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ABSTRACT 

Among the various health problems associated with obesity, cardiac autonomic neuropathy is 

one of the serious and relatively under-investigated problems. The authors have previously 

showed, in 2008, that vagal dysfunction is the main underlying factor in cardiac autonomic 

neuropathy in a rat model of congenital obesity. The aim of this article is to review the 

published findings in this topic since then and to compare the data in rats with those in human 

subjects. 
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INTRODUCTION   

Obesity has emerged world-wide as a major public 

health concern, and Africa is not an exception. It has 

been estimated that obesity/overweight is increasing by 

an average of 5% annually in sub-Saharan countries 

(Ziraba et al., 2009). Epidemiological and experimental 

studies show that obesity is a causative factor in the 

development of cardiovascular disease.  In this case, 

the deleterious effects of obesity upon autonomic 

function are seen, at least in part, as a probable 

contributor to ultimate cardiovascular dysfunction.  

Many of the earlier studies that outlined the 

relationship(s) between obesity and circulatory 

dysfunction were conducted using animals, especially 

rats or mice fed calorie rich diets or strains genetically 

biased to become obese.  The results of many of these 

rodent experiments have only subsequently been 

followed up with corollary observations in man.  

Recent human studies reported strong association of 

waist-hip ratio and low heart rate variability in humans 

(Yadav et al., 2017). Eleven years ago (2008) our study 

in Zuckerfa/fa obese rats vs. a control strain was among 

the earlier observations of diminished 

 

Parasympathetically-mediated bradycardia during an 

acute behavioral challenge (i.e., classical aversive 

conditioning) (El-Wazir, et al., 2008).  In the sense of 

‘translational science’ this earlier study is primarily of 

interest to the degree that the findings are applicable to 

human obesity.  The purpose of the present account is 

to summarize our earlier work and then to examine the 

subsequent decade’s findings in human studies that are 

either congruent or inconsistent with our earlier rat 

findings.  As such, it should provide objective 

validation or refutation of an important aspect – 

autonomic control - of the use of rats to model human 

obesity. 
 

Review of our obese rat cardiovascular ‘stress 

response’ and its autonomic control  

The Zucker obese rats used in our study (El-Wazir et 

al., 2008) were 9- to 11-weeks of age. The obese 

animals (n=10) weighed 452 +45 g (mean + SD) while 

the age-matched control rats (n=13) weighed 280 + 46 

g.  We found no significant differences in mean arterial 

blood pressure (mBPa via indwelling femoral artery 

catheter) while the rats were unanesthetized and at rest 

between obese (111.7 + 5.6 mm Hg) vs. lean (113.1 + 

7.0 mm Hg).  Likewise, resting heart rate (HR) was 

similar in obese (422 + 22 /min) and lean (413 + 43 

/min.).  The major novel finding of the study was that 

the bradycardia observed in a fully trained rat during a 

‘stressful stimulus’ (a 15 sec. ‘conditional stimulus’ 

(CS) tone followed by 0.5 sec. tail shock) was 
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significantly (p < 0.05) smaller in the obese (-17.8 

+21.7 /min) as compared to the lean group (-46.0 + 

21.5 /min).  Fig.1 is a composite analysis (i.e., each 

recording is an ensemble average across the lean 

(black) and obese (red) animals).  Note particularly the 

significantly smaller bradycardia during the CS-

induced stress in the obese (red) animals (i.e., vs. pre-

tone control) (p < 0.05).  This HR conditional response 

was essentially eliminated following delivery of 

atropine (not shown, Fig.1); thus, the HR slowing may 

be attributed largely to increased cardiac 

parasympathetic activity.  The conditioned increase in 

mBPa (not shown, Fig.1) was not significantly different 

between groups.  Finally, the reflex change in HR 

divided by the change in mBPa () HR/mBPa) produced 

by a bolus iv infusion of phenylephrine, an index of 

baroreceptor function, was significantly smaller in 

obese (n=6; -1.36 + 0.60) vs. lean (n=5; -2.80 + 0.92).  

Conversely, the reflex tachycardia following iv 

nitroprusside did not differ between groups.   

Our prior work (e.g., Randall 1994) with the 

conditioning paradigm helps interpret these findings.  

First, the pattern of changes in SNA relative to pre-tone 

control consists of an initial ‘sudden burst’ followed 

immediately by a momentary decrease which is next 

replaced during the majority of the CS by a modest 

increase over control.  This patterned, learned 

cardiovascular response ‘evolves’ as the animal 

acquires the association between the tone and shock 

(El-Wazir, 2005).  Second, the accompanying increases 

in mBPa are reliably predicted by these changes in SNA 

(Burgess 1997).  If so, our finding that the changes in 

blood pressure during the CS are similar in the two 

groups of rats implies that the underlying changes in 

SNA must be similar between the two groups.  Finally, 

though we have not recorded changes in 

parasympathetic activity, the bradycardia shown in 

Figure 1 apparently results from baroreflex activity 

secondary to the conditional increase in BP (Randall, et 

al., 1994). 

 
Age-matching of rats and humans 

Our present intention is to compare these findings with 

the closest possible match to subsequent human studies.  

Perhaps the first issue, therefore, concerns the 

equivalent human developmental age as compared to 9-

11-week old rats: how many rat days are equivalent to 

one human year?  A recent review (Andreollo, et al., 

2012) of the relevant literature matching rat 

development to human development explains that rats 

become sexually mature at 6 weeks while humans don’t 

experience puberty until between about 12 to 13 years.  

The ‘non-linear’ differences in rate of-maturity 

between the two makes comparison difficult, but over 

the total lifespan Andreollo and colleagues (2012) 

suggest that during the ‘adult phase’ 11.8 rat days is 

equivalent to 1 human year, while across the entire life-

span 13.8 rat days is equivalent to one human year.  

Using Andreollo’s equivalents and accepting 6 weeks / 

12 years as sexual maturity in rat / human, we estimate 

that our animals were roughly equivalent to humans of 

23-24 years of age.  Given the relative paucity of 

published human studies we have accepted a somewhat 

wider human age range for consideration in our 

comparisons. 
 
Assessments of autonomic function in humans 

Autonomic function in humans is often evaluated using 

heart rate variability (HRV) as assessed either in the 

time or frequency domain.  Moreover, as in our rat 

study, the physiological response to a challenge can be 

particularly telling in human tests; challenges to 

homeostasis have often included standing-up from 

supine or lying down (e.g., Makary et al., 1999).  

Parasympathetic influences on heart rate are often 

evaluated in terms of ‘high frequency power’ (i.e., 

power in the HR ‘signal’ as revealed by Fourier 

analysis within the frequency range typically, in the 

human, between 0.15 to 0.40 Hz.)  We agree, in fact, 

since in resting dog – an animal with significant cardiac 

parasympathetic activity while at rest – selective 

surgical interruption of the parasympathetic fibers 

projecting to the SA-node essentially eliminates the 

high frequency peak (Randall 1991).  The low 

frequency peak (human:  0.04 to 0.15 Hz) is often taken 

as an approximate index of cardiac sympathetic 

nervous activity (SNA).  In dog, selective SA-nodal 

parasympathectomy significantly decreases this power, 

but does not eliminate it; addition of -adrenergic 

blockade (i.e., administration of propranolol) further, 

and significantly, decreases this power in the low-

frequency range of HRV (Randall 1991).  Direct 

recording of muscle sympathetic nerve activity has also 

been reported in lean vs. overweight or obese humans 

(Lambert et al., 2010).   
 

Identification of comparable studies of ‘young humans’ 

conducted during the ensuing decade 

We identified 5 studies of autonomic function in human 

obese vs. lean subjects generally within the prescribed 

age range that were published over the 10 years since 

our 2008 paper.  The average age and weight of Rossi, 

et al.’s (2015) obese individuals (24 men / 20 women) 

were 20.45 + 1.57 years and 102.3 + 20.82 kg, 

respectively, while their ‘eutrophic’ (24 men/ 24 

women) averaged 20.7 + 1.39 and 62.89 + 10.47 kg.   
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Fig. 1. The rats were un-disturbed while in a comfortable restraining ‘sock’ for first 9 seconds (i.e., pre-tone control, left 

portion of time base); the 15 sec. long tone was presented during the dark bar on the X-axis, and the short shock was presented 

at the end of the dark bar; the irregular fluctuations in the recordings during shock delivery are unreliable because of the rats’ 

flinching during the shock.  The heart rate slowing during the stressful stimulus (i.e., 15 sec. tone) was significantly smaller in 

the obese group vs. the lean animals.  

 

 

Lee, et al. (2014), who included an orthostatic 

challenge (lower body negative pressure, LBNP) in 

their work, studied obese individuals who were 27.5 + 

9.3 years of age and 100.8 + 14.9 Kg. while their non-

obese individuals were aged 26.0 + 7.3 yrs and 66.3 + 

11.9 kg.  Muralikrishnan, et al. (2013) studied 31 obese 

people (25.42 + 7.86 yrs; BMI = 26.84 + 2.47 kg/m2 

(weight was not provided)) and 31 ‘normal’ (25.38 + 

4.61 years and 21.71 + 2.99 kg/m2). Park, et al. (2012) 

reported recordings of muscle sympathetic nerve 

activity (mSNA) responses to the challenge of the cold 

pressor test (CPT) and static hand grip (SHG) in 12 

overweight subjects (32.3 + 2.2 yrs; 182.7 + 7.0 lbs) 

and in 12 lean individuals (28.9 + 1.4 yrs (SEM); 138.4 

+ 5.0 lbs); although these individuals were older than 

our estimated rat-human comparison, because the study 

recorded mSNA and also included a sympatho-

excitatory challenge renders it of particular interest.  In 

addition, Indumathy, et al. (2015) examined response 

to standing, deep breathing and isometric handgrip in 

their obese (29.84 + 5.88 year; 68.06 + 7.66 kg) group 

and their 28.33 + 7.22 year old controls (54.44 + 6.40 

kg). 

Comparisons of effects of obesity on autonomic 

function in age-matched humans and Zucker rats 

We observed no between-group differences in our rats’ 

mBPa during the pre-tone control.  Likewise, Park, et 

al. (2012), Lee, et al. (2014) and Muralikrishnan, et al. 

(2013) report similar control mBPa across their groups, 

while Indumathy, et al. (2015) and Rossi, et al. (2015) 

reported higher arterial pressure in their obese 

individuals compared to controls.  We also reported no 

difference in pre-tone HR; while Park, et al’s findings 

in this regard agree with ours, the overweight or obese 

subjects for the other studies (Lee, Rossi, Indumathy, 

Muralikrishnan) had elevated resting HR.  HR, in our 

experience, is quite responsive to the subject’s status, 

emotional and otherwise; we adapted our rats to the 

sock restraint such that, we believe, their HR was close 

to ‘resting’.  In any case, it would be difficult on the 

basis of control HR alone to draw any firm conclusions 

on any effects of obesity on autonomic balance. 

The HR power spectra from the obese individuals 

studied by Rossi, et al. (2015), as well as Indumathy, et 

al. (2015) had significantly lower HF power than 

observed in their lean, or control, subjects; such 
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findings would typically be interpreted to have resulted 

from decreased parasympathetic control of HR. 

Absolute LF power in Rossi’s study did not differ 

between groups, but normalized LF power was higher 

in the obese; Indumathy (2015) reported both a higher 

total and normalized LF value in his obese subjects.  

The LF/HF ratio, often regarded as an index of the 

relative balance of sympathetic and parasympathetic 

tone, was significantly higher in the obese as compared 

to the ‘eutropic’ people in both studies.  These 

investigators conclude that, at rest, obesity was 

associated with a reduction in parasympathetic and a 

relative predominance of sympathetic activity.  

Muralikrishnan, et al. (2013) used Poincare Plot 

analysis to come to the same conclusion.  Finally, Park, 

et al. (2012) recorded mSNA via microneurography; 

baseline bursts/min. in the lean (20.5 + 2.2) tended 

toward fewer per minute than observed in the 

overweight (27.8 /min.), but the difference fell short of 

statistical significance (p = 0.08). 

The study referenced immediately above by Park, et al. 

(2012), is particularly reminiscent of our overall rat 

work (Randall, et al., 1994) in that they examined 

changes in mSNA during sympathoexcitatory 

challenges: the cold pressor test (CPT) and static 

handgrip exercise at 30% of maximum (SHG 30%).  

They reported no significant between group differences 

in the increases (vs. rest) in mBPa or in HR during the 

moderate hand grip, though systolic pressure increase 

in the overweight subjects (+16.6 + 1.6 mm Hg) tended 

(p = 0.17) to be blunted compared to the lean (+22.4 + 

3.5 mm Hg); there was no difference in the magnitude 

of the increase in mSNA in the overweight (+13.0 + 1.6 

/min) as compared to the lean (+11.9 + 1.3 /min.).  

Recall that we (El-Wazir et al., 2008) saw no difference 

(i.e., obese vs. lean rats) in the change in mBPa during 

the stress tone which, because changes in arterial 

pressure ‘map’ (i.e., are closely related to) changes in 

SNA (Burgess, 1997), implies that underlying changes 

in SNA were similar. Conversely, while the changes in 

pressure and HR were similar between groups during 

the cold pressor test, the overweight individuals 

increased mSNA bursts/min more (+18.1 + 2.8 /min) 

than the lean (+10.8 + 1.2 /min; p = 0.03). 

The major focus of Indumathy, et al’s (2015) study was 

to investigate the relationship of their indices of 

sympathovagal imbalance (SVI) to anthropometric 

indices (e.g., waist or hip circumference), but they also 

reported comparisons of the “30:15 ratio (ratio of 

maximum RR interval at 30th beat to minimum RR 

interval at 15th beat following standing,” i.e., orthostatic 

challenge) and determined the arterial pressure at the 

first minute and 2nd minute of contraction () DBPIHG or 

maximum rise in diastolic blood pressure above 

baseline) during an isometric handgrip test at 30% of 

maximum voluntary contraction.  On the bases of these 

“classical autonomic function tests” in the obese vs. 

control group they reported decreased vagal reactivity 

in their obese subjects during the orthostatic challenge 

and, during the SHG, they found increased sympathetic 

reactivity in the obese subjects.  As a result of these 

findings they conclude that differences between the 

spectral LF:HF ratio in the control (0.69 + 0.39; n=43) 

and obese group (1.41 +0.73; n=45, p < 0.001) are 

attributable to “concomitant increase in sympathetic 

activity and reactivity as well as to the decrease in 

parasympathetic activity and reactivity” (quoted from 

p. 62).  Lee, et al. (2014) also reported reduced 

orthostatic tolerance in obese humans which, on the 

basis of previously established alterations in autonomic 

function in humans, “support the contention that 

autonomic nervous system activity is altered with 

weight gain and obesity,” but they do not offer a more 

specific analysis. 

The subjects in the study by Yadav, et al. (2017) were 

somewhat older (average: 30 – 32 years), and the age 

range (18 – 75 years) within the normal weight and 

within the obese individuals was large.  Irrespective, 

we note parenthetically that they report significantly 

lower HRV HF power in the obese (216 ms2) as 

compared to the normal weight (640.5 ms2; p = 0.014); 

LF power was lower (obese: 248 ms2; normal weight: 

480 ms2; p = 0.063) while LF/HF was higher (obese: 

1.2; normal weight: 0.79; p = 0.045).  In short, they 

state that variables which reflect the cardiac 

parasympathetic nerve activity were lower in obese 

persons than in normal weight persons while the 

sympathetic marker LF/HF ratio was increased in obese 

subjects. It may be noteworthy to state that this study 

was conducted on Asian subjects (Nepal), which may 

highlight the trans-ethnicity of the obesity-associated 

cardiac autonomic dysfunction.  
 

Baroreflex function in lean vs. obese individuals 

None of the five studies we identified assessed 

baroreflex function directly in obese vs. lean subjects, 

so we looked at studies with subjects beyond the 

optimal age-range and/or published other than within 

the most recent decade.  Using a sequence technique 

(Randall & Brown, 2014), Skrapari, et al. (2007) 

compared baroreflex sensitivity in obese (BME > 30 

kg/m2) vs. lean (BMI < 25 kg/m2) women; though aged 

(42 yrs) somewhat older than our range, the data are 

worth our noticing.   They found a severe reduction in 

baroreflex sensitivity by the sequence technique in 

obese (9.18 + 3.77 ms/mm Hg), but otherwise healthy, 

4



Obesity and autonomic regulation of cardiovascular function 

 

     J. Afr. Ass. Physiol. Sci. 7 (1): 2019        Randall and El-Wazir 

 

 

subjects as opposed to their lean women (19.63 + 9.16 

ms/mm Hg, p < 0.001).  These differences were closely 

associated with the high frequency component (i.e., 

parasympathetic component) of HRV.  Jaju, et al. 

(2016) compared spectral HRV assessments for mental 

(word conflict test; WCT) and physical (cold pressor 

test) challenges for large (n=1149) groups of lean 

(average age:  32.8 yrs; 56.6 kg), overweight (38.0 

years; 68.5 kg) and obese (38.1 yrs; 83.4 kg) 

individuals from 5 large families from an interior 

province of Oman.  Although the average age ranges 

are near our range, the direct applicability of their 

findings to ours is limited because of the wide range of 

the ages of their subjects within any category.  

Nonetheless, we note that they report no differences in 

the HR or mBPa changes (vs. baseline) during WCT or 

CPT in their autonomic parameters or in their index of 

baroreflex function. 

 
Interpretations of comparative rat vs. human findings 

Stables, et al (2013) point out that “it is crucial to be 

able to determine in what ways the animal models are 

similar to the human disease, and in what ways they are 

different” (quoted from p. 75) in their consideration of 

the applicability of animal (primarily rat) models of 

diabetes vs. human diabetic cardiac autonomic 

neuropathy.  We attempt such a comparison here of 

human and rodent (i.e., rat) obesity, where, in our case, 

the rodent obesity is attributable to a genetically 

controlled lack of the leptin receptor in the Zuckerfa/fa 

rat: this animal harbors a missense mutation in the 

leptin receptor gene.  Stables, et al (2013) point out that 

such comparison requires a combination of several 

suggestive tests.  In our rat study the primary novel 

finding depended upon use of a classical aversive 

conditioning paradigm which is sympatho-excitatory 

with, thereby, an increase in mBPa that, in turn, slows 

HR via activation of the baroreflex with resultant 

elevated cardiac PNS activity.  It is difficult, perhaps 

impractical, to identify a corresponding human 

paradigm, which thereby limits our ability to compare 

strictly our animal with human work.  Not 

unexpectedly, multiple inferences are required. 

The human studies are nearly unanimous in positing an 

overall diminution of parasympathetic nervous activity 

in obesity, at least as inferred by HRV or other indirect 

assessments.  It is more difficult to convincingly 

compare findings in these human studies to our major 

conclusion – decreased parasympathetically mediated 

bradycardia in the obese rats attributable to differences 

in baroreflex function – but the findings of Indumathy, 

et al’s (2015)“classical autonomic function tests” 

certainly come close to such a confirmation.  Findings 

are less unanimous as regards differences in 

sympathetic nervous activity. This is, at least in part, 

attributable to the weaker linking of changes in LF 

power (i.e., both sympathetic and parasympathetic 

activity contribute to LF power) and ambiguity in the 

LF/HF ratio (i.e., both increases in LF power, or 

decreases in HF power might contribute to an increased 

ratio) in assessing ‘sympathovagal imbalance’ (SVI).  

Moreover, our conclusions in this regard are inferential 

as based upon our prior assessment of the relationship 

between the coupling of changes in SNA and changes 

in arterial pressure.  Nonetheless, our rat findings are 

generally consistent with a relatively unchanged, or 

only modest increase in sympathetic arousal with acute 

challenge (e.g., orthostatic challenge).  In sum, it 

appears from our perusal of the relevant literature that 

our specific conclusion – diminution of 

parasympathetic autonomic control of HR early in the 

development of obesity with only modest, if any, 

changes in sympathetic activation – is a faithful 

reflection of the human situation. 

What of the underlying mechanism(s) of the lessened 

bradycardia during stress?  Since the bradycardia we 

observed occurs during an elevation in SNA  we 

believe the HR slowing is secondary to baroreflex 

activation induced by the arterial pressure increase 

during the stress.  Since the magnitude of the stress-

induced pressor response was similar in the obese vs. 

lean rats, the input to the baroreceptors should have 

been similar and, at least inferentially, the reflex 

response of the baroreflex was, therefore, similar.  If so, 

the reduced HR slowing is attributable to diminished 

parasympathetic control of the SA-node (i.e., rather 

than diminished sympathetic control).  Our finding that 

the reflex HR slowing to phenylephrine, but not the 

reflex HR acceleration to nitroprusside, was attenuated 

is consistent with this interpretation.  In sum, our 

retrospective examination of the age-appropriate human 

literature published during the last decade indicates that 

our findings in Zucker rat were in an important and 

significant sense ‘translational’ with respect to 

autonomic function in obese humans as compared to 

lean individuals. 
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ABSTRACT 

Background: Acrylamide, a potential toxicant and carcinogen, maybe formed in 

carbohydrate-rich food cooked at very high temperature. Its effect on gastric mucosa defense is 

not fully elucidated. Hence, the effect of acrylamide ingestion on gastric mucosal integrity was 

investigated.  Methods: Fifty-four (54) Wistar rats (150-200g) were randomly divided into 3 

groups; Group I (control) received 0.2mL distilled H20, Groups II and III received 7.5mg/kg 

body weight and 15mg/kg body weight acrylamide respectively. Both acrylamide and distilled 

water were administered orally for 28days. Thereafter, gastric secretion was obtained and 

analysed for gastric acidity. Gastric antioxidants status (superoxide dismutase (SOD), reduced 

glutathione, catalase), lipid peroxidation, mucus content, nitric oxide, bicarbonate, 

prostaglandins-E and gastric mucus content were determined. Blood samples were also 

collected and evaluated for haematological indices. Histological changes, parietal and mucus 

cell counts were evaluated on gastric tissues. Results: Gastric secretion and acidity increased 

(P < 0.05) in the 15mg/kg acrylamide treated group. Glutathione, SOD, catalase, mucus 

content, bicarbonate, prostaglandins-E2, mucous cell count were reduced (P < 0.05) while 

parietal cell count, lipid peroxidation and nitric oxide increased (P < 0.05) in both acrylamide 

treated groups compared to control.  White blood cell count in group II was increased 

compared to control (P < 0.05). Acrylamide treated groups displayed gastric epithelial cells 

with poor architecture, lamina propria, submucosa inflammatory cell infiltration and vascular 

congestion. Conclusion: Acrylamide exposure degenerates gastric mucosal integrity in a dose-

dependent manner via reductions in gastric protective factors, which thus predisposes the 

gastric mucosa to erosions and lesions. 
 

© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

The gastrointestinal barrier has been described as a 

barrier between the body and a luminal environment 

that not only contains nutrients, but also is laden with 

potentially hostile microorganisms and toxins (Allaire 

et al., 2018). When food is ingested, the gastrointestinal 

barrier acts as a first line of defence against invasion of 

foreign pathogens that might have been ingested 

(Hammer et al., 2015) and disruption of this barrier has 

been reported to result in severe debilitating disease 

conditions (Allaire et al., 2018). The gastric mucosa 

maintains its integrity by a balance between gastro-  

 

aggressive (acid and pepsin secretion) and gastro-

protective factors (epithelial cells, mucus and 

bicarbonate concentration, prostaglandins, gastric 

mucosal blood flow, nitric oxide and antioxidants) 

(Goel et al., 1985, Abdel-Salam et al., 2001; Goel and 

Sairam, 2002). These factors constitute a complex 

system of interacting mediators that contribute to 

strengthening the gastric mucosa and offer resistance 

against gastric injury or insults. 

Acrylamide is an industrial chemical used in the 

manufacture of personal care and grooming products, 

soil conditioners, wastewater treatment, as well as in 

paper and textile industries (Friedman, 2003; Exon, 

2006). High levels of acrylamide have also been 

detected in tobacco smoke (Pruser and Flynn, 2011).  

Acrylamide is also a by-product of the cooking process 

having been reported to be a preparation by-product in 
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heat-processed foods high in carbohydrates e.g. snack 

foods, potato crisps, breads, cereal products, and coffee 

(Mottram et al., 2002). Acrylamide in diet is formed 

through the Maillard reaction where reducing sugars 

(glucose or fructose) react with the amino acid, 

asparagine. This reaction is responsible for browning 

food during baking, frying, and roasting of food 

(Mottram et al., 2002). Therefore, it is likely that the 

general populace may be exposed to acrylamide 

through their diets. 

Since its discovery in everyday foods (Pellucchi et al., 

2011; Virk-Baker et al., 2014), several epidemiological 

studies have reported its potentially toxic and 

carcinogenic effects in different organs in the body 

(Mucci et al., 2003; Hogervorst et al., 2007; Hogervors 

et al., 2008; Larsson et al., 2009; Virk-Baker et al., 

2014). Acrylamide has also been reported to be a potent 

neurotoxin affecting both central and peripheral 

nervous systems (Lehning et al., 2002; LoPachin et al., 

2002); however, its effect on the gastric intestinal tract 

has not been fully elucidated. While El-Mehi and El-

Sherif, (2015) have reported acrylamide consumption 

causes mucosal erosions and depletion of the protective 

surface mucus, the underlying mechanism through 

which it disrupts the gastric mucosa defense is yet to be 

fully elucidated. 

This study was therefore designed to evaluate the effect 

of acrylamide consumption on factors that maintain the 

integrity of the gastric mucosa. 

 
MATERIALS AND METHODS 

Animals and grouping 

Fifty-four (54) male Wistar rats (150-170g) were 

housed in standard well-aerated laboratory cages and 

maintained at room temperature with alternating 12-

hour day and night cycles. They were fed on standard 

rat chow and allowed free access to drinking water ad 

libitum. The animals were randomly divided into 3 

groups of 18 rats each. 

 

Treatment protocol  

Group 1 - control received distilled water 0.2mLs, 

groups II and III received 7.5mg/kg body weight and 

15mg/kg body weight of acrylamide (Sigma Aldrich, 

China) (Zenick et al., 1986) respectively. All 

treatments were given orally for 28days. The Applied 

and Environmental Physiology Unit, Department of 

Physiology, University of Ibadan approved this 

experiment. Animals received humane care, and 

procedures were in accordance with the Guide for the 

Care and Use of Laboratory Animals (1996, published 

by National Academy Press, 2101 Constitution Ave. 

NW, Washington, DC 20055, USA). 

Determination of gastric juice acidity and pH 

Post-treatment, animals (n = 5) were subjected to 

surgery under light ether anaesthesia according to 

Brodie and Knapp (1966). Briefly, under light ketamine 

anaesthesia (40 mg/kg) the abdomen of each animal 

was opened through a midline epigastric incision, and 

the stomach was exposed. The pyloric end was 

identified and a fine thread was tied round the pylorus, 

care was taken to avoid inclusion of adjacent blood 

vessels. The wound was then closed with catgut and the 

animal returned to its cage where it subsequently 

regained consciousness. After 4 hours the animal was 

again anaesthetized, opened up and stomach was 

removed after clamping the pylorus and the lower end 

of the oesophagus. 4-hour gastric juice was collected 

and drained into a graduated test tube and centrifuged 

at 1400g for 10min (Raji et al., 2011). The supernatant 

volume and pH were recorded (Saranya and Geetha, 

2011) and the total acid content of the gastric juice 

collected was determined by titrating to pH 7.0 with 

0.01N NaOH, using phenolphthalein as indicator.   

 

Determination of ulcer score, gastric oxidative stress, 

bicarbonate and prostaglandins-E2 levels 

Gastric ulcer score was done using a hand lens at X2 

magnification as described by Elegbe and Bamgbose 

(1976) and thereafter the ulcer index and percentage 

(%) ulcer inhibition was calculated. Stomach tissues 

(0.5g) from 5 animals in each group were homogenized 

on ice with ice-cold 0.1 M phosphate buffer (1: 4 w/v, 

pH 7.4), the homogenates obtained was centrifuged at 

2500 rpm for 10 min at 40C and the resulting 

supernatants was frozen at -4°C until use (Saheed et al., 

2015). Aliquots of the supernatants were thereafter 

analysed for catalase (Sinha, 1972), superoxide 

dismutase (SOD) (Misra and Fridovich, 1972), 

glutathione (Sedlak and Lindsay, 1968), lipid 

peroxidation (as malondyaldehyde (MDA) and nitric 

oxide (Griess reaction as described by Green   1982) 

levels respectively. The supernatants were also assayed 

for bicarbonate ion and prostaglandins-E2 level using 

enzyme-linked Immunosorbent Assay Kits (Bioassay 

Technology Laboratory, China). 

 

Determination of haematological indices and mucus 

content in control and acrylamide treated animals 

Blood samples were obtained by cardiac puncture after 

light ketamine anaesthesia (40 mg/kg) from 5 animals 

in each group into heparinised specimen bottles and 

analysed for packed cell volume (PCV), haemoglobin 

concentration (Hb), red blood cell count (RBC), platelet 

count, total white blood cell (WBC) count and 

differential WBC count). Gastric mucous content was 
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estimated in these same animals using the Alcian blue 

technique as described by Corne et al. (1974). 

 

Parietal, mucous cell counts and Histological 

evaluation of the gastric mucosa  

The stomach samples from animals in each group (n=3) 

were excised and stored in 10% formalin. Mucous cell 

count was estimated using the Periodic Acid Schiff 

(PAS) reaction technique while gastric histopathology 

and parietal cell count were estimated using 

Hematoxylin and Eosin-staining techniques as 

described by Adewoye and Salami (2013). 

 

Statistical analysis 

Results are expressed as mean ± SEM and were 

analysed using one-way analysis of variance (ANOVA) 

followed by Newman-Keuls post hoc test. Comparisons 

between control and experimental groups were carried 

out and the statistical differences were taken to be 

significant at p < 0.05. 

 

RESULTS 

Effect acrylamide on the gastric juice acidity and pH 

The pH of gastric effluents in group III (acrylamide 

15mg/kg treated)) was significantly reduced (p<0.05) 

compared to group I (3.56 ± 0.28 vs. 4.88 ± 0.29) while 

group II (acrylamide 7.5mg/kg treated) was not 

significantly different from control (4.44 ± 0.38) vs. 

4.88 ± 0.29).  Gastric Acid secretion (mEq/mL/4hours) 

in groups II (0.28 ± 0.04) and III (0.69 ± 0.12) were 

significantly increased (p<0.05) compared to control 

(0.07 ± 0.01) (Table 1). 

 

 

Table 1. Effect of acrylamide on the gastric juice 

acidity and pH. 

 

Groups Acidity 

(pH) 

Gastric acid 

secretion 

(mEq/mL/4hours) 

Group I (Control) 4.88 ± 

0.29 

0.07 ± 0.01 

Group II 

(Acylamide 

7.5mg/kg treated) 

4.44 ± 

0.38 

0.28 ± 0.04* 

Group III 

(Acylamide 

15mg/kg treated) 

3.56 ± 

0.28# 

0.69 ± 0.12# 

* Indicates significant differences between group II and 

control, # indicates significant differences between 

group III and control. 

 
Gastric oxidative stress and bicarbonate level in 

control and acrylamide treated animals 

Gastric antioxidants (superoxide dismutase (SOD), 

reduced glutathione and catalase were significantly 

reduced (p<0.05) in groups II (acrylamide 7.5mg/kg 

treated) and III (acrylamide 15mg/kg treated) compared 

to control. Gastric MDA (µmol/g) in groups III (0.234 

± 0.035) and II (0.059 ± 0.006) were significantly 

increased (p<0.05) compared to control 

(0.0177±0.002). Gastric bicarbonate (mmol/l) was 

significantly reduced (p<0.05) in groups III (4.05 ± 

0.18 vs 7.66 ± 0.55) and II (4.85 ± 0.23 vs 7.66 ± 0.55) 

compared to control (Table 2).  

 

Table 2. Effect of acrylamide on antioxidant status enzymes activities and lipid peroxidation parameter 

Groups SOD (μmol/g 

protein) 

CAT (μmol/g 

protein) 

GSH (μg/g) HCO3
- 

(mmol/L) 

MDA 

(μmol/g) 

Group I (Control) 6.18±0.89 28.54±1.89* 10.87±0.76 7.66±0.55 0.0177±0.02 

Group II (Acrylamide 

7.5mg/kg treated) 

2.08±0.53* 19.14±1.86* 6.41±0.83* 4.85±0.23* 0.059±0.006* 

Group III (Acrylamide 

15mg/kg treated) 

1.08±0.24# 15.18±1.67# 5.00±0.18# 4.05±0.18# 0.233±0.035# 

* Indicates significant differences between group II and control, # indicates significant differences between group 

III and control. 

 

Gastric ulcer score, index and inhibition in control and 

acrylamide treated animals 

Gastric ulcer score was significantly increased (p<0.05) 

in group III (15mg/kg acrylamide treated) compared to 

control (group I) while values in group II (7.5mg/kg 

acrylamide treated) were not different from controls 

(Table 3). Ulcer index and percentage inhibition in 

group III was 0.49 and -88.46%, in group II it was 0.30 

and -15.39% while in control it was 0.26 and 0% 

respectively (Table 3). 
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Table 3. Effect of acrylamide on ulcer score (units), 

ulcer index and ulcer inhibition 

 

# Indicates significant differences between group III 

and I. 
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Fig. 1. Effect of acrylamide on gastric nitric oxide 

concentration. *Indicates significant differences 

between group II and control, # indicates significant 

differences between group III and control. I = Control, 

II = Acrylamide (7.5mg/kg) treated, group III = 

Acrylamide (15mg/kg) treated group 

 

 

 

 

Gastric nitric oxide and prostaglandins E2 levels in 

control and acrylamide treated animals 

Gastric nitric oxide (µmol/g) was significantly 

increased in groups III (3.71 ± 0.27) and II (2.29 ± 

0.20) compared to group I (0.98 ± 0.04) (Fig 1). 

Prostaglandins-E2 (ng/mL) values in group III (2.59 ± 

0.07) were significantly reduced while that in group II 

(2.71 ± 0.08) was not significantly different to group I 

(2.89 ± 0.07) (Fig. 2). 
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Fig. 2. Effect of acrylamide on gastric prostaglandin E2 

level. #Indicates significant differences between group 

III and control. I = Control, II = Acrylamide (7.5mg/kg) 

treated, group III = Acrylamide (15mg/kg) treated 

group 

 
 

Gastric mucus concentration, parietal and mucous cell 

counts in control and acrylamide treated animals 

Gastric mucus concentration (µg/g) was significantly 

reduced in both experimental groups compared to 

control (Fig. 3). Parietal cell count (cells /field) was 

significantly decreased (p<0.05) in group II 

(acrylamide 7.5mg/kg treated) and increased in group 

III (acrylamide 15mg/kg treated) compared to group I. 

Mucous cell count (cells /field) in groups II (486.0 ± 

102.2) and III (361.7 ± 30.6) were significantly 

decreased compared to group I (814.7 ± 19.5) (Table 

4).  
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Fig. 3. Effect of acrylamide on gastric mucus concentration. 

*Indicates significant differences between group II and 

control, #indicates significant differences between group III 

and control. I = Control, II = Acrylamide (7.5mg/kg) treated, 

group III = Acrylamide (15mg/kg) treated group 
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Table 4. Effect of acrylamide on parietal and mucus 

cell counts  

 
* Indicates significant differences between group II and 

I, # indicates significant differences between group III 

and I. 

 

Haematological indices in control and acrylamide 

treated animals 

Packed cell volume (PCV), haemoglobin concentration 

(Hb), red blood cell counts (RBC) and platelet counts 

in all treatment groups were not significantly different 

from group I (Table 5). However, total white blood cell 

count (WBC) in group II (acrylamide 7.5mg/kg treated) 

(42.0 ± 3.51 x105) was significantly increased (p<0.05) 

compared to group I (32.6 ± 4.24 x105). Group III 

(acrylamide 15mg/kg treated) WBC counts were not 

significantly different from group I (Table 5). 

Monocytes and eosinophils in the experimental groups 

were not significantly different from control (group I) 

values. Lymphocyte values were significantly increased 

in group II (acrylamide 7.5mg/kg treated) (72.2±1.28) 

but decreased in group III (acrylamide 15mg/kg 

treated) (62.4±3.08) compared to control (67.6±1.03). 

Neutrophil count was significantly decreased in group 

II (low dose - 7.5mg/kg of acrylamide) (20.0±4.34) but 

increased in group III (acrylamide 15mg/kg treated) 

(35.4±3.20) compared to control (29.6±0.81) (Table 5).  

 
Table 5: Effect of acrylamide on haematological 

indices 

 
 

* Indicates significant differences between group II and 

I. 

Histopathology of the gastric mucosa 

The gastric mucosa of the control group (group I) had 

normal architecture, well preserved mucosa epithelial 

cells layer (white arrow) and the mucosa layer showed 

no infiltration of the gastric glands and lamina propria 

(slender arrow). The submucosal (blue arrow) and 

circular muscle (red arrow) layers were normal and 

were not infiltrated by inflammatory cells. Group II 

animals (Acrylamide 7.5mg/kg treated) had gastric 

mucosa with poor architecture, poorly preserved 

mucosa epithelial cell layer (white arrow) and mild 

infiltration of the lamina propria. The submucosal layer 

in this group had inflammatory cell infiltration, 

however the circular muscle layer appears normal. 

Group III (Acrylamide 15mg/kg treated) showed 

mucosa layer with eroded epithelial cells (white arrow), 

infiltrated lamina propria. The submucosal layers in 

this group appear moderately infiltrated by 

inflammatory cells (blue arrow) while the circular 

muscle layer appeared normal. Mild vascular 

congestion was also observed (Fig. 4 A-C).   

 

DISCUSSION 

Acrylamide has been described as a toxicant and an 

irritant (Zamani et al., 2017). The discovery that it may 

be produced when cooking, frying, toasting and baking 

high carbohydrate foods has increased investigations 

into its potential biologic effects. These investigations 

have reported the neurotoxicity, reproductive toxicity 

and immune-toxicity of acrylamide consumption 

(Zamani et al., 2017. In this study the effects of 

acrylamide on gastric mucosal integrity was evaluated 

at two doses, 7.5mg/kg and 15mg/kg, which have been 

reported to be equivalent to 1/20 and 1/10 of LD50 for 

acrylamide (LD50 150 mg/ kg) respectively (Zenick et 

al., 1986). The significantly increased acidity and 

secretion of gastric juice especially in the high dose 

(15mg//kg acrylamide) compared to control (Table 1) 

suggests a predisposition of the treated animals to 

gastric ulceration as excess acidity of gastric juice has 

been reported to favour aggressive factors that 

predispose to gastric ulceration (Wormsley, 1974). 

Furthermore, parietal cells, which are responsible for 

acid secretion (Pavelka and Roth, 2010; Ige et al., 

2016), had increased counts in the high dose group 

compared to control (Table 4) suggesting a likely 

increase in gastric acidity and secretion in this group. 

This may thus be responsible for the significantly 

increased ulcer score and index seen in the acrylamide-

exposed groups compared to control (Table 3).  

Gastric antioxidants, an essential component of the 

gastrointestinal defence system that scavenge free 

radicals, have been reported to play an integral role in  
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Fig. 4. (A-C) Photomicrograph of stomach samples in control and experimental groups at low magnification (x100) and high 

magnification (x400) Group 1 (Control) displayed normal architecture of gastric mucosa, with well-preserved mucosa 

epithelial cells layer (white arrow), the mucosa layer showed no infiltration of the gastric glands and lamina propria. The 

submucosal layers appeared normal and were not infiltrated by inflammatory cells (blue arrow), the circular muscle layer (red 

arrow) appears normal. Group 2 (Acrylamide 7.5mg/kg treated) exhibited poor architecture, the mucosa epithelial cells layer 

was poorly preserved (white arrow), and the mucosa layer displayed mild infiltration of the lamina propria and the gastric 

gland. The submucosal layers appear mildly infiltrated by inflammatory cells; the circular muscle layer appears normal. Group 

3 (Acrylamide 15mg/kg treated) exhibited mucosa layer with eroded epithelial cells (white arrow), the mucosa layer shows 

mild infiltration of the lamina propria. The submucosal layers appeared moderately infiltrated by inflammatory cells (blue 

arrow), the circular muscle layer appeared normal. There is also was mild vascular congestion (Fig.  4, A-C). 

 
the formation of gastric lesions (Hassan et al., 1998). 

This study also shows depletion of gastric antioxidants 

and significant increase in gastric lipid peroxidation 

compared to control (Table 2) suggesting a decline in 

the antioxidant capacity and increased oxidative stress 

in the gastric mucosa of the acrylamide exposed 

animals. Mucus, secreted by mucus cells, and 

bicarbonate ions secreted by gastric and duodenal 

epithelial cells constitute an integral component of the 

gastrointestinal barrier against erosion and invasion 

(Engle et al., 1995). The mucus produced reduces the 

shear stresses on the epithelium and contributes to 

barrier function through various mechanisms, which 

include binding to bacteria thus preventing epithelial 

colonization and retarding diffusion of agents that can 

damage the epithelial surface e.g. acid secretion.  

Bicarbonate ion, on the other hand, serves to maintain a 

neutral pH along the epithelial plasma membrane, 

despite the highly acidic conditions existing in the 

gastric lumen (Engle et al., 1995). This study shows a 

dose dependent and significant decrease in gastric 

bicarbonate concentration (Table 2), mucous content 

(Fig. 3) and mucous cell count (Table 4) compared to 

control which suggests an impairment in the ability of 

the gastric mucosa of the acrylamide treated animals to 

sustain its barrier function and prevent trans-epithelial 

migration of bacteria and antigens. It is thus likely that 

increased exposure to acrylamide enhances gastro-

aggressive and suppresses gastro-protective factors that 

may predispose the stomach to gastric ulceration and 

lesions. 

Inflammation within the gastrointestinal tract has been 

reported to result in the activation of inducible nitric 

oxide synthase (iNOS) leading to an increase in nitric 

oxide (NO) production that results in increased 

production of reactive oxygen radicals and oxidative 

stress (Muscara and Wallance, 1999; Lanas, 2008). An 

increase in NO was seen in the acrylamide-exposed 

groups compared to control (Fig. 1) and suggests a 

likely inflammatory mediated pathway for acrylamide-

induced disruption of the gastric mucosa. Furthermore, 

prostaglandins whose gastro-cytoprotective effects are 

exerted by their ability to stimulate mucosal mucus and 

bicarbonate secretion, increase mucosal blood flow and 

partially limit back diffusion of acid into the epithelium 

(Wallance, 2008) was reduced in the high dose 

acrylamide group compared to control (Fig. 2) thus 

suggesting an impairment of prostaglandin enabled 

gastro-protection and increased susceptibility of the 

gastric barrier to damage. 

Haematological and serum biochemical indices are 

important tools in evaluating the health status of an 

individual (Ige et al., 2015). This study shows no 

significant difference in red cell indices (red blood cell 

count, packed cell volume and haemoglobin levels) 

across the groups (Table 5) which is consistent with 

Rawi et al., (2012) who reported no change in 

haemoglobin, erythrocyte count and haematocrit levels 

in immature male rats and a decrease of these same 

indices in immature female following acrylamide 

(15mg/kg) treatment. This thus suggests the question of 

a likelihood of a gender effect regarding acrylamide 
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toxicity and will form a subject for subsequent research 

in our laboratory. However, elevations in total white 

blood cell counts accompanied by reductions in 

neutrophil count were observed in the acrylamide 

treated, especially the low dose group, compared to 

control (Table 5). This suggests stimulation of the 

immune system arising from acrylamide exposure. 

Interestingly the high dose acrylamide group showed 

elevations in neutrophil counts and reduction in 

lymphocyte count compared to control, which suggests 

nutritional impairment and immune suppression in this 

group (Gonda et al., 2017). Neutrophils are of 

particular importance to gastrointestinal integrity as 

diverse insults to the gastric mucosa, including 

infectious processes, ischemia and damaging chemicals 

have been reported to promote infiltration of the gastric 

mucosa by neutrophils (Gayle et al., 2000). This study 

shows neutrophil infiltration of the gastric mucosa in 

groups 2(Fig 4B) and 3 (Fig 4C), which again suggest 

gastric tissue damage in the acrylamide-exposed 

groups.  Furthermore, histological analysis in the 

different groups are consistent with the result of 

biochemical assays carried out and the report of El-

Mehi and El-Sherif, (2015) who stated that acrylamide 

effects on the gastric mucosa include mucosal erosions, 

depletion of the protective surface mucus and 

inflammatory infiltration of the mucosal layer.  

In conclusion, it may be inferred from this study that 

increased dietary acrylamide exposure, compromises 

the integrity of the gastric mucosal barrier by 

increasing the activity of gastro aggressive factors 

(decreased gastric acid pH and mucous cell count, 

increased gastric acid secretion, gastric lipid 

peroxidation, nitric oxide production, parietal cell and 

neutrophil counts respectively) and suppressing gastro 

protective factors (decreased gastric mucus, 

prostaglandins, antioxidants, bicarbonate ion. Hence, 

excessive browning while frying or toasting should be 

avoided as this causes acrylamide formation and 

accumulation in food, which may result to gastric 

mucosal damage or exacerbate already formed gastric 

ulcers. peroxidation in the serum of the high salt diet 

groups suggests an increase in oxidative stress in rats in 

these groups. This finding is consistent with other 

studies that report increasing oxidative stress effect of a 

high salt diet (Huang et al., 2016; Tian et a.l, 2007). 

ROS activities in other organ systems, such as the 

heart, nervous system, and kidneys, have also been 

implicated in the pathophysiology of hypertension 

(Imaizumi et al., 2016; Huang et al., 2016; 2017). In 

particular, increased renal O2
- production is associated 

with NO bio-inactivation, which influences afferent 

arteriolar tone, tubuloglomerular feedback responses, 

and sodium reabsorption, which are important in long-

term BP regulation (Wilcox, 2002). High salt diet has 

been reported to affect both cardiac and renal functions 

negatively (Huang et al., 2016; 2017).  It could be that 

the negative impact of a high salt diet on the heart and 

kidney is mediated through its ROS generating effect. 

Orchidectomy attenuated the increase in lipid 

peroxidation, as observed in the orchidectomised and 

high salt diet group, while testosterone replacement 

following orchidectomy increased the lipid 

peroxidation level almost back to what is obtained in 

the sham groups.  This result implicates testosterone in 

the oxidative stress promoting effect of a high salt diet. 

This current result is consistent with that obtained from 

the cardiac and renal weight indices experiment. The 

significant increase in the cardiac and renal weight 

indices of the high salt fed rats could be due to the 

increased oxidative stress observed in the serum of rat 

from this group because increased ROS generation has 

been implicated in cardiac and renal hypertrophy 

(Huang et al., 2016; 2017). Likewise, the finding that 

orchidectomy reduced the cardiac and renal 

hypertrophic effect of a high salt diet is also consistent 

with the finding that orchidectomy attenuated the ROS 

generating effect of a high salt diet in this study.   

Superoxide dismutase (SOD) is one of the most 

important antioxidant enzymes in the body (Berry et 

al., 2001). Maintaining a balance between ROS 

generation and antioxidant system in the body is 

necessary in preventing oxidative stress and its 

consequential negative effect. The serum level of SOD 

was measured as an indicator of the antioxidant system 

in the body. The decrease in the level of SOD from 

serum of rats fed a high salt diet suggests the depletion 

of this important endogenous antioxidant system in this 

group of rats. This finding is consistent with the 

elevated level of lipid peroxidation in the serum of the 

rats fed a high salt diet. It implies that the available 

SOD is used up in quenching the generated ROS by a 

high salt diet as suggested by the elevated level of lipid 

peroxidation.  This is consistent with the data on lipid 

peroxidation discussed above. An increase in the level 

of lipid peroxidation in the body indicates an increase 

in ROS generation e.g. O2
- which is a substrate for 

SOD. SOD reacts with O2
- converting it to hydrogen 

peroxide (H2O2) and H2O2 in another step reaction is 

converted to water and molecular oxygen (Berry et al., 

2001). The significant increase in SOD level of the 

orchidectomy plus high salt diet group when compared 

with sham plus high salt diet group suggests 

orchidectomy counteracted ROS generating effect of 

high salt diet therefore, reducing the usage of 

antioxidant system (SOD) or it increased the production 
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of SOD in the body as a way of preventing oxidative 

stress. The implication of testosterone in increased 

oxidative stress in animals fed a high salt diet is 

reinforced by elevation of lipid peroxidation and 

concomitant reduction in SOD level in testosterone 

replacement groups. These findings are indicative of 

testosterone – dependence of oxidative stress elevating 

effect of a high salt diet in the rat.  

The result of the present experiment indicates that high 

salt diet decreased the total serum bilirubin levels.  

Bilirubin is not merely an end product of haem 

degradation but a potent endogenous antioxidant which 

can be destroyed by ROS (Stocker et al., 1987; Vitek, 

2017). Bilirubin usually acts by inhibition of NADPH 

oxidase (Lanone et al., 2005) and of protein kinase C 

activity (Sano et al., 1985; Amit et al., 1993). The 

reduction in the serum bilirubin level in the high salt 

diet group could be as result of an increase in the ROS 

level in these groups of rats. An increase in the ROS 

level will consequently lead to a decrease in the level of 

antioxidant system such as bilirubin, as the latter is 

used to mop up the excess ROS.  Some studies have 

reported a relationship between serum bilirubin and 

oxidative stress-mediated diseases, including coronary 

artery disease (Endler et al., 2003; Novotny et al., 

2003), angiotensin II-mediated hypertension (Pflueger 

et al., 2005), and renal ischemia-reperfusion injury 

(Adin et al., 2005; Kirkby et al., 2006). High salt diet 

generates ROS that consume bilirubin, this possibly 

might be the reason for the reduced serum level of 

bilirubin observed in rats fed a high salt diet in this 

study. Reduction in the serum bilirubin level observed 

in rats fed a high salt diet was attenuated by 

orchidectomy, while testosterone replacement re-

established it. This finding implicates testosterone in 

the antioxidant activities of bilirubin. Although it is not 

imminently clear how testosterone reduces 

concentration of serum bilirubin, but sex disparity in 

the haem oxygenase activity, which is the rate-limiting 

enzyme to produce bilirubin has been reported.  For 

instance, Toth et al., (2003) reported that trauma and 

haemorrhage doubled the hepatic HO-1 expression, in 

female rats compared with male rats. Likewise Chin et 

al., (2009) reported that subjects with higher bilirubin 

level showed a lower incidence of hypertension than 

did the subjects with lower bilirubin level, especially in 

females. Novotny and Vitek, (2003) reported that in 

humans, mildly increased serum bilirubin levels is a 

decreased risk for the development of coronary artery 

disease and atherosclerosis. Likewise, in 

hyperbilirubinaemic Gunn rats infused with angiotensin 

II, the rise in systolic blood pressure was markedly 

blunted, and oxidative stress was attenuated when 

compared with control (Pflueger et al., 2005). The 

finding of the present study agrees with the above 

reports. In this study, an observation worthy of note is 

the lower blood pressure parameters in groups with 

higher serum level of bilirubin. Blood pressure 

reducing effect of orchidectomy is consistent with its 

serum bilirubin elevating effect in rats fed a high salt 

diet. Therefore, increasing serum bilirubin and SOD 

levels, either by promoting their production or 

preventing excess ROS generation which could have 

reduce the bilirubin and SOD bioavailability could be 

one of the mechanisms by which orchidectomy 

prevents or attenuates blood pressure elevation in rats 

fed a high salt diet. On the other hand, blood pressure 

elevating effect of testosterone could be partly 

mediated by decreased serum bilirubin and SOD, which 

increases oxidative stress and consequently promotes 

endothelial dysfunction.   

In conclusion, testosterone potentiates the cardiac and 

renal hypertrophic as well as oxidative stress effect of a 

high salt diet, and these mechanisms appear to underlie 

the sexual differences in response to salt stress. 
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ABSTRACT 
Background: Obesity is a leading preventable cause of death worldwide, with increasing rates 

in adults and children . Several studies had investigated the relationship between physical 

activity and obesity but this relationship is still controversial and few attempts were made to 

study this relationship among medical students especially in Sudan. Therefore, the aim of this 

study was to determine the relationship between physical activity level and obesity among the 

medical students of the International University of Africa. Methods: This was cross section 

descriptive facility- based study conducted among 200 medical students at International 

University of Africa (IUA) selected by stratified random sampling. Data were collected by 

self-administered questionnaire which included sociodemographic data. Anthropometric 

measurements were done for each participant. Physical activity level was determined by the 

short form of the international physical activity questionnaire (SF-IPAQ). Data were analyzed 

using SPSS version 23 program. Descriptive data were presented as means and standard 

deviations of means or percentages. Correlation analysis and Chi-Square test were used to 

assess associations/ differences between different variables.  P<0.05 was considered 

statistically significant Results: The mean age of participants was 21.76±2.48 years. The 

prevalence of obesity among students was 6.5% and most of the students had either low or 

moderate physical activity level (24.5% and 48.5% respectively). Male students had higher 

level of physical activity than female students (P<0.001). There was no significant relationship 

between physical activity level and obesity in both male and female students. Conclusion: The 

study revealed insignificant relationship between obesity and physical activity level.  
 

© Copyright 2018 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

Obesity is a medical condition in which excess body fat 

has accumulated to the extent that it may have a 

negative effect on health (WHO, 2015). Obesity is a 

leading preventable cause of death worldwide, with 

increasing rates in adults and children (WHO, 2015).  

In 1997 the WHO formally recognized obesity as a 

global epidemic (WHO, 2015) and in 2013, the 

American Medical Association classified obesity as a 

disease (Andrew Pollack, 2013). In 2014, 600 million 

adults (13%) and 42 million children under the age of 

five were obese (WHO, 2015). Kuwait, Bahrain, Saudi 

Arabia and United Arab Emirates are in the list of top 

ten countries worldwide in term of obesity (Ono and

 

Guthold, 2005). Recent surveys found that in Kuwait, 

48% of females and 36% of males were obese, whereas 

77% of females and 74% of males were overweight 

(World Health Organization (WHO), 2009). In Saudi 

Arabia 44% of the female population and 28% of the 

male population were found to be obese. However, 

71% of women and 66% of men were reported to be 

overweight (World Health Organization (WHO), 2009). 

A study conducted in Sudan revealed that the combined 

prevalence of obesity and overweight is 37.50% 

(18.75% in each case) among the included subjects 

(Ahmed et al., 2011). Sedentary lifestyle plays a 

significant role in obesity. The level of physical activity 

is reduced in developing countries and sedentary 

behaviors have risen (Musaiger et al., 2016), and there 

has been a large shift towards less physically 

demanding work (World Health Organization, 2004). 

Currently at least 30% of the world's population gets 

insufficient exercise, this is primarily due to increasing 
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use of mechanized transportation and a greater 

prevalence of labor-saving technology in the home 

(World Health Organization, 2004), which may 

contribute to the occurrence of obesity and other 

chronic diseases (Musaiger et al., 2016). Prospective 

observational population studies in adults, from the last 

20 year, with physical activity measured at baseline 

were few, and had given inconsistent results with 

regard to the effect of physical activity on body weight 

change and development of obesity (Andersen et al., 

2000). Several studies reported a negative association 

between physical activity and weight gain, i.e. that 

lower physical activity predicts higher subsequent 

weight gain (Schmitz et al., 2000; Sherwood et al., 

2000; Wagner et al., 2001; Wenche and Holmen, 

2004). On the other hand some studies did not find an 

association (Rainwater et al., 2000; Ball, 2002) and one 

study reported a reverse association, suggesting that 

higher baseline levels of BMI predict future low levels 

of physical activity (Petersen et al., 2004).These 

discrepancies in results may be due to variations in 

sample size, study designs, publication bias and 

presence of confounding factors (Wareham et al., 

2005).  It has been suggested that physical activity at 

baseline is not related to weight gain, but that the 

converse is true, as a higher BMI at baseline is related 

to an increased risk of later physical inactivity 

(Petersen et al., 2004). This   raises important questions 

about reverse causality. However, it is difficult to 

determine the direction of causality for this type of data 

because of the marked difference in the measurement 

precision of physical activity and obesity (Wareham et 

al., 2005). Longitudinal studies that use more accurate 

measurement of both activity and weight change might 

be able to more accurately estimate the true relationship 

between changes in these measures (Wareham et al., 

2005).However, ultimately there remains a ‘chicken 

and egg’ argument, which may not be resolvable using 

observational data (Wareham et al., 2005). 

Since medical student are the future doctors and role 

models in our community. They will have heavy 

stressful work in future and they need to be healthy and 

to keep themselves away from risk factors of diseases 

like obesity. Doctors’ behavior doesn’t just impact 

them and their families it had an impact on all 

community (Yousif et al., 2019). Although several 

studies had been conducted worldwide to determine the 

relationship between obesity and physical activity 

among medical students, to the best of our knowledge 

minor attempts were made to investigate this 

relationship among Sudanese medical students. 

Therefore, the aim of this study was to determine the 

relationship between physical activity level and obesity 

among the medical students of the International 

University of Africa in Khartoum, Sudan. 

 
METHODS  

This was observational descriptive cross-sectional 

facility-based study conducted among medical students 

at the International University of Africa. Any student 

with chronic diseases like chronic renal failure, liver 

failure, tuberculosis or endocrine disorders was 

excluded from the study. Two hundred students, 

selected by systematic random sampling, were included 

in the study. Sociodemographic data were collected by 

self -administered questionnaire (age, gender). Weight 

was measured using normal weighing scale with 

subject taking off shoes and recorded to the nearest 0.5 

Kg. Height was measured using a measuring tape, with 

the individual standing straight next to the wall, with 

the heels, buttocks, shoulders and occiput touching the 

wall without shoes and recorded to the nearest 0.1 cm. 

Body Mass Index was calculated from the 

anthropometric data collected using the following 

equation: 

 BMI = weight (Kg)/Height2 (m2) (WHO, 2015) 

Physical activity level  was assessed using the short 

form international physical activity questionnaire 

(IPAQ) which assesses the individuals physical activity 

in the past 7 days as part of their everyday lives, which 

includes the following domains like walking, moderate 

activity which requires moderate physical effort like 

carrying light loads and double tennis and vigorous 

activity which requires hard physical effort like heavy 

lifting, digging and aerobics; and all these activities 

should have taken at least 10 minutes at a time. Scores 

were given for each domain which was converted into 

MET- minutes/week. The following values were used 

for the analysis of IPAQ data: Walking = 3.3 METs, 

Moderate PA = 4.0 METs and Vigorous PA = 8.0 

METs (Research, 2004). Finally, the candidates were 

categorized into low, moderate and high physical 

activity groups based on their MET values (Brisbois et 

al., 2012). 

For further analysis the participants were classified into 

male and female students (96 and 104 respectively). 

Data were analyzed using SPSS version 23. Descriptive 

data were presented as means and standard deviations 

of means or percentages. Correlation analysis was used 

for assessing associations between BMI and physical 

activity level. Chi-square test with 95% confidence 

level was used to determine the relationship between 

the gender and physical activity and between gender 

and obesity. P<0.05 was considered statistically 

significant.  
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Ethical consideration: 

The study was approved by the ethical committee at the 

international university of Africa and written consent 

was obtained from each participant. 

 

 

RESULTS 

The mean age of students was 21.76 years ±2.48. Fifty 

two percent (104) of the study participants were 

females while 48% (96) were males. The mean weight 

of the students was 65.17 kg ±15.5. Their mean height 

was 1.69 m±0.09. The mean body mass index (BMI) 

was 22.48±4.42 (Table 1)  

 

Table 1: Anthropometric measurements of students   

(N=200)  

 

 Weight 

(Kg) 

Height 

(m) 

BMI 

(Kg/m2) 

Mean 65.17 1.69 22.48 

SD 15.51 0.09 4.43 

 

 
According to the WHO classification of obesity, more 

than half of male and female medical students were 

normal (61.5% and 56.7 respectively), while 11.5% of 

males and 18.3% of females were overweight were and 

only 9.4 % of males and3.8% of females were obese. 

Chi-square test revealed no significant difference in 

BMI classification between male and female students 

(P value = 0.22) (Fig. 1).  Our study shows that 24.5% 

of student had low physical activity level, 48.5% had 

moderate and 27 % had high physical activity level. 

When the analysis was applied to each sex separately, 

39.6% of male students had high level of physical 

activity than female students (39.6% and 15.4% 

respectively) while 42.7% of male and 53.8 % of 

females had moderate level. Female students had lower 

level of activity than males (30.8% and 17.7% 

respectively). Chi-square test revealed significant 

difference in physical activity level between male and 

female students (Chi-square value = 15.85, P value 

<0.001) (Fig. 2). Pearson correlation test shows 

insignificant relationships between physical activity 

and BMI in both male and female students (Pearson 

correlation = 0.05, P value =0.33 for males and Pearson 

correlation = 0.25, P value= 0.16 for females). (Figs. 

3A and B). 

 

 

Fig. 1. Association between gender and Body mass Index 

classification Chi-square value = 4.38 P-value =0.22 
 
 

The prevalence of obesity among medical students, 

observed in this study, is in consistence with various 

studies conducted nationally and worldwide. In this 

study 6.5% of the undergraduate medical students were 

obese, which is less than the prevalence among medical 

students at Ribat university 9.2% (Abdalla and 

Mohamed, 2008) . However, it is similar to Ajman 

study in which the prevalence was 6.9% (Ahmed et al., 

2015). 

 

 
 

Fig. 2. Association between gender and Physical activity 

(Chi-square value = 15.85, P-value of association test < 

0.001) 
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Fig. 3. The relationship between physical activity and BMI across gender (A: Male students, B: Female students)  

 

 
medical students at Ribat university 9.2% (Abdalla and 

Mohamed, 2008) . However, it is similar to Ajman 

study in which the prevalence was 6.9% (Ahmed et al., 

2015) . . An Indian study conducted at Azeezia medical 

college showed a prevalence of  6.3%(Napolean and 

Stephen, 2014) , another closely related result are the 

Indian Kanchipuram 8.6%(Kokila Selvaraj, 2013) and 

west Bengal  9%(M. Basu, K. Sarkar, B. Shahbabu, S. 

Ray, G. Barik, 2016) studies performed on medical 

students of both districts, slightly lower figures 4.3% 

were seen in the study of Crete Greece(Bertsias et al., 

2003), the Malaysian study by Boo N Y et al. 2010 

(3.3%)(Boo N Y, Chia G J Q, Wong L C, Chew R M, 

Chong W, 2010) and the AIMST University in 

Malaysia which showed a prevalence of  

5.2%(Gopalakrishnan et al., 2012). 

The impact of exercise intensity on change in body 

composition is uncertain (Ekelund et al., 2007). Most of 

the students in this study are minimally active 48.5% 

and highly active 27% followed with least figures by 

inactive individuals with 24.5% this was in consistence 

with the  Napolean Reny et al. 2014 study which found 

that 40.2% of students were doing exercise of which 

15% did daily exercise and 25% did regular exercise 

while the rest do exercise occasionally; 59.8% of 

candidates were physically inactive (Napolean and 

Stephen, 2014). In the Wattanapisit A et al. 2016 study, 

less than half of participants (49.5%) were physically 

active (Wattanapisit et al., 2016) , in line with this is 

the Basu et al. 2016 results which concluded that only 

34% of the study population had habit of regular 

exercise(M. Basu, K. Sarkar, B. Shahbabu, S. Ray, G. 

Barik, 2016). This was not the case in the sandheep 

sugathan et al. 2014 study were overweight and obese 

students did engage in exercise for more than 60 

minutes duration per week, but was not meeting the 

required physical activity level (Sugathan and Bagh, 

2014).  The present study showed significant high 

physical activity levels among male compared to 

female students. This finding in in agreement with  

previous studies (Rao et al., 2012; Al-Asousi and El-

Sabban, 2016; Wattanapisit et al., 2016)  However, 

other studies either disclosed insignificant difference 

(Bakr, Ismail and Mahaba, 2002; Alkahtani and Awad, 

2016)or females predominance(Bergier et al., 2012)   

In the present study, no significant  association was 

found between the physical  activity level and obesity  

in both sexes which is supported by the studies of 

Napolean Reny et al. 2014 (Napolean and Stephen, 

2014), Boo et al. 2010 (Boo et al 2010); Wattanapisit et 

al. (2016)  as well as the Kanchipuram study  which 

also revealed that physical activity and obesity were 

statistically insignificantly related;  although, most 

participants follow a sedentary lifestyle e(Kokila 

Selvaraj, 2013). In the Swedish prospective case-

control study by U Ekelund et al. 2007 Physical activity 

and Physical Activity Energy Expenditure are only 

weakly related to gain in Body Weight and Fat Mass, 

therefore among obese individuals change in activity 

level was not related to change in BW and FM 

(Ekelund et al., 2007) which was also in line with our 

study. But in some of the studies conducted on medical 

students, physical inactivity was significantly 

associated with obesity; this is the case in Basu et al. 

2016(M. Basu, K. Sarkar, B. Shahbabu, S. Ray, G. 

Barik, 2016) and sandheep sugathan et al. 2014 

(Sugathan and Bagh, 2014) results.  

Conclusion: In this study, most of medical students had 
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low to moderate physical activity levels and male 

students had higher activity level than females. Male 

students had more physical activity level than females. 

There was no significant relationship between obesity 

and physical activity level. Further large-scale cohort or 

interventional studies are needed to reinvestigate this 

relationship. 
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ABSTRACT 

Background: Diabetes mellitus is a major health challenge in the world and is diagnosed by 

the presence of sustained hyperglycemia (high glucose levels in the blood). Oxidative stress is 

known to be actively involved in the onset and progression of diabetes and its complications. 

Antioxidants have important roles in biological systems by scavenging free radicals which may 

result in oxidative damage of biological molecules such as lipids, proteins and DNA. Aim: 

This study was designed to evaluate the effect of lauric acid on lipid peroxidation (serum 

malondialdehyde concentration) and some antioxidant enzymes (superoxide dismutase and 

Catalase) activities in high fat diet/streptozotocin-induced type 2 diabetic male wistar rats. 

Study Design: Thirty-five apparently healthy male wistar rats aged 6-8 weeks, weighing 

between 70-90 g were assigned into seven groups of five animals each (n=5) and administered 

graded doses of lauric acid supplement after validation of diabetes for a period of twenty-one 

(21) days. Methodology: Group 1: (Normal control), Group 2: (Diabetic control untreated), 

Groups 3: (Normoglycemic) received 125 mg/kg Lauric acid, Group 4, 5 and 6 were 

administered 125, 250 and 500 mg/kg body weight of lauric acid, Group 7: (Standard control) 

received metformin 100 mg/kg. At the end of twenty-one (21) days, rats were anaesthetized 

using ketamine and xylazine at 75 and 25 (mg/kg). Blood samples were taken from all treated 

groups for evaluation of serum MDA, SOD and CAT level. Results: Serum malondialdehyde 

(MDA) levels were significantly (P < 0.05) reduced (1.32±0.04, 1.40±0.04 and 1.42 ± 0.06 

nmol/l) respectively when compared with the diabetic control (untreated) group with a value of 

(2.25±0.10 nmol/l), while there was up-regulated activities of serum endogenous antioxidant 

enzymes: SOD (1.97±0.08, 2.02±0.16, 1.98±0.12 IU/L),  CAT (44.5±0.64, 43.2±0.85, 

43.7±0.85 IU/L) relative to diabetic control (untreated) (1.35±0.02 and 34.0±0.91 IU/L) 

respectively. Conclusion: In conclusion, lauric acid decreases lipid peroxidation while 

increasing serum antioxidant activity in high fat diet/streptozotocin-induced type 2 diabetic 

male wistar rats after 21 days oral administration. 
 

© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

Diabetes mellitus is a term that describes a metabolic 

syndrome of multiple etiology characterized by chronic 

hyperglycemia with disturbances of carbohydrates, fats 

 

and proteins metabolisms resulting from defects in 

insulin secretion, insulin action or both (WHO, 2016). 

The chronic hyperglycemia of diabetes is associated 

with long-term damage, dysfunction, and failure of 

different organs, especially the eyes, kidneys, nerves, 

heart and blood vessels (Cheungpasitporn et al., 2016; 

Kalteniece et al., 2018; Punthakee et al., 2018). 
Diabetes represents one of the world’s four major non 
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communicable disease that are of great public health 

concern in the healthcare system. It accounts for about 

1.6 million deaths each year globally (WHO, 2017). In 

2015 in Nigeria alone, 1.56 million cases were reported 

including 105,091 deaths (IDF, 2015) and about 95% 

of all cases reported were attributed to Type-2 diabetes 

mellitus (T2DM), (IDF, 2015; WHO, 2016). In spite of 

advancements recorded to date on basic and clinical 

investigations into diabetes, a properly effective final 

remedy does not exist. 

Oxidative stress contributes significantly to the patho-

physiology of several diseases which include diabetes. 

It is believed that in the onset and progression of late 

diabetic complication, free radicals play a major role 

due to their ability to cause alteration in enzymatic 

systems, lipid peroxidation, impaired glutathione 

metabolism and DNA damage (Ayepola, 2014; Ullah, 

et al., 2016). Lauric acid (LA) or a dodecanoic acid is 

saturated fatty acids with a 12 carbon atom chain thus 

falling into the group of medium chain fatty acids (C6-

C12) (Anzaku et al., 2017). LA is the primary fatty acid 

of coconut oil which is present at approximately 45–53 

% and its metabolic and physiological properties 

account for many of the medicinal and healing 

properties attributed to coconut oil. It is found in a wide 

variety of fruits, seeds (Silva et al., 2015) and as a 

human milk component (Silberstein et al., 2013).  

Numerous methods for modeling diabetes have been 

developed. Among these techniques, the construction 

of a diabetic model with streptozotocin (STZ) 

combined with high-fat diet has been widely used. 

STZ, a monofunctional nitrosourea derivative, was first 

isolated from Streptomyces achromogene.  It is also an 

alkylating agent and can lead to cell death. When STZ 

acts on β-cells, it may lead to beta cell death, insulin 

release decreases, and increase in blood glucose in the 

body. In addition, a high-fat diet can lead to obesity and 

insulin resistance. Therefore, diabetes induced by a 

high-fat diet combined with STZ can better mimic the 

pathogenesis of human type 2 diabetes and can be used 

widely in studies on hypoglycemic activity (Chen et al., 

2018).  

 This study was designed to evaluate the effect of oral 

administration of lauric acid on lipid peroxidation 

(using serum malondialdehyde concentration) and some 

antioxidant enzymes (superoxide dismutase and 

Catalase) activities in high fat diet/streptozotocin-

induced type 2 diabetic male wistar rats. 

 

MATERIALS AND METHODS  

Experimental Site 

This study was carried out in the Physiology 

Laboratory of the Department of Human Physiology, 

Faculty of Basic Medical Sciences, College of Health 

Sciences, Ahmadu Bello University Zaria, Kaduna state 

Nigeria. Zaria is located between latitudes 110 and 3ˊ 

N, and between 70 and 42ˊ E, at an altitude of 670 m 

above the sea level and 664 km away from the sea, in 

the Northern Guinea Savanna zone (Marthin, 2006) 

 

Chemicals and Reagents 

Lauric acid (white crystalline powder with CAS No- 

143-07-7, malaysia), Streptozotocin (Bristol sigma, 

Lagos), Metformin, Chloroform, (Zayo sigma 

company, Jos, Nigeria) Normal saline (0.9% w/v), 

Methylated spirit, Tween 80, Citrate buffer, fructose 

solution (Kem Light Laboratories PVT Ltd, India), 

Simas Margarine (PT Salim Ivomas Pratama Tbk, 

Indonesia), Groundnut meal, and ground nut oil were 

purchased in Samaru-Zaria market, Kaduna Nigeria. 
All chemicals were commercially obtained and were of 

analytical grade. 
 

Experimental animals 

Thirty-five (35) wistar rats aged 6-8weeks weighing 

70-100 g were used for this study. The wistar rats were 

purchased from Faculty of Pharmaceutical Sciences, 

Ahmadu Bello University, Zaria, Nigeria. The animals 

were housed in plastic cages with bedding material 

(saw dust), in the animal house of department of 

Human Physiology, Faculty of Medicine, Ahmadu 

Bello University, Zaria, and were provided with food 

(pelletized growers mash) and water ad libitum for a 

period of two (2) weeks to acclimatize before the study 

began. 
 

Preparation of High Fat Diet 

Composition of the high fat diet was 25% margarine, 

25% ground nut meal, 15% ground nut oil with 35% of 

the animal feed which was a modification of the 

composition described by Tanko et al., (2016) and 

Okoduwa et al., (2017). 
 

Induction and Confirmation of Hyperglycaemia 

Insulin resistance was induced by feeding the animals 

with high fat diet (25% margarine which is made up of 

(fat 99.9%, Emulsifiant E471, E322, E306, Beta 

Carotene C175130, Vitamin D 30,000 IU/kg), 25% 

ground nut meal, 15% ground nut oil with 35% of the 

animal feed (composed of crude protein 13%, fat 8%, 

crude fibre 15%, calcium 0.90%, available phosphorus 

0.35%, methionine 0.37%, lysine 0.70%, metabolizable 

energy 2600kcal/kg) orally for a period of eight weeks 

along with 10% fructose solution as drinking water. On 

the 8th week, a single intraperitoneal dose (30mg/kg) of 

streptozotocin (STZ) dissolved in 0.1M fresh cold 

citrate buffer pH 4.5 was injected into overnight fasted 
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rats. The rats were provided 5% glucose solution as 

drinking water in the first 24 hrs after STZ induction 

(Srinivasan et al., 2005; Zhang et al., 2008; Wilson and 

Islam, 2012; Xiang et al., 2018) as modified. After 

three (3) days, the blood glucose level of the rats were 

measured, and after two weeks, it was measured again 

and only animals with fasting blood glucose level 

greater than 11.1 mmol/L were considered diabetic (Xu 

et al., 2017). 
 

Experimental Design 

Animal grouping 

Thirty-five (35) wistar rats were divided into seven (7) 

groups containing 5 wistar rats each (n=5) as follows: 

Group 1: Normoglycemic rats administered 1 ml/kg 

Distilled water via intragastric intubation once daily for 

three weeks 

Group 2: Diabetic rats administered 1 ml/kg Tween 80 

via intragastric intubation once daily for three weeks 

Group 3: Normoglycemic rats administered 125 mg/kg 

of Lauric Acid via intragastric intubation once daily for 

three weeks 

Group 4: Diabetic rats administered 125 mg/kg of 

Lauric Acid via intragastric intubation once daily for 

three weeks 

Group 5: Diabetic rats administered 250 mg/kg of 

Lauric Acid via intragastric intubation once daily for 

three weeks 

Group 6: Diabetic rats administered 500 mg/kg of 

Lauric Acid via intragastric intubation once daily for 

three weeks 

Group 7: Diabetic rats administered 100 mg/kg 

Metformin via intragastric intubation once daily for 

three weeks (Tikoo et al., 2016) 
 

Estimation of Biomarkers of Oxidative Stress and Lipid 

Peroxidation 

Catalase (CAT) activity: 
 Catalase (CAT) activity was measured using the 

method described by Aebi (1984). Exactly 10µl of 

serum was added to a test tube containing 2.80ml of 

50mM potassium phosphate buffer (pH 7.0). The 

reaction was initiated by adding 0.1ml of freshly 

prepared 30mM H2O2 and the decomposition rate of 

H2O2 was measured at 240nm for 5 minutes on a 

spectrophotometer. A molar extinction coefficient (E) 

of 0.041mM¯1 -cm¯1 was used to calculate the 

Catalase activity. Catalase Conc.= Absorbance/E. 

Catalase Activity = Catalase Con./Protein Conc. 

(mg/ml) 
 

Superoxide dismutase (SOD) activity:  
Superoxide dismutase (SOD) activity was determined 

by the method described by Fridovich (1989). 

Principle:  
The ability of superoxide dismutase (SOD) to inhibit 

auto-oxidation of adrenaline at pH 10.2 forms the basis 

of this assay.  
 

Procedure:  
An aliquant mixture of 0.2ml of the diluted micro some 

was added to 2.5ml of 0.05M carbonate buffer. The 

reaction was started with the addition of 0.3ml of 

0.3mM Adrenaline.  The reference mixture contained 

2.5ml of 0.05M carbonate buffer, 0.3ml of freshly 

prepared 0.3mM Adrenaline (0.01g of adrenaline 

dissolved in 17ml of distilled water) and The reference 

mixture contained 2.5ml of 0.05M carbonate buffer, 

0.3ml of 0.3mM Adrenaline and 0.2ml of  distilled 

water. The Absorbance was measured over 30 seconds 

up to 150 seconds at 480nm 

 

Calculations:   
Increase in absorbance per minute = (A2 - A1)/2.5 

% Inhibition = 100 - { (Incr. in absorbance for 

sample/Incr. in absorbance of blank) x 100} 

1 unit of SOD activity is the quantity of SOD necessary 

to elicit 50% inhibition of the oxidation of Adrenaline 

to adenochrome in 1 minute. 
 

Estimation of lipid peroxidation (malondialdehyde):  
Lipid peroxidation was estimated 

spectrophotometrically as thiobarbituric acid reactive 

substances (TBARS). A principal component of 

TBARS is malondialdehyde (MDA), a product of lipid 

peroxidation. The assay for malondialdehyde was 

estimated colorimetrically by measuring 

malondialdehyde (MDA) by the method of Albro et al. 

(1986) and Das et al. (1990). In brief, 0.1 ml of plasma 

was treated with 2 ml of (1:1:1 ratio) TBA–TCA–HCL 

reagent (TBA 0.37%, 0.25N HCL and 15% TCA) and 

placed in water bath for 15 min, cooled and centrifuged 

and then clear supernatant was measured at 535nm 

against reference blank. 
 

Lauric Acid Preparation and Administration 

Lauric acid, due to its low solubility in water, was 

suspended in 1ml/kg of tween 80, and administered 

orally. 

 
Ethical Approval 

The rats were handled in accordance with the principles 

guiding the use and handling of experimental animals 

Ahmadu Bello University Zaria, Nigeria. 
 

Statistical Analysis 

Data collected was analyzed by one-way analysis of 

variance, (ANOVA), followed by Tukey’s post-hoc test 
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which was used to compare the level of significance 

between the controls and treatment groups. Results 

were expressed as mean + SEM. Statistical package for 

social science (SPSS) version 22.0 was used for the 

analysis and Values of p < 0.05 was considered 

significant. 
 

 

RESULTS 

Effect of Three Weeks Oral Administration of Lauric 

Acid on Serum Malondialdehyde (MDA) level in 

HFD/STZ-Induced Type 2 Diabetes Mellitus in Male 

Wistar Rats. 

Fig. 1 Shows, a significant increase (P < 0.05) in 

malondialdehyde (MDA) levels in the diabetic control 

(untreated) group (2.25±0.10 nmol/l) when compared 

with that of normal control (normal saline) (1.37±0.06 

nmol/l) and a significant decrease (P < 0.05)  in 

malondialdehyde level in groups treated with lauric 

acid at doses of 125 mg/kg (1.32±0.04 nmol/l), 250 

mg/kg (1.40±0.04 nmol/l) and 500 mg/kg (1.42 ± 0.06 

nmol/l) respectively when compared with the diabetic 

control (untreated) group with a value of (2.25±0.10 

nmol/l) 

 

 

 
Fig 1. Se.rum Malondialdehyde (MDA) level in HFD/STZ-

Induced Type 2 Diabetes mellitus in Male Wistar Rats 

Treated with Different Doses of Lauric acid for 21days. *= 

Means with this superscript are significant p< 0.05 compared 

to normal control #= Means with this superscript are 

significant p< 0.05 compared to diabetic control (untreated). 

DC= Diabetic control, NC= Normal (Non-diabetic) control, 

NG= Normoglycemic, D = Diabetic, LA = Lauric acid, MET 

= Metformin, TW= Tween 8.  

 

Effect of Three Weeks Oral Administration of Lauric 

Acid on Serum Superoxide Dismutase (SOD) Activity in 

HFD/STZ-Induced Type 2 Diabetes Mellitus in Male 

Wistar Rats. 

The results (Fig. 2) show a significant (P < 0.05) 

increase in serum superoxide dismutase (SOD) activity 

in groups treated with lauric acid 125 mg/kg (1.97±0.08 

IU/L), 250 mg/kg (2.02±0.16 IU/L) and 500 mg/kg 

(1.98±0.12 IU/L) as compared with diabetic control 

(untreated) (1.35±0.02). The result also shows 

significant increase (P < 0.05) in serum superoxide 

dismutase (SOD) activity in groups treated with lauric 

acid 125 mg/kg (1.97±0.08 IU/L), 250 mg/kg 

(2.02±0.16 IU/L) and 500 mg/kg (1.98±0.12 IU/L) as 

compared with standard control (metformin treated 

group) (1.80±0.07). However, only group treated with 

lauric acid 250 mg/kg (2.02±0.16 IU/L) shows 

significant increase (P < 0.05) when compared with 

normal control (1.97±0.08 IU/L) 

 

 

Fig. 2. Serum Superoxide Dismutase (SOD) Activity in 

HFD/STZ-Induced Type 2 Diabetes Mellitus in Male Wistar 

Rats Treated with Lauric acid and Metformin for 21days. *= 

Means with this superscript are significant p< 0.05 compared 

to normal control; #= Means with this superscript are 

significant p< 0.05 compared to diabetic control (untreated); 

DC= Diabetic control, NC= Normal (Non-diabetic) control, 

NG= Normoglycemic, D = Diabetic, LA  = Lauric acid, 

MET = Metformin, TW= Tween 80 

 

Effect of Three Weeks Oral Administration of Lauric 

Acid on Serum Catalase (CAT) Activity in HFD/STZ-

Induced Type 2 Diabetes Mellitus in Male Wistar Rat 

The results in Fig. 3 show a significant (P < 0.05) 

increase in serum catalase (CAT) activity in groups 

treated with lauric acid 125 mg/kg (44.5±0.64 IU/L), 

250 mg/kg (43.2±0.85 IU/L) and 500 mg/kg (43.7±0.85 

IU/L) as compared with diabetic control (untreated) 

(34.0±0.91). The result also shows significant increase 

(P < 0.05) in serum catalase (CAT) activity in groups 

treated with lauric acid 125 mg/kg (44.5±0.64 IU/L), 

250 mg/kg (43.2±0.85 IU/L) and 500 mg/kg (43.7±0.85 

IU/L)  as compared with standard control (metformin 

treated group) (40.7±0.47 IU/L).  
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Fig. 3. Showing Serum Catalase (CAT) Activity in 

HFD/STZ-Induced Type 2 Diabetes Mellitus in Male Wistar 

Rats Treated with Lauric acid and Metformin for 21days. ; 

*= Means with this superscript are significant p< 0.05 

compared to normal control; #= Means with this superscript 

are significant p< 0.05 compared to diabetic control 

(untreated); DC= Diabetic control, NC= Normal (Non-

diabetic) control, NG= Normoglycemic, D = Diabetic, LA = 

Lauric acid, MET = Metformin, TW= Tween 80 

 

DISCUSSION 

Oxidative stress is a product of an imbalance between 

reactive oxygen species (ROS) such as superoxide 

anion (O2
-) and the antioxidant defense systems such as 

superoxide dismutase (SOD). Antioxidants enzymes 

involved in the elimination of ROS include SOD, CAT 

and GSH, respectively. Antioxidant enzymes are a 

critical part of cellular protection against reactive 

oxygen species and ultimately oxidative stress. They 

form the first line of the antioxidant defense system 

against ROS generated in vivo during oxidative stress 

and act cooperatively at different sites in the metabolic 

pathway of free radicals (Cheng and Kong, 2011).  

The present study showed a significant decrease in the 

activity of measured antioxidants enzymes (SOD and 

CAT) in diabetic control (untreated) rats when 

compared with normal control while there was a 

significant increase in the level of malondialdehyde 

(MDA) when compared with the normal control. There 

was also a significant increase in the activity of 

measured antioxidants enzymes (SOD and CAT) in 

diabetic rats treated with graded doses of lauric acid 

(125, 250, 500 mg/kg respectively) when compared 

with diabetic control untreated while there was a 

significant decrease in the level of malondialdehyde 

(MDA) when compared with diabetic control untreated. 

There was a significant increase in activity of 

antioxidant enzymes (SOD and CAT) and a significant 

decrease in MDA levels in diabetic rats treated with 

graded doses of lauric acid (125, 250, 500 mg/kg 

respectively) when compared with standard control 

(metformin) however only group that received 250 

mg/kg lauric acid has a significant increase in SOD 

activity when compared with normal control. There 

was no significant difference between normoglycemic 

group that received 125 mg/kg lauric acid when 

compared with normal control (1 ml/kg distilled water).  

This finding is consistent with the reports of various 

researchers (Cheng and Kong, 2011; Singh et al., 2012; 

Cheng et al., 2013 Iranloye et al., 2013; Akinnuga et 

al., 2016).  This indicates a decrease in the antioxidant 

defense system and an increase in lipid peroxidation. 

Hyperglycemia is a main cause of increase production 

of ROS by generation of free radicals due to auto-

oxidation of glucose and glycosylation of proteins (Al-

Faris et al., 2010) which could lead to increased lipid 

peroxidation and altered antioxidant defense and 

further impair glucose metabolism in biological system.   

The SOD, a superoxide radical scavenging enzyme is 

considered the first line of defense against the 

deleterious effect of oxygen radicals in the cells and it 

scavenges reactive oxygen radical species by catalyzing 

the dismutation of O2
- radical to H2O2 and O2

- thereby 

reducing the likelihood of superoxide anion interacting 

with nitric oxide to form reactive peroxynitrite. As a 

result, reduction in SOD activity in diabetic animals 

observed in the present study may be as a results of an 

increased formation of O2
- radical which overwhelms 

the enzymes ability to counteract its effect and hence 

may reflects the cause of tissue injury (Singh et al., 

2012).  

Catalase (CAT) is an enzymatic antioxidant widely 

distributed in all animal tissues. CAT decomposes 

hydrogen peroxide formed from the dismutation of 

superoxide anion by SOD to water (H2O) and oxygen 

(O2) which protects the tissues from highly reactive 

hydroxyl radicals (Onyeka et al., 2012); however, 

treatment with graded doses (125, 250 and 500 mg/kg) 

of LA significantly increased the activities of the 

antioxidant enzymes (SOD and CAT) and also 

significantly reduced lipid peroxidation as seen in the 

increased levels of MDA in the treatment groups when 

compared with the diabetic control (untreated) group. 

SOD and CAT must have been up regulated by LA and 

this may indicate a pronounced antioxidant effect of the 

treatment given to the group. Since oxidative stress 

contributes significantly to the pathophysiology of 

diabetes and its complications substances that suppress 

oxidative stress might be therapeutically beneficial.  
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CONCLUSION 

Lauric acid possesses potent antioxidant activity and 

also decrease lipid peroxidation by decreasing serum 

malondialdehyde concentration in HFD/STZ-induced 

type 2 diabetes mellitus in male wistar rat treated for 

twentyone days. 
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ABSTRACT 

Background: Several studies have shown potential benefits of antioxidants in the treatment of 

Parkinson’s disease (PD) but none have combined vitamins C and E targeting the oxidative 

stress (OS). Aim: To evaluate the neuroprotective effect of co-administration of vitamins C + 

E or single vitamin, on parameters of reserpine-induced OS in mice.  Methods: Twenty-five 

mice were randomly assigned into 5 groups.:  Group I received only distilled water (control); 

other groups received reserpine 0.1 mg/kg intraperitoneally on alternate days. In addition, 

Group III received vitamin E 200 mg/kg/day orally; group IV, had vitamin C 250 mg/kg/day 

orally and group V, had both vitamins orally. All drugs were given concurrently for 28 days. 

The mice were humanely acrificed and brain homogenate made to assess for biomarkers of 

OS. Data were expressed as mean ± SEM and values at p < 0.05 were considered significant. 

Results: The significant increase in malondialdehyde concentrations observed in the Res group 

(42.2±0.28 Umol/L) compared to control (37.54±1.27 Umol/L), was ameliorated in all the 

vitamin-treated groups with significance in the Res+Vit C group (35.0±1.69 Umol/L) 

compared to the Res group (p=0.002). Superoxide dismutase (SOD) activity increased 

significantly (p=0.003) across the vitamin-treated groups (24.9±2.11 Umol/mg, 24.0±1.78 

Umol/mg and 22.4±1.50 Umol/mg in the Res+Vit E, Res+Vit C and co-administered groups 

respectively) compared to control (14.3±1.65 Umol/mg), with non-significant increase in the 

Res group (20.6±1.42 Umol/mg); catalase activity increased significantly in the Res+Vit C 

(28.0±3.70 Umol/mg) and co-administered (30.2±2.22 Umol/mg) groups compared to controls 

(14.3±1.65 Umol/mg) and Res (20.6±1.42 Umol/mg) groups (p=0.000), with non-significant 

increase in the Res+Vit E group (17.6±0.68 Umol/mg). The highest GSH level was seen in the 

Res group (45.2±2.65 Umol/mgpr) and the lowest level seen in the Res+Vit E group (38.58 ± 

1.78 Umol/mgpr) with no significant difference across all the groups (p=0.104). Conclusion: 

The co-administration of vitamins C and E fails to confer significant superior neuroprotection 

against reserpine-induced OS compared to single vitamin administration. 
 

© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

Parkinson’s disease (PD), first described by James 

Parkinson (1817), is the most common movement 

disorder affecting about 1.5% of the world’s population 

over 65 years of age (~10million) (Blesa and 

Przedborski, 2014). This prevalence increases with 

advancing age to about 5% in those above 85 years 

(Farn, 2003) and the prevalence is projected to double 

by 2040 due to increasing life expectancy with higher

 

aging population and increasing industrialization 

(Dorsey et al., 2018). It is the second most common 

neurodegenerative disease (NDD) (Tanner and Aston, 

2000; Lee et al. 2009). Neurological disorders are now 

noted to be the leading cause of disability worldwide, 

among which, PD is the fastest growing (Dorsey and 

Bloem, 2018). 

Several conventional (Schapira, 2005; Clark, 2007; 

Davie, 2008; Weinreb et al., 2010; Thomas, 2017) and 

other treatment strategies such as nicotine (Barreto et 

al., 2015), non-steroidal anti-inflammatory drugs, 

NSAIDs (Wahner et al., 2007; Gagne et al., 2010), 

docosahexanoic acid (Ozsoy et al., 2011), caffeine *Address for correspondence: 
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(Joghataie et al., 2004; Saaksjarvi et al., 2008) etc. 

have been explored in the treatment of PD but some of 

these findings for example nicotine, are controversial 

(Ferrea and Winterer, 2009). Even the gold standard in 

PD treatment, l-dopa and carbidopa (a peripherial 

decarboxylase inhibitor), is associated with dyskinesia 

and end-of-dose “wearing-off” (Fahn, 1999) and it has 

been suggested that l-dopa might be neurotoxic, 

hastening the progression of PD via oxidative stress 

(Cracium et al., 2016). Although the motor symptoms 

initially respond well to pharmacologic therapies, none 

has been shown to slow down or halt the disease 

progression (Elmer and Hauser, 2013). Hence, the need 

to explore newer neuroprotective agents that can target 

the main pathophysiology of the disease with the aim of 

preventing further damage or neuronal loss, halting the 

progression, ameliorating symptoms and initiating 

repair or healing processes. 

Given the well-established central role of oxidative 

stress (OS) in the pathogenesis of PD (Jenner, 2003), 

the focus in PD therapy is now shifting to antioxidants 

such as vitamins E and C, which might protect against 

oxidative damage by neutralising free radicals. Both 

vitamins C and E had been shown to have 

neuroprotective effects as individual antioxidants in 

some studies (Roghani and Behzadi, 2001; Miyake et 

al., 2011; Harrison, 2012) but the co-administration of 

both vitamins was shown to be of greater efficacy 

against oxidative stress and nephrotoxicity in rodents 

(Khadkhodaee et al., 2008), with more potent 

antidiabetic effects (Tanko et al., 2014), although, in 

another study, this was shown to be otherwise 

(Mohammed et al., 2015). The combined 

administration of the two vitamins has been shown to 

potentiate the effect of each other on reserpine-induced 

oral dyskinesia in rodents (Faria et al., 2005), also 

suggesting that the combination of both vitamins 

provide a complete antioxidant defence (Mahadik et al., 

2001). 

 

Vitamin C plays an important role in recycling of 

vitamin E (Kohen and Nyska, 2002; Harrison, 2012), a 

process that results in the formation of vitamin C (semi-

ascorbyl) radical (Powers and Jackson, 2008; Pillai and 

Yao, 2015). Therefore, a combination of the two 

vitamins, due to their synergistic interaction (Baptista-

Ortega and Ruiz-Feria, 2010; Yarube and Ayo, 2011; 

Dawud et al, 2014; Bursac-Metrovic et al., 2016), may 

enhance their antioxidant benefit. The aim of this study 

is to evaluate the effects of co-administration of 

vitamin C (l-ascorbic acid) and vitamin E (α-

tocopherol) on reserpine-induced oxidative stress and 

parkinsonism in mice. 

METHODS 

Vitamins C and E and reserpine were of analytical 

grade and purchased from MedChem Express, U.S.A. 

The reserpine was dissolved in 0.5% glacial acetic acid, 

vitamin E (alpha-tocopherol acetate) in dimethyl 

sulfoxide and vitamin C (l-ascorbic acid) in distilled 

water. 
 

Ethical Consideration 

Ethical clearance/approval was sought from the 

Ahmadu Bello University Ethical Committee on 

Research Animals Use and Care. The study was 

conducted in accordance with the guidelines of the 

A.B.U Animals Use and Care Policy. 

 
Experimental Animals 

A total of 25 mice, 8-12 weeks old and weighing 20-

30g were housed in plastic cages under standard 

environmental conditions with free access to 

commercial grower mash feed and water. 

 
Induction of Parkinsonism 

Parkinsonism was induced by alternate day’s 

administration of 0.1mg/kg reserpine injection i.p over 

4weeks (Sarmento-Silva et al., 2014).  

 
Animal Grouping 

The mice were randomly assigned into five (5) groups 

of 5 animals each:  

Group I (n=5): were fed with normal diet ad libitum 

plus normal saline (1ml/kg) throughout the study 

period. This group served as normal control. 

Group II (n=5): received reserpine (0.1mg/kg) i.p on 

alternate days (Sarmento-Silva et al., 2014) for 4 

weeks. They served as positive control. 

Group III (n=5): were pre-treated with vitamin C 

(250mg/kg) i.p daily plus reserpine (0.1mg/kg) i.p on 

alternate days for 4 weeks. 

Group IV (n=5): were pre-treated with vitamin E 

(200mg/kg) i.p daily plus reserpine (0.1mg/kg) i.p on 

alternate days for 4 weeks. 

Group V (n=5): were pre-treated with vitamin C 

(250mg/kg) i.p and vitamin E (200mg/kg) i.p daily plus 

reserpine (0.1mg/kg) i.p on alternate days for 4weeks.  

 
Homogenate Preparation 

The mice were humanely sacrificed by anaesthetizing 

them with i.p ketamine (10 mg/kg) and i.p diazepam (2 

mg/kg). As soon as the effect of anaesthesia is evident, 

the brain was carefully harvested and a homogenate 

was prepared as described by Freitas et al. (2005), 

using phosphate buffer solution. The homogenate was 
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used for analysis of biomarkers for OS (according to 

the manufacturer’s manual/guidelines).  

 
Assay for Biomarkers of Oxidative Stress 

Protocol for assay of superoxide dismutase (SOD) 

activity 

Activity of SOD was carried out according to the 

method described by Misra and Fridovich (1972).  The 

assay is based on the principle of superoxide dismutase 

(SOD) inhibition of auto-oxidation of adrenaline at pH 

of 10.2. 0.2 ml of diluted homogenate (0.1ml of 

homogenate plus 0.9ml of distilled water i.e. dilution 

factor of 1:10) was mixed with 2.5 ml of 0.05 mM 

carbonate buffer (14.3 g of Na2CO3 and 4.2 g NAHCO3 

plus 1,000 ml distilled water at pH of 10.2) and 0.3 ml 

of 0.3mM adrenaline (0.01 g of adrenaline plus 17 ml 

of distilled water). The absorbance was measured over 

60s at 450 nm. The % inhibition was calculated as: 

 

 
 
Hence, the concentration of the SOD activity (in 

Umol/mg) is the amount of SOD required to elicit 50% 

inhibition of adrenaline auto-oxidation per minute. 
 

Protocol for assay of reduced glutathione (GSH) 

activity 

Reduced glutathione (GSH) activity was carried out 

according to the method described by Ellman (1959) as 

modified by Rajagopalan et al. (2004). It is based on 

the reaction of 5,5’-dithiobis nitro benzoic acid 

(DNTB) with GSH. To 150 uL of the homogenate 1.5 

ml of 10% trichloroacetic acid (10g of TCA dissolved 

in distilled water up to 100 ml in a volumetric flask) 

was added and centrifuged at 1500 g for 5 minutes. 1ml 

of the supernatant was mixed with 0.5 ml of Ellman’s 

reagent (19.8g of DNTB in 100ml of 0.1% sodium). 
 

Protocol for assay of catalase (CAT) activity 

Catalase activity was measured according to the 

method described by Aebi (1984). The principle is 

based on the decrease in absorbance of the sample 

induced by the catalytic decomposition of H2O2 to H2O 

and O2 in the presence of catalase. This enzymatic 

decomposition of H2O2 is a first order reaction, the rate 

of which is directly proportional to the amount of H2O2 

present in the homogenate. 2.8 ml of the homogenate 

was added to 0.1 ml of 30mM H2O2 in a test tube and 

the rate of decomposition was measured at 240 nm for 

5minutes using the spectrophotometer. Catalase activity 

was calculated using the molar extinction coefficient 

(E) of 0.041mM-1cm-1 as: 

Catalase concentration = absorbance / E  

Protocol for determination of MDA concentrations 

The level of thiobarbituric-acid (TBA) reactive 

substance (TBARS), as an index  of lipid 

peroxidation was determined by quantitative 

measurement of MDA concentration based on the 

method described by Okhawa et al. (1979), as modified 

by Atawodi et al. (2011). The principle is based on the 

reaction of 14% trichloroacetic acid (TCA) and 0.67% 

TBA solution both of which were added to about 100 

μL of the supernatant, forming a TBARS, an adduct 

that absorbs strongly at 532 nm. The supernatant was 

deproteinized by addition of the TCA and the mixture 

was heated in a water bath at 80oC for 30minutes 

before cooling on ice then centrifuged at 2000 g for 10 

minutes. The product of lipid peroxidation, MDA is 

expected to be released by the deproteinization and 

react with the TBA forming the coloured product, 

MDA-TBA (or TBARS), absorbance of which was 

measured at 532 nm with a UV spectrophotometer. The 

concentrations of TBARS were calculated as the 

absorbance/molar extinction coefficient of 

malondialdehyde: 1.56×105 mol/L/cm. All TBARS 

concentrations are expressed in μmol/g tissue protein. 

 
Statistical Analysis 

Data were expressed as mean ± SEM and analysed 

using one-way analysis of variance (ANOVA), 

followed Tukey’s post-hoc test. Values at p<0.05 were 

considered statistically significant using SPSS version 

25.0. 

 

 
Fig. 1. MDA concentration by group: Res= Reserpine, Vit= 

vitamin. ap < 0.05 indicates statistically significant difference 

compared to control, bp < 0.05 compared to Res group, cp < 

0.05 compared to Res + Vit E, and dp < 0.05 compared to 

Res + Vit C group (One-way ANOVA followed by Tukey’s 

post-hoc test).  

32



Vitamins and oxidative stress in mice 

 

     J. Afr. Ass. Physiol. Sci. 7 (1): 2019         Danboyi et al. 

 

 

Level of SOD activity 

There was a significant increase in the level of SOD 

activity across the vitamin-treated groups (24.0±1.78 

Umol/mg by vitamin C, 24.9±2.11 Umol/mg by 

vitamin E and 22.4±1.5 Umol/mg by both vitamins). F 

= 5.660, p = 0.003.  

 
Fig. 2. Level of SOD activity by group: Res= Reserpine, 

Vit= vitamin. ap < 0.05 indicates statistically significant 

difference compared to the control (One-way ANOVA 

followed by Tukey’s post-hoc test).  
 

Level of CAT activity 

There was significant increase in catalase activity in the 

Res+Vit C (28.0±3.70 Umol/mg) and co-administered 

(30.2±2.22 Umol/mg) groups compared to both control 

(14.3±1.65 Umol/mg) and Res (20.6±1.42 Umol/mg) 

groups, with non-significant increase in the Res+Vit E 

group (17.6±0.68 Umol/mg). F = 2.214, p = 0.000. 

 
Fig. 3. Level of CAT activity by group: Res = Reserpine, 

Vit = vitamin. Superscripts ap < 0.05 indicates statistically 

significant difference compared to control and bp < 0.05 

compared to Res group (One-way ANOVA followed by 

Tukey’s post-hoc test).  

GSH level 

There was no significant difference in the GSH level 

across the groups, the highest level seen in the Res 

group (45.18 ± 2.65 Umol/mgpr) and the lowest level 

seen in the Res + Vit E group (38.58 ± 1.78 

Umol/mgpr). F = 2.214, p = 0.104. 

 
Table 1: Reduced glutathione levels by groups 
 

Groups Reduced Glutathione 

(GSH) (Umol/mgpr) 

Control 39.72±1.45 

Res only (0.1 mg/kg) 45.18±2.65 

Res + Vit E (200 mg/kg) 38.58±1.78 

Res + Vit C (250 mg/kg) 43.08±1.67 

Res + Vit C + Vit E 41.82±0.74 

Res= Reserpine, Vit= vitamin. No statistically significant 

difference (One-way ANOVA followed by Tukey’s post-hoc 

test).  

 

 
DISCUSSION 

Oxidative stress (OS) can be defined as an imbalance 

between the levels of ROS produced and the ability of 

the biological system to neutralize them, creating a 

state of possible cellular damage (Dias et al., 2013). It 

can also be defined as the presence of ROS in excess of 

the available antioxidant buffering capacity (Czerska et 

al., 2015). These ROS may damage DNA, proteins, 

lipids, proteins and carbohydrates changing 

the organism’s structure and functions (Czerska et al., 

2015). There is normally a balance between production 

of ROS and the antioxidant defence against them and 

any disturbance of such balance is capable of causing 

OS. Within the cell where oxygen metabolism takes 

place, ROS are normally and constantly formed as part 

of normal physiological processes with the majority of 

endogenous ROS generated by the mETC during the 

production of ATP (Eckert et al., 2003). The 

antioxidant defence consist of enzymatic and non-

enzymatic antioxidants.  

The mechanism involved in toxin-induced PD in well-

established animal models such as MPTP, 6-OHDA, 

rotenone and paraquat is associated with OS (Dias et 

al., 2013). Although, apart from PD, OS had also been 

linked to other NDD such as Alzheimer’s disease (AD), 

Huntington’s disease (HD) and amyotrophic lateral 

sclerosis (ALS) despite having distinct pathological and 

clinical features (Lin and Beal, 2006), supporting the 

role of oxidative stress in neurodegeneration 

(Anderson, 2004). 

Markers of lipid peroxidation such as HNE and MDA 

are increased in the SN of PD patients, while PUFAs 
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are decreased (Montine et al., 2004). Our result showed 

a significant evidence of lipid peroxidation (figure 1), 

characterized by a significant increase in MDA 

concentration in the reserpine only treated group 

compared to control. This was however, significantly 

ameliorated by vitamins C and E as single 

administrations. This is in line with the findings of 

Nayak et al., (2018), which showed neuroprotective 

effect of vitamin E against lipid peroxidation at 

different regions of rat brain. Surprisingly, vitamin C 

conferred the greater significant protection against lipid 

peroxidation, not being a membrane lipid-soluble 

antioxidant itself. This finding on the co-administered 

group is unexpected, as vitamin C to regenerate vitamin 

E in a synergistic action to produce even much greater 

significant protection against lipid peroxidation. This 

might be due to pro-oxidant activity of vitamin C at 

certain dosages, depending on the presence of transition 

metal ions such as Fe3+ (Paolini et al., 1999; Halliway 

et al., 1999). 

The increase in SOD activity seen in the reserpine-only 

treated group, could be a compensatory response to the 

OS resulting from the excessive production of free 

oxygen radicals. This is a first line of antioxidant 

defence against OS, scavenging O2
2- in both cytosol 

and mitochondrial inter-membrane space (Rodriguez et 

al., 2011). However, the activity of SOD in the vitamin 

groups was even significantly higher, probably due to 

augmentation of the endogenous antioxidant enzyme by 

the vitamins. Again, the co-administration did not show 

more efficacy probably due to the pro-oxidant effect of 

vitamin C. This finding is consistent with the work of 

Serra et al. (2001), but contrary to other more recent 

studies (Sunday et al., 2014; Cracium et al., 2016).  

The significant increase in CAT activity across vitamin 

groups, with the greatest significance observed in the 

group given both vitamins is probably due to their 

synergistic effect against OS (Faria et al., 2005; 

Khadkhodaee et al., 2008; Baptista-Ortega and Ruiz-

Feria, 2010; Yarube and Ayo, 2011; Dawud et al, 2014; 

Bursac-Metrovic et al., 2016). CAT is part of the 

second line antioxidant defence, scavenging for H2O2 

generated by SOD activity intracellularly (Pillay and 

Yao, 2015). Hence, increase in SOD activity will lead 

to increase in H2O2 generation, leading to a 

compensatory increase in CAT activity. 

The mild increase in GSH level, although not 

statistically significant, may be due to a compensatory 

response to increase generation of free radicals, which 

is contrary to the work of Sian et al. (1994), that 

showed decrease in GSH level in the SNc of PD brains. 

Although expected, there was no appreciable increase 

in the GSH level in the groups treated with vitamins. 

This may be due to an overwhelming level of OS and 

it’s in line with the findings of Nayak et al. (2018), who 

also found no significant alteration in GSH level in rat 

brain exposed to aluminium and ethanol toxicity, 

following vitamin E supplementation for 4 weeks. 

Since GPx catalyses a reaction in which GSH 

detoxifies H202 to water, the GSH level is expected to 

increase when there is decrease in the GPx activity, as 

seen in the present study. This is also in line with the 

findings of Sunday et al. (2014), who found decrease in 

GPx as a reciprocal to SOD activity, although other 

studies showed no significant alteration (Cracium et al., 

2016) in the GPX activity. 

All the above findings showed a significant evidence of 

OS induced by reserpine in agreement with several 

other studies (Sanghavi et al., 2010; Fernandez et al., 

2012; Eftimov et al., 2014; Hsiang-Chien et al., 2015; 

Dwivedi and Tomar, 2016). However, the 

administration of the antioxidants (vitamins C and E) 

was significantly protective against the OS, with the co-

administration of the two antioxidants more potent than 

single vitamin administration. These findings of the 

present study on biomarkers of OS is contrary to other 

studies who showed generalised decrease in the SOD, 

CAT, GPx activities and GSH level (Napolitano et al., 

2011; Koppula et al., 2012). 

The beneficial effect of antioxidants and antioxidant 

enzymes is seen in scavenging of free radicals 

generated during OS and neuroprotection These 

antioxidant systems prevent the generation and actions 

of ROS and provide a potential mechanism for 

ameliorating OS. Vitamin E, being a chain-breaking 

antioxidant within the lipid membrane (Kamal-Eldin 

and Appelqvist, 1996), protected against lipid 

peroxidation to a very significant extent as seen in this 

study and, it was itself regenerated by the vitamin C 

(Ambali et al, 2010; Harrison, 2012), which is a 

powerful water-soluble antioxidant within the 

cytoplasm and outside the membrane, and may help to 

boost the endogenous antioxidant levels. The vitamin E 

in turn, probably played a role in the biosynthesis of 

more endogenous vitamin C (Machlin and Gabriel, 

1980) to boost the antioxidant neuroprotective effect.  

 

CONCLUSION 

From this study, co-administration of vitamins C and E 

was only partially neuroprotective against reserpine-

induced OS in mice. Although, no significant 

neuroprotection was observed over the single vitamin 

administration, this finding depicts a great potential in 

slowing down the progression of NDDs like PD. 

Introducing such neuroprotective therapy, which are 

readily available and affordable, into the standard 
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treatment of PD will be highly beneficial. More studies 

are however needed, to explore these vitamins C and E 

at different dosages. 
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ABSTRACT 

Background: Milk synthesis and ejection is essential for breastfeeding and is influenced by 

nutritional and non-nutritional factors. Vitamin C (L-ascorbic acid) is an essential nutrient for 

humans and certain animal species. Vitamin E (α-Tocopherol) is a form of vitamin E that is 

preferentially absorbed. This study was designed to assess milk yield, serum prolactin and 

oxytocin hormone in lactating Wistar rats following ascorbic acid and α-Tocopherol 

supplementation. Methods: At parturition, the animals were randomly divided into five groups 

thus: Group I: (Normal control) was given commercial feed and distilled water, orally (1 

ml/kg), Group II: metoclopramide (5 mg/kg), Group III: 100 mg/kg of Vitamin E. Group IV: 

100 mg/kg of Vitamin C and Group V was treated with the co-administration of vitamin C and 

E 100 mg/kg each. Administration was carried out orally from day 3 to day 13 of lactation at 

06:00 hours daily. The animals were euthanized on day 14 using ketamine and diazepam at 75 

mg/kg and 25 mg/kg given intraperitoneally and thereafter sacrificed. Milk yield18 hours after 

gavage as well as serum levels of prolactin and oxytocin were evaluated. Result: Statistical 

analysis was carried out using SPSS version 20 with the aid of one-way analysis of variance 

(ANOVA) and tukey’s post-hoc test. Values of p≤ 0.05 were considered significant. There was 

a statistically significant (p< 0.05) increase in milk yield in groups IV and V when compared 

to control: 3.72±0.37, 3.60±0.33 vs 2.28±0.08 respectively, and also a significant decrease (p< 

0.05) in group V compared to metoclopramide-treated group; 9.32±0.57 vs 11.48±0.72.  Serum 

oxytocin level was significantly increased (p< 0.05) in group IV compared to the control group 

13.32±1.16 vs 9.46±0.81and a significant decrease in group V compared to group IV 

8.80±0.95 vs 13.32±1.16 was observed. Conclusion: This study has shown that Vitamin C 

possesses more lactogenic activity which increased more milk yield and serum oxytocin level 

in comparison to vitamin E and metoclopramide.  

© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

INTRODUCTION   

Antioxidants are man-made or natural substances that 

may prevent or delay some type of cell damage (Yadav 

et al., 2016). Under normal physiological conditions, 

antioxidants and oxidants are in a dynamic equilibrium 

with antioxidants scavenging ROS generated in the 

body. Vitamins C (ascorbic acid) and E (α-tocopherol) 

are the main natural antioxidants occurring in 

 

biological system. Vitamin C as an extracellular fluid 

antioxidant reduces excessive ROS generation. Vitamin 

E is a chain-breaking antioxidant, which exerts its 

antioxidant effects mainly on cell membrane. it also 

regenerates the activity of tocopherol by reducing the 

tocopheroxyl radicals (Abdel-Khalek et al., 2008). 

Antioxidants are widely used as dietary supplements 

and numerous studies suggest that supplements of 

vitamin C and/or vitamin E may contribute to lowering 

the risk of specific chronic diseases and enhancing the 

antioxidant activities of breast milk during lactation. 

Vitamin C is a powerful dietary antioxidant which 

influences iron absorption and helps fight cell-

damaging free radicals. Natural sources of vitamin C 
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are fruits and vegetables and they include oranges, 

grapes, strawberries, red bell peppers, tomatoes, 

cabbage, spinach green peas just to mention a few 

while Vitamin E can be found in various foods and oils 

for instance nuts, seeds, green leafy vegetables and 

fortified cereals (Moser and Chun, 2016), (Rizvi et al., 

2016).  

Milk production is dependent on the state of the 

maternal wellbeing. It has been reported that milk yield 

can be affected by stressors enhancing ROS production 

through down regulation of milk synthesis leading to an 

increase in dopamine and adrenaline levels which in 

turn inhibit hormones of lactation (Hassioutou, and 

Geddes, 2012). Insufficient milk let down/supply 

(hypogalactia) is still being observed as a major and 

frequently-cited problems associated with lactation 

leading to early discontinuation of breastfeeding 

(Odom et al., 2013). 

Pregnancy period through lactation has been proposed 

as one of the central sources of oxidative stress as it is 

associated with increase in energy metabolism 

beginning with cost of fetal development, milk 

production, and energy expenditure from high maternal 

maintenance and physical activities (Ziomkiewick et 

al., 2016). 

Galactogogues are substances or medications used in 

assisting initiation and maintenance or augmentation of 

milk production (Yahuza et al., 2016). Some of this 

galactogogues include dopamine antagonists such as 

Metoclopramide, domperidone, antipsychotics, 

sulpiride, chlorpromazine; hormone synthetic 

analogues such as oxytocin, thyroxine and 

medroxyprogesterone are also included in the synthetic 

galactogogues list (Zuppa et al., 2010). This study was 

designed to assess milk yield in lactating Wistar rats 

following treatment with ascorbic acid and α-

tocopherol. 

 

METHODS  

Experimental Protocol  

A total of 30 female Wistar rats and 15 male Wistar 

rats, weighing 150-250g were purchased from the 

experimental animal house of the Department of 

Human Physiology, Ahmadu Bello University Zaria. 

Female Wistar rats were randomly assigned into groups 

of two each (n=2), and then mated alongside one male 

counterparts in the ratio 2:1 in a stainless steel metal 

cage. The rats were fed with commercial feed and tap 

water ad libitum and were provided with approximately 

12hrdark/light cycle. Ethical approval was obtained 

from the Ethical Committee of Ahmadu Bello 

University, Zaria on animal handling, consistent with 

standard animal welfare guideline. At parturition, 

weight of dams and pups were recorded and the number 

of pups per dam was culled to 4(Yahuza et al., 2016). 

Lactating Wistar rats were randomly grouped into five 

groups of six animals each (n=6). 

 

Experimental Design 

The animals were grouped as shown in Table 1. 

Administration of agents was carried out orally for a 

period of ten (10) days starting from day 3 to day 13 of 

lactation (Bako et al., 2015).  

 

Table 1. Experimental groups used in the study 

Groups Treatment 

Group I  1 ml/kg normal saline 

Group II 5 mg/kg metoclopramide (Jiangsu 

Pengyao Pharmaceutical Inc. China) 

Group 

III 

100 mg/kg Vitamin E (Michelle 

laboratories LTD) 

Group 

IV 

100 mg/kg Vitamin C (Michelle 

laboratories LTD) 

Group V 100mg/kg co-administration of vitamin 

C and E 

 

Evaluation of milk yield in lactating Wistar rats 

Milk yield and body weight of dams and weight of 

pups were measured each day with an electronic 

balance (Salter). Milk yield was estimated 18 hours 

after gavage indirectly from the relationship between 

weight gain of pups pre and post suckling (Sampson 

and Jansen, 1984; Ann and Linzell, 2003). Following 

administration of agents at 06:00 pm, the pups were 

weighed every day during the study period at 07:00 am 

the next day and recorded as (W1) and then isolated 

from their dams for a period of four (4) hours (Samson 

and Jensen, 1984). At 11:00 am, the pups were weighed 

(W2) and re-united with their dams and allowed to feed 

for 1 h. At 12:00 am, they were weighed again (W3). 

Milk yield 18 hours after gavage was estimated as W3 – 

W2 with a correction for weight loss due to metabolic 

processes in the pups as (W2 – W1)/4 (Ouedraogo et al., 

2004; Bako et al., 2013). 

Milk synthesis and ejection 18 hours after gavage = W3 

– W2 

Where W3 = Post suckling weight of pups (12:00 pm)  

W2 = Pre-suckling weight of pups (11:00 am) 

*Correction for weight loss due to metabolic processes 

was calculated as follows: 

Weight loss correction 18 hours after gavage = W3 – 

W2/4  

Where W2 = pre-suckling weight pups, W1 = pre-

isolation weight of pups (taken four hours before W2 at 

7:00 am (Morag, 1970). 
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Prolactin Analysis 

Blood samples were obtained via cardiac puncture into 

specimen bottles and allowed to clot and separated by 

centrifugation at 2,000 × g for 10 minutes using 

Centrifuge Hettich (Universal) and the sera obtained 

and used for biochemical assays.  The analysis was 

conducted at the Department of Human Anatomy, 

Ahmadu Bello University, Zaria. Prolactin analysis was 

carried out using the specie-specific Prolactin rat 

ELISA kit which was designed for the quantitative 

evaluation of rat prolactin according to the 

manufacturer’s manual. The microplate was first coated 

with monoclonal antibody prolactin. The sera sample 

containing the antigen was pipetted into an antibody-

coated microplate and allowed for two (2) hours during 

which the prolactin antigen in the sample binds to the 

antibodies fixed on the inner surface of the wells. Non-

reactive components were removed by washing steps. 

Afterwards a second polyclonal horseradish 

peroxidase-labelled antibody was added, a sandwich 

complex which consisted of two antibodies and the rat 

prolactin was formed during 1 hour of incubation. The 

excess enzyme conjugate was washed out and a 

chromogenic substrate, tetra-methyl benzidine (TMB) 

was added to the wells and was allowed to incubate for 

30 minutes, during which the substrate was converted 

to a coloured end product (blue) by the fixed enzyme. 

The enzyme reaction was inhibited by adding 

hydrochloric acid as the stop solution. Absorbance was 

measured using a microplate reader at 450 nm. A 

standard curve was obtained by plotting the 

concentration of standard versus the absorbance from 

which the prolactin concentration was gotten. The 

lowest detectable level of prolactin with this test was 

0.8 ng/mL (Bako et al., 2015). 

Oxytocin Analysis 

Oxytocin analysis was carried out using the oxytocin 

rat ELISA kit according to the manufacturer’s manual. 

The oxytocin specie-specific enzyme-linked 

immunosorbent assay (ELISA) kit in microplate was 

designed for the quantitative evaluation of rat oxytocin. 

The analysis was conducted at the Department of 

Human Anatomy, Ahmadu Bello University, Zaria. 

Oxytocin analysis was carried out using the specie-

specific Oxytocin rat ELISA kit which was designed 

for the quantitative evaluation of rat Oxytocin 

according to the manufacturer’s manual. The 

microplate is pre coated Oxytocin. The sera sample 

which containing the antigen was pipetted into an 

antibody coated microplate, and allowed for two (2) 

hours, during the reaction, oxytocin in the sample or 

standard competed with a fixed amount of oxytocin on 

the solid phase supporter for sites on the Biotinylated 

Detection Antibody specific to oxytocin. Excess 

conjugate and unbound sample or standard were 

washed from the plate, and HRP-Streptavidin (SABC) 

was added to each microplate well and incubated. Then 

TMB substrate solution was added to each well. The 

enzyme-substrate reaction was terminated by the 

addition of a sulphuric acid solution and the color 

change was measured spectrophotometrically at a 

wavelength of 450 nm.  

  A standard curve was obtained by plotting the 

concentration of standard versus the absorbance from 

which the oxytocin concentration was gotten. The 

lowest detectable level of oxytocin with this test was 

6.3 pg/mL. 

 
Data analysis 

All data were expressed as Mean ± Standard Error of 

Mean. Data were analysed using one-way analysis of 

variance (ANOVA) followed by Tukey post hoc test. 

Results were considered significant at p≤ 0.05. 

Statistical Package for Social Sciences (SPSS) version 

20 was used. 

 

 

RESULTS 

Milk Yield 

The result of milk yield in lactating Wistar rats treated 

with ascorbic acid and α-tocopherol showed a 

statistically significant (p< 0.05) increase in group IV 

(ascorbic acid (vitamin C-treated group) and also group 

V (co-administration of both vitamin C and E) when 

compared to control; 3.72±0.37 and 3.60±0.33 versus 

2.28±0.08 respectively (Fig. I below).  

 

 

 
Fig. 1. Mean milk yield in lactating Wistar rats following 

supplementation with vitamins C, E and their co-

administration. Superscripts a indicate statistical significance 

at p< 0.05 compared to control 
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Fig 2. Daily milk yield 18h after gavage in lactating Wistar rats treated with ascorbic acid, α-tocopherol, vitamins C and E 

combined and metoclopramide are statistically significant at p< 0.05.  
 

There was a significant increase in milk yield (p< 0.05) 

from day 3 to day 4 in the vitamin C and E combined 

treated group, and also a significant increase in the 

vitamin C-treated group from day 7 to day 9 when 

compared to the Control group. The highest milk yield 

recorded was on day 9 of lactation with its lowest being 

day 7 in group II (metoclopramide-treated group). 

Although there was an increase in the milk yield in 

metoclopramide-treated group and α-tocopherol 

(vitamin E) treated group from day 7 to day 10 it, was 

however not statistically significant. 

 

Serum Prolactin 

There was a statistically significant increase (p< 

0.05) in group II (metoclopramide treated group) 

compared to control; 11.48±0.72 versus 9.12±0.29, 

and also a significant decrease (p< 0.05) in group 

V (vitamin C and E co-administration group) 

compared to metoclopramide treated group; 

9.32±0.57 versus 11.48±0.72 figure III. 

 
Serum oxytocin 

Serum oxytocin level in lactating Wistar rats in the 

experiment was significantly higher (p< 0.05) in group 

IV (vitamin C-treated group) 13.32±1.16 compared to 

the control group (9.46±0.81). A significant decrease 

was also observed in group V (combination treated 

group) 8.80±0.95 compared to vitamin C-treated group 

(13.32±1.16). Although there was an increase in the 

vitamin E- treated group, it was not statistically 

significant. 

 

  
Fig. 3. Effect of ascorbic acid and α-tocopherol on serum 

prolactin level in lactating Wistar rats. Different superscripts 

a,b indicate statistical significance at p< 0.05 compared to 

control and metoclopramide respectively. 

 
DISCUSSION 

The increase in the milk yield in the vitamin C and their 

combination could be attributed to the increase in the 

serum oxytocin level. Reports from studies have shown 

that water soluble vitamins increase milk yield as they 

serve as cofactors for the enzymes responsible for the 

synthesis of amino acids involved in milk production. 

Vitamin C as a water-soluble vitamin act as a cofactor 

in a number of reactions and among these is its role as a 

cofactor to peptidyl-gylcine alpha-amidating 

monooxygenase (PAM) enzyme in enhancing the 
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Fig. 4. Effect of ascorbic acid and α-tocopherol on serum 

oxytocin level in lactating Wistar rats. Different superscripts 

a,b,c indicate statistical significance at p< 0.05 compared to 

control, metoclopramide and vitamin c-treated group 

respectively. 

 

synthesis of oxytocin hormone (Epipper et al., 1994). 

Increase synthesis of oxytocin enhances the release of 

oxytocin upon stimulation of the nipple during sucking.  

The increase in milk yield in the combination group 

could be due to a synergistic effect of vitamin C in 

addition to the vitamin E, the high milk yield in the 

vitamin E group even though not significant can be 

attributed to the increase in oxytocin. Literatures have 

shown that most traditional galactogogues like Hibiscus 

sabdariffa (Okasha et al., 2008) exhibit their lactogenic 

activity through stimulation of prolactin production, 

however in this study antioxidants (vitamin C and E) 

increased milk yield without stimulating prolactin 

hormone compared to the standard drug 

metoclopramide which caused a significant increase in 

serum prolactin hormone level. It is therefore apparent 

that vitamin C and E do not have any effect on 

prolactin hormone, this agrees with reports of Simelane 

et al., (2012); Yahuza et al., (2016) and is suggestive 

that most galactogogues with antioxidant properties 

stimulate milk production and milk yield without 

stimulating prolactin hormone and therefore have less 

effect on this lactation hormone. Metoclopramide as a 

standard drug has been known for its ability to increase 

prolactin level through its antidopaminergic effect on 

the dopaminergic cells leading to a subsequent 

suppression of dopamine release resulting in increased 

prolactin release (Bako et al., 2013). Prolactin is known 

for its numerous roles with its major effect seen on the 

mammary gland ranging from development of the 

mammary gland to milk synthesis and maintenance of 

milk secretion (Freeman et al., 2006). After parturition, 

prolactin induces lactation by stimulating the synthesis 

of milk in the epithelial cells and also causes 

proliferation of secretory cells (Yahuza et al., 2016). 

Oxytocin aside its other roles is known for its role in 

milk ejection brought about by neuroendocrine 

reflexes.  In this study vitamin C could have increased 

oxytocin level by stimulating oxytocin release while 

inhibiting prolactin release causing oxytocin to have 

more effect on the myoepithelial cells of the mammary 

gland, enhancing more milk yield through the milk 

ejection reflex. This effect on oxytocin level could be 

responsible for the increase in the milk yield observed 

in the vitamin C-treated group in this study. The effect 

of these supplements agrees with Abdel khalek et al 

(2008) who observed a better performance in lactating 

doe rabbits following treatment with supplements of 

vitamins C. This is suggestive that vitamin C promotes 

milk letdown via an inhibitory mechanism on the 

dopaminergic cells along the hypothalamo-hypophyseal 

axis (Esmaeilpour-Bezenjani, and Abbasnejad, 2013) 

thereby inducing an increase in oxytocin synthesis in 

the lactotrophs cells on the adenophysis. This occurs 

through inhibition of D2 receptors on dopaminergic 

cells resulting in potassium (K+) channel opening 

which in turn increases its intracellular concentration 

while reducing calcium Ca2+ entry and its intracellular 

concentration. As a result of decreased calcium 

concentration within these cells, there is a 

corresponding decrease in dopamine release (Kauppila 

et al., 2001; Gupta and Gupta 2005). Vitamin C could 

also have increased oxytocin level by enhancing 

activities of peptidylgylcine alpha amino amidating 

mono oxygenase (PAM) enzyme during oxytocin 

synthesis leading to an increase in the serum oxytocin 

level (Epipper et al., 1994). These supplements could 

have also elicited the observed activity through 

activation of phospholipase C (PLC) and protein kinase 

C (PKC) thereby increasing Ca2+ intracellular 

concentrations and mobilizations from the endoplasmic 

reticulum within the lactotrophic cells thereby 

increasing formation of vesicular oxytocin and 

subsequent release (Rizvi et al., 2015). Suckling 

triggers milk ejection reflex through neuroendocrine 

reflexes which causes release of oxytocin from the 

hypothalamo hypophyseal axis leading to milk ejection 

(Yahuza et al., 2016). Vitamin C from this study with 

higher oxytocin level has been found to increase milk 

yield/milk production in lactating Wistar rats through 

the milk ejection mechanism however the receptors to 

which vitamin C act upon to enhance oxytocin 

secretion remains unknown. 

 

CONCLUSION 

The study has shown that Vitamin C supplementation 

in lactating Wistar rats improved milk yield by 

enhancing milk ejection due to its effect on serum 
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oxytocin hormone better than vitamin E and the co-

administration of vitamin C and E. 

 

REFERENCES 

Abdel-Khalek, A.M., Selim, N.A., El-Medany, S.A. 

and Nada, S.A. (2008). Response of doe rabbits to 

dietary antioxidant vitamins E and C during 

pregnancy and lactation. In: Xiccato, G.,Trocino, A. 

and Lukefahr, S.D. (eds). Proceedings of the 9th 

World Rabbit Congress, Verona Italy, Pp 519-5623. 

Allen, H.L. (2005). Multiple micronutrients in 

pregnancy and lactation: an overview. The American 

Journal of Clinical Nutrient, 81(5): 1206-1212. 

Ann, H. and Linzell, J.L. (2003). A simple technique 

for measuring the rate of milk secretion in the rat. 

Comparative Biochemistry and physiology part A: 

Physiology, 43(2): 259-70. 

Bako, I.G., Mabrouk, M.A., Abubakar, M.S. and 

Mohammed, A. (2013). Lactogenic study of the 

ethyl-acetate fraction of Hibiscus sabdariffalinn seed 

on pituitary prolactin level of lactating albino rats. 

International Journal of Applied Research in Natural 

Products, 6(2) : 30-37 

Bako, I.G., Maje, M.I., Emmanuel, S.N. and 

Muhammad, U.A. (2015). Lactogenic study of the 

crude extract of Nigella sativa seed on serum 

prolactin level of lactating albino rats. Nigerian 

Journal of Scientific Research; 14(2): 85-89. 

Epipper, B.A., Milgram, S.L., Husten, J.E., Yun, H.Y 

and Mains R.E. (1993). Peptidylglycine α-amidating 

monooxygenase: A much functional protein with 

catalytic processing and routing domains. Protein 

Science; 2:489-497. 

Esmaeilpour-Bezenjani, K.H. and Abbasnejad, M. 

(2013). Effect of administration of ascorbic acid and 

dopamine D2 receptor agonist in the hippocampal 

CAI area on spatial learning and memory in adult 

male rats. Iranian journal of vetinary research shiraz 

university; 14 (2): 126-132. 

Freeman, M.E., Bela, K., Leran, T.A and Nagy, G. 

(2006). Prolactin structure, function and regulation of 

secretion. Physiological Reviews, 80: 1523-1631.  

Gupta, A.P. and Gupta, P.K. (2005). Metoclopramide 

as a lactogogue Clinical Pediatrics 24(5): 269–272. 

Hassioutou, F. and Geddes, D. (2012). Anatomy of the 

human mammary gland: current status of knowledge. 

Clinical Anatomy, 26(1) : 29-48. 

Kauppila, A., Kivinen, S. and Ylikorkala, O. (2001). A 

dose response relation between improved lactation 

and Metoclopramide. The Lancet, 317(8231): 175–

177 

Moser, M.A   and  Chun, O. (2016). Vitamin C and 

Heart Health: A Review Based on Findings from 

Epidemiologic Studies. International Journal of 

Molecular Science, 17(8): 1328 

Morag, M. (1970). Estimation of milk yield in the rat, 

Laboratory Animal, 4(2): 259-72. 

Odom, E.C., Li, R. and Scanlon, K.S. (2013). Reasons 

for earlier than desired cessation of breastfeeding. 

Paediatrics, 131: e726-e732. 

Okasha, M.A.M., Abubakar, M.S., Bako, I.G. (2008). 

Study of hibiscus sabdariffa linn seed extract on 

serum prolactin level on lactating female Albino rats. 

European Journal of Scientific Research 4: 575-583. 

Ouedraogo, Z.L., Heide, D.V., Beek, E.M.V., Swarts, 

H.J.M., Mattheij, J.A.M. and Sawadogo, L. (2004). 

Effect of aqueous Acacia niloticasppadansonii on 

milk production and prolactin release in the rat. 

Journal of Endocrinology, 182: 257- 266. 

Rizvi, S., Raza, S.T., Ahmed, F.,  Ahmad, A., Abbas, S. 

and Muahdi, F. (2016). The Role of        Vitamin E in 

Human Health and Some Diseases. Sultan Qaboos 

University Medical Journal,    14(2): 157–165.  

Sampson, D.A. and Jansen, G.R. (1984). Measurement 

of milk yield in lactating rat from pup weight and 

weight gain. Journal of Pediatry, Gastroenterology 

and Nutrition, 3: 613–617. 

Simelane M.B.C., Lawal, O.A., Djarova, T.G., 

Musabayane, C.T., Singh, M and Opoku, A.R. 

(2012). Lactogenic activity of rats stimulated by 

Gunnera Perpensa L (Gunneraceae) from south 

Africa. African journal of tradition, complementary 

and  alternative medicine. 9 (4): 561-573. 

Yadav, A., Kumari, R., Yadav, A., Mishra, J.P., and 

Prabha, S. (2016). Antioxidants and its functions in 

human body. A review research. Research in 

environment and life science; 9: 1328-1331. 

Yahuza, F.M., Bako, I.G. and Kawu, M.U. (2016). 

Study of lactogenic activity of resveratrol in female 

lactating Albinom wistar rats.  

Zuppa,A., Sindico, A., Orchi, C. (2010).  Safety and 

efficacy of galactogogues: substances that induce, 

maintain, and increase breast milk production. 

Journal of Pharmacy and Pharmaceutical Sciences 

13(2). 

Ziomkiewick, A., Sancilio, A., Galbarczyk, A., Kilmex, 

M., Jasienska, G. and Bribiesces, R.G. (2016). 

Evidence for the cost of reproduction in humans: 

High life time productive effort is associated with 

greater oxidative stress in post-menopausal women. 

Plos One, 11(1): e0145753. 

 

43

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rizvi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rizvi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raza%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raza%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahdi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahdi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24790736
file:///C:/Users/user/Downloads/The%20Role%20of%20Vitamin%20E%20in%20Human%20Health%20and%20Some%20Diseases.htm
file:///C:/Users/user/Downloads/The%20Role%20of%20Vitamin%20E%20in%20Human%20Health%20and%20Some%20Diseases.htm
file:///C:/Users/user/Downloads/The%20Role%20of%20Vitamin%20E%20in%20Human%20Health%20and%20Some%20Diseases.htm
file:///C:/Users/user/Downloads/The%20Role%20of%20Vitamin%20E%20in%20Human%20Health%20and%20Some%20Diseases.htm


 

 

J. Afr. Ass. Physiol. Sci. 7 (1): 44-52, July 2019 

 

Journal of African Association of Physiological Sciences 
Official Publication of the African Association of Physiological Sciences 

http://www.jaaps.aapsnet.org 

 

  

 
  

Research Article 

Effect of salt loading and gender influences on plasma atrial 

natriuretic peptide levels and cardiovascular parameters in 

normotensive and hypertensive Nigerians 
 

1*A.O. Abidoye, 2S.I. Jaja and 2O.A. Sofola 
Departments of Physiology, 1Lagos State University College of Medicine, Ikeja, Lagos and 2College of Medicine of 

the University of Lagos, Idi-Araba, Lagos, Nigeria. 
 . 
 
Keywords: 

Atrial natriuretic peptide, 

blood pressure, salt 

loading, gender, 

hypertension. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

Background: Prevalence of hypertension is higher among Sub-Saharan Africans than whites 

and there is a sex difference in the prevalence. Though, salt retention has been implicated in 

pathogenesis of hypertension, the basis is not completely known. Atrial natriuretic peptide 

(ANP) might play a role. Method: 43 apparently healthy normotensive male and female 

Nigerians and 37 aged-matched hypertensive counterparts were orally administered 11.6g of 

dietary salt each per day for 5 days. Their plasma ANP levels, heart rate (HR), systolic (SBP), 

diastolic (DBP) and mean arterial blood pressure (MABP) were determined before and after salt 

loading. Results: Normotensive and hypertensive male and female subjects had similar basal 

ANP levels. However, salt loading significantly raised the ANP concentrations (p = 0.0001) in 

normotensive subjects but not significantly in hypertensive counterparts. ANP levels rose 

significantly in the normotensive males (p = 0.0024) and females (p = 0.0002) but not 

significantly in the hypertensive counterparts. Besides, salt significantly decreased HR in 

normotensive (p = 0.0095) and hypertensive (p = 0.0397) subjects but increased SBP (p < 0.01) 

and MABP (p< 0.01) in both study groups and DBP (p = 0.0014) in hypertensive group only. 

SBP, DBP and MABP were all significantly elevated (p < 0.05) in hypertensive males and 

females but not significantly in normotensive females. Conclusion: Although, basal ANP levels 

were similar in the study normotensive and hypertensive subjects, other findings in this study 

suggest that ANP as well as female gender could ameliorate increased blood pressure response 

to salt loading especially in a normotensive state  

© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

Prevalence of hypertension in Africa is estimated at 46% 

in adult individuals aged 25 years and above with higher 

prevalence in males than females (WHO, 2013a; 

Akinlua et al., 2015). Hypertension affects more than 

one billion people, globally (Mills et al., 2016) and is 

responsible for about 9 million deaths, annually, 

worldwide (WHO, 2013b). It is the single most 

important risk factor for stroke and coronary artery 

disease (Garg, 2014). The current levels (9 – 12 g/day) 

of salt consumption in most countries, have exceeded 

 

daily recommended levels (<5 g/day) (Samogan et al., 

2014; Dӧtsch-Klerk et al., 2015). Salt retention has been 

implicated in the pathogenesis of hypertension (He and 

MacGregor, 2007; Hauck et al., 2012). Although, most 

people exhibit an increase in blood pressure on salt 

loading (Weinberger, 1996), the quantity of salt required 

to induce a hypertensive state, varies (Richardson et al., 

2013). The basis for this variation is still a subject of 

intense research.  
 

The mechanisms by which salt raises blood pressure are 

complex, multi-factorial and incompletely understood 

(Hauck et al., 2012). Some of the mechanisms include a 

genetic defect in salt transport, increased sympathetic 

activity, pathological condition of the kidney, adrenal 

cortex or pituitary gland (Strazzulo et al., 2001; Brooks 

et al., 2005; Blaustein et al., 2010). Other mechanisms 

such as reduced production of vasodilators like nitric 

oxide, dopamine and kallikrein have also been 
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implicated in the pathogenesis of hypertension (Fujwara 

et al., 2000). The role of atrial natriuretic peptide in the 

development of salt-induced hypertension has    not been 

fully investigated. There is paucity of data regarding the 

effect of salt loading on plasma atrial natriuretic peptide 

concentrations in normotensive and hypertensive 

Nigerians. Previous measurements of plasma atrial 

natriuretic peptide levels, assessed among individuals 

with essential hypertension in European and North 

American population, have provided conflicting results. 

Some investigators have reported low ANP 

concentrations in hypertension (Macheret et al., 2012) 

while others have documented high amounts (Irzmanski 

et al., 2007). 
 

Atrial natriuretic peptide (ANP) is an endocrine 

hormone that regulates salt and water balance as well as 

blood pressure by promoting renal loss of sodium and 

water (Song et al., 2015). It is produced mainly in the 

cardiac atria and released into the circulation in response 

to volume expansion and increased atrial distension 

(Klar et al., 2007; Wang et al., 2012). It has been 

suggested that Sub-Saharan Africans have lower plasma 

atrial natriuretic levels than their white counterparts 

(Guptal et al., 2015). The higher prevalence of 

hypertension reported in Sub-Saharan Africans might be 

due to abnormal ANP concentrations. In mice, ANP 

deficiency caused salt-sensitive hypertension and 

cardiac hypertrophy (Song et al., 2015). It is not clear if 

sex difference exists on plasma ANP levels among 

Africans particularly in a hypertensive condition when 

high salt diet is consumed; hence, the study was 

designed to assess plasma ANP levels in a Nigerian 

population as well as to determine the effects of salt 

loading and gender influences on plasma ANP levels and 

blood pressure in normotensive and hypertensive 

Nigerian volunteers. 

 

METHODS 

Forty-three (43) apparently healthy normotensive and 

thirty-seven (37) age-matched newly diagnosed 

hypertensive subjects who were yet to be on 

antihypertensive medications, participated in the study. 

Ethical approval with Ref No: CM/HREC/10/16/101; 

dated February 16, 2017 was obtained from Health 

Research Ethic Committee of College of Medicine, 

University of Lagos. The volunteers were briefed about 

the study and duly signed informed consent forms were 

obtained. 
 

Inclusion Criteria:  

The normotensive subjects had their blood pressure 

below140/90 mmHg. They were not on any 

antihypertensive medication, not suffering from chronic 

kidney, cardiovascular or cerebrovascular disease.  They 

did not have any abnormal ECG findings such as left 

ventricular hypertrophy, ischaemic heart disease, 

myocardial infarction, atrial fibrillation and they were 

not diabetic. 

The hypertensive volunteers had sustained systolic 

blood ≥ 140 mmHg or diastolic blood pressure ≥ 90 

mmHg or both (Franklin, 2004). The subjects were not 

on any antihypertensive drug, not diabetic or on any 

hypoglycaemic medication and they were not suffering 

from any complication arising from their hypertensive 

condition. 
 

Exclusion Criteria:  

The normotensive volunteers who were diabetic, 

smokers or had history of chronic consumption of 

alcohol were excluded from the study. Hypertensive 

volunteers that had severe hypertension (BP ≥ 180/110 

mmHg) or history of cardiovascular disease or chronic 

kidney disease as evident by plasma K⁺ ≥ 5.5 mmol/l and 

or creatinine ≥ 150 µmol/l, were also excluded from the 

study. Pregnant women were not allowed to participate 

in the study for medical and ethical reasons. 

 

Experimental procedures 

Anthropometric data of the subjects were determined. 

Age was recorded in years and body weight was 

measured with the aid of weighing scale and recorded in 

kilogrammes. Height in metres was measured using 

stadiometer and the body mass index (BMI) was 

calculated by dividing the body weight (kg) by square of 

the height (m) (Monterioet al., 2012). 
 

Measurements of Cardiovascular Parameters of the 

Subjects 

The cardiovascular parameters were determined before 

and after salt loading in the study groups of subjects  
 

Determination of Heart Rate 

Heart rate (beats/minute) was determined using an 

electrocardiograph machine. The procedure was briefly 

explained.  Subjects were allowed to rest for10 minutes 

in sitting position. The placement of electrodes was done 

in conformity with the American Heart Association 

recommendations (Kligfield et al., 2007). The heart rate 

was determined from the R-R intervals in Lead II of the 

electrocardiogram, using formula: 25/R –R x 60 

(beats/min) (Kligfield et al., 2007). 

 

Determination of Blood Pressure 

Blood pressure was determined by auscultatory method 

using Accoson mercury sphygmomanometer (Accoson, 

United Kingdom, 2014), as per the described 

instructions of American Heart Association (Beevers et 
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al., 2001). Subjects were allowed to rest for 10 minutes 

in sitting position. Appropriate cuff size was wrapped on 

the right arm with the midline of cuff over the brachial 

arterial pulsation and inflated rapidly while palpating 

radial pulse. Reading at which pulse disappeared was 

noted and pressure was further elevated 20 – 30mmHg 

above this value. Then the cuff was slowly deflated 

while listening to the Korotkoff’s sounds using a 

stethoscope placed on brachial arterial pulsation. 

Systolic blood pressure and diastolic blood pressure 

were recorded to the nearest 2mmHg as the first 

appearance and disappearance of the Korotkoff‘s 

sounds, respectively. The blood pressure was taken 

thrice and the average determined and recorded. 

 
Determination of Mean Arterial Blood Pressure 

Mean arterial blood pressure was determined from the 

sum of diastolic blood pressure and one-third of pulse 

pressure (Zheng et al., 2008). The pulse pressure is the 

difference between systolic and diastolic blood pressure. 

 

Measurements of Laboratory Parameters 

The laboratory parameters measured in the subjects were 

fasting blood sugar, plasma creatinine, sodium, 

potassium and ANP levels as well as the urine sodium 

and potassium concentrations and urine volumes. 

 
Protocol for Venous Blood Collection 

The subjects fasted overnight and reported at 9a.m in the 

laboratory for their blood collection. They were briefed 

about the procedure. Venous blood was withdrawn from 

the antecubital vein under aseptic condition and emptied 

into appropriately labeled blood sample bottles. Lithium 

heparin bottles were used for blood creatinine, sodium 

and potassium estimations while chilled EDTA bottles 

were used for ANP estimation. The withdrawn blood 

samples were spinned immediately at 2000 x g at 

4°C for 10 minutes. The supernatants were stored at – 

40°C until analyses were carried out. 

 
Fasting blood sugar was measured using Accu-check 

glucometer (Roche Diabetes Care Inc; USA, 2008). 

Plasma creatinine was determined using COBAS C 111 

machine (Roche Diagnostics, USA, 2012).  Plasma and 

urinary sodium and potassium concentrations were 

measured before and after salt loading, using ion 

selective electrode (ISE 6000) machine (SFRI, France, 

2011). The 24- hour urine volumes were also measured 

before and after salt loading, using a measuring cylinder. 

Plasma ANP concentrations were determined before and 

after salt loading, using Human Atrial Natriuretic 

Peptide Eliza Kits (Sunlong Biotech, China, 2016). The 

ANP levels were analyzed as described by the 

manufacturer’s instructions. 
 

Acute Salt Loading in the Study Subjects 

Having measured and recorded the baseline 

cardiovascular and laboratory parameters, each of the 

subjects in the study group ingested 200mmol of sodium 

(11.6 g of dietary salt) per day in two divided doses for 

5 days (Tzemos et al., 2008; Elias et al., 2014). The 

subjects were followed up during the course of salt 

administration and compliance with the salt ingestion 

was assessed by determining their 24-hour urine sodium 

excretions before and after the salt loading.  They 

reported in the laboratory on the 6th day for 

measurements of their cardiovascular and laboratory 

parameters, following the 5-day period of salt ingestion. 
 

Data Analysis 

Data analysis was carried out with the help of GraphPad 

Statistical software, Version 5 for Windows (GraphPad 

Software, San Diego, California, USA). Data was 

expressed as mean ± standard deviation. Paired student's 

t- test was employed to analyze data within the group 

and unpaired t- test for data between the study groups. 

Statistical significance was accepted at p < 0.05 level. 
 

RESULTS 

Baseline Characteristics of the Subjects in the Study 

Groups 

The baseline characteristics of the participants in the 

study groups are shown in Table 1. 

Although, the mean body weight and BMI of subjects in 

the hypertensive group were significantly higher than 

those of normotensive counterparts, there was no 

significant difference in their mean ages. The fasting 

blood sugar and creatinine levels were also observed to 

be similarr in the study groups (Table 1).  
 

Table 1: The Baseline Characteristics of the Study Groups of 

Subjects  

 
Values are means ± SD as analyzed by student’s t-test. n = 

number of subjects; SD = standard deviation; BMI = body 

mass index; FBS = fasting blood sugar NS=not significant 
 

Effect of Salt Loading on the Plasma ANP Levels in the 

Study Groups 

The basal plasma ANP levels observed in the 

normotensive and hypertensive subjects were similar 

(Table 2).  However, salt loading significantly increased 
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plasma ANP levels (p = 0.0001) in the normotensive 

group but had no significant effect on ANP 

concentrations in the hypertensive group. In addition, 

when comparing the mean changes in the plasma ANP 

concentrations observed in the study groups after salt 

loading, the mean change in the normotensive group was 

significantly higher (p = 0.0137) than that of the 

hypertensive group (Table 2). 
 

Influence of Gender on Plasma ANP Levels 

The plasma ANP levels before and after salt loading in 

male and female normotensive and hypertensive 

volunteers are also shown in Table 2. In the 

normotensive group, basal ANP concentrations between 

males and females were similar. Also, in the 

hypertensive group, the basal ANP levels observed in 

males and females were not significantly different. The 

basal ANP concentrations seen in the normotensive 

males and hypertensive females or normotensive 

females and hypertensive males were not significantly 

different (Table 2). However, after salt loading in these 

subjects, plasma ANP levels rose significantly in both 

normotensive males (p = 0.0024) and females (p < 

0.0002) but there were no significant increases in the 

hypertensive male and female counterparts (Table 2).  
 

The mean ANP concentration after salt loading in the 

normotensive females was observed to be significantly 

higher (p = 0.0263) than that of the hypertensive female 

counterparts but those of the normotensive and 

hypertensive males were not significantly different. In 

addition, no significant difference was seen in the mean 

changes in the normotensive males and females. The 

mean ANP changes in the hypertensive male and female 

subjects were also similar (Table 2).  
 

Effect of Salt Loading on Cardiovascular Parameters 

Measured in the Normotensive and Hypertensive 

Subjects 

The mean values of heart rates, systolic and diastolic 

blood pressure as well as the mean arterial blood 

pressure measured before and after salt loading in the 

study groups are shown in Tables 3.  
 

Heart Rates:  

There was no significant difference between the mean 

values of the heart rates observed in the normotensive 

and hypertensive subjects before salt loading (Tables 3).  

However, after salt loading, the heart rates fell 

significantly in both normotensive (p = 0.0095) and 

hypertensive (p = 0.0397) groups (Table 3). There was 

no significant difference in the mean heart rate changes, 

observed in these study groups.  
 

Systolic Blood Pressure:   

Hypertensive subjects had  significantly  higher basal 

SBP (p = 0.0001) than normotensive subjects. Salt 

loading significantly elevated SBP in the normotensive 

(p = 0.0023) and hypertensive (0.0037) volunteers 

(Tables 3). When comparing the mean changes in SBP 

observed in the study groups after the salt ingestion, they 

were not significantly different (Table 3). 
 

Diastolic blood pressure:  

Hypertensive volunteers also had significantly higher 

basal DBP (p = 0.0001) than normotensive counterparts 

(Tables 3). Salt loading increased DBP significantly (p 

= 0.0014) in hypertensive subjects but not significantly 

in the normotensive counterparts. The mean changes in 

DBP in the study groups though, higher in the 

hypertensive subjects, were not significantly different. 
 

Mean arterial blood pressure (MABP):  

Basal MABP was significantly higher (p = 0.0001) in the 

hypertensive subjects than normotensive volunteers. Salt 

loading significantly elevated mean MABP in both 

normotensive (p = 0.0025) and hypertensive (p =0.0014) 

subjects and the mean changes in MABP after salt 

loading, were not significantly different. 

 

Table 2: Plasma ANP Levels Measured before and after 

Salt Loading in Normotensive and Hypertensive Groups 

of Subjects 

 
Values are expressed in mean ± SD as analyzed by 

student’s t-test.: n = number of subjects; SD = standard 

deviation M & F = combined male and female subjects 

in the group; Δ = changes in ANP levels after salt 

loading   m (f) = males (females). **p = 0.0024 in ANP 

levels observed in the normotensive males before and 

after salt loading’ ***p = 0.0002 in ANP levels observed 

in normotensive females before and after salt loading; 
***p = 0.0001 in ANP levels observed before and after 

salt loading in normotensive group     (M&F combined) 
 

Influences of Gender on the Cardiovascular Parameters 

Measured in the Normotensive and Hypertensive 

Subjects 

Influences of gender on the cardiovascular parameters 

measured in the study normotensive and hypertensive 

subjects are shown in Table 4.  The basal heart rates in 
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the normotensive male and female subjects were not 

significantly different but hypertensive females had a 

significantly higher basal heart rate (p = 0.0161) than 

their counterpart males. After salt loading, heart rates 

significantly fell in normotensive (p = 0.0236) and 

hypertensive (p =0.0171) females but not significantly in 

normotensive and hypertensive males (Table 4). 

 

In addition, normotensive male and female subjects had 

similar basal systolic blood pressure values and there 

was no significant difference in the basal systolic blood 

pressure observed in the hypertensive male and female 

counterparts (Table 4). However, after salt loading, 

systolic blood pressure was significantly elevated (p = 

0.0008) in the normotensive males but not significantly 

in the normotensive females. In the hypertensive group, 

on the other hand, the systolic blood pressure was 

significantly increased in both males (p = 0.0490) and 

females (p = 0404). 

Furthermore, normotensive males had a significantly 

higher basal diastolic blood pressure (p = 0.0375) than 

normotensive females. In the same vein, hypertensive 

males had a significantly higher basal diastolic blood 

pressure (p = 0.0113) than their females.  However, salt 

loading significantly increased diastolic blood pressure 

in both hypertensive males (p = 0.0310) and females 

(0.0208) but not significantly in the normotensive male 

and female counterparts (Table 4). 

The basal mean arterial blood pressure values observed 

in normotensive males and females were not 

significantly different. Also, in the hypertensive male 

and female subjects, the basal MABP values were 

similar. However, after salt loading, the mean arterial 

blood pressure values were significantly raised in the 

hypertensive males (p = 0.0147) and females (p = 

0.0353) but no significantly in the normotensive male 

and female counterparts (Table 4) 

 

DISCUSSION 

The subjects in the study groups were aged- matched. 

This was ensured so as to eliminate age factor that has 

been reported to be associated with high blood pressure 

(Rockwood and Howlett, 2011). The participants were 

selected primarily based on their health status. They 

were not suffering from any end organ damage such as 

left ventricular hypertrophy, ischaemic heart disease, 

congestive heart failure, chronic kidney disease or 

cerebrovascular disease; as any of these disease 

conditions, has been reported to be associated with 

abnormally high plasma ANP concentrations 

(Minamino and Nishikimi, 2013; Volpe et al., 2016; 

Ogawa et al., 2015). In addition, none of the subjects 

was diabetic, as abnormally low ANP concentrations 

have been documented to be observed in diabetes 

mellitus patients (Wang et al., 2007; Magnusson et al., 

2012). 

The basal plasma ANP levels in the study population 

were similar. This finding disagrees with earlier studies 

carried out among Caucasians that hypertensive 

individuals have higher basal ANP levels than 

normotensive counterparts (Irzmanski et al., 2007; Hu et 

al., 2015). However, when compared the basal ANP 

levels observed in the study population with those 

reported in western population (Castro and Gombein, 

1994), the levels observed in the Nigerian population 

were found to be lower. Abnormally low plasma ANP 

concentrations have been implicated in the pathogenesis 

of salt induced hypertension (Song et al., 2015). This 

finding agrees with what Gupta and his co-workers 

(2015) reported that African Americans have lower 

plasma ANP concentrations when compared with 

Caucasians. 

 

Table 3: Cardiovascular Parameters Measured before 

and after Salt Loading in Normotensive and 

hypertensive Groups of Subjects 

 
Values are expressed in mean ± SD, as analyzed by student’s 

t-test.  MABP = mean arterial blood pressure; n = number of 

subjects in the group; SBP = systolic blood pressure; DBP = 

diastolic blood pressure   SD = standard deviation; HR = heart 

rate, ***P = 0.0001 in SBP values between normotensive and 

hypertensive groups of subjects before salt loading. ***P = 

0.0001 in DBP values between normotensive and 

hypertensive groups of subjects before salt loading. ***P = 

0.0001 in MABP values between normotensive and 

hypertensive groups of subjects before salt loading. 
 

Salt loading increased plasma ANP concentrations 

significantly in the normotensive subjects but the 

hypertensive counterparts demonstrated a blunted ANP 

response to the salt challenge. Furthermore, the 

normotensive volunteers had higher mean change in the 

plasma ANP levels than hypertensive counterparts. The 

slight increase in the plasma ANP levels, seen in the 

hypertensive subjects, might be due to impaired 

response of stretch receptors to increased blood volume, 

caused by salt loading in these individuals. Stretch-
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induced ANP release is said to be suppressed by an 

endogenous angiotensin II (Oh et al., 2011) which has 

since been documented to be raised in hypertension (Catt 

et al., 1971). 

 

Table 4: Cardiovascular Parameters Measured before and 

after Salt Loading in the Normotensive and Hypertensive 

Male and Female Subjects 

 
Values are expressed in mean ± SD as analyzed by student’s 

t-test;  MABP = mean arterial blood pressure, n = number of 

subjects; SBP = systolic blood pressure; DBP = diastolic blood 

pressure   HR = heart rate; SD = standard deviation; before salt 

= before salt loading; after salt = after alt loading * p = 0.0161 

in basal HR values observed values between hypertensive 

males and females, * p = 0.0113 in basal DBP values observed 

values between hypertensive males and females. * p = 0.0375 

in basal DBP values between normotensive males and females  

 

Regarding influences of gender on plasma ANP 

concentrations in the normotensive and hypertensive 

subjects in this study, the basal ANP levels were similar 

in males and female subjects of the study groups. 

However, after salt ingestion what was observed in the 

study subjects was quite interesting as males and females 

in the normotensive group demonstrated significant 

increases in their ANP levels but salt loading did not 

significantly elevate ANP levels in their hypertensive 

male and female counterparts.  The blunted ANP 

response demonstrated by these hypertensive 

individuals, might be an underlying cause for poor salt 

handling that has been reported to be seen in a 

hypertensive state (O’Shaughnessy and Karet; 2004). 

The higher ANP response observed in the normotensive 

females than males might be due to oestrogen effect as 

it has been documented that oestrogen induces ANP 

release from the heart via oestrogen receptor 

(Vishwarkama et al., 2016). 

On the cardiovascular parameters measured in the study 

population, basal heart rates were similar in the study 

groups. However, basal systolic, diastolic and mean 

arterial blood pressure were observed to be significantly 

higher in the hypertensive subjects than normotensive 

counterparts. These were not quite surprising as 

hypertension is a chronic disease condition, 

characterized with abnormal elevations in systolic and 

diastolic blood (Michael et al., 2007). 

In this study, salt loading significantly increased systolic 

and mean arterial blood pressure as well as causing 

significant decreases in the heart rates in both 

normotensive and hypertensive groups of subjects.  The 

magnitude of these heart rate decreases though found to 

be higher in the normotensive than hypertensive 

subjects, the decreases were necessitated by a reflex 

response to increased blood pressure demonstrated by 

the subjects (McNeely et al., 2008; Messerli, 2013). 

The expansion in blood volumes that led to increase in 

blood pressure caused stretch receptors (baroreceptors) 

in the carotid sinus and aortic arch to be stimulated, 

leading to increased vagal discharge to the heart from 

nucleus ambiguus and dorsal motor nucleus of the vagus 

in the medulla oblongata (Wang et al., 2001; Messerli, 

2013). Hence, the observed decreases in heart rates in 

the normotensive and hypertensive subjects. 

Salt loading significantly elevated systolic and mean 

arterial blood pressure in both study groups but diastolic 

blood pressure was not significantly raised in the 

normotensive group. Although, impaired baroreflex 

function has been documented in hypertension (Heusser 

et al., 2005), the differential response in diastolic blood 

pressure that was seen in the normotensive subjects 

following salt loading, might also be due to a significant 

increase in their ANP concentrations. ANP is a 

vasodilator that reduces peripheral resistance leading to 

a decrease in blood pressure (Chopra et al., 2013; Song 

et al., 2015; Ogawa et al., 2015). It is also inhibitory to 

sympathetic nervous activity (Nakagawa et al., 2015). 

On the effect of gender on the measured cardiovascular 

parameters on salt loading, female gender played a 

protective role on cardiovascular function especially in 

a normotensive condition as evident by insignificant 

increases observed in heart rate, systolic, diastolic and 

mean arterial blood pressure seen in the normotensive 

females after salt ingestion but these were not the case in 
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the hypertensive female counterparts is as all these 

parameters (SBP, DBP and MABP) were significantly 

elevated in them. This implies that oestrogen though is 

reported to play a protective role in cardiovascular 

function in premenopausal women (Lorga et al., 2017), 

this role seems to be impaired in a hypertensive state. 

 

CONCLUSION 

In the study subjects, basal ANP levels were similar in 

normotensive and uncomplicated hypertensive states. 

However, salt loading significantly elevated ANP 

concentrations in normotensive subjects with greater 

ANP response in females than males but not 

significantly increased in hypertensive volunteers. 

Findings in this study suggest that ANP as well as female 

gender could ameliorate increased blood pressure 

response to salt loading primarily in normotensive 

individuals. 
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ABSTRACT 

Background: P. falciparum and HIV diseases affect the poorest group of a population that are 

made vulnerable by the lack of access to quality education, information and health facilities, all 

of which are characteristic of sub-Saharan Africa. This study was conducted to determine the 

co-infection of P. falciparum and HIV among pregnant women in Edo State, Nigeria. Methods: 

A total of 459 HIV infected pregnant women attending antenatal clinics at the Central Hospital 

Benin City, were enrolled. The age of participants ranged from 20 – 48 years. Blood specimens 

were collected from participants and analysed for HIV and P. falciparum detection, full blood 

count and CD4+ T cells count estimation. Chi squared (X2) was used for frequency data whereas 

odd ratio (OR) was analysed for each potential risk factor. Results: An overall prevalence of 

27.2% of P. falciparum infection among HIV infected pregnant women in Edo State, Nigeria 

was observed. HIV infected pregnant women that are 20-29 years age group, those single, 

primary school leavers, traders, first trimester, primiparous, use of insecticide-treated bed nets, 

rainy season and anaemia significantly affected the prevalence of P. falciparum infection 

(P<0.0.0001). Conclusion: The administration of intermittent preventive treatment (IPT) as 

early as possible during pregnancy, use of insecticide-treated bed nets and effective and prompt 

malaria management are advocated. 
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INTRODUCTION   

Malaria and HIV infections are among the most 

important public health problems worldwide (UNAIDS, 

2012). Malaria is prevalent in resource-poor settings, 

particularly occasioned by poverty, caused by 

inadequate sewage treatment, poor hygiene and 

substandard housing (Gallup and Sachs, 2001). Malaria 

remains one of the challenging infections affecting the 

lives of many HIV infected pregnant women in sub-

Saharan Africa (WHO, 2004). It is estimated that about 

24 million pregnant women are affected by P. 

falciparum yearly, majority of which are from sub-

Saharan Africa and about 1 million are co-infection with 

HIV (Steketee et al., 2001; WHO, 2004). HIV infection 

constitutes the leading cause of death among women of 

reproductive age and as such is considered an important 

 

maternal problem worldwide (Tang and Nour, 2010). 

HIV infected pregnant women are at increased risk of 

maternal anaemia, adverse pregnancy outcomes 

including low birth weights, stillbirths, infant morbidity 

and high mortality (Braddick et al., 1990; Robbins et al., 

2007; Naniche et al., 2009; Zaba et al., 2013). 

It has been reported that HIV infected pregnant women 

have an increased susceptibility to malaria (van Eijk et 

al., 2003). The co-infection of malaria and HIV infection 

have been reported to cause more than 4 million deaths 

annually (WHO, 2003). HIV and malaria epidemics 

overlap in sub-Saharan Africa (Meshnick et al., 2006). 

P. falciparum and HIV diseases affect the poorest group 

of a population that are made vulnerable by the lack of 

access to quality education, information and health 

facilities, all of which are characteristics of sub-Saharan 

Africa (Kwenti, 2018). These two diseases interactions 

are particularly significant in pregnant women as they 

form one of the most vulnerable population groups in 

sub-Saharan Africa (Uneke and Ogbonna, 2009). The 

interactions between the two diseases are bidirectional 
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with each disease exacerbating the other (Gonzalez et 

al., 2012; Gonzalez and Naniche, 2015).  

In Nigeria, both diseases are still serious life-threatening 

problems among pregnant women. P. falciparum and 

HIV are among the leading causes of morbidity in 

pregnancy where modest effects of one infection on the 

other could lead to a substantial negative impact on the 

health of pregnant women and the neonates (Corbett et 

al., 2002). Without a timely intervention, it is estimated 

that approximately 25 – 45 % of the HIV infected 

women will transmit infection to their children (Dabis 

and Ekpini, 2002). Information is lacking on the co-

infection of P. falciparum and HIV among pregnant 

women in Edo State, Nigeria. As such pregnant women 

and their foetuses are exposed to the risk of malaria and 

HIV infections as both diseases overlap in Edo State. 

Against this background, this study was conducted to 

determine the co-infection of P. falciparum and HIV 

among pregnant women in Edo State, Nigeria. 

  
METHODS  

Study area 

The study was conducted at the Central Hospital, Benin 

City, Edo State, a secondary referral health institution 

and a centre for HIV/AIDS management. 

 
Study population 

This study was conducted between November 2018 and 

June 2019 at the Central Hospital, Benin City, Edo State. 

A total of 459 HIV infected pregnant women attending 

antenatal clinics at the Central Hospital, Benin City were 

enrolled in this study. HIV infected pregnant women on 

HAART attending antenatal care clinics, those that 

were 20 years and above and those that consented to 

participate in the study were enrolled. Pregnant 

women that were less than 20 years and those with 

life-threatening medical and obstetrical conditions 

and those not on HAART were excluded from this 

study. The agents used in the HAART regimen for 

HIV infected patients consist of zidovudine, 

lamividine and nevirapine. A well- structured 

questionnaire bothering on biodata and 

sociodemographic characteristics was administered to 

each participant. Informed consent was obtained from 

study participants prior to specimen collection. The 

protocol for this study was approved by the Ethics and 

Research Committee of the Ministry of Health, Benin 

City, Edo State. 
 

Collection of specimens 

About 5 ml of venous blood was obtained from each 

participant and dispensed into ethylene diamine tetra 

acetic acid containers. 

About 5 ml of venous blood was obtained from each 

participant and dispensed into ethylene diamine tetra 

acetic acid containers. 

 

Processing of specimens 

Pregnant women were screened for HIV using the 

Determine HIV 1/2 rapid immunoassay test strip. 

Positive cases were confirmed using the trinity Unigold 

HIV 1/2 kit (CDC, 2014). 

Thick and thin blood films were made from each blood 

specimen, allowed to air-dry and stained in 1:10 dilution 

of Giemsa stain for 30 min. The stained blood films were 

rinsed in buffer solution and allowed to air dry. The 

stained thick films were examined for malaria parasites 

detection whereas the thin blood film was used for 

speciation by light microscopy. A total of 200 high 

power fields per blood film were examined 

(Cheesbrough, 2000).  

The blood samples were analysed for full blood count 

using an auto-analyser Sysmex Kx-21 (Sysmex 

Corporation, Kobe, Japan). Anaemia was determined 

using haemoglobin concentration <11g/dl for pregnant 

women (Beutler and Waalen, 2006). 

CD4+ T cells counts were determined using the flow 

cytometry (Partec, Gmbh, Germany). Briefly, 20L of 

monoclonal antibodies were added and incubated in the 

dark for 15 min at room temperature after which 800L 

of buffer was added. The tube containing the mixture 

was plugged to the flow cytometer for counting and the 

value of CD4+T cells obtained from a programmed 

monitor connected to the flow cytometer. 
 

Data analysis 

The data obtained were analysed using Chi squared (X2) 

test in comparing the frequency data while the odd ratios 

(OR) were calculated for potential risk factors at 0.05 

significance level. The statistical package used in the 

data analyses was INSTAT (GraphPad software Inc, La 

Jolla, CA, USA). 

 

RESULTS 

Out of the 459 HIV infected pregnant women attending 

antenatal clinics at the Central Hospital, Benin City, 125 

(27.2%) had P. falciparum infection. Age significantly 

affected the prevalence of P. falciparum infection 

among HIV infected pregnant women (P=0.0183) with 

the 20-29 years age group having the highest prevalence 

(31.1%). Marital status strongly affected P. falciparum 

infection among HIV infected pregnant women 

(P=0.0050) where single HIV infected pregnant women 

had the highest prevalence (44.3%). HIV infected 

pregnant women who are primary school leavers 

presented with the highest prevalence of P. falciparum 

(49.3%) followed by those with tertiary education 
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(20.7%) and the least was those with secondary 

education (17.6%). In addition, educational status 

significantly affected the prevalence of P. falciparum 

infection among HIV infected pregnant women. Traders 

were significantly more prone to P. falciparum infection 

among HIV pregnant women (P<0.0001). HIV infected 

pregnant women in their first trimester were more likely 

to be infected with P. falciparum (P<0.0001). 

Primiparous HIV infected pregnant women were more 

prone to malaria infection (P<0.0001) with a 1 to 4-fold 

risk of acquisition. Participants that used insecticide 

treated bed nets had significantly lower prevalence of P. 

falciparum infection (P=0.0021). Seasonal variation 

significantly affected the prevalence of P. falciparum 

infection among HIV infected pregnant women 

(P<0.0001) with the rainy season recording higher 

prevalence (45.5%) than the dry season (14.4%) (Table 

1). 

 
Table 1: Relationship between demographic characteristics 

and co-infection of P. falciparum and HIV among pregnant 

women 

 
OR=Odd ratio; CI=Confidence interval; * P<0.05 

 

 

There was a strong association between anaemia and P. 

falciparum infection among HIV infected pregnant 

women (OR=4.738; 95% CI= 2.851, 7.875; P<0.0001). 

CD4+ T cells less than 200cells/L did not strongly 

associate with the prevalence of P. falciparum infection 

among HIV infected pregnant women (P=0.9081) 

(Table 2). 

DISCUSSION 

Human immunodeficiency virus and malaria infections 

represent the most important health problems in sub-

Saharan Africa, where these infections overlap and co-

infection is rampant (Abu-Raddad et al., 2006). Co-

infection with malaria and HIV presents specific 

complications for pregnant women and foetal 

development. The interactions between these two 

diseases during pregnancy are complex (Guyatt and 

Snow, 2004) thus, putting the life of the pregnant women 

and their unborn babies at risk of medical and poor 

obstetrical conditions and threatening antiretroviral and 

antimalarial treatments effectiveness. To our 

knowledge, this is the first study on the co-infection of 

P. falciparum and HIV among pregnant women in Edo 

State, Nigeria. 

An overall prevalence of 27.2% of P. falciparum 

infection was observed among HIV infected pregnant 

women in Edo State. The prevalence of 27.2% reported 

in our study is lower than the 33.4% observed by 

Houmsou et al. (2014) in Benue State, Central Nigeria, 

the 47.7% reported by Sanyaolu et al. (2013) in Lagos, 

South West Nigeria and 49.83% recorded by Johnbull et 

al. (2014) in Enugu, South East Nigeria. In areas with 

stable malaria transmission such as our study area, HIV 

has been reported to increase the risk of malaria infection 

and clinical malaria in adults, especially those with 

advanced immunosuppression (Berg et al., 2014).  The 

difference in our work and that of other studies may be 

attributed to geographical locations and the efforts of the 

MTCT unit at caring for HIV-infected pregnant women 

and ensuring compliance in taking their medications.  

 

Table 2: Effect of anaemia and CD4+ T cell counts on the co-

infection of P. falciparum and HIV in pregnant  

Women; *P<0.05 

 
 

Age has been reported as a co-factor in disease 

progression, and the immunity to malaria and HIV 

infection has been observed to be age-dependent 

(Schwartz et al., 2001). In this study, age significantly 

affected the prevalence of P. falciparum infection 
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among HIV infected pregnant women (P=0.0183) with 

the 20-29 years age group having the highest prevalence 

(31.1%). This finding is in contrast to that observed by 

Houmsou et al. (2014) that did not find an association 

between malarial infection in HIV infected pregnant 

women in Benue State, Nigeria.  

Being single strongly associated with P. falciparum 

infection among HIV infected pregnant women 

(P=0.0050). This finding is at variance with the report of 

Houmsou et al. (2014) that observed increased malaria 

infection among divorcees. The reason for the difference 

may be due to the fact that singles are more likely to 

engage in several occupations that may expose them to 

mosquito bites.  

In this study, educational status significantly impacted 

on the prevalence of P. falciparum infection (P<0.0001)  

where those with primary school education presented 

with the highest prevalence (47.3%).  

Traders were observed to be more likely to acquire P. 

falciparum infection among HIV infected pregnant 

women (P<0.0001). This is because they are exposed to 

the bite of mosquitoes as they carry out their activities 

mostly around breeding mosquito sites. This may 

explain the reason for this finding. 

HIV infected pregnant women who are in their first 

trimesters were found to be at risk in acquiring P. 

falciparum (P<0.0001) when compared with other 

trimesters which imply that most of the women enrolled 

in our study are at risk of adverse pregnancy outcomes. 

This finding is in tandem with the previous study of 

Houmsou et al. (2014) that observed that HIV infected 

pregnant women in their first trimester are more likely 

to be infected with P. falciparum. It has been observed 

that pregnant women in their first trimester are unlikely 

yet to be administered sulphadoxine-pyrimethamine 

used as the intermittent preventive treatment (IPT) that 

are usually given only to women at their second and third 

trimesters (Houmsou et al., 2014).  

First pregnancy is believed to be the most critical as 

women develop pregnancy-specific immunity against 

placental parasites over successive pregnancies resulting 

from repeated exposure (Flateau et al., 2011). Albeit, 

available information suggest that women who are 

infected with HIV have the same low level of immunity 

to malaria in subsequent pregnancies as they do in their 

first pregnancy and are twice as susceptible to clinical 

malaria, which increases the risk of adverse outcomes 

(Brenthinger et al., 2006; Flateau et al., 2011). In our 

study, primiparous HIV infected pregnant women are at 

1 to 4 -fold increased risk of acquiring P. falciparum 

infection when compared with their multiparous 

counterparts (OR=2.871; 95% CI= 1.876, 4.396; 

P<0.0001). 

Generally, the use of insecticide treated bed net is a 

recognized effective way of preventing malaria infection 

(Akinbo et al., 2014). HIV infected pregnant women that 

used insecticide treated bed nets had significantly the 

least prevalence of P. falciparum infection (18.5%; 

P=0.0021) compared with other preventive measures. 

The World Health Organization recommends a three-

pronged approach for malaria control during pregnancy 

in sub-Saharan Africa: intermittent preventive treatment 

(IPT), insecticide treated bed nets and effective case 

management of malaria illness (WHO, 2012). Thus, HIV 

infected pregnant women be issued and encouraged to 

use insecticide treated bed nets in order to reduce the 

adverse pregnancy outcomes occasioned by P. 

falciparum infection. 

Parasite transmission and development are regarded to 

be influenced by climatic conditions particularly within 

the temperature range of 25-30oC (Egbendewe-

Mondzozo et al., 2011). There is a direct influence of 

temperature and rainfall on the number and productivity 

of breeding sites, ultimately the vector density (Afrane 

et al., 2012). This study observed P. falciparum 

infection peaked during rainy season among HIV 

infected pregnant women (P<0.0001). Rainy season has 

been reported to provide ecological changes favouring 

the breeding of the mosquito vectors which enhance the 

transmission of malaria (Erhabor et al., 2014). 

HIV infected pregnant women with malaria had a 2 to 7-

fold higher risk of developing anaemia (OR= 4.738; 

95% CI= 2.851, 7.875; P<0.0001). This observation 

agrees with previous reports of Johnbull et al. (2014) and 

Houmsou et al. (2014). The cause of anaemia in 

pregnancy is multifactorial and may include 

haemodilution infections particularly HIV and malaria, 

inadequate erythropoiesis (Agan et al., 2010). Both HIV 

and malaria are known causes of maternal anaemia 

(Moses et al., 1998; Guyatt and Snow, 2001). In 

addition, the presence of zidovudine among the HAART 

regimen used by our subjects and antibodies to HAART 

agents have been reported to be associated with anaemia 

(Moyle, 2002). The risk of anaemia secondary to malaria 

and HIV infection could be reduced through prompt, 

effective treatment and follow up during pregnancy in 

order to increase the chances of delivering a healthy 

infant. Adequate information about nutritional diet could 

also play a big role in reducing adverse pregnancy 

outcomes necessitated by anaemia. 

It has been reported that independently, HIV and malaria 

interact with the host immune system to bring about 

complex activation of immune cells, which causes 

dysfunctional levels of cytokine and antibody 

production (Hochman and Kim, 2009). Furthermore, 

CD4+ T cells play a major part in the development and 
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maintenance of antimalaria immunity, but HIV 

interferes with immunity (Troye-Blomberg and Berzins, 

2008) by widespread lymphoid necrosis throughout the 

lymph nodes, spleen, and gut mucosae, hyperactivation 

of CD4+ and CD 8+ effector cells to secrete cytokines, 

HIV induced downregulation of CD4+ T cells, decreases 

in CD8+ T-cells counts, and upregulation of parasitemia, 

consequently leading to fatal malaria and a rapid 

progression to AIDS (Ryan-Payseur et al., 2011). 

Surprisingly, CD4+ T-cells count did not strongly 

associate with co-infection of malaria and HIV among 

pregnant women in this study (OR= 0.9641; 95% CI = 

0.6106, 1.522; P=0.9081). The low malarial infection 

observed in those with CD4+ T cell counts greater than 

200 cells/L could be the reconstitution of their immune 

system due to highly active antiretroviral therapy 

(HAART) or recently infected pregnant women that still 

have strong immune system. This may explain the 

reason for our finding. 

 

CONCLUSION 

This study reveals a prevalence of 27.2% of P. 

falciparum infection among HIV infected pregnant 

women in Edo State, Nigeria. HIV infected pregnant 

women that are 20-29 years age group, those single, 

primary school leavers, traders, first trimester, 

primiparous, those that use insecticide treated bed nets 

and rainy season significantly affected the prevalence of 

P. falciparum infection in this study (P<0.0001). In 

addition, anaemia strongly associated with P. falciparum 

infection among HIV infected pregnant women 

(P<0.0001). The administration of intermittent 

preventive treatment as early as possible during 

pregnancy, use of insecticide-treated bed nets and 

effective and prompt malaria management are 

advocated. 
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ABSTRACT 

Background: Development of new therapies capable of improving glycaemia and lipid 

profiles in diabetes management without side effects, reduction in efficacy and toxicity has 

been of great scientific interest. P. americana seed has been reported to have diverse 

applications in ethno–medicine, ranging from treatment for diarrhea, dysentery, toothache, 

intestinal parasites, skin treatment and beautification however there is dearth of information 

regarding it use in treatment of diabetes and hypolipidemic effect following its use for other 

purposes. Aim: Therefore, this study was undertaken to investigate the antidiabetic and 

hypolipidaemic potentials of P. americana ethanol fruit pulp extract. Methods: Phytochemical 

screening for classes of secondary plant metabolites was done using standard methods. 250 and 

500mg/kg of P. americana ethanol fruit pulp extracts were administered to alloxan- induced 

diabetic rats orally twice daily for 3 weeks. Glycemic levels were checked every 3 days and 

serum lipid profile assay was carried out at the end of the treatment period. Results: 

Phytochemical screening of the extract revealed presence of various classes of phytochemicals 

such as saponins, tannins, alkaloids and steroids. Both doses of the extract significantly 

reduced blood glucose levels when compared to the control group. The higher dose 

(500mg/kg) significantly decreased total cholesterol, triglycerides and low-density lipoproteins 

compared with the control. There was also a marginal increase in HDL-Cholesterol. 

Conclusion: P. americana ethanol fruit pulp extract reduces hyperglycaemia and 

hyperlipidaemia associated with type I diabetes mellitus.  
 

© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

 Persea americana fruit tree originated in South Central 

Mexico (Royal Botanic Gardens, Kew and Missouri 

Botanical Garden 2010; Chen et al., 2008). It is 

classified as a member of the flowering plant family 

Lauraceae, the fruit of the plant also called avocado 

pear or alligator pear, is botanically a large berry 

containing a single large seed known as a "pit" or a 

"stone" (Morton, 1987; Storey, 1973). The fruit is not 

sweet but fatty, almost distinctly, yet subtly flavored, 

and of smooth, almost creamy texture (Morton, 1987). 

P. americana leaves have been reported to have anti-

inflammatory and analgesic activities (Adeyemi et al.,   

 

2002). The seed of P. americana has diverse 

applications in ethno–medicine, ranging from treatment 

for diarrhea, dysentery, toothache, intestinal parasites, 

skin diseases and beautification (Pamplora and Roger, 

1999). Antioxidant activity due to the phenolic content 

of seeds of avocado pear was found to be greater than 

70% (Song and Barlow, 2004). Avocados are one of the 

few fruits that give “good” fats because it contains 

lipids such as phytosterols, ß-sitosterol, campesterol, 

and stigmasterol as well as monounsaturated fatty acids 

mainly oleic acid and it also reduces the risk of 

cardiovascular disease (Olagunju et al., 2017). 
Diabetes mellitus is a complex metabolic disorder that 

mainly occurs due to defects in either insulin secretion, 

insulin action, or both and is characterized by high 

blood sugar (glucose) levels (Kooti et al., 2016). The 

disorder can also lead to serious complications 

affecting human health with long-term effects that 

causes micro and macro vascular problems (Mohana et 
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al., 2012). The World Health Organization reports 

suggests that the prevalence of diabetes in adults 

worldwide would increase to 300 million in years 2025, 

making the disease one of the main threats to human 

health in the 21st century and also the fifth leading 

cause of deaths in most developed countries (Kazi, 

2014). 

Type 1 diabetes mellitus or insulin dependent diabetes 

mellitus (IDDM) involves ß-cell destruction with little 

or no endogenous insulin secretory capacity and is 

triggered by autoimmune idiopathic factors (Bastaki, 

2005). A major feature of Type 2 diabetes mellitus is 

insulin resistance or deficiency, which can cause 

hyperglycemia (Laakso, 2001). High prevalence, 

variable pathogenesis, progressive process, and 

complications of diabetes all highlight the urgent need 

for effective treatments such as insulin therapy, 

pharmacotherapy, and diet therapy (Kooti et al., 2016).  

Despite the significant progress made in the treatment 

of diabetes, treatment outcomes are are still far from 

perfect due to drug resistance (reduction of efficacy), 

side effects, and toxicity (Hui et al., 2005). However, 

the use of medicinal plants is now being recommended 

because most plants contain carotenoids, flavonoids, 

terpenoids, alkaloids, glycosides which often have anti-

diabetic effects (Michael et al., 2005; Kooti et al., 

2015). The aim of this study was to investigate the 

antidiabetic and hypolipidaemic potentials of ethanol 

fruit pulp extract of P. americana on alloxan-induced 

diabetic rats. 

 

MATERIALS AND METHODS  

Collection, Identification and Preparation of Fruits 

pulp extract 

Ripe fruits of P. americana were obtained from Enugu, 

and were authenticated in Botanical unit, of the 

Department of Biological Sciences, Madonna 

University Nigeria.  The fruits were thoroughly washed 

and the pericarp (peel) removed alongside the seeds 

from the mesocarp (pulp). The fruit pulps (Mesocarp) 

were cut into smaller pieces and air dried for 4 days at 

ambient temperature and thereafter grounded into 

powdered form using mortar and pestle. The powdered 

sample was extracted with ethanol using Soxhlet 

apparatus, concentrated to dryness in a water bath and 

preserved at 4oC until required for use (Redfern et al., 

2014). Weighed samples of the extract (1g in 10 ml 

distilled water) were then used to prepare the stock 

solution (100 mg/ml). 

The brand of metformin (METFORMINA® 500 mg) 

used in this study was Manufactured by S Kant 

Healthcare Ltd. India. The Alloxan monohydrate 

(Sigma St. Louis, M.O., USA) solution was prepared 

by dissolving 1.25g of Alloxan monohydrate in 25ml of 

distilled water.  

 

Experimental Animals and Treatment Protocol 

Twenty-five male albino rats (160-200g) used for this 

experiment were obtained from the University Animal 

house and kept in standard rat cages, fed with pelletized 

commercial feed and tap water ad libitum followed by 

1 week of habituation before the commencement of the 

research. Animal studies were carried out in accordance 

with the “Guide for the Care and Use of Laboratory 

Animals” (National Research Council, 1999).  The 

animals were then assigned into five groups of five 

animals each as shown below: 

Group 1 – Normal Control (2 mg/kg of distilled water 

p.o., twice daily) 

Group 2 – Diabetic Control 

Group 3 – Diabetic + P. americana (250 mg/kg p.o., 

twice daily) 

Group 4 – Diabetic + P. americana (500 mg/kg p.o., 

twice daily)  

Group 5 – Diabetic + Metformin (500 mg/kg p.o., once 

daily) 

Group’s 2 – 5 animals were fasted overnight then 

diabetes was induced by a single intraperitoneal (IP) 

injection of freshly prepared 150 mg/kg of alloxan 

monohydrate solution (Yanarday and Colac, 1998). 

Animals were considered diabetic if the blood glucose 

values were ≥ 200mg/dl 48 hours after alloxan 

injection. Blood glucose levels were checked using a 

glucometer (Bioland glucometer, Germany). 

Oral administration was done for 21 consecutive days 

with aid of a rubber cannula attached to a calibrated 

syringe. Blood glucose levels were checked every three 

days by 6am during the treatment period of 21 days by 

prickling the tail vein of the animals. The animals were 

fasted overnight on the 21st day, rendered unconscious 

under chloroform fumes, sacrificed and blood 

withdrawn via cardiac puncture was collected in plain-

capped sample bottles. Blood samples collected were 

centrifuged at 3000rpm for 10 minutes. Then serum 

was separated gently and stored in labeled plain sample 

bottles at -20o C until required for the lipid profile 

assay.  

 

Lipid Profile Analysis 

Serum total cholesterol, triglyceride and high-density 

lipoprotein (HDL) were determined using Randox kits 

produced by Human Diagnostic-Germany (Schettler 

and Nussel, 1975; Trinder, 1981; Trinder and Webster, 

1984). Serum very low-density lipoprotein (VLDL) and 

low-density lipoprotein (LDL) were calculated using 

the Friedewald's method (Friedwald, 1972). 
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Phytochemical Analysis of P. americana ethanol pulp 

Extract: 

Using standard methods, the extract was screened for 

bioactive ingredients. Saponins and oxalates 

determined by the method of Kokate, (1997). Alkaloid, 

tannins and Phenols were determined by method of 

Trease and Evans (1989). Phytates, steroids and cardiac 

glycosides were determined by method of Harbone, 

(1973).  

 

Statistical Analysis: 

Data was analysed using one-way ANOVA and 

difference between groups compared using Least 

Significance Difference (LSD). Data are expressed as 

mean ± standard error of mean and values of P˂0.05 

were considered significant. SPSS version 15.0 was 

used for this analysis. 
 

 

RESULTS 

Effect of treatment on blood glucose levels of diabetic 

rats 

Results in Table 1 shows the mean blood glucose 

concentrations of the control groups (normal, diabetic 

controls), the two doses of the P. americana ethanol 

fruit pulp extract and the   standard drug (metformin).  
 
 

Table 1: Effect of oral 21-day doses of P. americana ethanol 

fruit pulp extract on blood glucose levels of alloxan-induced 

diabetic rats. 

 
Values are expressed in mean + SEM, n ₌ 4; * ₌ P<0.05 

indicates a significant difference compared with normal 

control; b ₌ P<0.05 indicates a significant difference 

compared with diabetic control; c ₌ P<0.05 indicates a 

significant difference compared with standard drug, 

metformin. Initial ₌ 0 week after induction of diabetes and 

before commencement of treatment. Final ₌ mean values 

obtained after 21 days of treatment. 

 

Both doses of P. Americana ethanol fruit pulp extract 

(250 mg/kg and 500 mg/kg) significantly decreased 

(P<0.05) blood glucose levels in the diabetic treatment 

groups 3 (14.4 ± 2.0 mmol/l) and 4 (9.4 ± 1.0 mmol/l) 

respectively when compared to the diabetic control 

group (29.3 ± 4.0 mmol/l).  

Also, in the alloxan-induced diabetic group treated with 

metformin (6.7 ± 0.0 mmol/l), a significant decrease 

(p<0.05) was observed in the blood glucose 

concentrations when compared to the diabetic control 

group (29.3±4.0 mmol/l).  

 
Effect of treatment on serum lipid profiles of 

diabetic rats 

Results obtained for serum lipid profiles showed 

significant (P<0.05) increases in total cholesterol, 

Triglycerides and low-density lipoproteins of the 

diabetic control group when compared to the 

normal control group and the Metformin group 4 

(Table 2). 

P. americana (500mg/kg) diabetic treatment group 

showed significant (P<0.05) decreases in TC, TG 

and LDL, when compared with the diabetic 

control. HDL-C also showed marginal increase in 

P. americana (500mg/kg) diabetic treatment 

group. (Table 2).  

 
Table 2: Effect of oral 21-day doses of P. americana ethanol 

fruit pulp extract on serum lipid profiles of alloxan-induced 

diabetic rats. 

 
TG; Triglycerides, HDL; high-density lipoproteins, LDL; 

low-density lipoproteins. Values are expressed in mean + 

SEM, n ₌ 4; * ₌ P<0.05 indicates a significant difference 

compared with normal control; b ₌ P<0.05 indicates a 

significant difference compared with diabetic control 

c ₌ P<0.05 indicates a significant difference compared with 

standard drug, metformin. 

 
Phytochemical screening of ethanol pulp extract of 

Persea americana 

The phytochemical analysis of the ethanolic pulp 

extract of P. americana revealed the presence of 

various concentrations of phytochemicals as shown in 

Table 3. 
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Table 3: Phytochemical constituent of ethanol pulp extract 

of P. americana 

Constituent Inference 

Alkaloids + 

Saponins + 

Tannin + 

Phytate + 

Phenol + 

Cardiac-glycosides + 

Oxalate + 

Steroids + 

Key: + = present. 

 

DISCUSSION 

Uncontrolled diabetes can lead to serious micro and 

macro vascular problems on the long term (Mohana et 

al., 2012). In addition it causes many chronic 

complications including blindness, heart disease and 

renal failure (Mamun-or-Rashid et al., 2014).  

Results obtained from phytochemical screening of the 

P. americana ethanol pulp extract showed it contains 

saponins, alkaloids, steroid, phytate, phenol, oxalate, 

tannins and glycosides, suggesting that they contribute 

to the therapeutic efficacy/anti-diabetic properties of 

the plant extract. 

A significant change occurs in the structure and 

metabolism of lipid in diabetes leading to lipid 

peroxidation associated with hyperlipidaemia (Kooti et 

al., 2016). This finding was also observed in our study 

as the increased blood sugar was accompanied by 

alterations the lipid profiles of the untreated diabetic 

animals. 

The study showed that daily oral administration of 

doses of ethanol fruit pulp extract of P. americana 

significantly reduced the blood glucose levels of the 

alloxan- induced diabetic rats close to normal values. 

These results are in line with findings by Alhassan et 

al. (2012) who reported that consumption of the 

aqueous seed extract of P. americana exerts significant 

hypoglycaemic effects on alloxan induced diabetic rats. 

The significant anti-diabetic activity of the ethanol fruit 

pulp extract of P. americana is due to the presence of 

hypoglycemic agents such as saponins, tannins, 

alkaloids and steroids which contain insulin stimulatory 

substances such as insulin receptors substrate (IRS), 

pro-hormone convertase, glycogen synthase, the beta-3 

adrenergic receptor, glucose dependent insulinotrophic 

polypeptide (GIP) receptor and peroxisome 

proliferators (Broadhust, 1997).  

Results of this study also showed the ability of P. 

americana ethanol fruit pulp extract to significantly 

reduce TC, TG, LDL while marginally (non-

significantly) increasing HDL levels in diabetic treated 

animals. HDL has the ability to promote efflux of 

cholesterol from cells, which may minimize the 

accumulation of foam cells in the artery wall thereby 

preventing the development of atherosclerosis 

(Olagunju et al., 2017).   

This research also supports findings by Olagunju et al. 

(2017) who reported that cardiovascular disease marker 

on TC/HDL ratio of male albino rats fed with aqueous 

and ethanol extracts of P. americana fell within the low 

risk acceptable range and boosting the “good 

cholesterol” (HDL) which is good for cardiovascular 

health. Therefore, the significant hypolipidaemic  

activity of P. americana ethanol fruit pulp extract in 

this study can be attributed to the presence of 

phytochemicals such as alkaloids, phenols, saponins 

and sterols in the extract (Bopanna et al., 1997; 

Katsumata, et al., 1999).  

In conclusion, the administration of P. americana 

ethanol fruit pulp extract produced significant reduction 

of blood glucose levels and lipid related dysfunction in 

alloxan-induced diabetic rats. Thus, in the light of these 

studies, further pharmacological investigations are 

needed to determine the chemical compositions of the 

extract and their exact mechanisms of action in the 

management of diabetes.   
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ABSTRACT 

Background: Consumption of thermally oxidized palm oil over a period of time may lead to 

altered biochemical indices. Exposure to extract of Spondias mombin leaves has been reported 

to improve biochemical indices in rats. This study was designed to examine the effects of 

aqueous extract of Spondias mombin (SPM) leaves on nitric oxide level and some liver 

biomarkers in dietary oil supplemented Wistar rats. Methods: Thirty-six male Wistar rats 

weighing between 180-200 g, were used. The animals were randomly divided into six groups 

containing six rats each. Group 1 (control) received normal rat chow. Group 2 received normal 

rat chow+ SPM (300 mg/kg body weight orally ), Group 3 was fed on feed mixed  with fresh 

palm oil (FPO) (15% w/w), Group 4 was fed on feed mixed with FPO (15% w/w)+SPM 

(300mg/kg body weight orally), Group 5 was fed on feed mixed with thermooxidised palm oil 

(TPO)  (15% w/w), Group 6 received feed mixed with TPO(15% w/w)+SPM (300 mg/kg body 

weight orally) for five  weeks. Results:  Result obtained shows a significant (p<0.05) increase 

in NO level in Spondias mombin (SPM) group when compared with the control. Serum glucose 

was significantly (p<0.05) high in FPO and TPO. However, SPM, FPO+SPM and TPO+SPM 

serum glucose levels were decreased by 24.07%, 10.93% and 39.28% respectively when 

compared with their untreated groups. Total protein and globulin concentration were increased 

significantly (p<0.05) in SPM, FPO+SPM and TPO+SPM. Albumin level was raised in FPO 

and FPO+SPM compared to control. Total Cholesterol (TC), Triglyceride (TG), Low density 

lipoprotein (LDL-c) and Very low density lipoprotein (VLDL) were significantly (p<0.05) 

elevated in TPO but Significantly (p<0.05) decreased upon treatment with SPM. Conclusion: 

We conclude that aqueous Spondias mombin leave extract promote liver protein synthesis and 

increases nitric oxide level in normal condition  but not in consumption of thermally oxidized 

oil. 

.© Copyright 2019 African Association of Physiological Sciences -ISSN: 2315-9987. All rights reserved

 

INTRODUCTION   

Palm oil is one of the most widely consumed vegetable 

oil in the world. This is attributable not only to its use as 

food supplement, but its value in terms of nutritional 

content (Edem 2002). Palm oil has been reported to 

contain both saturated and unsaturated fats assumed to 

be in a ratio of 1:1 (Cottrel, 1991; Edem 2002). 

Despite the presence of saturated fatty acids up to 50%, 

it does not promote atherosclerotic plague formation and 

thrombosis in the vessels. Some identified components 

 

available in fresh palm oil include vitamin C and 

Vitamin E such as tocopherols, tocotrienols and β-

carotenes. The major carotenoids in palm oil are α- and 

β-carotene (Edem, 2002, Adam et al., 2008). These 

constituents act as antioxidants that have the potentials 

to protect against lipid peroxidation/oxidative stress, 

protein oxidation as well as blood pressure reduction. 

Subjecting palm oil to repeated heating leads to 

thermoxidation and production of free radicals that are 

cytotoxic and may lead to decreased membrane fluidity 

and loss of enzyme and receptor activity (Leong et al., 

2008). In quest for therapeutic approaches to contribute 

to handling of the developing cardiovascular and other 

prevalent diseases, the use of folk medicine has been 

sort. Spondias mombin, commonly known as hog plum 
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in English, ‘akika’(‘Iyeye’) in Yoruba, ijikara in Igbo, 

tsardarmaser in Hausa and nsukakara in Efik, is a 

fructiferous tree in the family Anacardiaceous (Gill, 

1992). It is mostly found in rain forests and coastal areas, 

attaining a height of 15-22 meters (Ayoka et al., 2008). 

Spondias mombin leaves have been reported to contain 

some bioactive substance such as tannins, saponins, 

flavonoids, phenolics and anthraquinone glycosides 

antioxidant vitamins; alpha-tocopherol and ascorbic acid 

(Abo et al., 1999; Maduka et al., 2014). These medicinal 

potential attributes of the plant extracts may makes it 

efficacious and therapeutic in protecting against hepatic 

toxicity and altered plasma protein following 

consumption of thermally oxidized palm oil. 

  

METHODS 

Experimental design 

Thirty-six male Wistar rats weighing between 150-200 g 

were used in this study and they were randomly divided 

into six groups containing six rats each. The animals 

were housed in plastic cages and kept under standard 

laboratory condition. Group 1 (Control) received normal 

rat chow. Group 2 received normal rat chow+ SPM (300 

mg/kg body weight orally ), Group 3 was fed on feed 

mixed  with fresh palm oil (FPO) (15% w/w), Group 4 

was fed on feed mixed with FPO (15% w/w)+SPM (300 

mg/kg body weight orally), Group 5 was fed on feed 

mixed with thermooxidised palm oil (TPO)  (15% w/w), 

Group 6 received feed mixed with TPO (15% 

w/w)+SPM (300 mg/kg body weight orally) for five  

weeks. All groups had free access to water and feed ad 

libitum. Ethical approval for the study was obtained from 

the Faculty animal research ethical committee of the 

Cross River University of Technology, Calabar 

(CRT/ARC/16/021), 

 

Preparation of leaf extract of Spondias mombin. 

The modified method of extraction according to Eno and 

Itam (1998) was used. Fresh leaves of Spondias mombin 

were collected and washed free of dirts. The leaves were 

dried on laboratory table for 5 days, after which they 

were grounded to powder. A quantity of the ground 

sample (20g) was weighed and Soxhlet extraction was 

done with 300 ml distilled water at 100 0C for 12 hours. 

The liquid extract obtained was slowly evaporated to 

dryness in vacuo. The total yield was 8.0 g. The extract 

was stored till further use. 

 

 Reparation of Oil diets 

Palm oil used for this study was purchased from Okuku 

market, in Yala Local Government, Cross River State, 

Nigeria and used fresh or heated five times, according to 

the modified method of Owu, et al. (1998). To obtain the 

five times heated palm oil, 1 kg of sliced yams with 2.5 

L of palm oil in a stainless was heated. Oil was allowed 

to cool for five hours and then the heating process was 

repeated with a fresh batch of yams. This heating process 

was repeated four times to obtain the five times heated 

oil. At the course of heating, no oil was topped to make 

up for loses. The diet was formulated by mixing 15% 

(w/w) of fresh or heated oils respectively with the feed. 

 

 Measurement of biochemical parameters 

Blood samples were collected orbital sinus into EDTA 

sample bottle, centrifuge at 4000 rpm for 10 minutes to 

prepare the plasma used for biochemical assays    and 

Fasting Blood Glucose (FBS) was determined via tail 

puncture after overnight fast by using Accu-Check 

ActiveGglucometer (Roche Diagnostics Germany).   

Total cholesterol level in blood was determined as 

described by Siedel et al., (1983). Triglyceride was 

determined by the method of Sullevian et al., (1985). 

The equation of Friedwald et al., 1972 (LDL =TC-

HDL+ TG/2.23) was used to estimate LDL-c level 

Serum total protein and albumin levels were estimated 

using the method of Lowry, (1951 and Doumas et al., 

(1971) respectively 

 

 Determination of NO 

Plasma nitric oxide levels were determined by the 

presence of nitrite metabolites according to the 

manufacturer’s instructions (Sigma-Aldrich, St. Louis, 

MO, USA). Samples of 50 µL each were put into a 

microtiter plate and then 50 µL of modified Griess 

reagent added (Sigma-Aldrich, St. Louis, MO, USA). 

The nitrite concentration was then measured after 15 

minutes of incubation at 540 nm using an Emax ELISA 

microplate reader. The procedures for NO determination 

were carried out in a dark environment. The nitrite 

concentrations were quantified with standard curve 

generated using known concentrations of sodium nitrite 

(Sigma-Aldrich, St. Louis, MO, USA).   

 

 Statistical Analysis 

All results were presented as mean ± SEM. One-way 

analysis of variance (ANOVA) was done using Graph 

pad prism version 5 statistical software. Bonferroni’s 

multiple comparison test was used for pair wise 

comparison and differences were considered significant 

at P<0.05. 

 

RESULTS 

Nitric Oxide Level, Serum Blood Glucose Level and 

Lipid Profile in Rats Fed on Dietary Oils 

The results obtained showed that Nitric oxide level was 

significantly (p<0.05) reduced in the TPO group. Co- 
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TABLE 1:  Effects of aqueous extract of Spondias mombin leaves on blood lipid profile 

Variables 

(mmol/L 

Control 

Mean ± SEM 

SPM 

Mean ± SEM 

 

FPO 

Mean ± SEM 

FPO+SPM 

Mean ± SEM 

TPO 

Mean ± SEM 

TPO+SPM 

Mean ± SEM 

Total 

Cholesterol 

0.75±0.009 0.71±0.01 0.70±0.02* 0.63±0.009*# 0.85±0.007*# 0.70±0.006*a 

Triglyceride 0.43±0.024 0.42±0.008 0.41±0.009 0.40±0.019 0.58±0.016*# 0.44±0.009a 

HDL-

Cholesterol 

0.22±0.003 0.18±0.003* 0.20±0.004*# 0.19±0.003* 0.16±0.003*# 0.21±0.002#a 

VLDL-

cholesterol 

0.22±0.009 0.18±0.009* 0.21±0.004# 0.22±0.007# 0.28±0.007* 0.20±0.006a 

 

SPM- Spondias mombin group, FPO (Fresh Palm Oil Group) TPO Thermoxidized Palm Oil Group) *,#, a P<0.05-

significantly different from the control, SPM , and TPO respectively 

 

treatment with SPM does not significantly improve the 

level of Nitric oxide. Spondias mombin only group had 

a significant (p<0.05) increase in nitric oxide level when 

compared with the control, TPO and TPO+SPM groups. 

Nitric oxide level was not significantly different in FPO 

and FPO+SPM (FPOT) when compared with the control 

(Figure 2). 

 

 
Fig.1: Effects of aqueous extract of Spondias mombin leaves 

on serum blood glucose. SPM- Spondias mombin group, FPO 

(Fresh Palm Oil Group) TPO Thermooxididsed Palm Oil 

Group) *, #,a P<0.05-significantly different from the control, 

SPM , and TPO respectively 

 

 

Blood glucose level was significantly (p<0.05) raised in 

TPO group. Treatment with SPM extract significantly 

(p<0.05) reduce the blood glucose level in both SPM and 

TPO+SPM groups (Figure 1). The results of lipid profile 

are also presented in table 1. Serum TC, TG, LDL-c and 

VLDL were significantly (p<0.05) elevated in TPO 

compared to all other groups. Treatment with the extract 

significantly (p<0.05) reduced the lipid profile level in 

the TPO. 

  

 
Fig. 2: Effects of aqueous extract of Spondias mombin 

leaves on NO. SPM- Spondias mombin group, FPO- (Fresh 

Palm Oil Group) TPO- (Thermooxididsed Palm Oil Group) 

*,#,a P<0.05-significantly different from the control, SPM , 

and TPO respectively 

 

. 

 

 Total Protein, Albumin and Globulin in Rats Fed on 

Dietary Oils 

In Figure 3, total protein level in all the treated groups 

were significantly (p<0.05) different from the Cntrol. 

Co-treatment of TPO with extract significantly (p<0.05) 

increased the total protein level compared to TPO only 

group. Globulin concentration in SPM group and TPO 

+SPM groups were significantly (p<0.05) raised 

compared to all other groups. Albumin concentration in 

the TPO+SPM was increased by 8.1% compared to TPO 

only group. There was no significant difference between 

FPO and FPO+SPM compared to control.  
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Fig. 3: Effect of aqueous extract of Spondias mombin leaves on total protein and liver biomarkers level in Wister rats fed on 

dietary oils. SPM- Spondias mombin group, FPO- (Fresh Palm Oil Group) TPO- (Thermoxidized Palm Oil Group) *,#,a 

P<0.05-significantly different from the control, SPM , and TPO respectively. 

 

 

DISCUSSION 

Palm oil is commonly used for cooking either in its fresh 

state or fried. Depending on the frequency of frying, it 

loses its unsaturation status. The altered nature of these 

oils affects the body’s physiologic function (Osim et al., 

1996; Owu et al., 1998). The aim of this study therefore 

was to investigate the effect of aqueous extract of 

Spondias mombin leaves NO level and some liver 

biomarkers in oil diet supplemented Wistar rats. In our 

study, thermally oxidized oil remarkably reduced nitric 

oxide level. This result is in accordance with earlier 

reported works by Jaarin et al. (2011). Generally, 

repeated heating of oils at high temperatures predisposes 

to fatty acid oxidation and release of free radicals 

including peroxides, and superoxide anions. These 

products of oxidation down regulates the synthesis of 

nitric oxide (Carr & Frei  2000; Gao & Lee, 2001; 

Hayashi et al, 2004; Jaarin et al., 2011) thereby limiting 

its physiologic function. That nitric oxide level 

depreciated in this study is therefore not surprising. Even 

though nitric oxide concentration was significantly 

increased in the rats that received Spondias mombin 

extracts only, it was observed that treatment of the 

thermally oxidized group (TPOT) with the same extract 

had no significant effect. The probable and possible 

reason for this observed inactivity is that the presence of 

the free radicals may be counteracting the effect of the 

extract on the site of synthesis of the cell signaling 

molecule or acting to inhibit the nitric oxide producing 

cells. According to Adams et al. (2007), heated palm oil 

reduced the vitamin E content of palm oil. Vitamin E is 

an important dietary free radical scavenger.  

  

Data presented in this study also showed that prolonged 

consumption of thermally oxidized palm oil 

significantly raised serum blood glucose concentration. 

Similarly, the lipid profile status in TPO was challenged. 

The total cholesterol (TC), triglyceride (TG), Low 

density lipoprotein (LDL-c) and VLDL were 

significantly increased while the HDL-c often referred to 

‘good’ cholesterol was reduced. This result is in line 

with earlier observations reported by Osim et al., (1996) 
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and Owu et al., (1998).  This may suggest the presence 

of lipid metabolism disorder that could result in systemic 

diseases such as high blood pressure. 

 

Interestingly, treatment with Spondias mombin leave 

extract reasonably decreased serum glucose 

concentration in FPO+SPM and TPO+SPM as well as 

the lipid profile in TPO 

+SPM. This hypoglycemic and hypolipidemic effect of 

the leave extract may be linked to its medicinal attributes 

occasioned by the rich phytochemical constituents and 

the reported free radical scavenging property (Maduka 

et al., 2014). In the liver, overproduction of reactive 

oxygen species may result in oxidative stress. This 

affects hepatic functions. Our study has shown that total 

protein, albumin, globulin, concentrations were 

significantly decreased in TPO. The recorded significant 

decrease in total protein and albumin of the groups fed 

on thermally oxidized palm oil diets shows that this form 

of oil may alter protein synthesis in the liver. Similar 

result had earlier been reported by Ayodeji et al., (2015). 

Treatment with extract recorded a tremendous increase 

in these parameters, suggesting ameliorating and 

protective property. Research has shown that bilirubin 

and albumin are pivotal in detoxification and antioxidant 

protection by scavenging superoxide, peroxides and 

hypochlorous acids (Frei et al., 1988; Wu et al., 1994). 

Hypoalbuminemia is associated with liver disorder 

(Ayodeji et al., (2015). With the increase in these liver 

biomarkers recorded in this study following treatment 

with Spondias mombin leave extract, there is a strong 

indication that the available phytochemical constituents 

may be promoting liver hepatocyte function. 

 

In conclusion, aqueous extracts of Spondias mombin 

leaves promote liver protein synthesis, hypoglycemic, 

and hypolipidemic activity but does not influence NO 

level in thermally oxidized oil consumption.      
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