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1.0 Introduction 

Cancer is among the major cause of death in both 

developing and developed countries of the world and 

the burden associated with its management is 

predicted to grow even higher due to the growth and 
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growing of the elderly population (Qianru et al., 2020; 

Llovet et al., 2021; Harriet et al., 2022). Lifestyle 

changes and or adoption of new lifestyles were 

acknowledged to have expanded the risk of developing 
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cancers, especially among developing countries. The 

incidence of liver cancer like other cancers is 

attributed to factors such as an increase in smoking, 

poor diet, physical inactivity, and alcohol 

consumption among many others. The ranking of 

cancer in men is liver, colon, and lung cancers while 

breast and cervical cancers are leading in women 

(Harriet et al., 2022). Hepatitis B and C are very much 

implicated in the development of liver cirrhosis that 

culminates into liver cancer in most patients over some 

time (Okeke et al., 2020). Epidemiological surveys 

recognized hepatitis virus infections to be the strongest 

factor associated with HCC, studies further have 

proven that HBV-infected sufferers have up to a 20-

fold increased chance of HCC development compared 

to non-infected humans (Yang et al., 2019). Male, 

older, smokers, high alcohol intake, and drug abusers 

especially the needle users are more prone than the rest 

of the population (José, 2022). Cases of liver diseases 

and cancer continue to rise, reported to have risen from 

746,000 in 2012 to 841,080 in 2018, accounting for 

5% of all cancers in the world (Okeke et al., 2019). 

Co-exposure to the Hepatitis B virus and dietary intake 

of aflatoxin coexist in most parts of Africa, especially 

in areas with the heaviest burden of cancer where 

younger patients are commonly seen with HCC 

(Lemoine, 2017).  

 

Iron overload either due to hereditary issues or as a 

result of dietary intake seen mostly in many African 

countries notably Kenya is a confirmed threat and a 

cause of HCC, independent of any underlying liver 

disease. Though, other organs are affected by this iron 

overload but the liver is the organ most affected with 

the aid of iron overload (Keisuke et al., 2022). 

A multistep process encompassing a combination of 

oxidative stress, inflammation, some epigenetic 

changes, fatty changes, fibrosis, and irreversible liver 

cirrhosis are the prerequisites that sway the 

development of HCC (Farazi et al., 2006; Hall et al., 

2016; Llovet et al., 2021). 

 

A pathological type of liver cancer called 

hepatocellular carcinoma (HCC) is the most common 

form of liver cancer seen, accounting for about 75% of 

all cases. Other types that seldom occur are 

cholangiocarcinomas, angiosarcomas, and 

hepatoblastomas in children. (Ashwin et al., 2006; 

Llovetet et al., 2021). Researchers use several models 

to mimic liver cancer called the liver cancer models to 

learn about both the disease and or the impact of 

treatment among which are the chemical induction and 

genetic modifications (Zachary et al., 2018; 

Alexandru et al., 2021).The carcinogenic chemical 

diethylnitrosamine (DEN) is amongst the most 

fundamental agents in use (Arboatti et al., 2018; 

Zachary et al., 2018). The chemical DEN exists n 

cured and fried meals, tobacco smoke, cheddar cheese, 

water, occupational settings, cosmetics, and 

agricultural chemical substances among others 

(Arboatti et al., 2018).  

Surgery and the use of anti-cancer agents either in 

isolation or by combination are among the methods 

used in the treatment of liver cancer (Farmer et al., 

1994; Liu et al., 2015; Singh et al., 2023). The choice 

of any method depends on the type and stages of the 

liver cancer. Anticancer drugs either kill cancer cells 

or modify their growth, they can also be treated by the 

use of “Thermal ablation”.  The overall cost of 

treatment varies based on the treatment type, in 

general, the cost is high and usually out of reach for 

the average population. Five hundred thousand to one 

million and five hundred thousand (500,000-

1,500,000) per session is the amount required for liver 

cancer management especially at advanced in the 

United States and UK among others (Kaplan et al., 

2018; Cullen et al., 2023). The majority of these agents 

are known to cause several side effects some of which 

are unbearable to the patient others are the cause of 

another form of cancers as well.  

 

Despite the advancements in cancer therapy, liver 

cancer remains a significant health burden, with 

limited treatment options and considerable toxicity 

associated with current therapies. The use of herbal 

medications as complementary or alternative medicine 

is getting more acceptability in the treatment of many 

chronic diseases including cancers (Tavakoli et al., 

2012; Ali et al., 2023), Spondias mombin also known 

as yellow mombin or hog plum in English, tsardar-

misra in Hausa (Northern region), iyeye\yeye in 

Yoruba (Southern western region) and ichikara in Igbo 

(Southern eastern region) is one such natural product 

being accepted as medication in many diseases. It’s a 

species of tree and flowering plant in the family 

anacardiaceae. It is native to be tropical America 

including West India. In Africa, it is commonly found 

in the forest and savanna region of Nigeria and it’s a 

medium size plant but occasionally a large tree 

(Ogunro et al., 2023).  

 

The leaves, seeds, stems and roots of the plant were 

reported to be medically useful (Sameh et al., 2018; 

Ogunro et al., 2023). The plant is traditionally used for 

a variety of ailments, the fruit has been used as a 

diuretic and febrifuge (Samehet et al., 2018). The bark 

is astringent and used as an emetic for diarrhea, 

dysentery, hemorrhoid, gonorrhea, and leukorrheal. 

(Olalekan et al., 2023). The flower and leaves are used 

to make tea for stomachache biliousness, urethritis, 

cystitis, and inflammation. It’s also known to reduce 

anxiety, stop convulsions, calm and sedate, relieve 
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pain and suppress cough, aid digestion and stimulate 

the uterus (Uchendu et al., 2008; Osuntokun, 2019; 

Olalekan et al., 2023) The antimicrobial, antibacterial, 

antifungal, and the antiviral residences of Spondias 

mombin have been reported (Abo et al., 1999; 

Olukemi Aromolaran et al.,  2014). This research 

aimed at evaluating the toxicity potential and 

pharmacology properties of Spondias mombin in liver 

cancer treatment. 

 

2. 0     Materials and Methods 

2.1      Study Area 

The study was carried out at Bauchi State University 

Gadau, Nigeria.  

 

2.2 Sample collection and preparation 

Spondias mombin mature leaves were obtained from 

Bauchi State University Gadau in July 2023 and 

authenticated at the Department of Biological sciences 

with voucher number UBH-S345. The plant was air 

dried at room temperature and pounded into powdery 

structure. The powdered sample was extracted through 

cold maceration using 70% ethanol as the extracting 

solvent for 72 hours. The extract was filtered and 

concentrated at a temperature of 500C using a water 

bath. 

 

2.3 Experimental Animals 

Six weeks healthy mice; weighing twenty two to 

twenty five gram (20-25g) were used for this study, the 

mice were acquired from the animal house of the 

Department of Pharmacology, Faculty of Basic 

Medical Sciences, Bauchi State University Gadau. 

Animal ware kept for 5 days to get acclimatize before 

commencement of the study. They were caged in 

rubber cages of 6 mice per cage, the bedding were 

regularly change, water and food were constantly 

provided. A cycle of 20-23°C temperature, 50%-60% 

relative humidity with 12:12 h light/dark cycle was 

maintained  throughout the study period. The 

experimental protocols were approved by Faculty of 

Basic Medical Sciences’ Research and Ethics 

Committee (BASUG/FBMS/REC/VOL.07/093) 

Bauchi State University Gadau.   

 

2.4 Phytochemical Screening  

A preliminary analysis of the phytochemicals 

constituents of the plant extract was conducted using a 

method described by Pranshant et al. (2011). 

 

2.5 Toxicity Study 

Ten mice were randomly selected and divided into 2 

groups containing 5 animals each. One group served 

as control and received only saline at 10mls/kg and the 

other group received 2000mg/kg of the ethanol extract 

of Spondias mombin, four hours of fasting were 

instituted before the dosing. Group 1 animals were 

administered with normal saline orally while Group 2 

animals were administered a single dose of 2000mg/kg 

of ethanol extract. They were observed for behavioral 

changes, signs of toxicity, and mortality for the first 4 

hours and thereafter daily over 14 days. 

 

2.6 Induction of Cancer 

Cancer was induced using one percent 

diethylnitrosamine (DEN) given via peritoneal 

injection to the mice weekly at a dose 35mg/kg for six 

weeks. The mice were divided into four group after 

four weeks of induction and treatment commenced 

with the extract while still given the DEN for cancer 

induction.  

 

2.7 Experimental Design 

Group 1 animals (6 mice) as a control group were 

treated with normal saline (10 ml/kg) intraperitoneally 

after the fourth week of DEN induction. Groups2, 3, 

and 4 containing animals (6 mice each) were treated 

with ethanol extract of Spondias mombin at a dose of 

250mg/kg, 500 mg/kg, and doxorubicin (2 mg/kg) 

intraperitoneally.  

 

2.8 Sample collection  

At the end of the two week anti-cancer treatment 

animals were fasted overnight and then anaesthetized 

using chloroform before sacrifice. Blood was collected 

by cardiac puncture for biochemical analysis. The 

liver was excised using sterilized dissecting kits and 

surgical blades and a process for histological studies.  

 

2.9 Statistical Analysis 

Statistical analysis were carried out using Mean ± 

standard deviation (STD) and analyzed with standard 

statistical software package for social science (SPSS) 

software using one-way Analysis of Variance (one-

way ANOVA) and Dunnetts posthoc test deployed 

were differences between multiple and two means 

respectively. Differences are considered at P < 0.05. 

Bar charts were drawn using Excel 2013 software. 

 

3.0 Results and Discussion 

The crude and the ethanol fraction of Spondias 

mombin leaves were obtained using cold maceration 

technique and resulting phytochemicals analysis 

shows the presences of alkaloids, cardiac glycosides, 

saponins, tannins, phenolic compounds, steroids, 

flavonoid, terpenoids and absences of carbohydrates 

anthraquinones in the ethanol extract, the same 

constituents were seen in the crude extract as shown in 

table 1. 
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Table 1: Preliminary phytochemical screening of 

different fractions of crude extract of Spondias 

mombin leaves 

S/No Phyto

consti

tuents 

Test Cr

ud

e 

He

xa

ne 

C

h

Cl

3 

Et

ha

nol 

Aq

ueo

us 

1 Alkal

oids 

Dragendorff 

test 

+ - - + + 

2 Cardia

c 

Glyco

sides 

Keller-

Kiliani test 

+ + + + + 

3 Sapon

ins 

Frothing test + - - + + 

4 Pheno

lic 

comp

ounds 

Lead acetate 

test 

+ - + + + 

5 Tanni

ns 

Ferric 

Chloride test 

+ - - + + 

6 Steroi

ds 

Salkowiski 

test 

+ + + + + 

7 Carbo

hydrat

es 

Molisch test + - + + + 

8 Flavo

noids 

Shinoda test + - + + + 

9 Terpe

niods 

Liebermann 

Burchardtes

t 

+ + + + + 

10 Anthr

aquin

ones 

Bontragers 

test 

- - - - - 

KEYS: + PRESENT   – ABSENT 

Table 2 shows the body weight changes for mice in the 

acute toxicity study where the weight increases after 

administration of the ethanol fraction of Spondias 

mombin from day 1 to day 14. An acute oral toxicity 

test was performed on both male and female Balb C 

mice following Organization for Economic 

Cooperation and Development (OECD) test guideline 

423 (OECD, 2001). A slight weight change among the 

experimental animals between 20.8±3.56 to 

25.63±2.60 was seen and the increase was shown to 

be statistically (P < 0.05) significant at day 14.  

Table 2: Body weight changes for acute toxicity 

animals after single dose of 2000mg/kg ethanol 

fraction of Spondias mombin leaves extract 

GROU

PS 

Day 0  Day 3 Day 7  Day14 

days 

Ethanol 

fraction 

2000mg

/kg 

20.8±3

.56 

20.7±2.

2 

22±3.6

5 

25.63±2.

60* 

Control 

group 

25.7±4

.19 

23.25±3

.77 

25.5±3

.87 

26.63±3.

93* 

Values are expressed as mean ± STD of n=6. Values 

with the same superscript are statistically significant, 

Dependent t-test 

Table 3 showing observed morbidity and mortality 

data of mice in acute toxicity study after a single fixed 

dose test of 2,000 mg/kg given to the mice and 10 

ml/kg of normal saline given to the control group mice. 

No mice showed any physical any sign of clinical 

toxicity, none died and no obvious gross pathology 

seen in the major organs on necropsy.  

The finding from a single dose exposure of this extract 

in the acute toxicity study indicated that the ethanol 

extract of Spondias mombin is safe up to a limit dose 

of 2000 mg/kg, thus the LD50 is greater than 2000 

mg/kg. The obvious sign of toxicity like convulsion, 

bleeding, lethargy, vomiting and general distress were 

equally checked and none of which was recorded over 

the 14day study period.  

Table 3: Morbidity and mortality data of experimental 

rats exposed to ethanol extract of S. mombin leaves 

Groups Toxicity 

sign t/n 

Mortality 

d/a 

Gross 

pathology 

l/nl 

10ml/kg 

N/Saline  

0/6 0/6 0/6 
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2000mg/kg 

Ethanol 

extract of 

S.mombin 

leaves 

 

0/6 

 

0/6 

 

0/6 

t/n = toxic/normal, d/a= dead/alive, l/nl = lesion/ no 

lesion. 

The table shows changes in liver enzymes following a 

single dose exposure of the ethanol extract as 

compared to those that received only normal saline. 

ALT, AST, ALP, TP and AL were all measure in both 

groups.  

The ALT and AST of the group were found to be 

elevated more on the control group, however the ratio 

of ALT/AST is higher on the ethanol exposed group 

compared to saline group 2.56 and 3.61 respectively. 

The body total protein is slightly higher in the 

treatment group with low albumin constituents, while 

the albumin constituent of the treatment group showed 

higher value despite the lower concentration of the 

total protein. 

Table 4: Liver enzymes analysis after single dose 

exposure of ethanol extract of S. mombin leaves 

Grou

p  

ALT

(IU/

L) 

AST(

IU/L) 

AL

T/A

ST 

ALP

(IU/

L) 

TP(

G/D

L) 

ALB

(G/D

L) 

N/ 

SAL

INE 

56.5

±5.4

4 

144.5

±7.8 

2.5

6 

29.4

±5.1

3 

11.5

5±2.

45 

2.2±

0.11 

ETH 

39.5

±3.4

3 

142.5

±8.03 

3.6

1 

24.8

±4.3

4 

10.3

±1.6

9 

2.6±

0.14 

Values are expressed as mean ± STD of n=6  

Plasma Urea, electrolyte and creatinine predicting the 

kidney function test of mice treated with ethanol 

extract as compared to those given normal saline was 

shown on the table 3.5. The creatinine, CL and HCO3 

of the control and study group were significantly 

different statistically with P˂0.005 as tested by T-test. 

Noticed on the kidney function test of mice after 

exposure to the single dose of the ethanol extract 

compared to the control group are slight increases in 

the level of Na, Urea, creatinine, and CL. The HCO3 

was slightly decreased compared to that of the control 

group.  

Table 5: Urea, Electrolyte and Creatinine of mice 

exposed to ethanol extract of S. mombin leaves  

Group UREA 

(MG/D

L) 

NA 

(M

OL

/L) 

K 

(MO

L/L) 

CR

EA

TIN

INE 

(M

EQ/

L) 

CL 

(MG

/DL) 

HCO3 

(MG/

DL) 

N/Salin

e 

97.5±2

4.75 

431

.25

±2

6.5

2 

20.5

±6.5

8 

0.9

±0.

10* 

32±4

.24* 

122.5±

24.74* 

ETH 100±7.

10 

437

.8±

74.

60 

21.7

5±4.

03 

1.15

±0.

10* 

47±8

.49* 

101±7.

10* 

Values are expressed as mean ± STD of n=6 and were 

analyze using one-way ANOVA. Values with same 

superscript are significantly different with the control 

group, NA: sodium ion, K: potassium ion, CL: 

chloride ion, ETH: Ethanol extract 

The chart shows slight increase in weight of mice 

despite the injection of DEN within the week of 

experiment. The weights continue to slightly decrease 

steadily over the next three weeks. The differences in 

the weight were statistically insignificant as compared 

using one-way ANOVA between the weeks of study.  

The mice exhibited slight increase in weight after the 

first dose, however there was continues steady 

decrease in weight noticed following the second, third 

and fourth dose of DEN in the mice.  

 

Figure 1: Weekly changes in weight of mice induce 

liver cancer with DEN after treatment with ethanol 

extract of S. mombin leaves. 
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The table is depicting weight changes in mice induced 

liver cancer with DEN before and after 

commencement of treatment with the ethanol extract 

different doses compared to DOX and negative 

control. Body weight at week 4 is the initial weight at 

the commencement of treatment, while the final body 

weight (week 6) signifies the body weight after 2 

weeks of treatment. The Normal saline group have 

15. 00 ±1.40 g, and 14. 00 ±1.70 g, DOX 

18.30 ±2.60 g and 20. 00 ±2.80 g, Ethanol 250 mg/kg 

15.80±2.20 g and 16.70 ±20 g while Ethanol 

500mg/kg is 26.30±1.90 g and 24.80±1.90 g 

respectively for the 4th and 6th week. There is an 

increase in weight of the experimental mice in the 

positive control group and the lower dose ethanol 

extract between the fourth and sixth week of treatment. 

The negative control group and the high dose ethanol 

group showed decrease on the weight. 

Table 6:   Effect of Spondias mombin leaves extract 

on the body weight of DEN cancer induced mice 

GROUP TREATMENT  WEIGHT(week 

4) 

WEIGHT 

(week 6) 

1 DEN+N/SALINE 15± 1.4 14.5± 1.7 

2 DEN+DOX 

2mg/kg 

18.3 ±2.6 20±2.8 

3 DEN+ETH 

250mg/kg 

15.8 ±2.2 16.7 ± 2.1 

4 DEN+ETH 

500mg/kg 

26.3 ± 1.9  24.8 ± 1.9 

Values are expressed as mean ± STD of n=6 and were 

analyze using one-way ANOVA. Values with same 

superscript are significantly different with the control 

group. 

Biochemical analysis of Liver enzymes showing the 

level of AST, AST, ALP, TP and ALB was shown in 

the table. The total protein of the negative control 

2.9±0.56 to be lower than the remaining three 

treatment groups3.7±0.57, 3.55±1.90 and 4.35±0.77. 

The level of albumin 2.85±0.49 also followed the same 

pattern as the total protein showing high level in the 

normal saline group compared to all treatment groups 

0.85±0.07, 0.90±0.70 and 0.95±0.07. The difference 

between the saline controls group were found to 

statistically significant compared to the treatment 

groups in both parameters as tested by T-test with 

p˂0.005. 

The ALP, TP and Albumin of Normal saline group 

were found to be higher than those obtained from all 

the three treatment groups. However, the main liver 

enzymes notably the ALT and AST were higher in the 

extract treated groups compared to both Dox treated 

and saline treated groups.  

Table 7:  Biochemical analysis of liver enzymes in 

mice induced with DEN after Treatment with ethanol 

extract of S. mombin leaves 

Group  

ALT

(IU/

L) 

AST(IU

/L) 

ALP(IU

/L) 

TP(G/

DL) 

ALB(

G/DL) 

N/ 

SALIN

E  

5.5±

2.12 
4.5±2.12 

18.3±3.9

5 

2.9±0.5

6 

2.85±0

.49 

ETH 

250 

10.5

±2.1

2 

31±29.7 
11.1±0.5

7 

3.7±0.5

7 

0.85±0

.07 

ETH 

500 

7±8.

49 

39±52.3

6 
9.3±0.56 

3.55±1.

90 

0.90±0

.70 

DOX 
8±5.

66 
9.5±9.19 

11.15±2.

05 

4.35±0.

77 

0.95±0

.07 

Values are expressed as mean ± STD of n=6 and were 

analyze using one-way ANOVA. Values with same 

superscript are significantly different with the control 

group.  
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4.0   Discussion

Liver cancer like most other cancers is a progressive 

disease and difficult to treat unless diagnose dearly, 

prevention is rather easier and more cost-effective, 

vaccine against Hepatitis B and avoidance of 

excessive alcohol consumption may serve as good 

preventive measures. Promising practices like an 

increase in surveillance, public awareness, and 

adequate knowledge of infection status especially of 

hepatitis, improved hepatitis treatment services will 

likely reverse the liver cancer trends of the world 

(Chang et al., 2011; Momin et al., 2018).  The 

treatment of liver cancer is rather a multidisciplinary 

approach including drugs, surgery and psychotherapy 

either in combination or alone (Salgia et al., 2021). In 

recent years several clinical trials that target the 

progression process of liver cancer have being tested, 

notably the signaling pathways involved in the control 

of this process but the efficacy of those agents tested 

revealed no relevant improvement in the prognostic 

and or survival of patients with HCC, thus the need for 

the identification of novel therapeutic agents for the 

management of HCC (Anwanwan et al., 2019; 

Duspara et al., 2021).  

Several plants were shown to have valuable anticancer 

activity against different types of cancer, they are 

generally accepted by society based on availability, 

effectiveness, and safety profile.   Spondias mombins 

is a plant with such projection against many diseases, 

thus it is used in this study. An ethanol fraction of leaf 

extracts of Spondias mombins contains the following 

phytochemical constituents namely terpenoids, 

steroids, phenolic compounds, tannins, cardiac 

glycosides, and carbohydrates (table 3.1). An analysis 

of the same plant demonstrated the presence of similar 

important constituents by Njoku and Akumefula, 

(2007). Similarly, tannins, carbohydrate, flavonoid, 

glycoside, alkaloid, steroid and terpenoid compounds 

were seen in another extraction of the same plant in 

Abia State University (Nwaogwugwu, 2018).  

Most of these phytochemicals exhibit beneficial 

pharmacological and biochemical actions in animals. 

An anti-nutritional factor via reduction in the uptake 

of cholesterol and glucose at the gut through intra-

luminal physicochemical interaction with saponins is 

one of such pharmacological activity of 

phytochemicals making relevant as antidiabetic agents 

(Marrelli et al., 2016). Alkaloids repel predators and 

parasites in plants and it has effects on glucagon, 

thyroid stimulating hormone and inhibit certain 

mammalian enzymic activities (Divekar et al., 2022). 

A tremendous anti-oxidant and anti-inflammatory or 

antibacterial activities are seen with flavonoids (Al-

Khayri et al., 2022)    

An acute oral toxicity test was performed on both male 

and female baldC mice following Organization for 

Economic Cooperation and Development (OECD) test 

guideline 423 (OECD, 2001). Animals exposed to the 

extract and observed for 14 days exhibited no obvious 

sign of toxicity and none of the mice died during the 

period of observation (Table 3.2). Thus, the ethanol 

extract of Spondias mombin extract is said to have a 

lethal dose above 2000mg/kg as seen a study 

conducted by Feoluwa et al. (2014).  

The effect of the extract on the weight of the mice 

revealed a slight weight changes among the control 

group animals between 20.8±3.56 to 25.63±2.60 as 

recorded on day 0, 3, 7 and 14. The changed was 

shown to be statistically significant at day 14. The 

observed body weight changes of the experimental 

animals notice to be slightly lower than observed in the 

control group, though not significant statistically (p> 

0.05). The plasma Urea, electrolyte and creatinine are 

clinically used to access the kidney functions, its 

damage and also to monitor diseases progress (Gowda 

et al., 2010; Fuchs et al., 2011). Here, the three were 

accessed to predict the possible level of renal damage 

due to exposure to high-dose ethanol extract of the 

plant as compared to normal saline intake by the mice. 

The creat, CL, and HCO3 of the control and study 

group were significantly different statistically with 

P˂0.005 as tested by T-test. There is a slight decrease 

in the level of HCO3 in mice of the study group 

compared to the control group showing evidence of 

acidosis either due direct effect of the extract on mice 

or secondary to dehydration.   

The highest weight gain at the second weeks of 

induction with DEN is 20.1 ± 4.6. A decrease in 

weight were discovered in week 3 and 4 respectively 

which is an indication of possible liver cancer induced 
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by DEN on the animals. Disease like cancer, diabetics, 

arthritis and chronic infections are generally 

associated weight changes characterized by a distinct 

patterns up to 10% loss 0f body weight within a year 

have likely is seen in these ailment (Vierboom, 2018). 

The initial body weight signifies the body weight in 

the first week of treatment, while the final body weight 

signifies the body weight in the second week of 

treatment. The initial body weight of Group 1 was 

15±1.4, upon the treatment with N/saline there was a 

decrease to a body weight of 14±1.7. In group 2 there 

was also an observable change in weight from 

18.3±2.6 to 20±2.8. In group 3 treated with ethanol 

extract 250mg/kg after DEN induction, the weight of 

the mice showed a significant increase from 15.8±2.2 

to 16.7 ±2.1 administration of ethanol extract 

500mg/kg shows rather a significant decrease in the 

body weight from 26.3±1.9 to 24.8±1.9.Loss of weight 

is a major indicator of chronic diseases seen in cancers, 

infections, and famine. The loss in body weight is 

usually as a result of loss in body fats due to 

continuous mobilization by the liver to produce the 

needed energy in the form of glucose for the body (El-

Zayat et al., 2019). The inability of the liver to 

metabolize chemical as well as food during chronic 

diseases like the cancer will equally add to the lost in 

body weight and a vicious cycle of continues damage 

of body tissues by chemicals the body is exposed to.  

Changes in the level of liver enzyme in the blood can 

indicate liver damage or diseases in mice induced and 

treated with Normal saline, doxorubicin, and ethanol 

extract. The two transferases and plasma protein were 

biochemically analyzed as shown in table3.7, the total 

protein of the negative control 2.9±0.56 found to be 

lower than the remaining three treatment 

groups3.7±0.57, 3.55±1.90 and 4.35±0.77. This is the 

usual presentation in pathological conditions of liver 

damage especially in chronic cases due to decreased 

production of basic plasma protein, also seen in renal 

diseases where proteins are excreted in urine because 

of glomerular damage (Hällfin and Laurell, 1972; 

Rogos et al., 1978; Tufoni et al., 2020) The level of 

albumin 2.85±0.49 also followed the same pattern as 

the total protein showing high level in the normal 

saline group compared to all treatment groups 

0.85±0.07, 0.90±0.70 and 0.95±0.07. The ALP, TP 

and Albumin of Normal saline group were found to be 

higher than those obtained from all the three treatment 

groups. However, the main liver enzymes notably the 

ALT and AST were higher in the extract treated groups 

compared to both Dox treated and saline treated 

groups. Thus the two chosen doses of the extract 

shows improvement of both liver enzymes and the 

protein especially the albumin level almost similar to 

doxorubicin in mice when compared to negative 

control.  

5.0 Conclusion 

Spondias mombins is a plant very reach in important 

phytochemical constituents and the ethanol extract 

revealed the presence of some of those 

pharmacological constituents. The extract was shown 

to have no obvious physical sign of toxicity and it 

doesn’t cause mortality in all the tested animals. The 

likely anticancer potential of the extract is similar to 

that seen in doxorubicin at the tested doses. Ethanol 

extract of the plant reversed loss in weight, 

deterioration in liver enzymes, and protein production 

to an extent similar to that of standard anti-cancer 

agents. 

 

Declarations 

Competing interests 

The authors declare that they have no competing       

interests. 

Ethics approval and consent to participate  

Ethical approval was obtained from Faculty of Basic 

Medical Sciences’ Research and Ethics Committee 

(FBMSREC) Bauchi State University Gadau 

(Approval Number:  

BASUG/FBMS/REC/VOL.07/093).   

 

Authors’ contributions 

JGE performed the experiments, data gathering, and 

initial draft of the write-up. KAN and MAM were 

involved in the result analysis, editing of the drafted 

manuscript while AUK did an intellectual revision and 

gave approval for the final manuscript. All authors 

read and approved the final manuscript. 

 

Authors’ information 

JGE is a research assistant in the laboratory of the 

Department of Pharmacology, Faculty of Basic 

Medical Sciences of Bauchi State University Gadau. 

Bauchi state Nigeria. 

KAN is a PhD candidate in the Department of 

Biochemistry of Bauchi State University Gadau. 

Bauchi state Nigeria. 

MAM is a PhD candidate in the Department of 

Pharmacology and Therapeutics of Ahmadu Bello 

University Zaria, Kaduna State, Nigeria. 

https://doi.org/10.54117/gjpas.v3i1.4


Available: DOI: https://doi.org/10.54117/gjpas.v3i1.4  Research article 

 

  49 
GJPAS/Volume 3/Issue 1/Jan – Jun/2024 

AUK is a professor in the Department of 

Pharmacology, Faculty of Basic Medical Sciences of 

Bauchi State University Gadau. Bauchi state Nigeria. 

Acknowledgement 

We would like to thank the Tertiary Education Trust 

Fund (TETFund) Nigeria for project funding under the 

Institutional Base Research (IBR) grant. 

 

Consent for publication 

All authors have read and consented to the publication 

of the manuscript. 

 

Availability of data and material 

Not Applicable. 

 

Funding 

Funding was obtained from the Tertiary Education 

Trust Fund (TETFund) Nigeria for project funding 

under the Institutional Base Research (IBR) grant. 

 

References 

Abo K.A., Ogunleye V.O., Ashidi J.S. (1999). 

Antimicrobial potential of Spondiasmombin, 

Croton zambesicus and Zygotritoniacrocea. 

Phytother Research. (6):494-7.  

Alexandru, B., Iasmina, M., Dorina, C., Florin, H., 

Cristina, A.D. and Octavian M.C. (2021). 

Experimental Models of Hepatocellular 

Carcinoma—A Preclinical Perspective. 

Cancers (Basel). 13(15): 3651. 

Ali, M., Wani, S.U.D., Salahuddin, M., S N M, K M, 

Dey, T., Zargar, M.I., Singh, J. (2023). 

Recent advance of herbal medicines in 

cancer- a molecular approach. Heliyon. 2023 

Feb 14;9(2):e13684.  

Al-Khayri J.M., Sahana G.R., Nagella P., Joseph B.V., 

Alessa F.M., Al-Mssallem M.Q. (2022). 

Flavonoids as Potential Anti-Inflammatory 

Molecules: A Review. Molecules. 

27(9):2901.  

Anwanwan D., Singh S.K., Singh S., Saikam V., Singh 

R. Challenges in liver cancer and possible 

treatment approaches. BiochimBiophysActa 

Rev Cancer. 1873(1):188314.  

 Arboatti, A.S., Lambertucci, F., Sedlmeier, M.G., 

Pisani, G., Monti, J., Álvarez, M.L., Francés, 

D., Ronco, M.T., Carnovale, C.E. (2018). 

Diethylnitrosamine Increases Proliferation in 

Early Stages of Hepatic Carcinogenesis in 

Insulin-Treated Type 1 Diabetic Mice. 

Biomedical Research Int. 9472939.  

 Ashwin, A., Veena, G., and Kia, S. (2006). 

Epidemiology of Primary and Secondary 

Liver Cancers. Semin Intervent Radiology. 

23(1): 47–63. 

Brown, Z.J., Heinrich, B. and Greten, T. F. (2018). 

Mouse models of hepatocellular carcinoma: 

an overview and highlights for 

immunotherapy research. Nat Rev 

Gastroenterol Hepatol 15, 536–554. 

Chang M.H. (2011). Hepatitis B virus and cancer 

prevention. Recent Results Cancer Research. 

188:75-84.  

Cullen, K., Jones, M., Pockett, R.D., Burton, A., 

Cross, T.J.S., Rowe, I.A., Paley, L., Tataru, 

D., Alexander, G., Marshall, A., 

Fitzsimmons, D. (2023). Cost of 

hepatocellular carcinoma to the National 

Health Service in England: a registry-based 

analysis. BMJ Open Gastroenterol. 10(1) 

e000998. 

Divekar P.A., Narayana S., Divekar B.A., Kumar R., 

Gadratagi B.G., Ray A., Singh A.K., Rani V., 

Singh V., Singh A.K., Kumar A., Singh R.P., 

Meena R.S., Behera T.K. (2022). Plant 

Secondary Metabolites as Defense Tools 

against Herbivores for Sustainable Crop 

Protection. Internal Journal Molecular 

Science. 23(5):2690.  

Duspara K., Bojanic K., Pejic J.I., Kuna L., Kolaric 

T.O., Nincevic V., Smolic R., Vcev A., 

Glasnovic M., Curcic I.B., Smolic M. (2021). 

Targeting the Wnt Signaling Pathway in 

Liver Fibrosis for Drug Options: An Update. 

Journal of ClinicalTranslHepatology. 

9(6):960-971.  

El-Zayat, S.R., Sibaii, H. and El-Shamy, K.A. (2019). 

Physiological process of fat loss. Bull Natl 

Res Cent 43, 208 (2019).  

Farmer, D.G., Rosove, M.H., Shaked, A., Busuttil, 

R.W. (1994). Current treatment modalities 

for hepatocellular carcinoma. Ann Surg. 

219(3):236-47.  

Fuchs T.C., Hewitt P. (2011). Biomarkers for drug-

induced renal damage and nephrotoxicity-an 

overview for applied toxicology. AAPS J. 

2011 Dec;13(4):615-31.  

Gowda S., Desai P.B., Kulkarni S.S., Hull V.V., Math 

A.A., Vernekar S.N. (2010). Markers of renal 

function tests. N Am J Med Sci. 2010 

Apr;2(4):170-3.  

Hällfin J.& Laurell C.B. (1972). Plasma Protein 

Pattern in Cirrhosis of the Liver, 

Scandinavian Journal of Clinical and 

Laboratory Investigation, 29:sup124, 97-103. 

Harriet R., Melina A., Jacques F., Olufunmilayo L., 

Citadel J.C., Jérôme V., Mathieu L., 

Katherine A.M., Isabelle S. (2022). Global 

burden of primary liver cancer in 2020 and 

predictions to 2040. Journal of Hepatology 

vol. 77 j 1598–1606. 

https://doi.org/10.54117/gjpas.v3i1.4


Available: DOI: https://doi.org/10.54117/gjpas.v3i1.4  Research article 

 

  50 
GJPAS/Volume 3/Issue 1/Jan – Jun/2024 

José M. P., Miren G., Antonio S., María I.L., Raúl J.A. 

(2022). Recreational Drugs and the Risk of 

Hepatocellular Carcinoma. Cancers (Basel). 

14(21):5395. 

Ju D.Y., Pierre H., Gregory J.G., Amina A., Amelie P., 

Lewis R.R. (2019). A global view of 

hepatocellular carcinoma: trends, risk, 

prevention and management. Nat Rev 

Gastroenterol Hepatol. 16(10):589-604. 

Kaplan, D.E., Chapko, M.K., Mehta, R., Dai, F., 

Skanderson, M., Aytaman, A., Baytarian, M., 

D'Addeo, K., Fox R., Hunt, K., Pocha C., 

Valderrama A., Taddei T.H. (2018). VOCAL 

Study Group. Healthcare Costs Related to 

Treatment of Hepatocellular Carcinoma 

Among Veterans With Cirrhosis in the 

United States. Clinical Gastroenterol 

Hepatol. 16(1):106-114.e5.  

Keisuke H., Izumi Y., Yuichi H., Sohji N. (2022). Iron 

and liver cancer: an inseparable connection. 

The FEBS Journal Volume289, Issue24 

Pages 7810-7829. 

Liu, C.Y., Chen, K.F., Chen, P.J. (2015). Treatment of 

Liver Cancer. Cold Spring HarbPerspect 

Med. 5(9):a021535. 

Llovet, J.M., Kelley, R.K., Villanueva, A. (2021). 

Hepatocellular carcinoma. Nat Rev Dis 

Primers. vol 7, 6. 

Marrelli M., Conforti F., Araniti F., Statti G.A. (2016). 

Effects of Saponins on Lipid Metabolism: A 

Review of Potential Health Benefits in the 

Treatment of Obesity. Molecules. 

21(10):1404.  

Maud L., Mark R.T. (2017). Battlefield against 

hepatitis B infection and HCC in African 

Journal Hepatoly 66(3):645-654. 

Momin B., Millman A.J., Nielsen D.B., Revels M., 

Steele C.B. (2018). Promising practices for 

the prevention of liver cancer: a review of the 

literature and cancer plan activities in the 

National Comprehensive Cancer Control 

Program. Cancer Causes Control. (12):1265-

1275.  

Njoku P.C. and AkumefulaM.I. (2007). 

Phytochemical and Nutrient Evaluation of 

SpondiasMombin Leaves. Pakistan Journal of 

Nutrition, 6: 613-615. 

NwaogwugwuJ., Friday U., Okereke S., Egege A., 

Atasi O. (2018). Toxicological Evaluation of 

aqueous leaf extract of Spondiasmombin 

using albino rat. Journal of Medicinal Herbs 

and Ethnomedicine 2018, 4: 23-30. 

Ogunro O.B., Oyeyinka B.O., Gyebi G.A., Batiha G.E. 

(2023). Nutritional benefits, ethnomedicinal 

uses, phytochemistry, pharmacological 

properties and toxicity of Spondiasmombin 

Linn: a comprehensive review. Journal 

Pharm Pharmacology 75(2):162-226.  

Okeke, E., Davwar, P. M., Roberts, L., Sartorius, K., 

Spearman, W., Malu, A., and Duguru, M. 

(2020). Epidemiology of Liver Cancer in 

Africa: Current and Future Trends. Seminars 

in Liver Disease, 40(2), 111–123.  

Olalekan B. O., Barnabas O. O., Gideon A.G., Gaber 

E.B. (2023). Nutritional benefits, 

ethnomedicinal uses, phytochemistry, 

pharmacological properties and toxicity of 

Spondiasmombin Linn: a comprehensive 

review, Journal of Pharmacy and 

Pharmacology, Volume 75, Issue 2, Pages 

162–226. 

Olukemi A., Omotola K.B.(2014). Efficacy of fresh 

leaf extracts of Spondiasmombin against 

some clinical bacterial isolates from typhoid 

patients, Asian Pacific Journal of Tropical 

Disease,Volume 4, Issue 6,2014,Pages 442-

446, 

Osuntokun O.T. (2019) Exploring the Medicinal 

Efficacy, Properties and Therapeutic uses of 

Spondiasmombin (Linn) International 

Journal of Applied Research Medicinal 

Plants 2: 115.  

Pranshant, T., (2011). Phytochemical screening and 

Extraction:  A Review. Internationale 

Pharmaceutical Sciencia 1.1 (2011): 98- 106 

Prashant T., Bimlesh K., Mandeep K., Gurpreet K., 

Harleen K. (2011). Phytochemical screening 

and Extraction: A Review. 

InternationalepharmaceuticascienciaVol. 1 

Issue 1. 

Qianru L., Maomao C.,  Lin L., Fan Y., He Li., Xinxin 

Y., Siyi He., Shaoli Z., Yi T., Changfa X. and 

Wanqing C. (2022). Burden of liver cancer: 

From epidemiology to prevention. Chin J 

Cancer Research. 34(6): 554–566. 

Rogos R. (1978). UntersuchungenzumVerhalten von 

Albumin beiakuten und 

chronischenLeberschäden I. Das Verhalten 

von Albumin während der 

EntwicklungzurThioazetamidzirrhose der 

Ratte [The behavior of albumin in acute and 

chronic liver diseases. I. The behavior of 

albumin during the development of rat 

thioacetamide cirrhosis]. Z Gesamte Inn 

Med. 1978 Jun 15;33(12):388-94.  

Salgia R., Mendiratta V. (2021). The Multidisciplinary 

Management of Hepatocellular Carcinoma. 

Clinical Liver Disease (Hoboken). 

17(6):405-408.  

Sameh S., Al-Sayed E., Labib R.M., Singab A.N. 

(2018). Genus Spondias: A Phytochemical 

https://doi.org/10.54117/gjpas.v3i1.4


Available: DOI: https://doi.org/10.54117/gjpas.v3i1.4  Research article 

 

  51 
GJPAS/Volume 3/Issue 1/Jan – Jun/2024 

and Pharmacological Review. Evid Based 

Complement Alternat Med. 2018:5382904.  

Singh A.K., Singh S.V., Kumar R., Kumar S., Senapati 

S., Pandey A.K. (2023). Current therapeutic 

modalities and chemopreventive role of 

natural products in liver cancer: Progress and 

promise. World JournalHerpetology. 

15(1):1-18. 

Tavakoli J., Miar S., Majid Zadehzare M., Akbari H. 

(2012). Evaluation of effectiveness of herbal 

medication in cancer care: a review study. 

Iran Journal Cancer Prev. 5(3):144-56. 

PMID: 25628834 

Tufoni M., Zaccherini G., Caraceni P., Bernardi M. 

(2020). Albumin: Indications in chronic liver 

disease. United European Gastroenterol 

Journal. 8(5):528-535.  

Uchendu C.N., Isek T. (2008). Antifertility activity of 

aqueous ethanolic leaf extract of 

Spondiasmombin (Anacardiaceae) in rats. 

African Health Science. 8(3):163-7.  

Vierboom Y.C., Preston S.H., Stokes A. (2018). 

Patterns of weight change associated with 

disease diagnosis in a national sample. PLoS 

One. 2018 Nov 26;13(11):e0207795.  
improve food security. In Reference Module 

in Food Science, pp 1–9. 

Solomon, A. (2010). Estimating Welfare Effect of 

Modern Agricultural Technologies: A Micro-

Perspective from Tanzania and Ethiopia. 

International Crops Research Institute for the 

Semi-Arid Tropics (ICRISAT), Nairobi, 

Kenya. 

Solomon, A., Bekele, S., Franklin, S. and Mekbib, G. 

H. (2011). Agricultural technology adoption, 

seed access constraints and 

commercialization in Ethiopia. Journal of 

Development and Agricultural Economics., 

3(9):436–447. 

https://doi.org/10.54117/gjpas.v3i1.4

