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Abstract:

The current investigation was carried outxareine the possible
potential protective effects of ethanolic extrattttee pulp of annona fruit
against trichloroacetic acid (TCA) induced liverncar. The biological
experiment used twenty- four albino rats. After ddaptation period, the
rats were divided into four groups (6 rats eachje Of them was considered
as a negative control and another positive conffoichloroacetic acid
group). The remaining groups were divided into tgvoups consisting of
extracts from pulp at levels 100 and 150 mg / keed=consumption was
recorded daily, and the rats' body weights weresssxl once a week. After
the experiment period (47 days) had passed blooglsa were collected to
assays the levels of (WBC, RBC, HGB, PLT, HCT, M&wl MCHC) liver
functions (ALT, AST, ALP, BIL, TP, ALB and GLB), soe kidney
functions (creatinine and urea), and oxidationsst(€AT, GPX and MDA).
Liver tissues were collected for inflammation maskanalyses (IL6, AFP,
COX2 and PGEZ2).The study results were as the faligwall liver cancer
protected groups by extracts of annona pulp atsdlo6&00 and 150 mg/kg
of rat weight showed a significant improvement atsrweights, complete
blood count, liver functions, some kidney functiposidation stress and
inflammation markers, when compared them with tipratected liver
cancer group (+ve). Therefore, this study recomraeict the insertion
pulp of annona fruit in diets (Jelly - marmaladam - juices - pastries of all
kinds) because its hepatoprotective, anti-cancegrmatioxidants effects.

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

Annona pulp has widely potent antioxidants suchsg®rbic, quinic,
caffeic, and ferulic acids, xanthoxylin, rutin, fedyltartaric acid, caffeoyl
glucose and [quercetin+hexose+pentose($ilva et al., 2013). There are
many phenolic compounds in annona pulp includingriyatives of 4-
hydroxybenzoic acid, p-coumaric acid, ferulic agdllic acid, sinapic acid,
caffeic acid, (epi) catechin, quercetin, kaempfenatin, tangeretin, syringic
acid, apigenin, and naringen{irruda et al., 2023). Cancer is a major
reason of death both in developed and developinmtoes. Among the
various types of cancers, liver cancer represebntaitad% of all cancers
around world. Liver cancer is a major health probleorldwide which
described as a complex and heterogeneous maligrfamaoy liver tissues
(Severi et al, 2010; Abdelaal, 2019 and Sivakumari et al, 2022). The
global burden of cancer is projected to raise frb&3 to 21.4 million
incident cases from 2010 to 2030 due to demogragtaages alone, which
dominated by a growing burden in middle- and loweime countries
(Subha, 2019). Liver cancer is the fourth in Egypt and the sigthimmon
cancer in worldwidéRashed et al., 2020). Trichloroacetic acid (TCA) is a
chemical carcinogen with the potential to causeeegrpental multistage
hepatocarcinogenesis; it produces pre-neoplastiors after a short period
in the form of dysplastic tissue changes, vascatargestion, hepatocyte
ballooning, and liver cell foci with extensive vatation. 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 EI-Gomhouria for trading chemicals antkdical
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-o4ths. The weight
of male rats was about 130+ 10g and were purchésed the
Agricultural Research Center, Giza, Egypt.

2) Methods:

a- Preparation of annona fruits:

Ripe fruits were selected free from scratches anidrofial
infections or any color changes in preparation fmaking the ethanolic
extract. Annona fruit was washed with tap wateretmove surface dirt. The
pulp was cut into thin slicg@\rruda et al, 2016).

c- Extraction method:

Annona pulp was oven-dried at 45 °C. The dried pugs ground
into powder by domestic electrical mill and stoegd4 °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 ratb /) (Abd-Elrazek et
al., 2021). The soaking was done for three days with 95%neth@lL) at
room temperature (2%°). This process was repeated 3 times. After
filtration, ethanol was removed by using a rotargmorator 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 gHerren-
Freund et al.,1987). TCA had been given as a carcinogen after 28 daw fro
experimental period at dose 500mg/kg orally oncelay for 5 days
consecutive according ftao L. et al, (2000).

Experimental rats design:

The animals were housed in polypropylene cagesruhdestandard
laboratory condition (25 £ 2°C, humidity 60—70%,-A2ight/dark cycles).
They were fed with standard commercial rat pellet dnd water was
provided ad libitum. The rats were acclimatizediataoratory conditions for
7 days prior to the commencement of the experinfsiter acclimatization
period, the animals were divided into four groupsrdts/ group). One of
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them healthy control group and three liver canaaupgs (including one
without protected and two groups protected withcaranpulp extracts). The
experiment continued for 47 days. The protecteerlicancer groups
received annona extracts for 28 days. Then, TCA ga®n for 5
consecutive days at dose 500mg/kg oréllgo L. et al, 2000). After that,
the extracts were given for 14 day. It was arraragetbllows

* Group 1. The animals fed on based diet as normal controumr
during the experiment period.

» Group 2: liver cancer group which the animals were subpbdte
chemo-induction of liver cancer through administmaiof TCA.
» Group 3: liver cancer group protected by annona pulp ek{{aPE)
at level 100mg/kg B.W. by oral stomach tube ondlyda
» Group 4. liver cancer group protected by annona pulp ektrac
(APEX) at level 150mg/kg by oral stomach tube oda#y.
Determination of food efficiency ratio (FER):

Feed consumption was recorded daily, and the lpatdy weights
were assessed once a week. At the end of the engoeal, feed intake and
total body weight gain were calculated, and thed fe#ficiency ratio was
calculated according t6hapman et al., (1959).

Biochemical analysis:

At the end of the experiment period, rats were tetized di-by
using ethyl etherBlood samples were collected from the inner cantifus
the rats eye using heparinized capillary tubes@BIC analysis including
RBC, WBC, HGB, HCT, PLT, MCV and MCHC according tttee method
published bySchalm et al., (1975); Brown, (1976); Schallenberg et al.,
(1987) andFeldman and Zink, (2002), respectively. Then the serum were
obtained after centrifugation at 3000 rpm for 1GatesBull 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 functia@d T, AST, ALP, BIL,
TP, ALB and GLU) were determined accordance to thethod 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 anda)raccording to
Houot (1985) and (Patton and Crouch, 1977), respectively. Oxidation
stress analyze§MDA, CAT, and GPX) according toStocks and
Donnandy, (1971); Aebi, (1984) and Tappd, (1978), respectively. On the
other hand, liver tissues were collected for inflaation markers analyses
(AFP, COX2, IL6 and PGE2according to(Abelev, 1974; Uotila et al.,
(1981); Chan and Miao, (1986); Mohamed et al., (2016); Kulmacz and
Lands, (1983); Lemay et al., (1990) andKé€lly et al., (1986), respectively.
All experimental animals in this study were managextording to the
guidelines for the Care and Use of Laboratory Arngnra Neuroscience and
Behavioral Research and were approved by the Rds&tinics Committee,
Home Economics Department, nutrition and food smenMansoura
University, Egypt, under animal protocol code Nd3%.

Statistical analysis:

The gained data were statistically analyzed by SES8&puter
software according toArtimage and Berry, (1987). The -calculation
accrued by analysis of variance ANOVA & follow upSD (SPSS)
Computer program variation.

Results and Discussion

Data presented imMable (1) showed the mean values ofitial
weight, final weight, weight gain (g), food intakend Food efficiency ratio
(FER) of normal control and liver cancer groupse Thitial weight of all
groups had similar values to that of the contraugr The non-protected
group of rats with liver cancer showed a significkmwer in final weight,
weight gain, food intake, and food efficiency ratmompared with the
normal control (-ve). Liver cancer group protecteg APEX showed a
significant higher in final weight, weight gain (gpod intake, and Food
efficiency ratio, compared to the positive groupldiwed by APE. Our
results agreed with the results Wtimar et al. (2017) who noted that rat
body weight is an important predictor for estimgtihe pathological status
of liver tissue. Accordingly, lower body weight &ssociated with liver
cancer as a result of decreasing food intake aockasing 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 mghkg hday had increased in
body weight compared to the group with cancer

Data presented ifable (2) showed the mean values of white blood
cells (WBC), red blood cells (RBC), hemoglobin (HGBematocrit (HCT),
platelet (PLT), mean corpuscular volume (MCV) andam corpuscular
hemoglobin concentration (MCHC) of normal contraidaliver cancer
groups. The obtained results showed that, non-gerdegroup of rats with
liver cancer showed a significant higher in WBC} lorrespondingly a
significant fall in RBC, HGB, HCT, PLT, MCV and MGH compared with
the normal control (-ve). Liver cancer group pritdéecby APEX showed a
significant lower inWBC, but on the other hand showed a significant
higher in RBC, HGB, HCT, PLT, MCV and MCHC levetsympared to the
positive group Followed by APEOur 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 rexpiVCA dissolved in
distilled water for a period of 28 day&/hile, Price, (1958) and Marklund
et al., (1982) who noticed that anemia is one of the common problen
cancer. Using annona extracts contributed to impgvhe level of
hemoglobin, and therefore it could have a protecéffect against anemia.
As well as the annona fruit is used in anemia é&eand enriches blood
(Vyas et al., 2012). Add to that,Morimoto et al., (2014) who showed that
platelet counts were higher in liver cancer pasiemtith extrahepatic
metastases compared to those without metastasisating a possible role
for platelets in liver cancer metastasis

Data presented iMable (3) showed the mean values of alanine
transaminase (ALT), aspartate transaminase (ASKgli@e phosphatase
(ALP), bilirubin (BiL), globulin (GLU), total prote (TP), and albumin
(AIB) of normal control and liver cancer groups. €Tlobtained results
showed that, non-protected group of rats with liwancer showed a
significant raise in ALT, AST, ALP and BIiL, but gespondingly a

significant fall in TP, AIB and GLU compared withe normal control (-
{ 204 )
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ve). Liver cancer group protected by APEX showesligaificant lower in

ALT, AST, ALP and BIL, but on the other hand shoveedignificant higher
in TP, GLU and Alb levels, compared to the posityroup followed by
APE. Our results agreed with the result®btdel-Hamid et al., (2011) who

indicated that taking TCA at level 500 mg/kg of podeight for 5

consecutive days due to rise in ALT, AST, ALP, &id levels. While,

consuming the pulp extract helped improve liverction, which achieves
hepatoprotective effect.

Data presented imable (4) showed the mean values of in creatinine
and urea of normal control and liver cancer groljp® non-protected group
of rats with liver cancer (+ve) showed a significaigher of creatinine and
urea, compared to the normal control (-ve). Livanaer groups protected
by APEX showed a significant lower in creatininedanrea levels,
compared to the positive control followed by APEurOresults are
consistent witlEl Arem et al., (2014) who confirmed that creatinine in the
serum increased significantly when mice were giv&A at a dose of 500
g/L in drinking water, compared to normal rats. Whbaha, (2011) stated
that resulted of oral administration of annona aggeextract to diabetic rats
for 30 days a major reduced urea and creatinirtentrar to control levels.

Data presented inTable (5) showed the mean values of
malondialdehyde (MDA) free radical, glutathione gedase (GPX) and
catalase (CAT) antioxidant enzymes of normal cdnéned liver cancer
groups. The obtained results showed that, non-gextegroup of rats with
liver cancer showed a significant raise in MDA, lmatrrespondingly a
significant fall in GPX and CAT compared with thermal control (-ve).
Liver cancer group protected by APEX showed a &amt lower in MDA
but on the other hand showed a significant higheglPX and CAT levels,
compared to the positive group followed by APE. @esults agreed with
Fouad et al., (2013) who indicated that oral administration of TCA led t
hepatocellular tumors in rats due to the carcinagefiect of this chemical
as a result of increased oxidative stress, lipidoyidation and cellular
proliferation. While,Dragano et al., (2010) who observed that MDA level

decreased when annona pulp was administered 1%, 4080620% of the
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meal for 15 days in cyclophosphamide use-inducedatixe stress rats.
While, Roedler, (2011) reported that annona fruit extracts contains many
compounds such as ascorbic acid, caffeic acid,iguoid, xanthoxylin,
caffeoyltartaric acid, and caffeoyl glucose, [hexos pentose-H], which
widely reported as potent antioxidants.

Data presented inrable (6) showed the mean values of alfa
fetoprotein (AFP), cyclooxygenase-2 (COX2), intekm 6, and
prostaglandin (PGE2) of normal control and livenaa groups. The non-
protected liver cancer group showed significanhbaigin AFP, COX2, IL6
and PGE2, compared with normal control. Liver cargreup protected by
APEX showed a significant lower in AFP, COX2, IL&daPGE?2 levels,
compared to the positive group followed by APE. @esults agreed with
Fouad et al., (2013) who indicated that giving TCA for 5 days orally aat
dose of 500 mg / kg led to an increase in the le¥a@lpha-fetoprotein as a
result of liver cancer. Whilelagan et al., (2008) who stated that high levels
AFP are believed to be strongly suggestive of liw@ncer because greater
than 70% of liver cancer patients have high seremcentration of AFP
because of the tumor secretion. However, Gallid &m annona fruit
treatment significantly reduced the levels of AFRick revealed the anti-
tumor effect of the compound against liver cancé&dd to that,
micronutrients including vitamins C, and B9 fromnana extracts are
necessary dietary constituents for cancer prevenfithis micronutrient
contain a puplic functions like anti-oxidant andianflammatory agents;
however, they also contain specific functions sashregulating genes
associated with carcinogen metabolism and carcmegie(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:

'8 a a a a a a
Nor mal

8w 130.50 | 187.75| 57.25| 43.99 | 17.07 | 0.071

8 o | control

5 3 +4.65 | +556 | +6.65 | +6.17 | +0.51 | +0.007

o o

e O . a d d d d c

(o] Positiv

z e (+ve) 131.75 | 170.25| 38.75| 29.46 | 15.50| 0.053
+2.99 | #2.08 | #3.77 | #3.45 | +0.19 | +0.005

E = a c b b b b

S o 5 APE 129.75 | 171.75| 42.00 | 32.49 | 15.61| 0.057

838 +5.12 | #2.99 | +4.55 | #4.48 | +0.27 | +0.006

358 a b b b b b

3 5 APEX | 128.75 | 173.50 | 44.75| 34.94 | 15.77| 0.060
+525 | +1.73 | +6.18 | #6.11 | +0.16 | +0.008

Values (meanz SD, n= 4).

superscript are significantly different (P> 0.05).

FER: feed efficiency ratio, APE: Pulp extract atde100 mg/ kg and APEX: Pulp

extract at level 150 mg/ kg.

Means in within the sawlaron sharing the different
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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:

Q e a a a a a a
3 Nor mal
= 10.75 | 8.43 | 1455| 43.28 | 622.50| 61.30| 34.00
O control
g +0.90 | +0.93 | +0.85| *0.88 | 120,27 | +0.82| +0.37
S a c d d d c d
o Positive
& 17.63 | 5.33 | 10.58| 31.35 | 515.50 | 51.80| 28.65
S (+ve)
+0.99 | +0.32 | #0.82 | +0.19 +8.50 | +2.74 | +0.31
@ b b C c c b c
§ = APE 1590 | 6.45 | 11.38| 35.03 | 520.00 | 55.40| 31.18
(SIS
g 3 +0.91 | +0.29 | #0.34| +0.33 | +15.90 | +1.82 | +0.26
8
§ ol c b b b b a b
o
-3 APEX 1450 | 6.46 | 12.15| 39.20 | 547.00 | 61.20| 32.38
+0.91 | £0.12 | £0.21| +0.22 | +6.68 | +0.96 | +0.63

Values (meanz SD, n= 4). Means in within the samlaran sharing the different
superscript are significantly different (P> 0.03)/BC: white blood cells, RBC: Red blood
cells, HGB: Hemoglobin, HCT: hematocrit, PLT: Plate MCV: Mean Corpuscular
Volume, MCHC: Mean corpuscular hemoglobin conceditna APE: Pulp extract at level
100 mg/ kg and APEX: Pulp extract at level 150 &/
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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:

d d d d a a a
3 Nor mal
5 o contral 2475 | 68.25 | 192.75 0.21 7.53 4.49 2.37
35 §- +2.50 | +3.40 | +4.50 +0.02 +0.06 | +0.02 | +0.04
G . a a a a d d d
5 Positive
> (+ve) 55.00 | 244.75 | 367.75 0.66 5.83 2.94 0.84
v

+2.94 | £10.21 | £10.21| =+0.06 +0.09 | +0.08 | +0.09
2 b b b b c c c
>
% § APE 46.75 | 196.25 | 321.25 0.46 6.17 3.23 1.14
g 3 +1.26 | £10.28 | +4.50 +0.05 +0.11 | +0.10 | +0.09
§ B
- ° c c c (o b b b
.5 = APEX 41.25 | 144.75 | 263.25 0.31 6.58 3.76 1.54

+1.26 | +8.96 | +9.39 +0.02 +0.09 | +0.08 | +0.09

Values (meanz SD, n= 4). Means in within the sawmlaran sharing the different
superscript are significantly different (P> 0.05)LT: Alanine transaminase, AST:
Aspartate transaminase, ALP: Alkaline phosphatBfe, Bilirubin, GLU: Globulin, TP:
Total protein, Alb: Albumin, APE: Pulp extract atviel 100 mg/ kg and APEX: Pulp
extract at level 150 mg/ kg.
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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:

B o Normal control d d
£8 3 0.420.03 20.63+0.79
Z 5 5 Positive (+ve) a a

= 1.19+0.02 49.23+3.04

8, B b b

c

8 = 8 < 0.92+0.02 43.18+4.45
o = =

258 s c c

p 0.75+0.03 29.53+2.17

Values (meanz SD, n= 4). Means in within the sawmlaran sharing the different
superscript are significantly different (P> 0.0BRE: 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:

3 Normal d a a
o 8 control 7.73+0.49 | 127.23+2.82 | 2.83+0.05
s 250
= g_ O Positive a d d

(+ve) 34.10+1.31 | 52.20#4.53 | 0.91%0.07

= b c c
g, = APE
g &g 26.88+1.27 | 67.70+2.79 | 1.24%0.05
c 39
853 c b b
2 78 APEX

s 16.38+1.27 | 87.18+3.89 | 1.73%0.14

Values (meanz SD, n= 4). Means in within the samlaran sharing the different
superscript are significantly different (P> 0.0B)DA: malondialdehyde, GPX: glutathione
peroxidase, CAT: catalase, APE: Pulp extract all&00 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 markersin experimental rats:

3 Nor mal d d d d
§ § control 1.93+0.09 1.27+0.03 26.27+0.74 | 44.35+1.59
5 °
é o Positive a a a a
- (+ve) 4.42+0.120 3.61+0.03 49.97+1.07 91.50+3.60
< b b b b
o P APE
§ g g 3.07+0.10 2.39+0.06 43.87+1.14 | 83.08+1.96
o
E 5 g c c c c
3 = APEX
2.71+0.04 1.87+0.07 36.00+1.02 71.25+3.34

Values (meanz SD, n= 4). Means in within the sawlaran sharing the different
superscript are significantly different (P> 0.05).

AFP: Alphafeto protein, COX2: Cyclooxygenase, ILBiterlochen-6, PEG2:
Prostaglandin, APE: Pulp extract at level 100 ngakd APEX: Pulp extract at level 150
mg/ kg.
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