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Address by the Editor-in-Chief 

 

It is not just with a feeling of purpose, but 

also of tremendous pleasure, excitement and 

anticipation that we celebrate the Ambrose 

Alli University Journal of Medical Research 

(AAU-JMR), with this first edition. In the 

spirit of this joyous arrival at a new 

dispensation in the history of the Faculty of 

Basic Medical Sciences, permit me to 

welcome you all, who will form the 

readership into this very promising 

intellectual space where gilt-edged ideas and 

knowledge will be exchanged profitably for 

the overall betterment of the human race. 

On behalf of the Editorial Board, I express 

profound appreciation to the authors, 

editors, reviewers and volunteers, whose 

contributions, freely and magnanimously 

given, have ensured the success of this 

maiden edition. 

The AAUJMR publishes scientific 

information in all areas of Medical Science, 

including articles, case reports, editorials, 

short communication and also review 

reports, all in their original form. In order to 

guarantee originality, all submissions are 

peer reviewed before being passed for 

publication. Naturally, this task falls within 

the primary brief of the Editorial Board 

along with referees in the appropriate 

specialties. Submissions for publication are 

welcome from within and outside the 

country. 

Researches from the entirety of the Basic 

Medical Sciences, Clinical and Laboratory 

Sciences and Allied Medicine are areas from 

which the Journal will be glad to welcome 

articles. For the instant edition, the nine 

published papers are from the fields of 

Physiology, Anatomy/Histopathology, 

Forensic Science, Medical Biochemistry, 

Drugs and Ethnopharmacology. 

Going forward, and in cognizance of the 

complexities of real-life issues, we will 

consider the practicability of seeking 

contributions which demonstrate potentials 

for application in the real world in the near 

term, with special consideration given to 

those with a multi-disciplinary slant. 

The AAUJMR is committed to providing a 

platform for manuscripts which receives 

top-priority recommendation during the 

peer-review process while those with 

medium priority will be considered on a 

case by case basis. Quick publication of high 

impact articles is a policy which the Board 

will uphold. However, I need to highlight 

our commitment to publishing all 

discoveries, resources, methods and reviews 

which significantly advance the field of 

medical knowledge.  

I see a lot of prospects in this Journal and I 

hope the intelligentsia will find in it too a 

remarkable tool for advancing and 

contributing to our overall body of 

knowledge. 

Once again, I welcome you to a new 

dispensation. 

Dr. H.O. Otamere 

Editor-in-Chief 

Ag. Dean, 

Faculty of Basic Medical Sciences, 

College of Medicine. 

Ambrose Alli University, Ekpoma, Nigeria. 

E-mail: otaharri2012@gmail.com,   

Tel.:+2348063849220. 
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ABSTRACT 
 

The effect of folic acid (2 mg/kg oral) on experimentally induced gastric ulcers was investigated by evaluating 

gastric ulcer indices, acid secretion and gastric biochemical levels of protein, markers of oxidative stress and 

antioxidant, mucin and nitric-oxide in adult male Wistar rats. Twenty rats were divided into 4 groups as 

indomethacin ulcer control, folic acid -treated + indomethacin ulcer, pyloric ligation control and folic acid -treated + 

pyloric ligation ulcer. Rats treated with the drug of study were pre-treated for 6 days and one hour before ulcer 

induction. The acute gastric ulcer models used were indomethacin induced and pylorus ligation and were performed 

following standard laboratory methods. Four hours after ulcer induction, laparectomy was performed and the 

stomach harvested for macroscopic and acid content studies and biochemical analysis. The data was analyzed using 

statistical tools from SPSS (version 21) and “student t test” was performed at p<0.05 level of significance. Folic acid 

treatment resulted in decreased in ulcer index with a protective ratio of 55.56%, non-significant increase in gastric 

acidity, increase in gastric protein (1.07±0.06 vs 1.28±0.13; p>0.05), nitric oxide (120.33±6.67 vs 151.17±28.16; 

p<0.05), mucin content (36.20±1.99 vs 36.89±4.29; p>0.05) and GSH levels (2.38±0.40 vs 2.51±0.18; p>0.05) and 

decrease in MDA (1.16±0.001 vs 0.59±0.003; p>0.05) compare to control in the indomethacin induced ulcer model. 

Folic acid treatment in the pyloric ligation ulcer model resulted in a significant decrease in ulcer index with a 

protective ratio of 60.00%, non-significant increase in gastric acidity, mucin content (38.58±3.03 vs 39.55±0.84; 

p>0.05), but decrease in gastric MDA (1.19±0.01 vs 0.89±0.001; p>0.05), GSH (2.49±0.29 vs 2.36±0.23; p>0.05), 

nitric oxide (145.89±14.86 vs 106.86±7.64) and protein (1.31±0.01 vs 1.21±0.01) compared to control. The antiulcer 

activity of folic acid may be attributed to its stimulatory effect on gastric mucin concentration and inhibitory effect 

on oxidative stress. 
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1. INTRODUCTION 

Gastric ulcer is a heterogeneous disorders 

manifesting as a break in the gastrointestinal 

mucosa lining[1]. It is the most predominant 

of gastrointestinal diseases with various 

epidemiologic data showing its steady 

incidence rate increase in different parts of 

the world[2-5]. It is also one of the major 

health hazard in terms of morbidity and 

mortality[6] affecting a considerable number 

of people worldwide[7]. Though its 

prevalence is high in Africa and Asia[8], the 

disorder is common throughout the World 

and in the past one or two decades there has 

been a phenomenal increase in the 

knowledge of its treatment[9]. Efforts in the 

search of gastro-protective agents also 

remain inexhaustible. 

Many studies have documented the natural 

cause of gastric ulcer to be due to imbalance 

between the aggressive damaging factors 

like acid, pepsin, lipid peroxidation, refluxed 

bile, abnormal motility and the defense 

mechanisms, which protect the mucosa[10-12]. 

The exogenous aggressive factors like 

Helicobacter pylori, indiscriminate use of 

non-steroidal anti-inflammatory drugs 

(NSAIDs), alcohol abuse and smoking have 

also been identified as contributors[13]. The 

mucosal defense factors include mucus, 

antioxidants, surface-active phospholipids 

and bicarbonates, the epithelium, the 
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microcirculation, sensory afferent neurons 

beneath the epithelium, the mucosal immune 

system and regenerative ability of the 

mucosa[14]. 

Previous studies have increasingly shown 

that disturbances in gastric mucosal blood 

perfusion might cause ulcers and erosions[15] 

as lesions from ulcer and or gastric cancer 

can cause bleeding that will eventually lead 

to iron deficiency anemia (IDA). Multiple 

studies have implicated an association 

between H pylori infection and IDA[16-18]. 

The theories have been that H pylori 

infection can lead to IDA, including 

impairing iron absorption, competing with 

the host for uptake of iron, or elevating the 

pH and reducing vitamin C concentration[19-

20].  Iron deficiency is a common nutritional 

disorder (estimated as about 500 million 

people worldwide)[21]. Since IDA is 

associated with high incidence of H. 

pylori[22], is it possible that diminishing IDA 

through folic acid supplementation may 

mitigate the aggressive factors of gastric 

ulcer formation? 

Folate is a water-soluble B vitamin 

occurring naturally in large quantity in dark 

green leafy vegetables and citrus fruits [23]. 

Folate is generally regarded as safe and is 

assumed as an ideal functional food 

component for disease prevention [24]. Folic 

acid is the completely oxidized 

monoglutamyl form of folate that is used 

commercially in supplements and in 

fortified foods[25]. Its deficiency appears to 

play an important pathogenic role in anemia, 

atherosclerosis, adverse pregnancy 

outcomes, neuropsychiatric disorders, and 

cancer [26]. Its essential role in preventing 

neural tube defect has caused the inclusion 

of folic acid fortification of many foods and 

ready-to-eat breakfast cereals, and fruit 

juices [27-28]. Folate is known to plays a key 

role in DNA synthesis and methylation, and 

maintenance of DNA integrity, stability and 

repair[29]. Folate modulates a number of 

disorders such as cardiovascular diseases[30], 

neural tube and congenital defects [31], sub 

fertility[32] and several malignancies like 

cancer of the colorectum, lungs, pancreas, 

esophagus, stomach, cervix, breast[33] and 

neuroblastoma and leukemia[26]. The 

mechanism by which folate modulates these 

disorders is related to its anti-apoptotic and 

anti-oxidative properties[26]. This study, 

investigates the protective effect of folic 

acid on gastric mucosal damage induced by 

indomethacin and pyloric ligation in rat 

model. 

2. MATERIALS AND METHODS 

2.1. Experimental animals: The study 

involves 20 adult Wistar rats (weighing 

between 120g and 150 g). They were 

obtained from the Animal Holding Facility 

of the College of Medicine, Ambrose Alli 

University, Ekpoma. They were then 

transferred to the experimental site in the 

Department of Physiology where they were 

maintained in plastic cages (with a wire net 

top) for 2 weeks of acclimatization under 

12/12 hour light/dark conditions. They were 

allowed to feed ad libitum feeding on rat 

chow (Livestock Feed PLC, Ikeja, Lagos, 

Nigeria) and clean water and maintained 

according to procedures and Guidelines for 

Care and Use of Laboratory Animals in 

Biomedical Research [34]. 

2.2. Animal grouping: The rats were 

divided to 4 groups (n = 5) and treated as 

follow; 

Group A1: indomethacin ulcer control 

group, made up of rats without pre-treatment 

but submitted for indomethacin-induced 

gastric ulcer 

Group A2: indomethacin ulcer test group, 

made up of rats pre-treated with folic acid 

before submitted for indomethacin-induced 

gastric ulcer  
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Group B1: pyloric ligation ulcer control 

group, made up of rats without pre-treatment 

but submitted for pyloric ligation-induced 

gastric ulcer 

Group B2: pyloric ligation ulcer test group, 

made up of rats pre-treated with folic acid 

before submitted for pyloric ligation gastric 

ulcer. 

Pre-treatment of the A2 and B2 groups with 

2 mg/kg folic acid was orally[35] for 6 

consecutive days and an hour before ulcer 

induction. 

2.3. Indomethacin induced ulcer model: 

Indomethacin ulcer induction was carried 

out according to the previously described 

method by Akpamu et al. [36]. Briefly, 16 

hours fasted rats received indomethacin 

(40 mg/kg) after 1 hour of treatments (0.5ml 

distilled water in A1 or folic acid in A2). 

Four hours later, the rats were sacrificed and 

laparotomy was carried out through a 

midline epigastric incision to isolate the 

stomach. The content of the stomach was 

obtained, and cut open (along the greater 

curvature) for macroscopy (using an 8MP 

dual camera with triple-flash light) and ulcer 

score. The stomach content was centrifuged 

and the supernatant titrated to pH 7.0 (using 

a 0.01 N NaOH, phenolphthalein indicator). 

2.4. Pyloric ligation ulcer model: Pyloric 

ligation was executed following previously 

described Shay method[37]. Briefly, 36 hours 

food fasted rats were anesthetized with 

ketamine (0.5ml/100g) after 1 hour of 

treatment (0.5ml distilled water in B1 or 

folic acid in B2). Laparotomy was 

performed and the pylorus sphincter ligated 

with tread without damage to gastric blood 

supply. Four hours later, the rats were 

sacrificed and laparotomy was carried out 

through a midline epigastric incision and the 

stomach content drained for the 

determination of volume and acidity by 

titration as in above. Macroscopy and ulcer 

score were also determined as in above. 

2.5. Ulcer score and indices: Gross gastric 

mucosal lesions was scored using the 

scoring method of Adinortey et al.[38] to 

determined ulcer index (UI) and the 

percentage protection calculated using the 

formula:  

Protection % = [(UI control − UI treated 

group) / (UI control)] x 100 

2.6. Sample collection and preparation: A 

blood sample (2ml) was obtained following 

cardiac puncture for the determinations of 

full blood count. The harvested stomachs 

were homogenized in 10% (w/v) of 

phosphate buffer (pH 7.4) and centrifuged at 

4°C for 10 min. The supernatant was used 

for the determination of gastric tissue 

protein, Malondialdehyde (MDA), reduced 

glutathione (GSH), mucin, and nitric oxide 

(NO) levels. 

2.7. Biochemical assays: Gastric tissue 

protein was determined following the Biuret 

method[39]. Gastric tissue MDA was 

determined by measuring thiobarbituric acid 

reactive substances (TBARS) formation 

according to the method of Varshney and 

Kale[40] and MDA level was calculated[41]. 

Gastric tissue GSH[42], mucin[43] and NO[44] 

were estimated following previously 

described standard methods.  

2.8. Data analysis: Data analysis were done 

using statistical tools from SPSS (version 

21) and the “student t-test” was performed at 

p<0.05 level of significance. The results 

were expressed as mean ± standard error of 

mean. 

3. RESULTS 

Table 1 shows the macroscopic ulcer 

presentation and Table 2, ulcer index and 

percentage protective ratio of folic acid 

treatment on indomethacin and pyloric 
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ligation induced ulcers. Ulcer index was 

significantly reduced (p<0.05) in folic acid 

treated rats with a percentage protective 

ratio of 55.56% against indomethacin 

induced ulcer and 60.00% for pyloric 

ligation ulcer. 

Figure 1 shows the effect of folic acid 

treatment on gastric acidity in indomethacin 

and pyloric ligation ulcers model. Folic acid 

treatment increased gastric acidity in both 

ulcer models with significant different in 

pyloric ligation model compared with 

control. 

Table 3 shows the protective effect of folic 

acid treatment on gastric biochemical 

parameters in indomethacin and pyloric 

ligation ulcers. Folic acid treatment non-

significantly protected gastric tissue protein 

in indomethacin induced ulceration but non-

significantly destroyed gastric tissue protein 

in pyloric ligation ulcer. There was a non-

significant decrease in gastric tissue 

oxidative damage in both indomethacin and 

pyloric ligation ulcers following folic acid 

treatment. Gastric tissue GSH was non-

significantly increased with indomethacin 

induced ulcer but decreased with pyloric 

ligation ulcer following folic acid treatment. 

Folic acid treatment non-significantly 

increased gastric mucin level in both 

indomethacin and pyloric ligation ulcers. 

Folic acid treatment significantly increased 

nitric oxide level in indomethacin induced 

ulcer but significantly decrease it in pyloric 

ligation ulcer compared with control. 

Table 1. Macroscopic ulcer presentation of folic acid treatment on indomethacin and 

pyloric ligation induced ulcers. 

Indomethacin gastric ulcer induced Pyloric-ligation induced 

Control Folic acid treated Control Folic acid treated 

    
 

  
 

 
 

4. DISCUSSION 

The findings of the study showed that 6 days 

pre-treatment with folic acid presented 

55.56% and 60.00% protection against 

indomethacin and pyloric ligation ulcers 

respectively. Beneficial effects of folic acid 

against many diseases have been extensively 

documented but there is a relative dearth of 

reports on peptic ulceration. Studies have 

reported pre-treatment with folic acid 

(2mg/kg for 21 days) prevented 

indomethacin induced ulcer formation by 

32%[35] and reduction in ethanol induced 

ulcer severity by 27% and 30% at 2 mg/kg 

and 3 mg/kg folic acid pre-treatment[45]. In a 

case report, Sharp et al.[46] reported 

reversible melanosis-like pigmentation in 

the duodenum associated with a gastric ulcer 

and folic acid deficiency. 
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On gastric acid secretion, the present study 

showed that 6 days pre-treatment with folic 

acid stimulated gastric acid secretion 

compared to the control with significant 

different in the pyloric ligation ulcer. 

Table 2. Ulcer index and percentage protective ratio of folic acid treatment on 

indomethacin and pyloric ligation induced ulcers. 

 Indomethacin ulcer induced Pyloric-ligation induced 

 Control Folic acid treated Control Folic acid treated 

Ulcer 

index 

 

42.22 

 

17.78* 

 

37.50 

 

15.00* 

% 

protective 

ratio 

 

 

0.00 

 

 

55.56 

 

 

0.00 

 

 

60.00 

Values are mean ± standard error of mean; n = 5, *significantly different compared with control. 

Indomethacin ulcer Pyloric ligation ulcer
0

20

40

60
Control

Folic acid treated

G
as

tr
ic

 a
ci

d
it

y 
(M

eq
/L

)

Figure 1. Effect of folic acid treatment on gastric acidity in indomethacin and pyloric 

ligation ulcers.  

Values are mean ± standard error of mean; n = 5, *significantly different compared with control. 

Table 3. Protective effect of folic acid treatment on gastric biochemical parameters in 

indomethacin and pyloric ligation ulcers 

Gastric tissue Indomethacin induced ulcer Pyloric ligation ulcer 

Control Folic acid 

treated 

Control Folic acid 

treated 

Protein (mg/dl) 1.07±0.06 1.28±0.13 1.31±0.01 1.21±0.01 

MDA (u/ml) 1.16±0.001 0.59±0.003 1.19±0.01 0.89±0.001 

GSH (mg/dl) 2.38±0.40 2.51±0.18 2.49±0.29 2.36±0.23 

Mucin (mg/dl) 36.20±1.99 36.89±4.29 38.58±3.03 39.55±0.84 

NO (ml/organ wt) 120.33±6.67 151.17±28.16* 145.89±14.86 106.86±7.64* 

Values are mean ± standard error of mean; n = 5, *significantly different compared with control. Key: MDA= 

Malondialdehyde, GSH = Glutathione, NO = Nitric oxide 

This finding disagrees with that of Ajeigbe 

et al.[35] who reported that 2mg/kg folic acid 

pre-treatment for 21 days significantly 

reduced basal and stimulated acid secretions 

in the treated when compared with control 

animals. In fact, the study by Ajeigbe et 

al.[35] reported that folic acid produced a 

21% reduction in the basal acid output when 

compared with the control and 140% 

reduction in histamine-induced acid 

response. Although previous studies[35, 47] 

reported gastric anti-secretory properties of 

folic acid against indomethacin-induced 

gastropathy, this study’s finding on acid out-

* 
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put is contradictory. The difference may be 

due to the difference in duration of treatment 

with folic acid between the studies. 

Recall that imbalance between the 

aggressive damaging and defense factors is 

the mechanisms for ulcer formation[10-12]. 

The mechanism for ulcer induction by 

indomethacin; an NSAID, is widely through 

inhibitory activity against cyclooxygenase, 

which block prostaglandins production and 

in turn decrease mucus secretion, blood 

flow, disturbance of microcirculation and 

increase lipid peroxidation, and neutrophil 

activation[48] which are involved in the 

pathogenesis of gastric mucosal damage. 

The induction of gastric ulcer by 

indomethacin and pyloric ligation in the 

present study did not significantly alter 

mucin level compared with the folic acid 

pre-treated groups. This finding indicates 

that folic acid may not significantly affect 

the mucus protective mechcanism of the 

stomach. However, a study have shown folic 

acid treatment to elevate mucin 

concentration by 24% following 

indomethacin ulcer induction[49]. MDA 

levels were decreased in folic acid pre-

treated groups as compared to the 

indomethacin and pyloric ligation ulcer 

group but to a non-significant level. The 

non-significant degree of mucin, MDA and 

GSH levels observed in the present study 

may be due to the period of pre-treatment. 

Variations exist in the fate of folic acid 

mechanism in gastric ulcer protection in the 

two models. 

In the indomethacin model, folic acid 

induced protection of the gastric mucosa 

was via inhibition of oxidative lipid 

peroxidation, stimulated gastric antioxidant 

and nitric oxide levels while in the pyloric 

ligation model is via inhibition of oxidative 

lipid peroxidation and increase mucin 

production. In accordance with the findings 

of this study, Ajeigbe et al.[35] has also 

documented indomethacin-induced lipid 

peroxidation was attenuated by 58% 

reduction in MDA concentration on 

pretreatment with folic acid pre-treatment. 

The observed protective effect of folic acid 

against gastric ulcers may be due to the 

noted reported that folate modulates a 

number of disorders as a result of its anti-

apoptotic and anti-oxidative properties[26]. 

5. CONCLUSION 

Conclusively, folic acid pre-treatment 

protects the gastric mucosa against 

indomethacin and pyloric ligation ulcers by 

inhibiting oxidative damage through 

increased production of antioxidant (GSH), 

mucus and elevated blood flow via 

stimulating nitric oxide level in the 

indomethacin ulcer model. However, in the 

pyloric ligation ulcer model, protection of 

the gastric mucosa is through decreased 

oxidative stress and increased mucus 

secretion. 
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ABSTRACT 
 

With the increasing global population and the dependence of human activities on crude oil and crude oil products, 

there is a resultant increase in crude production, as well as increased exposure to these products. The major route of 

human exposure has been via inhalation and skin contact. There are reported effects of COP exposure on 

organ/system, but evidence of lungs tissular response are rare. It is the objective of this study to investigate the 

tissular response of the lungs to acute inhalation of gasoline vapour using Wistar rats. Fifteen male Wistar rats (80–

120g) were divided to 3 groups: a control and two test groups exposed to gasoline vapour for 1 and 3 hours 

respectively for 6 days in an exposure chamber. They were maintained under standard laboratory conditions and fed 

rat chow and clean water ad libitum throughout the experiment. Body weight was determined every other day and at 

the end of 6 days of exposure, blood samples were collected and the lungs harvested for weight determination, and 

biochemical and histological evaluations. Statistical analysis (ANOVA and LSD post-hoc) was done using SPSS 

(version 20) and p<0.05 was considered significant. The results showed acute inhalation of gasoline vapour to cause 

an increase in percentage weight gain, Nitric oxide level, Na+-K+- and H+-K+ pump activities, but decreased GSH 

and relative weight of the lungs. Histologically, the exposure to gasoline resulted in emphysematous alveoli space 

and desquamated airway. These results imply that exposure to acute inhalation of gasoline vapour may decrease 

respiratory efficiency through inhibited mucus secretion and antioxidant and stimulated nitric oxide and Na+-K+- 

ATPase activities to cause dysfunction and distorted lungs tissue histology. 

 

Keywords: Gasoline vapour, Inhalation, Lung histology. 
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1. INTRODUCTION 

There have been growing industrial 

establishments in Nigeria and this has 

resulted in increased daily demand for 

gasoline and other petroleum products use as 

fuel for electricity generators at homes, 

offices and industries [1, 2], vehicles, cooking 

and lightning fuel in homes and outside 

homes, as chemical feedstock for industries 

and therapeutic reasons [3]. Gasoline which 

generally contains alkenes, alcohol and ether 
[4], is one of the fractional distillation 

products of crude oil known to be an 

inflammable, volatile [5] and a mixture of 

toluene, xylene, benzene, hydrocarbons and 

more than 500 branched and straight chains 

saturated, unsaturated aliphatic and aromatic 

compounds having 3–12 carbons [2, 6]. There 

have been several inclusions of additives 

like antiknocks and octane enhancer to 

gasoline to enhance its performance [7]. 

Gasoline is considered an environmental 

pollutant and toxicant that is found abundant 

in the atmosphere due to its volatile nature [8, 

9] and has become one of the main 

contributors of environmental and global 

problems [10]. Human exposure has been 

reported to be through oral, skin contact and 

inhalation[9, 11]. The increasing industrial 

establishments and several applications of 

gasoline have increased the frequency at 

which individuals are exposed to its fume[2] 

with some reported effects on the users and 

greater effects among those occupationally 

exposed counterparts[12]. 

Gasoline inhalation in experimental animals 

has been documented to alter blood 

chemistry and induce anaemia by causing 

mailto:uwaifoha@yahoo.co.uk
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bone marrow hypoplasia[8], as well as 

reported adverse effects on some organs[7]. 

Other studies have reported hepatotoxicity, 

nephrotoxicity and alter lipids metabolisms 

and some biochemical activities following 

gasoline vapour exposure[13-15]. In another 

study by Owagboriaye et al. [16], gasoline 

fume inhalation was reported to increase 

serum lipid peroxidation, corticosterone and 

aldosterone level. Worrisome, there is 

paucity of literature on the effect of gasoline 

vapour inhalation on lungs tissular response 

even though the lungs are a major exposure 

route. It is the aim of this study to 

investigate the tissular response of the lungs 

to acute inhalation of gasoline vapour using 

in Wistar rats. 

2. MATERIALS AND METHODS 

2.1. Experimental animals/ care of 

laboratory animals: Fifteen (15) adult male 

rats; Wistar strain, were obtained from the 

Animal Holding Unit of the College of 

Medicine, Ambrose Alli University. They 

were moved to the animal house of the 

Department of Anatomy, College of 

Medicine, Ambrose Alli University, 

Ekpoma for 2 weeks acclimatization. During 

the period of acclimatization, the rats were 

fed rat chow (Livestock Feed PLC, Ikeja, 

Lagos, Nigeria) and clean water ad libitum 

in ceramic feeding troughs and drinkers. 

They were housed in clean plastic cages 

(measuring 45cm x 35cm x 25cm) with top 

wire graze for ventilation under standard 

housing conditions of 12hour natural 

light/dark cycle. All the animals were given 

standard care and all experimental 

procedures conformed to the Health 

Guidelines for Care and Use of Laboratory 

Animals in Biomedical Research[17]. 

2.2. Animal grouping: The animals (15 

male Wistar rats) were divided into 3 groups 

of five rats each as follows; 

Group 1: Control, non exposed group. 

Group 2: Exposed to gasoline (fuel) vapour 

for 1 hour/ day. 

Group 3: Exposed to gasoline (fuel) vapour 

for 3hours/ day. 

2.3. Gasoline (Fuel) vapour exposure: The 

method of exposure previously described by 

Owagboriaye et al.[2], Okonkwo et al.[7] and 

Abubakar et al.[18], was adopted with some 

modifications for this study. Gasoline (Fuel 

obtained from Texaco Nig. Ltd petrol station 

in Ekpoma) was used as the regular fuel in 

this study. Rats were exposed to its vapour 

for 1 hour (group 2) and 3 hours (group 3) 

per day over a period (morning) for six 

consecutive days. The choice of the duration 

of exposed in the present study was based on 

previous studies[2, 7, 18]. 

To perform the gasoline vapour inhalation, a 

locally fabricated rectangular inhalation 

chamber (90 cm x 45cm x 45cm) was used. 

The inhalation chamber consisted of an inlet 

chamber (5cm x 10cm x 5 cm; at the bottom 

of the breath side) demarcated with wire net 

from the inhalation chamber and an outlet 

circular channel (with diameter 10 cm; at the 

top side of the other breath end) where the 

Petri dish containing fuel was placed. 

Briefly, 20 ml of fuel was introduced into a 

petri dish and placed in the inlet chamber 

and was left open for air to carry the vapour 

into the inhalation chamber and out through 

the outlet channel during the exposure 

period. The rats were placed to move freely 

in the inhalation chamber. A pilot study was 

conducted to estimate the time for 10ml of 

fuel to evaporate and it was approximately 2 

hours and 25 minutes and that necessitated 

the used of 20 ml in the Petri dish. The 

chamber cover was removed after the 

exposure period (1hr and 3 hrs for group 2 

and 3 respectively) and the animals were 

exposed to ambient air and returned to their 

housing cages for the rest of the day. This 

procedure was repeated for 6 consecutive 
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days and behavioural studies carried out 

after 3 and 6 days of exposure. All animals 

in the exposure groups were exposed to the 

fuel vapour at the same time between the 

hours of 9am and 11:30am every day while 

the control was allowed to move freely in 

inhalation chamber without gasoline vapour 

and kept in Laboratory II about 50 meters 

away. 

2.4. Sample collections and analysis: Body 

weight was determined at commencement 

and every other day using digital weighing 

scale. The obtained body weights were used 

to determined percentage weight gain of 

each animal in each group. At the end of the 

experiment (24 hours after the last 

exposure), rats were euthanized via cervical 

dislocation. The lungs were harvested 

following standard dissecting procedures 

and in compliance with the Health 

Guidelines for Care and Use of Laboratory 

Animals in Biomedical Research (National 

Research Council, 1985). The harvested 

lungs were weighted and relative weight was 

calculated. The right lung was fixed in 10% 

per volume per weight of phosphate buffer 

for biochemical assays. The left lung was 

then fixed in 10% formalin for histological 

processing and histo-pathological 

evaluation. 

2.5. Lungs tissue biochemical assay: The 

right lung was homogenized and the 

homogenase centrifuged at 4000 rpm at 50C 

for 10 minutes to assay for tissue 

malondialdehyde (MDA), mucin, nitric 

oxide (NO), reduced glutathione (GSH) and 

Na/K and H/K pumps activities 

spectrophotometrically. Lipid peroxidation 

was determined by measuring the 

thiobarbituric acid reactive substances 

(TBARS) produced during lipid 

peroxidation as described by Varshney and 

Kale [19]. The method of Beutler et al.[20] was 

followed in the estimation of the level of 

reduced glutathione (GSH) in lung 

supernatants. NO level was estimated by 

determining the accumulation of its stable 

degradation products, nitrite and nitrate 

following the method of Hortelano et al. [21]. 

The method of Corne[22] was adopted for the 

estimation of mucin level in the 

homogenate. The rapid colorimetric method 

of Amaral et al[23] and Beltowski and 

Wójcicka[24] were respectively adopted in 

determining the Na/K and H/K ATPase 

activities. 

2.6. Histological processing: The fixed 

liver was taken for histological processing 

following standard histological procedures 

that encompassed; fixation, dehydration, 

clearing, impregnation, embedding, 

sectioning, staining and microscopy[25]. 

2.7. Statistical analysis: The data obtained 

were expressed as mean ± standard error of 

the mean (SEM) and analyzed for statistical 

significance using student t test and one-way 

ANOVA followed by LSD test where 

applicable; all in Statistical Package for 

Social Sciences (SPSS version 21). P < 0.05 

was considered significant. Histological 

findings were presented in 

photomicrographs and results were 

presented in tables and chats. 

3. RESULTS 

Figure 1 shows the effect of short-term 

inhalation of gasoline vapour on percentage 

body weight gain. Compared with the 

control, percentage body weight gain was 

significantly higher (p<0.05) in the 180 

minutes exposed group (1.14±1.30 g/100g 

unit vs 9.23±1.72 g/100g unit) by the 3rd 

day of exposure and in the 60 minutes 

exposed group by the 6th day (6.70±0.85 

g/100g unit vs 12.31±1.02 g/100g unit). 

Figure 2 shows the effect of short-term 

inhalation of gasoline vapour on relative 

weight of the lungs. The relative weight of 

the lungs decrease with the degree of 
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gasoline vapour inhalation but the difference 

was not statistically significant compared 

with the control. 

Figure 3 represents the effect of acute 

gasoline vapour inhalation on lungs tissue 

malondialdehyde (MDA) level. Acute 

varying duration of inhalation of gasoline 

vapour cause a non-significant duration 

dependent decrease in lungs tissue MDA 

level compared with the control. 

Figure 4 represents the effect of acute 

gasoline vapour inhalation on lungs tissue 

reduced glutathione (GSH) level. Acute 

varying duration of inhalation of gasoline 

vapour cause a non-significant duration 

dependent decrease in lungs tissue GSH 

level compared with the control. 

Table 1 shows the effect of acute gasoline 

vapour inhalation on lungs tissue secretion 

capacity in rats. Although not significant 

(p>0.05), acute gasoline vapour inhalation 

causes a duration dependent decrease in lung 

tissue mucin level but increase in nitric 

oxide level. 

Table 2 shows the effect of acute gasoline 

vapour inhalation on lungs pump activity in 

rats. Acute gasoline vapour inhalation 

causes a dose dependent increase in lungs 

pump activities. Specifically, 3 hrs of 

gasoline vapour inhalation for 6 days 

significantly increase Na+-K+- ATPase 

activity compared with the control 

(942.30±85.55 vs 1604.50±227.84). There 

was no significant change in H+-K+ ATPase 

activity in the exposed groups compared 

with the control. 
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Figure 1. Effect of short-term inhalation of gasoline vapour on percentage body weight 

gain. 
Values are in Mean ± standard error; *significantly different compared with control. 
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Figure 2.Effect of short-term inhalation of gasoline vapour on the relative weight of the 

lungs. 
Values are in Mean ± standard error of mean. 
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Figure 3.Effect of acute gasoline vapour inhalation on lungs tissue MDA level. 

Values are in Mean ± standard error of mean. 

Plate 4.1 presents the histological 

photomicrograph of the lungs of adult male 

Wistar rats following acute gasoline vapour 

inhalation. Acute gasoline vapour inhalation 

for 60 and 180 minutes per day for 6 days 

resulted in distortion of the normal 

architectural presentation of the alveoli 

space and airway. The observed distortion 

was duration dependent as only the alveoli 

space was affected in the 60 minutes 

exposed group while the alveoli space and 

airway were distorted in the 180 minutes 

exposed group. 
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Figure 4. Effect of acute gasoline vapour inhalation on lungs tissue GSH level. 

Values are in Mean ± standard error of mean. 

 

Table 1. The effect of acute gasoline vapourinhalation on lungs tissue secretion capacity in 

rats. 

 Control 60mins fuel 

exposed /day 

180 mins fuel 

exposed /day 

F 

Mucin 17.19±0.81 15.65±0.87 14.84±0.53 2.523 

 

Nitric oxide 220.47±51.14 268.25±46.08 244.82±44.01 0.257 
Values are in Mean ± standard error of mean. 

 

Table 2.The effect of acute gasoline vapourinhalation on lungs pump activity in rats. 

 Control 60mins fuel 

exposed /day 

180 mins fuel 

exposed /day 

F 

Na-K ATPase 942.30±85.55 1108.50±57.74 1604.50±227.84* 5.692 

H-K ATPase 1037.20±162.36 1012.30±20.75 1457.10±190.95 4.102 
Values are in Mean ± standard error of mean; *significantly different compared with control. 
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A 

 
B 

 
C 

Plate 1. Photomicrograph on the effect of short-term inhalation of gasoline vapour on the 

histology of the lungs. (H and E stain; Mag. X100). 
A (Unexposed control) presented normal airway (thick arrow) and alveoli space (thin arrow); B (60mins fuel 

exposed /day) presented emphysematous alveoli space (arrow) and C (180mins fuel exposed/ day) presented 

desquamated airway (thick arrow) and emphysematous alveoli space (thin arrow).  
 

4. DISCUSSION 

The lungs serve the principal function of 

gaseous exchange. The need to balance 

efficient respiration in the face of 

tremendous exposure to environmental and 

endogenous challenges, the lungs maintain a 

sustainable defense that minimizes the 

damage caused by this exposure challenges 

and the detrimental effects of inflammation 

to delicate gas exchange surfaces [26]. In the 

present study, acute gasoline vapour 

inhalation in rats was observed to increase 

body weight gain, nitric oxide and pump 

activities but decrease relative weight of the 

lungs, tissue MDA and GSH with distortion 

of lung alveoli space and airways compared 

with the control. 

Lipid peroxidation -the oxidative catabolism 

of polyunsaturated fatty acids, is widely 

reported as a general mechanism for cellular 

injury and death, and implicated in diverse 

pathological conditions[27, 28] with 

environmental pollutants and petrol fumes 

identified as factors that can enhance 

peroxidative processes and oxidative 

stress[29].  In this present study, it was found 

that the level of MDA was not significantly 

decreased compared to the control; a finding 

that is in disagreement with previous 

findings by Owagboriaye et al. [16], Bokolo 

and Ligha[30] and Uboh et al.[31],where it was 

found that gasoline exposure has the ability 

to increase lipid peroxidation in rats as well 

as the findings of Odewabi et al.[32] in 

humans.  

On the other hand, the present study showed 

decrease GSH following acute gasoline 

vapour exposure. Antioxidant enzymes have 

been reported to act as free-radical 

scavengers and hence prevent and repair 

damage done by reactive oxygen species [33, 

34]. Considering that GSH protects cells from 

the free radicals produced through oxidation 
[35], the decreased levels in the present study 

indicate overwhelming oxidative system. 

Since the discovery that NO was similar to 

endothelium derived relaxing factor [36], its 

importance in the regulation of body 

functions, including the respiratory tract, has 

become apparent [37]. Increasing evidence 

has pointed to an important role for NO in 

the regulation of pulmonary function and in 

pulmonary disease [38-40]. In fact, NO has 

been reported to increase in various 

inflammatory diseases of the airways such 

as bronchial asthma[41]. In the present 

study, the lungs tissue NO level was 

increased in the acute gasoline vapour 

exposed groups compared with the control. 

This increased NO level in the exposed 
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groups therefore suggest increased risk of 

asthma following acute gasoline vapour 

exposure. 

The lungs are remarkably resistant to 

environmental injury, despite continuous 

exposure to pathogens, particles, and toxic 

chemicals in inhaled air [42]. Their resistance 

depends on a highly effective defense 

provided by airway mucus [43-46]; an 

extracellular gel in which water and mucin 

(heavily glycosylated proteins) are the most 

important components [42].Thus, the decrease 

mucin level in the lungs following acute 

gasoline vapour inhalation in the present 

study indicates decreased resistance of the 

lungs. This therefore suggests that acute 

gasoline vapour inhalation might cause a 

deficient mucous barrier of the lung and in 

turn leaves the lungs vulnerable to injury. 

Na+-K+-ATPase pumps (Na+ pumps) in the 

alveolar epithelium create a trans-epithelial 

Na+ gradient crucial to keeping fluid from 

the pulmonary air space [47]. Na+ pumps 

serve as the engine powering vectorial Na+ 

transport across the alveolar epithelium and 

thus play an integral role in alveolar edema 

prevention and, if alveolar edema occurs, it 

then plays a role in fluid clearance [48-50]. 

The increased activity of Na+ pump 

following acute gasoline vapour inhalation 

in the present study suggest that gasoline 

vapour inhalation may have resulted in 

alveolar edema and thus the activation of the 

pump activity to stimulate fluid clearance. A 

case study had strongly suggested that 

hydrocarbons have direct toxic effect on 

lung tissue, interfering with gaseous 

exchange and leading to liquid interstitial 

pulmonary edema and severe hypoxemia 

caused by impaired diffusion[51]. Thus, the 

observed increase Na+ pump following 

acute gasoline vapour inhalation in the 

present study is in accordance and may be a 

regulatory mechanism of the lungs in 

attempting to ensure fluid homeostasis in the 

lungs. 

There has been demonstrated evidence of 

the presence of the H+/K+-ATPase (proton 

pump) in the lungs  [52-54] and this implies a 

potential role of the proton pump in lungs 

physiology. In this study, acute inhalation of 

gasoline vapour was observed to stimulate 

the proton pump; although not to a 

significant level. Considering that voltage-

gated H+ channels in alveolar epithelial cells 

are presumed to contribute to the essential 

carbon dioxide (CO2) elimination function 

of the lung [55], the increase stimulation of 

proton pump may suggest that gasoline 

vapour inhalation induced CO2 retention or 

over production. It may therefore be that, the 

proton pump in the lung functions to 

eliminate CO2 in the outward direction. 

Since facilitated diffusion in the lung does 

not appear to satisfy all of the physiologic 

requirements of CO2 elimination, voltage-

gated and other H+ channels (such as 

perhaps the H+/K+-ATPase proton pump) 

may play a crucial role [56]. DeCoursey[55] 

proposes that fully activated alveolar H+ 

channels extrude acid equivalents at a more 

than sufficient rate to fulfill physiologic 

requirements in the lung. The histological 

presentations of the lungs support the 

observations that gasoline vapour inhalation 

may inhibit mucus secretion and antioxidant 

level as well as induced lungs fluid 

imbalance and thus the observed 

emphysematous alveoli space and 

desquamated airway. 

5. CONCLUSION 

The results showed acute inhalation of 

gasoline vapour to decrease respiratory 

efficiency through inhibited mucus secretion 

and antioxidant and stimulated NO and Na-

K ATPase activities to cause dysfunction 

and distorted lungs tissue histology. It seems 

unlikely that exposure to gasoline and their 
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products will decrease in the near future 

considering their use in everyday life. While 

the acute effect has been reported in this 

study, long term exposures require further 

research and thus the recommendation of 

this study. 
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ABSTRACT 
 

Finger/palm dermatoglyphics developed same time as the brain and both have genetic dispensation. Could brain 

intellectual function leave traces on the fingers/palms? This study assesses the relationship between dermatoglyphic 

patterns and academic performance. Three years academic results of Ambrose Alli University Primary School, 

Ekpoma, were used to sample pupils into those with high or poor academic performance. Finger and palm prints 

were obtained and analyzed. The data were subjected to descriptive statistics and chi-square test using SPSS 

(version 21). Pupils with high academic performance were significantly (P<0.05) more likely to have whorl 

fingerprint in the right index (X2 = 8.023), left index (X2 = 4.250) and ring fingers (X2 = 4.250) with females more 

likely represented in the left index (X2 = 9.093) and ring fingers (X2 = 6.982). According to the number of Primary 

creases, Intersections of the primary crease, and Complete transverse Crease (PIC) model of classification, the 300 

PIC was more likely to occur in the left hand of high academic performing pupils (X2 = 4.800, P<0.05) with 

significant difference (X2 = 4.500; p<0.05) in the male. Pupils with high academic performance were more likely to 

have 3 points origin in the left palm (4.800; p<0.05). Academic performance showed a relationship with finger and 

palm prints and varies with gender. The presence of whorl in the right index left index, and ring fingers, left hand 

300PIC, and 3 points origin of primary palm creases maybe determinants for high academic performance. 

 

Key words: Dermatoglyphics, fingerprints, palm prints, intellectual function; academic performance. 
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1. INTRODUCTION 

Dermatoglyphics is the scientific study of 

finger and palm epidermal ridges or papillary 

peak patterns referred to as fingerprints and 

palm prints [1]. The nature and manner of 

appearance of the ridges are genetically 

determined and thus distinct, unique, and 

permanent [2-4]. Finger and palm prints are not 

usually influenced significantly after birth by 

environmental factors [5] for which reason 

they aid in investigations and identification of 

individuals [6]. Dermatoglyphics is now seen 

as a non-invasive tool for identification, and 

diagnoses of psychogenetic disorders [7] and 

many studies have correlated finger and 

palmar prints to psychological characteristics 

and certain mental disorders [8]. 

Considering that dermatoglyphic pattern of 

the fingers and palms as well as the intellect 

function of the brain are genetically 

determined or has genetic disposition, one 

may hypothesize that intellect, learning 

capability, and memory may present some 

traces on the finger and/ palm [2, 9]. In this 

regard, many genetic diseases have been 

documented to leave traces on the brain and 

hand with Johnson and Opitz [10] documenting 

delayed development, learning difficulties, 

and/or behavioral disorders with a simian or 

single transverse palmar crease and Sydney 

crease. Strong correlative power has been 

reported between simian line and Sydney 

creases on the palm with mental retardation in 

Down syndrome, Rubinstein-Taybi-syndrome, 

Trisomy 18 (Edward’s syndrome) and 

Trisomy 13 (Patau’s syndrome) with delayed 
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development, learning difficulties, and/or 

behavioral disorders in these syndromes [11]. 

Reports have it that the brain and epidermal 

ridges of the fingers and palms develop at the 

same period from embryonic ectoderm [12] and 

the fingers and palms have high brain 

innervations density which established the 

dermatoglyphic characteristics [13]. Could it, 

therefore, be that the intellect of an individual 

can be represented in the fingers and palms? 

Of concern, despite the available studies 

correlating academic capabilities with 

dermatoglyphics, no study to the best of our 

knowledge has been conducted in Nigeria. 

The aim of this study is to explore the 

relationship between finger and palm 

dermatoglyphic and academic performance. 

2. MATERIALS AND METHODS 

2.1. Study Area: Ambrose Alli University 

Primary School, is situated between Ujoelen 

extension and Alli Square Road about in 

Ekpoma. Ekpoma is the administrative head 

quarters of Esan West Local Government 

Area, Edo State, Nigeria. The Local 

Government Area is located approximately on 

longitude 8°5’ East of the Greenwich 

meridian and latitude 7°23’ North of the 

equator. Ekpoma occupies an area of 502km2 

and has a population of over 125,842 [26]. 

Ekpoma is host to several public and private 

institutions including the state owned 

University, Ambrose Alli University. It is also 

a home to multi-ethnic nationalities 

predominantly the Esan, Benin, Igbo, Hausas, 

Yoruba and people from other neighbouring 

communities. The inhabitants are mostly 

farmers, traders, public servants and students. 

2.2. Sample population: The subjects for the 

study were 40 primary school pupils of the 

Ambrose Alli University, Ekpoma. Purposive 

sampling approach was applied in the 

selection of 5 each of best and poor 

performing pupils from classes 3 to 6. 

Ambrose Alli University Primary School is a 

mixed school with pupils population of over 

900. The male to female ratio is 1.2:1.2.3. 

Inclusion criteria: Participants included male 

and female primary school pupils between the 

ages of 6 and 13. 

2.4. Exclusion criteria: Participants who 

gave consent and had any distortions of 

fingers and palm or infected hand as well as 

wounds on fingers and palms prompting scars 

were excluded. 

2.5. Ethical consideration: Before the study, 

an informed consent statement was fully 

explained and written consent was obtained 

from the management of Ambrose Alli 

University Primary School, Ekpoma. Head of 

classes were then informed by the 

management and their consent was also 

obtained. Participants’ parents or guidance 

were now properly informed about the 

objectives, relevance, and purpose of the 

study in writing, and they were assured about 

the confidentiality of the data. 

2.6. Academic performance: The average 

scores for three consecutive term 

examinations were calculated for each student 

and stratified into high (70% - 100%) or low 

(less than 35%). The relationship between a 

student’s academic score and dermatoglyphic 

patterns was then explored using relevant 

statistics. 20 each of high and poor academic 

performance pupils were recruited from class 

3 to 6 into the study after evaluating their 

report cards for three consecutive terms. 

2.7. Sample collection: Fingerprint patterns 

were studied on the 10 fingers using a stamp 

ink and white A4 sheets as documented in 
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Offei et al. [1] with some modification. 

Briefly, the stamp ink was applied to the pulp 

area of each finger, which was then pressed on 

the white A4 sheets. Each finger was done one 

after another and labeled accordingly due to 

the opposing orientation of the thumb.  

Numbering of the digit was done from thumb 

to little finger. 

Right and left palm pictures were obtained 

using a mobile camera with 20mp resolution. 

Briefly, participant's palms were clean, dried, 

and gently placed side by side for clear palm 

prints presenting all the ridges and tri-radiate. 

Pictures were printed on A4 plain papers and 

for purpose of confidentiality, identifying 

codes were used to keep participants’ privacy, 

and the age and sex of the participants and 

sides of the palms were recorded. 

2.8. Sample analysis: Fingerprints were 

studied with the help of a magnifying lens by 

grouping into the three basic pattern types as 

distinguished by Galton[14] to be whorl, loop, 

and arch. Arch pattern ridges enter from one 

side, traverse a pattern area, from a curve and 

leave from the other side. Loop ridges enter 

on one side of the digit, recurve abruptly and 

leave the pattern area on the same side. The 

Whorl is the complex pattern defined as any 

ridge configuration with two or more tri-radii 

(see figure 1). 

Palm prints were analyzed using the number 

of Primary creases, Intersection of primary 

creases, and Complete transverse crease (PIC) 

criteria as in Mekbeb[15] as in figure 2. 

Abnormal creases were identified based on 

the relationships between the PTC and DTC, 

as Simian, Sydney, and Suwon creases (see 

figure 3). According to the manner of origins 

of the three primary creases on the radial side 

of the palm, creases were classified into one, 

two, or three points of origin [16, 17]. If both 

palms have the same PIC profile, it was 

termed symmetry otherwise it was labeled 

asymmetry. Furthermore, each of the three 

major creases was studied in detail for any 

variants and was classified according to Park 

et al.[18] as branched, forked, accessory, 

broken, or cascade. Identifications of palmar 

creases were done on both right and left hands 

(see figure 4) 

2.9. Statistics: The obtained data were 

entered into MS Excel and analyzed using 

statistical tools from Statistical Package for 

Social Sciences (SPSS) version 21.0. The 

results were compared between high and low 

academic performance pupils using Chi-

Square and Student’s t-test analysis where 

applicable. The critical value for statistical 

significance was set at 0.05. 

3. RESULTS 

The studied pupil comprises of 20 each of 

high and poor academic performance 

determined from their three years previous 

results. They were sampled from primary 3 to 

6 and five pupils each were sampled from 

each class for the study. The mean ages of the 

pupils with high and poor academic 

performance were 9.60±1.47 years and 

9.50±1.50 years respectively. The high-

performance group comprises 12 girls and 8 

boys while the poor performance was 10 each 

of boys and girls. 

Table 3.1 is a comparative table of the various 

fingerprints patterns between high and poor 

academic performance pupils in the right and 

left hands. Fingerprint patterns show 

significant differences with academic 

performance in the right index, left index, and 

ring fingers. Specifically, pupils with high 

academic performance are more likely to 

present with whorl in their right (X2 = 8.023; 



AAUJMR Volume 1, Issue 1, June 2022  23 
 

P<0.05) and left (X2 = 4.250; P<0.05) index 

fingers as well as the left ring finger (X2 = 

4.250; P<0.05). On the other hand, the pupils 

with poor academic performance were more 

likely to present with loop fingerprints in both 

fingers of the palm. 

  
Figure 1. Patterns of fingertips 

 

 
Figure 2. PIC determination of the palms 

Where DTC: distal longitudinal crease; PTC: proximal longitudinal crease; RLC: radial longitudinal crease 

 

 
Figure 3. Abnormal palmar creases 

Where (a) Simian crease, PTC and DTC have fused and spans the entire width of the palm; (b)Sydney crease, PTC 

crosses the entire width of the palm to near the ulnar border; and (c) Suwon crease, an extended DTC that spans the 

entire width of the palm. 

 

 
Figure 4. Variants of palm creases 

Arrow in “a” shows the accessory crease of the RLC. In “b” big and small arrows show, respectively broken DTC and 

forked PTC, while arrowheads show branches of RLC; c: the cascade of DTC (arrows); d: middle finger crease (arrows) 

and branched RLC (arrowhead). 
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Table 3.1. Comparative table of the various fingerprints patterns between high and poor 

academic performing pupils 

 

Hand 

 

Prints 

Finger 

Thumb Index Middle Ring Little 

High Poor High Poor High Poor High Poor High Poor 

 

 

Right 

Arch 

Loop 

Whorl 

3 

6 

11 

3 

12 

5 

4 

6 

10 

5 

13 

2 

2 

13 

5 

5 

13 

2 

2 

12 

6 

3 

12 

5 

4 

12 

4 

2 

17 

1 

X2; p-

value 

4.250 

p>0.05 

8.023 

P<0.05 

2.571 

p>0.05 

0.291 

p>0.05 

3.329 

p>0.05 

 

 

Left 

Arch 

Loop 

Whorl 

3 

7 

10 

6 

10 

4 

6 

3 

11 

9 

8 

3 

6 

8 

6 

5 

13 

2 

2 

8 

10 

1 

16 

3 

5 

13 

2 

3 

16 

1 

X2; p-

value 

4.101 

p>0.05 

4.250 

P<0.05 

3.281 

p>0.05 

4.250 

P<0.05 

4.250 

p>0.05 

Table 3.2.Right-hand comparative table of gender differences in the various fingerprints 

patterns between high and poor academic performing pupils 

 

Finger 

 

Gender 

High performance Poor performance  

X2 

p-value 

Arch Loop Whorl Arch Loop Whorl 

Thumb M 

F 

0 

3 

3 

3 

5 

6 

1 

2 

8 

4 

1 

4 

5.789 

0.566 

0.055 

0.754 

Index M 

F 

1 

3 

3 

3 

4 

6 

2 

3 

7 

6 

1 

1 

3.555 

4.426 

0.169 

0.109 

Middle M 

F 

0 

2 

6 

7 

2 

3 

2 

3 

7 

6 

1 

1 

2.215 

1.104 

0.330 

0.576 

Ring M 

F 

0 

2 

7 

5 

1 

5 

1 

2 

6 

6 

3 

2 

1.878 

1.205 

0.391 

0.548 

Little M 

F 

1 

3 

6 

6 

1 

3 

0 

2 

10 

7 

0 

1 

2.812 

1.104 

0.245 

0.576 
Where M = male and F = female 

Table 3.3. Left-hand comparative table of gender differences in the various fingerprints 

patterns between high and poor academic performing pupils 

 

Finger 

 

Gender 

High performance Poor performance  

X2 

p-value 

Arch Loop Whorl Arch Loop Whorl 

Thumb M 

F 

0 

3 

4 

3 

4 

6 

2 

4 

6 

4 

2 

2 

2.880 

2.121 

0.237 

0.346 

Index M 

F 

2 

4 

2 

1 

4 

7 

3 

6 

4 

4 

3 

0 

0.797 

9.093 

0.671 

0.011 

Middle M 

F 

1 

5 

5 

3 

2 

4 

3 

2 

6 

7 

1 

1 

1.217 

4.541 

0.544 

0.103 

Ring M 

F 

0 

2 

5 

3 

3 

7 

0 

1 

8 

8 

2 

1 

0.678 

6.982 

0.410 

0.030 

Little M 

F 

0 

5 

7 

6 

1 

1 

0 

3 

10 

6 

0 

1 

1.324 

0.321 

0.250 

0.852 
Where M = male and F = female 
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Table 3.4. Comparative table of the palm prints patterns according to PIC between high and 

poor academic performing pupils 

Hand PIC High 

performance 

Poor 

performance 

X2 p-valve 

Right 200 

300 

310 

311 

2 

8 

8 

2 

0 

8 

12 

0 

4.800 0.187 

P>0.05 

 

 

 

Left 300 

310 

8 

12 

2 

18 

4.800 0.028 

P<0.05 

 

Tables 3.2 and 3.3 present right and left hands 

comparative table of gender differences in the 

various fingerprints patterns between high and 

poor academic performance pupils 

respectively. There was no significant 

difference (p>0.05) in the right hand with the 

various fingerprints patterns with academic 

performance between gender. On the left 

hand, however, females with high academic 

performance are more likely to present with 

whorl in the index (X2 = 9.093; p<0.05) and 

ring (X2 = 6.982; p<0.05) fingers compared 

with the female with poor academic 

performance. 

Table 3.4 presents a comparative table of the 

palm prints patterns according to the PIC 

profile between high and poor academic 

performance pupils in the right and left palm. 

The predominant occurring PIC profiles in the 

right hand were 300 and 310 PIC in both 

pupils with high and poor academic 

performance. The 200 and 311 PIC profiles 

were absent in the right hand of pupils with 

poor academic performance. Chi-square 

analysis revealed no relationship between 

right-hand PIC profile with academic 

performance. The predominantly occurring 

PIC profile in the left hand was the 310 PIC 

for both pupils with high and poor academic 

performance; however, the 300 PIC is more 

likely to occur in the left hand of pupils with 

high academic performance. Chi-square 

analysis revealed a statistically significant and 

the relationship between left-hand 300 PIC 

profile with high academic performance (X2 = 

4.800, p = 0.028; P<0.05). 

Figure 3.1 represents a bar chart of the 

distribution of PIC symmetry in both palms 

amongst high and poor academic performance 

pupils. Chi-square analysis revealed no 

relationship in PIC symmetry in both palms 

with academic performance. 

Table 5 presents the gender differences in 

palm prints PIC patterns between high and 

poor academic performing pupils. There was 

no significant difference (p>0.05) between 

academic performance and the various palm 

prints PIC patterns in the right hand of both 

male and female as well as in the left hand of 

female pupils. However, males with high 

academic performance were more likely to 

present with the 300 PIC pattern in the left 

hand (X2 = 4.500; p = 0.034; p<0.05). 

Table 3.6 presents a comparative table on 

points of origin of palm prints PIC in the right 

and left palms between high and poor 

academic performing pupils. There was no 

relationship in points of origin of palm prints 

PIC in the right palm with academic 

performance. However, pupils with high 
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academic performance are more likely to 

present 3 points of origin in the left palm and 

Chi-square analysis revealed a statistical 

relationship (4.800; p = 0.028, p<0.05). 

 

 

Figure 5.A bar chart showing the distribution of PIC symmetry amongst high and poor 

academic performing pupils. 

 

Table 3.5. Comparative table of gender differences in palm prints PIC patterns between high 

and poor academic performing pupils 

  Right hand Left hand 

 

Gender 

PIC High Poor X2 p-

valve 

High Poor X2 p-

valve 

Male 300 

310 

311 

2 

4 

2 

5 

5 

0 

3.214 0.200 

p>0.05 

3 

5 

0 

0 

10 

0 

4.500 0.034 

P<0.05 

Female 200 

300 

310 

2 

6 

4 

0 

3 

7 

3.667 0.160 

p>0.05 

0 

5 

7 

0 

2 

8 

1.180 0.277 

p>0.05 

 

Table 3.6. Comparative table on points of origin of palm prints between high and poor 

academic performing pupils 

Hand Points of 

origin 

High 

performance 

Poor 

performance 

X2 p-valve 

Right 2 

3 

12 

8 

14 

6 

0.440 0.507 

p>0.05 

Left 2 

3 

12 

8 

18 

2 

4.800 0.028 

P<0.05 

 

Figure 6 represents a bar of the distribution of 

point of origin of palm prints symmetry in 

both palms amongst high and poor academic 

performing pupils. Although pupils with poor 

academic performance were more likely to 

present symmetrical points of origin, Chi-
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square analysis revealed no statistical 

relationship. 

Table 3.7 presents gender differences in palm 

prints point of origin between high and poor 

academic performing pupils. Palm print's 

points of origin showed no relationship 

between gender and academic performance in 

the right hand of both male and female pupils 

and the left hand of female pupils. However, 

Chi-square analysis revealed a statistical 

relationship (X2 = 4.500; p = 0.034; p<0.05) 

between male left-hand points of origin and 

academic performance as males with high 

academic performance were more likely to 

present with 3 points of origins in the left 

palm. 

Table 3.8 compares the various primary palm 

prints variants with academic performance. 

Although Chi-square analysis revealed no 

statistical relationship between academic 

performance and primary palm prints variants, 

variants in the primary palm prints are more 

likely to occur in pupils with high academic 

performance except in the right hand PLC and 

left hand RTC. 

4. DISCUSSION 

Studies investigating the correlation of finger 

and palm dermatoglyphics analysis with other 

phenotypic features and diseases are 

increasing lately. Analysis of the fingerprint 

patterns from this study showed the whorl and 

loop patterns were the most commonly 

occurring pattern in pupils with high and poor 

academic performance respectively.  

   

Figure 6. A bar chart showing the distribution of point of origin of palm prints symmetry amongst high 

and poor academic performing pupils. 

 

Table 3.7.Comparative table of gender differences in palm prints point of origin between high and poor 

academic performing pupils 

  Right hand Left hand 

 

Gender 

Point of 

origin 

High Poor X2 p-valve High Poor X2 p-valve 

Male 2 

3 

6 

2 

7 

3 

0.055 0.814 

p>0.05 

5 

3 

10 

0 

4.500 0.034 

P<0.05 

Female 2 

3 

6 

6 

7 

3 

0.903 0.342 

p>0.05 

7 

5 

8 

2 

1.180 0.277 

p>0.05 
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Table 3.8. Comparative table on the various primary palm prints variants between high and 

poor academic performing pupils 

 

 

Crease  

 Right hand Left hand 

PIC High Poor X2 p-

valve 

High Poor X2 p-

valve 

DLC Non-variant 

Broken 

Branched 

Cascade 

Forked  

7 

3 

2 

3 

5 

9 

2 

1 

3 

5 

 

 

0.783 

 

 

0.941 

p>0.05 

7 

5 

2 

3 

3 

10 

3 

2 

2 

3 

 

 

1.229 

 

 

0.873 

p>0.05 

PLC Non-variant 

Accessory  

Broken 

Branched 

Cascade 

Forked 

5 

0 

2 

12 

0 

1 

3 

0 

2 

12 

2 

1 

 

 

2.500 

 

 

0.645 

p>0.05 

4 

1 

0 

12 

0 

3 

7 

1 

2 

7 

1 

2 

 

 

5.334 

 

 

0.376 

p>0.05 

RTC Non-variant 

Accessory 

Broken 

Branched 

Cascade 

Forked 

4 

4 

2 

3 

2 

5 

6 

7 

1 

2 

3 

1 

 

 

4.618 

 

 

0.464 

p>0.05 

3 

7 

1 

1 

1 

7 

1 

2 

6 

3 

3 

5 

 

 

9.683 

 

 

0.085 

p>0.05 

 

However, primary school pupils with high 

academic performance were significantly 

more likely to have whorl in the right-hand 

index finger, left-hand index, and ring fingers 

compared with those of poor academic 

performance with loop prevalence in the 

fingers of both hands. These findings suggest 

an association between academic performance 

and fingerprint patterns. This suggestion 

agrees with the report by Offei et al.[1] who 

demonstrated a striking relationship between 

dermatoglyphic pattern and student learning 

capability in a normal population of students 

in a Ghanaian Secondary School. 

In line with the observed presence of the 

whorl fingerprint pattern in pupils with high 

academic performance, Parker [19] had 

reported a statistically significant amount of 

whorl in individuals with higher than normal 

(I.Q 110-129) and normal (I.Q 90-109) 

intellectual ranges compared to individuals 

with below-normal intellectual ranges (70-89). 

In a study among male Vietnamese students, 

higher IQ was shown to correlates with the 

presence of whorls on the right thumb, 

forefingers, and loops on left forefingers and 

in female Thai students, whorls on left thumb, 

right thumb, and loop on left forefingers and 

right fore fingers[20]. Also, the study by Offei 

et al.[1] reported the central pocket loop whorl 

on any finger relates significantly to better 

academic performances of students 

(p<0.0001) compared to the other patterns. 

However, Nayak et al [21] reported the whorl 

pattern correlates with low or average scoring 

groups as against the ulnar loop pattern among 

higher scores and better learning 

methodologies among undergraduate medical 

students belonging to three different 

Malaysian ethnic races. Another study among 

adolescents has also documented the loop 
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pattern of fingerprints on any finger correlates 

significantly with better IQ [22].This 

contradicting report by Nayak et al.[21] and 

Najafi [22] indicates that the association of 

academic performance with dermatoglyphic 

patterns may vary with geographical 

distribution. 

The most prevalent palm print patterns 

observed in both hands in this study were the 

300 PIC and 310 PIC. Interestingly, the 200 

PIC and 311 PIC were absent in the right hand 

of pupils with poor academic performance. 

There was no significant relationship in the 

different PIC patterns in the right hand. 

However, in the left hand, the pupils with high 

academic performance were more likely to 

present the 300 PIC as against the 310 PIC 

among pupils with poor academic 

performance and there was a statistically 

significant relationship (X2 = 4.800; p = 

0.028; p<0.05) which was also observed to be 

significant in the male (X2 = 4.500; p = 0.034; 

p<0.05). The dominance of 300PIC and 

310PIC in this study agrees with the study in 

China population by Wu et al. [23] and Fang et 

al. [24] and in Ghanaian population in a study 

by Offei et al. [21]. In agreement with the 

present findings, the study by Ba-Etilayoo and 

Osabutey [25] showed a statistically significant 

(p < 0.05) association between academic 

status and PIC patterns on the left hand and 

reported participants with PIC 300, 310, and 

311 were more likely to be lower academic 

achievers. 

There was no significant relationship or 

difference between the academic 

performances of students with symmetrical 

palm prints and those with asymmetrical palm 

prints in the present study. However, the study 

by Offei et al. [1] showed students with 

symmetrical palm prints are three times likely 

to obtain high scores than their asymmetrical 

counterparts. Offer et al. [1] also concluded 

that functional asymmetry is not absolute as 

the degree may be associated with the 

individual’s inherent ability. Although there 

was no significant difference in the primary 

crease variant, pupils with high academic 

performance were more likely to present DLC 

and RTC variants as compared to the higher 

PLC variant in pupils with poor academic 

performance.  

5. CONCLUSION 

The study has demonstrated an association 

between the dermatoglyphic patterns observed 

on the fingers and palms and student’s 

academic performance with gender also 

contributing to the correlation. From findings, 

students with the whorl fingerprints in the 

right index left index, and ring fingers 

performed better than those with other finger 

prints. Also, the presence of the 300PIC 

especially in the left hand is a determinant of 

high academic performance. The results of the 

present study could serve as an accessory 

method that can be applied for educational 

performance evaluation, screening, and 

helping pupils with difficulty in learning. For 

this reason, there is a need to explore the 

dermatoglyphic patterns of individuals for the 

determination of academic achievement and 

attainment. 
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ABSTRACT 
 

Antimicrobial self-medication (ASM) has triggered a major global health crisis due to the associated risk of 

antimicrobial drug resistance. There is a high prevalence of ASM in low and middle-income countries including 

Nigeria, hence the review was undertaken to evaluate its impact and consequences. The study entails a systematic 

review of 18 research articles on antimicrobial self-medication in Nigeria using search engines such as Google 

Scholar, Medline, Hinari, PubMed, Ebsco host, Embase, and Scopus. A two-stage approach was used in selecting 

the articles using specifically defined inclusion and exclusion criteria. A schematic flow-chart was developed as 

recommended by the Prisma statement on conducting systematic reviews and meta-analysis and results were 

presented as proportions in tables and charts. The review showed that the prevalence of ASM in Nigeria was 51.4% 

with antimicrobials such as amoxicillin + clavulanic acid (66.7%), ampicillin + cloxacillin (55.6%), ampicillin 

(44.4%), metronidazole (27.8%), and ciprofloxacin (27.8%) topping the list as the most frequently misused 

antimicrobials in Nigeria. The burden of antimicrobial self-medication is high and it may have a grave impact on 

healthcare delivery both in Nigeria and globally. The adoption of a multi-sectoral approach as a public health 

intervention strategy will greatly help in mitigating the emerging risk of ASM in the country. 
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1. INTRODUCTION 

Antimicrobial self-medication (ASM) has 

become a global phenomenon. Studies have 

shown that the global prevalence of 

antimicrobial self-medication ranges from 4-

45% [1,2,3]. However, data from low-and-

middle-income countries (LMICs) shows a 

prevalence of 38.8%.2 Self-medication is 

defined as the use of medicines for the 

treatment of self-diagnosed illnesses or 

symptoms of diseases [2,4,5]. Studies have 

shown that ASM is one of the major risk 

factors for the emergence of antimicrobial 

drug resistance [2,5,6]. Antimicrobials are 

chemical substances produced naturally 

from microbial components or synthesized 

as chemicals. At low concentrations, these 

chemical agents can inhibit the growth of 

microorganisms or kill microorganisms. 

They, however, undergo transmissible loss 

of efficacy following repeated use over time 
[1,7,8]. Once an antimicrobial is administered 

and is not able to effectively inhibit the 

growth of an organism, antimicrobial 

resistance is said to have occurred[1]. 

Several factors have been identified as 

contributory factors to self-medication and 

misuse or overuse of antimicrobials, chief 

among which are; lack of knowledge about 

the risk of self-medication, low 

socioeconomic status, widespread 

availability of antimicrobials in patent and 

propriety medicine vendor stores (PPMVs), 

and other drug retail outlets, and high cost of 

healthcare delivery in resource-poor 

setting[2, 5]. 

Additionally, with the increased global 

prevalence of antimicrobial self-medication 

as well as inappropriate use of antimicrobial 

agents, the burden of antimicrobial drug 

resistance is likely to persist if nothing is 

done to stem the tide. This ugly trend has 

been projected to cause the occurrence of 

over 10 million deaths from antimicrobial 

resistance globally by the year 2050 [1]. 

mailto:osedeignis@gmail.com
https://orcid.org/0000-0001-9518-4479
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The present review, stands to provide the 

platform to stay a step ahead by providing a 

targeted multi-sectoral approach that can 

help to solve this hydra-headed problem as 

well as stem the tide of inappropriate 

antimicrobial drug use in Nigeria, while still 

relying heavily on the development of novel 

antimicrobial agents by pharmaceutical 

companies 

2. MATERIALS AND METHODS 

The study entails a systematic review of 18 

research articles on antimicrobial self-

medication using search engines such as 

Google Scholar, Pub Med, Medline, Hinari, 

Ebscohost, Embase, and Scopus. Medical 

subject headings (MSH) such as 

‘antimicrobials and self-medication’ were 

used for the search. The initial search 

generated 34 articles which were later 

pruned to 18 articles using specific inclusion 

and exclusion criteria. Inclusion criteria used 

include articles on antimicrobial self-

medication in Nigeria between 2000-2021, 

articles written in the English language, and 

articles with a focus on factors associated 

with antimicrobial resistance in Nigeria. All 

articles outside the scope of the study and 

which were not written in the English 

language were excluded from the study. A 

flow chart diagram (Figure 1) was used in 

the schematic analysis of the systematic 

review as suggested by the Prisma statement 

for conducting systematic reviews and meta-

analysis as indicated on the website 

http://prisma-

statement.org/prismastatement/Checklist.asp

x.  Analysis was done using proportions, 

tables, and charts. 

 

 

Figure 1: Schematic flow diagram showing article search 

3. RESULTS 

Of the 18 articles analyzed (consisting of 

8,012 participants, of which 3,892 (48.6%) 

were undergraduate students in various 

institutions across the country), 10 (55.6%) 

of the studies were from Southern Nigeria 

while 8 (44.4%) were from Northern 

Nigeria. Based on the review, the overall 

prevalence of ASM in Nigeria was 51.4%. 

The majority of the report 17 (94.4%) 

showed a preponderance of antibiotic self-

medication while 1 study (5.6%) focused on 

anti-malarial self-medication among 

postpartum mothers (Table 1). 

Antimicrobials commonly involved in self-

medication practice in the population 

include amoxicillin + clavulanic acid 

(66.7%), ampicillin + cloxacillin (55.6%), 

metronidazole (27.8%), ciprofloxacin 
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(27.8%), and tetracycline (16.7%). 

Perceived medical conditions commonly 

implicated in the practice of antimicrobial 

self-medication in Nigeria include fever 

(66.7%), diarrhea (38.9%), ENT infections 

(33.3%), and malaria (22.2%).

Table 1: Summary of reviewed articles 

Research article Study type Key findings 

Omolase et al.9 Cross-sectional 

(N=200) 

There was 85% response rate. Drugs commonly implicated 

in self-medication include antimalarials (15.9%), 

antimalarial+analgesics (22.4%), antimalarial+antibiotics 

(15.3%), and antibiotics +analgesics (10%). Reasons for 

self-medication includes perception of symptoms as minor 

(54.7%), and financial constrain (22.4%). 

Tobin et al.10 Cross-sectional 

(N=800) 

The prevalence of ASM was 374 (46.8%). Antimicrobials 

implicated include ampicillin + cloxacillin (31.3%), and 

amoxicillin (24.8%). Reasons for practicing ASM include 

easy access to drugs in drug retail outlets. The medical 

condition commonly implicated includes RTI’s (27.2%). 

Being elderly and being widowed and divorced were 

significantly associated with the practice of ASM. 

Sapkota et al.11 Cross-sectional 

(N=708) 

The response rate was 95.4%. 24% reported the practice of 

ASM (95% CI: 21-27%). Factors associated with the 

practice of ASM were a low level of education, heavy 

menstrual bleeding, and perceived non-severe illnesses. 

Ampicillin, tetracycline, ciprofloxacin, and metronidazole 

were the most frequently used antimicrobials. 

Antimicrobials for self-medication were most commonly 

obtained from the chemist and pharmacy 

Khalid et al.12 Cross-sectional 

(N=217) 

The response rate was 100%. The prevalence of ASM was 

92.2%. Reasons for practicing ASM include previous 

knowledge about medications (40.4%) and no time to see 

the doctor (27.5%). Drugs commonly implicated in ASM 

include amoxicillin(32.6%), amoxicillin + clavulanic acid 

(21.7%), and ciprofloxacin (22.6%). Medical conditions 

commonly treated include RTIs, diarrhea disease, typhoid, 

and wound infection. PPMV’s and community pharmacy 

shops were the most common sources of antimicrobials.  

Ajibola et al.13 Cross-sectional 

(N=1,230) 

The response rate was 84.8%. The prevalence of ASM was 

43% among undergraduate students and 26% among 

community members. Local chemist stores and pharmacies 

(48.4%) were the main sources of medication. 

Antimicrobials commonly used include 

metronidazole(18%), amoxicillin + clavulanic acid 

(16.8%), ampicillin +cloxacillin (14.8%), cotrimoxazole 

(12%), and tetracycline (11%). Reasons for practicing self-

medication include long delays in the hospital (46%, 35%), 

cheaper medications (26%, 19%), and distance to the 

hospital (15%, 21%)  



AAUJMR Volume 1, Issue 1, June 2022  34 
 

Iribhogbe and 

Odoya 5 

 

Cross-sectional 

(N=150) 

 

The prevalence of antimalarial self-medication among 

postpartum mothers for themselves and their newborns 

was 42.7% and 22.7% respectively. Reasons adduced for 

such practice is that malaria is expensive to treat (24.7%). 

Artemether + lumefantrine combination were the most 

commonly used drug for self-medication 

Esan et al.14 Cross-sectional 

(N=384) 

The prevalence of antibiotic self-medication was 10.5% 

while that of antimalarial self-medication was 33%. 

Reasons for practicing ASM were the unfriendly attitude 

of health workers (27.7%), lack of time to go to the clinic 

(26.7%), and far distance of clinic/hospital from the place 

of residence (15.3%) 

 

 
Figure 2: Drugs commonly implicated in self-medication practice in Nigeria 

Keys: Antimal=antimalarials, Antimal/Atb=antimalarial+antibiotic, Atb+analg=antibiotic+analgesic, 

Ampic+clox=ampicillin+cloxacillin, Amoxl+Cla=Amoxicillin+clavulanic acid, Metron=metronidazole, 

Cirpflox=ciprofloxacin. 

 

Figure 3: Perceived medical conditions commonly treated during the practice of 

antimicrobial self-medication 
Keys: URTI=upper respiratory tract infections, Abd=abdominal, ENT=ear, nose and throat. 



AAUJMR Volume 1, Issue 1, June 2022  35 
 

4. DISCUSSION 

The practice of ASM is a common 

occurrence in low-and-middle-income 

countries. Analysis of data from over 31,000 

participants from previous studies has 

shown a prevalence of 38.8% (95% CI: 

29.5-48.1%) [2]. Similarly, findings from the 

present report have shown an overall 

prevalence of 51.4% in Nigeria which is in 

tandem with other reports emerging from 

Nigeria and other sub-Saharan countries 
[2,5,10,15]. Additionally, the high 

preponderance of non-prescription drug use 

of antimicrobials as shown by other 

systematic reviews is associated with the 

practice of ASM and other risk factors such 

as non-compliance with appropriate dosing 

schedule, inappropriate drug use, sharing of 

previous prescriptions, and use of left-over 

drugs [2,5,16,17]. This is consistent with reports 

from the present review which shows that 

self-medication was associated with the use 

of left-over drugs, old prescriptions, 

prescriptions from friends and family 

members, and easy access to antimicrobials 

from drug retail outlets and pharmacy shops. 

These findings suggest that in Nigeria, 

antimicrobials which are prescription-only 

medications are sold as non-prescription 

drugs due to the lack of regulation of its 

sales making the drugs readily available for 

public consumption. 

The majority of the studies have reported 

respiratory tract infections, gastrointestinal 

symptoms, ENT infections, and malaria as 

the various illnesses associated with the 

practice of ASM [9,10,12-13]. Additionally, the 

present finding is also in keeping with 

available reports that show that 

antimicrobials and antimalaria agents were 

the most common agents involved in self-

medication practice in the population. 

Antibacterial agents such as ampicillin, 

amoxicillin + clavulanic acid, tetracycline, 

penicillin, metronidazole, ciprofloxacin, 

kanamycin, and ceftriaxone were commonly 

reported while antimalarials such as 

chloroquine, sulfadoxine + pyrimethamine, 

artemether + lumefantrine, and quinine were 

agents mostly implicated in self-medication 

practice in most low-and-middle-income 

countries [2,5,18]. 

From the available reports, the practice of 

ASM has also been attributed to the 

perception of illnesses as being mild to 

moderate, high cost of healthcare delivery, 

negative attitude of healthcare workers, lack 

of time to access the clinic/hospital, the 

distance of clinic/hospital from the area of 

residence and lack of adequate knowledge 

about the risk of self-medication. The 

majority of the studies also reported drug 

retail outlets, pharmacy shops, left-over 

drugs, gifts from friends and loved ones, and 

clinic/hospitals workers as their main 

sources of drug supply [5,10,13,14,19-20]. 

The practice of ASM has several 

implications for the healthcare system. The 

commonly reported negative outcome of 

self-medication includes increased incidence 

of adverse drug reactions, lack of resolution 

of ailments, delay in recovery from illnesses, 

and increased mortality from infectious 

diseases [6,21-23]. Moreover, the poor 

healthcare system in LMICs has been 

identified as one of the key factors 

promoting ASM in sub-Saharan Africa.2. 

This is further complicated by the lack of 

regulatory supervision of over-the-counter 

sales of prescription-only drugs as is 

obtainable in other developed countries of 

the world. Furthermore, striking a balance 

between individuals who truly need the 

drugs due to their infectious disease status 

and those who do not have the infectious 

disease is a major challenge that requires 
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attention in Nigeria; this is due to the high 

burden of infectious diseases in resource-

poor settings [2,5,6,10,13]. Moreover, the 

practice of ASM is influenced by the fact 

that in LMICs patients can purchase drugs 

without being regulated [2]. Also, 

antimicrobial misuse can also create 

problems such as skin reactions, severe 

allergies, and other forms of hypersensitivity 

reactions [6,21-23]. Moreover, health care 

expenditure involving the treatment of 

antimicrobial drug resistance has increased 

in most countries including Nigeria due to 

the practice of ASM [5]. 

Studies have shown that in a vast majority of 

cases the emergence of antimicrobial drug 

resistance stems from irrational drug use, 

misuse, and overuse of antimicrobial 

medications with the practice of ASM being 

the most prevalent cause [8,23-25]. This, 

coupled with ignorance, lack of knowledge 

about the appropriate course of 

antimicrobials and their dosage limit are the 

major contributory factors to irrational drug 

use and the incorrect treatment of medical 

conditions [2,3,7-8,15]. Studies have also shown 

that patients who perceive their illness as 

being mild to moderate are less likely to 

visit healthcare professionals for appropriate 

treatment of their medical condition [6]. 

The approach towards the prevention and 

control of ASM should be multi-sectoral. 

Steps should be taken to cut across all levels 

of the society both at the individual, 

community, governmental, non-

governmental, healthcare professionals, and 

pharmaceutical industries [2,8]. At the 

individual level of prevention, the use of 

antimicrobials as prescription-only 

medications should be encouraged. Also, all 

efforts should be geared towards 

discouraging the practice of ASM through 

public enlightenment campaigns. The 

campaigns should capture the 

discouragement of the use of left-over 

antimicrobials, the encouragement of 

compliance with prescribed medications, 

and the promotion of personal and 

environmental hygiene in communities. 

Community leaders should work in 

conjunction with governmental and non-

governmental agencies to ensure the 

successful implementation of appropriate 

drug regulation policies that will promote 

the use of prescription-only medications [5,8]. 

Furthermore, a robust platform should be 

created to strengthen existing regulatory 

policies and preventive programmes. Also, a 

platform should be created to foster 

adequate information dissemination about 

the dangers of inappropriate antimicrobial 

utilization [8]. Healthcare professionals 

should ensure that they prescribe 

antimicrobials only when needed within the 

context of strict regulatory guidelines. They 

should also play a pivotal role in educating 

patients on the correct use of antimicrobials. 

Patients should also be educated about 

disease prevention through vaccination and 

good personal and environmental hygiene. 

Healthcare industries in Nigeria should 

continue to engage in research for the 

development of novel antimicrobials, 

vaccines, and new diagnostic techniques 
[5,8,25]. 

This multi-sectoral approach is embedded in 

the WHO global action plan which focuses 

on several strategic areas, one of which is to 

improve the awareness and understanding 

about antimicrobials, as well as strengthen 

the optimizing of the use of antimicrobial 

agents in the population [8]. This approach is 

being driven by several key initiatives such 

as world antimicrobial awareness week, 

global antimicrobial resistance surveillance 

system, global antimicrobial research, and 

development partnership as well as 

interagency coordination groups on 

antimicrobial drug use and resistance [8,26]. 
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5. CONCLUSION 

The systematic review has shown a high 

prevalence of ASM as well as highlighted 

key determinants of its practice in Nigeria. 

A multisectoral approach has been 

recommended as a reliable public health 

intervention strategy that can help in 

mitigating the practice of ASM and its 

attendant risk to the population both in 

Nigeria and other regions of the world. 
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ABSTRACT 
 

This study investigates the effect of Garcinia kola (G. kola) seed on some serum oxidative stress and anabolic-

catabolic biological markers in rat model. Daily varying doses of crude G. kola seed (1000mg/kg (group B), 

1200mg/kg (group C) and 1400mg/kg (group D)) was mixed with feed of rats (180-200g) while the control (group 

A) had feed only. At the end of seven days on these diets, blood sample was obtained for estimation of serum 

protein, Malondialdehyde-MDA, Superoxide dismutase-SOD, and Catalase-CAT, testosterone and cortisol. The data 

were subjected to statistical analysis (ANOVA) and LSD post-hoc test at p<0.05 using SPSS (version 20). The 

results revealed increased body weight (p>0.05), dose dependent increased in serum CAT (220.04±21.19; 

342.29±29.95; 456.48±31.33l and 485.04±32.47 U/mg protein), SOD (17.00±2.17; 20.19±2.17; 26.24±1.59; 

33.67±3.85 U/mg protein) and testosterone (4.12±0.77; 5.52±1.12; 5.96±01.07; 6.48±1.35 ng/ml) by graded doses of 

G. kola. On the other hand, there was dose dependent non-significant decrease (p>0.05) in serum MDA (4.77±0.47, 

4.02±0.55, 3.62±0.64 and 3.01±0.15 U/ml) and protein (3.45±0.31, 2.90±0.95, 2.83±0.41 and 2.17±0.07 mg/ml) 

levels by graded doses of G. kola. There was dose dependent significant increase in the testosterone-cortisol ratio in 

the 1200mg/kg (0.63±0.07) and 1400mg/kg (0.76±0.04) treated groups compared with the untreated control 

(0.41±0.07). Overall, the anabolic action of G. kola indicated by weight gain is likely via its improvement of serum 

testosterone and antioxidants and mitigation of oxidative stress products in normal rats. 

 

Keywords: Garcinia kola, anabolic-catabolic balance, oxidative stress, antioxidants. 
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1. INTRODUCTION 

Medicinal plants and products have gained 

popularity and there is now increased 

utilization world-wide. Garcinia kola seed (G. 

kola) or “bitter kola” as it is called because of 

its bitter taste, is one that has enjoys folk 

reputation in Africa for its aphrodisiac 

property [1]. Among the Nigerian languages, it 

is called “Miji-goro”, “Akilu or Ugolo” and 

“Orogbo” by the Northern, Eastern and 

Western people of Nigeria respectively. It has 

a long history for the Africa traditional healer 

as it is used as food preservative, poison 

antidote [2], treatment of diarrhea [3], throat and 

bronchi infections [4], cough, purgative, 

parasitic, microbial and viral infections[5-8]. 

Studies have also documented its used in the 

management of liver disorders [3, 9] and sickle 

cell disease[10]. Other studies have shown its 

anti-hepatotoxic[3, 9], anti-inflammatory[11], 

analgesic and hypoglycemic properties [12. 13]. 

G. kola has been reported as a good source of 

natural antioxidant [14, 15] and to contain phyto-

chemical such as phenol, steroids, xanthines, 

benzophenones, tannins, guttiferins and 

saponins, biflavonones and kola-flavonone[16]. 

In mammals, including humans; growth is a 

normal physiological process and is 

influenced by what is ingested. The process of 

growth is accompanied by characteristic 

changes in energy balance [17] which is 

determined by the anabolic and catabolic 

balance; a marker of oxidative stress [18] 

systemic inflammation [19]. Testosterone 

possesses anabolic effects while cortisol 

catabolic effects and thus, the 

mailto:osifocharity@aauekpoma.edu.ng
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testosterone/cortisol ratio have been 

recognized as a good marker for stress and 

metabolism [20]. The need to examine the 

effect of this medicinal plant on energy 

balance cannot be overemphasized. Although 

a number of peptide hormones had been 

shown to influence the components of energy 

balance (food intake, metabolic rate, body 

weight, body temperature, etc.) by having 

either an overall anabolic or catabolic effect 
[21], the effect of medicinal plants like G. kola 

has not been well investigated. Despite its 

traditional uses, beneficial experimental 

findings and rich nutritional content, its effect 

on oxidative stress status of the general 

biological system are still been debated and its 

metabolic influence on testosterone-cortisol 

response have not been extensively 

investigated. The presence of xanthone and 

biflavonoids in the seed [22. 23] and the 

documentation that the seed contain 

antioxidant potentials to improve oxidative 

status [24, 25] justifies evaluation of the plant. 

Thus, the present study investigates the effect 

of graded doses of G. kola on some serum 

biological stress and testosterone-cortisol ratio 

in adult male Wistar rats. 

2. MATERIALS AND METHODS 

Adult male Wistar rats (N=20) of comparable 

weight (180 to 200g) were obtained from 

Animal holding facility of the Department of 

Physiology, Ambrose Alli University, 

Ekpoma. They were transferred to the 

Physiology laboratory II where the 

experiments were conducted. The animals 

were housed in plastic cages (50cm x 35cm x 

25cm) under 12/12hr day light/ night dark 

cycle and allowed 14 days to acclimatize to 

the laboratory conditions before the 

experiments. They were fed ad libitum with 

rat chow and clean water during 

acclimatization and the experiment. Approval 

for the study was obtained from the Ambrose 

Alli University Health Research Ethics 

Committee (assigned number: 34/18) and was 

conducted following Guidelines for Care and 

Use of Laboratory Animals in Biomedical 

Research. 

G. kola seeds were purchased commercially 

from Ekpoma, Edo State, Nigeria. Some of 

the seeds were taken for authentication in the 

herbarium, Forestry Research Institute, 

Ibadan, Nigeria (FRI: 110252). After 

authentication, the testas of the seeds were 

peeled and the seeds were cut into small sizes 

and sun dried. The dried smaller sizes seeds 

were blended into powder, packed in clean 

containers until when used. 

Based on the results of the oral acute 

toxicity[26], the 20 rats were divided into 4 

groups with group 1 as the untreated control 

and groups 2, 3 and 4 as the test groups 

treated with 1000mg/kg, 1200mg/kg and 

1400mg/kg dose of the powder G. kola seed 

respectively. Administration of the G. kola 

seed was as describe by Nwaopara et al. [27] 

and previously documented by Osifo and 

Iyawe[26]. 

Body weight was determined prior to 

treatment and after 7 days of the various 

treatments. Thereafter, the animals were 

euthanized via cervical decapitation and blood 

was collected through the jugular vein into 

plain sample bottles and allowed to clot. The 

clotted blood was centrifuge at 4000rpm for 

10minutes and the serum decanted into new 

sample bottle and freezed until when assays 

were done. 

The serum protein concentration was 

determined using Biuret method as 

documented by Gornall et al.[28] while lipid 
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peroxidation was determined by measuring 

the thiobarbituric acid reactive substances 

(TBARS) produced during lipid peroxidation 

by the method of Varshney and Kale [29]. The 

serum levels of SOD and Catalase were 

determined by the methods of Misra and 

Fridovich[30] and Sinha[31] respectively. 

The data were analyzed using ANOVA in 

SPSS 20 and p<0.05 was determined using 

LSD post hoc analysis. The results are 

presented as means ± SEM in bar chart and 

tables. 

3. RESULTS 

Figure 1 shows the effect of graded doses of 

G. kola treatments on body weight changes. 

Treatments with varying doses of G. kola 

(184.80±8.66g vs 191.08±18.51g; 

184.28±7.60g vs 195.66±11.74g and 

187.12±5.56g vs 197.56±14.08g for 

1000mg/kg, 1200mg/kg and 1400mg/kg G.k 

treated respectively) cause a non-significant 

increase (p>0.05) in the final mean body 

weight compared to the untreated-control 

(185.00±3.45g vs 189.68±10.19g). 

Table 1 shows the effect of graded doses of G. 

kola on some serum oxidative and antioxidant 

variables. Treatment with varying doses of G. 

kola causes a dose dependent non-significant 

decrease (p>0.05) in the levels of serum MDA 

(4.77±0.47 U/ml, 4.02±0.55U/ml, 3.62±0.64 

U/ml and 3.01±0.15 U/ml for Control, 

1000mg/kg, 1200mg/kg and 1400mg/kg G. 

kola treatments respectively) and protein 

(3.45±0.31 mg/ml, 2.90±0.95mg/ml, 

2.83±0.41 mg/ml and 2.17±0.07 mg/ml for 

Control, 1000mg/kg, 1200mg/kg and 

1400mg/kg G. kola treated respectively). 

However, there was a dose dependent 

significant increase (p<0.05) in serum CAT 

activity (220.04±21.19 U/mg protein, 

342.29±29.95 U/mg protein, 456.48±31.33 

U/mg protein and 485.04±32.47 U/mg protein 

for control, 1000mg/kg, 1200mg/kg and 

1400mg/kg G. kola treated respectively) 

following G. kola treatments compared with 

the control. On the other hand, G. kola 

treatments cause a dose dependent increase in 

serum SOD activity that is not significant with 

1000mg/kg (20.19±2.17U/mg protein) and 

1200 mg/kg (26.24±1.59 U/mg protein) but 

significant (p<0.05) with 1400mg/kg 

(33.67±3.85 U/mg protein) G. kola treatment 

compared with the control (17.00±2.17 U/mg 

protein).

 

  

Figure 1. The effect of graded doses of G. kola treatments on initial and final body weights 

Values are mean ± SEM, N= 20 male rats, n= 5 male rats. 
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Table 1. Serum oxidative stress and antioxidant marker activities following graded doses of G. kola 

treatments 

 

Groups 

Serum oxidative stress markers Serum antioxidant marker 

Serum MDA 

(U/ml) 

Serum proteins 

(mg/ml) 

Serum SOD 

(U/mg protein) 

Serum CAT 

(U/mg protein) 

 

Control 

 

1000mg/kg  G.K Rx  

 

1200mg/kg G.K Rx 

 

1400mg/kg G.K Rx 

 

4.77±0.47 

 

4.02±0.55 

 

3.62±0.64 

 

3.01±0.15 

 

3.45±0.31 

 

2.90±0.95 

 

2.83±0.41 

 

2.17±0.07 

 

17.00±2.17 

 

20.19±2.17 

 

26.24±1.59 

 

33.67±3.85* 

 

 

220.04±21.19 

 

342.29±29.95* 

 

456.48±31.33* 

 

485.04±32.47* 

 
Values are in Mean ± SEM, N = 20 male rats, n= 5 male rats, *significantly different at p<0.05 compared to control, 

MDA = Malondialdehyde, SOD = Superoxide dismutase, CAT = Catalase. 

Table 2 presents the effect of graded dose 

treatments of G. kola on serum testosterone, 

cortisol and testosterone-cortisol ratio. 

Serum testosterone level was non-

significantly higher (p>0.05) in the 

1000mg/Kg G. kola treated group 

(5.52±1.12ng/ml) but significantly increase 

(p<0.05) in the 1200mg/kg (5.96±01.07 

ng/ml) and 1400mg/kg (6.48±1.35 ng/ml) G. 

kola treated groups compared with the 

untreated-control (4.12±0.77 ng/ml). On the 

other hand, G. kola treatments resulted in 

dose dependent decreased in serum cortisol 

levels; but was only significant in the 

1400mg G. kola treated group (8.57±1.46 

ng/ml), compared with the control 

(10.06±1.44 ng/ml). G. kola treatments 

caused a dose dependent increase in the 

testosterone-cortisol ratio compared with the 

untreated control (0.41±0.07) and were 

significant in the 1200mg/kh (0.63±0.07) 

and 1400mg/kg (0.76±0.04) treated group. 

Table 2. Serum testosterone and cortisol activities and testosterone-cortisol ratio following 

graded doses of G. kola treatments 

Groups Serum testosterone 

(ng/ml) 

Serum cortisol 

(ng/ml) 

Testosterone-cortisol 

ratio 

 

Control 

 

1000mg/kg  G.K Rx  

 

1200mg/kg G.K Rx 

 

1400mg/kg G.K Rx 

 

4.12±0.77 

 

5.52±1.12 

 

5.96±1.07* 

 

6.48±1.35* 

 

10.06±1.44 

 

9.97±0.98 

 

9.42±1.35 

 

8.57±1.46* 

 

0.41±0.07 

 

0.55±0.09 

 

0.63±0.07* 

 

0.76±0.04* 
Values are in Mean ± SEM, N = 20 male rats, n= 5 male rats, *significantly different at p<0.05 compared to control. 

4. DISCUSSION 

Biological system generation of reactive 

oxygen compounds is inevitable since they 

are product of metabolic processes. 

However, reactive oxygen species are 

considered biologically toxic because they 

damage proteins, nucleic acids and lipids [32, 

33]. To avoid this damaging effect, cells 

employed collections of antioxidants 

including antioxidant enzymes, vitamins and 

thiols, to neutralize the generated oxygen 

species [32, 34]. Interestingly, plant extracts 

and products for enhancing organs and body 
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systems performance in man and animals 

have gained increasing acceptance [35]. In the 

present study, varying dose ingestion of G. 

kola in normal rats was observed to enhance 

body weight, and the levels of serum CAT, 

SOD, testosterone and testosterone-cortisol 

ratio while diminishing the levels of serum 

MDA, protein and cortisol. The observed 

findings that G, kola improved body weight 

disagrees with the results of Okorodudu et 

al. [36] who revealed non-statistically 

significant relative body weight loss in 

female rats exposed to 200 to 400 mg/kg 

body weight of aqueous extracts of G. kola 

for 21 days. The observed difference 

between the findings of the present study 

and that of Okorodudu et al. [36] suggests 

that prolonged intake may mildly reduce 

body weights. Also, considering the 

differences in the sex of the rats, sexual 

dimorphism in the metabolism of G. kola or 

the sex hormones may impact G. kola fate 

differently between genders. 

In several situations, MDA, SOD and CAT 

activities can be used to understand the 

biochemical events of free radical damages 

and scavenging, however little is known 

whether stress is an important consequence 

of G. kola continuous intake [36]. In fact, 

studies had documented decreased oxidative 

stress and improved metabolic activities in 

diabetes mellitus following G. kola 

treatment [37]. While this is an indication of 

ameliorating capacity of oxidative stress by 

G. kola, little is known of acute treatment of 

7 days as several studies have been chronic. 

In this study, oxidative stress was studied by 

evaluation the serum levels of protein and 

MDA as well as serum antioxidant 

activities. The current study showed G. kola 

ingestion for 7 days ameliorates oxidative 

stress generated by normal metabolic 

processes while enhancing antioxidant level. 

In support of this observation in the present 

study, Ige et al. [38] revealed that G. kola 

extract prevented lipid peroxidation via 

stimulating the enzymatic antioxidants 

(catalase and superoxide dismutase) levels 

and reducing malondialdehyde (lipid 

peroxidation index). 

On serum testosterone and cortisol, this 

study reveals G. kola present a negative 

correlating effect between the two 

hormones. Specifically, G. kola treatment 

caused an enhancing effect on serum 

testosterone but a weaken effect of serum 

cortisol. In line with the observed 

enhancement of serum testosterone, 

Akpantah et al. [39] and Braide et al. [40] have 

previously reported G. kola seed extracts 

administration to increase testosterone 

production in rats. Changes in sex hormones 

due to stress hormone (Cortisol) 

concentrations in sleep deprived animals fed 

with G. kola had been previously reported 

Hipólide et al.[41]. Considering testosterone 

as a possible anabolic hormone and cortisol 

as a catabolic one [20], the elevated level of 

testosterone by G. kola treatment indicate its 

anabolic action and thus the enhancement of 

anabolic catabolic ratio in this study. 

5. CONCLUSION 

Reactive oxygen species are considered to 

be unavoidable by-products of normal 

aerobic metabolism, a shift of the anabolic-

catabolic homeostasis to the catabolic side 

can disrupt cellular homeostasis. In our 

study, G. kola treatment was observed to 

shift the anabolic-catabolic balance to the 

anabolic side and thus the increased body 

weight. This action of G. kola was through 

enhancement of serum testosterone and 

antioxidants while alleviating the oxidative 

products of normal biological process. 
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ABSTRACT 
 

Diabetes is a metabolic disorder of insulin deficiency or resistance causing alterations to normal physiology of 

several organ/system. While we have recently documented ethanol leaf extract of Acalypha wilkesiana (ELEAW) to 

have hypoglycemic effect on the hyperglycemia induced in diabetic rats, there is a dearth of information on the renal 

physiology, hence the aim of this study. Diabetes was induced using 50mg/kg of freshly prepared streptozotocin 

(STZ) in 60 adult Wistar rats (170-200g). Thereafter, rats were divided into 3 groups (n = 5) and treated with 

distilled-water (10ml/kg; group A), glimepiride (0.1mg/kg; group B) and ELEAW (250mg/kg; group C). At 

baseline, 3 days diabetic induction, 7 and 14 days treatments, body weight and relative weight of the kidneys were 

determined. Blood was obtained for the estimations of serum creatinine and urea and plasma electrolytes (sodium, 

chloride, Potassium and bicarbonate). ANOVA was carried out (LSD as the post hoc test) and p <0.05 as significant 

on the data obtained using SPSS package (version 21). The results revealed increased relative weight of the kidneys, 

serum creatinine, urea and plasma bicarbonate levels but decreased plasma sodium, potassium and chloride levels in 

the diabetic untreated group. However, 7 and 14 days treatments with 250mg/kg ELEAW significantly reversed 

these alterations to near baseline and comparable levels with the standard drug (glimepiride) and control. In 

conclusion, ELEAW mitigates the diabetic-induced alterations in serum creatinine, urea and plasma electrolytes. 

 

Keywords: Acalypha wilkesiana, Diabetes, Renotoxicity, Electrolytes, Kidney function. 
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1. INTRODUCTION 

Diabetes mellitus is a group of metabolic 

diseases differentiated by chronic elevation of 

blood glucose/sugar[1] and disorders in fat and 

protein metabolism because of deficit insulin 

secretion/action[2, 3]. The prevalence has risen 

from 4.7% in 1980 to 8.5% in 2014 in 

adults[5]. This metabolic disease affects over 

246 million people worldwide and was 

estimated to increase to 380 million by the 

year 2025 if not given appropriate attention[2, 

4]. The disease leads to long term multi‐organ 

complications and causes damage to eye, 

heart, kidneys, nerves system and blood 

vessels[2,5-7] with complications in some of 

these organs leading to death[5, 8-10]. 

Diabetes is a complicated health condition 

with multiple treatment options affected by 

several myths which may influence health-

seeking behavior[11]. Currently, diabetes 

mellitus is managed by a combination of diet, 

exercise and hypoglycaemic drugs [2,12]. 

Worrisome, majority of the synthetic 

drugs/injections have undesirable side effects 

with many presenting high secondary failure 

rates[13,14] couple with high purchasing cost 

especially for people living in developing 

countries[12,15,16]. These limitations have 

caused the search for alternative remedies; 

especially of locally available plant origin. 

Interestingly, Chan et al.[17] had previously 

documented improved glucose and lipid 

metabolism and overall condition of diabetic 

persons with the use of herbal products. In 

addition, other studies have validated many 

other plants for diabetic control in 

experimental animal models[18] and clinical 

mailto:now_splash72@yahoo.com


AAUJMR Volume 1, Issue 1, June 2022  47 
 

investigations of human patients[19, 20]. We 

also recently documented hypoglycermic 

effect of ethanol leaf extract of Acalypha 

wilkesiana (ELEAW) in streptozotocin (STZ) 

induced diabetic animal model [21]. 

Considering therefore the multi‐organ 

alterations implication of diabetic [7], in this 

study we investigated the effect of ELEAW 

on the alterations of the kidney induced 

following diabetes. 

2. MATERIALS AND METHODS 

2.1. Collection, processing, and extraction 

of plant materials 

Samples of A. wilkesiana leaves were 

collected from Benin City in Edo State, 

Nigeria, and authenticated at the Herbarium 

Unit of Forestry Research Institute, Ibadan, 

Oyo State, Nigeria (FRI.: 110190). The leaves 

were plucked, sorted, air-dried for 7 days, and 

then pulverized and packaged in air-tight 

polyethylene bags. 200g of the powder was 

added into a container of 1.5L of 70% ethanol 

and used to prepare the ethanol extract as 

described by Majekodunmi and Nubani [22]. 

2.2. Experimental Animals 

Sixty (60) adult male Wistar rats (average 

weight of 170 - 200g) were obtained from the 

animal house of the College of Medicine, 

Ambrose Alli University, Ekpoma. The rats 

were housed at room temperature on a day 

light and dark night cycle and acclimatized for 

14-day with ad libitum access to food (rat 

chow; Vital Feed Nig. Ltd, Jos, Nigeria) and 

water. 

2.3. Induction of diabetes 

Diabetes was induced in 24 hrs fasted adult 

male Wistar rats by intra peritoneal injection 

with a single dose of 50mg/kg body weight of 

freshly prepared STZ dissolved in 0.10M 

citrate buffer (pH 4.5). The dose of STZ was 

based on previous studies by Mythili et al.[23] 

and Szkudelski[24]. To stave off the 

hypoglycemia during the first day after the 

STZ injection, diabetic rats were given 5% 

glucose solution orally as reported by 

Sugumar et al.[25]. Rats with blood glucose 

levels higher than 300mg/dl after three days 

(72 hrs) of STZ injection were considered 

diabetic as previously reported by 

El‐Khateeb[26] and used for the studies. 

2.4. Experimental design 

The diabetic rats were fasted overnight and 

divided into three groups (n = 20) and treated 

as follows: 

Group 1: Diabetic control group; treated with 

10ml/kg of distilled water. 

Group 2: Standard drug group; treated with 

0.1mg/kg of Glimepiride. 

Group 3: A. wilkesiana extract group; treated 

with 250mg/kg ethanolic leaves extract. 

They were treated for 14 days. 

2.5. Sample collection 

Body weight and blood glucose levels were 

determined at baseline (before diabetic 

induction), 3 days after induction of diabetes, 

3, 7, 10, and 14 days after treatments. 

However, 5 rats each were obtained from each 

group at baseline, 3 days diabetic induction, 7 

and 14 days treatment. The rats were 

cervically decapitated and jugular blood was 

collected into plain bottle (2 - 3 ml) via 

accessing the jugular vein. The kidneys were 

harvested and the weight determined and 

recorded. All experimental procedures were 

carried-out following the Guidelines for Care 
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and Use of Laboratory Animals in Biomedical 

Research[35]. 

2.6. Sample analysis 

The obtained whole body and kidneys weights 

were used to determined the relative weight of 

the kidneys and recorded and percentage of 

body weight. 

The serum levels of creatinine and urea were 

determined using commercial kits (Randox 

Laboratories kits, United Kingdom) as per the 

procedure described in the kit. Electrolyte 

(sodium, potassium, chloride and bicarbonate) 

estimations were carried out on plasma using 

suitable reagents (Fizlab diagnostic) per the 

procedure described by the manufacturers. 

2.7. Statistical Analysis 

Data were analyzed using statistical tools 

from SPSS (version 20) and reported as means 

± SEM. One-way analysis of variance 

(ANOVA) was used to analyze the 

experimental data and Duncan’s multiple test 

range was used to compare the group means 

obtained after each treatment. Differences 

were considered significant when P ≤ 0.05. 

3. RESULTS 

Relative weights of the kidneys decrease non-

significantly (p>0.05) in treated diabetic rats 

compared to the control (Table 1). Figures 1 

and 2 compare the effects of 14 days 

treatments with ELEAW, glimepiride and 

untreated diabetic control on serum creatinine 

and urea respectively in STZ-induced-diabetic 

adult male Wistar rats. Diabetes was observed 

to cause an increase serum creatinine and urea 

levels. Treatment with 0.1mg/kg glimepiride 

(1.46±0.23 mg/dL) and 250mg/kg ELEAW 

(1.27±0.19 mg/dL) resulted in significant 

decrease in the diabetic-induced increase in 

serum creatinine. Similarly, 7 and 14 days 

treatments with 0.1mg/kg glimepiride 

(1.46±0.23 mg/dL and 1.47±0.24 mg/dL at 7 

and 14 days respectively) and 250mg/kg 

ELEAW (1.27±0.19 mg/dL and 1.07±0.24 

mg/dL at 7 and 14 days respectively) resulted 

in significant decrease (p<0.05) in the 

diabetic-induced increase in serum urea. 

Figures 3 to 6 compared the effects of 14 days 

treatments with ELEAW, glimepiride and 

untreated diabetic control on plasma sodium 

(figure 3), potassium (figure 4), bicarbonate 

(figure 5) and chloride (figure 6) 

concentrations in STZ-induced-diabetic adult 

male Wistar rats. Diabetes resulted in decrease 

in plasma sodium, potassium and chloride 

levels while causing an increased in plasma 

bicarbonate. However, plasma sodium level 

increased significantly following 7 and 14 

days treatments with 0.1mg/kg glimepiride 

(73.17±7.91 mEq/L and 76.83±9.41 mEq/L at 

7 and 14 days respectively) and 250mg/kg 

ELEAW (71.17±6.24 mEq/L and 74.33±6.40 

mEq/L at 7 and 14 days respectively) 

compared to the untreated control (49.67±5.82 

mEq/L and 48.67±5.52 mEq/L at 7 and 14 

days respectively). There was a significant 

increase (p<0.05) in plasma potassium 

concentration with 0.1mg/kg glimepiride 

(4.97±0.49 mEq/L and 5.38±0.56 mEq/L at 7 

and 14 days respectively) and 250mg/kg 

ELEAW (5.01±0.28 mEq/L and 6.25±0.57 

mEq/L at 7 and 14 days respectively) 

treatments compared to the untreated control 

(4.46±0.31 mEq/L and 3.82±0.10 mEq/L at 7 

and 14 days respectively). Treatment with 

0.1mg/kg glimepiride and 250mg/kg ELEAW 

did not cause any significant change in plasma 

bicarbonate compared to the untreated control. 

There was only a significant increase by 14 

days treatment with ELEAW compared to the 

control on plasma chloride.
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Table 1. Comparing relative kidney weight in ELEAW, glimepiride and untreated control rats 

with STZ induced-diabetic. 

 
Weight of kidneys in grams/Kg body weight 

 
Base line 

3days post 

Stz 

7days post 

Rx 14days post Rx 

Stz + 10ml/kg Distilled water  2.87 2.86 3.06 3.19 

Stz + 0.1mg/kg Glimepiride 2.99 2.92 2.77 2.66 

Stz + 250mg/kg A. wilkesiana 2.98 2.94 2.82 2.74 
Values are in Mean±SEM (standard error of mean), Stz= streptozotocin treated, Rx= treatment, NS indicates not 

significant (p>0.05). 

 
Figure 1. Comparing the effects of 14 days treatment with ELEAW, glimepiride and untreated 

diabetic control on serum creatinine level of STZ induced-diabetic adult male Wistar rats 
Values are in Mean±SEM, *significantly different at p<0.05, NS = not significant (p>0.05), H2O =water, Dist = 

distilled, Glim = Glimepiride treated, 250mg/kg = A. wilkesiana treated 

 
Figure 2. Comparing the effects of 14 days treatment with ELEAW, glimepiride and untreated 

diabetic control on serum urea levels of STZ induced-diabetic adult male Wistar rats 
Values are in Mean±SEM, *significantly different at p<0.05, NS = not significant (p>0.05), H2O =water, Dist = 

distilled, Glim = Glimepiride treated, 250mg/kg = A. wilkesiana treated 
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Figure 3. Comparing the effects of 14 days treatment with ELEAW, glimepiride and 

untreated diabetic control on plasma sodium concentration of STZ-induced-diabetic adult 

male Wistar rats 
Values are in Mean±SEM, *significantly different at p<0.05, NS = not significant (p>0.05), H2O =water, Dist = 

distilled, Glim = Glimepiride treated, 250mg/kg = A. wilkesiana treated 

 
Figure 4. Comparing the effects of 14 days treatment with ELEAW, glimepiride and 

untreated diabetic control on on plasma potassium concentration of STZ-induced-diabetic 

adult male Wistar rats 
Values are in Mean±SEM, *significantly different at p<0.05, NS = not significant (p>0.05), H2O =water, Dist = 

distilled, Glim = Glimepiride treated, 250mg/kg = A. wilkesiana treated 

 
Figure 5. Comparing the effects of 14 days treatment with ELEAW, glimepiride and 

untreated diabetic control on plasma bicarbonate concentration of STZ induced-diabetic 

adult male Wistar rats 
Values are in Mean±SEM, *significantly different at p<0.05, NS = not significant (p>0.05), H2O =water, Dist = 

distilled, Glim = Glimepiride treated, 250mg/kg = A. wilkesiana treated 
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Figure 6. Comparing the effects of 14 days treatment with ELEAW,  glimepiride and untreated diabetic 

control on plasma chloride concentration of STZ induced-diabetic adult male Wistar rats 

Values are in Mean±SEM, *significantly different at p<0.05, NS = not significant (p>0.05), H2O =water, Dist = 

distilled, Glim = Glimepiride treated, 250mg/kg = A. wilkesiana treated 
 

4. DISCUSSION 

There have been increased scientific 

investigations on the health improvement 

and benefits of plant parts and extracts. We 

recently reported ELEAW to mitigate 

hyperglycemia in diabetic rats[21]. Although 

diabetes is known to alter the physiology of 

other organ/system other than blood glucose 

and metabolism, but there is paucity of 

literature on the extra-hyperglycemic impact 

of this plant extract. This necessitated the 

current investigation to ascertain the anti-

nephotoxic properties of the ELEAW on 

some biochemical parameters of the kidney 

function in rats. The main function of the 

kidneys is to excrete the waste products of 

metabolism and to regulate the body 

concentration of water and salt[27]. Diabetic 

hyperglycemia is known to induce elevation 

of serum levels of urea and creatinine[28] and 

cause renal dysfunction[29, 30]. 

As observed in the present study, STZ-

induced diabetes caused increase elevation 

of serum creatinine and urea as well as alters 

plasma electrolytes. The observed elevations 

in serum creatinine and urea levels in the 

present study are in accordance with the 

findings by El‐Khateeb et al.[26]. In this 

regards, Gokce and Haznedaroglu[31], 

concluded that hormonal and metabolic 

changes associated with diabetes and the 

toxic effect of STZ on kidney caused the 

alteration in kidney function variables. By 

implication, the alterations in creatinine, 

urea and plasma electrolytes in the present 

study may be due to hormonal and 

metabolic effect by STZ. Alterations in 

serum electrolytes such as serum Na, K and 

Ca have also be documented in diabetic rats 

induced with STZ when compared to 

control[32]. It was observed in this study that 

diabetes resulted in decrease plasma levels 

of sodium, potassium, chloride but elevated 

plasma bicarbonate concentrations. 

However, the observed alterations in serum 

creatinine and urea levels and plasma 

electrolytes by in diabetes rats in this study 

were restored to near baseline levels 

following 250mg/kg ELEAW treatments in 

a duration dependent fashion. In line with 

these observations, El‐Khateeb et al.[26] and 

Ikewuchi et al.[33] have documented 

methanolic A. wilkesiana leaves extract and 

aqueous A. wilkesiana leaves extract 

respectively, to correct the diabetes induced 

elevation in serum creatinine and urea 

levels. Al-Attar[32] has reported 

supplementation with aqueous leave extract 

of A. wilkesiana to be beneficial against 

altered electrolytes profile in experimental 

diabetic mice. The improvement of the 
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kidney enzymes and electrolytes to near 

baseline levels associated with 14 days 

treatment of diabetic rats with ELEAW may 

be accredited to its phytochemical 

components and elemental compositions 

present in the leaf which we also recently 

evaluated[34]. Thus, the observed anti-

diabetic action in our previous study[21] may 

have resulted in alleviation of altered kidney 

function and electrolytes status by ELEAW. 

This may be associated to the plant potent 

antioxidant content which was also reported 

in a previous study[36]. Considering that 

hyperglycaemia increase the generation of 

free radicals by glucose auto-oxidation and 

depletes the activity of antioxidant defence 

system[37], the antioxidant content of 

ELEAW may have scavenge free radicals 

and thereby protect renal cells against 

oxidative stress. 

5. CONCLUSION 

Based on the findings of this study, ELEAW 

mitigates the alterations in kidney function 

and electrolytes induced following diabetes. 

Hence, the observed reversal of the altered 

kidney function and electrolytes markers by 

ELEAW may have exerted its effect through 

improving antioxidant defense system and in 

turn kidney function and electrolytes. This 

therefore further validates the use of A. 

wilkesiana leave for the treatment of 

diabetes and its renal complications. 
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ABSTRACT 
 

Globally, drug misuse and its attendant consequences have become the bedrock of social ills, thus constituting a 

universal challenge plaguing many nations and causing concern to both Governments and the people. Despite this 

ugly scenario, the solution to drug misuse has remained enigmatic. This review aims to educate and provide 

assistance in alleviating and reducing the challenges of drug misuse and its consequences, particularly in Nigeria. A 

manual literature and internet (Medline, HINARI, Pub Med and other databases) search were conducted. It was 

found that commonly misused drugs have a notorious property of addictive potentials and hence, the unique ability 

to perpetuate their use by compromising rationality and wreaking havoc on the faculty of self-preservation. This 

causes myriad of health challenges which inevitably leads to disorder, dysfunction or destruction. Addictive 

substances induce pleasant/pleasurable states (euphoria in the initial phase) or relieve distress. Continued use 

induces adaptive changes in the central nervous system (CNS) that lead to tolerance, dependence, sensitization 

(reverse tolerance), craving and relapse with attendant adverse physical, mental, social, psychological and economic 

consequences. Strategies to control drug misuse include reduction of harm, psychotherapy, drug treatment and 

prevention initiatives. Realistic media literacy for youth is imperative and religious grouping activities are 

protective. Remediations of misuse are directed at restoring the total wellbeing of the individual and the family 

together with improved political and socioeconomic conditions as well as effective prevention strategies. 
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1. INTRODUCTION 

The prevalence of some social ills like 

gangsterism, rape, prostitution, kidnapping, 

armed robbery, assault and assassinations in 

Nigeria in recent times has been attributed in 

most cases to the misuse of drugs. This 

situation is not peculiar to Nigeria because 

drug misuse is a universal challenge 

plaguing many nations of the world and 

causing concern to both Governments and 

the people. The therapeutic use of drug 

refers to a pharmacological preparation used 

in the prevention, diagnosis and treatment of 

an abnormal or pathological condition 

whereas the non-therapeutic use of drug 

commonly indicates the use of illegal or 

socially disapproved substances1. According 

to the World Health Organization (WHO)2, 

a drug is “any substance or chemical that 

alters the structure or functioning of a living 

being”. In the broadest sense, a drug is a 

chemical substance that has an effect on 

bodily systems, mood and behaviour. Also 

included here are a wide range of prescribed 

drugs and illegal as well as socially accepted 

substances. 

Drug use refers to the inhalation, ingestion 

or injection etc, of a substance that is used 

for therapeutic purpose or as prescribed by 

healthcare professionals. Drug misuse is the 

use of a drug in a socially unacceptable way 

that is harmful or hazardous to the 

individual or others3. In short, it is the 

inappropriate use of a drug, usually the 

result of a psychoactive substance being 

consumed in a manner that is not 

recommended and hence making physical, 

social and psychological harm inevitable4. It 

may also represent the pattern of use: 

experimental, recreational and dependent. 

mailto:sarahiyalo@yahoo.com
mailto:sarahiyalo@aauekpoma.edu.ng
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Substance misuse or abuse is often used 

specifically to denote the misuse or abuse of 

alcohol and psychoactive drugs. 

Drug abuse, often associated with addiction 

and dependence, is the popular term in the 

United States which refers to the use 

(usually by self-medication) of any drug in a 

way that deviates from the approved medical 

or social pattern, that is, the abnormal use of 

drugs for purposes other than their 

legitimate medical indications1,4. However, 

Government agencies regard the use of any 

illegal substance as drug abuse. 

A manual literature and internet (Medline, 

HINARI, Pub Med and other databases) 

search showed that the phenomenal increase 

in the number of individuals with alcohol 

and other drug issues has attracted 

considerable concern as one of the most 

important public health challenges. This 

review was under taken to educate and 

provide help in alleviating and reducing the 

challenges of drug misuse and its attendant 

consequences particularly in Nigeria. 

2. Reasons for and commonly misused 

drugs 

Some of the common reasons for drug 

misuse include peer pressure, the lure of 

popularity, mere curiosity, need for 

excitement and to feel good and happy, to be 

alert, reduce fatigue and to perform well in 

studies, to forget or overcome problems and 

stressful situations, to cope with low self-

esteem or sadness, parental derivations and 

parental substance abuse, unemployment 

and environmental stressors, drug 

availability, high social class, poverty, poor 

mental health, perceived adult drug use, 

changing social values, cultism, violence, 

industrialization, urbanization, low 

religiosity, and demonic possession4-7. 

Nigerian and indeed African studies already 

cited, have indicated that the following 

drugs are commonly misused: 

i. Tobacco is the most commonly reported 

substance use especially by students as a 

stress coping strategy. It is often used 

together with cannabis5 

ii. Alcohol (ethanol) is a CNS depressant 

that when used causes hilarity, poor 

judgement, risk-taking behaviour and is 

associated with suicidal tendencies as well 

as severe withdrawal syndrome (delirium 

tremens, confusion, delusions, 

hallucinations, convulsions and 

cardiovascular collapse). It has taken its toll 

on individuals, families and society6. 

iii. Cannabis often smoked as a cigarette 

(“joint”), is becoming increasingly popular 

because of the “high” (euphoria) reported by 

users. The main active component is 

tetrahydrocannabinol (THC). The effects of 

increased appetite, attenuation of nausea, 

decrease in intraocular pressure, 

bronchodilation and relief of chronic pain 

have led to the use of cannabinoids like 

dronabinol, nabilone, cannabidiol, in 

medical therapeutics. At present, there is no 

enough evidence to proof that cannabinoids 

can treat or lower the risk of cancer in 

people although different cannabinoids seem 

to have different salutary effects on various 

cancer types. However, the issue of cannabis 

use has continued to solicit controversy 

mainly because of the founded fear that 

cannabis may serve as a “gateway” to the 

consumption of “hard drugs” (just as 

tobacco and alcohol have done) and also for 

the alarm raised by the British Lung 

Foundation that the cancer risk of cannabis 

is underestimated7-9. 

iv. Cocaine and crack (cocaine base), when 

injected or inhaled, has immediate euphoric 

effects which include hyper-stimulation, 

reduced fatigue and mental alertness. It is 



AAUJMR Volume 1, Issue 1, June 2022  56 
 

less misused because of cost and 

availability. Crack is smoked alone or on 

cannabis or tobacco. Cocaine is also used in 

combination with an opioid (heroin) – 

“speed balling”10. 

v. Opioids (opiates, narcotics) include 

opium, morphine, heroin, fentanyl, 

tramadol, and codeine usually present in 

cough syrups. After an injection of 

morphine or heroin, users report feeling a 

surge of euphoria (‘rush’) and other effects. 

The danger of contracting human 

immunodeficiency virus (HIV) and hepatitis 

from injections is real11. 

vi. Benzodiazepines are CNS depressants 

that produce sedation and hypnosis, relieve 

anxiety and muscle spasm, and reduce 

seizures. Examples include diazepam, 

bromazepam, chlordiazepoxide, lorazepam, 

rohypnol. To get ‘high’, abusers use them 

with heroin or cocaine. Effects on the mind 

include amnesia, hostility, irritability and 

disturbing dreams. Rohypnol (“date rape” 

drug) is particularly misused to physically 

and psychologically incapacitate victims 

targeted for sexual assault by putting it in 

the beverage of unsuspecting victims. The 

drug leaves the victims unaware of what has 

happened to them12. 

vii. Amphetamines (amphetamine and 

methamphetamine) are stimulants used for 

treating narcolepsy and attention-deficit 

hyperactivity disorder (ADHD). Usually 

taken orally or injected, but the availability 

of crystallized methamphetamine (“ice”) has 

promoted smoking as another route of 

administration. Chronic use produces 

paranoid psychosis that can result in 

homicide or suicide, hallucinations, violent 

and erratic behaviours13. 

viii. Hallucinogens include:  

a. lysergic acid diethylamide (LSD) when 

used orally, “LSD trip” impairs one’s ability 

to make sound judgements and see common 

dangers thus making the user susceptible to 

personal injury. 

b. Ecstasy / MDMA (3,4-

methylenedioxymethamphetamine) acts as 

both a stimulant and a psychedelic, a “party 

drug” commonly mixed with alcohol or 

cannabis and causes changes in perception 

including euphoria and increased sensitivity 

to touch, sensual and sexual arousal. 

c. Ketamineis a dissociative anaesthetic that 

is abused for its ability to produce 

dissociative sensations, amnesia and 

hallucinations and hence has been used as a 

‘club drug’ to facilitate sexual assault or 

ritual killings12,14. 

ix. Inhalantseg super glue, spray paints, 

petrol/gasoline, typewriter correction fluid, 

felt tip markers, air freshener, etc are 

invisible, volatile substances found in 

common household products that produce 

chemical vapours that are inhaled to induce 

psychoactive or mind-altering effects15. 

x. Anabolic Steroids (testosterone, 

nandrolone, stanozol, methadienone, 

boldenone) are misused in an attempt to 

promote muscle growth, enhance athletic or 

other physical performance, and improve 

physical performance when ingested, 

injected intramuscularly or applied to the 

skin usually at doses 10-100 times higher 

than the approved therapeutic doses. They 

can cause dramatic mood swings, increased 

feelings of hostility and aggression (“void 

rage”) and impair judgement. Cessation may 

lead to severe depression and suicide, 

psychological dependence and addiction. 

Their adverse effects are many12. 

xi. Some drugs misused as abortifacients 

(because of their pharmacological effects) in 

some parts of the world where provision of 

contraceptive services is poor or banned 

include: 

a. Ethinyloestradiol /ethisterone 

combination (MenstrogenR) can cause 

psychic depression leading to suicide. 
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b. Levonorgestrel  (Postinor 2R) which 

can cause heavy or prolonged haemorrhage. 

c. Misoprostol is misused because of its 

potential adverse effects of gynaecological 

disturbances (spotting, dysmenorrhoea, 

abortion etc). 

xii. Non steroidal anti-inflammatory drugs 

(NSAIDs) are misused in Nigeria by 

unqualified prescribers who recommend 3 or 

more different NSAIDs together with a high 

dose of a corticosteroid such as 

prednisolone, to be taken as a single dose, to 

their unwary clients. This treatment option, 

which can be repeated several times in a 

day, is popularly known as “selection” and it 

is adjudged to be very efficacious in spite of 

its predisposition to dangerous adverse 

effects16,17. 

xiii. Designer drugs (Legal “highs”) are 

drugs of abuse that are illicitly produced 

with the intent of developing substances that 

differ slightly from controlled substances in 

their chemical structure while retaining their 

pharmacological effects. They include 

herbal or synthetic substances eg. 

a. Mephedonemimics the stimulant 

effect of cocaine or ecstasy (MDMA). 

b. Balt salts (synthetic cathinones) is 

similar to cocaine, methamphetamines, 

ecstasy. 

c. K2 and spice mimics THC (cannabis) 

d. Synthetic opioids mimic morphine, 

heroin, codeine, fentanyl. The sole purpose 

is to ensure these drugs do not fall under the 

Misuse of Drugs Act (UK) or the Controlled 

Substance Analogue Enforcement Act 

(USA). 

xiv. Drugs of concern are those that despite 

their being uncontrolled at the moment, they 

pose great risks to individuals who misuse 

them eg; 

a. DXM (Dextromethorphan) found in 

OTC cough mixtures as a suppressant is 

abused in high doses to experience euphoria 

and hallucinations. 

b. Kratom leaves consumption 

produces stimulant effects (low doses), 

sedation (high doses), hallucinations, 

psychological and physiological 

dependence. 

c. Salvia divinorum is a perennial herb 

abused for its hallucinogenic effects, causing 

psychic effects, and uncontrollable laughter 

12. 

3. Drug Misuse 

Globally, drug challenges are as old as 

drugs. In recent years, the misuse of the non-

therapeutic (licit/legal) drugs such as 

caffeine, tobacco/nicotine or alcohol as well 

as over-the-counter (OTC) drugs, prescribed 

medications and illicit/illegal psychoactive 

substances including cannabis, cocaine and 

crack, morphine, tramadol, codeine, heroin, 

benzodiazepines, etc, has increased 

dramatically, resulting in health and 

socioeconomic challenges, to which every 

healthcare professional must recognise and 

respond. 

The notorious property of the above drugs is 

that they have addictive potentials and hence 

the unique ability to perpetuate their use by 

compromising rationality and wreaking 

havoc on the faculty of self-preservation. 

This causes a molecular brain disease which 

inevitably leads to disorder, dysfunction or 

perhaps destruction18. 

Drug addiction is a chronic relapsing 

disorder in which compulsive drug-seeking 

and drug-taking behaviour persists despite 

serious negative physical and psychosocial 

consequences. Addictive substances induce 

pleasant/pleasurable states (euphoria in the 

initial phase) or relieve distress. Continued 

use induces adaptive changes in the central 

nervous system (CNS) that lead to tolerance, 
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dependence, sensitization (reverse 

tolerance), craving and relapse 18. 

From earlier reports19-21 as well as recent 

clinical and epidemiological surveys5,10-13, 22-

25, it is evident that drug (substance) misuse 

is a growing major global public health 

issue.  It was estimated that between 167 

and 315 million people or 3.6 – 6.9% of the 

world adult population aged 15 – 64 years 

had used an illicit substance in the preceding 

year.  The global disease burden attributable 

to alcohol and illicit drugs is 5.4% while 

3.7% is attributable to tobacco use alone.  Of 

the misused drugs, the main ones used are 

opioids (narcotics, opiates) in European and 

Asian countries, cocaine in North America, 

cannabis in Africa and various combinations 

in the USA. 

According to Emafo21, the situation had 

become sufficiently disturbing such that the 

defunct Federal Military Government of 

Nigeria in a bid to remedy the situation 

enacted Decree 48 of 1989 which 

established the National Drug Law 

Enforcement Agency (NDLEA).  The above 

reports have also demonstrated that drug 

misuse cuts across various age groups and 

social classes with the adolescents and 

young adults being in the majority.  Global 

prevalence of drug use among 

College/University students is 12 – 85% 

whereas studies from Nigeria report 33 – 

78% prevalence 4,19, 20, 26-30. 

Risk factors for substance drug misuse 

include availability of the drug; vulnerable 

personality type (one who is easily 

influenced and unable to face problems or 

challenges); poor educational system; poor 

student-teacher relationship; fanciful 

advertisements of alcohol and drug products 

in mass/social media; peer group pressure; 

urbanization; disadvantaged sections of 

society (low socio-economic status, high or 

low population density) and family factors 

(eg family history of drug use, dysfunctional 

backgrounds, weakening of family cohesion 

and of traditional values)27,29. 

Possible signs of drug misuse include 

frequent lying and evasive behaviour; 

irritability and quarrelsomeness with temper 

flare ups; keeping late nights; missing 

classes and poor academic performance;  

and use of dark glasses usually to cover red 

eyes and reduce excessive light rays into 

over dilated pupils. Others are frequent 

demands for money (always “broke”, always 

borrowing money); stealing and/or selling of 

personal items31. 

4. Consequences of Drug Misuse 

Adverse consequences of drug misuse pose 

a threat to the Physical health, mental, 

social, psychological, and economic fabric 

of families, communities and nations32,33. 

i. Physical consequences include liver 

diseases such as cirrhosis, fatty liver, liver 

cancer; infections including HIV/AIDS due 

to disinhibited risky behaviour while 

intoxicated; cardiovascular problems eg 

hypertension, heart failure; brain diseases eg 

Wernicke-Korsakoff syndrome, seizures, 

cerebral haemorrhage; malnutrition, weight 

loss and death from over dosage. 

ii. Psychological consequences include 

anxiety and restlessness; sleep disturbances; 

mood fluctuations; depression that may lead 

to suicide; apathy and lack of motivation 

(amotivational syndrome); delusions and 

hallucinations; low self-esteem and 

inferiority complex; psychosis, irrational 

talk that demonstrates that one is out of 

touch with reality. 

iii. Mental consequences include impaired 

cognitive functions like poor academic 

performance resulting in poor grades or 

outright withdrawal from school. 
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iv. Social consequences include poor 

interpersonal relationships; insecurity in the 

community manifesting in armed robbery, 

violent crimes, rape, murders, kidnapping, 

hired assassinations etc.; prostitution, family 

breakdown causing stress for 

parents/siblings; traffic accidents and deaths 

due to driving under the influence of 

substances; arrests and imprisonments; and 

ultimately, failure to fulfil potentials and 

purpose of life. 

v. Economic consequences include loss of 

opportunities through dismissal or 

withdrawal from gainful employment; 

wastage of revenue that could have gone 

into savings and other productive projects; 

reduced productivity and loss of skilled 

manpower and personnel because 

sometimes, very talented and otherwise 

highly intelligent and promising individuals 

are involved in drug misuse and addiction. 

5. Strategies to Control Drug Misuse 

These include reduction of harm, 

psychotherapy, drug treatment and 

prevention initiatives. However, prevention 

is the best strategy because when addiction 

sets in, recovery is a very challenging 

clinical goal4. Hence the urgent need to 

intensify the fight against the “gateway 

drugs” (tobacco and alcohol) cannot be 

over-emphasized. Realistic media literacy 

for youths is imperative. One who smokes 

tobacco or drinks alcohol is 65 times more 

likely to use cannabis than the one who 

abstains25. 

Practical preventive tips include: 

• Avoid looking for short cuts or 

‘escape routes’ when faced with life 

challenges. 

• Engage in problem-solving approach 

for overcoming challenges. 

• Do not bow to peer pressure. 

‘Everyone is doing it,’ is not an excuse. 

• Religious groupings/activities are 

protective 32. 

• Several people may not suffer any 

harm from it but it is not a risk worth 

experimenting with our own bodies/lives. 

Indeed, in matters of drug misuse/addiction, 

prevention is always better and cheaper than 

cure! 

6. Conclusion 

Drug misuse is a major global public health 

issue. Complications of drug misuse can be 

managed by interventions directed at 

restoring physical, mental, psychological 

(emotional), social and spiritual health as 

well as family harmony together with 

improved political and socioeconomic 

conditions. Since prevention is the key to 

successful management, urgent attention 

should be paid to reduction of risk factors 

and strengthening protective factors against 

this menace by the international community, 

governments, mass media, institutions of 

learning, religious groups, NGOs, parents 

and teachers, and more importantly, 

healthcare professionals. Thus, by mass 

mobilization and by many means, we can 

effectively reduce and remedy the tragic 

effects of drug misuse and its consequences 

on individuals, families and the society. 
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ABSTRACT 
 

This study compared the calcium dependent responses of aortic ring vascular smooth muscle and the effect of de-

endothelization in pregnant and non pregnant rats. Twenty adult female Sprague Dawley rats of comparable weight 

(200±40g) were maintained under standard laboratory conditions in two groups (n=10) consisting of a control and 

test (pregnant) rats fed on normal rat chow. At day 17 to 19 of pregnancy, rats were sacrificed and the aortic blood 

vessels vascular smooth muscle isolated (with intact and removed endothelium) and processed in organ bath for 

EC50 and maximum contraction strengths in different concentration of Ca2+ physiological salt solution (PSS). The 

data were subjected to statistical analysis (t-test) at p<0.05. Pregnancy caused a significant increase in the aortic ring 

response to phenylephrine in both 1.6mM and 0.8mm Ca PSS with significant higher EC50 in decreased Ca PSS. 

Removal of endothelium caused a significant decrease (p<0.05) in EC50 in both control and pregnant rats and was 

significantly higher in the pregnant rats compared to the control in both the endothelium intact and removed groups. 

Vascular smooth muscle contraction decreased significantly with decreasing Ca concentration and decreased 

significantly in pregnant rats compared to control in both 1.6mM (1909.50 ± 82.30 vs 1139.00 ± 103.40) and 0.8mM 

Ca PPS (1300.85 ± 57.36 vs 880.00 ± 25.95). However, removal of endothelium cause a non-significant increased 

(p>0.05) in the control (1909.5±82.3 vs 2012±63.4) but significant in the pregnant rats (1139.0±103.4 vs 

2181±145.4). The findings therefore showed that Ca2+ concentration of PSS stimulates aortic vascular ring 

contractile responses to phenlyphrine. While pregnancy may attenuate this contractile response, the absent of 

endothelium may modulate it in pregnant rat but not in non pregnant rat. 
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1. INTRODUCTION 

Normal pregnancy comes with extensive 

changes on the cardiovascular system that 

include a rise in blood volume and cardiac 

output, a fall in blood pressure and 

peripheral resistance as well as generalized 

vasodilatation to accommodate the 

pregnancy demands[1, 2]. These changes are 

likely to be induced by the hormonal 

influences[3]. There have been many reports 

on altered endothelial function in normal 

pregnancy[4]. It is however unclear whether 

the altered levels of tone that are observed in 

normal pregnancy are due to changes in 

external influences on vascular smooth 

muscle, or intrinsic alterations in vascular 

smooth muscle cell signaling[1]. 

There is evidence of reduced contractility to 

stretch stimulus during pregnancy[5, 6], which 

is known to activate the voltage operated 

calcium channels[7] and increased potassium 

induced relaxation of isolated vascular 

smooth muscle[5, 6]. These changes could be 

due to the direct effect of pregnancy 

hormones on the vascular smooth muscle or 

indirect effect through blood borne agents[8, 

9]. It is generally accepted that a rise in 

intracellular free calcium concentration 

mediates the contractile responses of all 

muscle types[10, 11]. The activating calcium 

necessary for the contraction is chiefly of 

dual origin: release from intracellular stores 

or influx from the extracellular medium[12]. 

Intracellular free calcium is the final trigger 

in the regulation of vascular smooth muscle 

contractility. The sources of the activator 
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calcium are influx from the extracellular 

medium through either the receptor operated 

calcium channel (ROC), activated by agonist 

such as phenylephrine, or voltage operated 

calcium channels (VOC), activated by 

membrane depolarization and release of 

calcium ions from the internal stores which 

accounts for phasic contractions[13], while 

tonic contractors are supported by Ca2+ ion 

influx from the extracellular medium. 

The inner lining of blood vessel known as 

endothelium; is known to modulate 

autonomic and hormonal effects on the 

contractility of blood vessels. Furchgott and 

Zawadzki[14] demonstrated that intact 

endothelium was necessary to achieved 

vascular relaxation in response to 

acetylcholine. Preparations of rabbit thoracic 

aorta failed to elicit relaxation in response to 

acetylcholine following mechanical damage 

(rubbing the inner lining) of the 

endotheliumin several studies [15, 16]. Thus, 

both calcium and the endothelia state may 

be necessary for vascular smooth muscle 

contractility. This study compares the 

responses of aortic vascular smooth muscles 

to variable concentrations of calcium ion 

solutions as well as the impact of endothelia 

damage in pregnant and non-pregnant rats. 

2. MATERIALS AND METHODS 

2.1. Study Design: Twenty adult Sprague 

Dawley rats (weighing 250-300g) were used 

for this study. They were kept in well 

ventilated building and grouped according to 

the type of experiments. 

Group 1 (sub groups a and b): This group 

consisted of 10 non pregnant adult virgin 

rats fed normal rat chow. 

Group 2 (sub groups a and b): This group 

consisted of 10 pregnant rats fed with 

normal rat chow. 

Sub groups a and b are groups of aortic rings 

in which the endothelium was intact and 

removed respectively. 

The rats were fed, ad libitum, on the 

respective diets and had free access to clean 

drinking water. In the experiment which 

involved the use of pregnant rats, pregnancy 

was achieved by confining a male and a 

femalerat together for three consecutive 

days for the purpose of mating after which 

the male rat was separated from the female 

rat. The female rats were monitored for 

weight change, and palpated for presence of 

fetus/es [17, 18], which were suggestive of 

pregnancy. 

2.2. Tissue Preparation: The rats were 

sacrificed by stunning and decapitation. The 

tissues were prepared using standard 

methods for the study of isolated blood 

vessels [19]. The descending aorta was 

quickly removed, put in a petri dish 

containing physiological salt solution (PSS) 

and cleared of adhering connective tissues. 

The aorta was then cut into 2mm ring 

segments and each segment was suspended 

between two L-shaped holders. The lower 

holder was fixed to the base of 20ml organ 

baths containing physiological salt solution 

(PSS) while the upper holder was connected 

to transducer coupled to Ugo Bassile 

recorder. The aortic rings were studied 

under standard organ bath condition of 

temperature at 370C, and pH 7.4 and the 

PSS was bubbled with 95% O2, and 5% 

CO2 gas mixture. The presence of 

functional endothelium was ascertained by 

the observation of at least 42% relaxation to 

10-7M acetylcholine. A passive resting 

tension of 1gm which was the tension at 

which maximum responses to 10-5M 

phenylephrine is obtained was applied. An 

equilibration period of 90 minutes was 

allowed before the commencement of the 

measurements. During the equilibration 

period, the aortic rings were rinsed at about 
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30 minutes interval. During this time the 

rings were stimulated with 10-7M 

phenylephrine contraction response of rat 

aorta to 10-5 M Phenylephrine, following 

different levels of stretch. 

2.3. Preparation of solution: Normal 

physiological salt solution: The composition 

of normal physiological salt solution was 

(mM): NaCl, 119.0; KCl, 4.7 KH2 PO4, 1.2; 

NaHCO3, 24.9. CaCl2, 1.6; glucose, 11.5; Ca 

Na2 EGTA 0.03. 

Composition of 0.8ml physiological salt 

solution: It has the same composition as the 

normal physiological salt solution except 

that it contained 0.8mM CaCl2 instead of 

1.6mM. 

Drugs: The drugs used in this study were 

phenylephrine hydrochloride (Sigma 

chemical Co. St Louis, M.O. USA); 

Phentolamine Mesylate (Rigitine Ciba); All 

drugs were prepared fresh using distilled 

water on each day of the experiment and 

kept-on Ice. Concentrations were expressed 

as final molar concentration (Mol/L) in the 

organ bath. 

2.4. Concentration Response Test to 

Phenylephrine: The aortic rings from 

pregnant and non-pregnant rats were 

suspended in either normal PSS or 0.8mM 

CaCl2 PSS, and exposed to increased 

concentration of phenylephrine (10-9-10-

4M). This was done by cumulatively 

increasing the concentrations of 

phenylephrine in the bath. A subsequent 

application of phenylephrine was done when 

the effect of the earlier application had 

become stable. The contractile responses to 

phenylephrine of rings from pregnant and 

non-pregnant rats in the respective 

physiological salt solutions were compared. 

The protocol was also applied on rings of 

blood vessel from pregnant and non-

pregnant rats from which the endothelium 

had been removed. 

2.5. Statistics: Statistical analyses were 

carried out using the statistical package for 

social sciences (SPSS) version 21. Values 

are expressed in mean± standard error of 

mean (SEM). The data was analyzed using 

ANOVA to compare the differences 

between the groups. P-values less than 0.05 

were considered significant. 

3. RESULTS 

Figure 1 compares the EC50 of the control 

and pregnant rats in 1.6 and 0.8mM Ca PSS. 

Decreased Ca concentration of PSS caused a 

significant increased (p<0.05) in EC50 in 

both control (0.66 ± 0.80 x 10-7 vs 1.90 ± 

0.8 x 10-7; p=0.0086; t=3.457; df=8) and 

pregnant rats (2.47 ± 0.31 x 10-7 vs 4.10 ± 

0.31 x 10-7; p=0.0001; t=8.173; df=8).  The 

EC50 was significantly higher in the 

pregnant rats compared to the control rats in 

both the 1.6mM Ca PSS (0.66 ± 0.80 x 10-7 

vs 2.47 ± 0.31 x 10-7; p=0.0001; t=13.06; 

df=8) and 0.8mm Ca PSS (1.90 ± 0.8 x 10-

7vs 4.10 ± 0.31 x 10-7; p=0.0005; t=5.685; 

df=8). 

Figure 2 compares the vascular smooth 

muscle contraction of the control and 

pregnant rats in 1.6 and 0.8mm Ca PSS. 

Vascular smooth muscle contraction 

decreased significantly with decreasing Ca 

concentration in PSS in the control (1909.50 

± 82.30 vs 1300.85 ± 57.36; p=0.0001; t = 

13.57; df = 8) and pregnant rats (1139.00 ± 

103.40 vs 880.00 ± 25.95; p = 0.0006; t = 

5.433; df = 8) and contraction decreased 

significantly in pregnant rats compared to 

control in both 1.6mM (1909.50 ± 82.30 vs 

1139.00 ± 103.40; p = 0.0001; t = 13.04; df 

= 8) and 0.8mM Ca PPS (1300.85 ± 57.36 

vs 880.00 ± 25.95; p = 0.0001; t =  14.95; df 

= 8). 

Figure 3 compares the EC50 of the control 

and pregnant rats with intact and removed 

endothelium in 1.6mM Ca PSS. Removal of 

endothelium caused a significant decreased 
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(p<0.05) in EC50 in both control (0.66 ± 

0.80 x 10-7 vs 0.24 ±0.51 x 10-7; p=0.0001; 

t=9.884; df = 8) and pregnant rats (2.47 ± 

0.31 x 10-7 vs 0.49 ± 0.09 x 10-7; p=0.0001; 

t=14.14; df=8).  The EC50 was significantly 

higher in the pregnant rats compared to the 

control rats in both the endothelium intact 

and endothelium removed groups (0.24 

±0.51 x 10-7 vs 0.49 ± 0.09 x 10-7; 

p=0.0006; t=5.430; df=8). 

Figure 4 compares the vascular smooth 

muscle contraction of the control and 

pregnant rats with intact or removed 

endothelium. Vascular smooth muscle 

contraction increased non-significantly 

(p>0.05) in the control (1909.5±82.3 vs 

2012±63.4; p = 0.0584; t = 2.206; df = 8) 

but significantly (p<0.05) in the pregnant 

rats (1139.0±103.4 vs 2181±145.4; p = 

0.0001; t = 13.06; df = 8) when the 

endothelium is removed. Comparatively, 

when the endothelium is removed, aortic 

vascular ring contraction significantly 

increased in the pregnant rat compared to 

the control (2012±63.4 vs 2181±145.4; p = 

0.0444; t = 2.382; df = 8).
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Figure 1. Aortic ring vascular smooth muscle response to phenylephrine in pregnant and non-pregnant rats 

in different Ca2+ concentration of PSS. 

N=10 (n=5); Mean ± SEM; *significant at p<0.05 compared with control, ^significant at p<0.05 compared with 

1.6mM Ca PSS. 
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Figure 2. Vascular smooth muscle contraction of aortic ring to phenylephrine in pregnant and non-pregnant 

rats in different Ca2+ concentration of PSS. 

N=10 (n=5); Mean ± SEM; *significant at p<0.05 compared with control, ^significant at p<0.05 compared with 

1.6mM Ca PSS. 

4. DISCUSSION 

In the present study, aortic ring smooth 

muscle contraction to phenylephrine was 

observed to increase with increased Ca2+ 

concentration in both the control and 

pregnant rat by 46.85% and 29.43% 

respectively while pregnancy cause a 

decreased in contraction by 67.65% and 

47.82% in the 1.6mM and 0.8mM Ca PSS. 

The observations in the present study will 

give credence to the notion that a decrease in 

the concentration of Ca2+ PSS from 1.6mM 

to 0.8mM caused greater decrease in the 

contractions of aortic rings from non-

pregnant and pregnant rats with greater 

effect in the non-pregnant rats. This will 

suggest a greater dependence of the smooth 
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muscle cells contraction of the blood vessel 

(aortic ring) on extracellular Ca2+ ions. 

Transport systems present in cell membrane 

control the movement of sodium, potassium, 

calcium and other ions in order to maintain 

the marked difference in concentration of 

these ions on the outside and inside of cells, 

which in turn, provide the electrochemical 

gradient needed for various cell functions. It 

is well reported that the reactivity of blood 

vessel to most vasoactive agents in 

pregnancy is decreased [20-22]. The possibility 

that pregnancy produces its effect on 

vascular responses through inhibition of 

Ca2+ influx into vascular smooth muscle 

cells is not conclusively investigated and 

may not be overruled. On the other hand it is 

suggested that pregnancy may attenuate the 

contraction of blood vessel by decreasing 

calcium influx through the voltage operated 

calcium channels (VOCs) and the receptor 

operated calcium channel (ROCs) of 

vascular smooth muscle cells[23]. 
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Figure 3. Aortic ring vascular smooth muscle response to phenylephrine in pregnant and non-pregnant rats 

with intact and removed endothelium. 

N=10 (n=5); Mean ± SEM; *significant at p<0.05 compared with control, ^significant at p<0.05 compared with 

1.6mM Ca PSS. 
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Figure 4. Vascular smooth muscle contraction of aortic ring to phenylephrine in pregnant and non-pregnant 

rats with intact and removed endothelium in normal PSS. 

N=10 (n=5); Mean ± SEM; *significant at p<0.05 compared with control, ^significant at p<0.05 compared with 

1.6mM Ca PSS. 

 

Normal pregnancy is accompanied with 

increased production of several potent 

vasodilators such as prostacyclin (PGI2)[24] 

and nitric oxide[25, 26] which can have effect 

on how the vascular system function in this 

state. It has long been demonstrated that 

endothelium dysfunction alters the vascular 

relaxation response to acetylcholine 

considering the findings that rabbit thoracic 

aorta failed to elicit relaxation in response to 

acetylcholine following mechanical damage 

of the endothelium[14]. In the present study, 

endothelium damage caused increased 

contraction of aortic ring to normal PSS in 

both the non-pregnant and pregnant rats with 

significant different in the pregnant rats. 

This finding indicates that damage 

endothelium during pregnancy may cause 

increased contraction of vascular smooth 

muscle and in turn alter vascular tone 
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homeostasis. This increased contraction may 

be due to the increased production of 

intrinsic and extrinsic vascular factors 

during pregnancy which may influence  

vascular smooth muscle.In support of the 

contention that the vascular endothelium is 

involved in the effect of pregnancy on 

vascular responses to vasoactive agent[24, 27] 

was the observation that the attenuation of 

contractile responses to phenlyphrine in 

pregnancy was abolished by endothelium 

removal. Though the precise mechanism for 

this effect of pregnancy is not clear, the 

alteration of vascular endothelium function 

in pregnancy has been suggested and 

demonstrated[21, 25]. 

5. CONCLUSION 

Extracellular Ca2+ concentration and 

pregnancy alter the contractile response of 

aortic ring vascular smooth muscle with de-

endothelium in pregnancy modulating the 

contractile responses. Contractile responses 

of vascular smooth muscles, like in any 

other muscles are dependent on availability 

of Ca2+. The dependence on extracellular 

Ca2+ is greater in non-pregnant rats than 

pregnant rats. Vascular responses are 

diminished in pregnancy and the mechanism 

by which this takes place appears to be 

endothelium dependent, as well as the 

vascular smooth muscle handling of 

extracellular calcium especially during 

pregnancy. 
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ABSTRACT 

 

Ketogenic diets have become popular for weight loss and in treatment of many diseases but there are still concerns 

regarding its impact on metabolic diseases and cardiovascular health. To obtain more comprehensive data on how 

ketogenic diet may affect the challenges of metabolic syndromes, this study aimed to evaluate the effects of short-

term consumption of ketogenic diet on lipid biochemical profiles of healthy rat. Male Wistar rats weighing 150 ± 50 

grams were randomly divided into 3 groups as follow: Control (fed standard rat chow; n = 10 rats), acute fed 

ketogenic diet (n = 5) and sub-acute fed ketogenic diet (n = 5). Ketogenic diet was made by adding 50% animal fat 

to the standard rat chow. Feeding lasted for 3 and 7 days for acute and sub-acute groups respectively. At the end of 

experiment, body weights were determined and blood samples obtained for lipid profile estimation using standard 

laboratory procedures. The results showed that ketogenic diet intake for 3 days cause a significant increase (p<0.05) 

in serum cholesterol and low density lipoprotein compared with the control diet. Conversely, there were significant 

decrease (p<0.05) in serum triglyceride (3 days ingestion), cholesterol (7 days ingestion) and high-density 

lipoprotein cholesterol (7 days ingestion) compared with the control. These findings indicate that ketogenic diet 

ingestion may predispose to metabolic syndromes and increase the risk of cardiovascular diseases via inhibitory 

impact on high density liproprotein cholesterol. 
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1. INTRODUCTION 

Cardio-metabolic syndrome is a clustering 

of several risk factors including central 

obesity, diabetes mellitus, hyper-

coagulability, hypertension, insulin 

resistance and micro-albuminuria [1,2]. 

Collectively, these risk factors increase the 

risk of developing cardiovascular disease 

(CVD) and metabolic disorders such as 

dyslipidaemia [1]. The resulting abnormal 

lipid levels contribute significantly to global 

health challenges [3]. Nutritional and dietary 

therapy, weight loss, exercise, and 

scientifically proven nutritional 

supplementation have been reported to be 

appropriate in the management of 

dyslipidaemia [3, 4]. Globally, an increasing 

proportion of people are consuming Western 

Diet characterized by a high intake of fat 

and refined sugar [5]. Diets such as these 

increase the risk of developing cardio-

metabolic syndrome[5-7] by inducing 

sustained increases in plasma glucose, 

triglycerides and very low-density 

lipoprotein[8]. Diet was therefore seen as a 

major weapon in the fight against CVD due 

to its impact on the myriad of CVD risk 

factor[9]. 

The ketogenic diet is a food regimen 

consisting of a high fat concentration, 

relatively low carbohydrate and protein 

content[10]. According to Kosinski and 

Jornayvaz[11], ketogenic diet triggers 

elevated ketone bodies production from fat 

breakdown to produce energy. Several 

studies showed ketogenic diet has 

therapeutic benefits and as such has been 

recommended as a supplementary therapy 

for acne, cancer, polycystic ovary syndrome, 

respiratory distress[12] and as anticonvulsant 

therapy in people with epilepsy[13,14], 

maintaining mood stability for people with 

bipolar disorder, helpful for people with 

type 2 diabetes, and reducing cholesterol 
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levels in obese patients[15]. Because 

ketogenic diets are high-fat and there still 

exist the assumption that high dietary fat 

intake causes poor lipid profiles and 

elevated cardiovascular risk, it was 

suggested that it is medically liable to 

follow-up the serum lipids profile of 

consumers of ketogenic diets[16]. To obtain 

more comprehensive data on how ketogenic 

diet may affect the lipid profile, this study 

investigated the effects of short-term 

consumption of ketogenic diet on lipid 

biochemical profiles in healthy adult Wistar 

rats. 

2. MATERIALS AND METHODS 

2.1. Major food materials: Ketogenic diet 

is high in fat and thus the fat material used 

in this study is lard gotten from animal fat 

and was locally prepared. The animal fat 

was gotten raw within Ekpoma and prepared 

in the Department of physiology laboratory 

2 through heating following standard 

procedures. The ketogenic diet was 

formulated by adding 50% animal fat (lard) 

to the standard rat chow as previously 

reported by Riahi and Riah[17] but with some 

modifications. 

2.2. Care and management of animals: 

Fifteen adult male Wistar rats of comparable 

weights (150 ± 50g) were used for this 

study. They were obtained from the Animal 

House of the College of Medicine, Ambrose 

Alli University, Ekpoma. The animals were 

housed in plastic cage with a wire screen top 

in the experimental holding site of the 

Department of Physiology, College of 

Medicine, Ambrose Alli University, 

Ekpoma. The animals were fed ad libitum 

with standard rat chow (Bendel feeds and 

flour meal Ewu, Nigeria), clean tap water, 

and allowed to acclimatize for fourteen 

days. 

2.3. Grouping of experimental animals: 

This study is experimental in nature. After 

acclimatization, rats were randomly 

assigned into three (3) groups of equal rats. 

This was represented as follows. 

Group 1 (control group; n = 10): Rats in this 

group were fed standard rat chow and clean 

water alone throughout the experiment and 

blood sample collected at 3 and 7 days. 

Group 2 (Acute fed Ketogenic diet; n = 5): 

Rats in this group were fed ketogenic diet 

and clean water for 3 days. 

Group 3 (Sub-acute fed Ketogenic diet; n = 

5): Rats in this group were fed ketogenic 

diet and clean water for 7 days. 

2.4. Experimental procedure: After 

acclimatization, rats in each group received 

corresponding treatments. The rats were 

allowed to feed on standard rat chow 

(control) or the formulated ketogenic diet 

(test-groups; formed by adding 50g animal 

fat to 50g rat chow) ad libitum. These 

procedures were repeated the subsequent 

days for 3 days and 7 days for the acute and 

sub-acute groups respectively. 

2.5. Sample collection: At the end of diet 

feeding for each groups and after an over-

night fast, the animals were euthanized via 

cervical decapitation and blood sample 

collected into plain bottle from the jugular 

vein. The blood in plain bottle was 

centrifuged at 3000 rpm for 10 minutes  The 

centrifuged serum was decanted and taken to 

the laboratory for the estimation of serum 

lipid profile. 

2.6. Sample analysis: The serum 

concentration of total cholesterol, 

triglycerides, and high density lipoprotein 

concentrations were determined using 

commercial enzyme-linked immune-sorbent 

assay (ELISA) kits while low density 

lipoprotein and very low density 

lipoproteins were calculated based on 

standard formula. The parameters were 



AAUJMR Volume 1, Issue 1, June 2022  70 
 

estimated from serum samples as per the 

procedure described in the kit.The 

concentration of Very Low Density 

Lipoprotein and LDL-Cholesterol was 

calculated from the Fiedewald’s formula: 

LDL = TC – HDL-Chol – TG/5 (Where TC 

= Total Cholesterol, HDL-Chol = High 

Density Lipoprotein Cholesterol, TG = 

Triglyceride; TG/5 = Very Low Density 

Lipoprotein)[18]. 

2.7. Data analysis: The mean ± standard 

error of mean was determined and the One-

Way ANOVA (Bonferroni post-hoc-test) 

statistical test was performed using SPSS 

version 20 software. The value P < 0.05 was 

considered statistically significant. Results 

were then presented in suitable charts. 

3. RESULTS 

Figure 1 showed the effect of ketogenic diet 

on serum total cholesterol (a), triglyceride 

(b), low density lipoprotein (c) and high 

density lipoprotein (d) cholesterol levels of 

healthy adult Wistar rats. There was no 

significant difference in serum lipid 

variables between the 3 and 7 days of the 

control. However, ketogenic diet ingestion 

for 3 days resulted in significant higher 

serum total cholesterol level (p<0.05) 

compared to the controls while 7 days 

ingestion resulted in a significant decrease. 

Ketogenic diet ingestion for 3 days resulted 

in a significantly lower serum triglyceride 

level (p>0.05) compared to the control and 

ketogenic diet ingestion for 7 days. 

Ketogenic diet ingestion for 3 days resulted 

in a significantly higher serum low density 

lipoprotein cholesterol level (p>0.05) 

compared to the control and ketogenic diet 

ingestion for 7 days. Ketogenic diet 

ingestion for 7 days resulted in a 

significantly lower serum high density 

lipoprotein cholesterol level (p>0.05) 

compared to the controls and ketogenic diet 

ingestion for 3 days. 
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Figure 1. Effect of ketogenic diet on serum total cholesterol (a), triglyceride (b), low density lipoprotein 

cholesterol (c) and high density lipoprotein cholesterol (d) levels of healthy adult Wistar rats. 

N= 20, n = 5. Values are in Mean ± standard error of mean; *statistically significant compared with control. 

4. DISCUSSION 

Ketogenic diets have been criticized on the 

grounds that they jeopardize health[19]; 

however, very few studies have directly 

evaluated its effect on risk factors for 

CVD[9]. While caloric restriction or other 

form of reduction in nutrient can reduce risk 

of CVD and dyslipidemia, manipulating 
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dietary macronutrient content has been 

shown to improve blood lipid profiles even 

in the absence of weight loss [20]. In the 

present study, ketogenic diet induced 

various variable changes in serum 

cholesterol, triglyceride, LDL and HDL at 

acute and sub-chronic ingestion. 

Specifically, the 3 days ingestion of 

ketogenic diet caused an increase in serum 

cholesterol and LDL while serum 

triglyceride decreases with an unchanged 

HDL. However, following 7 days of 

ketogenic diet ingestion there was reduction 

in serum cholesterol, LDL and HDL with an 

unchanged triglyceride level. These findings 

indicate that acute intake of ketogenic diet 

may be more deleterious to the 

cardiovascular system as compared to sub-

chronic intake. However, the decrease in 

HDL by ketogenic diet is not favourable. In 

comparison to the present study, high-fat 

load for 30 days have been documented to 

result in increased levels of total cholesterol, 

triglyceride, LDL and cholesterol, in the 

rats’ blood serum[21]. Also, saturated fats 

have been reported to modify cholesterol 

metabolism and increase significantly the 

concentration of HDL cholesterol and a 

raised triglyceride accumulation in mouse 

after three weeks of high fat diet [22]. The 

difference in the findings of the present 

study with that of Nangue et al.[22] may be 

due to the difference in duration of exposure 

to the diet between both studies. However, 

other studies indicated that application of 

ketogenic diet results in significant decrease 

in serum triglycerides, small increase in total 

and LDL cholesterol and moderate increase 

in HDL cholesterol in normal lipid profiled 

human subjects [23]. 

The data from our study demonstrate that 

ketogenic diet exerts a distinctly pronounced 

hyperlipidemic effect on serum cholesterol 

and LDL following acute ingestion as 

compared to sub-acute ingestion. Several 

animal models have been used to learn about 

the effect of a high-fat diet on the function 

of vital organs, such as the kidneys and liver 
[24,25]. High-fat diet is more likely to trigger a 

reduction in mitochondrial quinone pool and 

is associated with increased mitochondrial 

reactive oxygen species (ROS) formation in 

the rat liver [26]. Thus, high fat diets which in 

the case of this study; a ketogenic diet, may 

alter liver metabolism and in turn induce 

changes in lipid profile. In support of this 

assertion, a high-fat diet has been shown to 

induce alteration in renal lipid metabolism in 

mice, especially the balance between 

lipogenesis and lipolysis, leading to the 

accumulation of lipid in the kidneys and, 

consequently, renal dysfunction [27]. 

5. CONCLUSION 

This study showed that short term intake of 

ketogenic diet alters lipid profile in adult 

male Wistar rats. Specifically, sub-chronic 

ingestion may lead to cardiovascular rick via 

serum HDL inhibition with acute intake 

stimulating serum LDL. These findings 

suggest that ketogenic diet may increase the 

risk of cardio-metabolic syndrome. It is 

therefore recommended that intake of 

ketogenic diet be monitored by a health care 

specialist and there is a need for further 

studies. 
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