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ABSTRACT 
 
Aim: This study investigated the effects of sub-chronic administration of crude ethanol 
extract of Cola nitida mucosa epithelia lining and liver function enzymes in albino rats.  
Place and Duration of Study: Department of Biochemistry and Molecular Biology and 
Chemical Pathology Usmanu Danfodiyo University, Sokoto, between March 2017 and 
January 2018. 
Methodology: Twenty (20) albino rats were randomly divided into five (5) groups of A, B, C, 
D and E of four rats each and were fed with equal volume of ethanol extract of Cola nitida of 
600, 1200, 1800 and 2400 mg/kg body weight of the rats by oral administration for 28 days, 

while group A serve as control, respectively. 
Results: Result indicates the LD50 was above 5000 mg/kg B.W., serum aspartate 
transaminase (AST) and alanine transaminase (ALT) activity revealed a significant increase 
(P = .05) for AST (31.23 ± 9.39), (40.44 ± 12.24), (44.59 ± 8.69), and (36.30 ± 13.18) in rats 
fed with 600, 1200, 1800 and 2400 mg/kg, and ALT (33.66 ± 7.94) for group fed with 2400 

mg/kg B.W as compared against the control group (16.97 ± 6.58) and (20.11 ± 4.39). The 

serum alkaline phosphatase (ALP) also showed significant increase (P = .05) (7.99 ± 2.89), 
(7.07 ± 2.21), and (5.49 ± 1.28) in group fed with 1200, 1800 and 2400 mg/kg as compared 
to the control (2.34 ±0.84). Histological studies on the mucosa epithelial lining showed an 
eroded epithelium and vacuolations at dose above 1200 mg/kg as compared to the control 

group.  
Conclusion: This study was able to establish that crude ethanol extract of Cola nitida have 
some deleterious effects on mucosa epithelia lining, liver function enzymes 
 

Keywords: Liver enzymes; AST, ALT and ALP, mucosal epithelia lining, sub-chronic, Cola 
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1. INTRODUCTION 
 
The World Health Organization has shown that about 80% of the population from Asian and 
African uses traditional medicine in their primary health care system [1]. The prime benefit of 
using plant derived agents as medicine is their relative availability than synthetic alternatives, 



 

 

thus offering profound therapeutic benefits and affordable treatment [2]. In contrast, the 
pharmacological benefits, and consumption of crude extracts of some of these plants may 
cause significant tissue damage due to potential toxic compounds and wrong agricultural 
practice during cultivation [3, 4]. The increasing interest and reliance on traditional medicine 
and many claims by some local practitioners is therefore requires a continuous risk 
assessment of various indigenous preparations used in the treatment of diseases [5]. 
 
Cola nitida of genus Cola, belong to the family Sterculiaceae; found in the tropical rainforests 
of Africa [6]. Its fruits contain seeds; kolanuts. The nuts is use as an aphrodisiac, appetite 
suppressant, and in the treatment of morning sickness, migraine headache, and indigestion 
[7]. It also been reported that Cola nitida may aggravates gastric and duodenal ulcers by 
increasing the level of gastric acid secretion [8]. Studies on its chemical contents such as 
methyl-xanthine and theobromine have been reported [9].  
 
Previous studies have reported that administration of kolanut extract stimulates the central 
nervous system activities [10], increases the cardiac muscle contraction, increases glucose 
uptake in skeletal muscle in dogs and causes relaxation smooth muscle [11-13]. Caffeine is 
the major component of the kolanut extract that elicit its biological effects [14]. 
  
Researches such as Ikegwuonu et al. [15]; Salahdeen et al. [14] and Emmanuel at al. [16] 
have made effort to study the chronic, acute toxicity on renal and gas chromatography mass 
spectrometry of kolanut using different extractions. We therefore, investigated sub-chronic 
toxicity of ethanol extract of kolanut on liver and gastric mucosa lining which to the best of 
our knowledge is the first time reported.  
 
 

2. MATERIAL AND METHODS  
 
2.1 Experimental Animals 

 
A total of twenty albino rats of both sexes weighing between 104 – 178 g were used for this 
study. The animals were procured and maintained in the animal house of the Department of 
Biological Sciences, Usmanu Danfodiyo University, Sokoto – Nigeria. The animals were 
treated in accordance with the “Guide for the Care and Use of Laboratory Animals” prepared 
by the National Academy of Sciences and published by the National Institute of Health (NIH, 
1985).The animals were housed in metal cages and maintained on standard rat chow 
(Neimeth Livestock Feed, Ikeja, Lagos) ad libitum and allowed free access to clean drinking 
water. 

 

2.2 Plant Material  

 
Fresh Cola nitida seeds were procured from a local market in Sokoto Metropolis, Sokoto 
State, Nigeria between the months of March 2017 to January 2018. The fresh cola nitida 
seeds were then taken to the herbarium section of the Department of Biological Sciences, 
Usmanu Danfodiyo University Sokoto for identification and documentation. The plant 
material was given a voucher specimen number UDUH/ANS/0854. 

2.3 Sample Digestion  

The fresh Cola nitida nuts was washed with distilled water and cut into pieces, dried and 
pulverized. One hundred grams (100g) portion of the powdered seeds was extracted by 
macerating with 70% ethanol and allowed for 3 days after which it was filtered using a clean 
muslin cloth and subsequently with cleaned Whatman no. 1 filter paper. The filtrate was 



 

 

evaporated to dryness at temperature between 40-45
o
C. The extract obtained was stored in 

a plastic container and kept at 4 
o 
C prior to use. 

 

2.4 Sub-Chronic Toxicity Studies 

A total of twenty (20) albino rats were randomly distributed into five (5) groups: A, B, C, D 
and E (n = 4). Animals in groups B, C, D and E were fed with equivalent volume of 600, 
1200, 1800 and 2400 mg/kg body weight of ethanol crude extract of Cola nitida by oral 
intubation for a period of 28 days, while a control group A received equivalent volume of 
distilled water. After the 28 days period of administration, the animals were fasted overnight 
after which they were anaesthetized in chloroform and blood samples collected via cardiac 
puncture for biochemical analyses and desired organs were also harvested and fixed in 10% 
normal saline for histological analysis. 

 
2.5 Serum Biochemical Parameters Determination  
 
Serum enzymes; alanine aminotransferase (ALT), aspartate aminotransferase (AST) and 
alkaline phosphatase (ALP) were determined by the method of Duncan et al.[17] using 
enzyme kits prepared by Randox Laboratories Ltd, UK. The total bilirubin and conjugated 
bilirubin concentrations were determined as described by Balistreri and Shaw, [18]. The 
unconjugated bilirubin concentration was calculated as the difference between total and 
conjugated bilirubin. The total protein was measured using biuret reaction Lanzatol et al. 
[19], while albumin levels were measured by spectrophotometric estimation by (Sigma 
Diagnostics, UK).   

 
2.6 Tissue Processing for Histopathology 

 
2.6.1 Collection of Tissues 

Histopathological examination of tissues/organs started with surgery of the abdominal 
portion of the albino rats. The tissues/organs of interest were removed from the body of the 
test animals following their anesthetization with chloroform. The tissues/organs were then 
fixed using 10% formyl saline to prevent decay prior to the histopathological examination. 
 
2.6.2 Gross Examination 

Tissues were fixed in formaldehyde before gross examination was conducted, which 
consists of specimen description and placement of parts into a small plastic fixative cassette 
which holds the tissue while it’s being processed unto a paraffin block.  
 
2.6.3 Tissue Processing 

The tissues were processed after being prepared into a thin microscopic section using 
paraffin. Tissues embedded in paraffin were sectioned into 3 to 10 microns, usually 6-8 
routinely. The main steps in this process were dehydration and clearing. Wet fixed tissues (in 
aqueous solutions) were dehydrated. This was done with a series of alcohols with increasing 
concentrations; say 70% to 95% to 100%. The cassettes containing the tissues allowed the 
reagents to get in contact freely with the tissues. Clearing followed which involved the 
removal of de-hydrants. The clearing agent used was xylene. The tissues were impregnated 
with paraffin wax at temperature between 54-60

o
C for a period of 4 hours. This was done to 

remove the clearing agent and moisten the tissues. Finally, the impregnated tissues were 
placed in a mound with their labels and then fresh melted paraffin wax was poured in it and 
allowed to settle and solidified. Once the block had cooled sufficiently to form a surface skin, 
it was immersed in ice water to cool rapidly. After the block was completely cooled, it was cut 



 

 

into individual blocks. Finally, blocking was conducted which allows the tissues to be 
chopped into small sections using a microtome for microscopic examination. 
 
2.6.4 Staining 

The tissues were viewed under the light microscope in section after staining with pigment 
dye. The cellular components of the tissues to be examined was revealed. Prior to staining, 
tissues sections were first de-paraffinised by running them through xylene or substitute 
alcohols as no staining can be done on tissues containing paraffin. The staining process 
makes use of a variety of dyes chosen for their ability to stain various cellular components of 
tissue. The tissues were stained using haematoxylin and eosin (H and E). Haematoxylin was 
used to stain the nuclei blue, while eosin stains the cytoplasm and the extracellular 
connective tissue matrix pink. 

 

2.7 Statistical Analysis 

Data was analyzed using Graph Pad software (San Diego, U.S.A) and one-way analysis of 
variance (ANOVA) was conducted. Differences in mean ± standard deviation (SD) were 
statistically significant at a P value of =.05. 
 
 

3. RESULTS AND DISCUSSION 
 
The study examined sub-chronic toxicity of ethanol extract of Cola nitida on body weight, 
Liver Function parameters as well as its histological effects on the stomach mucosa of 
Albino rats. Following oral administration of the ethanol extract of Cola nitida for 28 days, a 
progressive increase in body weight gain within the group in animals treated with different 
sub-chronic doses was noted shown in Table 1 from first week to fourth week, which may 
indicate that the extract has no effect on the feeds utilization ratio of the rats. A significant 
reduction in body weight gain was associated with toxic effect of some chemical compounds 
(anti-nutrients) in the extract which may result in complex formation with some vital nutrients 
thereby reducing their body absorption and utilization in the treated rats [20, 21]. This was 
contrary to our result that show body weight gain (P <.05) within treated groups from week 
one to week four, Table 1. A slight increase in body weight gain by ethanol extract of Cola 
nitida may be attributed to enhanced lipogenesis, decreased thermogenesis, lipolysis and fat 
oxidation [22, 23]. Also, could be related to an increase in body water retention, which 
interfere with kidney function, thought, we did not investigate that, nephrotoxicity may be 
implicated [16].  
  
The study also shows a gradual increase in serum enzyme activities; liver enzymes of 
animals in the experimental groups treated with the extract as compared to the control 
group. The findings suggest that the extract at doses (600-2400mg/kg), may have an 
adverse effect on the liver enzymes. From the result, serum aspartate transaminase enzyme 
(AST) showed the most significant increase with increased dosage presented in Table 2. 
Repeated treatments with Cola nitida extract significantly increased the level of serum AST 
and alanine amino transaminase (ALT), this corroborated with the submission by Adedapo et 
al. [24]. These enzymes serve as useful biochemical markers in the identification of liver 
diseases such as necrosis and inflammation of the liver cells [25]. ALT is largely 
concentrated in the liver, however, show significant presence in other peripheral tissues like; 
skeletal muscles and kidney but is more liver specific than AST [26, 27]. In chronic liver 
diseases such as cirrhosis, ALT has shown to be released more than AST [28]. These 
enzymes play an important role in protein and amino acid metabolism in different tissues of 
the body, and are shown to be affected in diseases or tissue injuries which lead to their 



 

 

release into the blood stream in high concentrations [29]. Increase in serum Alkaline 
Phosphatase (ALP) as indicated in Table 2, may be considered as an indicator of 
cholestasis, which could result from cellular hepatic canaliculi obstruction associated with 
inflammation [30]. Studies by Salahdeen et al. [14] reported an increase in AST and ALT 
activity in rats treated with ethanol extract of Cola nitida which corroborated well with our 
result and additionally, studies by Emmanuel et al. [16] also reported an increase in the 
activity of these enzymes in rats fed with methanol extract of Cola nitida.   
 

Table 1. Effect of sub-chronic administration of crude ethanol extract of C. nitida on the body 
weights of albino rats. 

 
Group 

 
Initial Weight 

            Weeks 
        1 

 
       2 

 
       3 

 
         4 

Control 
 
600mg/kg 
 
1200mg/kg 
 
1800mg/kg 
 
2400mg/kg 

119.25±10.44 
 
131.25±2.22 
 
137.50±2.52 
 
150.00±8.72 
 
171.67±6.51 

122.00±9.56 
 
135.25±2.50 
 
140.25±2.22 
 
155.67±13.32 
 
175.33±6.11 

125.25±9.07 
 
138.75±3.09 
 
144.00±2.94 
 
159.67±15.04 
 
179.00±7.91 

131.25±8.90 
 
142.25±2.90 
 
150.00±1.80 
 
164.33±13.60 
 
183.67±9.10 

135.25±9.30 
 
147.25±2.36 
 
154.50±1.29 
 
166.00±13.00 
 
187.00±8.72 

* Values are expressed as mean ± standard deviation of rats treated for 28 days. 

 

 

Table 2. Effect of crude ethanol extract of C. nitida on liver marker enzymes in albino rats. 

Group AST (U/L) ALT (U/L) ALP (IU/L) 

Control 

 

600mg/kg 

 

1200mg/kg 

 

1800mg/kg 

 

2400mg/kg 

16.97±6.58 

 

31.23±9.39* 

 

40.44±12.24* 

 

44.59±8.69* 

 

36.30±13.18* 

20.11±4.39 

 

26.45±4.08 

 

28.26±5.06* 

 

26.46±1.22 

 

33.66±7.94* 

2.335±0.840 

 

4.448±3.990 

 

7.990±2.895* 

 

7.070±2.210* 

 

5.487±1.279* 

* Values are represented as mean ± standard deviation; *ANOVA indicated P = .05; values 
are significantly (P = .05) different from the respective control. AST – Aspartate 
Aminotransferase, ALT – Alanine Aminotransferase, ALP – Alkaline Phosphatase 
 

 
Serum Proteins levels have shown no significant increase in concentration in experimental 
animals except at doses of 1800 and 2400mg/kg where Total Protein and Globulin levels 
show an increase in concentration in test animals as compared to the control group as in 
Table 3. A decrease in total protein, albumin and globulin level may be associated with liver 
dysfunction, malnutrition, malabsorption, diarrhea and nephrosis [31, 32]. An increase in 
total protein and globulin as reported here could be associated with capability of the 
hepatocytes to synthesize protein under these concentrations [33].   
 

Table 3. Serum proteins (g/dl) level of rats treated with crude extract of C. nitida for 28 days 



 

 

Group TP ALB GLB 

Control 
 
600mg/kg 
 
1200mg/kg 
 
1800mg/kg 
 
2400mg/kg 

12.795±1.369 
 
12.790±1.230 
 
12.456±1.105 
 
15.613±1.734* 
 
15.463±3.731* 

7.378±0.339 
 
7.325±1.251 
 
7.068±0.314 
 
7.307±0.521 
 
7.770±1.300 

5.418±1.416 
 
5.465±0.998 
 
5.390±0.981 
 
8.307±1.438* 
 
7.693±3.063* 

*Values are expressed as mean ± standard deviation of rats treated for 28 days with ANOVA 
indicating no significant difference in values as compared to the control. TP – Total Protein, 
ALB – Albumin, GLB - Globulin 
 

 
Serum Bilirubin levels; total, direct and unconjugated showed a significant increase followed 
an increased dosage in a dose-dependent pattern of the extract. Serum total bilirubin 
showed significant (P = .05) increase in concentration at doses above 600mg/kg with direct 
bilirubin showing a significant increase (P = .05) at the dose of 2400mg/kg as presented in 
Table 4. Elevation of total bilirubin which results from decreased uptake and conjugation of 
bilirubin by the liver is caused by liver cell dysfunction, while increased levels of direct or 
conjugated bilirubin is due to decreased secretion from the liver or obstruction of the bile 
ducts [37]. 
 

Table 4. Serum Bilirubin (mg/dL) levels of rats treated with crude extract of C. nitida for 28 
days 

Group TB DB UB 

Control 
 
600mg/kg 
 
1200mg/kg 
 
1800mg/kg 
 
2400mg/kg 

2.514±0.647 
 
4.552±1.420 
 
6.005±0.749* 
 
6.242±1.324* 
 
8.190±1.550* 

1.717±0.545 
 
2.088±1.595 
 
4.756±1.756* 
 
4.612±2.035* 
 
6.154±0.645* 

0.797±0.471 
 
2.464±1.333* 
 
1.249±1.085 
 
1.649±1.094* 
 
2.036±2.150* 

Values are expressed as mean ± standard deviation; ANOVA indicated * = significantly 
different from control (P = .05). TB – Total Bilirubin, DB – Direct Bilirubin, UB – 
Unconjugated Bilirubin.   
 

Histological examination of sections of the stomach from the control group (Fig. 1A) showed 
better organized epithelium and well preserved mucosa compared to those of the third to 
fifth experimental groups. Necrotized surface epithelium, degeneration of the gastric mucosa 
and destruction of glandular elements (Figures C - E) observed in the experimental groups 
may be due to the high content of N-nitroso compounds found in Cola nitida. This may also 
be responsible for the aggravation of stomach ulcer earlier reported [8, 34]. For instance, Ibu 
et al. [8] discouraged the use of Cola nitida by ulcer patient due to its caffeine and its tannin 
content. Tannins, found in many plants, are substances that can irritate the stomach [35]. 
The observed gastric lesion was believed to be pronounced due to increased dosage of the 
extract as those administered with lower doses showed little to no gastric distortion (Fig. 1, B 
- D). These affirmed earlier report that Cola nitida should be used with caution and should 



 

 

not be taken over long period [8]. Other constituents of Cola nitida include theobromine, d-
catechin, l-epicatechin, kolatin, kolanin, glucose, starch, fatty matter, tannins, anthocyanin 
pigment, betaine and protein [34]. Cola nitida may not be toxic if mildly used [35]; reports 
however showed that in Nigeria, where the chewing of cola nuts is very common, there is a 
high occurrence of oral and gastrointestinal cancers, which may be due to this practice. The 
destruction of the glandular elements (characterized by many apoptotic bodies) in our 
present study was concomitant with the destruction of the cytoplasm of the parietal and 
zymogenic cells thus leading to the discharge of their contents into the gastric lumen thereby 
increasing the gastric acid content. This may be one of the mechanism by which Cola nitida 
brings about the ulceration of the gastric mucosa observed in this present investigation as 
well as previous works. These observations conform to earlier reports that kola nuts have 
fat-burning properties and stimulate the secretion of gastric juices [8, 36]. The gastric juices, 
so indiscriminately discharged, are capable of digesting the surface epithelium if not put 
under control [8]. C. nitida is widely consumed by quite majority and still in use as an 
alternative medicine; this may be mainly due to its caffeine content and antidepressant 
properties [8, 34 &36].  

 

 
Fig. 1. Effect of different doses of Ethanol extract of Cola nitida (A = control, B = 600, 
C = 1200, D = 1800 and E = 2400 mg/kg body weight) on Stomach Epithelial lining of 
Albino Rats. (A) Section of the stomach of control rats showing normal mucosa, sub-
mucosa and muscularis propria. The cells lining the mucosal gland appear within normal 
limit (B) Section of the stomach showing the four layers in the gastrointestinal lining. Note 
the well organized and preserved mucosa (C) Section of the stomach of animal treated with 
1200mg/kg body weight of extract showing gradually eroded epithelium. Note arrow marks. 
(D) Section of the stomach of animal group treated with 1800mg/kg body weight of extract 
showing eroded epithelium. Note the vacuolations in the mucosa (arrows) (E) Section of the 
stomach of animal group treated with 2400mg/kg body weight of the extract showing eroded, 
necrotized epithelium and vacuolated mucosa. Note the dispersal in the epithelial lining of 
the stomach (Magnification: x400).  

4. CONCLUSION 
 
It can be concluded from the result of the study that sub-chronic administration of ethanol 
extract of Cola nitida causes an increase in liver marker enzymes, total protein, bilirubin and 
unconjugated bilirubin, and affect the gastric mucosa epithelia lining. Therefore, further 



 

 

studies including developmental and genetic toxicity need to be recommended for the 
complete elucidation of the potential effects of Cola nitida.    
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