result of receiving TCA dissolved in 
distilled water for a period of 28 days. While, Price, (1958) and Marklund 
et al., (1982) who noticed that anemia is one of the common problems in 
cancer. Using annona extracts contributed to improving the level of 
hemoglobin, and therefore it could have a protective effect against anemia. 
As well as the annona fruit is used in anemia treated and enriches blood 
(Vyas et al., 2012). Add to that, Morimoto et al., (2014) who showed that 
platelet counts were higher in liver cancer patients with extrahepatic 
metastases compared to those without metastases, indicating a possible role 
for platelets in liver cancer metastasis 

Data presented in Table (3) showed the mean values of alanine 
transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase 
(ALP), bilirubin (BiL), globulin (GLU), total protein (TP), and albumin 
(AlB) of normal control and liver cancer groups. The obtained results 
showed that, non-protected group of rats with liver cancer showed a 
significant raise in ALT, AST, ALP and BiL, but correspondingly  a 
significant fall in TP, AlB and GLU compared with the normal control (-
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ve). Liver cancer group protected by APEX showed a significant lower in 
ALT, AST, ALP and BiL, but on the other hand showed a significant higher 
in  TP, GLU and Alb levels, compared to the positive group followed by 
APE. Our results agreed with the results of Abdel-Hamid et al., (2011) who 
indicated that taking TCA at level 500 mg/kg of body weight for 5 
consecutive days due to rise in ALT, AST, ALP, and BiL levels. While, 
consuming the pulp extract helped improve liver function, which achieves 
hepatoprotective effect. 

Data presented in Table (4) showed the mean values of in creatinine 
and urea of normal control and liver cancer groups. The non-protected group 
of rats with liver cancer (+ve) showed a significant higher of creatinine and 
urea, compared to the normal control (-ve). Liver cancer groups protected 
by APEX showed a significant lower in creatinine and urea levels, 
compared to the positive control followed by APE. Our results are 
consistent with El Arem et al., (2014) who confirmed that creatinine in the 
serum increased significantly when mice were given TCA at a dose of 500 
g/L in drinking water, compared to normal rats. While, Saha, (2011) stated 
that resulted of oral administration of annona aqueous extract to diabetic rats 
for 30 days a major reduced urea and creatinine that near to control levels. 

Data presented in Table (5) showed the mean values of 
malondialdehyde (MDA) free radical, glutathione peroxidase (GPX) and 
catalase (CAT) antioxidant enzymes of normal control and liver cancer 
groups. The obtained results showed that, non-protected group of rats with 
liver cancer showed a significant raise in MDA, but correspondingly  a 
significant fall in GPX and CAT compared with the normal control (-ve). 
Liver cancer group protected by APEX showed a significant lower in MDA 
but on the other hand showed a significant higher in GPX and CAT levels, 
compared to the positive group followed by APE. Our results agreed with 
Fouad et al., (2013) who indicated that oral administration of TCA led to 
hepatocellular tumors in rats due to the carcinogenic effect of this chemical 
as a result of increased oxidative stress, lipid peroxidation and cellular 
proliferation. While, Dragano et al., (2010) who observed that MDA level 
decreased when annona pulp was administered 1%, 10%, and 20% of the 
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meal for 15 days in cyclophosphamide use-induced oxidative stress rats. 
While, Roesler, (2011) reported that annona fruit extracts contains many 
compounds such as ascorbic acid, caffeic acid, quinic acid, xanthoxylin, 
caffeoyltartaric acid, and caffeoyl glucose, [hexose + pentose-H], which 
widely reported as potent antioxidants. 

Data presented in Table (6) showed the mean values of alfa 
fetoprotein (AFP), cyclooxygenase-2 (COX2), interleukin 6, and 
prostaglandin (PGE2) of normal control and liver cancer groups. The non- 
protected liver cancer group showed significant higher in AFP, COX2, IL6 
and PGE2, compared with normal control. Liver cancer group protected by 
APEX showed a significant lower in AFP, COX2, IL6 and PGE2 levels, 
compared to the positive group followed by APE. Our results agreed with 
Fouad et al., (2013) who indicated that giving TCA for 5 days orally at a 
dose of 500 mg / kg led to an increase in the level of alpha-fetoprotein as a 
result of liver cancer. While, Jagan et al., (2008) who stated that high levels 
AFP are believed to be strongly suggestive of liver cancer because greater 
than 70% of liver cancer patients have high serum concentration of AFP 
because of the tumor secretion. However, Gallic acid from annona fruit 
treatment significantly reduced the levels of AFP which revealed the anti-
tumor effect of the compound against liver cancer. Add to that, 
micronutrients including vitamins C, and B9 from annona extracts are 
necessary dietary constituents for cancer prevention. This micronutrient 
contain a puplic functions like anti-oxidant and anti-inflammatory agents; 
however, they also contain specific functions such as regulating genes 
associated with carcinogen metabolism and carcinogenesis (Fagbohun et 
al., 2023). 
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Table (1): Effect of ethanolic extracts (at levels 100 & 150 mg/ kg) of annona 

pulp on body weight gain, feed intake and feed efficiency ratio (FER) in 

experimental rats: 

Variable  
  

Groups  

Initial 
weight 

(g)  

Final 
weight 

(g) 

Weigh
t gain 

(g) 

Weigh
t gain 
(%) 

Feed 
intak
e (g) 

FER% 

Normal 
control 

a 
130.50 
±4.65 

a 
 187.75 
±5.56 

a 
 57.25 
±6.65 

a  
43.99 
±6.17 

a  
17.07 
±0.51 

a  
 0.071 
±0.007 

N
on

- 
pr

ot
ec

te
d 

G
ro

up
s

 Positiv
e (+ve) 

a   
 131.75 
±2.99  

d  
170.25 
±2.08 

d 
 38.75 
±3.77 

d  
29.46 
±3.45  

d 
 15.50 
±0.19 

c 
 0.053 
±0.005 

APE 
a 

 129.75 
±5.12  

c 
 171.75 
±2.99 

b  
42.00 
±4.55 

b  
32.49 
±4.48 

b  
15.61 
±0.27 

b 
 0.057 
±0.006 

L
iv

er
 c

an
ce

r 
gr

ou
ps

 
pr

ot
ec

te
d 

w
it

h
 

APEX 
a  

128.75 
±5.25  

b  
173.50 
±1.73  

b 
 44.75 
±6.18  

b  
34.94 
±6.11 

b 
 15.77 
±0.16 

b  
0.060 
±0.008 

Values (mean± SD, n= 4). Means in within the same column sharing the different 

superscript are significantly different (P> 0.05).   

FER: feed efficiency ratio, APE: Pulp extract at level 100 mg/ kg and APEX: Pulp 

extract at level 150 mg/ kg. 
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Table (2): Effect of ethanolic extracts (at levels 100 &150 mg/ kg) of annona 

pulp on complete blood count in experimental rats: 

Variable  

  

Groups  

WBC 

(UL) 

RBC 

(UL)  

HGB 

(g/dl) 

HCT 

(%) 

PLT 

(UL) 

MC

V 

(FL) 

MCH

C 

(g/dL) 

Normal 

control 

e 

10.75 

±0.90 

a 

8.43 

±0.93 

a  

14.55 

±0.85 

a    

43.28 

±0.88 

a 

 622.50 

±20.27 

a  

61.30 

±0.82 

a  

34.00 

±0.37 

N
on

- 
pr

ot
ec

te
d 

G
ro

up
s

 

Positive 

(+ve) 

a 

17.63 

±0.99 

c 

5.33 

±0.32 

d 

10.58 

±0.82 

d 

31.35 

±0.19 

d 

515.50 

±8.50 

c 

51.80 

±2.74 

d 

28.65 

±0.31 

APE 

b 

15.90 

±0.91 

b 

6.45 

±0.29 

C 

11.38 

±0.34 

c 

35.03 

±0.33 

c 

520.00 

±15.90 

b 

55.40 

±1.82 

c 

31.18 

±0.26 

L
iv

er
 c

an
ce

r 
gr

ou
ps

 

pr
ot

ec
te

d 
w

it
h

 APEX 

c 

14.50 

±0.91 

b 

6.46 

±0.12 

b 

12.15 

±0.21 

b 

39.20  

±0.22 

b 

547.00 

±6.68 

a  

61.20 

±0.96 

b  

32.38 

±0.63 

Values (mean± SD, n= 4). Means in within the same column sharing the different 

superscript are significantly different (P> 0.05).  WBC: white blood cells, RBC: Red blood 

cells, HGB: Hemoglobin, HCT: hematocrit, PLT: Platelet, MCV: Mean Corpuscular 

Volume, MCHC: Mean corpuscular hemoglobin concentration, APE: Pulp extract at level 

100 mg/ kg and APEX: Pulp extract at level 150 mg/ kg. 
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Table (3): Effect of ethanolic extracts (at levels 100 &150 mg/ kg) of annona 

pulp on liver function in experimental rats: 

Values (mean± SD, n= 4). Means in within the same column sharing the different 

superscript are significantly different (P> 0.05). ALT: Alanine transaminase, AST: 

Aspartate transaminase, ALP: Alkaline phosphatase, BiL:  Bilirubin, GLU: Globulin, TP: 

Total protein, Alb: Albumin, APE: Pulp extract at level 100 mg/ kg and  APEX: Pulp 

extract at level 150 mg/ kg. 

Variable  

  

Groups  

ALT 

(U/L) 

AST 

(U/L) 

ALP 

(U/L) 

BiL 

(mg/dl) 

TP 

(g/dl) 

ALB 

(g/dl) 

GLU 

(g/dl) 

Normal 

control 

d 

24.75 

±2.50 

d 

68.25 

±3.40 

d 

192.75 

±4.50 

d 

0.21 

±0.02 

a 

7.53 

±0.06 

a 

4.49 

±0.02 

a 

2.37 

±0.04 

N
on

- 
pr

ot
ec

te
d 

G
ro

up
s

 Positive 

(+ve) 

a 

55.00 

±2.94 

a 

244.75 

±10.21 

a 

367.75 

±10.21 

a 

0.66 

±0.06 

d 

5.83 

±0.09 

d 

2.94 

±0.08 

d 

0.84 

±0.09 

APE 

b 

46.75 

±1.26 

b 

196.25 

±10.28 

b 

321.25 

±4.50 

b 

 0.46 

±0.05 

c  

6.17 

±0.11 

c  

3.23 

±0.10 

c 

 1.14 

±0.09 

L
iv

er
 c

an
ce

r 
gr

ou
ps

 

pr
ot

ec
te

d 
w

it
h

 APEX 

c   

41.25 

±1.26 

c 

144.75 

±8.96 

c 

263.25 

±9.39 

c 

0.31 

±0.02 

b  

6.58 

±0.09 

b 

 3.76 

±0.08 

b 

1.54 

±0.09 
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Table (4): Effect of ethanolic extracts (at levels 100 & 150 mg/ kg) of annona 

pulp on kidney function in experimental rats: 

Variable  
                                         Groups  

Creatinine  (mg/dl) Urea (mg/dl) 

Normal control d                              

0.42±0.03 

d                            

20.63±0.79 

N
on

- 
pr

ot
ec

te
d 

 
G

ro
up

s 

Positive (+ve) a                               

1.19±0.02 

a                            

49.23±3.04 

APE b  

0.92±0.02  

b  

43.18±4.45 

L
iv

er
 c

an
ce

r 
gr

ou
ps

 
pr

ot
ec

te
d 

w
it

h 

APEX c  

0.75±0.03  

c  

29.53±2.17 

Values (mean± SD, n= 4). Means in within the same column sharing the different 

superscript are significantly different (P> 0.05). APE: Pulp extract at level 100 mg/ kg and 

APEX: Pulp extract at level 150 mg/ kg. 

Table (5): Effect of ethanolic extracts (at levels 100 & 150 mg/ kg) of annona 

pulp on oxidation in experimental rats: 

Variable  

Groups  

MDA 
(nmol/ml) 

GPX 
(mU/ml) 

CAT (U/L) 

Normal 
control 

d          

   7.73±0.49 

a                  

127.23±2.82 

a                  

2.83±0.05 

N
on

- 
pr

ot
ec

te
d 

G
ro

up
s

 Positive 
(+ve) 

a               

34.10±1.31 

d                                  

52.20±4.53 

d                    

0.91±0.07 

APE 
b 

26.88±1.27 

c 

67.70±2.79 

c 

1.24±0.05 

L
iv

er
 c

an
ce

r 
gr

ou
ps

 
pr

ot
ec

te
d 

w
it

h
 

APEX 
c 

16.38±1.27 

b 

87.18±3.89 

b 

1.73±0.14 

Values (mean± SD, n= 4). Means in within the same column sharing the different 

superscript are significantly different (P> 0.05). MDA: malondialdehyde, GPX: glutathione 

peroxidase, CAT: catalase, APE: Pulp extract at level 100 mg/ kg and APEX: Pulp extract 

at level 150 mg/ kg. 
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Table (6): Effect of ethanolic extracts (at levels 100 & 150 mg/ kg) of annona 

pulp on inflammation markers in experimental rats: 

 

Variable  

Groups  

AFP 

(ng/mg 

Protein) 

COX2 

ng/mg(  

protein) 

IL-6 

Pg/mg( 

protein) 

PGE2 

(Pg/ml) 

Normal 

control 

d 

1.93±0.09 

d 

1.27±0.03 

d 

26.27±0.74 

d 

44.35±1.59 

N
on

- 
pr

ot
ec

te
d 

G
ro

up
s

 Positive 

(+ve) 

a 

4.42±0.120 

a 

3.61±0.03 

a 

49.97±1.07 

a 

91.50±3.60 

APE 
b  

3.07±0.10  

b  

2.39±0.06 

b  

43.87±1.14 

b  

83.08±1.96 

L
iv

er
 c

an
ce

r 

gr
ou

ps
 

pr
ot

ec
te

d 
w

it
h

 

APEX 
c 

2.71±0.04  

c 

 1.87±0.07 

c  

36.00±1.02 

c 

 71.25±3.34 

Values (mean± SD, n= 4). Means in within the same column sharing the different 

superscript are significantly different (P> 0.05). 

AFP: Alphafeto protein, COX2: Cyclooxygenase, IL6: Interlochen-6, PEG2: 

Prostaglandin, APE: Pulp extract at level 100 mg/ kg and APEX: Pulp extract at level 150 

mg/ kg. 

References: 

 Abdelaal, A.A. (2019): Epidemiology and risk factors of hepatocellular 
carcinoma in Egypt. Sohag Medical J. 23(3): 8-11. 

 Abdel-Hamid, N.M. and M.A. Morsy. (2010): Novel biochemical pathways for 
5- fluorouracil in managing experimental hepatocellular carcinoma in rats. J. of 
Membrane Biology. 234(1): 29–34. 

 Abdel-Hamid, N.M.; El-Moselhy, M.A. and A. El-Baz. (2011): hepatocyte 
lysosomal membrane stabilization by olive leaves against chemically induced 
hepatocellular neoplasia in rats. International J. of Hepatology. 2011:1-6.  

 Abd-Elrazek, A.; Shapana, H.; Shukry, W. and D. Galilah. (2021): 
comparison between Annona squamosa, Annona cherimolia and Annona 
atemoya ethanolic extracts extenuative impact against oxidative stress, 



 

 

212 

Biological studies on annona fruit's pulp (Annona crassiflora) and its protective effect on rats  

inflammation and apoptosis in rat kidney induced by ifosfamid. Toxicology 
Research. 10(4): 947–958. 

 Abelev, G.I. (1974): Alpha-fetoprotein as a marker of embryo-specific 
differentiations in normal and tumor tissues. Transplantation Reviews. 20:3-37. 

 Aebi, H. (1984): [13] Catalase in vitro. Methods in Enzymology. 105:121-126. 
 Alzergy, A.A.; Haman, M.R.; Shushni, M.A. and F.A. Almagtouf. (2018): 

Phytopharmaceuticals and biological study on graviola (Annona muricata L.) 
fruit and dietary supplement of graviola sold on the Libyan market as a cancer 
cure against TCA induce hepatotoxicity in mice. Cancer Biology. 8(2): 1–23. 

 Arruda, H.S.; Borsoi, F.T.; Andrade, A.C.; Pastore, G.M. and M. Junior. 
(2023): Scientific advances in the last decade on the recovery, characterization, 
and functionality of bioactive compounds from the araticum fruit (Annona 
crassiflora Mart.). Plants. 12(7): 1-39. 

 Arruda, H.S.; Pereira, G.A. and G.M. Pastore. (2016): Optimization of 
extraction parameters of total phenolics from Annona crassiflora Mart. 
(Araticum) fruits using response surface methodology. Food Analytical Methods. 
10: 100–110. 

 Artimage, G.Y. and W.G. Berry. (1987): Statistical methods. Ames. Iowa Stata 
University Press: 39-63. 

 Browm, B.A. (1976): Haematology: Principles and procedures. 2nd edition. Lea 
and fabiger. Philadelphia. UBS, 56-81. 

 Bull, B.S.; Caswell, M.; Ernst, E.; Kallner, A. and J.A. Koepke. (1993): 
ICSH recommendations for measurement of erythrocyte sedimentation rate. J. of 
Clinical Pathology. 46(3): 198-203. 

 Chan, D.W. and Y.C. Miao. (1986): Affinity chromatographic separation of 
alphafetoprotein variants: development of a mini-column procedure, and 
application to cancer patients. Clinical Chemistry. 32 (12): 2143-2146. 

 Chapman, D.G.; Castillo, R. and J. A. Campbell. (1959): Evaluation of 
protein in foods. I.A method for the determination of protein efficiency ratios. 
Canadian J. of Biochemistry and Physiology. 37(5): 679-686. 

 Christy, A.O.; Macdonald, I. and O.I. Olaposi. (2022): Effect of spondias 
mombin leaves’ extracts on chemically induced tumor. J. of Medicinal Herbs. 
13(2): 7-17. 

 Doumas, B.T.; Bigg, H.G.; Arends, S.L. and P.V. Pinto. (1972): 
Determination of serum albumin. Standard Methods of Clinical Chemistry. 7: 



 

� �

213 

Research Journal Specific Education - Issue No. 83 - may 2024 

175-188. 
 Doumas, B.T.; Kwok-Cheung, P.P.; Perry, B.W. and B. Jendrzejczak. 

(1985): Candidate reference method for determination of total bilirubin in serum: 
Development and validation. Clinical Chemistry. 31(11): 1779–1789. 

 Dragano, N.R.V.; Venancio, V.P.; Paula, F.B.A. and F.D. Lucia. (2010): 
Influence of marolo (Annona crassiflora Mart.) pulp intake on the modulation of 
mutagenic/antimutagenic processes and its action on oxidative stress in vivo. 
Plant Foods for Human Nutrition. 65: 319–325. 

 El Arem, A.; Saafi, E.B.; Ghrairi, F.; Thouri, A. and M. Zekri. (2014): 
Aqueous date fruit extract protects against lipid peroxidation and improves 
antioxidant status in the liver of rats subchronically exposed to trichloroacetic 
acid. J. of Physiology and Biochemistry. 70: 451–464. 

 Elumalai, N.; Parameswaran, I. and S.T. Panchanatham. (2017): Anticancer 
effect of methanolic extract of Annona squamosa on mammary carcinoma in rats 
with reference to glycoprotein components, lysosomal, and marker enzymes. 
Asian J. Pharmaceutical Clinical Research. 10(9): 180-185. 

 Esparza-Baquer, A.; Labiano, I.; Sharif, O. and A. Agirre-Lizaso. (2021): 
TREM-2 defends the liver against hepatocellular carcinoma through 
multifactorial protective mechanisms. Gut. 70:1345-1361. 

 Fagbohun, O.F.; Gillies, C.R.; Murphy, K.P. and H.P. Rupasinghe. (2023): 
Role of antioxidant vitamins and other micronutrients on regulations of specific 
genes and signaling pathways in the prevention and treatment of cancer. 
International J. of Molecular Sciences. 24(7): 6092. 

 Feldman, B.F. and J. Zink. (2002): Heamatology. 5th edition. Lea and 
Fibinger, Philadelphia. 

 Fernandez, A.; Sobel, C. and H. Goldenberg. (1966): An improved method for 
determination of serum albumin and globulin. Clinical Chemistry. 12(4): 194–
205. 

 Fouad, A.A.; Al-Mulhim, A.S. and I. Jresat. (2013): Therapeutic effect of 
coenzyme Q10 against experimentally-induced hepatocellular carcinoma in rats. 
Environmental Toxicology and Pharmacology. 35(1): 100-108. 

 Hafkenscheid, J.C. and C.C. Dijt. (1979): Determination of serum 
aminotransferases: activation by pyridoxal-5′-phosphate in relation to substrate 
concentration. Clinical Chemistry. 25(1): 55–59. 

 Herren-Freund, S.L.; Pereira, M.A. and G. Olson. (1987): The 



 

 

214 

Biological studies on annona fruit's pulp (Annona crassiflora) and its protective effect on rats  

carcinogenicity of trichloroethylene and its metabolites, trichloroacetic acid and 
dichloroacetic acid, in mouse liver. Toxicology and Applied Pharmacology. 
90(2): 183-189. 

 Houot, O. (1985): Interpretation of clinical laboratory tests, Edited by Siest G., 
Schiele F. And Young D .S. Biomedical Publications. 220-234. 

 Jagan, S.; Ramakrishnan, G.; Anandakumar, P. and S. Kamaraj. (2008): 

Antiproliferative potential of gallic acid against diethylnitrosamine-induced rat 
hepatocellular carcinoma. Molecular and Cellular Biochemistry. 319: 51–59. 

 Justino, A.B.; Franco, R.R.; Silva, H.C. and A.L. Saraiva. (2019): B 
procyanidins of Annona crassiflora fruit peel inhibited glycation, lipid 
peroxidation and proteinbound carbonyls, with protective effects on glycated 
catalase. Scientific Reports. 9:1-15. 

 Kelly, R.W.; Deam, S.; Cameron, M.J. and R.F. Seamark. (1986): 
Measurement by radioimmunoassay of prostaglandins as their methyl oximes. 
Prostaglandins, Leukotrienes and Medicine. 24(1): 1-14. 

 Kulmacz, R.J. and W.E.M. Lands. (1983): Requirements for hydroperoxide by 
the cyclooxygenase and peroxidase activities of prostaglandin H synthase. 
Prostaglandins. 25: 531-540. 

 Kumar, V.; Bhatt, P.C.; Rahman, M.; Al-Abbasi, F.A. and F. Anwar. 
(2017): Umbelliferon-Α-D-glucopyranosyl-（2I→1II）-Α-dglucopyranoside 
ameliorates diethylnitrosamine induced precancerous lesion development in liver 
via regulation of inflammation, hyperproliferation and antioxidant at pre-clinical 
stage. Biomedicine & Pharmacotherapy. 94: 834-842. 

 Lemay, L.; Vander, A.J. and M.J. Kluger. (1990): The effects of 
psychological stress on plasma interleukin-6 activity in rats. Physiology & 
Behavior. 47: 957-961. 

 Marklund, S.L.; Westman, N.G.; Erik Lundgren, E. and G. Roos. (1982): 
Copper- and zinc-containing superoxide dismutase, manganese-containing 
superoxide dismutase, catalase, and glutathione peroxidase in normal and 
neoplastic human cell lines and normal human tissues. Cancer Research. 42 (5): 
1955–1961. 

 Mohamed, N.Z.; Aly, H.F.; El-Mezayen, H.A. and H.E. El-Salamony. 
(2016): Bee honey modulates the oxidant-antioxidant imbalance in diethyl 
nitrosamine-initiated rat hepatocellular carcinoma. J. of Applied Pharmaceutical 
Science. 6 (7):156-163. 



 

� �

215 

Research Journal Specific Education - Issue No. 83 - may 2024 

 Morimoto, Y.; Nouso, K.; Wada, N. and Y. Takeuchi. (2014): Involvement of 
platelets in extrahepatic metastasis of hepatocellular carcinoma. Hepatology 
Research. 44(14): 353–359. 

 Patton, C.J. and R. Crouch. (1977): Spectrophotometric and kinetics 
investigation of the Berthelot reaction for the determination of ammonia. 
American Chemical Society. 49(3): 464-469. 

 Price, V. E. (1958): Anemia in cancer. Advancement in Cancer Research. 5: 
199- 200. 

 Rashed, W.M.; Kandeil, M.A. and M.O. Mahmoud. (2020): Hepatocellular 
carcinoma (HCC) in Egypt: (Review). J. of the Egyptian National Cancer 
Institute. 32-5. 

 Roesler, R. (2011): Effect of extracts from araticum (Annona crassiflora) on 
CCl4-induced liver damage in rats. Food Science and Technology. 31 (1): 93-
100. 

 Saha, R. (2011): Pharmacognosy and pharmacology of Annona squamosa: 
(Review). International J. of Pharmacy & Life Sciences. 2(10): 1183-1189. 

 Schallenberg, U; Stiller, S. and H. Mann. (1987): A New method of 
continuous haemoglobinometric measurement of blood volume during 
haemodialysis. The J. of the European Society for Artificial Organs. 5(4):293-
305. 

 Schlam, O.W.; Jain, N.C. and E.I. Carol. (1975): Veterinary Heamatology. 3rd 
edn. Lea and Fibinger, Philadelphia. 144 – 167. 

 Schneditz, D.; Kenner, T.; Heimel, H. and H. Stabinger. (1989): A 
Sound‐speed sensor for the measurement of total protein concentration in 
disposable, blood‐perfused tubes. The J. of the Acoustical Society of America. 
86: 2073-2080. 

 Severi, T.; Malenstein, H.V.; Verslype, C. and J.F. Pelt. (2010): Tumor 
initiation and progression in hepatocellular carcinoma: Risk factors, 
classification, and therapeutic targets. Acta Pharmacologica Sinica. 31: 1409–
1420. 

 Shehata, M.G.; Abu-Serie, M.M.; Abd El-Aziz, N.M. and S.A. El-Sohaimy. 
(2021): Nutritional, phytochemical, and in vitro anticancer potential of sugar 
apple (Annona squamosa) fruits. Scientific Reports. 11: 6224 

 Silva, E.P.; De Vilas, E.V.B. and A.L.P. Xisto. (2013): Characterization and 
Development of Marolo (Annona crassiflora Mart.). Food Science and 



 

 

216 

Biological studies on annona fruit's pulp (Annona crassiflora) and its protective effect on rats  

Technology. 33 (4): 666-675. 
 Sivakumari, K.; Janani, P. and S. Rajesh. (2022): DEN-induced 

hepatocellular carcinoma in animal model. Handbook of Animal Models and its 
Uses in Cancer Research: 1-23. 

 Stocks, I. and J. Donnandy. (1971): The autoxidfation of human red cell lipids 
induced by hydrogen peroxide. British J. of Haematology. 20: 95 -111. 

 Subha, S.T. (2019): Cancer: Its alarming trends. Malaysian J. of Medicine and 
Health Sciences. 15(3): 1-3. 

 Tao, L.; Yang, S.; Xie, M.; Kramer, P.M. and M.A. Pereira. (2000): Effect of 
trichloroethylene and its metabolites, dichloroacetic acid and trichloroacetic acid, 
on the methylation and expression of C-jun and C-myc protooncogenes in mouse 
liver: Prevention by methionine. Toxicological Sciences. 54(2): 399- 407. 

 Tappel, A.L. (1978): [53] Glutathione peroxidase and hydroperoxides. Methods 
in Enzymology. 52: 506-513. 

 Tietz, N.W.; Burtis, C.A. and P. Duncan. (1983): A Reference method for 
measurement of alkaline phosphatase activity in human serum. Clinical 
Chemistry. 29(5): 751– 761. 

 Uotila, M.; Ruoslahti, E. and E. Engvall. (1981): Two-site sandwich enzyme 
immunoassay with monoclonal antibodies to human alpha-fetoprotein. J. of 
Immunological Methods. 42 (1):11-15. 

 Vidya, R.; Kalaivani, K. and P. Amudha. (2021): Therapeutic potential of 
Cucumis melo (L.) fruit extract and its silver nanopartciles against den-induced 
hepatocellular cancer in rats. Applied Biochemistry and Biotechnology. 194: 
368–381. 

• Vyas, K.; Manda, H.; Sharma, R. and G. Singhal. (2012): An update review 
on Annona squamosa. International J. of Pharmacy & Therapeutics. 3(2): 107-
118. 

 



 

� �

217 

Research Journal Specific Education - Issue No. 83 - may 2024 

  دراسات بيولوجية على لب فاكهة القشطة  
 وتأثيرها الوقائي على الفئران المصابة بسرطان الكبد
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