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ABSTRACT 

Kola nuts and bitter kola are widely consumed in Nigeria for their nutritional and ethnomedicinal 

benefits; however, concerns exist regarding their long-term safety. This study compared the effects 

of three different kola species seed diets on endocrine, lipid, and hepatic biomarkers in male 

rabbits. Fifty (50) male rabbits (130 ± 14 g) were randomly assigned into ten experimental groups 
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of five rabbits each consisting of five (5); one control and nine treatment groups that received 5%, 

10%, and 20% dietary inclusion of the test substance for 12 weeks. Serum testosterone, LH, FSH, 

ALT, AST, ALP, TC, LDL-c, and HDL-c were analyzed using standard enzymatic and 

immunoassay methods. Results showed that C. acuminata and G. kola significantly increased 

testosterone levels, with peak values at 5% (4.00 ± 0.02 ng/mL) and 10% (5.94 ± 0.28 ng/mL),  

respectively. LH and FSH were significantly reduced across all treated groups. TC levels increased 

significantly in all treatments, with the highest value observed in G. kola 20% (55.30 ± 1.85 

mg/dL). LDL-c increased notably at higher inclusion levels, whereas HDL-c showed minimal 

variation. Liver enzymes (ALT, AST, ALP) were elevated, particularly in C. acuminata 20% (ALT: 

48.30 ± 1.61 IU/L), indicating hepatocellular stress. Food intake declined significantly in all 

treated groups, with the greatest reduction at 10% inclusion (12.03 ± 0.12 g), and body weight gain 

was markedly reduced, especially at 20% inclusion (6.30 ± 4.20 g). Chronic dietary intake of C. 

acuminata, C. nitida, and G. kola seeds alters endocrine function, disrupts lipid homeostasis, 

induces hepatic stress, and suppresses growth performance in a dose-dependent manner. These 

findings highlight potential risks associated with prolonged high-dose consumption and 

underscore the need for moderated intake and further toxicological evaluation. 

Keywords: Kola seeds, Endocrine, Lipid, Hepatic, and Rabbits 

 

1 INTRODUCTION 

Kola nuts obtained from Cola acuminata and 

Cola nitida, together with bitter kola from 

Garcinia kola, are widely consumed across 

West Africa, particularly in Nigeria, where 

they possess significant nutritional, cultural, 

and ethnomedicinal significance (Jacob et al., 

2023). Traditionally, the seeds are chewed for 

their stimulant properties and incorporated 

into social ceremonies and herbal remedies 

for the management of fatigue, 

gastrointestinal disorders, infections, and 

inflammatory conditions (Oluwaseun and 

Adebayo, 2019). Phytochemical analyses 

reveal that Cola species are rich in 

methylxanthines such as caffeine (Correa et 

al., 2018) and theobromine, as well as tannins 

and flavonoids, while Garcinia kola contains 

bioactive biflavonoids including kolaviron, 

which has demonstrated antioxidant, anti-

inflammatory, and hepatoprotective activities 

(Alada and Adeyemo, 2022; Tauchen et al., 

2023). These bioactive constituents underpin 

their widespread use and perceived 

therapeutic benefits. 

Despite these documented 

advantages, increasing scientific evidence 

suggests that prolonged or high-dose 

consumption of phytochemical-rich seeds 

may exert systemic physiological effects. 

Chronic intake of caffeine-containing 

botanicals has been associated with 

alterations in metabolic regulation, appetite, 

and body weight (Rauf et al., 2025). 

Furthermore, studies have reported changes 

in the hepatic enzyme activities, including 

alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), and alkaline 

phosphatase (ALP), following prolonged 

exposure to certain plant-derived 

compounds, indicating a possible 

hepatocellular stress (Giannini et al., 
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2005).In addition, phytochemicals present in 

kola seeds may influence lipid metabolism, 

with experimental studies in rodents 

demonstrating that seed extracts can 

modulate serum lipid concentrations, 

including total cholesterol, triglycerides, 

low-density lipoprotein (LDL), and high-

density lipoprotein (HDL) (Omeh et al., 

2014; Effanga et al., 2026). However, these 

findings remain inconsistent, and data on 

whole-seed dietary supplementation under 

chronic conditions are limited.  

Beyond metabolic considerations, the 

potential influence of kola seed consumption 

on reproductive endocrine function warrants 

critical investigation (Okoli et al., 2022). 

Testosterone production by the Leydig cells 

of the endocrine and reproductive system, is 

regulated by luteinizing hormone (LH) and 

follicle-stimulating hormone (FSH) via the 

hypothalamic-pituitary-gonadal (HPG) axis 

(Lei et al., 2025). Disruption of this hormonal 

axis may impair reproductive efficiency. 

Previous animal studies suggest that caffeine-

rich or polyphenol-dense plant extracts may 

alter serum testosterone, LH, and FSH levels, 

indicating potential endocrine effects 

(Herman et al., 2024; Glover et al., 2022). 

Nevertheless, comprehensive 

comparative studies that evaluate these 

endocrine parameters following chronic 

dietary inclusion of whole kola seeds remain 

scarce. 

Rabbits are widely used in nutritional 

and toxicological research owing to their 

physiological responsiveness and suitability 

for evaluating metabolic and endocrine  

outcomes (OECD, 2018). Parameters such as 

lipid profile indices, liver enzyme activities, 

and reproductive hormones are well-

established biomarkers for assessing 

systemic and organ-specific effects of dietary 

interventions. However, detailed dose-

dependent comparative investigations 

examining the combined effects of Cola 

acuminata, Cola nitida, and Garcinia kola 

seed diets on testicular and gonadotropic 

hormones (LH and FSH), lipid metabolism, 

and liver function in rabbits remained 

underexplored. 

Although kola nuts and bitter kola are 

widely consumed for perceived health 

benefits, there remains a paucity of empirical 

data on their long-term, dose-dependent 

physiological effects (Agbebaku et al., 2018; 

Icheku et al., 2019). Most existing studies 

focus on acute toxicity assessments or 

isolated extracts rather than chronic dietary 

exposure to whole seeds (Ozoffor et al., 

2024). Moreover, comparative evaluations 

among the three commonly consumed 

species are limited, creating uncertainty 

regarding their relative safety profiles and 

endocrine and metabolic impacts. 

The existing gaps limit evidence-

based recommendations on safe consumption 

levels and potential health risks associated 

with prolonged intake. By simultaneously 

evaluating the reproductive hormones 

(testosterone, LH, and FSH), lipid profile 

parameters, and liver function biomarkers 

under controlled dietary conditions (Babu et 

al., 2004; McGill, 2022), the study will 

define dose-response relationships and 

clarify potential endocrine and metabolic 

consequences of chronic kola seed 

consumption (Gore et al., 2015). Further 

findings will contribute to public health 

awareness, provide useful information that 

supports regulatory decision-making 
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regarding herbal product safety, and expand 

scientific knowledge on the physiological 

effects of widely consumed African 

medicinal plants. Therefore, the research 

study aimed to compare the dose-dependent 

effects of dietary inclusion of Cola 

acuminata, Cola nitida, and Garcinia kola 

seeds on reproductive hormones 

(testosterone, LH, and FSH), lipid profile  

 

 

parameters, and liver function biomarkers in 

adult male rabbits.  

 

2 MATERIALS AND METHODS 

 

2.1   Animal collection and 

acclimatization 

A total of fifty (50) healthy male rabbits, 

weighing 120-150 g (average 130 ± 14 g), 

were obtained from the animal house of the 

Department of Biochemistry, Faculty of Life 

Sciences, Federal University of Lafia, 

Nasarawa, Nigeria. Upon arrival, animals 

were individually housed in metabolic cages 

within a ventilated room. This individual 

housing allowed for accurate monitoring of 

food intake, feed conversion, and excreta, 

while minimizing competition and stress. 

The animal facility was maintained under 

controlled environmental conditions, 

including a temperature of 27 ± 2°C, relative 

humidity of 50-60%, and a 12-hour light/dark 

cycle. Rabbits underwent a two-week 

acclimatization period to ensure 

physiological stability and adaptation to the 

laboratory environment. During this period, 

the animals were monitored daily for signs of 

illness or abnormal behavior and had free 

access to standard rodent chow and water ad 

libitum. All experimental procedures were 

conducted in strict compliance with the 

guidelines and approval of the Institutional 

Animal Ethics Committee. 

 

2.2 Plant material collection and 

preparation 

Kola nut seeds (Cola nitida and Cola 

acuminata) and bitter kola (Garcinia kola)  

were purchased from a market in Lafia, 

Nasarawa State, Nigeria. A Botanist in the 

Faculty of Life Sciences, Federal University 

of Lafia, Nasarawa State, Nigeria, identified 

and validated the seeds. The seeds were 

peeled, washed, cut into smaller sizes, dried 

at 60 °C for 12 hours, and ground using a 

manual blender.  

 

2.3 Diet formulation and feeding of 

experimental design 

The fifty (50) rabbits were randomly 

assigned to ten experimental groups, with 

five rabbits per group. One group served as a 

control, receiving only standard rodent chow. 

The remaining nine groups comprised three 

treatment groups for each of the test 

substances: Cola acuminata, Cola nitida, and 

Garcinia kola. Each treatment group was fed 

graded levels of the respective test 

substances, incorporated into standard rodent 

chow at proportions of 5%, 10%, and 20%. 

For diet preparation, the appropriate weight 

of the seeds for each concentration was 

thoroughly mixed with a specified amount of 

rodent chow. A small quantity of table water 

was used to homogenize the mixture, which 

was then pelleted using a syringe and oven-

dried at 60 °C. The feeding trial lasted for 12 

weeks, with rabbits fed according to the 

schedule presented in Table 1. Daily diet 
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intake was determined by carefully collecting 

and weighing leftover and spilled feed, 

calculating the difference between the initial 

diet supplied and the leftover. Rabbits' body 

weights were measured regularly with the aid 

of a digital electronic balance throughout the 

experimental period. 

 

Table 1: Distribution of rabbits into experimental groups 

Group Number of Rabbits Feeding Schedule 

1 (Control) 5 Rodent chow only (Control) 

2 (KA Test 1) 5 Cola acuminata (5%) + Rodent chow (95%) 

3 (KA Test 2) 5 Cola acuminata (10%) + Rodent chow (90%) 

4 (KA Test 3) 5 Cola acuminata (20%) + Rodent chow (80%) 

5 (KN Test 1) 5 Cola nitida (5%) + Rodent chow (95%) 

6 (KN Test 2) 5 Cola nitida (10%) + Rodent chow (90%) 

7 (KN Test 3) 5 Cola nitida (20%) + Rodent chow (80%) 

8 (GK Test 1) 5 Garcinia kola (5%) + Rodent chow (95%) 

9 (GK Test 2) 5 Garcinia kola (10%) + Rodent chow (90%) 

10 (GK Test 3) 5 Garcinia kola (20%) + Rodent chow (80%) 

 

2.4 Sample collection 

Rabbits were euthanized by intravenous 

administration of sodium pentobarbital 

(100mg/kg) following approved guidelines 

(NRC (US) Committee on Pain and Distress 

in Laboratory Animals, 1992). Following 

euthanasia, each rabbit was placed on the 

dissecting board, sacrificed, and the thoracic 

cavity exposed via a midline incision, 

carefully dissected to expose the heart region. 

Blood samples were collected via cardiac 

puncture using a 5mL hypodermic syringe 

and needle, and each blood sample collected 

was discharged equally into sterile coagulant-

free bottles. The blood samples were allowed 

to clot at room temperature for 30 minutes, 

and then centrifuged at 2500rpm for 10 mins 

to separate the serum. Dry sample containers 

were used to collect serum and stored frozen 

at -20 °C until biochemical analysis. All 

procedures were conducted in accordance 

with institutional animal ethics guidelines. 
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2.5 Serum hormonal assays 

 

2.5.1  Quantitative estimation of serum 

testosterone using ELISA in microwells 

The method employed was microwell 

immunoassay (ELISA) using analytical 

grade reagents (Lashansky, 1991). 25μL of 

standard testosterone was dispensed into 

appropriate wells (i.e., respective wells for 

progesterone and testosterone). 50μL of 

testosterone enzyme reagents was added to 

all the respective wells. Each of these 

mixtures was swirled for 20 seconds. 50μL 

each of testosterone biotin working reagent 

was added to all the respective wells. The 

mixtures were swirled for 20 seconds and 

allowed to incubate for 60 minutes. The 

contents of the microplate were discarded 

and the plate blotted dry with absorbent paper 

350μL of wash buffer solution was added and 

decanted. This procedure was repeated two 

times. 100μL of substrate solution was added 

to all the respective wells and allowed to 

incubate for 20 minutes. 50μL of stop 

solution was added to each well and swirled 

gently, and the absorbance was read at 450nm 

in a microplate reader. A dose-response curve 

was used to ascertain the concentration of 

testosterone in the serum. 

 

2.5.2  Quantitative estimation of serum 

follicle-stimulating hormone (FSH) using 

ELISA in microwells  

The method employed was microwell 

immunoassay (ELISA) using analytical 

grade reagents (Engvall and Perlmann, 1971). 

The desired number of coated wells was 

secured in the holder. 50μL of the standard 

specimens were dispensed into appropriate 

wells. Also, 100μL of enzyme conjugate was 

dispensed into the well. After dispensing the 

mix, it was stirred for 30 seconds. This 

solution was incubated at room temperature 

for 60 minutes. The incubation mixture was 

removed by decantation. 350μL of wash 

buffer solution was added and decanted 

twice. 100μL of working substrate was added 

to all the wells. This mixture was incubated 

for 15 minutes. 50μL of stop solution was 

added to each well and gently mixed for 15-

20 seconds. The absorbance in each well was 

read at 450nm in a microplate reader.  

 

2.5.3  Quantitative estimation of serum 

luteinizing hormone (LH) using ELISA in 

microwells. 

Serum luteinizing hormones (LH) 

concentrations were determined using a 

solid-phase enzyme immunoassay based on 

the sandwich principle (Kosasa, 1981). The 

assay was performed using a commercially 

available LH ELISA Kit (Invitrogen™ 

Human LH ELISA Kit)). Microwells pre-

coated with LH antibodies were secured in a 

plate holder. A total of 50μL of the standards, 

specimens, and controls was dispensed into 

the appropriate wells. This was preceded by 

100μL of enzyme conjugate reagent added to 

each well. The plate was gently mixed for 30 

seconds and then incubated at room 

temperature for 60 minutes. After incubation, 

the contents were discarded, and the wells 

were washed by adding 350μL of wash buffer 

solution, which was further aspirated or 

decanted twice. The washing step was 

repeated twice. 100μL of freshly prepared 

substrate was then added to each well, and the 

plate containing the mixture was incubated 

for 15 minutes at room temperature in the 

dark. The enzymatic reaction was terminated  
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by adding 50μL of stop solution to each well 

and gently mixing for 20 seconds. The 

absorbance in each well was determined at 

450nm using a microplate reader. A dose-

response curve was used to ascertain the 

concentrations of LH in the serum sample. 

 

2.6 Liver enzymes assay 

 

2.6.1 Estimation of alanine 

aminotransferase (ALT) activity 

 

Alanine aminotransferase concentration of 

the sera samples was determined by Randox 

kit according to Reitman and Frankel (1957). 

The principle behind this method is the 

formation of pyruvate and glutamate by the 

transfer of an amino group from L-alanine to 

𝛼-Ketoglutarate by ALT.  

 

2.6.2 Estimation of Aspartate 

Aminotransferase (AST) activity 

The AST concentration in the samples was 

estimated by the Randox kit method of 

Reitman and Frankel (1957). This is based 

upon the catalytic transfer of the amino group 

from L-aspartate to 𝛼-Ketoglutarate with 

oxaloacetate and glutamate as the new 

moieties formed.  

The activity of AST was determined 

by monitoring the concentration of 

oxaloacetate hydrazone formed at 546nm 

from aspartate and 2,4-dinitrophenyl 

hydrazine.  

 

2.6.3 Estimation of alkaline phosphatase 

(ALP) activity 

Alkaline phosphatase activity was 

determined based on the estimation of the 

rate of hydrolysis of phosphate esters using 

the kit method of Tietz (1995). The 

absorbance of P-Nitrophenol (formed by the 

hydrolysis of P-Nitrophenol phosphate) at 

405nm is proportional to the activity of ALP.  

 

2.7 Lipid enzymes assay 

 

Total cholesterol (TC): This was estimated 

by using the Randox assay kit (CHOD-PAP 

method) based on NCEP (2001). Estimation 

of high-density lipoprotein (HDL) - 

Cholesterol level. 

 

Serum High-Density Lipoprotein 

Cholesterol: This was estimated by 

precipitating chylomicrons, VLDL and LDL 

with phosphotungstate and magnesium 

reagent, as described by Bowman and Wolf 

(1962).  

 

Estimation of serum low-density 

lipoprotein (LDL) - Cholesterol level: This  

was estimated as described by Friedewald et 

al., (1972).  

 

2.8  Statistical analysis   

Results were presented as means ± S.E and 

statistically analyzed using one-way analysis 

of variance (ANOVA) with SPSS Windows 

software programme, while Student's t-test 

was used for pair-wise comparison and 

differences were considered to be significant 

at P<0.05.  
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3.0. RESULTS 

 

3.1.  Hormonal Profile of Experimental 

Animals 

The effect of dietary administration of Cola 

acuminata (KA), Cola nitida (KN), and 

Garcinia kola (GK) on serum reproductive 

hormones is presented in Table 2. 

In the KA-treated groups, serum 

testosterone levels were significantly 

increased (p < 0.05) at 5%, 10%, and 20% 

inclusion levels when compared with the 

control group (3.43 ± 0.06 ng/mL). The 

highest testosterone level was observed in the 

5% group (4.00 ± 0.02 ng/mL), although no 

significant difference was observed among 

the treated groups. In contrast, serum 

luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) levels were 

significantly decreased (p < 0.05) in all KA-

treated groups relative to control (LH: 0.61 ± 

0.05 ng/mL; FSH: 0.89 ± 0.02 ng/mL). The 

20% group showed significantly higher LH 

and FSH levels compared with the 5% and 

10% groups, though still significantly lower 

than control. 

For KN-treated animals, testosterone 

levels showed a non-significant decrease at 

5% inclusion (2.85 ± 1.22 ng/mL) and non-

significant increases at 10% and 20% 

inclusion levels when compared with control. 

However, LH and FSH levels were 

significantly reduced (p < 0.05) across all 

treated groups relative to control. No 

significant differences were observed among 

the KN-treated groups for LH. FSH levels 

showed slight variations but remained 

significantly lower than control. 

In the GK-treated groups, serum 

testosterone levels were significantly 

elevated (p < 0.05) at all inclusion levels 

compared with control, with the highest value 

recorded at 10% inclusion (5.94 ± 0.28 

ng/mL). Conversely, LH and FSH levels 

were significantly decreased (p < 0.05) across 

all GK-treated groups relative to control. 

Although minor variations existed among 

treated groups, they remained significantly 

lower than control values. 
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Table 2: Effect of KA, KN and GK Seed Diets on Serum FSH, LH and Testosterone Levels 

in Male Rabbits 

Group FSH (ng/mL) LH (ng/mL) Testosterone (ng/mL) 

Control 0.89±0.02 0.61±0.05 3.43±0.06 

KA 5% 0.28±0.01* 0.12±0.01* 4.00±0.02* 

KA 10% 0.34±0.02*a 0.18±0.00* 3.92±0.17* 

KA 20% 0.40±0.01*a,b 0.68±0.03*a,b 3.81±0.06* 

KN 5% 0.32±0.03* 0.12±0.01* 2.85±1.22 

KN 10% 0.40±0.05* 0.18±0.02* 4.14±0.24 

KN 20% 0.26±0.03* 0.18±0.01* 4.12±0.32 

GK 5% 0.35±0.05* 0.26±0.00* 4.77±0.20* 

GK 10% 0.37±0.03* 0.15±0.02* 5.94±0.28*a 

GK 20% 0.41±0.01* 0.30±0.12* 4.73±0.20*b 

Note: Values expressed as Mean ± SE (n = 3); Significantly different from control (p < 0.05) 

a = significantly different from 5% group (p < 0.05); b = significantly different from 10% group 

(p < 0.05) 

 

3.2. Lipid Profile 

The effects of KA, KN, and GK seed diets on 

serum total cholesterol (TC), LDL-c, and 

HDL-c are presented in Table 3. 

In KA-treated rabbits, TC levels were 

significantly increased (p < 0.05) at all 

inclusion levels compared with control 

(26.95 ± 0.35 mg/dL). The highest TC value 

was recorded at 5% inclusion (50.40 ± 1.21 

mg/dL). LDL-c significantly increased at 5% 

inclusion but significantly decreased at 10% 

and 20% inclusion compared with control. 

HDL-c showed no significant improvement 

across treatment groups. 

For KN-treated animals, TC levels 

significantly increased (p < 0.05) at 5% and 

10% inclusion levels compared with control,  

while the 20% group showed a non-

significant increase. LDL-c levels did not 

show significant variation relative to control. 

HDL-c levels also showed no significant 

differences. 

In GK-treated rabbits, TC levels were 

significantly elevated (p < 0.05) at all 

inclusion levels, with the highest 

concentration observed at 20% inclusion 

(55.30 ± 1.85 mg/dL). LDL-c levels were 

https://wordastrajournals.com/index.php/jbes/index
mailto:admin@wordastrajournals.com
mailto:wordastrajournals@gmail.com


 

JOURNAL OF BIOSCIENCES AND ENVIRONMENTAL STUDIES (JBES)  

VOL. 1., NO. 1, MARCH 2026 || ISSN: 0189-1456 

https://wordastrajournals.com/index.php/jbes/index  

 

A Publication of Word Astra Publishers 

Southern Europe 

admin@wordastrajournals.com; wordastrajournals@gmail.com   
 

10 | P a g e  
 

significantly increased at 20% inclusion 

compared with control and other groups. 

HDL-c levels showed slight non-significant 

reductions. 

Table 3: Effect of KA, KN and GK on Serum Lipid Profile 

Group TC (mg/dL) LDL-c (mg/dL) HDL-c (mg/dL) 

Control 26.95±0.35 17.50±0.92 16.80±0.00 

KA 5% 50.40±1.21* 26.60±1.40* 17.50±0.70 

KA 10% 35.00±2.80*a 16.10±2.80a 14.00±0.35a 

KA 20% 32.90±0.70*a 14.35±0.92* 15.40±1.75 

KN 5% 44.10±1.21* 20.59±0.92 17.50±0.70 

KN 10% 41.30±7.00* 17.20±1.26 16.80±1.21 

KN 20% 38.50±2.80 17.50±2.52 18.41±0.35 

GK 5% 39.90±1.21* 18.55±0.70 15.05±0.70 

GK 10% 41.30±2.80* 19.60±2.13 15.75±0.00 

GK 20% 55.30±1.85*a,b 25.90±1.52*a,b 16.18±2.73 

Note: Values expressed as Mean ± SEM (n = 3); Significantly different from control (p < 0.05) 

a = significantly different from 5% group (p < 0.05); b = significantly different from 10% group 

(p < 0.05) 

 

3.3. Liver Enzyme Activities 

As presented in Table 4; the control values 

were ALT (13.30 ± 0.70 IU/L), AST (11.20 ± 

0.70 IU/L), and ALP (39.09 ± 2.07 IU/L). All 

KA-treated groups showed significant 

elevations. The highest ALT was observed at 

20% inclusion (48.30 ± 1.61 IU/L). KN-

treated groups showed significant increases 

in ALT and AST, while ALP remained non-

significant. GK-treated groups showed 

significant increases in ALT and AST at 5% 

inclusion, and ALP significantly increased at 

20% inclusion.
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Table 4: Effect of KA, KN and GK Seed Diets on Serum ALT, AST and ALP Activities 

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

Control 13.30±0.70 11.20±0.70 39.09±2.07 

KA 5% 27.65±0.92* 71.05±0.70* 66.71±0.70* 

KA 10% 17.85±0.00*a 45.50±17.15* 44.91±2.38a 

KA 20% 48.30±1.61*ab 43.75±5.43* 56.46±2.91*ab 

KN 5% 23.10±1.61* 57.05±6.68* 33.08±0.95 

KN 10% 40.95±0.61*a 17.50±0.70a 31.89±2.56 

KN 20% 18.55±0.70*ab 51.45±3.15*b 36.72±3.50 

GK 5% 30.10±6.71* 60.90±5.55* 35.63±4.06 

GK 10% 21.70±0.35 51.10±0.92* 44.34±2.15a 

GK 20% 17.85±0.00a 29.75±1.40*ab 64.23±0.55*ab 

Note: Values expressed as Mean ± SEM (n = 3); Significantly different from control (p < 0.05) 

a = significantly different from 5% group (p < 0.05); b = significantly different from 10% group 

(p < 0.05)

 

3.4.  Food Intake 

The control group recorded a mean food 

intake of 17.84 ± 0.18 g. The 5% group 

recorded 12.82 ± 0.13 g, significantly lower 

(p < 0.05) than control. The 10% group 

recorded 12.03 ± 0.12 g, significantly lower  

 

 

than control and 5%. The 20% group 

recorded 12.27 ± 0.07 g, significantly lower 

than control and different from 5%, but not 

from 10%. The greatest reduction was 

observed at 10% inclusion. 

 

3.5. Body Weight Changes 

All treated groups showed significantly lower 

weight gain compared with control (p < 

0.05). The 20% inclusion produced the 

lowest weight gain.
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Table 5: Effect of KA, KN and GK Seed Diets on Body Weight Changes 

Group Initial (g) Final (g) Weight Gain (g) 

Control 133.35±4.58 194.25±1.66 60.90±3.15 

5% 141.75±2.35 180.39±2.52* 38.64±1.17* 

10% 134.40±3.93 155.40±4.87*a 21.00±2.88*a 

20% 138.60±3.93 144.90±3.93*ab 6.30±4.20*ab 

Note: Values expressed as Mean ± SEM (n = 3); Significantly different from control (p < 0.05) 

a = significantly different from 5% group (p < 0.05); b = significantly different from 10% group 

(p < 0.05) 

 

4.0. DISCUSSION 

The findings demonstrate biological effects 

among the three species, suggesting 

differences in phytochemical composition, 

endocrine modulation, and dose-dependent 

metabolic responses. 

The most pronounced androgenic 

effect was observed in the GK 10% group. 

However, all treated groups showed 

significant reductions in luteinizing hormone 

(LH) and follicle-stimulating hormone 

(FSH), both products of gonadotropic cells, 

which suggested negative feedback 

inhibition at the hypothalamic-pituitary-

gonadal axis. Increased testosterone with 

suppressed gonadotropins may reflect 

enhanced peripheral steroidogenesis or direct 

pituitary modulation. Previous studies have 

demonstrated that caffeine-containing 

botanicals can influence the endocrine, 

signaling pathways, and steroid hormone 

synthesis (Iwu et al., 1999; Li et al., 2025). In 

addition, biflavonoids such as kolaviron from 

Garcinia kola have been reported to 

modulate oxidative stress and reproductive 

function (Tauchen et al., 2023). Experimental 

evidence also suggests that phytochemicals 

in kola nuts may alter reproductive hormone 

dynamics in rodents (Obidike et al., 2011; 

Eze et al., 2020). The comparatively weaker 

endocrine response in KN may be attributed 

to quantitative or qualitative differences in 

methylxanthine and flavonoid composition 

between C. acuminata and C. nitida (Ajayi et 

al., 2021; Monteiro et al., 2016). 

In the lipid profile assessment, KA 

and GK produced more marked 

hypercholesterolemic effects than KN. TC 

increased significantly in all KA and GK 

groups, with GK at 20% inclusion showing 

the highest elevation. LDL-cholesterol 

followed a similar pattern, particularly at 

higher inclusion levels, while HDL-

cholesterol remained largely unchanged or 

slightly reduced. These findings indicate a 

potential atherogenic tendency associated 

with chronic high-dose supplementation. 

Earlier studies have reported alterations in 

lipid metabolism following prolonged 

caffeine-rich botanical intake (Nyadanu et 
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al., 2020). Although kolaviron has 

demonstrated lipid-lowering effects under 

certain experimental conditions (Iwu et al., 

2019), whole-seed consumption may exert 

different metabolic outcomes due to 

synergistic phytochemical interactions. 

Additionally, tannins and phenolic 

compounds present in kola species may 

influence hepatic lipid biosynthesis and 

transport (Iwu et al., 2019; Nyadanu et al., 

2020). Therefore, while these botanicals are 

traditionally considered beneficial, excessive 

intake may compromise lipid homeostasis. 

Liver enzyme activities further differentiated 

the physiological impacts of the three seed 

species. KA supplementation resulted in the 

most pronounced elevation of ALT, AST, and 

ALP, indicating potential hepatocellular 

stress (Eze et al., 2020). KN significantly 

increased ALT and AST but had minimal 

influence on ALP, whereas GK produced 

moderate enzyme elevations, particularly at 

higher inclusion levels. Elevated 

transaminases are widely accepted 

biomarkers of hepatic membrane 

permeability and cellular injury (Tamber et 

al., 2023). While Garcinia kola has been 

described as hepatoprotective in certain 

toxicological models (Farombi, 2011; Ogwu 

et al., 2024), chronic high-dose dietary 

exposure may overwhelm hepatic 

detoxification mechanisms. The relatively 

greater enzyme perturbation observed in KA 

groups may be linked to higher caffeine 

concentration and associated metabolic 

demand on hepatic cytochrome systems 

(Crew, 2014; Eze et al., 2020). 

Food intake and body weight 

responses were consistent across all treated 

groups. Significant reductions in feed 

consumption were observed at all inclusion 

levels, with the 10% group showing the 

greatest suppression. Correspondingly, 

treated rabbits exhibited significantly lower 

weight gain compared with controls, and the 

20% inclusion groups demonstrated the least 

weight increase. These findings align with 

documented anorectic and thermogenic 

effects of caffeine and related 

methylxanthines present in kola nuts 

(Owolabi et al., 2020; Ajayi et al., 2021). 

Appetite suppression likely contributed 

directly to reduced caloric intake and 

subsequent lower body mass accumulation. 

The uniformity of this effect across KA, KN, 

and GK suggests a shared stimulant 

mechanism despite differences in secondary 

metabolic alterations. 

Comparatively, GK exhibited the 

strongest androgenic response and marked 

lipid elevation at higher doses. KA showed 

the most pronounced hepatic enzyme 

disruption and significant cholesterol 

increases, whereas KN demonstrated 

relatively milder endocrine and lipid 

alterations but still significantly reduced 

gonadotropins and body weight. Collectively, 

these results indicate that although these 

botanicals are culturally significant and 

widely consumed in West Africa, chronic 

high-dose intake may alter endocrine 

regulation, lipid balance, and hepatic 

integrity. 

 

5.2. CONCLUSION  

Chronic dietary supplementation with Cola 

acuminata, Cola nitida, and Garcinia kola 

produced distinct but overlapping 

physiological alterations in male rabbits, 

which are characterized by increased 
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testosterone with suppressed gonadotropins, 

elevated total cholesterol, variable LDL-c 

changes, hepatic enzyme perturbations, 

reduced food intake, and diminished weight 

gain. These findings indicate that although 

these seeds are widely consumed for cultural 

and ethnomedicinal purposes, prolonged 

high-dose intake may compromise endocrine 

balance, lipid homeostasis, and liver 

functionality. It is therefore recommended 

that consumption be moderated, particularly 

at high doses, and that public health 

awareness be strengthened regarding 

potential long-term risks. Further long-term 

studies involving larger sample sizes, 

histopathological assessments, and 

mechanistic investigations are necessary to 

establish safe dietary thresholds and clarify 

species-specific toxicity profiles. 
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