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Summary: New-born Brachial Plexus Palsy (NBPP) is birth injury resulting from traction to the brachial plexus at birth. It 

is an injury to two or more cervical or thoracic nerve roots. It has been reported to be one of the most common birth 

injuries of the new-born. Persistent presentation of children with NBPP in Nigeria paediatric practice necessitates the need 

to examine prevalence, patterns and possible predisposing factors. This study therefore investigated retrospectively, 

profiles of children who presented with NBPP over a ten year period and were managed at the Physiotherapy department 

of the University College Hospital, Ibadan Nigeria. A retrospective cross-sectional survey, in which files of children with 

NBPP located from the database of the Physiotherapy department were retrieved in order to assess infant and maternal 

information. One hundred and seventy children, 93 (54.7%) males and 77 (45.3%) females were studied. Their mean birth 

weight was 4.21±0.54 kg, 99 (58.2%) were delivered in private (non-government) hospitals, majority 163 (95.9%) 

presented with Erb’s Palsy. Mothers, 54 (31.8%) were mostly primiparous and a seemingly persistent elevation in two-

yearly incidence of NBPP was observed. Improved healthcare policy in child delivery is encouraged in non-government 

hospitals in Nigeria to provide preventive measures toward incidence of NBPP. Documentation of physiotherapy 

management of children with NBPP should include outcomes from admission through to discharge. 
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INTRODUCTION 

 

New-born brachial plexus palsy (NBPP) also known 

as neonatal brachial plexus palsy results from injury 

to two or more cervical and thoracic nerve roots (C5-

T1) that occurs before, during or after the birth 

process (Foad et al, 2008). Waters (2005) defined 

NBPP as paralysis of the upper extremity secondary 

to a traction or compression injury to the brachial 

plexus sustained at birth.  

The brachial plexus forms a network of nerves 

that conduct nerve impulses that control the muscles 

of the shoulder, arm, wrist, hand and fingers. The 

mechanism of NBPP is attributed to severe lateral 

flexion of the neonate’s neck when the shoulder is 

stopped most often at the pubic bone during delivery. 

The extent of the traction on the brachial plexus 

therefore result in various injury types to the nerves 

ranging from a simple mild stretch up to an avulsion 

of the nerve roots from the spinal cord (Sutcliffe, 

2007). 

Incidence of NBPP as reported by Hoeksma et al, 

(2004)
 
ranged from 0.38 to 5.1 per 1000 live births in 

Amsterdam, Netherlands. Waters (2005) also 

reported a frequency of 0.38 to 1.56 per 1000 

deliveries. In the United States, a 3 year study of 

NBPP by Foad et al, (2008) reported an incidence of 

1.51 ± 0.02 per 1000 live births with the rate 

decreasing over the study time period.  

In the developing countries of the world, 

particularly in the sub-Saharan Africa investigating 

the incidence of NBPP is essential in view of 

persistent occurrence of this problem. In addition, 

few studies have been conducted in Nigeria on 

NBPP. Ogunlade et al (2005)  in a study of skeletal 

birth injuries reported prevalence of NBPP to be 

66.7% within a four year study period, Oluwadiya et 

al, (2005) reported 43.8% and Hamzat et al (2008) in 

a study of prevalence of NBPP in Accra Ghana  over 

a five year period reported 27.2% prevalence. 

Various clinical factors have been proposed to be 

associated with occurrence of NBPP including 

prolonged labour, maternal diabetes, assisted 

delivery, breech presentation, macrosomia and high 

maternal body mass, high birth weight, place of birth, 

antenatal practices and a host of others (Narchi et al, 

1996; Berard et al, 1998; Raio et al, 2003; Pondaag et 

al, 2004; Hamzat et al, 2008; Onalo et al, 2011). 

This present study was undertaken to 

retrospectively investigate profiles of children who 
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presented with NBPP in a tertiary hospital in Ibadan 

Nigeria and examine prevalence in incidence, 

patterns and factors associated with occurrence of 

NBPP. 
 

MATERIALS AND METHODS 
 

Ethical approval for this study was obtained from the 

University of Ibadan/University College research 

ethics committee (UI/EC/12/0116). The study was a 

retrospective cross-sectional study. It involved cases 

of children with NBPP managed at the physiotherapy 

department of the University College hospital, Ibadan 

Nigeria over a ten year period (January 2002 to 

December 2011). The University College hospital, 

Ibadan Nigeria is a specialist tertiary hospital which 

is a major referral centre in the South-West sub-

region of Nigeria from different parts of the country 

particularly from primary healthcare centres, non-

government/private healthcare facilities, and 

secondary healthcare facilities in various wards, local 

government areas and states of the Nigerian 

federation.  

Children with NBPP diagnosed by paediatricians, 

paediatric neurologists or orthopaedic surgeons are 

usually referred to the paediatric section of the 

physiotherapy department for further assessment and 

physiotherapy management. For the purpose of this 

study, the database of the department of 

physiotherapy was searched to identify cases of 

paediatric conditions including NBPP managed over 

the above-mentioned years in order to locate the files. 

The files of children managed for NBPP were 

identified and separated to assess relevant 

information on child and maternal characteristics. 

These include age of child, age at presentation for 

physiotherapy management, year of presentation, 

place of delivery of child, type of delivery, birth 

presentation, type of NBPP, events at delivery, 

maternal occupation, parity of mother, outcomes of 

physiotherapy management of child and discharge. 

Classification of the type of NBPP is usually done 

using the Narakas system (Narakas, 1987) in which 

injury to C5 and C6 plus or minus C7 is described as 

upper brachial plexus injury or Erb’s palsy, injury to 

the above roots along with C8 and T1 is referred to as 

total palsy with no Horner’s syndrome-here a 

functional hand may be seen in many patients, an 

injury to C5, C6, C7, C8 and T1 with Horner’s 

syndrome is described as complete flaccid paralysis 

or flail arm (Narakas, 1987).  

Physiotherapy management usually begins after a 

careful history taking and detailed clinical 

examination, checking for possible associated injuries 

like fractures of the clavicle or humerus (Thatte and 

Mehta, 2011). The treatment plan is usually aimed at 

maintaining the physiological state of the affected 

upper limb by prevention of muscle shortening and 

stiffness of the affected joints, restoration of motor 

function and prevention of muscle atrophy. The 

above are achieved by gentle passive mobilisation of 

all joints of the affected limb along with soft tissue 

mobilization. Mothers are taught how to carry out 

these movements to the affected upper limb of the 

child to make for continuity of treatment and 

adequate frequency as required in the home 

(Sutcliffe, 2007). In cases of severe forms of NBPP, 

mild intensity of neuromuscular electrical stimulation 

(NMES) usually accompanies the above protocol and 

this help to prevent muscle atrophy while the nerves 

regain their function (Nath et al, 2010). 

A limitation in this study however, was that some 

variables were missing from some files. This 

therefore reduced the available information on some 

child and maternal characteristics and this were noted 

as not recorded. 
 

Statistical analysis: 

The data obtained were entered into a spread sheet 

after which it was analysed using descriptive statistics 

of mean, percentages and charts.   

RESULTS 
 

Characteristics of Children with New-born Brachial 

Plexus Palsy 

One hundred and seventy cases of NBPP were 

identified within the study period (Jan 2002 to Dec 

2011). Over half 93 (54.7%) were males while 77 

(45.3%) were females. The greatest percentage of 

patients 87 (51.2%) were presented for physiotherapy 

management within the first four weeks of life. Of the 

158 (92.9%) of children who had their birth weights 

recorded, 102 (60%) were within the range (4.0-6.5) 

kg. Least birth weight was 2.5 kg and the overall 

mean birth weight of infants was 4.21±0.54 kg. 

Majority of the children 99 (58.2%) were delivered in 

non-government hospitals (private hospital facilities). 

Table 1 shows the socio-demographic profile of these 

children. 

Out of 135 (79.4%) children with NBPP, who had 

their mode of delivery recorded, 91 (53.5%) were 

delivered with assistance while 21 (12.4%) were 

through spontaneous vertex delivery. In terms of 

types of NBPP, Erb’s palsy was the most presented 

by 164 (96.5%) of the patients while complications 

such as birth asphyxia 11 (6.4%) and humeral and 

clavicular fractures 1 (0.6%) and 2 (1.2 %) 

respectively were associated problems in some of the 

children. 

Outcome of physiotherapy management was not 

readily available as only 2 (1.2 %) of the patients had 

records of being formally discharged in their case 

files. This can be observed in Table 2. 
  
Maternal Characteristics of Children with New-born 

Brachial Plexus Palsy 

In 166 (97.6%) cases maternal age was not recorded, 

majority of the mothers 156 (91.7%) were married, 
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and employed 131 (77.1%) and mostly primiparous 

54 (31.8%). The commonest event at delivery for 

most of them 95 (55.8%) is prolonged labour. This is 

as seen in Table 3. 
 

Table1. Socio-demographic Profile of Children with 

Newborn Brachial Plexus Palsy 
Variables   N % 

Sex    

Male 93 54.7 

Female 77  45.3 

Age at presentation  

for Physiotherapy (weeks) 

  

0.0-4.00    87 51.2 

4.10-8.00 31 18.2 

8.10-12.00 17 10 

12.10-16.00 2 1.2 

>16.00 18 10.6 

Not recorded 15 8.8 

Birth weight   

2.50-2.99   4 2.4 

3.00-3.49 8 4.7 

3.50-3.99 44 25.9 

4.00-4.49 64 37.6 

4.50-4.99 30 17.6 

>5.0-6.50 8 4.7 

Not recorded 12 7.1 

Place of birth    

Private Hospitals   99 58.2 

Government hospitals 17 10.0 

Mosques/Churches/Mission 12 7.1 

Homes 3 1.8 

Not recorded 39 22.9 

 
 

Table 2: Clinical Profile of Children with Newborn 

Brachial Plexus Palsy 

Variables  N % 

Mode of delivery   

Spontaneous vertex 21 12.4 

Assisted (forceps, 

vacuum extraction) 

91 53.5 

Cesarean section 23 13.5 

Not recorded 35 20.6 

Type of NBPP   

Erb’s palsy 164 96.5 

Total BPP 6 3.5 

Associated problems   

Birth asphyxia 11 6.4 

Humeral fracture 1 0.6 

Clavicular fracture 2 1.2 

Shoulder dislocation 1 0.6 

None 155 91.2 

Discharge/Outcome of 

physiotherapy 

  

Discharged 2 1.2 

Being considered for 

discharge 

2 1.2 

Referred 4 2.4 

Nil record of discharge 162 95.2 

Key: NBPP- Newborn brachial plexus palsy. 
 

 

Prevalence and Incidence of NBPP over the ten year 

study period 

Prevalence of children with NBPP over the ten year 

study period shows a persistent high prevalence in the 

years 2007, 2008 and 2009 (17.1%, 18.1% and 

15.3%) respectively. The least prevalence (5.4%) was 

observed in year 2002. In figure 1, a two-yearly 

incidence of NBPP is illustrated. Persistent high 

incidences (26.5%, 25.3% and 20.5%) occurred in 

years 2006-2007, 2008-2009 and 2010-2011 

respectively, while the least (8.8%) occurred in years 

2002-2003. 

 

Table 3: Maternal Characteristics of Children with 

Newborn Brachial Plexus Palsy 

Variables  N % 

Age of Mother  (yrs)   

28-35 4 2.4 

Not recorded 166 97.6 

Marital Status   

Married 156 91.7 

Not Married 3 1.8 

Not recorded 11 6.5 

Occupation   

Unemployed 24 14.1 

Employed 131 77.1 

Not recorded 15 8.8 

Parity   

1 54 31.8 

2 40 23.5 

3 34 20 

4 17 10 

>5 11 6.5 

Not recorded 14 8.2 

Events at delivery   

Prolonged labour 95 55.9 

Caesarean section 23 13.5 

Episiotomy, perineal tears 17 10.0 

Not recorded 35 20.6 

 

 

 
Figure 1: Two-yearly incidence of Newborn Brachial 

Plexus Palsy in the University College Hospital Ibadan 

over a ten year period 
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DISCUSSION 

This study investigated profiles of children with 

NBPP managed in the physiotherapy department of 

the University College Hospital Ibadan, Nigeria. The 

age at presentation was mostly in the range (0-4) 

weeks, revealing early presentation for physiotherapy 

treatment. Indeed it has been observed that early 

initiation of physiotherapy for children with NBPP 

after birth is essential for early functional recovery in 

the upper limb. Others who presented later, (>4-12) 

weeks after birth could have done so due to a delay in 

diagnosis of NBPP and subsequent delay in referral 

for physiotherapy (Oluwadiya et al, 2005). Notable in 

this instance, particularly are children with NBPP 

who were delivered in some private hospital 

facilities. These hospitals may sometimes lack 

adequate experienced manpower and diagnostic 

skills. Such practices therefore may be unable to 

explain the cause of occurrence of NBPP to the 

mother of the affected child. The consequent inability 

to make early referral may cause a delay in the much 

needed and appropriate intervention for the child.   

Mode of delivery of most of the children with 

NBPP was through assisted means (forceps, vacuum 

extraction). These are usually difficult deliveries and 

even those children who were delivered through 

Caesarean section in this study could also have had 

NBPP due to hard labour and attempted delivery 

before Caesarean section proved to be necessary. 

High birth weights have been observed to be a 

remarkable etiologic factor for NBPP (Piatt, 2004; 

Sutclifffe, 2007; Ruchelsman et al, 2009). In this 

study, children with high birth weights formed the 

highest percentage of those with NBPP. It is 

noteworthy that maternal gestational diabetes has 

been attributed to high birth weights (Piatt, 2004) 

even though in this study, no record of maternal 

gestational diabetes was made probably because the 

assessment in the case files were essentially that of 

the child with NBPP.  

Of the different forms of NBPP, Erb’s palsy was 

mostly observed. This observation is similar to that of 

Ruchelsman et al, (2009). A probable explanation for 

this has been attributed to the upper trunk roots of the 

brachial plexus (C5 and C6) being more susceptible 

to traction force compared to the lower trunk roots 

(C8 and T1).  

Of the few associated injuries or problems with 

NBPP in this study, birth asphyxia had highest 

frequency of observation. This probably was due to 

prolonged labour, which in turn could have been 

responsible for oxygen deprivation of the infant. 

Protracted labour especially at the second stage of 

labour has been observed as a risk factor for NBPP 

(Sutcliffe, 2007).    

A consideration of outcomes in physiotherapy 

management of children with NBPP revealed that 

largest percentage had no discharge records while 

only 1.2% was reported discharged. This inadequate 

documentation of treatment outcome could be due to 

a variety of reasons: firstly as management of this 

condition is a relatively long term procedure, parents 

could easily default from coming for treatment on 

observation of a measurable functional recovery in 

the upper limb of their children. Secondly distractions 

due to day to day stress of making a living coupled 

with economic hardship could have discouraged the 

parents from bringing the children for treatment until 

full recovery is achievable. Thirdly the attending 

physiotherapist could have overlooked the 

importance of periodic review of the patient 

management and documenting recommendations for 

discharge when necessary ultimately resulting in 

omission of documentation of discharge when there is 

complete functional recovery of the upper limb of the 

patient. 

In this study, primiparous women had the highest 

frequency of children with NBPP. This observation is 

in agreement with that of Tandon and Tandon, (2005) 

in which the observation was made that brachial 

plexus injury is more likely to occur in neonates from 

primiparous women especially in the presence of 

shoulder dystocia. Mothers who had prolonged labour 

before birth were also more likely to have a child 

with NBPP. In fact the observation made in a study 

by Al-Rekabi (2011) in Bint Al-Huda Teaching 

Hospital, Thi-Qar revealed that prolonged labour is a 

risk factor for NBPP. 

Findings in this study show that prevalence of 

NBPP among the paediatric population who 

presented at the physiotherapy department, 

University College Hospital constituted a significant 

proportion of cases seen. There also appeared to be a 

persistent elevation in two-yearly incidence as well as 

prevalence of NBPP within the ten-year study period.  

 Conclusion 

Erb’s palsy is one form of NBPP most frequently 

managed in the paediatric unit of the physiotherapy 

department, University College Hospital Ibadan. 

Improved healthcare policy in child delivery should 

be encouraged, particularly in non-government 

facilities where most children with NBPP are 

reportedly delivered. During management of patients 

with NBPP, adequate documentation by attending 

physiotherapists is recommended in order to provide 

records on outcome/discharge; this may in turn 

provide essential data to estimate prognostication of 

NBPP. 
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Summary: Zinc supplementation is a critical new intervention for treating diarrheal episodes in children. Recent studies 

suggest that administration of zinc along with new low osmolarity oral rehydration solutions / salts (ORS) can reduce the 

duration and severity of diarrheal episodes for up to three months. Several mechanisms of action of zinc has been 

proposed, however there is dearth of information about the effect of zinc on intestinal motility during diarrhea. Male albino 

Wistar rats (80-100g) were used.  The effect of different doses of zinc sulphate (25, 50, 100, 150mg/Kg) on the number of 

wet faeces was investigated. Intestinal motility during castor oil induced diarrhea was assessed using activated charcoal 

meal and the mechanisms of action of zinc sulphate on motility were investigated. The effective dose of zinc sulphate 

(100mg/Kg) significantly reduced (p< 0.001) the number of wet faeces (3.0 ± 0.00) compared with control (6.8 ± 0.25) 

during diarrhea. This antidiarrheal effect of zinc was abolished by propranolol and nifedipine. Zinc sulphate significantly 

reduced (p< 0.05) intestinal transit time (60.7 ± 7.13%) compared with control (85.7 ± 2.35%). It is concluded that zinc 

sulphate reduces the frequency of wet faeces output and intestinal motility during diarrhea via activation of β adrenergic 

receptor and L-type Ca
2+

 channel.  
 

Keywords: Diarrhea, Zinc, Intestinal motility, Adrenergic receptor, Calcium channel. 
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INTRODUCTION 
 

Diarrhea is the passage of three or more unformed 

stool per day, often in addition to other enteric 

symptoms, or the passage of more than 250 g of 

unformed stool per day (DuPont 2004). It includes 

loss of electrolytes and water and decreased 

absorption of fluid from the gastrointestinal tract. It 

also involves increased frequency of bowel 

movements (Lakshminarayana et al., 2011). Diarrhea 

has long been recognized as one of the most 

important health problems and leading cause of 

mortality and morbidity in the developing countries 

(Rajamanickam et al., 2010) and produces more 

illness and causes death of more infants and children 

below 5 years old than all other diseases combined 

(Dalal et al., 2011). Diarrhea is considered as one of 

the leading causes of growth retardation and death in 

infants (Petri et al., 2008). 

Acute diarrhea remains a leading cause of 

childhood deaths despite the undeniable success of 

Oral Rehydration Therapy (ORT). Oral rehydration 

solution (ORS) saves children's lives, but does not 

seem to have any effect on the length of time the 

children suffer with diarrhea. Hence, new revised 

recommendations have been formulated by the World 

Health Organization (WHO) and the United Nations 

International Children's Emergency Fund (UNICEF), 

in collaboration with the United States Agency for 

International Development (USAID) and other 

experts. It recommends zinc salt along with low 

osmolarity ORS, with reduced levels of glucose and 

salt, during acute diarrhea, which reduced the 

duration and severity of the episode; and zinc 

supplementation given for 10-14 days lowers the 

incidence of diarrhea in the following two to three 

months (WHO / UNICEF Joint Statement, 2004). 

Zinc is an essential micronutrient for human 

growth, development, and maintenance of the 

immune system. Zinc supplementation has been 

found to reduce the duration and severity of diarrheal 

episodes and likelihood of subsequent infections for 

2–3 months (Bhutta et al., 2000). Zinc supplements 

are generally accepted by both children and 

caregivers and are effective regardless of the type of 

common zinc salt used (zinc sulphate, zinc acetate or 

zinc gluconate). The positive action of zinc in acute 

diarrhea are due to the ability of zinc to improve 

absorption of fluid and electrolyte, improve 

regeneration of the intestinal epithelium, increase the 

levels of brush border enzymes, increase protein 

synthesis, cell growth and differentiation, improve  

immune function, and regulate oxidative stress (Berni 

et al., 2011; Patel et al., 2005). Zinc inhibits toxin-
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induced cholera, but not Escherichia coli heat-stable, 

enterotoxin-induced, ion secretion in cultured Caco-2 

cells (Berni et al., 2005). 

Literature review however revealed dearth of 

information about the effect of zinc on intestinal 

motility during diarrhea. Alterations in intestinal 

motility (usually increased propulsion) are observed 

in many types of diarrhea. This research was 

therefore carried out to investigate the effect of zinc 

on intestinal motility during diarrhea and the 

mechanism by which zinc might affects motility. 
 

MATERIALS AND METHODS 
 

Male albino Wistar rats (80-100g) were used for the 

experiments. The animals were housed under 

standard controlled environmental conditions with a 

12 hour light/dark cycle, with food (Pfizer Feed Plc, 

Nigeria) and water provided ad libitum. The animals 

were allowed to acclimatize for one week before the 

experiments. 

The rats were then kept in plastic cages whose 

floors were lined with white blotting paper for two 

hour daily in order to allow them to be familiar with 

the environment two weeks. Wire gauze was placed 

about 2 cm above the papers so as to prevent the rats 

from eating up the papers. For all the experiments, 

the animals were fasted for 18 hours before treatment. 
 

Effects of zinc on fecal pellet output in castor oil 

induced diarrhea 

The antidiarrheal activity of zinc sulphate was 

evaluated according to the method described by Teke 

et al. (2007). The animals were fasted for 18 hours 

and divided into five groups of five animals each. All 

rats were put in a separate cage. Each animal was 

given 1ml castor oil. After thirty minutes, each 

animal in the different groups were treated as 

follows: group 1 was administered 10ml/Kg normal 

saline (p.o); group 2, loperamide (3mg/Kg, p.o); 

group 3,  zinc sulphate (25mg/Kg, p.o); group 4, zinc 

sulphate (50mg/Kg, p.o); group 5, zinc sulphate 

(100mg/Kg, p.o) and group 6, zinc sulphate (150 

mg/Kg, p.o). The fecal pellets of the rat was counted 

every 2 hours from the time of zinc treatment for the 

first 8 hours and weight of faeces overnight (24 

hours) after diarrhea induction were obtained. The 

presence of wet faeces was noted for each animal. 

The pellets were air dried for another 24 hours before 

weighing. The average weight of the pellets was 

taken as the output for each rat in the group. 
 

Effects of blockers on fecal pellet output in castor 

oil treated animals given zinc.  

The dose that produced the greatest effect on fecal 

pellet output was used as the working dose for this 

study. Twenty-five rats were divided into five groups 

of 5 rats each. Each rat in group 1 was pre-treated 

with 10ml/Kg normal saline (i.p.), while each rat in 

group 2 was given 10 mg/kg propranolol (i.p), group 

3, 1mg/Kg prazosine (i.p), group 4 was given 

2.5mg/Kg nifedipine (i.p) and group 5 was given 

0.1mg/Kg atropine (i.p). Thirty minutes later, each 

animal was given 1ml of castor oil and after 30 

minutes, each rat was given the working dose of zinc. 

Fecal pellet output was recorded every hour for 4 

hours. 
 

Effects of zinc on intestinal transit 

The method of Gamaliel et al., (1996) was used. 

Fifteen rats were divided into three groups of 5 rats 

each. Each animal was given 1ml of castor oil. Thirty 

minutes after castor oil administration, animals in 

group 1 were given 3ml/Kg normal saline (p.o), 

animals in group 2 were administered 0.8ml of 

working dose of zinc and animals in group 3 were 

given 0.1mg/kg standard drug atropine (i.p). Thirty 

minutes after the last dose of drug was given 10% 

activated charcoal in physiological saline in a volume 

of 3ml/Kg was administered to each animal. One 

hour after charcoal meal, the rats were sacrificed and 

the abdomen immediately cut open to dissect out the 

whole small intestine (pylorus region to caecum). The 

length of the small intestine and the distance between 

the pylorus region and the front of the charcoal meal 

was measured for obtaining the percentage of the 

entire small intestine travelled by the activated 

charcoal as described below: 
 

                     
                   

                              
     

 

Statistical analysis: 

Results were presented as mean ± standard error 

of mean (SEM). The student t-test was used to 

determine the significant difference between two 

groups. Confidence interval of 95% was taken as 

statistically significant. Data was analysed using 

SPSS version 17 software. 
 

RESULTS 
 

Effects of zinc on wet fecal pellet output 

Result showed that castor oil administration induced 

diarrhea (wet faeces) in the animals. Zinc sulphate 

administration reduced the number of faecal pellet 

output. This inhibition was not effective at 25mg/Kg 

Zinc sulphate administration (p>0.05). However, zinc 

sulphate at a dose of 50mg/Kg, 100mg/Kg and 

150mg/Kg significantly (p<0.05) reduced the number 

of wet feacal pellets compared with control. Table 1 

showed that 8 hours after rats were given castor oil, 

the mean number of wet faeces in control rats was 6.8 

± 0.25. Zinc sulphate (50mg/Kg) significantly (p< 

0.05) reduced the number of wet faeces (5.0 ± 0.41), 

a dose of 150mg/Kg significantly (p< 0.001) reduced 

wet fecal pellet output (3.3 ± 0.25) and the most 

effective dose in this study was 100mg/Kg which 

significantly (p< 0.001) reduced the number of wet 

faeces to 3.0 ± 0.0. The 100mg/Kg dose was therefore 
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taken as the Working Dose. The standard antidiarrhea 

drug loperamide (3mg/Kg) produced a significant 

reduction (p< 0.001) in number of wet faeces output 

all through the 8 hours of study. The reduction in 

number of wet output in loperamide treated animals 

was not significantly different from that in zinc 

treated (100mg/Kg) 
 

Effects on zinc on mean weight of faeces after 24 

hours castor oil induced diarrhea 

Figure 1 showed that all doses of zinc sulphate used 

in this study (25, 50, 100, 150mg/Kg) produced 

significant (p< 0.05) decrease in the mean weight of 

faeces after 24 hours of diarrhea induction and drug 

treatment. Loperamide (3mg/Kg) also produced a 

decrease in faecal weight after 24 hours of treatment 

as shown in Figure 1. 
 

Effects of blockers on wet faecal pellet output in 

castor oil treated animals given zinc 

Result showed that by the 4
th
 hour after diarrhea was 

induced, propranolol and nifedipine significantly (p< 

0.001, 0.001 respectively) abolished the antidiarrhea 

effect of zinc sulphate. There was no significant 

difference (p> 0.05) in number of wet faeces between 

prazosine treated animals and animals given normal 

saline, while the antidiarrheal effect of zinc sulphate 

was further potentiated by atropine. There was no wet 

faeces in animals treated with atropine. (Table 2) 
 

Effects of blockers on mean weight of faeces after 

24 hours 

Figure 2 showed that propranolol and nifedipine 

increased the mean faecal weight when administered 

to rats before zinc sulphate treatment after diarrhea 

has been induced in rats; however this increase were 

not significant (p> 0.05). Prazosine decreased the 

mean weight of faeces of rats; however this decrease 

was not significant (p> 0.05). The mean weight of 

faeces was significantly reduced by atropine (p< 

0.05). 
 

Table 1. Effects of Zinc treatment on number wet feacal output in castor oil treated rats 

Treatment 2 hours 4 hours 6 hours  8 hours 

Control 3.8 ± 0.25  5.5 ± 0.29 6.5 ± 0.29 6.8 ± 0.25 

3mg/Kg Loperamide 2.3 ± 0.25**  2.3 ± 0.25** 2.5 ± 0.29*** 2.5 ± 0.29*** 

25mg/Kg Zinc sulphate 4.0 ± 0.41 5.3 ± 0.25 6.3 ± 0.26 6.5 ± 0.29 

50mg/Kg Zinc sulphate 3.5 ± 0.29 4.3 ± 0.25* 5.0 ± 0.41* 5.0 ± 0.41* 

100mg/Kg Zinc sulphate 3.0 ± 0.0* 3.0 ± 0.0*** 3.0 ± 0.0*** 3.0 ± 0.0*** 

150 mg/Kg Zinc sulphate 2.5 ± 0.29* 3.3 ± 0.25** 3.3 ± 0.25*** 3.3 ± 0.25*** 

N= 5, values are presented as mean ± SEM. *= significant compared with control at p< 0.05, **= significant compared with control at 

p< 0.01, *** = significant compared with control at p< 0.001 
 

Table 2: Effect of blockers on number of wet faeces in castor oil treated animals given zinc. 

Treatment 1 hours 2 hours 3 hours  4 hours 

Control 0.5 ± 0.29  1.8 ± 0.25 2.5 ± 0.29 3.0 ± 0.41 

Propranolol   3.3 ± 0.25*** 4.8 ± 0.25*** 5.5 ± 0.29*** 5.8 ± 0.25*** 

Prazosine  2.0 ± 0.0** 3.0 ± 0.0** 3.8 ± 0.25* 3.8 ± 0.25 

Nifedipine  2.8 ± 0.25** 4.8 ± 0.25*** 5.5 ± 0.29*** 6.0 ± 0.0*** 

Atropine  0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

N= 5, values are presented as mean ± SEM. *= significant compared with control at p< 0.05, **= significant compared 

with control at p< 0.01, ***= significant compared with control at p< 0.001 

 
 

 
Figure 1: Mean weight of faecal output after 24 hours of castor 

oil induced diarrhea. N= 5, values are presented as mean ± SEM. 

*= significant compared with control at p< 0.05, **= significant 

compared with control at p< 0.01, *** = significant compared 

with control at p< 0.001. A=control, B=3mg/Kg Loperamide, 

C=25mg/Kg ZnSO4, D=50mg/Kg ZnSO4, E=100mg/Kg ZnSO4, 

F=150 mg/Kg ZnSO4 
 

 
Figure 2: Effect of blockers on mean faecal weight after 24 

hours. N= 5, values are presented as mean ± SEM. *= significant 

compared with control at p< 0.05. 
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 Figure 3: Percentage distance moved by charcoal meal through 

the small intestine. N= 5, values are presented as mean ± SEM. 

*= significant compared with control at p< 0.05, **= significant 

compared with control at p< 0.01 
 

Effects of zinc on intestinal transit 

In control animals given normal saline, charcoal meal 

moved 85.7 ± 2.35% through the length of the small 

intestine. Zinc sulphate treatment (100mg/Kg) 

significantly (p< 0.05) reduced the distance moved by 

charcoal (60.7 ± 7.13%), while the standard drug 

atropine significantly (p< 0.01) reduced distance 

moved by charcoal (65.9 ± 4.08%) as shown in 

Figure 3. 

DISCUSSION 

The result of this study agrees with previous reports 

on the effect of zinc on diarrhea and in addition to 

earlier mechanisms of action elucidated on zinc in its 

antidiarrhea activities, this study showed that zinc 

treatment reduced intestinal motility during castor oil 

induced diarrhea. Zinc sulphate was not very 

effective at the lower doses of 25mg/Kg and 

50mg/Kg. However, zinc was more effective at 

higher doses and a dose of 100mg/Kg was more 

effective than 150mg/Kg. The induction of diarrhea 

with castor oil results from its hydrolytic product, 

ricinoleic acid, (Iwao and Terada, 1962). The 

liberation of ricinoleic acid from castor oil results in 

irritation and inflammation of the intestinal mucosa, 

leading to release of prostaglandins, which stimulate 

motility and secretion, (Pierce et al., 1971) resulting 

in the generation of giant contractions of the 

transverse and distal colon  (Croci et al., 1997). A 

potential antidiarrheal agent may exhibit its 

antidiarrheal effect by inhibiting either gut motility 

and/or electrolyte out flux (Croci et al., 1997), 

therefore zinc sulphate is an important antidiarrheal 

agent. 

The result of this study revealed that the 

antidiarrheal effect of zinc occur by stimulation of β-

adrenergic receptors in the intestine. Gati et al., 

(1975) had previously suggested that epinephrine 

exerts its inhibitory effect on gastric motility via beta 

adrenergic receptors, thus activation of the 

sympathetic innervations of the intestines results in 

the inhibition of peristaltic activity and a reduction in 

tone. Akomolafe et al., (2004) reported that both 

alpha and beta receptor stimulation are involved in 

antidiarrhea mechanism. Mohammed et al., (2009) 

also reported that the hydro methanolic portion of 

Indigofera pulchra extract possessed antidiarreal 

effect and that it acted through β adrenergic receptors. 

Therefore the adrenergic pathway is important in 

antidiarrhea mechanism. Many antidiarrhea drugs 

also exert their effects through α2-adrenoceptors 

pathway (Hsu, 1982; Ruwart et al., 1980). Activation 

of the pre-junctional α2-adrenoceptors on the 

parasympathetic terminals plays an important role in 

the inhibitory action of sympathetic nerve stimulation 

of gastrointestinal motility by inhibiting acetylcholine 

release (Berthelsen & Pettinger, 1977). The 

sympathetic nervous system also controls the balance 

between absorption and secretion in the ileum 

through activation of the mucosal α2-adrenoceptors.  

This study also revealed that zinc sulphate reduced 

intestinal motility during diarrhea by a mechanism 

involving L-type Ca (2+) channels. Nifedipine, a Ca
2+

 

blocker abolished the antidiarrheal effect of Zinc. 

This is in line with previous work done on 

antidiarrheal drug (Borrelli et al., 2006). Contractile 

activity in smooth muscle is initiated by a Ca
2+

-

calmodulin interaction to stimulate phosphorylation 

of the light chain of myosin, enabling the molecular 

interaction of myosin with actin thus causing 

contraction. 

Zinc sulphate, acetate, and gluconate are all 

acceptable zinc salt formulations, of which zinc 

sulfate is low-cost, efficacious and safe. Zinc sulphate 

tablets may be dispersed in breast milk, in oral 

rehydration solutions, or in water on a small spoon; 

older children may chew the tablets or swallow them 

with water (Bajait and Thawani, 2011). Thus oral 

zinc administration provides substantial benefit in the 

reduction of stool output, frequency, and duration, 

combined with safety, efficacy, and affordability in 

acute diarrhea. This study reveals that zinc sulphate 

in addition to the initial mechanisms of action 

elucidated, reduces intestinal motility by activating β-

adrenergic receptors and L-type Ca (2+) channel. 
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Summary: This study assessed the gender and environmental influences on visual function among adults in Owerri, 

Nigeria. Visual acuity (V.A.) is a measure of visual function in health and disease. Visual disability together with other 

disabling conditions is a barrier to development, yet there is little known about the visual acuity and determinants of visual 

function in Owerri, Imo State, Nigeria. Results of a cross-sectional analytical study conducted between September 2007 

and November 2009 using 3451 adults living in Owerri, Nigeria consisting of 2606 persons (test)  and 845 persons( 

control), randomly selected are presented. Data were obtained using interviewer administered structured - questionnaires 

and standard procedures were used to determine gender and environmental influences on visual acuity. There were more 

females with poor vision than males in both study and control groups. The majority of the subjects were aged 40-49. At 6 

metres, 20.9% and 39.1% of study and control groups in the right eye; 31.8% and 41.2% of study control groups 

respectively in the left eye had unaided V.A. ≥ 6/6. Similarly at 6m, 18.0% and 4.3% of study and control groups in the 

right eye; 15.2% and 5.0% of study and control groups respectively in the left eye had unaided V.A. < 6/18. Twenty-nine 

per cent and 25.0% of study and control groups respectively had unaided V.A. at near of N5. Over 70.0% had ≤ N6 at near 

and V.A. improvement with pin-hole device. Emmetropia was found in 20.5% (study) and 23.2% (control). The percentage 

prevalence of reduced VA was higher among ametropics and rural dwellers. The contributory factors were poor nutrition & 

irrational and uncontrolled use of chloroquine as first line drug for malaria treatment. Health education on diet, drug use 

and safe environmental health practices especially for persons living in rural areas in developing countries are 

recommended. 
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INTRODUCTION 

 

Vision is a vital physiologic parameter of ocular 

health. Traditionally, visual function is tested as 

visual acuity (capacity to discriminate fine details of 

objects and visual field (proportion of space in which 

objects are visible at the same moment during steady 

fixation of gaze in one direction). Colour vision, 

flicker sensitivity, contrast sensitivity, pupillary 

responses and motion testing are some of the other 

methods of quantitating vision (Attebo, 1996; 

Emerole et al, 2011; Johnson and Keller, 

1983).Visual acuity test is a measure of central 

vision; a measure of sharpness of vision; and an 

assessment of total visual system from cornea to the 

occipital cortex. Visual acuity (V.A..) can be tested 

for both distant (far) and near vision. It is the most 

commonly used clinical measure for determining 

visual impairment (Borish, 1975). Visual acuity 

appears to reach its maximum at the age of 10, varies 

only slightly from the age of 15 to 20 onward until it 

begins to decline at the age of 45, as observed by 

most clinicians. However, more precise measures 

indicate that there is a gradual loss from that age 

onward, although the amount is not readily observed 

until an older age is reached, at which time 

morphological changes again influence it markedly, 

as they do in early years of life. In addition to 

changes in acuity, variations in retinal sensitivity with 

age also occur.Higher thresholds appear at the age of 

40 and become even more pronounced by the age of 

50 (Borish, 1975). Normal Vision (6/6) relies on the 

following: both eyes in alignment (extra-ocular 

muscles functioning); clear cornea; clear crystalline 

lens of the eye; clear ocular media (aqueous and 

vitreous); & intact retina, optic nerve and visual 

pathway. Saccadic eye movements are one of the 

factors that affect V.A.. (Borish, 1975; Emerole et al, 

2011).Vision can be as low as counting fingers (CF); 

hand movement (HM); perception of light (PL) or 

even non-perception of light (NPL) (Borish, 1975; 

Emerole et al, 2013b). 

Visual impairment is a result of abnormalities in 

the physiology of the eye or the visual pathway 
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(Guyton and Hall, 2003). This impairment can 

manifest in three predominant ways: a decrease in 

V.A.., a constriction of peripheral visual field, or an 

alteration in contrast sensitivity (Johnson and Keller, 

1983). A visual acuity test is done as a diagnostic 

tool; to provide baseline data; as a measure of 

progression of disease; to evaluate treatment; as an 

employment and school admission requirements; in 

acquisition of license for motor driving and use of 

ammunition; for research purposes; and as a legal 

requirement (Emerole et al, 2013b; Emerole and 

Nneli, 2013). Amblyopia is defined as “reduced 

visual acuity not correctable by refractive means and 

not attributable to obvious structural or pathological 

ocular anomalies”. Amblyopia can be primary 

(congenital), acquired (functional) and secondary (e.g 

toxic amblyopia). In persons malingering, there is a 

general inconsistency evident in the testing. The 

malingerer is generally uncooperative and ocular 

error does not correspond to the V.A. unlike in 

hysterical amblyopia (Borish, 1975). Factors such as 

age, refractive error, alcohol use, tobacco 

consumption, drugs, environmental factors (e.g dust, 

irritants, radiations, season), disease (systemic and 

ocular infections, allergies and disorders), 

illumination and nutritional deficiency may impair or 

affect vision (Anker, 1997, 1998; Borish, 1975; 

Carter et al, 2005; Emerole et al, 2011, Guyton and 

Hall, 2003; Lade, 2004; McClean et al, 1987; 

Miranda, 2011; World Bank, 2003). 

Eye problems have been associated with self-

reported visual function impairment and impairment 

in other activities of daily living. The first global 

estimate on the magnitude and causes of visual 

impairment was based on the 1990 world population 

data (38 million blind), indicating a two-fold increase 

in the magnitude of  visual impairment in the world 

by 2020. This provided the basis for the 1999 launch 

of vision 2020, the global initiative for the 

elimination of avoidable blindness (World Health 

Organization, 1999). Visual disability, together with 

other disabling conditions, is a barrier to development 

(Bekibele et al, 2007; Fagbohungbe and Akinbode, 

2012; Kirkwoood et al 1983; Nigeria Optometric 

Association Report, 2007; Nwosu and Alozie, 2006; 

The Eye Diseases Prevalence Group, 2004; World 

Health Organization, 1999; World Health 

Organization, 2000). Elimination of avoidable 

blindness is a moral imperative and priority under the 

disease control component of the Global Initiative – 

VISION2020: The Right to Sight among the poorest 

of the poor (World Health Organisation – News 

Report, 2000). This study was undertaken to provide 

epidemiologic information on gender and 

environmental influences on visual acuity among 

adults in Owerri, Imo state, Nigeria as a basis for cost 

effective intervention. 
 

MATERIALS AND METHODS 
 

Ethical approval for the study was obtained from 

Ethical committee of College of Medicine and Health 

Sciences, Abia State University, Uturu; and informed 

consent was obtained from the subjects. A total of 

3451 subjects made up of 2606 persons of both sexes 

(test group) who met the inclusive criteria were 

recruited between September 2007 and November 

2009 from a population of persons living in old 

Owerri province, Imo State, Nigeria. 845 persons 

both sexes (controls) were selected from a population 

of persons living in Ihiagwa autonomous community 

in Owerri–West local government area using a 

multistage random sampling. The controls were made 

up of individuals who did not present any eye defects 

on examination protocol. Only those above 18 years 

(aged 20–69 years) were selected for the study. 

Interviewer administered structured – questionnaires 

were used to determine demographic characteristics, 

dietary habits, alcohol consumption, tobacco use; and 

history of past ocular and systemic problems of 

subjects were also obtained. Those with conditions 

interfering with accurate ocular refraction such as 

corneal opacity; visually impairing opaque media; 

diabetes mellitus; hypertension; pseudophakic and 

aphakics were excluded from analysis.   

All the subjects underwent a complete ophthalmic 

examination which included measurement of distant 

and near V.A.& pin-hole visual acuity in subjects 

with V.A. less than 6/6 (With Snellen‟s chart, near 

reading chart and tumbling „‟E‟‟ chart for illiterate 

subjects).Visual acuity at distant or far is reported as 

Snellen fraction (ratio between the distance at which 

the test is made or done in metres or feet [numerator] 

to the distance at which the smallest letter read 

subtends an angle of 50
0
 [denominator] or with its 

decimal equivalent (e.g 6/12, 20/40, or 0.5). The 

Snellen fraction in meters is known as the metric 

snellen fraction and in feet as imperial fraction Vision 

in an eye were defined as above normal, >6/6; 

normal, 6/6; subnormal, <6/6 to 6/12; and visually 

impaired, ≤6/18.Reading fifty per cent or more of the 

letters on a line correctly was regarded as the subject 

getting the V.A. level correct. Improvement in visual 

acuity by two or more lines on the Snellen‟s chart 

when looking through the pin-hole was regarded as 

an indication of refractive error or uncorrected error 

when the the patient was already wearing 

spectacles);tonometry (tonometric values of 9mmHg 

– 24mmHg were taken as normal while tonometric 

values >24mmHg were considered clinically 

significant); ophthalmoscopy (internal eye 

examination was done with the direct 

ophthalmoscope); retinoscopy (refractive status was 

determined objectively with the streak retinoscope); 

subjective refraction; and perimetry to investigate 

other possible causes of impairment or reduction in 
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vision. Refractive errors (ametropia) in an eye were 

defined. Emmetropia was defined as a spherical 

dioptric power between -0.50DS and +0.50DS. 

Refraction data are based on subjective refraction. 
 

Statistical analysis: 

The data obtained were reported as percentages and 

statistical analysis was done using EPI Info 

version 3.5, 2008.   
 

RESULTS 
 

There were more females than males in both study 

and control groups. The majority of subjects were 

aged 40-49. There was no statistically significant 

difference between the control and the study group as 

shown in table 1. 

In the present study, 61.2% and 61.3% of study 

and control groups respectively were domiciled in the 

rural areas. Forty-one per cent and 30.8% of study 

and control groups respectively had tertiary 

education. In the study group, students (22.9%) were 

in the majority while skilled persons (21.5%) were in 

the majority in the control group. About 57.4% of the 

subjects in the study group were unmarried while 

49.7% of subjects in the control group were married 

(Emerole et al, 2011). 

Twenty-one per cent and 39.1% of the subjects in 

the study and control groups respectively had unaided 

visual acuity at 6m ≥6/6 in the right eye (18.0% and 

4.3% of study and control groups had unaided visual 

acuity of <6/18 in the right eye). There was no 

statistically significant difference in the unaided 

vision of the right and left eye visual acuity at 6m in 

the two groups as shown in table 2. 
 

Table 1: Subjects by gender and age 

A=Study group, B=Control group 
 

 

Table 2: Unaided visual acuity at far (6m) of subjects 
V.A. at 

6m 
  

Oculus Dexter 

(O.D/Right eye) 
Oculus Sinister 

(O.S/Left eye) 

A 
(n=2606) 

B 
(n=845) 

A 
(n=2606) 

B 
(n=845) 

No. % No. % No. % No. % 

>6/18 467 18.0 36 4.3 397 15.2 43 5.0 

6/18 454 17.4 56 6.6 384 14.7 49 5.8 

6/12  725 27.8 197 23.3 652 25.0 164 19.4 

6/9 414 15.9 226 26.7 344 13.2 242 28.6 
6/6 290 11.1 183 21.7 482 18.5 176 21.0 

6/5 256 9.8 147 17.4 347 13.3 171 20.2 

A=Study group, B=Control group, V.A.= Visual Acuity 

 

Majority (70.9% and 75.0% of study and control 

groups respectively) had unaided near visual acuity 

less than N5. The differences between the study and 

control groups were not statistically significant as 

shown in table 3. The unaided vision in 79.5% and 

76.5% of study and control groups was improved 

with pin-hole. The differences between the study and 

control groups were not statistically significant as 

shown in table 4.  The difference in gender and age 

between the study and control groups with respect to 

emmetropia was not statistically significant. Only 

20.5% and 23.2% of the study and control groups 

respectively were emmetropic. The prevalence of 

emmetropia decreased with age as shown in table 5. 
 

 

Ametropia and risk factors affecting visual acuity 

Majority of the subjects (79.5% and 76.6% of the 

study and control groups respectively) had ametropia 

In the present study, 67.6% and 49.2% of ametropics 

in the test  and control groups respectively used 

quinines as first-line drug for malaria while 62.2% 

and 31.0% of study and control groups respectively 

were in the habit of consuming food items of low 

nutritional value. About 33.6% and 27.4% ametropics 

in the study and control groups respectively 

consumed alcohol while 19.9% and 15.1% of 

ametropics in the study and control groups 

respectively had past history of ocular trauma 

(Emerole et al, 2011). 
 

Table 3: Unaided visual acuity at near (40cm) – oculus 

uniter/ou/both eyes of subjects 
V.A. at 40cm A 

(n = 2606) 
B 

(n = 845) 

No. % No. % 

N5 758 29.1 211 25.0 

N6 - N18 1227 47.1 441 52.2 

<N18 621 23.8 193 22.8 

A=Study group, B=Control group, V.A.= Visual Acuity 
 

 

Table 4: Pin-hole visual acuity (visual improvement with 

pin-hole in the unaided eye of subjects) 

Pin-hole V.A. 

 Improvement 
A 

(n = 2606) 
B 

(n = 845) 

No. % No. % 

YES 2072 79.5 649 76.8 

NO 534 20.5 196 23.2 

A=Study group, B=Control group, V.A.= Visual Acuity 
 

 

Table 5: Emmetropia By Gender And Age 
Age 

(yrs) 

  

  

MALE FEMALE 

A 
(n=252) 

B 
(n= 91) 

A 
(n = 282) 

B 
(n = 105) 

No. % No. % No. % No. % 

20 – 29 46 18.3 8 8.8 55 19.5 17 16.2 
30 – 39 42 16.6 12 13.2 51 18.1 29 27.6 

40 – 49 62 24.6 43 47.2 71 25.2 36 34.3 

50 – 59 56 22.2 15 16.5 65 23.0 13 12.4 
60 - 69 46 18.3 13 14.3 40 14.2 10 9.4 

A=Study group, B=Control group 

Age 

(yrs) 

MALE FEMALE 

A 

( n=1079) 

B 

( n=357) 

A 

(n = 1527) 

B 

( n = 488) 

   No. % No. % No. % No. % 

20 – 29 194 18.0 32 9.0 340 22.3 89 18.2 

30 – 39 183 17.0 50 14.0 260 17.0 122 25.0 

40 – 49 279 25.8 170 47.6 441 28.9 189 38.7 

50 – 59 244 22.6 65 18.2 296 19.4 47 9.6 

60 - 69 179 16.6 40 11.2 190 12.4 41 8.4 
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DISCUSSION 
 

The socially constructed nature of gender and 

culturally based expectations of the roles and 

behaviours of women and men mediates health 

inequalities, and the old adage “women get sicker but 

men die quicker” (Anker, 1997, 1998). Many tasks 

associated with rural living are divided along gender 

lines. Gender roles unlike the biology of sex are 

dynamic-(can change over time and vary widely 

within and across a culture). Some aspects of these 

roles originated in the biological differences between 

the sexes (Anker, 1997, 1998; Miranda, 2011; World 

Bank, 2003). There were more females than males in 

this study (58.6% and 57.8% of the study and control 

groups respectively). This agrees with Nworah and 

Ezepue, (1992); Nwosu and Alozie, (2006); & Patel 

and West, (2007). The complaint of reduced vision 

was more among the females and rural dwellers in 

this study. Gender differences and environmental 

influences were observed in the prevalence of 

ametropia and visual development (Borish, 1975; 

Emerole et al, 2011). In the rural settings, women 

may be more exposed to ocular hazard and pollution 

of the environment from use of firewood for cooking, 

bush burning practices, cow's skin and hides, long 

exposure to ultra-violet rays from sunlight during 

farming, use of lantern or candle to read and dusty 

environment especially during harmattan and dry 

season (Emerole et al, 2011). The apparent higher 

visual demand on women from gender roles may 

explain why more females in this study sought 

intervention. 

Age is a physiologic parameter and of medical 

significance in diagnosis and in determining 

treatment. In this study, the majority of the subjects 

were aged 40-49 years. In a young person, the 

crystalline lens is flexible allowing the eye to focus 

on objects at far and increases its focusing power 

(accommodation) if objects are brought close. There 

is a gradual decline in the flexibility of the crystalline 

lens and accommodation after the age of 35. This 

presents with varying degrees of difficulty in clear, 

effortless and comfortable vision at far and near 

(Borish, 1975). In the present study, the most 

dorminant ametropia was hyperopia (35.2% and 

34.7% in the study and control group with no 

significant difference between the two groups, p = 

1.00). The decline in vision at near from presbyopia 

and hyperopia as the lens becomes rigid (making 

seeing at close range more difficult) may explain why 

majority of those who presented for visual care due to 

reduced vision were in this age group. Ageing also 

modifies a pre-existing error making it more 

symptomatic (Borish, 1975; Emerole et al, 2011; 

Nworah and Ezepue, 1992). 

Visual function is affected by gender; age; ocular 

refraction; alcohol and tobacco consumption; drugs; 

systemic and ocular diseases, disorders and allergy; 

environmental factors (such as illumination, dust, 

irritants and radiation); and nutritional deficiencies 

(Borish, 1975; Carter et al, 2005; Emerole et al, 

2011). In the present study, 20.9% and 39.1% of 

study and control groups respectively had unaided 

V.A. at 6m of ≥ 6/6 in the right eye while 31.8% and 

41.2% of study and control groups respectively had 

unaided V.A. at 6m of ≥ 6/6 in the left eye. Similarly, 

18.0% and 4.3% of study and control groups 

respectively had unaided V.A. at 6m of <6/18 in the 

right eye while 15.2% and 5.0% of study and control 

groups respectively had unaided V.A. at 6m of <6/18 

in the left eye. In the study on prevalence of blindness 

and visual impairment in Atakunmosa local 

government area of south western Nigeria; South 

Sudan, and school children in Tanzania 6.30%, 

7.70% and 9.50% respectively had presenting vision 

<6/18 in their better eye/eye with better vision or 

V.A. (Kingo and Ndawi, 2009; Ngondi et al, 2006; 

Onakpoya et al, 2007). Majority of the subjects (over 

70.0% of the study and control groups) had V.A. 

improvement with pin-hole device/aid in the unaided 

eye. This is indicative of presence of uncorrected 

refractive error (Borish, 1975).The magnitude of pin-

hole visual acuity improvement is consistent with the 

prevalence of ametropia in this study.Twenty-nine 

per-cent and 25.0% of study and control groups 

respectively had unaided V.A. at near of N5 (over 

seventy per cent of subjects in the study and control 

groups had unaided V.A. of ≤ N6 at near). This is 

consistent with the magnitude of presbyopia in the 

study and control groups. The observations in this 

study are consistent with earlier studies on prevalence 

and impact of presbyopia in low and middle income 

countries (Emerole et al, 2011; Kingo and Ndawi, 

2009; Ngondi et al, 2006; Onakpoya et al, 2007). The 

findings suggest that more than half of adults over the 

age of 30 have presbyopia; women have both a higher 

prevalence of, and more severe presbyopia; hotter 

climates are associated with the earlier onset of 

presbyopia and the majority of those with presbyopia 

(an aspect of refractive error that impacts on older 

persons economic independence) do not have 

corrective spectacles. This observation corroborates 
the findings of Bekibele et al, (2007) & Patel and West, 

(2007). 

The matter of the dominant eye is usually of 

importance from a diagnostic consideration. While 

opinion varies from those who believe that ocular and 

hand dominancy is of little significance to those who 

ascribe to it, most of the defects of personality and 

asthenopia. Many investigators seem to indicate that the 

dominant eye has a definite place in the determination 

of proper refractive correction. It is believed that 

opposite handedness and eye dominancy is less efficient 

than coincident dominancy (Rengstorff, 1967). 

Fagbohungbe and Akinbode (2012) recommend that 
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those who engage in any visual acuity search task that 

requires monocular viewing should always identify and 

use their dominant eye for effective performance. In a 

study on dominance, Rengstorff (1967) found 91.5% 

right-handed, 7.7% left-handed, 1.1% ambidextrous, 

66.0% right-eyed and 34.0% left-eyed. Also in a 

separate study of mentally retarded children, Rengstorff 

reported that 51.0% of subjects indicated mixed hand 

and eye relationship (Borish, 1975; Rengstorff, 

1967).From above observations, majority of individuals 

are right handed, thus right handedness associated with 

left eyedness as a result of uncorrected refractive error 

and reduced vision implies alteration of the dominancy 

of an eye from the natural one to the other. This will 

result in difficulties of personality and comfort and may 

explain why subjects in the study group sought 

intervention. There were also more subjects in the study 

group with unaided V.A. at 6m of <6/18 than in the 

control group. 

In the present study, majority of the (79.5% and 

76.8% of study and control groups respectively) had 

ametropia/refractive error. A refractive error is an error 

in the focusing of light by the eye and a frequent reason 

for reduced visual acuity; and a major cause of visual 

impairment and blindness. Of the 2606 subjects in the 

study group and 845 subjects in the control group in this 

study, 35.2% and 34.7% of study and control groups 

had hyperopia; 23.4% and 19.6% of study and control 

groups were myopic; 20.9% and 22.5% of study and 

control groups had astigmatism. Ocular refractive status 

is considered normal (“emmetropia”), if parallel light 

rays from distant objects are in sharp focus on the retina 

when the ciliary muscle is completely relaxed. 

Emmetropia was found in 20.5% and 23.2% of the study 

and control groups respectively. Although there were 

more emmetropic subjects in the control group than 

study group, it was not statistically significant and 

decreased with age. Emmetropia of 50.6% was found in 

the Chennai glaucoma study in India. Prevalence of 

emmetropia was higher in studies in the United States of 

America and Asia (Emerole et al, 2011; Raju et al, 

2004; The Eye Disease Prevalence Research Group, 

2004; World Health Organization, 1999; World Health 

Organization, 2000).Studies conducted in the United 

States of America, Western Europe and Australia 

showed prevalence of ametropia of 35.1%, 37.7% and 

22.2% respectively. This appears paradoxical as 

demographic studies have shown that Asia and America 

harbour more aged population and thus are expected to 

have a higher prevalence of ametropia since increase in 

age is a physiologic determinant of ametropia. This 

observation shows that the environment may be a factor 

in this high prevalence of ametropia and visual acuity 

pattern (Raju et al, 2004; The Eye Diseases Prevalence 

Research Group, 2004). 

The use of chloroquine as anti-malarial as well as 

poor dietary habits among the subjects with reduced 

vision in the study and control groups, were statistically 

significant. The eyes need adequate nutrition to function 

as other parts of the body (Emerole et al, 2011; Emerole 

et al, 2013a; Lade, 2004). Drugs are casually referred to 

as „useful poisons‟. About sixty-seven per cent and 

forty-nine per cent of ametropics and subjects that had 

reduced vision in the study and control groups 

respectively used chloroquine as their regular anti-

malarial. Malaria is endemic in Nigeria and Chloroquine 

is used as first line drug especially in the rural areas. 

Abuse of chloroquine can damage the macula and 

affects components of refraction especially in the 

absence of adequate nutrition (Borish, 1975). Many of 

the ametropics (62.2% in the study group and 31.6% in 

the control group) were in the habit of consuming food 

items of low nutritional values. From this study, poor 

dietary habit and abuse of chloroquine may be 

implicated as risk factors for reduced V.A. (Emerole et 

al, 2011). 

This study has provided information on gender and 

environmental influences on vision among adults in 

Owerri, Imo state, Nigeria. The V.A. pattern is 

consistent with the magnitude of ametropia and 

presbyopia in the study and control groups. The 

differences in visual acuity when compared with high 

and medium resource countries may be due to the high 

prevalence of ametropia, identified poor level of 

nutrition, frequent use of chloroquine derivatives for 

treatment of malaria as well as being domicile in the 

rural areas. Regular vision screening and health 

education on diet, drug use and safe environmental 

health practices are recommended. In conclusion 

ametropia was highly endemic in the population owing 

to poor nutrition, regular use of chloroquine and 

environmental factors; and that more females than males 

presented with higher rate and more severe eye defects 

like presbyopia. 
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Summary: Consumption of arsenic contaminated water has been associated with diverse health defects such as cancer and 

skin lesions. Some plants of medicinal value have been reported to show protective effects against toxins. In this study, the 

effects of ethanol extract of the leaves of Irvingia gabonensis (IG) against sodium arsenite (SA) induced hepatotoxicity and 

clastogenicity in male Wistar rats was investigated. Eight groups of five rats each were used for the study. They were 

administered with 250 or 500 mg/kg body weight of IG with or without SA at 2.5 mg/kg body weight. IG extract has a 

significant (p<0.05) reducing effect on serum liver function enzymes, aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and gamma glutamyltransferase (γGT) activities. This was corroborated with the 

histopathological analysis findings. Also the groups treated with both the extract and SA recorded significantly (p<0.05) 

reduced number of micronuclei when compared with the group treated with SA only. IG extract also reduced the oxidative 

stress induced by SA as measured by the reduced generation of hydrogen peroxide (H2O2) and significant (p<0.05) 

difference  in the CAT and SOD activities between the groups treated with both SA and extract,  and the positive control 

group administered SA alone. This study therefore shows that the ethanol leaf extract of Irvingia gabonensis have 

hepatoprotective and anticlastogenic effects  against sodium arsenite-induced toxicity possibly by enhancing the 

antioxidant status in the Wistar rats. 
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INTRODUCTION 

 

Cancer causing substances damage DNA and induce 

transmittable mutations in both humans and animals 

(Perera et al., 2002). Their interaction with tissue 

macromolecules such as DNA alters the replication 

and repair mechanisms (Ames, 1979). For instance, 

sodium arsenite, a common contaminant of 

underground water in some regions of the world, is 

known to be hepatotoxic and genotoxic (Guillamet et 

al., 2004; Odunola et al., 2008; Gbadegesin et al., 

2009). 

Attentions have recently shifted to the use of 

medicinal plants in prophylactic, therapeutic and 

curative applications. Irvingia gabonensis (IG) 

(AubryLecomte ex O’RorkeBaill) is a plant with 

promise. It is an indigenous forest tree belonging to 

the group of plants classified as non-timber forest 

products. Irvingia gabonensis is commonly called 

bush mango or African mango since the trees bear 

fruits that look like small mango (Matos et al., 2009). 

Traditionally, the stem bark is used to relieve pain in 

Sierra Leone (Okolo et al., 1995). The aqueous 

maceration of the leaves is used as antidote for some 

poisonous substances. In combination with palm oil, 

the leaves are also used to stop haemorrhage in 

pregnant women. In Senegal, the decoction of the 

stem bark is used in the treatment of gonorrhoea, 

hepatic and gastrointestinal disorders (Hubert et al, 

2010). The root bark is prescribed in poultrice form 

to treat wounds. The decoction of the root bark is also 

used to treat diarrhoea (Osadebe et al., 2012). The nut 

is used in treating type 2 diabetes (Adamson et 

al.,1990). The kernel serves as condiments used in 

thickening and flavouring soups. The fruit is 

consumed in the south-western part of Nigeria with 

less interest in the nuts while the reverse is the case in 

the eastern part. The stem bark of the tree is added to 

palm wine as a preservative (NAERLS, 1999). The 

leaf extracts of the plant has been reported to have 
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diuretic effect in rats and hypotensive effect in cats 

(Nosiri et al., 2009a; 2009b) 

However, there is dearth of information on the 

hepatoprotective, antioxidant and anticlastogenic 

effects of the leaves of this plant. This study was 

therefore conducted to evaluate the hepatoprotective, 

antioxidant and anticlastogenic effects of the ethanol 

extract of Irvingia gabonensis (AubryLecomte ex 

O’RorkeBaill) leaves on sodium arsenite-induced 

toxicity in male Wistar albino rats. 
 

MATERIALS AND METHODS 
 

Reagents and kits 

Sodium arsenite (NaAsO2; BDH chemicals Ltd poole 

England) was dissolved in distilled water and 

administered at a dose of 2.5 mg/kg body weight 

corresponding to 1/10
th
 of the oral LD50 of the salt 

(Preston et al., 1987). Aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and gamma 

glutamyltransferase (γGT) kits were obtained from 

Randox Laboratories, Crumlin, UK. All other 

chemicals and reagents were of analytical grade and 

were products of Sigma Chemical Co. St. Louis, 

MO., USA or BDH Chemical Ltd, Poole, England. 
 

Test plant material and extraction procedure 

Fresh leaves of the plant were harvested, identified 

and Voucher specimen deposited at the herbarium of 

the Department of Botany, University of Ibadan. The 

harvested leaves were air-dried in a well-ventilated 

room for about four weeks, before milling. Cold 

extraction was then carried out on the grounded 

sample by soaking in 50% ethanol for 72 hours at 

room temperature. The extract was filtered and the 

filtrate concentrated using a rotary evaporator at 

temperature of 40 
0
C. The concentrated sample was 

then freeze-dried and the sample kept at room 

temperature and administered to the experimental 

animals as detailed below. 
 

Experimental animals and treatments 
Forty male Wistar albino rats weighing between 150 

– 190 g raised at the preclinical experimental animal 

house, Department of Physiology, were purchased 

and kept in the experimental animal facility of the 

Department of Biochemistry, University of Ibadan. 

They were fed with commercial rat pellets (Ladokun 

Feeds, Mokola, Ibadan, Nigeria) and water ad 

libitum. 

The albino rats were allowed to acclimatize for 

one week prior to the commencement of the study. 

The rats were randomly distributed into eight groups 

of five animals each based on the treatment received. 

Group 1: These served as control and were 

administered distilled water only. 

Group 2: The rats in this group were orally intubated 

daily with 2.5mg/kg body weight sodium arsenite for 

2 weeks. 

Group 3: The rats in this group were orally intubated 

daily with 250mg/kg body weight of Irvingia 

gabonensis (IG) extract for 2 weeks. 

Group 4: The rats in this group were orally intubated 

daily with 500mg/kg body weight IG extract for 2 

weeks. 

Group 5: The rats in this group were orally intubated 

daily with 2.5mg/kg body weight sodium arsenite and 

250mg/kg body weight IG extract simultaneously for 

2 weeks  

Group 6: The rats in this group were orally intubated 

daily with 2.5mg/kg body weight sodium arsenite and 

500mg/kg body weight plant extract simultaneously 

for 2 weeks. 

Group 7: The rats in this group were orally intubated 

daily with 2.5mg/kg body weight sodium arsenite for 

2 weeks followed by 250mg/kg body weight IG 

extract for subsequent 2 weeks. 

Group 8: The rats in this group were orally intubated 

daily with 2.5mg/kg body weight sodium arsenite for 

2 weeks followed by 500mg/kg body weight IG 

extract for another 2 weeks. 
 

Termination of the experiment and extraction of 

tissues 
The rats were sacrificed by cervical dislocation 

twenty four hours after the last treatment dose. 0.04% 

colchicine was administered at a dose of 10 ml/kg 

body weight to the animals 2 hours prior to the 

sacrifice. Blood samples were collected through 

retro-orbital bleeding, and put into a plain bottle and 

allowed to clot. The samples were then centrifuged at 

3,000 g for 30 minutes to separate the serum. 

The animals were dissected and opened to harvest the 

liver and femur. A portion of the liver from each 

sacrificed animal was excised, blotted and then 

perfused with potassium chloride (1.15%) in order to 

remove all traces of blood haemoglobin which might 

contaminate the tissues. The liver samples were 

preserved and fixed in 10 % buffered formal-saline 

and processed for paraffin sectioning. Sections of 

about 5 µm thickness were stained using 

Haematoxylin-Eosin staining dye and subsequently 

evaluated in the Veterinary Pathology Department of 

the University of Ibadan. The remaining portion of 

each liver sample was homogenized in phosphate 

buffer and centrifuged at 4 
o
C. The supernatant was 

used immediately or stored at – 20 
o
C. The femurs 

were also excised and bone marrow extruded for 

micronucleus induction assay. 
 

Assays of liver function enzymes  
γ-glutamyltransferase activity.  

γGT was assayed in the serum by using the 

reconstituted γGT diagnostic reagent following the 

method of (Szasz, 1969). The principles involve the 

transfer of glutamyl group from a glutamyl peptide 

(L-γ-glutamyl-p-nitroanilide) to another peptide 

(glycylglycine), in a reaction catalysed by γGT, 

thereby yielding a cleavage product (pnitroaniline). 
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This product absorbs UV at 405 nm thus making a 

direct kinetic determination of γGT activity possible. 
 

Alanine aminotransferase and aspartate 

aminotransferase activities  

Serum ALT and AST were assayed according to 

(Reitman and Frankel, 1957) using commercial 

diagnostic kits. This method involves the reaction of 

pyruvate, the product of transamination reaction 

catalysed by ALT or AST, with 2, 4 -dinitrophenyl 

hydrazine to produce intensely coloured hydrazone 

read at 546 nm using a spectrophotometer 

(Spectronic-20). 
 

Histological Analysis 

Liver sections were fixed in 4% p-formaldehyde and 

washed in phosphate buffer pH 7.4 at 4
0
C for 12 

hours. After dehydration, the tissue was embedded 

in paraffin, cut into sections, stained with 

haematoxylin–eosin dye and finally observed under 

a microscope. 
 

Micronucleus (MN) assay  

The femurs from each of the animals were removed 

and bone marrow was aspirated. Microscopic slides 

of the bone marrows were prepared according to 

(Matter and Schmid, 1971). The slides were then 

fixed in methanol, air-dried, pre-treated with May-

Grunwald solution and air-dried again. The dried 

slides were stained in 5 % Giemsa solution and 

induced in phosphate buffer for 30 seconds.  

Thereafter, it was rinsed in distilled water and air-

dried. The slides were mounted and scored under a 

microscope for micronucleated polychromatic 

erythrocytes (mPCEs).  

Antioxidant enzymes and hydrogen peroxide 

generation assays 

H2O2 generation assay  

50 l of supernatant fraction of the liver homogenate 

was vortexed and incubated at room temperature for 

30 minutes. This was then shaken to ensure proper 

mixing and incubated for 30minutes before reading at 

560 nm. The concentration of the hydrogen peroxide 

generated was extrapolated from the standard curve. 
 

Determination of catalase activity 

1 ml of supernatant fraction of the liver homogenate 

was mixed with 19 ml distilled water to give a 1: 20 

dilution. The assay mixture contained 4 ml of H2O2 

solution (800 µmoles) and 5 ml of phosphate buffer, 

pH 7.0 in a 10 ml flat bottom flask. 1 ml of properly 

diluted sample was rapidly mixed with the reaction 

mixture by a gentle swirling motion at room 

temperature. 1 ml portion of the reaction mixture was 

withdrawn and blown into 2 ml dichromate/acetic 

acid reagent at 60 seconds intervals. The hydrogen 

peroxide contents of the withdrawn sample were 

determined by the method described above. 

Determination of Superoxide dismutase (SOD) 

activity. 

1 ml of supernatant fraction of the liver homogenate 

was diluted in 9 ml of distilled water to make a 1 in 

10 dilution. An aliquot of 0.2ml of the diluted sample 

was added to 2.5 ml of 0.05 M carbonate buffer (pH 

10.2) to equilibrate in the spectrophotometer and the 

reaction started by the addition of 0.3 ml of freshly 

prepared 0.3 mM adrenaline to the mixture which 

was quickly mixed by inversion. The reference 

cuvette contained 2.5 ml buffer, 0.3 ml of substrate 

(adrenaline) and 0.2 ml of water. The increase in 

absorbance at 480 nm was monitored every 30 

seconds for 150 seconds. 
 

Statistical analysis: 

The results were expressed as mean ± Standard 

deviation. Differences between the groups were 

analyzed by one-way analysis of variance (ANOVA) 

with the aid of Statistical Package for Social Sciences 

(SPSS) software, SPSS Inc., Chicago, Standard 

version 10.0.1. P-values less than 0.05 were 

considered statistically significant for differences in 

mean. 
 

RESULTS 
 

Effect of Irvingia gabonensis on the body and liver 

weights of rats  

The initial body weights of the animals were taken 

before the commencement of treatments. Just before 

sacrifice, the body weights of the animals were taken 

and designated as final body weights. These were 

used to calculate the percentage body weight change. 

The harvested liver tissues were also weighed and the 

relative liver weights were determined (Table 1).  

Administration of sodium arsenite caused a 

significant (p<0.05) reduction in the percentage 

weight change as compared with the negative control. 

There were no significant (p>0.05) change in the 

body weight in other groups, after the four weeks of 

treatment, as compared with the negative control 

(Table 1). Also, changes in the relative liver weight 

of rats were not significant (p> 0.05) when compared 

across all groups.  

 

Hepatoprotective activities of ethanol extract of 

the leaf of Irvingia gabonensis in Wistar rats 

treated with sodium arsenite. 

The protective effect of Irvingia gabonensis leaf 

extract was assessed by evaluating the activities of 

serum enzymes; γ-glutamyltransferase (γGT), 

aspartate amino transferase (AST) and alanine amino 

transferase (ALT) in the groups of rats administered 

the extract and/or sodium arsenite and the control 

untreated rats. Administration of sodium arsenite at 

2.5 mg/kg body weight resulted in almost double 

folds increase in the mean serum AST value, more 

than double ALT value and more than fourfold 
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increase in γGT when compared with negative 

control group. 

The mean ALT, AST and γGT activities in groups of 

rats administered graded doses of Irvingia gabonensis 

extract with sodium arsenite decreased significantly 

(p<0.05) when compared with the group treated with 

sodium arsenite alone (Table 2). The extract alone at 

the high dose of 500 mg/kg body weight produced 

significant (p<0.05) higher level of serum AST and 

ALT activities. The results of the histological 

assessment of the liver cells integrity support the 

serum enzyme activities patterns of hepatotoxicity in 

the treated animals (Figure 1). There was marked 

widespread thinning of hepatic cords in the liver of 

rats administered sodium arsenite (positive control). 

There were no visible lesion in the negative control 

group and the groups administered 250mg/kg and 

500mg/kg body weights of the extract (groups 1, 3 

and 4 respectively). There were no observable lesions 

in the groups 5 and 6, administered 250 and 500 

mg/kg of extracts respectively with sodium arsenite at 

2.5mg/kg. However, there is multifocal centrilobular 

thinning of hepatic cords in group 7, and moderate 

Kupffer cell hyperplasia, portal fibrosis and random 

single-cell necrosis in group 8. Groups 7 and 8 were 

post-treated with extracts at 250 and 500 mg/kg 

respectively, after two weeks of sodium arsenite 

administration. 
 

Effect of Irvingia gabonensis on the frequency of 

micronucleated polychromatic erythrocytes 

(mPCEs) scored in the bone marrow of rats 

treated with sodium arsenite. 

The number of mPCEs per 1000 PCEs scored in the  

 
 
Figure 1. Representative photomicrograph of liver of rats treated with 

sodium arsenite and/or Irvingia gabonensis extract (Magnification= 

x400). Group numbers are shown. 1 (group given distilled water only). 

There are no visible lesion. In group 2, given sodium arsenite, there is 

marked widespread thinning of hepatic cords. There are no visible lesions 
in groups 3, 4 (given extract, respectively at 250  and 500mg/kg body 

weight), and groups 5 and 6 treated with sodium arsenite along with the 

extract. There is multifocal centrilobular thinning of hepatic cords in 
group 7. There is moderate Kupffer cell hyperplasia; portal fibrosis and 

random single-cell necrosis in group 8. Groups 7 and 8 were post treated 

with the extract at 250  and 500mg/kg body weight respectively after 
treatment with sodium arsenite for 2 weeks. 

 

Table 1. Body weights, liver weights and percentage body weight changes of experimental rats (values are mean ±SD). 

Group/ Treatment Initial B.Wt (g) Final B.Wt (g) %∆Wt (g)  Liver Wtt(g) Relative Liver Wt (%)  

1. Dist. water 156.00±26.07 206.00±26.07 28.66±7.14 5.29±1.00 2.56±0.25 

2. SA 188.00±10.95 208.00±4.47 14.82±3.21
#
 5.76±0.61 2.77±0.25 

3.250mg/kg   IG extract 156.00±5.48 194.00±13.42 27.39±6.07 5.04±0.71 2.59±0.25 

4.500mg/kg IG extract 160.00±0.00 202.00±17.89 29.69±9.37 5.52±0.84 2.72±0.22 

5.SA+250mg/kg IG extract 164.00±16.73 198.00±10.95 23.81±5.05 5.15±0.32 2.60±0.13 

6.SA+500mg/kg IG extract 160.00±0.00 186.00±19.49 20.31±9.37 4.88±0.84 2.62±0.47 

7.SA(2weeks)+ 250mg/kg extract 156.67±11.55 178.00±10.00 22.51±4.75 5.51±0.31 2.89±0.01 

8.SA(2weeks)+ 500mg/kg extract 116.00±8.94 170.00±26.46 27.78±9.62 5.09±0.86 2.64±0.31 

SA = Sodium Arsenite, IG = Irvingia gabonensis  # = The mean difference is significant (p< 0.05) when compared with control  

 

Table 2. Levels of serum gamma-glutamyltransferase, aspartate aminotransferase, and alanine amino transferase in 

experimental rats treated with SA and/or Irvingia gabonensis extract (values are mean± S.D). 

Group/Treatment AST(U/l) ALT(U/l) γGT(U/l) 
1. Dist. water 41.84±1.89 8.75±2.13  2.32±1.15  

2.  SA 78.61±11.84
#
 22.99±3.36

#
 10.42±1.15

#
 

3. 250mg/kg   IG extract 51.44±18.69 16.78±10.98 3.09±1.76 

4. 500mg/kg IG    extract 72.00±19.10# 12.79±1.62# 11.19±9.98 

5. SA+250mg/kg IG extract 52.61±8.13
*
 9.00±5.80

*
 5.21±4.38

*
 

6. SA+500mg/kg IG extract 57.24±12.49
*
 9.46±6.17

*
 3.47±3.27

*
 

7. SA (2weeks) + 250mg/kg extract 40.72±9.36
*
 9.23±1.65

*
 6.94±3.47 

8. SA (2weeks)+ 500mg/kg extract 39.65±6.64
*
 8.92±2.69

*
 4.63±1.83

*
 

SA = Sodium Arsenite, IG = Irvingia gabonensis. # = The mean difference is significant (p< 0.05) when compared with control (group 

1).  *= The mean difference is significant (p< 0.05) when compared with group treated with SA alone (group 2). 
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Table 3. Intracellular levels of hydrogen peroxide generated, catalase and superoxide dismutase activities in the liver of 

rats treated with sodium arsenite and/or Irvingia gabonensis extract (values are mean ± SD). 

Treatment        H2O2 

(µmol/min./mg protein) 

      CAT  

(Units/mg protein) 

    SOD 

(Units/mg protein×10
-2

) 
1. Dist. water 13.81±1.14 65.21±3.40  0.14±0.02 

2. SA 17.29±2.89
#
 76.53±4.29

#
 0.13±0.004 

3.250mg/kg   IG extract 13.29±0.64 67.66±7.99 0.15±0.05 

4.500mg/kg IG extract 14.54±0.27 65.90±11.18  0.15±0.03 
5.SA+250mg/kg IG extract 14.09±1.14

*
 71.31±7.46 0.15±0.02 

6.SA+500mg/kg IG extract 15.06±0.66 70.11±5.09 0.15±0.01
*
 

7.SA(2weeks)+ 250mg/kg extract 16.81±2.91 65.92±6.06
*
 0.15±0.03

*
 

8.SA(2weeks)+ 500mg/kg extract 15.00±1.79 67.51±6.94
*
 0.15±0.02

*
 

SA = Sodium Arsenite, IG = Irvingia gabonensis. # = The mean difference is significant (p< 0.05) when compared with control (group 1).  *= The mean 

difference is significant (p< 0.05) when compared with group treated with SA alone (group 2). 
 

 

 
Figure 2. Frequency of micronucleated polychromatic 

erythrocytes (mPCEs) scored in the bone marrow cells of rats 

treated with sodium arsenite and/or Irvingia gabonensis extract 

(IG). Group 1 Negative control given distilled water only. Group 

2: Given only sodium arsenite (at 2.5mg/kg body weight), Group 

3: 250mg/kg body weight (IG). Group 4: 500mg/kg body weight 

IG, Group 5: Sodium arsenite and 250mg/kg body weight IG 

simultaneously, Group 6: Sodium arsenite and 500mg/kg body 

weight IG simultaneously, Group 7: Sodium arsenite (2 weeks) 

followed by 250mg/kg body weight IG (2 weeks). Group 8: 

Sodium arsenite (for 2 weeks) followed by 500mg/kg body 

weight IG (2 weeks). #= the mean difference is significant (p< 

0.05) different when compared with control (group 1). *= the 

mean difference is significant (p< 0.05) when compared with the 

group given sodium arsenite only (group 2).  
 

bone marrow cells (Figure 2) is significantly higher 

(p < 0.05) in the groups of rats administered sodium 

arsenite (groups 2) when compared with the negative 

control given only distilled water (group 1). 

Treatments with the extract caused a significant 

(p<0.05) reduction in the number of mPCEs scored in 

the bone marrow cells in the groups administered 

both the extract and sodium arsenite when compared 

with the group given sodium arsenite only. When 

compared with the positive control, given sodium 

arsenite only, the extract was able to significantly 

(p<0.05) reduce the number of mPCEs both when it 

was given along with sodium arsenite (groups 5 and 

6) or given two weeks after sodium arsenite (groups 7 

and 8). 

Table 4. Phytochemical constituents of the ethanol extract 

of Irvingia gabonensis leaves. 

Phytochemicals Value  

Tannins (mg/100g) 1431.7 

Alkaloids (mg/100g) 33.3 

Flavonoids(mg/100g) 663.3 

Saponins (mg/100g) 23.0 

Total phenols (GAE/100g) 85.0 

Terpenoids (mg/100g) 13.0 

GAE= Gallic Acid Equivalent (conventional units for 

phenols) 
 

Effect of Irvingia gabonensis on intracellular levels 

of generated hydrogen peroxide ((H2O2), catalase 

(CAT) and superoxide dismutase (SOD) activities 

in liver of the rats treated with sodium arsenite 

(SA). 

There was significant (p<0.05) high level H2O2 CAT 

activity in the group of rats treated with SA (group 2) 

compared with the negative control group 1 (Table 

3). Treatment with extract resulted in reduced 

generation of hydrogen peroxide (H2O2) and 

significant (p<0.05) difference in the CAT and SOD 

activities when comparisons were made between the 

groups treated with both SA and extract and the 

group administered SA alone.   
 

Phytochemical analysis of ethanol extract of 

Irvingia gabonensis leaves. 

Phytochemicals present in the ethanol extract of the 

leaves of Irvingia gabonensis in significant amounts 

are tannins, alkaloids, favonoids, saponins, 

polyphenols and terpenoids (Table 4). Tannin has the 

highest value of 1431.7 mg/100g followed by 

flavonoids (663.3 mg/100g). Tannin is more than 

double the value of flavonoids. Terpenoids are 

present in the least amount. 

DISCUSSION 
 

Arsenicals especially the trivalent forms are highly 

recognized as potent environmental toxicants 

(Abernathy et al., 1999). Exposure to arsenic via the 

intake of contaminated water has been linked with 

diverse heath defects like certain forms of cancer, 

skin lesions, and non-cancer health effects such as 
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neurological disorders and impaired cognitive 

development in children (Abernathy et al., 1999). 

The liver is an important target organ for arsenic 

toxicity (Parvez et al., 2006). Arsenic intoxication in 

experimental animals has been linked with 

micronucleus formation and hepatic tumors (Moore 

and Smith, 1997; Mazumder, 2005). This study 

examined the effect of the ethanol leaf extract of 

Irvingia gabonensis (Aubry-Lecompte ex 

O’RorkeBaill) in sodium arsenite model of 

hepatotoxicity and clastogenicity in Wistar rats. 

Administration of sodium arsenite alone for four 

weeks produced significantly (p<0.05) lower change 

in  percentage body weights compared with the 

negative control group. This suggests that sodium 

arsenite interfered with systemic activities in the body 

of the rats. The extract was able to reverse the above 

effect of sodium arsenite on growth of the 

experimental rats. 

Aspartate aminotransferase (AST) and Alanine 

aminotransferase (AST) are members of transaminase 

family of enzymes. They are also known as 

aminotransferases, they catalyze the transfer of amino 

groups between L-alanine and glutamate for 

physiological purpose.  ALT and AST are found in 

large amount in the liver and also small amount are 

found in the heart, kidney and muscles. When the 

liver is injured or inflamed as the case may be via its 

exposure to various forms of toxic substances, the 

level of ALT and AST in the blood is usually 

elevated. The level of these enzymes in the blood is 

directly related to the extent of the tissue damage 

(Lum and Gambino, 1972). 

Gamma-glutamyltransferase (γGT) is the enzyme 

actively responsible for the extracellular catabolism 

of glutathione, in the main mammalian cells (Huseby, 

1978). γGT is present on the outer surface of plasma 

membrane of most cell type and in blood, where it 

has been shown to form complexes with several 

plasma components particularly with albumin and 

lipoprotein (Huseby, 1982). The determination of 

serum γGT activity is well established diagnostic test 

for hepatobiliary diseases, and is used as a sensitive 

marker of liver damage. Elevated serum γGT activity 

is associated with diseases of the liver, biliary system 

and pancreas (Betro et al., 1973; Huseby, 1982). 

The results obtained from the assessment of the 

serum levels of AST, ALT and γGT  indicate that 

sodium arsenite significantly (p<0.05) induced these 

serum enzyme activities as compared with the 

control. Increased gamma glutamyltransferase 

activity has been linked with hepatotoxicity, 

oxidative stress and chromosomal aberrations in cells 

(Lum and Gambino, 1972; Dinari et al., 1979; 

Karmaker et al., 1999).  The observations made here 

are consistent with the findings from previous 

findings (Mallick et al., 2003; Odunola, 2003; 

Odunola et al., 2007). The hepatoprotective effect  of 

the extract was independent of whether the extract is 

administered at the same time with sodium arsenite or 

two weeks after sodium arsenite. This indicates that 

the effect could be preventive or curative. 

Histopathological analysis of liver organs showed 

that there was no visible lesion in the liver organs of 

the animals in the control group and in the groups 

that were treated with sodium arsenite and leaf extract 

simultaneously (Groups 5 and 6) also in the groups 

that were treated with extract only (Groups 3 and 4). 

In the group that was treated with sodium arsenite 

only (group 2), there was a marked widespread 

thinning of hepatic cords which indicates the necrotic 

cell death of the hepatocytes. This is consistent with 

earlier reports on the hepatotoxicity of sodium 

arsenite (Odunola et al., 2008; Gbadegesin et al., 

2009). There was multifocal centrilobular thining of 

the hepatic cords in the group that was post-treated 

with 250 mg/kg body weight (Group 7). There was 

also moderate kupffer cell hyperplasia in the liver 

organs of the animals in the group that was post-

treated with 500 mg/kg body weight of extract 

(Group 8).  

The relative number of micronucleated 

polychromatic erythrocytes scored in the rat bone 

marrow cells show that sodium arsenite significantly 

(p<0.05) induced the formation of micronuclei in the 

polychromatic erythrocytes of the rat bone marrow 

cells. This clastogenic effect of sodium arsenite is in 

line with previous reported findings (Mallick et al., 

2003; Odunola, 2003; Odunola et al., 2007). There 

were also significant decrease (p<0.05) in the number 

of micronuclei scored in the groups treated with the 

leaf extract (250 mg/kg body weight and 500 mg/kg 

body weight respectively) after treatment with 

sodium arsenite, when compared with the group 

treated with sodium arsenite only. The observed 

decreased numbers of micronuclei in these groups 

indicate that the extract is anticlastogenic. 

Findings from the present study supported the 

reports that sodium arsenite generate free radicals like 

H2O2 in living systems (Ramanathan et al., 2002; 

Usoh et al., 2005). Endogenous enzymes constitute 

the first line of cellular defense and provide a 

mutually supportive team of defence against reactive 

oxygen species (Ramanathan et al., 2002). In sodium 

arsenite induced hepatotoxicity, the balance between 

the production of reactive oxygen species and these 

antioxidant defence systems may be lost, thus leading 

to oxidative stress due to the overwhelming power of 

prooxidants generated, which through a series of 

events deregulates the cellular functions that leads to 

hepatic necrosis (Amresh et al., 2007). Catalase is 

responsible for the degradation of hydrogen peroxide 

which is a reactive oxygen species produced during 

metabolism. Catalase catalyzes the removal of 



 Niger. J. Physiol. Sci. 29 (2014): Gbadegesin et al 

Ethanol extract of Irvingia gabonensis protects against sodium arsenite induced toxicity  35 

 

hydrogen peroxide formed during the reaction 

catalyzed by superoxide dismutase (Manna et al., 

2007). Superoxide dismutase is an enzyme that 

protects against the superoxide radical which can 

cause oxidative stress. SOD speeds up the 

dismutation of superoxide radical to hydrogen 

peroxide which is then removed by catalase (Usoh et 

al., 2005). SOD can therefore function as a primary 

defense and inhibits further production of free 

radicals. The increased amount of hydrogen peroxide, 

and therefore total reactive oxygen species, generated 

when rats were treated with sodium arsenite 

demonstrates treatment of experimental animals with 

sodium arsenite would contribute to oxidative stress. 

It is possible that the extract enhanced the antioxidant 

system in the treated rats therefore speeding up the 

mopping up of  the reactive oxygen species.    

From the results obtained for catalase (CAT) 

activity and superoxide dismutase (SOD) activity, the 

catalase activity was significantly (p<0.05) induced in 

the group treated with sodium arsenite only when 

compared with the control. The explanation to this 

may be that catalase activity was significantly 

induced as an adaptive response to the increased 

amount of hydrogen peroxide generated in the group 

as catalase is known to mop up hydrogen peroxide 

which is a reactive oxygen species. There was 

however no significant differences in catalase 

activities in the groups treated simultaneously with 

both sodium arsenite and extract suggesting that an 

immediate mopping up of the reactive oxygen species 

by the extract enhanced antioxidant system is 

inefficient. However, treatment with the extract, two 

weeks after sodium arsenite administration resulted in 

CAT activities that are significantly different from 

sodium arsenite treated group. Similar trends were 

observed form SOD activities across all the groups.  

The result obtained from the phytochemical 

analysis of ethanol extract of Irvingia gabonensis 

(Aubry-Lecompte ex O’RorkeBaill) leaves indicated 

the presence significant amount of tannins, saponins, 

alkaloids, terpenoids, flavonoids and phenols. Tannin 

is more than double the value of flavonoids. Tannin 

has been reported to have anti-inflammatory and 

antiulcer property in rodents, showing a strong 

antioxidant property (Souza et al., 2006). In 

conclusion,  ethanol extract of leaves of Irvingia 

gabonensis (Aubry-Lecompte ex O’RorkeBaill) 

showed potent hepatoprotective and anticlastogenic 

activities in sodium arsenite induced toxicity in rats. 

The extract also enhanced the enzymatic antioxidant 

status of the treated rats. These biological activities 

may be due to the phytochemicals present in the 

extract. Further studies to isolate, purify and 

characterise the active compounds in the extract are 

significant. 
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Summary: This study examined the effect of drinking and gargling on thirst perception (TP) in 33 young dehydrated 

female subjects (18-25yrs), using the visual analogue scale (VAS). Group A subjects drank, while group B gargled the 

fluid provided - 0.0%, 0.9% and 1.8% NaCl (7.0 ml/kg body weight of fluid). The procedure was alternated two weeks 

later. All subjects dehydrated for 18 hours prior to the study, and the last 12-hour urine was collected and volume recorded. 

Subject who provided a 12hr urine volume greater than 400ml was excluded from the study. After recording the baseline 

TP, and voiding the bladder, drinking/gargling was done within 5 minutes, and the subsequent TPs were recorded at 5 

minutes interval for 25 minutes. Blood samples were collected before and at the end of the 30 minutes, when urine 

volumes were recorded. Drinking (0.0% and 1.8% NaCl) resulted in an initial decrease in thirst perception, which was 

statistically significant (p<0.05) only up to 10 minutes. Water intake ad libitum (mean ± SEM) at the end of the 30 minutes 

was statistically significantly lower (p<0.05) only in the group that drank 0.0% NaCl. Gargling on the other hand did not 

affect TP and water intake throughout the period of study. It can be concluded that drinking, but not gargling reduces thirst 

perception irrespective of the tonicity of the fluid as earlier reported (Obika et. al., 2009; Salata et. al., 1987). This study 

suggests that the oropharyngeal receptors for TP are activated by recurrent stimulation by the act of drinking rather than 

gargling.  
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INTRODUCTION 

 

Thirst is a conscious sensation of a need for water 

(Robertson, 1991). It is important for maintaining 

body fluid homeostasis and may arise from deficits in 

either intracellular or extracellular fluid volume 

(Micheal et al., 2004). The stimuli for thirst includes 

increase in plasma osmolality, decrease in blood 

volume, decrease in blood pressure, increase in 

angiotensin II, dryness of mouth and throat (Adolph 

et al., 1954). Among the above listed stimuli, 

evaluation of changes in the concentration of blood 

extracellular fluid, measured as the osmolality of 

blood plasma appears to be the primary regulator of 

thirst. 

Water deprivation results in increased plasma 

osmolality, thirst and increased secretion of arginine 

vasopressin, AVP (Bayliss and Robertson, 

1980Stricker and Verbalis, 2002). Plasma osmolality 

has been linked inextricably to determine the 

sensation of thirst (Baylis and Robertson, 1980). In 

humans, thirst and AVP are controlled by similar 

sensitive osmoregulatory mechanisms such that 

above a certain osmotic threshold of 280 – 288 

mOsm/kg H2O, there is a linear relationship between 

the increase in plasma osmolality (Posm) and the 

increase in AVP and thirst (Bayliss and Robertson, 

1980). Robertson (1991) determined the osmotic 

threshold for the onset of thirst to be about 

294mOsm/kg H2O while that of vasopressin release 

threshold to be about 284 mOsm/kg H2O in healthy 

humans. 

Geelen et al., (1984) reported that the close 

relationship between Posm and PAVP is lost during the 

act of drinking which causes rapid suppression of 

vasopressin secretion before changes in Posm occurs. 

It has also been documented in dogs and humans 

(Bruner, 1993; Haung et al., 2000; Obika et al., 2009) 

that when dehydrated animals drink, vasopressin 

secretion and thirst is rapidly inhibited before 

systemic rehydration is evident. Because absorption 

of ingested water must take time, and systemic 

factors do not change rapidly enough to account for 

the termination of drinking in many species, some 

other rapid, perhaps preabsorptive factor or factors 

must be important. One of such possible mechanism 

could arise from the oropharyngeal stimulation which 

occurs while water is being ingested. Simply tasting 
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the water and swallowing it could be sufficient to 

induce satiety and therefore terminate drinking 

(Obika et al., 2009). 

The early signal that inhibits thirst has been 

widely related to oropharyngeal receptors signals 

originating from the oropharyngeal region (Figora 

and Mack, 1997). Oropharyngeal receptors not only 

contribute to the sensation of thirst but also to the 

control of vasopressin secretion (Geelen et al., 1984).  

Although oropharyngeal factors acting alone may not 

be sufficient to account for the normal termination of 

drinking in most species, it has however been 

suggested to play a role in the initiation and 

maintenance of drinking as well as to contribute to 

the termination of drinking (Holmes, 1964; Rolls et 

al., 1980; Applegreen et al., 1991; Ajayi and Obika, 

2000).  

Research is still on going to fully determine the 

definitive role of oropharyngeal receptors. Obika et 

al. (2009) reported a reduction in thirst during sham-

drinking experiments involving the stimulation of the 

oropharyngeal receptors by repeated gargling in man. 

Since drinking involves “repeated gargling”, the 

purpose of this work is to determine the effect of 

drinking and “single gargling” on thirst perception in 

young dehydrated female subjects. 

 

MATERIALS AND METHODS 
 

Subjects 

The subjects were thirty-three (33) apparently healthy 

female undergraduate volunteers, between the ages of 

18 and 25 years, who gave their consent. Two Groups 

of studies A and B were carried out and each subject 

participated in the two studies, separated by a two (2) 

week interval. The subjects in Group A drank while 

those in Group B did not drink (i.e., gargled) the 

0.0%, 0.9% and 1.8% NaCl solutions. For this 

study the subjects were further divided into three sub-

groups which they maintained for both studies. 

Subgroup 1 of either Group A or B drank or gargled 

distilled water (0.0% NaCl solution) respectively. 

Similarly, subgroups 2 and 3 drank or gargled 0.9% 

or 1.8% NaCl solution respectively. 
 

Procedure for dehydration 

All subjects abstained from drinking water or any 

other fluid for 18hours (3pm-9am). Their last 12hours 

urine (9pm-9am) was collected in a container and the 

volume recorded. Subjects with urine volume greater 

than 400ml were considered not to have adhered to 

the dehydration procedure and were therefore 

excluded from the study. 

Each of the subjects were dehydrated and arrived 

at the laboratory on the day of the experiment prior to 

the end of the dehydration period. Resting blood 

pressure was measured after 15 minutes of rest in the 

laboratory with the subject seated and the right hand 

supported at heart level. Two (2) basal readings were 

obtained on each subject at 3 minutes interval and the 

mean was recorded as the normal blood pressure. 

The subject’s anthropometric data were taken and 

body mass index was calculated from-  

     
           

           
 

At the end of the dehydration period (9am) final 

urine sample was collected to make up the 12hours 

urine volume (9pm - 9am). Aliquots of the urine were 

analyzed for Na
+
, K

+
, Cr and Urea conentrations. 

Blood samples were collected from each of the 

subjects and kept in appropriate anticoagulant bottles 

which were properly labeled. After centrifugation, the 

plasma concentrations of Na
+
, K

+
, Cr and Urea were 

determined. Baseline thirst ratings were estimated by 

the subjects, using the Visual Analogue Scale (VAS) 

as modified by Thompson et al., (1991). The Visual 

Analogue Scale (VAS) is a 10cm marked vertical but 

uncaliberated line which is labeled “Very thirsty” at 

the top mark and “Not thirsty” at the bottom mark. 

The measurement from the bottom mark, to the mark 

made on the VAS by the subject in response to the 

question “How thirsty are you NOW?” gives a 

subjective rating of the thirst perception (TP) at that 

point in time. 
 

Group A Study: Effect of drinking distilled water 

and NaCl solutions on thirst perception 
Thereafter, the subjects drank the respective solutions 

provided (7.0ml/kg body weight of 0.0%, 0.9%, or 

1.8% NaCl) within 5mins. TP was again measured 

using the VAS after drinking and at five (5) minutes 

interval for the next thirty (30) minutes. At the 30
th
 

minute, urine samples were collected in separate 

bottles which made up 30 minutes urine volume, 

blood samples were once again collected.  

Finally the subjects were provided with bottles of 

distilled water with volumes unknown to them. They 

were asked to drink freely till satiety and the volume 

of water drunk by each subject was calculated by 

subtracting the final volume of fluid in the container 

from the initial volume.  

The subjects from group A study returned to the 

laboratory after a 2 weeks interval for the group B 

study, both studies were carried out on the same 

individuals to avoid large error margins. 
 

Group B study: Effect of gargling distilled water 

and NaCl solutions on thirst perception 

As in Group A study, subjects again went through an 

18 hour dehydration period. The subjects then 

gargled the respective solutions (7.0ml/kg body 

weight of 0.0%, 0.9% or 1.8 % NaCl). They gargled 

the entire volume comfortably within 5 minutes, and 

returned the already gargled fluid continuously into a 

container provided. Thereafter, and at 5 minutes 

interval and for 30 minutes, TP was measured using 

the VAS. Blood samples were again collected as well 

as 30 mins urine samples from each subject.  
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Finally, subjects drank ad-libitum the distilled water 

provided and the volume drunk was calculated as 

earlier stated. The gargled fluid returned to the 

containers were  measured  and  subjects who 

returned volumes significantly lower than the initial 

volume given to  them were excluded from the 

experiment. 
 

Calculations: 

1. Fractional excretion of water, (FEH20) was 

calculated using the formula: 

        
     

  
  

 

           
 

Where Pcr =Plasma creatinine concentration 

Ucr =Concentration of creatinine in urine.  
 

2. Fractional excretion of sodium,       was 

calculated using the formula: 

        
                         

                           
 

Where UNa = Urinary sodium concentration 

PNa = Plasma sodium concentration 

PCr = Plasma creatinine concentration 

UCr = Concentration of creatinine in Urine.  
 

Statistical analysis: 

Data were presented as mean + standard error of 

mean (SEM). Intra group and inter group 

comparisons were made using the one way analysis 

of variance (ANOVA). The Students’t-test was used 

for comparisons between the experimental and 

control values. Confidence limit was set at 95% and a 

P value less than 0.05 was considered statistically 

significant.  

RESULTS 
 

Table 1 shows the anthropometric data and baseline 

readings after dehydration in groups A and B 

subjects. There was no significant difference in these 

values measured two weeks apart in the subjects.  

Table 2 shows the mean values of some urine 

characteristics, which were not statistically 

significant between the two groups of subjects  
 

Group A: Effect of drinking 0.0%, 0.9% and 1.8% 

NaCl solution on thirst perception. 

The baseline thirst rating in group A study and their 

thirst ratings after drinking are as shown figure 1. The 

control TP value (Baseline TP) was not significantly 

different within the subgroups. There was a decrease 

(p<0.05) in TP in all the subgroups within five 

minutes after drinking, irrespective of the solution 

drank, although this decrease was only significant in 

subjects that drank 0.0% and 1.8% NaCl solution. 

The gradual decrease in mean TP continued 

significantly up to the 15 minutes in the subjects that 

drank 0.0%. These decreases in TP were followed by 

a gradual rise to the baseline values at the end of the 

experiment. On the other hand, in the 1.8% NaCl 

subgroup, the significant fall in TP was followed by a 

significant rise in the 10
th
 minute after drinking. The 

TP continued to rise till the termination of the 

experiment.   

 
Figure 1: shows the mean basal TP (cm) in the dehydrated 

female subjects (TP at 0), and the changes in the mean TP 

at 5mins interval for 30mins, after drinking 0.0%, 0.90% or 

1.8% NaCl within the first 5mins.  * =p<0.05. 
 

Group B: Effect of gargling 0.0%, 0.9% and 1.8% 

NaCl solution on thirst perception. 

TP was recorded in these subjects at 0mins (baseline 

TP) and at 5 minutes interval for 30 minutes after 

gargling. The control TP (baseline) was not 

significantly different within the subgroup, and there 

was no significant change in TP within 30 minute 

after gargling with 0.0%, 0.9% and 1.8% NaCL. This 

is in marked contrast to the observation in the group 

that drank the fluids. 

Table 1: Anthropometric data, Blood pressure indices and serum Na, K, Cr and Urea level collected from the subjects on 

arrival at the laboratory (expressed as mean ± SEM). 

 

Table 2: Mean baseline characteristics of 12hr urine samples collected during the dehydration period from the subjects 

studied (expressed as mean ± SEM). 
Group Volume (ml) flow rate (ml/min) Na+  (mmol/L) K+ (mmol/L) Cr (mmol/L) Urea (mmol/L) FE Na+ FE H2O 

A (n=33) 353.12 ±22.29 0.49±0.03 201.86 ±9.46 48.20 ±4.91 16.16 ±0.73 396.36 ±12.67 4.16 ±0.29 3.55 ±0.77 

B (n=33) 345.52±24.54 0.49±0.03 197.86  ±6.02 45.88 ±7.64 14.68 ±0.23 399.19 ±9.84 4.99 ±O.22 3.80 ±0.10 

 

Group Age (yr) SBP(mmHg) DBP(mmHg) Wt (Kg) Ht (cm) BMI(Kg/m2) Na+
(mmol/L)

 

  K+
(mmol/L) Cr (mmol/L) Urea (mmol/L) 

A (n=33) 20.94±0.35 111.5±0.5 63.94±0.39 59.94±0.64 162.7±0.4 23.04±0.26 135.0±0.2 3.65±0.04 0.67±0.01 10.71 ±0.22 

B (n=33) 20.94±0.35 112.1±1.04 64.55 ±0.88 60.24±1.83 162.7±1.03 23.15±0.73 134.9±0.71 3.62±0.12 0.69±0.04 10.90±1.63 
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Figure 2: Shows the mean basal TP (cm) in the dehydrated 

female subjects (TP at 0), and the changes in the mean TP 

at 5mins interval for 30mins, after gargling with 0.0%, 

0.90% or 1.8% NaCl within the first 5mins. 

Effect of drinking/gargling the same concentration 

of NaCl solution on TP 
The graph shows the effect or drinking and gargling 

the same volume of 0.0% (Fig. 3), 0.9% (Fig. 4) and 

1.8% (Fig. 5) NaCl solution on thirst perception in 

the same dehydrated subjects at two weeks interval. 

As shown in Fig. 3, TP was statistically significantly 

lower in DW in group A than GW in group B, from 

the 5th minute to the 25th minute after 

drinking/gargling the same volume of distilled water. 

There was however no statistical significant change 

in TP with gargling and/or drinking of the same 

volume of 0.9% NaCl (Fig.4) and 1.8% NaCl (Fig. 5) 

in the dehydrated subjects as shown in the graphs. 

 
Figure 3: Effect of drinking/gargling of 0.0% NaCl 

solution on TP. * =p<0.05 

 

 

 
Figure 4: Effect of drinking/gargling of 0.9% NaCl 

solution on TP. 

 

 

Figure 5: Effect of drinking/gargling of 1.8% NaCl 

solution on TP. * =p<0.05 

Other parameters 

Other parameters including those calculated from 

results of urine and blood sample analysis are as 

shown in tables 3 and 4. All the parameters measured 

in this Group A were similar within the subgroups, 

except the ad libitum water intake, which was 

significantly (p<0.05) lower in the subgroup that 

drank water. 

The volumes gargled and that recovered were 

similar in Group B (Table 4), indicating that the 

subjects in this group did not drink the solution. 

There was no significant difference between the 

subgroups in all the other parameters measured in 

Group B. 

When Groups A and B were compared, there was 

no difference in the ad libitum water intakes (except 

in those that drank 0.0% NaCl solution: 63.6+35.9 vs 

263.2+45.4ml, p<0.05). The volume of 12hr urine 

output and the fractional excretion of water were 

generally lower in Group B, though not statistically 

significant. 
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Table 3: Shows the volume of fluids drunk, 12 hour urine volume, fluid intake ad-libitum, and 30 mins urine 

volume, fractional excretion of water and fractional excretion of sodium after drinking in Group A. 

 
Vol. of fluid 
intake (7.0ml/kg) 

Regurgitated 
Vol. (ml) 

Volume Of fluid 
Intake  ad libitum (ml) 

30 mins Urine 
Vol. (ml) 

12hr Urine 
Vol. 

FEH2O FENa+ 

D.WATER 

(N=11) 
434.36±29.14 0 *63.63±35.93 52.85±7.87 307.36±52.95 6.14±1.90 5.80±0.29 

0.9% NaCl 
(N=10) 

408.10±18.69 0 243.45±70.22 48.50±17.02 326.5±30.90 5.94±1.77 6.09±0.36 

1.8% NaCl 

(N=12) 
417.25±18.82 0 279.17±40.04 47.12±12.18 396.33±36.44 5.09±1.13 6.46±0.27 

(*= P≤ 0.05), vs Euhydrate and Dehydrate 
 

Table 4: Shows the volume of fluids gargled, 12 hour urine volume, fluid intake ad-libitum and 30mins urine 

volume, fractional excretion of water and fractional excretion of sodium after gargling in Group B. 

 
Vol. of fluid 

intake (7.0ml/kg) 

Regurgitated 

Vol. (ml) 

Volume Of fluid 

Intake  ad libitum (ml) 

30 mins Urine 

Vol. (ml) 

12hr Urine 

Vol. 
FEH2O FENa+ 

D.WATER 

(N=11) 
438.45±28.37 438.27±27.90 263.18±45.40 28.08±17.71 322.09±32.41 4.16±0.29 5.80±0.29 

0.9% NaCl 
(N=10) 

411.3±18.94 405.30±21.15 291.0±64.85 22.80±4.35 359.80±37.51 4.15±0.23 6.09±0.36 

1.8% NaCl 

(N=12) 
416.50±19.35 413.25±19.46 264.08±38.59 24.58±4.01 291.58±28.98 4.23±0.18 6.46±0.27 

 

DISCUSSION 

The visual analogue scale has been widely used with 

success as an indirect tool in measuring thirst 

perception in individuals (Seckl et al, 1986; Obika et 

al., 2009). The thirst ratings obtained from the scale 

has been shown to be highly reproducible within 

individuals on repeated testing (Thompson et al., 

1991). In this study the VAS was also employed in 

assessing thirst perception in dehydration and 

rehydration. The baseline thirst perception 

immediately before drinking or gargling the same 

volume of the solutions remained similar in the two 

groups of study.  

From this study a gradual fall in the mean thirst 

rating was observed in all the dehydrated subjects 

that drank the solutions. This decrease was 

statistically significant with 0.0% and 1.8% NaCl 

solution. This decrease occurred right from the 5
th
 

minute after drinking irrespective of the tonicity of 

the fluid drunk. The time duration within which these 

changes were observed is obviously not sufficient for 

substantial changes in plasma osmolality to have 

occurred through absorptive route (Obika et al., 

2009). Since this decrease in TP occurred 

immediately after drinking in these subjects, the 

presence of fluid in the mouth and the act of 

swallowing may have actually stimulated the 

oropharyngeal receptors to cause the decrease in 

thirst perception (Holmes 1964; Applegreen et al., 

1991; Igbokwe and Obika, 2008). 

As observed above, drinking brought about a 

decrease in thirst perception irrespective of the 

tonicity of fluid drunk. In previous works by Obika 

and Mowoe (1997), and Rolls et al., (1980) the 

authors reported a fall TP in normal euhydrate 

subjects when hypertonic, and/or hypotonic fluid 

loads were administered. Geelen et al. (1984) also 

reported a decrease in thirst after drinking hypertonic 

saline. Salata et al. (1987) reported no changes in 

vasopressin level in subjects who held concentrated 

solutions in their mouths for 30mins and thus 

concluded that oropharyngeal receptors are not 

responsive to local changes in osmolality. This is in 

line with our findings that the tonicity of fluid is 

irrelevant with respect to the response of 

oropharyngeal receptors to thirst perception. In 

addition, Crammer (1991) concluded from his study 

that drinking is an activity determined partly by 

oropharyngeal stimulation, and that thirst need not be 

involved.  

In the contrast, thirst ratings taken after “single 

gargling” in this experiment showed no significant 

change from the control throughout the duration. 

However, Obika et al. (2009), recorded a significant 

decrease in thirst perception upon “repeated gargling” 

at 10 minutes interval for 60 minutes with 0.0%, 

0.9% and 1.8% NaCl solution, gargling was done for 

the first 5minutes within the 10 minutes interval, and 

thirst perception was rated 5minutes later, and thus 

they reported that the reduction in thirst perception by 

the oropharyngeal receptors was unrelated to 

drinking. Although single gargling showed no 

significant change throughout the duration of the 

experiment, from the above it can be suggested that 

the receptors present in the mouth require some form 

of agitations such as repeated gargling as was carried 

out by Obika et al. in 2009, or continuous intake of 

bouts of fluid as occurs in drinking, to produce a 

response, since acute stimulation (“single gargling”) 

as carried out in this study did not bring about a 

significant change in thirst perception. These results 

suggest that the oropharyngeal receptors may be 

rapidly adapting. 

Furthermore, the initial decrease in thirst 

perception after drinking was followed by a gradual 

rise in mean thirst rating towards the control TP by 

the 30
th
 minutes. Accordingly, the volume of fluid 
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drunk ad-libitum by the subjects at the end of the 

experiment was not significantly different after 

drinking or gargling of the fluids, but was only 

significantly lower in the subjects that drank 0.0% 

NaCl solution. This suggests that oropharyngeal 

stimulations results in the initial decrease in thirst, but 

does not abolish thirst. 

It can be concluded from this study, that drinking 

but not “single gargling” reduces thirst perception 

irrespective of the tonicity of the fluid. This study 

further suggests that the oropharyngeal receptors are 

activated by recurrent stimulation by the act of 

drinking and may be rapidly adapting. 

 
Part of this work has been presented at the 33

rd
 Annual 

Scientific Conference of the Nigeria Physiological Society, 

held at the Department of Physiology of the University of 

Ibadan, Nigeria, 12-15
th

 February, 2014. 
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Summary: The different constituents of tobacco smoke have been linked to different diseased conditions. In this work, the 

histological effects of cigarette smoke on the cerebellum of adult male Wistar rats were studied. Sixteen Wistar rats with 

mean weight of 153.24 ± 4.12 g were grouped equally into four. The Control Group A was exposed to fresh air, while 

Groups B, C and D animals were each exposed to smoke from one, two and three sticks of cigarette respectively. Each 

stick of cigarette was completely consumed within an average duration of 11 minutes. Improvised smoking chambers were 

constructed and used for the exposure daily, while treatment lasted for 28 days. The animals were thereafter sacrificed by 

cervical dislocation, the cranium was exposed and the brain gently removed and weighed; the cerebellum was excised, 

weighed, and fixed in formol calcium, and subsequently processed for histological observation using the Haematoxylin and 

Eosin staining principle. Loss of weight and reduction in weight gain were noticed in the treatment groups, with 

corresponding reduction in cerebellar weights, in a dose-dependent pattern. Histology also revealed loss of white matter, 

reduction in thickness of cell layers and their cellular components. Increasing dosage of cigarette smoke could predispose 

to progressive compromise in the structural integrity and composition of the cerebellum, and this might result in cerebellar 

dysfunction.  
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INTRODUCTION 
 

The smoke of cigarette contains several chemicals 

that are potentially toxic and carcinogenic to the 

human body, and many of these constituents have 

been linked to different diseased states. Cigarette 

smoking is a known risk factor of many clinical 

conditions, and can also exacerbate some conditions 

(Henderson, 2008; Jill et al., 2006; Tatum and 

Shapiro, 2005). Since many of these constituents, like 

nicotine, cross the blood-brain barrier, the brain has 

become a target also of the toxic effects associated 

with tobacco smoke. 

Studies on long-term neurotoxicity have observed 

increased formation of free radicals and oxidative 

stress in animals exposed to tobacco and alcohol in 

utero (Li and Wang, 2004). Carbon monoxide, a 

component of smoke, contributes to the hypoxic state 

of the brain. Prenatal exposure to carbon monoxide 

causes reduced birth weight and decreased weight 

gain in offspring of smokers, as well as lower 

behavioural activity levels, altered central 

catecholamine activity, and reduction in total brain 

protein at birth (Fechter and Annau, 1977). These go 

on through childhood to cause some forms of 

learning and memory deficits (Mactutus and Fechter, 

1984). The high concentration of reactive oxygen 

species (ROS) in smoke is probably one of the
 
major 

factors contributing to a high incidence of many 

clinical conditions linked with cigarette smoking 

(Palozza et al., 2006). 

Chronic nicotine treatment induces CYP2E1 

expression in the cortical pyramidal neurons and 

cerebellar Purkinje cells, and increased CYP2E1 in 

the brain may contribute to oxidative stress and alter 

localized metabolism (Joshi and Tyndale, 2006). 

Furthermore, long term nicotine administration is 

capable of causing a significant loss of white core of 

cerebellum (Tewari et al., 2010), and this probably 

could result in some forms of derangement in 

cerebellar functions.  

Use of tobacco products during pregnancy has 

been related to some common neurobehavioral and 

cognitive outcomes in the offspring. Such features 

include, increased externalizing behaviour, decreased 

general cognitive function, learning and memory 

deficits, among others (Huizink and Mulder, 2006). 

The current study aimed at determining the effects of 

increasing doses of cigarette smoke on cerebellar 

cyto-architecture of adult wistar rats. 
 

MATERIALS AND METHODS 
 

The research work was conducted in the Animal 

House of the College of Health Sciences, University 

of Ilorin following basic ethical considerations. 
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Breeding of Experimental Animals 

The rats were purchased from an area in Ilorin, 

Nigeria. They were housed in cages with adequate 

space to encourage free movement. They were 

housed under natural light and dark cycles (12hr light 

and 12hr dark) at room temperature and were given 

standard rat pellets and water ad libitum, and were 

allowed to acclimatize for two weeks. 
 

Grouping of Experimental Animals 

A total of 16 male Wistar rats with an average weight 

of 153.24 ± 4.12 g were used for the experiment. 

They were grouped into four groups, each group with 

four rats. However, the grouping of rats was done 

taking into consideration their various weights. 

Exposure of Animals to Cigarette Smoke  

Each animal in the treated groups was exposed to 

cigarette smoke (Pall Mall®) daily for 28 days. 

Exposure time was 6.00 pm local time, and each stick 

of cigarette was completely burnt within an average 

period of 11 minutes. Four smoking chambers were 

constructed for the administration. They were made 

of plastic containers, with a hole of about 1 cm 

diameter created on the lid through which each 

cigarette was suspended with the aid of a thread. The 

lids were opened intermittently to prevent 

suffocation. Exposure of the animals was as 

previously reported (Omotoso et al., 2013), and also 

stated below: 

Group A: Control, exposed to fresh air; 

Group B: exposed to smoke from one (1) stick of 

cigarette; 

Group C: exposed to smoke from two (2) sticks of 

cigarette; and, 

Group D: exposed to smoke from three (3) sticks of 

cigarette. 
 

Animal Sacrifice and Tissue Collection 

 All the Wistar rats were sacrificed 24 hours after the 

last exposure by cervical dislocation. The cranium of 

each animal was opened up using brain forceps and 

the whole brain was carefully removed and weighed; 

the cerebellum was then excised. Tissues were then 

fixed in formol calcium, and processed for  

histological observation using routine Haematoxylin 

and Eosin staining techniques (Bancroft and Cook, 

1984). 

The weights of the animals were taken at intervals 

during the experiment and prior to the time of 

sacrifice, and the cerebellar weight was also taken. 

 

Statistical analysis: 

Data were analysed using student’s t-test, and 

presented as Mean ± SEM, with confidence interval 

at 95% and a P value less than 0.05 was considered 

statistically significant.  

 

RESULTS 
 

Physical Observation 

The mean weight of the animals at the 

commencement of the experiment was 153.24 ±4.12 

g. Changes in weight of animals were observed 

(Table 1) which showed marked reduction in body 

weights in all the groups exposed to cigarette when 

compared to the Control animals. The animals that 

received the highest dose of cigarette smoke (3 sticks 

of cigarette) had the lowest weight difference (that is, 

difference between the final and initial body weights), 

although this least growth rate was not statistically 

significant (p>0.05) when compared to the Control. 

However, the weight difference in animals exposed to 

1 stick (Group B) and 2 sticks (Group C) of cigarette 

was statistically significant (p<0.05). 

Cerebellar weights in all the treated groups 

decreased. While that of Group D that had the highest 

dose of cigarette smoke was lowest (0.2973±0.044; 

p>0.05) compared with the Control Group A 

(0.5287±0.057), weight reduction in other two 

exposed groups (Group B: 0.3623±0.007; Group C: 

0.3124±0.023) was statistically significant (p<0.05). 

The organ-body weight ratio also reduced markedly 

in all exposed groups in a dose- dependent pattern, 

with animals exposed to smoke from 3 sticks of 

cigarette having the least ratio compared to the 

Control animals. 
 

Histological Observation 

Histological sections of the cerebelli of control rats 

showed apparently normal architecture with distinct 

cortical layers: outer molecular, inner granular cell 

layer, between which is the single layer of large 

neurones called Purkinje cells; the central medullary 

region was also seen, made up of white matter 

(Figure 1). The granular cell layer was very populated 

with cells, unlike the molecular layer which had large 

numbers of unmyelinated fibres. Animals exposed to 

smoke from only one stick of cigarette (Group B) 

revealed an apparent increase in cerebellar medulla as 

well as decreased thickness of the middle layer of 

Purkinje cells (Figures 2). 
 

Table 1: Weights of rats and cerebelli following exposure 

to different doses of cigarette smoke 

*P<0.05, C-B.Wt= Cerebellar-Body weight  

Group Initial 

weight 

(g) 

Final 

weight 

(g) 

Weight 

difference 

(g) 

Cerebellar 

weight  

(g) 

C-B.Wt 

ratio 

A 131.25 

±8.17 

214.70 

±9.20 

83.45 0.5287 

±0.057 

0.0025 

B 165.48 

±4.15 

198.23 

±2.67 

32.75* 0.3623 

±0.007* 

0.0018 

C  154.80 

±1.23 

196.82 

±11.01 

42.02* 0.3124 

±0.023* 

0.0016 

D 163.67 

±5.43 

192.27 

±16.53 

28.6 0.2973 

±0.044 

0.0015 



 Niger. J. Physiol. Sci. 29 (2014): Omotoso and Babalola 

Cigarette smoke and cerebellar histology  45 

 

 
Figure 1: Photomicrograph of the cerebellum of control rat 

(Group A) showing apparently normal histology of highly 

cellular granular cell layer (GL), single Purkinje cell layer (PCL), 

molecular layer (ML) with fewer cells, and the central medulla of 

white matter (WM) (H &E x100). 

 
Figure 2: Photomicrograph of the cerebellum of rats exposed to 

one stick of cigarette (Group B) showing increased thickness of 

white matter (WM) compared with the Control, decreased 

thickness of Purkinje cell layer (PCL), with no distinctive 

alteration in the architecture of the granular cell layer (GL) and 

molecular layer (ML). (H &E x100). 

 
Figure 3: Photomicrograph of the cerebellum of animals exposed 

to two sticks of cigarette (Group C) showing a decrease in 

thickness of the granular cell layer (GL), Purkinje cell layer 

(PCL), molecular cell layer (ML) and a loss of white matter 

(WM) (H &E x100). 

 

Photomicrograph of the cerebelli of animals 

exposed to two sticks of cigarette (Group C) showed 

a decrease in thickness of the cortical layers, with 

possible reduction in number of cells, and a loss of 

white matter in the medulla (Figures 3). 

Animals in Group D that were exposed to the 

highest dose of cigarette smoke had a dose-dependent 

 
Figure 4: Photomicrograph of the cerebellum of rats exposed to 

three sticks of cigarette (Group D) showing further decrease in 

thickness of the granular cell layer (GL), decrease in the number 

of cell bodies in the molecular cell layer (ML), Purkinje cells 

(arrows), and loss of white matter (WM) (H &E x100). 

reduction in the size of the cortical layers compared 

with other treated groups, and a  significant decrease 

in the number of cell bodies, and reduced white 

matter in the medulla (Figure 4). 

DISCUSSION 

Significant weight loss was observed in all the 

animals exposed to cigarette smoke when compared 

to animals in the control group, probably due to 

reduced food intake in the exposed groups. This was 

similar to previous studies on cigarette smoking 

which have linked weight reduction with this lifestyle 

both in man and experimental animals (Bishop et al., 

2004; Bellinger et al., 2003; Albanes et al., 1987).  

Smoking is known to decrease insulin sensitivity 

(Gupta et al., 2006; Targher et al., 1997), and cause 

significant reduction in body weight of the animals 

with a significant reduction in adipose tissue (Chen et 

al., 2005), particularly white fat masses, as fat 

deposits might be used as an energy supply under 

these conditions of negative energy balance (Chen et 

al., 2005). Aside the changes in animal weight, the 

cerebelli of the animals in the exposed groups were 

also significantly reduced in weight in a dose-

dependent fashion, with animals exposed to the 

highest dose of cigarette smoke having the lowest 

cerebellar weight and those exposed to the lowest 

dose of only one stick of cigarette having the highest 

cerebellar weight of the three exposed groups. In a 

similar pattern with the organ weights, the organ-

body weight ratio dose-dependently decreased. 

The development of different parts of the brain, 

including the cerebellum, is affected by nicotine 

exposure during prenatal and postnatal periods in rats 

(Dwyer et al., 2009). The adult cerebellum is also 
susceptible to the damaging effects of nicotine treatment 

by causing a significant depletion of the white core of 

cerebellum (Tewari et al., 2010). Through the process of 

apoptosis, interaction of nicotine receptors and nicotine 

results in cell death in brain tissue (Denissenko et al., 
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1996). In the current work, both the cerebellar Purkinje 

cell and granular cell layers were noticed to exhibit 

some degree of shrinkage, or reduction in thickness, in 

animals exposed to cigarette smoke, and this was 

however more in those that received the higher doses, 

compared with the Control animals. Earlier studies with 

nicotine also revealed that administration of nicotine 

specifically inhibits cerebellar Purkinje cells (de la 

Garza et al., 1989), which could result in the reduction 

of Purkinje cells, and consequently, the middle Purkinje 

cell layer of the cerebellum. According to Opanashuk 

and colleagues (2001), activation of nicotinic 

acetylcholine receptors directly affect the development 

of primary cerebellar neuroblasts. With increasing 

dosage of cigarette smoke, a progressive loss of white 

matter was observed, which correlates with the work of 

Tewari et al. (2010) that long-term nicotine exposure 

during adulthood resulted in loss of white matter of the 

cerebellum in rat model system. 

It could be concluded that increased exposure to 

cigarette smoke causes a progressive neurotoxicity on 

cerebellar cytoarchitecture, which could serve as basis 

for some cerebellar lesions in individuals who smoke. 
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Summary: Physiologic studies of Lactobacillus species show that some species cannot synthesize folate de novo, which is 

required for growth. Folate plays a critical role in regulating the amount of tetrahydrofolate in the cell that is utilized for 

DNA replication, and proliferation of the erythropoietic system. We recently sequenced the genome of Lactobacillus 

pentosus KCA1, isolated from a Nigerian subject. The genome has open reading frames coding for the complete genes 

required for folate biosynthesis.  Our previous study shows that rats fed with L. pentosus KCA1 led to enhancement of 

haematological parameters.  Bioinformatic tool such as ClustalW algorithm was used to analyze dihydrofolate reductase 

(folA/dfrA) encoded in the genome sequence of L. pentosus KCA1 for comparative multiple sequence alignments. I-

TASSER was used to predict the 3-D model structure of the protein and potential active binding site residues. Result show 

that two unique amino acid substitutions were found in KCA1_1610 sequence at position 85 with alanine (A-Ala85), while 

other strains have aspartic acid (D-Asp) for other L. pentosus and threonine (T-Thr) for L. plantarum strains at the same 

position. The result suggests that dihydrofolate reductase can be used as a distinguishing marker between L. pentosus 

KCA1 and other pentosus including L. plantarum strains. The secondary structure prediction with I-TASSER revealed 5 

alpha helices and 8 beta-strands. Twelve binding site residues were predicted in KCA1_1610 relative to the template 

protein 2zzaA in protein database (PDB). The predicted structure of KCA1_1610 dihydrofolate reductase can serve as a 

new template as an addition to structural genomics and generation of models for use in drug screening and physiological 

function inference. 

 

Keywords: Lactobacillus pentosus, folate biosynthesis, dihydrofolate reductase, probiotics 

 

©Physiological Society of Nigeria 

 

*Address for correspondence: kanukam@gmail.com  
 
Manuscript Accepted: May, 2014     
 

INTRODUCTION 

Lactobacilli are known to occur in a variety of 

microecology and several species colonize the human 

gut and vagina. Some species have been proven to 

confer health benefits on the host when given in 

adequate amounts, a concept known as probiotics 

(Lebeer, 2008).  The mechanisms of action following 

these health-promoting characteristics are still 

investigated by several scientists.  Probiotic bacteria 

have been shown to improve the immune system and 

biosynthesis of vitamins is one the suggested causal 

relationships of the health benefits. In many 

metabolic pathways of the body, folates  represents 

an important nutritional constituent that are utilized 

for DNA replication, and proliferation of leucocytes, 

erythrocytes and enterocytes (Fuchs et al., 2002).   

The microbiota of the human colon is known to 

produce vitamin K (menaquinones) and most of the 

water-soluble vitamins of group B, including biotin, 

nicotinic acid, folates, riboflavin, thiamine, 

pyridoxine, panthotenic acid, and cobalamin (Hill, 

1997). In fact, the whole genetic information of the 

microbial community (microbiome) of the human 

distal gut revealed a variety of COGs (Clustered 

Orthologous Groups), which are involved in the 

synthesis of several essential vitamins (Gill et al., 

2006). Unlike dietary vitamins, which are mainly 

absorbed in the proximal part of the small intestine, 

the uptake of microbial vitamins predominantly 

occurs in the colon (Said & Mohamed, 2006). 

Colonocytes appear to be able to absorb biotin, 

thiamin, folates, riboflavin, panthotenic acid, and 

menaquinones, indicating that the microbiota-

produced vitamins may contribute to the systemic 

vitamin levels and especially to the homeostasis of 

the vitamins in the localized epithelial cells (Ichihashi 

et al., 1992). Absorption of folate occurs primarily in 

the duodenum and upper jejunum while the colon 

apparently represents a major repository of folate and 

the vitamin produced by the colonic microbiota 
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exceeds dietary intake and affects the folate status of 

the host. It is produced in large quantities by 

intestinal bacteria, mainly as monoglutamylated 

folate, the form that is absorbed at the highest rate 

(Kim et al., 2004). It has been demonstrated that the 

folate synthesized by intestinal bacteria can be 

absorbed across the colon and used by the host 

(Aufreiter et al., 2009). 

The genome sequence of an increasing number of 

strains of Lactobacillus species has provided a major 

contribution to the knowledge of folate biosynthesis 

by these bacteria (De Crécy-Lagard et al., 2007). The 

analysis of genome sequences for predictable 

metabolic pathways using KEGG (Kyoto 

Encyclopedia of Genes and Genomes) database  

(http://www.genome.jp/kegg) suggests that the ability 

to synthesize pABA de novo is absent among all the 

sequenced members of the genus Lactobacillus. In 

fact, the enzymes which are necessary for chorismate 

conversion into pABA are lacking. Moreover, the 

shikimate pathway for chorismate production is 

complete only in the strains of L. plantarum WCFS1 

(Kleerebezem et al., 2003) and L. pentosus KCA1 

(Anukam et al., 2013), while it is absent or partial in 

all the other lactobacilli (Green et al., 1996). 

The genome of Lactobacillus pentosus KCA1 

dedicates 121 genes for the biosynthesis of cofactors 

including twenty-four open reading frames (ORF) 

coding genes involved in the biosynthesis of folate 

(Anukam et al., 2013). Our previous study provided 

useful information on the immuno-regulatory 

potentials of Lactobacillus pentosus KCA1 and 

suggest that ingestion of the strain will not cause any 

deleterious effect on the haematological parameters in 

healthy subjects as the red cell indices of Sprague-

Dawley rats were enhanced (Anukam et al., 2014). 

 The objectives of the present study are to use 

bioinformatic tools to analyze the dihydrofolate 

reductase (folA or dfrA) encoded in the genome 

sequence of Lactobacillus pentosus KCA1 and 

second to determine the 3-D model structure of the 

protein and potential active binding site residues. 
 

MATERIALS AND METHODS 
 

Location of folate biosynthetic genes in L. pentosus 

KCA1 

Folate biosynthesis repertoire was analyzed from 

RAST SEED database (Aziz et al., 2008). The 

Ensembl genome annotation system developed jointly 

by the European Buoinformatic Institute (EBI) and 

the Wellcome Trust Sanger Institute was used for the 

location, extraction of the nucleotide base sequence 

or open reading frame (ORF) and the amino acid 

translation of the dihydrofolate reductase from L. 

pentosus KCA1 (KCA1_1610) 

(http://ensemblgenomes.org/id/EIW13833).  

Sequences similar to dihydrofolate reductase of L. 

pentosus KCA1 were searched for in UniProt® 

database using BLASTp algorithm. 
 

Multiple sequence alignments 

The amino acid translations from the nucleotide bases 

of 16 bacterial organisms were selected from the 
BLASTp of UniProt

®
 database (http://www.uniprot.org/) 

based on product annotation hit (dihydrofolate 

reductase), gene name, % identity, matrix score and 

E-value. These 16 amino acids sequences including 

the sequence of L. pentosus KCA1 

(http://www.uniprot.org/uniprot/I8R625) were imported 

into the ClustalW algorithm for multiple sequence 

alignments. 
 

Prediction of secondary structure, 3-D model, 

similarity structure in PDB, functional and 

binding sites predictions using I-TASSER. 

The iterative threading assembly refinement (I-

TASSER) server is a four stage integrated platform 

for automated protein structure and function 

prediction based on the sequence-to-structure-to-

function paradigm (Roy et al., 2010). The amino acid 

sequence of L. pentosus KCA1_1610 was submitted 

online (Yang, 2008) for the prediction of the 3D 

structure, similar structures in PDB, function and the 

binding site by this integrated algorithm. 
 

RESULTS 
 

The RAST subsystem identified all the genes 

involved in the pterin branch and de novo 

biosynthesis of folate in L. pentosus KCA1 (Figure 

1). Three dihydrofolate reductase dfrA or FolA 

(KCA1_1610, KCA1_2309, KCA1_2335) genes 

were located in the L. pentosus KCA1 chromosome. 

Dihydrofolate reductase KCA1_1610 was found in 

contig AKAO01000040.1 from the DNA assembly 

and located between 1,801,463 and 1,801,954 along 

the L. pentosus KCA1 chromosome.  

Basic Local Alignment Search Tool for proteins 

(BLASTp) from the UNIPROT database yielded 

250 hits with KCA1_1610 amino acid sequence. 

Sixteen Lactobacillus species were selected based on 

the same number of amino acid sequence, annotation 

name- dihydrofolate reductase, percentage identity 

(83-100 %), matrix score and e-value cutoff of 

4.0×10e
-98

 (Table 1). Two Lactobacillus species, 

notably, L. pentosus MP-10 and L. pentosus IG1 had 

98.0 % amino acid sequence identity to KCA1_1610 

with e-value 4.0×10e-115 and 2.0×10e-114 

respectively. The remaining Lactobacillus species had 

83.0% amino acid sequence identity. 

ClustalW multiple sequence alignments showed 

that L. pentosus KCA1_1610 dihydrofolate reductase 

had significant amino acid sequence identity with the 

dihydrofolate reductase from the selected
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Figure 1: Folate biosynthesis pathways as identified with RAST Subsystems. Gene names are white on grey and the 

corresponding L. pentosus KCA1 genes are in green. ADC, aminodeoxychorismate; DHFR, dihydrofolate reductase; 

DHFS, dihydrofolate synthase; DHNA, dihydroneopterin aldolase; DHNTPase, dihydroneopterin triphosphate 

pyrophosphatase; DHPS, dihydropteroate synthase; FPGS, folylpolyglutamyl synthase; HPPK, 

hydroxymethyldihydropterin pyrophosphokinase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2:ClustalW multiple alignment of the amino acid sequence of dihydrofolate reductase. Shown are the 16 

dihydrofolate reductases indicating the gene entry name and the position of dihydrofolate reductase from L. pentosus 

KCA1 (I8R625). Residues in red show unique amino acid substitution relative to other strains. Green colour shows similar 

amino acid residues in L. pentosus strains. Overall homology is indicated under with *. 
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Lactobacillus strains especially L. pentosus MP-10 

and IG1 (Figure 2 and 3).  Two unique amino acid 

substitutions were noted in KCA1_1610 sequence at 

position 85 with alanine (A-Ala85) and valine at 

position Val131, while other strains have aspartic 

acid (D-Asp) for other L. pentosus and threonine (T-

Thr) for L. plantarum strains at the 85 position. 

The secondary structure prediction with I-

TASSER revealed 5 alpha helices and 8 beta-strands 

as shown in figure 4. The first -helix started at 

position 25 (P-Pro25) and ends at position 34 (L-

Leu). It appears the shortest -helix has only three 

amino acid residues and occurred between position 

134 (Y-Tyr134) and 136 (Q-Gln136). The 3-D model 

of KCA1_1610 has a C-score of 1.68 and an 

estimated accuracy of 0.95±0.05 (TM-score-template 

modeling score) and 1.8±1.5Å (RMSD-root mean 

square deviation) based on the 10 templates used for  

 

 

 
Figure 3. Dihydrofolate reductase gene tree. Confidence values 

for the branching order were generated by bootstrapping (based 

on 100 replications). The number at the nodes indicates the 

bootstrap values. The scale bar indicates 1 amino acid 

substitution per 100 amino acids 

 
Figure 4: Predicted secondary structure with I-TASSER showing 5 alpha helices (red color) and 8 beta-strands (blue) and protein 

template (1zdrA) alignment with the top rank normalized Z-score 
 

Table 1. Folate biosynthesis gene identity matrices predicted in L. pentosus KCA1 
Gene entry ID Organism Length(AA) Identity Score E-value Gene name 

I8R625 Lactobacillus pentosus KCA1 163 100.00% 871 4.0×10-117 dfrA KCA1_1610 

F6IRR5 Lactobacillus pentosus MP-10 163 98.00% 858 4.0×10-115  LPE_00223 

G0LZK9 Lactobacillus pentosus IG1 163 98.00% 853 2.0×10-114  LPENT_02812 

M4KHV3 Lactobacillus plantarum ZJ316 163 83.00% 750 1.0×10-98 dfrA zj316_1848 

F9UPJ9 Lactobacillus plantarum WCFS1 163 83.00% 750 1.0×10-98 dfrA lp_1869 

E1TSF5 Lactobacillus plantarum (strain ST-III) 163 83.00% 750 1.0×10-98 dfrA LPST_C1499 

C6VQJ3 Lactobacillus plantarum (strain JDM1) 163 83.00% 750 1.0×10-98 dfrA JDM1_1571 

U6Z0T8 Lactobacillus plantarum WJL 163 83.00% 750 1.0×10-98  LPLWJ_30090 

U2I5L6 Lactobacillus plantarum 2025 163 83.00% 750 1.0×10-98  N876_12100 

R9X2L3 Lactobacillus plantarum 16 163 83.00% 750 1.0×10-98  Lp16_1445 

R4PQX9 Lactobacillus plantarum subsp. plantarum P-8 163 83.00% 750 1.0×10-98 dfrA LBP_cg1422 

M7CV21 Lactobacillus plantarum UCMA 3037 163 83.00% 750 1.0×10-98  H073_01658 

H3P3R2 Lactobacillus plantarum subsp. plantarum NC8 163 83.00% 750 1.0×10-98 dfrA nc8_1602 

D7V9P3 Lactobacillus plantarum subsp. plantarum ATCC 14917 163 83.00% 750 1.0×10-98 folA HMPREF0531_10866 

U2INY3 Lactobacillus plantarum 2165 163 83.00% 749 1.0×10-98  N574_11250 

S2VAP5 Lactobacillus plantarum IPLA88 163 83.00% 746 4.0×10-98  L103_11005 

 

Table 2: Top 10 proteins with highly similar structural analogs in PDB (as identified by ™-align) 

Rank PDB-Hit TM-score RMSDa IDENa Coverage 

1 1zdrA 0.971 0.65 0.435 0.988 

2 3ix9B 0.928 1.33 0.36 0.988 

3 3e0bB 0.924 1.27 0.356 0.982 

4 2w9sB 0.919 1.1 0.376 0.963 

5 3tq8A 0.918 1.24 0.399 0.969 

6 3f0bX 0.917 1.13 0.35 0.963 

7 2zzaB 0.91 1.52 0.381 0.982 

8 2d0kA 0.894 1.63 0.377 0.976 

9 3jsuA 0.89 1.87 0.298 0.988 

10 2blcA 0.889 1.85 0.298 0.988 

(a) Ranking of proteins is based on TM-score of the structural alignment between the KCA1_1610 query structure and known structures in the PDB 

library. (b) RMSDa is the RMSD between residues that are structurally aligned by TM-align. (c) IDENa is the percentage sequence identity in the 

structurally aligned region. (d) Coverage represents the coverage of the alignment by TM-align and is equal to the number of structurally aligned residues 

divided by length of the query protein. 
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Table 3.Top 5 enzyme homologs in PDB 

Rank CscoreEC PDB-Hit TM-score RMSDa IDENa Cov. EC Number Predicted Active Site Residues 

1 0.812 1zdrA 0.971 0.65 0.435 0.988 1.5.1.3  20,27 

2 0.811 3fyvX 0.916 1.14 0.35 0.963 1.5.1.3  20,27 

3 0.794 1ao8A 0.88 1.82 0.381 0.982 1.5.1.3  20,27 

4 0.776 1ddrA 0.88 1.73 0.371 0.976 1.5.1.3  5,27,31,54,98 

5 0.725 3ia4A 0.909 1.49 0.381 0.982 1.5.1.3  5,31,54,98 

(a) CscoreEC is the confidence score for the Enzyme Classification (EC) number prediction. CscoreEC values range in between (0-1); where a higher 

score indicates a more reliable EC number prediction. (b) TM-score is a measure of global structural similarity between query and template protein. 

(c) RMSDa is the RMSD between residues that are structurally aligned by TM-align. (d) IDENa is the percentage sequence identity in the structurally 

aligned region. (e) Cov. represents the coverage of global structural alignment and is equal to the number of structurally aligned residues divided by 
length of the query protein. 
 

Table 4: Template proteins with similar binding site: 

Rank CscoreLB PDB-Hit TM-score RMSDa IDENa   Cov. BS-score Lig. Name Predicted binding site residues 

1 0.65 2zzaA 0.911 1.51 0.381 0.982 1.55 FOL 5,6,7,20,27,28,31,32,50,54,57,98 

2 0.49 2anoA 0.909 1.43 0.371 0.976 1.56 817 5,6,20,27,30,31,46,49,50,104,117 

3 0.49 3kfyA 0.913 1.39 0.371 0.976 1.48 JZM 5,14,20,27,28,31,98,99,100,104,117 

4 0.48 2w9sD 0.911 1.18 0.376 0.963 1.48 TOP 5,6,7,18,20,27,31,98,104 

5 0.39 3tq8A 0.918 1.24 0.399 0.969 1.51 NDP 

6,7,14,15,18,19,20,43,44,45,46,62,63,64,6

5,78,79,98,99,100,101,102,103,106,127 

6 0.35 2kgkA 0.776 2.6 0.301 0.957 1.1 N22 5,50,52,55,98 

7 0.26 3ia5B 0.892 1.59 0.38 0.969 1.74 PO4 43,45,46,100,103 

8 0.24 1ddrB 0.887 1.65 0.371 0.976 1.35 URE 57,58,59,72,74 

9 0.07 3fl9D 0.915 1.31 0.358 0.976 1.02 CA 109, 110, 111, 112, 162 

(a) CscoreLB is the confidence score of predicted binding site. CscoreLB values range in between 0 and 1; where a higher score indicates a more reliable 

ligand-binding site prediction. (b) BS-score is a measure of local similarity (sequence & structure) between template binding site and predicted binding 

site in the query structure. Based on large scale benchmarking analysis, we have observed that a BS-score >1 reflects a significant local match between 

the predicted and template binding site. (c) TM-score is a measure of global structural similarity between query and template protein. (d) RMSDa the 

RMSD between residues that are structurally aligned by TM-align. (e) IDENa is the percentage sequence identity in the structurally aligned region. 

(f) Cov. represents the coverage of global structural alignment and is equal to the number of structurally aligned residues divided by length of the query 

protein. 

 
Figure 5: 3D model of KCA1_1610 dihydrofolate reductase as determined with I-TASSER based on alignments with 2zzaA-PDB. The 

co-ordinate file model in PDB format was visualized with Jmol molecular visualization program showing the position of the predicted 

binding site residues. Red color indicates the -helices, while yellow indicates the -pleated sheet. Magenta (+3 turns) and White (+2 

turns).  

 
Figure 6: Comparative structure of 100% van der waal forces between KCA1_1610 dihydrofolate reductase and the top rank proteins in 

the PDB for similar binding site ligands (2zzaA), functional enzyme homologs and highly similar structure (1zdrA)  
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alignments with 1zdrA-PDB having the top rank 

normalized Z-score of 4.37. The co-ordinate file of the 

L. pentosus KCA1_1610 dihydrofolate reductase model 

was downloaded in PDB format and Jmol molecular 

visualization program (Hanson, 2010) was used to view 

the predicted structure as shown in figure 5.  Proteins 

with highly similar structure in PDB as identified by 

TM-align are shown in Table 2. The protein 1zdrA 

PDB-hit as the top rank has a TM-score of 0.971 and a 

coverage of 0.988. 

Five enzyme homologs were identified in PDB as 

having similar functions to the predicted KCA1_1610 

sequence (Table 3). Notably, 1zdrA PDB-hit has the top 

rank with confidence score of 0.812 for the Enzyme 

Classification (EC) number (1.5.1.3).  The predicted 

active site residues were identified as residues at 

position 20 and 27 in the KCA1_1610 amino acid 

sequence relative to three proteins in the PDB (1zdrA, 

3fyvX, and 1ao8A). Predicted gene ontology (GO) 

terms associated with the KCA1_1610 query sequence 

identified 1zdrA from the PDB-hit with 6 GO terms. 

This protein has the top GO confidence score of 0.75 

and TM-score of 0.9708. 

Nine template proteins with similar binding site residues 

were predicted relative to KCA1_1610 sequence (Table 

4). The template protein 2zzaA from  

PDB-hit predicted binding site residues at position  

5,6,7,20,27,28,31,32,50,54,57,98 relative to 

KCA1_1610 and has FOL (Folic Acid) as the ligand 

name and ligand-binding site prediction top rank with 

confidence score of 0.65. Figure 6 shows the 

comparative structure of 100 % van der waal forces 

between KCA1_1610 dihydrofolate reductase and the 

top rank proteins in the PDB for similar binding site 

ligands (2zzaA), functional enzyme homologs and 

highly similar structure (1zdrA). 
 

DISCUSSION 

DHFR is a key enzyme in folate metabolism and play a 

critical role in regulating the amount of tetrahydrofolate 

in the cell. Tetrahydrofolate and its derivatives are 

essential for purine and thymidylate synthesis, which 

are important for cell proliferation and cell growth 

(Schnell, 2004). L. pentosus KCA1 was found to encode 

three genes coding for dihydrofolate reductase (EC 

1.5.1.3) while L. plantarum WCSF1 has only one, 

suggesting that L. pentosus is equipped with more 

enzyme capabilities to produce folate. The amino acid 

composition of the gene coding for the dihydrofolate 

reductase with 163 amino acid residues from L. 
pentosus KCA1_1610 has a calculated molecular mass 

of 18, 665 daltons and it belongs to the protein family 

number PF00186 specific for DHFR (Myllykallio et al., 

2003) 

Clustal W multiple sequence alignment matrices (%) 

of the selected organisms clearly show that all the L. 

plantarum strains, with the exception of L. 

plantarum_2165 and L. plantarum_IPLA88 strains have 

the same sequence identity. This can be visualized from 

the phylogenetic gene tree (NJT) demonstrating the 

relatedness of the L. plantarum strains (Figure 3). The 

gene tree clearly shows that L. pentosus KCA1_1610 

dihydrofolate reductase can be distinguished from other 

pentosus strains as the relationships at the node is 

apparently resolved. This suggests that KCA1_1610 can 

be used as a distinguishing marker between L. pentosus 

KCA1 and other pentosus including L. plantarum 

strains. However, dihydrofolate reductase of L. pentosus 

KCA1_1610 is closely related to L. pentosus IG1 and 

MP-10 than to L. plantarum strains. This is similar to 

our previous findings where the gene trees of the three 

conserved (housekeeping) genes (recA, dnaK, pheS) 

suggests that L. pentosus KCA1 is closer to L. pentosus 

IG1 and L. pentosus MP- 10 with higher percentage 

identity than to L. plantarum WCFS1 housekeeping 

genes (Anukam et al., 2013). The impact of the unique 

amino acid substitution at position 85 with alanine is yet 

to be determined and it would be interesting to know if 

there would be any difference on the biosynthesis of 

folate between L. pentosus KCA1 and L. pentosus MP-

10 and IG1. 

The secondary structure prediction was based on the 

alignment of KCA1_1610 to 1zdrA-PDB having top 

rank normalized Z-score. KCA1_1610 protein is in the 

same class with 1zdrA with EC number of 1.5.1.3. This 

class of enzyme from the physical characterization of 

the protein from Bacillus stearothermophilus indicates 

that it is a monomeric protein with a molecular mass of 

18,694.6 Dalton, coincident with the mass of 18 694.67 

Da calculated from the primary sequence (Kim et al., 

2005). Determination of the X-ray structure of 

KCA1_1610 will provide an insight on whether the 

structure will turn out to be monomeric and if the 

calculated molecular mass of 18,665 will tally with the 

physical molecular mass.  

Similarly, KCA1_1610 produced a hit to 1zdrA 

having the top rank confidence score in the enzyme 

homologs. C-score
EC

 is the confidence score for the 

Enzyme Classification (EC) number prediction. C-

score
EC

 values range between 0 and 1; where a higher 

score indicates a more reliable EC number prediction. 

The predicted active binding site shows that residues 

Leu20 and Asp27 are found to be involved in 

KCA1_1610 protein, similar to three proteins (1zdrA, 

3fyvX, 1ao8A) in the PDB. Recent study has shown that 

the nature of C-H→C transfer, and a phylogenetic 

analysis of DHFR sequences are consistent with 

evolutionary preservation of the protein dynamics to 

enable H-tunneling from well re-organized active sites 

(Francis et al., 2013). 

The predicted gene ontology (GO) terms for 

KCA1_1610 identified 1zdrA PDB with 6 GO terms for 

biological functions, of which the structurally based 

sequence alignment of DHFRs indicates the following 

levels of sequence identity for KCA1_1610; 43% with 

1zdrA, 37% and 35% with 3q10A and 3m08A PDB 

respectively. The implication of large number of GO 

terms associated with KCA1_1610 suggests that the 

protein may have biological attributes high in 

dihydrofolate reductase activities with a capacity to 
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optimize H-tunneling from donor (NADPH) to acceptor 

(DHF) substrates (Kim et al., 2005). 

The template protein (2zzaA) with similar binding 

site residues was predicted to occur at 12 positions (Ile5, 

Trp6, Ala7, Leu20, Asp27, Met28, Phe31, Lys32, 

Phe50, Leu54, Arg57, Ile98) of the KCA1_1610 

sequence. The template protein 2zzaA has the top rank 

confidence score for ligand binding site represented as 

FOL (Folic Acid). X-RAY DIFFRACTION with 

resolution of 2.00 Å shows that the template protein has 

three ligands including FOL (DOI:10.2210/pdb2zza/pdb). 

In conclusion, bioinformatics tools have 

characterized the dihydrofolate reductase predicted in 

the genome sequence of Lactobacillus pentosus KCA1 

as a protein with 5 alpha helices and 8 beta-strands. The 

protein putatively employs 12 amino acid residues as 

the ligand binding sites and has two unique amino acid 

substitutions at position ala85 and at position val131 

relative to other lactobacillus species in the same clad. 

The structure of KCA1_1610 dihydrofolate reductase 

may serve as a new template that may be an addition to 

structural genomics and generation of models for use in 

drug screening and physiological function inference.  
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Summary: Cuscuta australis (C. australis) seed and stem are commonly used as dietary supplements in a maize-meal, 

“Ogi”, by the local population for the management of male and female reproductive dysfunctions. This study, as a part of 

on-going efforts, therefore, evaluated and compared the effects of Low Protein-energy (LP) and Normal Protein-energy 

(NP) diets on the sperm morphology and characteristics of adult Wistar rats orally dosed aqueous extracts of C. australis 

seed (LPSE and NPSE) and stem (LPST and NPST), 300mg of extract/kg body weight of rat/day, for seven days. The 

control groups (LPWA and NPWA) received vehicle, water. Live-dead ratio and percentage of sperms with curved tail 

were significantly decreased (p<0.01) in the NPST relative to the NPWA, LPWA, LPST, NPSE and LPSE. Total abnormal 

sperm counts, acephalic sperms and tailless head sperms were significantly decreased (p<0.001, p<0.05 and p<0.001, 

respectively) in the LPST and NPST relative to LPSE, NPSE, LPWA and NPWA. The LPSE, LPST and NPST showed 

significantly decreased (p<0.05) percentages of sperms with either bent mid-piece or curved mid-piece relative to the 

LPWA. Significantly decreased (p<0.05) percentage of sperms with curved mid-piece was also observed in the NPSE 

relative to LPWA. Protein-energy diet significantly influenced (at least p<0.05) the effect of each extract on sperm motility 

and percentage of sperms with curved tail. Stem extract significantly decreased (p<0.01) the percentages of acephalic 

sperms and tailless head sperms. Diet-stem extract interaction significantly influenced (p<0.05) live-dead ratio. Our data 

suggest that orally administered aqueous extracts of C. australis generally enhanced the sperm morphology and 

characteristics of the male Wistar rat and that the stem extract maintained sperm morphology better than the seed extract. It 

also showed that the stem extract decreased live-dead ratio and that the efficacy of orally administered aqueous C. australis 

stem extract may be affected by variations in dietary protein-energy levels. 
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INTRODUCTION 

 

Cuscuta australis R. Br, commonly called dodder, is 

an annual parasitic plant that forms the major flora of 

the tropical East and West Africa, Sudan, 

Madagascar, Southern Europe, Japan and Australia 

(Maria, 1987). Dodder is classified as a member of 

the Morning-Glory Family (Convolvulaceae) in older 

references, and as a member of the Dodder Family 

(Cuscutaceae) in the more recent publications 

(Davidson and Frey, 2005). Cuscuta australis has a 

fairly slender stem that is up to 0.5 millimetres in 

diameter. The flowers are about 2 millimetres long 

and broad (up to 3 mm. in fruit). The seeds are about 

1.25 millimetres long (Verdcourt, 1963). Ye et al. 

(2002) observed that both the seeds and stems of C. 

australis contained a high amount of kaempferol, a 

flavonol compound.  

The seed and stem of C. australis, locally called 

"Omoonigelegele", are traditionally added to a maize-

meal in the South Western part of Nigeria for the 

management of male and female reproductive 

dysfunctions. Ozegbe and Omirinde (2012) reported 

that aqueous C. australis seed and stem extracts 

induced significant effects on the plasma 

concentrations of follicle stimulating hormone, 

luteinizing hormone, testosterone and the testicular 

histomorphometry of the adult male Wistar rat. 

However, there is dearth of literature on the effect(s) 

of C. australis extracts on the sperm characteristics 

and morphology.  

Protein-energy malnutrition, according to Ozegbe 

and Omirinde (2012), induces alterations in the 

mailto:pcozegbe@yahoo.com
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morphophysiology of the seminiferous tubules of the 

adult Wistar rat. Decreased spermatogenesis and its' 

associated changes in circulating androgen and 

gonadotropin levels (Vawda and Mandlwana, 1990) 

have also been observed by Guaragna et al.(1986) to 

occur in the seminiferous tubules of malnourished 

rats. Malnutrition affects absorption, protein binding, 

distribution, biotransformation and renal elimination 

of xenobiotics/drugs (Krishnaswamy, 1987). 

However, there is no literature, to the best of our 

knowledge, on the effects of the interactions between 

protein-energy malnutrition and aqueous C. australis 

extracts on the sperm characteristics and morphology 

of the adult Wistar rat. 

This study, therefore, evaluated the influence of 

protein-energy malnutrition on the characteristics and 

morphology of the spermatozoa of adult Wistar rats 

orally dosed with either aqueous C. australis seed or 

stem extracts, three possible scenarios in the 

developing world plagued with malnutrition and 

increasing incidence of male reproductive 

dysfunction. 

 

MATERIALS AND METHODS 
 

Experimental animals and their feeding 

Thirty adult male Wistar rats, free from any 

observable ailment, obtained from the Experimental 

Animal Unit, Faculty of Veterinary Medicine, 

University of Ibadan, Nigeria, were used for this 

study. The rats weighed between 200-250g at the 

commencement of the experiment. All the rats were 

kept in galvanized wire mesh cages in a fly-proofed 

house, under hygienic conditions, in six groups of 

five animals each. The two rat feed formulations of 

Akingbemi et al. (1996), Normal Protein-energy (NP, 

16.55% total protein, 16.04 mJKg
-1

 gross energy) and 

Low Protein-energy (LP, 6.21% total protein, 18.11 

mJKg
-1

 gross energy) diets, were used throughout the 

experiment. The feed rations and drinking water were 

supplied ad libitum throughout the duration of the 

experiment. 
 

Experimental design 

The 30 adult rats were randomly assigned to two 

dietary protein-energy groups; Low Protein-energy 

(LP) and Normal Protein-energy (NP) diets. Each 

dietary group, LP and NP, was further divided into 

three groups, each containing five rats, as follows: (i) 

untreated control groups that received vehicle, 

distilled water, only (LPWA, NPWA), (ii) treated 

groups that received aqueous extract of Cuscuta seed 

(LPSE, NPSE) and (iii) treated groups that received 

aqueous extract of Cuscuta stem (LPST, NPST). All 

rats were placed on the appropriate diet two weeks 

before commencement of the experiment.  

Preparation of aqueous extracts and dosing 

Mature seeds and stems of C. australis, collected 

from Abeokuta, Ogun State, Nigeria, were identified, 

numbered (UIH-22351) and deposited at the 

Department of Botany, University of Ibadan, Ibadan, 

Nigeria. One hundred and fifty grams of each sample 

was dried, powdered, decocted, and refluxed three 

times with 450mL of water, and then filtered as 

earlier reported by Ozegbe and Omirinde (2012). The 

filtrates were concentrated by rotary vacuum 

evaporation and then lyophilized with a freeze dryer. 

The yield of aqueous extracts of the seeds and stems 

were 15.33% and 13.33% (w/w) respectively. The 

lyophilized powder was dissolved in distilled water 

(300mg of extract in 1ml of distilled water) before 

oral administration to the experimental animals in 

accordance with the procedure of Yen et al. (2007).  

After the 14 days of stabilization, each rat in the 

Cuscuta seed-treated (LPSE, NPSE) and the Cuscuta 

stem-treated (LPST, NPST) groups was weighed 

using a digital balance (Scout Pro. SPU 402, OHAUS 

Corporation, Pine Brook, New Jersey, USA) and each 

rat in each group administered by oral gavage with 

300mg/kg daily of the appropriate aqueous extract for 

seven days. The control groups (LPWA and NPWA) 

were also weighed and received only distilled water 

(1ml/kg body weight) by oral gavage.  
 

Semen collection 

The animals were weighed, deeply anaesthetized with 

ketamine (100mg/kg bodyweight) and xylazine 

(10mg/kg bodyweight) combination, and sacrificed 

on Day 8 of the experiment. Semen samples were 

collected from the cauda epididymidis. 
 

Sperm motility 

The percentage of sperm cells in a unidirectional 

progressive movement over a field on a slide was 

observed, using a light microscope as described by 

Zemjanis (1977). Briefly, a small drop of semen was 

placed on a warmed slide, mixed with one drop of 

warm sodium citrate and covered with a glass slip. 

Sperm cells moving in a straightforward 

unidirectional motion were counted while sperm cells 

moving in circles, in backward direction or showing 

pendulating movement were excluded.  
 

Live-Dead ratio or Percentage liveability (%) 

One drop of semen was mixed with one drop of 

eosin-nigrosin stain on a warm slide as described by 

Wells and Awa (1970). A thin smear was then made 

from the mixture of semen and stain. The smear was 

then air-dried and a total of four hundred sperms 

observed under the microscope. The live and the dead 

sperm cells were separately counted and the ratio of 

the live to dead sperm cells was calculated according 

to the method of Zemjanis (1977). 
 

Sperm morphological defects  

Morphological defects in a total of 400 sperm cells 

were determined using the method of Wells and Awa 

(1970). Briefly, a drop each of Wells and Awa stain 

and semen were placed on a warm slide, mixed, and 
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with another slide, a smear was made. The stained 

smear was then air dried and viewed under the light 

microscope. The defects were classified as described 

by Bloom (1973) and Parkinson (2001). 
 

Statistical Analysis 
The data obtained were subjected to one-way analysis 

of variance (ANOVA) and two-by-two random block 

design ANOVA. The group means were separated by 

Duncan’s Multiple Range Test (DMRT). The level of 

significance was p<0.05. Results were presented as 

mean ± standard error of mean (SEM). 
 

RESULTS 
 

Control versus aqueous seed and stem extracts 

Sperm motility 

There were no significant differences (p>0.05) 

between the sperm motility of NPWA, LPSE, NPSE, 

LPST and the NPST. There were also no significant 

differences between the sperm motility of the LPWA, 

LPSE, NPSE and the LPST. However, sperm motility 

was significantly decreased (p<0.05) in the LPWA 

relative to NPWA and NPST (Fig.1) 
 

Live dead ratio or Percentage liveability (%) 

Live dead ratio of sperm cells was significantly 

decreased (p<0.01) in NPST relative to NPWA, 

LPWA, NPSE, LPSE and LPST (Fig. 2). 
 

Total abnormal sperm counts as a percentage (%) of 

total sperm count 

There were no significant differences (p>0.01) 

between the total abnormal sperm cells of NPWA and 

LPWA. However, the NPST and LPST showed 

significant reductions (p<0.001) in the total abnormal 

sperm counts relative to NPWA, LPWA, NPSE and 

LPSE (Fig.3). 
 

Sperms with tailless heads (normal head without tail) 

as a percentage (%) total sperm defects 

The NPWA, LPWA, NPSE and LPSE showed 

significant increases (p<0.01) in the percentages of 

tailless head spermatozoa relative to the NPST and 

LPST (Table 1). 
 

Sperms with headless tails (acephalic sperms or 

normal tail without head sperms) as a percentage 

(%) of total sperm defects 

There were no significant differences (p>0.05) 

between the percentages of headless tail sperms of the 

NPWA and NPSE, as well as between those of the 

LPWA and LPSE. However, percentages of headless 

tail sperm were significantly decreased (p<0.05) in 

both the LPST and the NPST relative to the LPWA, 

NPWA, LPSE and NPSE as shown in Table 1. 

Sperms with curved tails (% of total sperm defects) 

Percentages of sperms with curved tails were 

significantly decreased (p<0.001) in the NPST 

relative to NPWA, LPWA, NPSE, LPSE and LPST 

(Table 1). Non-significant differences (p>0.01) were, 

however, observed between the percentages of 

sperms with curved tails in the NPWA, LPSE and 

LPST as well as between those of LPWA and NPSE.  
 

 
 

Fig.1. Mean ± SEM sperm motility (%) of Cuscuta australis-

treated rats fed either normal or low protein-energy diets. *p < 

0.05, Values with different superscripts are significantly different. 

 
 

Fig.2. Mean ± SEM sperm liveability or live-dead ratio (%) of 

Cuscuta australis-treated rats fed either normal or low protein-

energy diets. **p < 0.01, Values with different superscripts are 

significantly different 
 

 
Fig.3. Mean ± SEM total abnormal sperm cells count (%) of 

Cuscuta australis-treated rats fed either normal or low protein-

energy diets. ***p < 0.001, Values with different superscripts are 

significantly different. 
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Table 1: Sperm morphological defects (%) of rats that were fed either normal or low protein-energy diets and orally 

administered aqueous extracts of either Cuscuta australis seed or stem. 
 NPWA  LPWA  NPSE LPSE NPST LPST 

TH** 2.24 ± 0.34a 2.47 ± 0.39a 1.92 ± 0.28a 2.02 ±  0.27a  1.07 ± 0.15b 1.03 ± 0.14b 

HT* 1.49 ± 0.08abc 1.69 ± 0.26ab 1.43 ± 0.27abc 1.88 ± 0.23a 1.04 ± 0.93c 1.12 ± 0.12bc  

RT 0.62 ± 0.1 0.55 ± 0.09  0.54 ± 0.12 0.64 ± 0.06 0.49 ± 0.11  0.34 ± 0.13 

Bent tail 3.04 ± 0.29 2.93 ± 0.27 2.66 ± 0.19 2.48 ± 0.12 2.06  ± 0.09 3.32  ± 1.42 

CT*** 2.3 ± 0.14ab 3.03 ± 0.12a 2.37 ± 0.17b 2.28 ± 0.13ab 1.97 ± 0.07c 2.15 ± 0.04ab 

LT 0.5 ± 0.14 0.50 ± 0.11 0.49 ± 0.11 0.45 ± 0.18 0.39 ± 0.12 0.34 ± 0.12 

BM* 2.74 ± 0.21ab 3.13 ± 0.23a 2.47 ± 0.1ab 2.12 ± 0.43b 2.07  ± 0.06b  2.0  ± 0.33b 

CM* 2.67  ±0.24ab 3.28  ± 0.36a   2.32  ± 0.09b 2.09  ± 0.45b 2.17  ± 0.15b 2.16  ± 0.05b 

Values in the same row with different superscripts are significantly different. *p< 0.05, **p< 0.01, *** p< 0.001 TH 

(Tailless head or normal head without tail), HT (Headless tail or normal tail without head or acephalic sperm), RT 

(Rudimentary tail), CT (Curved tail), LT (Looped tail), BM (Bent mid-piece), NPWA (Normal Protein-energy diet-Water), 

LPWA (Low Protein-energy diet-Water), NPSE (Normal Protein-energy diet-Seed), LPSE (Low Protein-energy diet-

Seed),  NPST (Normal Protein-energy diet-Stem), LPST (Low Protein-energy diet-Stem).  

Table 2: Influence of diets and/or aqueous Cuscuta australis extracts on the total abnormal sperm counts and spermiogram 

(%) of the Wistar rat 
Parameter  

 

Diets (D) Extracts (Ex)   D-Ex interaction 

NP LP  

WA 

 

SE 

 

ST 

 

SE 

 

ST  WA SE ST WA SE ST 

Motility 75 62 76 48 62*** 60*** 61.5 62 68 ** ns 

L:D 94.5 91.6 78 91.6 90 94.4 93.05 90.8 86.2 ns * 

TAC 15.5 14.21 11.22 17.14 14.66 11.26 16.32 14.44* 11.24*** ns ns 

ns (Not significant), *p<0.05, **p<0.01, ***p<0.001.Normal protein- energy (NP), Low protein-energy (LP), Control 

(WA), Seed (SE), Stem (ST), Total abnormal sperm/cell counts (TAC) and L: D (Live dead ratio).  

Table 3: Influence of diets and/or aqueous Cuscuta australis extracts on the total abnormal sperm counts and spermiogram 

(%) of the Wistar rat 

 

Parameters  

Diets (D) Extracts (Ex)  D-Ex interaction 

NP LP  

WA 

 

SE 

 

ST 

 

SE 

 

ST WA SE ST WA SE ST 

HT 2.24 1.92 1.086 2.47 2.02 1.03 2.36 1.66 1.08** ns Ns 

TH 1.49 1.43 1.04 1.69 1.88 1.12 1.59 1.97 1.06*** ns Ns 

RT 0.62 0.54 0.49 0.55 0.64 0.34 0.59 0.59 0.42 ns Ns 

BT 3.04 2.66 2.058 2.93 2.48 3.32 2.99 2.57 2.69 ns Ns 

CT 2.3 2.37 1.97 3.03 2.28 2.15*** 2.67 2.33* 2.06*** * * 

LT 0.5 0.49 0.39 0.50 0.45 0.34 0.50 0.47 0.37 ns Ns 

BM 2.74 2.47 2.07 3.13 2.12 2.00 2.94 2.3* 2.04** ns Ns 

CM 2.67 2.32 2.17 3.28 2.09 2.16 2.98 2.2* 2.16** ns Ns 

ns (Not significant), *p<0.05, ***p<0.001. Normal protein-energy (NP), Low protein-energy (LP), Control (WA), Seed 

(SE), Stem (ST), Tailless head or normal head without tail (TH), Headless tail or normal tail without head or acephalic 

sperm (HT), Rudimentary tail (RT), Curved tail (CT), Looped tail (LT), Bent mid-piece (BM) and Curved mid-piece 

(CM). 

 

Percentages of sperm with either rudimentary tail or 

bent tail or looped tail (each is presented as a % of 

total sperm defects) 

There were no significant differences (p>0.05) 

between the percentages of sperm with either 

rudimentary tail or bent tail or looped tail in the adult 

Wistar rats used in this study (Table 1). 
 

Sperms with bent mid-piece (% of total sperm 

defects) 

There were no significant differences (p>0.05) 

between the bent mid-piece percentages of NPWA, 

NPSE and LPWA (Table 1). However, the 

percentages of sperms with bent mid-piece decreased 

significantly (p<0.05) in the LPSE, LPST and NPST 

relative to the LPWA, NPWA and NPSE (Table 1). 

Sperms with curved mid-piece (% of total sperm 

defects) 

The NPSE, LPSE, NPST and LPST showed 

significantly decreased  (p<0.05) percentages of 

sperms with curved mid-piece relative to the LPWA 

and NPWA (Table 1).There was a non-significant 

difference between the percentages of sperms with 

curved mid-piece in the LPWA and the NPWA 

(Table 1).  
 

Control versus aqueous seed extract:  

Sperm motility 

Aqueous seed extract non-significantly altered 

(p>0.05) the percentage of sperm motility in the 

Wistar rat. The percentage of sperm motility was 

however, significantly decreased by the dietary 

protein-energy level (p<0.001) and influenced by the 

diet-seed interaction (p<0.01) as shown in Table 2. 

Generally, low protein-energy diet decreased sperm 
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motility but the seed extract ameliorated the dietary 

effect. 
 

Live dead ratio / Percentage liveability (%) 

Protein-energy diet, seed extract and diet-seed 

interaction had no significant influence (p>0.05) on 

the live dead ratio of sperm cells of the adult Wistar 

rat (Table 2). 
 

Total abnormal sperm cells count  

Seed extract, relative to the control, significantly 

decreased (p<0.05) the percentage of total abnormal 

sperm cell counts (Table 2). Protein-energy diet as 

well as diet-seed interaction induced non-significant 

effects (p>0.05) on the percentage of total abnormal 

sperm cells (Table 2). 
 

Percentages of sperm with either headless tail (normal 

tail without head) or tailless head (normal head without 
tail) or rudimentary tail or bent tail or looped tail 

The diet, the seed extract and the diet-seed interaction 

non-significantly altered (p>0.05) the percentages of 

sperms with either headless tail or tailless head or 

rudimentary tail or bent tail or looped tail in the adult 

Wistar rats used in this study (Table 3). 

 

Sperms with curved tail (% of total sperm defects) 
The percentages of sperms with curved tail observed in 

each treatment group of the adult Wistar rats were 

significantly altered (p<0.05) by protein-energy diet 

(increased by normal protein-energy; decreased by low 

protein-energy), seed extract (decreased) and diet-seed 

interaction (Table 3). The increased percentage of 

sperms with curved tail observed in the rat that received 

low protein-energy diet alone was ameliorated by the 

administration of the aqueous seed extract. Curved tail 

defect in the rats that received normal protein-energy 

diet was, however, mildly exacerbated by the 

administration of the aqueous seed extract.   

 

Sperms with either bent or curved midpiece (each as a 

% of total sperm defects) 
Seed extract significantly decreased (p<0.05) the 

percentages of sperms with bent mid-piece as well as 

those with curved mid-piece as shown in Table 3. 

Protein-energy diet alone and diet-seed interaction 

induced non-significant effects (p>0.05) on the 

percentages of sperms with either bent or curved mid-

piece (Table 3).  
 

Control versus aqueous stem extract: 

Sperm motility 

Low protein-energy diet significantly decreased 

(p<0.001) the sperm motility of the adult Wistar rats 

used in this study (Table 2). The effect of low protein-

energy diet was antagonized by the stem extract. 

Aqueous stem extract and diet-stem interaction induced 

non-significant effects (p>0.05) on the percentages of 

sperm motility as shown in Table 2.  

 

Live dead ratio (%) 

Dietary status and stem extract treatment had no 

significant influence (p>0.05) on the live dead ratio of 

the sperm of adult Wistar rats used in this study (Table 

2). The interaction between dietary protein-energy and 

aqueous stem extract significantly altered (p<0.05) the 

live dead ratio as shown in Table 2. 

 

Total abnormal sperm counts  
Total abnormal sperm count was significantly decreased 

(p<0.001) by the aqueous stem extract relative to the 

control (Table 2). Both the diet and diet-stem interaction 

induced non-significant effects (p>0.05) on the total 

abnormal sperm cell counts (Table 2). 

 

Sperms with headless tail (% of total sperm defects) 

Stem extract-treated rats showed significantly decreased 

(p<0.001) percentages of sperms with headless tail 

(Table 3). Dietary status and diet-stem interaction had 

non-significant influences (p>0.05) on the percentages 

of sperms with headless tail (Table 3).  

 
Sperms with tailless head (% of total sperm defects) 

Stem extract significantly decreased (p<0.001) the 

percentage of sperms with tailless head as shown in 

Table 3.  Dietary status and diet-stem interaction had 

non-significant effects (p>0.05) on the percentages of 

sperm with tailless head (Table 3). 

 

Sperms with either rudimentary tail or bent tail or 
looped tail (% of total sperm defects) 

Dietary status, extract treatment and diet-extract 

interactions had no significant influence (p>0.05) on the 

rudimentary, bent and looped tails respectively (Table 

3). 

 

Sperms with curved tail (% of total sperm defects) 

Significantly increased (p<0.001) percentage of sperms 

with curved tail was observed in the group of rats that 

received low protein-energy diet alone and this increase 

was ameliorated by the stem extract (Table 3). The 

interaction between dietary protein-energy and aqueous 

stem extract also was significant (p<0.05) as shown in 

Table 3. 

 

Sperms with bent mid-piece (% of total sperm defects) 
There was no diet and diet-stem effect (p>0.05) on the 

percentages of sperms with bent mid-piece (Table 3). 

Conversely, stem extract-treated adult male Wistar rats 

used in this study showed significantly decreased 

(p<0.01) percentage of sperms with bent mid-piece 

(Table 3).  

DISCUSSION 

Sperm morphology is an essential parameter that 

reflects the degree of normality and maturity of the 

sperm population in the ejaculate and correlates with 

fertility (Memon et al., 1986). Defects of the head and 

mid-piece have been classified as primary defects of 

spermatogenesis (Schumacher and Moll, 2011), and 

arise during testicular degeneration (Bloom, 1950). 

Primary defects of spermatogenesis are more likely to 
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be associated with decreased fertility (Schumacher 

and Moll, 2011). The decreased percentages of total 

abnormal sperm counts as well as defects of the head 

and mid-piece of spermatozoa of the C. australis-

treated rats observed in this study may be similar to 

the reported ability of C. chinensis seed extract to 

invigorate the reproductive system through its strong 

antioxidant properties (Peng et al., 1997; Qin et al., 

2000).  

Low protein-energy diet has been reported by 

Ozegbe and Omoirinde (2012) to induce changes in 

the morphophysiology of seminiferous tubules of the 

adult Wistar rats. The observations of increased 

sperm motility in the low protein-energy diet-aqueous 

C. australis extracts-treated groups of rats indicate 

that protein-energy malnutrition-associated testicular 

dysfunction, reported by Ozegbe and Omirinde 

(2012) in this set of rats, rendered the adult rats 

sexually inactive akin to the effects of immaturity and 

senility that were earlier reported by Qin et al. (2000) 

to potentiate C. chinensis.  

The significant effects of interactions between diet 

and aqueous extracts of C. australis (either seed or 

stem) on the percentages of spermatozoa with curved 

tail show that the tubular transport of spermatozoa in 

the C. australis-treated rats is directly or indirectly 

affected by the dietary status of the group. Heys and 

Gardner (1999) had earlier observed that protein-

energy malnutrition elicited alterations in cellular 

physiology and organ function. Dietary regulation of 

microsomal cytochromes P450s (CYPs) has been 

demonstrated in monkeys, mice and rats (Rumack et 

al., 1973; Czygan et al., 1974; Adekunle et al., 1975). 

Lee et al. (1997) reported that such protein-energy 

malnutrition-induced changes in hepatic CYPs 

concentrations might be the cause of altered drug 

metabolism accompanying protein malnutrition. 

Generally, fertility capacity is positively 

correlated to percentage liveability of the sperm cells 

(Oyeyemi and Okediran, 2007). The decreased live-

dead ratio observed in the NPST group suggests that 

Cuscuta stem extract has an adverse effect on the 

fertility capacity of the sperm of recipients in the 

presence of normal protein-energy diet. This 

observed effect of the aqueous extract of the stem on 

sperm cell liveability in the presence of normal 

protein-energy diet needs further verification.  

This study is part of on-going attempts to evaluate 

the influence of protein-energy diet on the effects of 

aqueous extracts of C. australis seed and stem on the 

reproductive system of the adult Wistar rat. Our work 

has shown that the aqueous extract of C. australis 

stem maintained sperm characteristics, except live-

dead ratio, better than the seed extract. It has also 

shown that the efficacy of aqueous extracts of C. 

australis is influenced by the level of dietary protein-

energy intake. These findings may be of value in the 

developing world where C. australis is being used in 

the traditional management of male reproductive 

dysfunction. 
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Summary: This study assessed healthy young adults to determine the normal limits for electrocardiographic variables and 

cut-off values for left ventricular hypertrophy. It was a cross sectional descriptive study in which the participants were 

evaluated clinically by standard 12-lead resting electrocardiogram (ECG) at 25mm/s during quiet respiration. The heart 

rate, P wave duration, axis and amplitude, PR and QT intervals, QRS duration, axis and amplitude and T wave axis were 

assessed. Three hundred and twenty four (324) volunteers comprising of 175 males and 149 females aged 20 to 30 years 

(mean, 23.01±2.88years) participated in the study. The normal limits for heart rate, P wave duration, amplitude and axis in 

lead II, QRS duration and axis, T wave axis, PR interval, QT interval and QTc respectively were; 61-93beats per 

minute,0.08-0.12s,1.00-2.00mm,22.00-79.00
0
,78.00-106.00ms,15.50-81.00

0
, 24.25-69.00

0
,0.12-0.19s, 0.32-0.40s and 0.36-

0.44s. The cut-off values for Sokolow-Lyon, Cornell and Araoye criteria for assessment of left ventricular hypertrophy 

(LVH) were higher than those previously in use in medical practice. Gender difference exists in some cut-off values for 

LVH. This study defined the normal limits for electrocardiographic variables for young adult Nigerians. Racial factor 

should be taken into consideration in interpretation of ECG. 
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INTRODUCTION 

 

Electrocardiogram (ECG) is a very important non-

invasive cardiac investigation (Zipes, 2000). It had 

been established that age, gender and racial/ethnic 

differences exist with regards to ECG measurements 

(Rautaharju et al.1994, Macfarlane et al.1994, Vitelli 

et al.1998, Ogunlade et al. 2012).Therefore, age, 

gender and race/ethnicity should be considered in 

defining normal limits that will assists in accurate 

interpretation of ECG for a particular population. 

However, such reference data are not available 

especially for young adults. Most of the reference 

range data available in adults were established for 

middle aged population mainly of Caucasian 

extraction. Only very few studies exist with regards 

to ECG normal patterns of young adult of Yoruba 

population in the South-Western Nigeria (Araoye, 

1984, Ogunlade et al.2012).This study aimed at 

defining the normal limits of important ECG 

variables and measurement for population of healthy 

young adults of Yoruba ethnic group. It also aimed at 

establishing the cut-off values for a few previously 

used ECG criteria for the diagnosis of left ventricular 

hypertrophy (LVH). 

 

MATERIALS AND METHODS 
 

This was a cross-sectional descriptive study. The 

target population was young adults between the ages 

of 20 and 30 years. Three hundred and twenty four 

(175 males and 149 females) healthy non-athletic 

young adults who participated in the study were 

recruited from Obafemi Awolowo University, Ile-Ife 

over a period of one year. For each candidate, weight 

and height measurement were carried out using a 

weighing scale(ZT-120 health scale).Body mass 

index(BMI) was estimated from the weight and 

height(BMI=weight/height
2 

) while blood pressure 

(BP) measurement was done using digital 

sphygmamometer (lumiscope) after five minutes of 

rest. Fasting blood glucose assessment was done 

using a glucometer with a drop of blood obtained 

from the fingertip with a sterile lancet. Inclusion 

criteria include; normal blood pressure (< 

140/90mmHg), body mass index < 30kg/m
2
, fasting 

blood glucose <7.0mmol/l and absence of 

symptomatic systemic diseases. Ethical clearance was 

obtained from the Ethics and Research Committee of 

the Obafemi Awolowo University Teaching Hospitals 

mailto:oogunlade@oauife.edu.ng
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Complex (OAUTHC), Ile-Ife (Ethical review 

reference no: 0005422).  

The participants were educated about ECG 

procedure and written informed consent obtained 

from them. The chest and the limbs were exposed for 

electrode placement.With a three channel 

electrocardiograph (Dongjiang ECG-32A), the 

standard 12-lead ECG  was recorded from the body 

surface by the attachment of 10 electrodes at the 

specific locations on the body according to 

internationally approved protocol
 

(Kligfield et al. 

2007).The chest leads(V1-V6) were recorded by the 

attachment of 6 electrodes to the precordium 

according to the conventional method;V1 at 4th 

intercostal space right sternal edge, V2 at 4th 

intercostal space left sternal edge, V3 at the point 

mid-way betweenV2 and V4, V4 at 5th  intercostal 

space left midclavicular line, V5 at 5th intercostal 

space left anterior axillary line and V6 at 5th  

intercostal space left mid-axillary line. 

The six limb leads (I, II, III, aVF, aVL and aVR) 

were recorded using four electrodes. An electrode 

was attached to the distal end of each limb according 

to the standard protocol for limb electrode placement. 

The standard 12-lead ECGs were recorded in supine 

position during quiet respiration at a speed of 25mm/s 

and calibration signal of 10mm/mV. The ECGs were 

printed out for detailed interpretation by a 

cardiologist. The QT interval was corrected for the 

heart rate using Bazett’s formula (Bazzet, 1920).  
 

Statistical Analysis 

Values of ECG variables were presented as Mean ± 

SD. The lower and upper limits of normal were 

determined at 5th and 95th percentiles respectively. 

The cut-off values for the voltage LVH criteria were 

determined at 95th percentile. The data were analyzed 

with the aids of SPSS version16.0 software using 

descriptive statistics. 
 

RESULTS 
 

Three hundred and twenty four (324) young adults 

participated in the study. One hundred and seventy 

five (54.01%) were males while one hundred and 

forty nine (45.99%) were females. All participants 

were in sinus rhythm. The mean ± standard deviation 

(SD) for age(years), weight(kg), height(m), body 

mass index(kg/m
2
), systolic blood pressure(mmHg) 

and diastolic blood pressure (mmHg) for both sexes 

were 23.01±2.88, 60.89 ±8.99, 1.67 ± 0.08, 21.70 ± 

2.86, 119.77 ±11.37 and 72.27 ± 8.37 respectively. 

The mean ± SD and normal limits of heart rate 

(beats per minute), P wave duration in lead II(s), P 

wave amplitude in lead II(mm), P wave axis (
0
), QRS 

duration(ms), QRS axis(
0
), T wave axis(

0
), PR 

interval(s), QT interval(s) and QTc for the 324 young 

adults were 74 ± 9 (61-93), 0.09 ± 0.01(0.08-0.12), 

1.28 ± 0.41(1.00-2.00), 56.99 ± 18.60 (22.00-79.00), 

89.80 ± 9.48 (78.00-106.00), 54.31±19.82 (15.50-

81.00), 49.74 ±13.11(24.25-69.00), 0.15 ± 0.02(0.12-

0.19), 0.36 ± 0.02(0.32-0.40) and 0.40 ± 0.02 (0.36-

0.44) respectively.  
 

Table 1.Demographic characteristics and blood pressure 

according to gender 

Parameters Male (n=175) Female (n=149) 

Age(yrs) 23.71 ±2.91 22.18±2.54 

Wt(kg) 63.02 ±8.59 58.38±8.84 

Ht(m) 1.72 ±0.07 1.62±0.07 

BMI(kg/ m
2
) 21.30 ± 2.55 22.16±3.14 

SBP(mmHg) 123.00 ±11.65 115.99±9.81 

DBP(mmHg) 72.99 ±8.59 71.44±8.05 

SBP-systolic blood pressure, DBP-diastolic blood pressure 
 

Table 2. Gender-specific normal limits of heart rate, P 

wave, QRS complex, T wave, PR and QT intervals 

ECG Variables Male (n=175) Female (n=149) 

Heart rate(bpm) 61-88 61-94 

P duration (s) 0.08-0.12 0.08-0.10 

P amplitude (mm) 1.00 -2.00 1.00-2.00 

P axis(
0
) 27.40-81.20 11.50-75.50 

QRS duration(ms) 80.00-108.00 75.50-101.00 

QRS axis(
0
) 11.00-82.20 23.00-77.00 

T wave axis(
0
) 23.80-71.40 26.00-64.50 

PR interval(s) 0.12-0.19 0.13-0.19 

QTinterval(s) 0.32-0.39 0.36-0.40 

QTc(s) 0.35-0.43 0.37-0.46 
bpm- beats per minute, SBP-systolic blood pressure, DBP-

diastolic blood pressure, QTc-corrected QT interval, s-second 
 

Table 3. Normal limits for amplitude (mm) of R wave in 

limb and chest leads 

Lead Male ( n=175) Female (n=149) 

I 3-11 3-13 

II 6-19 6-19 

III 2-13 1-14 

aVL 0-6 0-5 

aVF 4-15 3-16 

V1 1-9 1-5 

V2 2-15 2-12 

V3 4-28 4-20 

V4 10-33 8-25 

V5 9-29 7-21 

V6 6-20 6-18 
 

Table 4. .Normal limits for depth (mm) of S wave in limb 

and chest leads 

Lead Male ( n=175) Female (n=149) 

I 0-3 0-2 

II 0-4 0-2 

III 0-4 0-3 

aVL 0-5 0-5 

aVF 0-5 0-2 

V1 5-23 3-17 

V2 5-30 2-17 

V3 0-19 0-9 

V4 0-11 0-6 

V5 0-6 0-3 

V6 0-3 0-1 
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Table 5. Cut-off values for voltage left ventricular (LVH) hypertrophy in young adults.                     

Voltage Criteria                   Description Male Female 

Sokolow-Lyon SV1 + RV5 >52mm >38mm 

SV1 + RV6 >43mm >35mm 

Cornell  SV3 + RaVL >25mm >14mm 

Araoye SV2 + RV6 >50mm >35mm 

Ogunlade (RI+RV5)/2 >20mm >17mm 

Gubner-Ungerleider  RI+SIII >15mm >16mm 

 

The mean and normal limits of amplitude (mm) of R 

wave for leads I, II, III, aVL, aVF, V1,V2,V3,V4, V5 

and V6 for  324 young adults were: 6.25 ± 2.60 (3-

12), 11.92 ± 3.79 (3-19), 6.44 ± 3.84 (1-13), 2.06 ± 

1.87 (0-5), 8.97 ± 3.67(4-16), 3.46 ± 2.19 (1-8), 7.35 

± 3.72 (2-14), 12.68 ± 5.91 (4-24), 18.66 ± 6.80(9-

30), 15.63 ± 5.39(8-26) and 11.82 ± 3.97(6-18) 

respectively. The mean and normal limits of depth 

(mm) of S wave for leads I, II, III, aVL, 

aVF,V1,V2,V3,V4,V5 and V6 for  the 324 young 

adults were: 0.48 ± 0.86(0-2), 0.82 ±1.23(0-3), 0.98 

±1.53(0-4), 1.31±1.78(0-5), 0.98 ± 1.71(0-4), 11.05 ± 

5.91(3-22), 12.53 ± 7.99(2-28), 6.59 ± 5.71(0-18), 

3.30 ± 3.26 (0-10), 1.39 ± 1.83 (0-5) and 0.73 ± 

1.57(0-2) respectively. Table 1 showed the 

demographic characteristics and blood pressure of 

participants according to gender. Tables 2-4 showed 

gender specific normal limits for various ECG 

variables such as heart rate, P wave, PR interval, 

QRS axis, R wave amplitude, depth of S wave and 

QT interval. Table 5 showed the cut-off values for 

Sokolow-Lyon, Cornell, Ogunlade and Gubner-

Ungerleider voltage criteria as determined at the 95th 

percentile of the ECG measurements for the age 

group. 

DISCUSSION 

This study provides a comprehensive description of 

normal limits for the ECG variables of young adults 

in a Negro population. This is important because data 

are sparse with regards to the characteristics and 

normal limits of ECG variable in this population. 

Moreover, most of the standards for interpretation of 

ECG utilized in Nigeria are derived from data/criteria 

obtained from White population such as Minnesota 

code (Blackburn, 1969). 

This study showed that the upper normal limit for 

heart rate was 88 beats per minute in male and 94 

beats per minutes in female. The upper limits for the 

heart rate for both genders were lower than the 

universally defined upper limit of 100beats per 

minute (Spodick , et al. 1992).Similar findings of 

upper limit below 100beats per minute (95 beats per 

minute) even at 98th percentile had been described in 

a Chinese population (Wu et al . 2003). In a study of 

apparently healthy young adults in the age group 20-

39 years (92 males, 89 females) in the South-Western 

Nigeria in 1984, Araoye reported mean value of 68 

±13 beats per minutes and 79 ±11 beats per minutes 

for males and females respectively. By these, the  

 

upper limits for heart rate for young adults population 

studied were lower than 100 beats per minute. 

 The upper limits for P wave duration and 

amplitude are used as criteria for evaluation of left 

atrial and right atrial abnormalities respectively. Left 

atrial abnormality is assessed when the P wave 

duration in lead II is greater than 0.12s and right atrial 

abnormality is assessed when the P wave amplitude 

in lead II is greater than 2.5mm for both males and 

females (Mirvis and Goldberger, 2008). The upper 

limits for P wave duration was 0.12s in male and 

0.10s in female while the upper limits for P wave 

amplitudes were 2mm in both sexes. These suggested 

that upper limits for P wave duration and amplitude 

need adjustment for the study population. 

The normal limits for PR intervals in males (0.12-

0.19s) and females (0.13-0.19s) in this study were 

comparable to that of the Caucasians (Mirvis and 

Goldberger, 2008).Similar findings were also 

described in a Chinese population (Wu et al.2003). 

The upper limits for corrected QT intervals (QTc) 

were higher in females than males but the result was 

consistent with findings in other races. The upper 

limits for QRS duration were higher in males. 

However, the upper limits of QRS duration in this 

study were lower than the reference values defined 

for broad QRS complex (>120ms) for Caucasian 

population (Mirvis and Goldberger, 2008).This 

established that the QRS duration is narrower in the 

young adult population. 

The upper limits of amplitude of R waves and 

depth of S waves across the limb and chest leads for 

the age group in the study were higher than 

previously recorded values. The commonly used 

diagnostic criteria for left ventricular hypertrophy 

were based on measurements of QRS voltages.  Most 

of the criteria for the prediction of left ventricular 

hypertrophy such as Sokolow-Lyon criteria, Cornell 

criteria, Araoye code system and Ogunlade criterion 

were derived from the addition of two or more of the 

upper limits of R wave amplitude and or S wave 

depth in limb and or chest leads (Sokolow and Lyon 

1949, Casale et al.1985, Araoye 1996, Hancock et 

al., 2009, Ogunlade 2010). A few others were derived 

from the summation of points of some selected 

criteria and the outcome were given cut-off values 

(Romhilt and Estes,1968).These criteria were derived 

from studies conducted among individuals who were 

mostly greater than 35years in age. The standards for 

the 16 to 35year age group are not well established 
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(Hancock et al.2009). This study reassessed the 

existing criteria with a view to defining cut-off values 

for the most commonly used voltage criteria. It was 

discovered that for most of the voltage criteria 

assessed, the upper limits for cut-off values were 

higher than those previously established for middle 

age population (table 5). 

In conclusion, gender difference exists in some 

cut-off values for LVH. This study defined the 

normal limits for electrocardiographic variables for 

young adult Nigerians. Therefore, among adult 

population, age, gender and racial factor should be 

taken into consideration in interpretation of ECG. 
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Summary: In South-west Nigeria, water decoctions of Hunteria umbellata seeds are highly valued by traditional healers in 

the local management of diabetes mellitus, obesity and hyperlipidemia. Previous studies hypothesized one of the 

antihyperglycemic mechanisms of the aqueous seed extract of Hunteria umbellata (HU) to be mediated probably via 

increased peripheral glucose utilization. The present study, therefore, was designed at evaluating the peripheral glucose 

utilization and anti-oxidative mechanisms of 50 mg/kg, 100 mg/kg and 200 mg/kg of HU in alloxan-induced diabetic rats 

in Groups IV-VI rats as well as in the control groups (Groups I-III). Experimental type 1 DM was induced in male Wistar 

rats through intraperitoneal injection of 150 mg/kg of alloxan monohydrate in cold 0.9% normal saline after which the 

diabetic rats were orally treated with 50-200 mg/kg of HU for 14 days. Effects of HU on the rat body weight, percentage 

body weight changes and fasting blood glucose (FBG) were determined on days 1 and 15 of the experiment. Also, on day 

15 of the experiment, HU effect on serum insulin, liver enzyme markers, proteins, albumin, triglyceride, total cholesterol 

and lactate dehydrogenase as well as on hepatic tissue oxidative stress markers, liver glycogen and glucose-6-phosphatase 

were determined after sacrificing the rats under diethyl ether anesthesia.  Results showed that oral treatments with 50-200 

mg/kg of HU caused significant (p<0.0001) improvements in the weight loss caused by alloxan-induced diabetes, while 

causing significant (p<0.05, p<0.001 and p<0.0001) dose-related reductions in the FBG levels despite causing non-

significant (p>0.05) alterations in the serum INS levels in the treated rats. Also, repeated oral treatment with HU caused 

significant (p<0.0001) reversal in the decrease and increase in the hepatic glycogen levels and glucose-6-phosphatase 

activity, respectively, caused by alloxan-induced diabetes. Similar significant (p<0.0001) and complete reversal effects 

were recorded in the serum hepatic enzyme markers, total protein, albumin, triglyceride, total cholesterol and lactate 

dehydrogenase as well as on hepatic tissue oxidative stress markers such as superoxidase dismutase (SOD), catalase 

(CAT), malonialdehyde (MDA) and reduced glutathione (GSH) of HU-treated rats when compared to that of untreated 

alloxan-induced diabetic rats. In conclusion, results of this study showed HU treatment to significantly ameliorate the 

hyperglycemia and oxidative stress in alloxan-induced diabetic rats which was mediated via increased hepatic glycogen 

deposit, decreased hepatic glucose-6-phosphatase activity and improvement in antioxidant/free radicals scavenging 

activities. 
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phosphatase, Oxidative stress markers 
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INTRODUCTION 
 

Diabetes mellitus (DM) is a state of carbohydrate, 

protein and lipid metabolic disequilibrium 

characterized by sustained hyperglycemia and other 

metabolic derangements, and resulting from 

pancreatic insulin insufficiency and/or due to defects 

in tissue insulin receptors (Frier and Fisher, 2010). 

Recent World Health Organization (WHO) data 

suggests that the current world’s population affected 

by DM stands at 171 million and this figure is 

estimated to reach 366 million by the year 2030 

(Wild et al., 2004) with the estimated global cost of 

$1 trillion incurred yearly for treating it and its 

associated complications (Rahul et al., 2006). 

Basically, DM is classified into two major common 

types, namely: insulin-dependent (type 1) DM and 

non-insulin dependent (type 2) DM (The Expert 

Committee on the Diagnosis and Classification of 

Diabetes Mellitus, 2002). Other forms of DM include 

pregnancy-related (gestational) DM, maturity-onset 

diabetes of the young (MODY), surgical diabetes, 

mailto:adejuwon.adeneye@lasucom.edu.ng
mailto:adeneye2001@yahoo.com
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drug-induced DM, etc. (Frier and Fisher, 2010). In all 

of these DM types, chronic hyperglycemia and 

oxidative stress have been identified as common 

features in both their etiopathology and 

pathophysiology (Robertson, 2004; Kaneto et al., 

2007). 

Oxidative stress has been implicated in the 

etiology of DM since reactive oxygen species (ROS) 

radicals generated have been established to play a 

pivotal role in the development of DM complications 

such as nephropathy, retinopathy, vasculopathy, 

neuropathy and cardiovascular disease (Kaneto et al., 

2007). Oxidative stress promotes the onset and 

development of DM either by directly decreasing 

insulin sensitivity and/or causing direct cytotoxicity 

to the pancreatic insulin-producing β-cells (Maiese et 

al., 2007).  Documented ROS-induced cytotoxic 

mechanisms include lipid peroxidation as well as 

disruption of mitochondrial respiratory machinery 

(mitochondrial electron transport) which is regulated 

by NADPH ubiquinone oxidoreductase and 

ubiquinone-cytochrome c reductase systems (Maiese 

et al., 2007). Thus, disruptions of mitochondrial 

oxidoreductase and citrate synthase activities result 

in significant reductions in mitochondrial oxidative 

and phosphorylation activities as well as reduction of 

the levels of mitochondrial proteins and 

mitochondrial DNA in adipocytes, particularly in 

type 2 DM (Petersen et al., 2003). Oxidative stress 

has also been shown to trigger the opening of the 

mitochondrial membrane permeability transition pore 

which results in a significant depletion of 

mitochondrial NAD
+
 stores and subsequently 

apoptotic cell injury (Maiese et al., 2007). In the 

pancreatic tissues, these cellular events result in 

depletion of the β-cells population and insulin 

deficiency while in the skeletal muscle, it manifests 

as insulin resistance (Robertson et al., 2003).  

Hunteria umbellata (K. Schum.) Hallier f., 

belonging to Apocynaceae family, is a tropical 

rainforest tree which is locally known as “Abeere” 

among the Yorubas and the Binis tribes in Nigeria 

while in French it is known as “Demouain” (Adeneye 

and Adeyemi, 2009a). Ethnomedical uses of the 

plants include treatment of yaws and sexually 

transmitted infections, stomach ache and ulcers, 

diabetes mellitus and dysmenorrhoea (Falodun et al., 

2006). Previous studies have reported the 

antihyperglycemic (Adeneye and Adeyemi, 2009a; 

Adeneye and Adeyemi, 2009b; Igbe et al., 2009) anti-

obesity and antihyperlipidemic (Adeneye et al., 2010) 

effects of the crude aqueous seed extract of Hunteria 

umbellata (HU) in rats. Recent studies have reported 

the isolation of a new bisindole alkaloid, erinidine, 

from the crude alkaloid extract of HU (Adeneye et 

al., 2012) which mediated an in vivo 

antihyperglycemic activity via intestinal glucose 

uptake inhibition (Adeneye et al., 2013). Also, we 

have reported the in vivo anti-inflammatory and in 

vitro anti-oxidant activities of HU and its fractions 

(Adeneye et al., 2011). In a previous study, HU was 

hypothesized to regulate glucose homeostasis via 

enhanced peripheral glucose utilization in 

experimental models of DM (Adeneye and Adeyemi, 

2009a; Adeneye and Adeyemi, 2009b). 

Unfortunately, till date there has not been any study 

further investigating the exact mechanism by which 

HU regulates glucose through enhanced peripheral 

glucose metabolism and its possible anti-oxidative 

role in in vivo hyperglycemic models. In view of the 

above, the present study is designed at investigating 

the exact peripheral glucose utilization mechanism 

and the possible role of HU in attenuating the 

oxidative stress in alloxan-induced hyperglycemic 

rats (being a prototype of type 1 DM animal model). 

In doing this, 50-200 mg/kg/day of HU were 

administered to alloxan-induced diabetic rats for 14 

days after which its antidiabetic and anti-oxidative 

profile and mechanisms were investigated in the 

treated diabetic rats. 
 

MATERIALS AND METHODS 
 

Plant Materials 

Fresh matured fruits of Hunteria umbellata were 

collected from the deciduous forests of Imoroko 

Village, Atan-Ijebu in Ijebu East Local Government 

Area of Ogun State, in the month of December, 2012 

and plant authentication was done as previously 

reported by Adeneye and Adeyemi (2009a). Fresh 

seeds from the fruits were separated and rinsed in tap 

water after which it was continuously and completely 

dried in an aerated oven preset at the temperature of 

35 ºC and protected from direct sunlight for 4 week. 
 

Preparation of the cold aqueous seed extract of 

Hunteria umbellata  

Aqueous extract of Hunteria umbellata seed was 

prepared by soaking 50 g of powdered seed in 500 ml 

of distilled water and kept in the refrigerator for 72 

hours. After 72 hours, the solution was continuously 

stirred using a magnetic stirrer for 2 hours after which 

the solution was filtered using a piece of clean white 

cotton cloth. The filtrate was then completely dried-

off using an aerated oven preset at 40 ºC until a solid 

residue of constant weight was obtained. 
 

Experimental Animals 

Young adult male Wistar rats weighing between 110-

130 g were procured from Bayo Animal Farm, 

Sango-Otta, Ogun State, Nigeria, after institutional 

ethical approval obtained. The rats were acclimatized 

and maintained on standard rat chow, potable 

drinking water and standard laboratory conditions 

(temperature: 28-30 ºC and humidity: 55-65%,) under 

natural 12 hour daylight/ night periodicity for 14 days 

before being used for the experiment. All rats were 

processed under same sham-handling using standard 

principles guiding the care and use of laboratory 
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animals as contained in the NIH publication No. 85-

23 (1985). 
 

Induction of experimental diabetes mellitus 

Experimental type 1 diabetes was induced in rats 

using the method described by Venugopal et al. 

(1998) and as modified by Iwalewa et al. (2008). Rats 

were injected with freshly prepared 150 mg/kg body 

weight of alloxan monohydrates dissolved in sterile 

cold normal saline, given via the intraperitoneal 

route. The rats were then kept for the next 24 hours 

on 5% glucose solution bottles in their cages to 

prevent hypoglycemia which is often associated from 

alloxan-related hyperinsulinemia (Gupta et al., 1984). 

Fasting blood glucose levels in rats were measured on 

the 3
rd

 and 5
th
 day post-alloxan injection and treated 

rats with fasting blood glucose levels equal to or 

above 250 mg/dl were considered diabetic and used 

for study.  
 

Body weight measurement 

Body weights of all rats were measured on the 1
st
 and 

15
th
 day of the experiment, respectively, using digital 

mettler weighing balance (Mettler Toledo Type 

BD6000, Mettler-Toledo GmbH, Greifensee, 

Switzerland). The weight difference on the 1
st
 and 

15
th
 day in reference to the initial weight per group 

was calculated. 
 

Experimental design and oral treatment of alloxan-

induced hyperglycemic rats 

Oral treatments of alloxan-induced hyperglycemic 

rats for 14 days are as follows: 

Group I: normal control rats received 10 ml/kg and 1 

ml/kg of distilled water via the oral and 

intraperitoneal routes, respectively, intraperitoneal 

alloxan, having being injected to other groups of rats   

Group II: Alloxan-induced diabetic rats received 10 

ml/kg of distilled water  

Group III: Alloxan-induced diabetic rats orally 

received 5 mg/kg of glibenclamide in distilled water  

Group IV: Alloxan-hyperglycemic rats orally treated 

with 50 mg/kg of HU in distilled water 

Group V: Alloxan-hyperglycemic rats orally treated 

with 100 mg/kg of HU in distilled water 

Group VI: Alloxan-hyperglycemic rats orally treated 

with 200 mg/kg of HU in distilled water. 
 

Blood collection 

On day 15, after an overnight fast, the final fasting 

blood glucose was determined before the treated rats 

were sacrificed after light diethyl anesthesia. After 

anesthesia, blood samples were collected directly 

from the heart chamber into 10 ml plain bottles. The 

blood samples obtained were immediately frozen at -

70 ºC and centrifuged at 3000 rpm for 20 min to 

separate out the serum that was then analyzed for the 

biochemical assays such as serum insulin, liver 

enzyme markers, proteins, albumin, triglyceride, total 

cholesterol and lactate dehydrogenase. 

  

Blood glucose measurement 

Whole blood fasting blood glucose (FBG) of treated 

rats was collected by tail tipping method and 

determined by the glucose oxidase method of Trinder 

(1969) using a One Touch Basic Blood Glucose 

Monitoring System® (Life Scan Inc., Milpitas, 

California, U.S.A.). The blood glucose monitor was 

calibrated and validated at the beginning of, midway 

into and at the end of the experiment.  
 

Measurement of serum insulin levels 

Serum insulin was assayed by the modified method 

of Herbert et al. (1965) using insulin 

radioimmunoassay kits (BARC, Mumbai, India). 

Dextran coated charcoal in 0.2 M glycine buffer was 

used to separate bound and free insulin.  
 

Measurement of serum liver enzyme markers, 

proteins, albumin, triglyceride, total cholesterol 

and lactate dehydrogenase 

Serum activities of aspartate transaminase (AST) and 

alanine transaminase (ALT) were assayed by the 

method of Moss and Henderson (1999). Serum total 

protein (TP) and albumin (ALB) levels were 

estimated using the methods of Kingsley and Frankel 

(1939), and Doumas et al. (1971) while that of TG 

and TC were assayed using standard diagnostic test 

kits (Randox Laboratories, Crumlin, U.K.) on 

Automated Clinical System (Sychron Clinical 

System
®
, model: CX5 PRO) (Beckman Coulter Inc., 

Galway, Ireland). Serum lactic dehydrogenase 

activity (LDH) was measured by the method of 

Wroblewski and LaDue (1955). 
  
Collection of liver tissues and determination of liver 

tissue SOD, CAT, MDA and GSH 

Immediately the blood samples were collected, the 

liver was identified and removed and briskly rinsed in 

ice-cold 1.14% KCl solution in order to preserve 

activities of the oxidative stress markers before it was 

homogenized in 0.1 M tris-HCl buffer of pH 7.4 to 

give a 10% homogenate. This homogenate was used 

for the appropriate oxidative stress markers 

estimation. Superoxide dismutase (SOD) activity in 

the liver tissue was determined by the method of 

Kakkar et al. (1984) while that of liver MDA, 

catalase (CAT) and reduced glutathione (GSH) were 

determined by the methods of Kumar et al. (2010), 

Sinha (Sinha, 1972) and Kaur et al. (2006), 

respectively.  
 

Determination of liver glycogen and glucose 

utilization  

Liver glycogen content was measured by methods of 

Carroll et al. (1956) and Chattopadhyay et al. (1992), 

while the hepatic glucose-6-phosphatase 

concentration (being the rate limiting enzyme for 

glucose release from glycogen storage into the blood) 

was quantified by the method of Baginsky et al. 

(1992). 
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Statistical analysis 
The values for the average body weights and 

percentage were expressed as mean ± S.D. while the 

biochemical values were expressed as mean ± 

standard error of mean (SEM) of six rats for each 

treatment group. Data were analyzed using one-way 

analysis of variance (ANOVA) followed by 

Newman-Keuls post hoc test on GraphPad Prism 

(version 5.00, 2007; La Jolla, California, U.S.A.) 

statistical software. Significant values were 

considered at p<0.05, p<0.001 and p<0.0001. 
 

RESULTS 
 

Aqueous extraction of pulverized Hunteria 

umbellata seed 

Extraction of pulverized Hunteria umbellata seed 

with distilled water yielded a deep brown, sweet-

smelling solid residue weighing 7 g and giving a 

yield of 14%. 
 

Effect of 50-200 mg/kg of HU on body weight in 

alloxan-induced diabetic rats 

Table 1 shows the effect of repeated daily oral 

treatment with 50-200 mg/kg of HU on the average 

body weight and %weight change of treated 

alloxanized rats. There was a significant (p<0.0001) 

weight loss in the untreated alloxanized diabetic 

(Group II) rats during the treatment period when 

compared to that of untreated normal (Group I) rats 

(Table 1). However, oral treatments of the alloxan-

induced diabetic rats with 50, 100 and 200 mg/kg of 

HU significantly (p<0.0001) improved body weight 

in Groups IV-V rats relative to that of untreated 

alloxanized diabetic (Group II) rats although these 

improvements were significantly (p<0.05) lower than 

that caused by glibenclamide treatment (Table 1).  
 

Effect of 50-200 mg/kg of HU on FBG, %∆FBG 

and serum INS in alloxan-induced diabetic rats 

Effects of repeated single daily dosing of alloxan-

induced diabetic rats on the 1
st
 and 15

th
 day FBG and 

serum INS concentrations with 50-200 mg/kg of HU 

are shown in Table 2. Treatment with alloxan resulted 

in sustained significant (p<0.0001) reductions in the 

circulating INS with concomitant significant 

(p<0.0001) rise in the FBG levels in Groups II rats 

when compared to untreated normal (Group I) rats 

(Table 2). Treatment with 50-200 mg/kg of HU for 

14 days, however, did not significantly (p>0.05) alter 

the serum INS levels despite significant (p<0.05, 

p<0.001 and p<0.0001) dose-related reductions in the 

FBG levels induced by HU treatment relative to the 

values obtained for untreated alloxan-induced 

diabetic (Group II) rats (Table 2). 

 

 

 

 

Effect of 50-200 mg/kg of HU on liver glycogen and 

glucose-6-phosphatase levels in alloxan-induced 

diabetic rats 

Alloxan treatment was observed to have caused 

significant (p<0.0001) reductions in the hepatic 

glycogen while causing significant elevation in 

glucose-6-phosphatase activity when compared to 

untreated normal (Group I) rats (Table 3). With 

repeated oral treatment with HU, there were 

significant (p<0.05, p<0.001 and p<0.0001) dose-

related increases in the hepatic glycogen and 

concomitant reduction in glucose-6-phosphatase 

activity with the highest levels recorded in rats 

treated with 200 mg/kg/day of HU and with the 

values for both relatively comparable to that of 

glibenclamide (Table 3). 
 

Table 1. Effect of 14 days of oral treatment with 50-200 mg/kg 

HU on average body weights and percentage weight changes 

(%∆Wt) in alloxan-induced diabetic rats 

Group Day 1 wt. (g) Day 15 wt. (g) %∆Wt 

I 135.20 ± 1.60 147.20 ± 2.27 8.91 ± 1.57 

II 138.20 ± 1.70 112.00 ± 4.41 -19.06 ± 2.28f 

III 137.50 ± 2.49 157.80 ± 2.69 14.86 ± 1.72c 

IV 137.70 ± 2.06 144.80 ± 2.66 5.38 ± 0.59a 

V 137.30 ± 1.80 144.70 ± 2.22 5.36 ± 1.16a 

VI 136.80±2.61 141.00 ± 3.22 3.02 ± 0.61a 
f p<0.0001 Vs Group I, a p<0.05 vs Group II,  c p<0.0001 vs 

Group II values. Group I: normal, Group II: Diabetic untreated, 

Group III: Diabetic+glibenclamide, Group IV: Diabetic+50 

mg/kg HU, Group V: Diabetic+100 mg/kg HU, Group VI: 

Diabetic+200 mg/kg HU  

 

Table 2. Effect of 14 days of oral treatment with 50-200 mg/kg of 

HU on the 1st and 15th day FBG, %FBG changes (%∆FBG) and 

serum insulin in alloxan-induced diabetic rats 

Group Day 1 FBG 

 (g) 

Day 15 FBG 

(g) 

%∆FBG serum insulin 

(ng/dl) 

I 56.33±1.26 57.17±2.69 1.36 ± 3.60 0.96 ± 0.04 
II 255.20±1.89c+ 302.50±5.17c 18.52 ± 1.30c 0.35 ± 0.03f 

III 255.50±1.34c+ 149.20±4.  -41.64± 1.49f 0.42 ± 0.04f 

IV 255.20±2.18c+ 207.00± 3.33e -18.89± 0.79e 0.42 ± 0.02f 

V 257.30 ± 2.49c+ 191.70± 1.59e -25.03± 0.60e 0.38 ± 0.03f 

VI 256.20 ± 3.21c+ 159.00± 7.24f -38.05± 2.06f 0.34 ± 0.03f 
c+ p<0.0001 Vs Group I, f p<0.0001 Vs Group I,  e p<0.001 Vs 

Group II, and f p<0.0001Vs Group II. Group I: normal, Group II: 

Diabetic untreated, Group III: Diabetic+glibenclamide, Group IV: 

Diabetic+50 mg/kg HU, Group V: Diabetic+100 mg/kg HU, 

Group VI: Diabetic+200 mg/kg HU 

 

Table 3. Effect of 50-200 mg/kg of HU on liver glycogen and 

glucose-6-phosphatase levels in alloxan-induced diabetic rats 

Group liver glycogen  

(mg/g) 

glucose-6-Phosphatase  

(U/mg of protein) 

I 5.78 ± 0.14 3.03 ± 0.25 

II 3.34 ± 0.18c 4.53 ± 0.08c+ 

III 6.73 ± 0.17c 2.48 ± 0.06e  

IV 4.07 ± 0.15a 2.89 ± 0.08d  

V 4.80 ± 0.22b 2.26 ± 0.08e 

VI 7.15 ± 0.19c 2.04 ± 0.10f  
c+ and c- represent significant increases and decreases at p<0.0001 

Vs Group I. dp<0.05, e p<0.001, and f p<0.0001 vs Group II. 

Group I: normal, Group II: Diabetic untreated, Group III: 

Diabetic+glibenclamide, Group IV: Diabetic+50 mg/kg HU , 

Group V: Diabetic+100 mg/kg HU ,Group VI: Diabetic+200 

mg/kg HU 
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Table 4. Effect of 50-200 mg/kg of HU treatment on serum TP, ALB, TG and TC in alloxan-induced diabetic rats 

Group TP (mg/dl) ALB(mg/dl) TG (mg/dl) TC (mg/dl) 

I 6.08 ± 0.15 3.70± 1.45 141.00±7.17 116.50±3.92 

II 2.38±0.10
c-

 1.43±0.07
c-

 272.30±2.70
c+

 253.00±3.76
c-
 

III 5.03±1.80
c
 3.00±0.14

c
 223.50±5.07

e
 208.70±3.82

e
 

IV 3.08±0.09
a
 1.82±0.06

a
 233.20±7.10

d
 221.70±6.33

d
 

V 3.86±0.12
b
 2.60±0.10

b
 206.30±3.07

e
 186.70±4.18

e
 

VI 5.00±0.09
c
 3.10±0.06

c
 174.50± 4.19

f
 156.50± 2.84

f
 

c-
 and 

c+
 represent significant decrease and increase at p<0.0001, respectively, relative to untreated normal (Group I) rats. 

a, 

b
 and 

c
 represent significant increases at p<0.05, p<0.001 and p<0.0001, respectively, while 

d, e
 and 

f
 represent significant 

decrease at p<0.05, p<0.001 and p<0.0001, respectively, relative to untreated diabetic (Group II) values Group I: normal, 

Group II: Diabetic untreated, Group III: Diabetic+glibenclamide, Group IV: Diabetic+50 mg/kg HU , Group V: 

Diabetic+100 mg/kg HU , Group VI: Diabetic+200 mg/kg HU 
 

Table 5. Effect of 50-200 mg/kg of HU treatment on the serum levels of AST, ALT, ALP and LDH in alloxan-induced 

diabetic rats 

Group AST(U/mg protein)  ALT(U/mg protein) ALP(U/mg protein) LDH(U/mg protein) 

I 37.00 ± 1.75 58.50 ± 1.23 37.67 ± 4.35 288.30 ± 3.18 

II 156.70 ± 4.65
c+

 142.00 ± 5.87
c+

 149.70 ± 5.57
c+

 560.20± 7.44
c
 

III 67.00 ± 7.53
e
 53.00 ± 5.02

e
 57.00 ± 5.15

e
 296.60 ± 6.83

f
 

IV 90.83 ± 2.59
e
 57.33 ± 2.46

e
 79.17 ± 2.71

d
 351.50 ± 2.95

d
 

V 83.17 ± 2.75
e
 53.33 ± 2.97

e
  66.50 ± 4.40

e
 336.90±10.30

e
 

VI 55.14 ± 2.66
f
 33.50 ± 1.93

f
 41.40 ± 2.79

f
 255.80 ± 7.60

f
 

c+
 represents a significant increase at p<0.0001 relative to untreated normal (Group I) rats while 

d, e
 and 

f
 represent 

significant decreases at p<0.05, p<0.001 and p<0.0001, respectively, relative to untreated diabetic (Group II) values Group 

I: normal, Group II: Diabetic untreated, Group III: Diabetic+glibenclamide, Group IV: Diabetic+50 mg/kg HU , Group V: 

Diabetic+100 mg/kg HU ,Group VI: Diabetic+200 mg/kg HU 
 

Table 6. Effect of 50-200 mg/kg of HU treatment on hepatic tissue SOD, CAT, GSH and MDA in alloxan-induced 

diabetic rats 

Group SOD(U/mg protein) CAT(U/mg protein) GSH(U/mg protein) MDA(nM/mg protein) 

I 14.57 ± 1.10 7.68 ± 0.34 8.83 ± 0.47 0.67 ± 0.05 

II 04.55 ± 0.36
c
 03.63 ± 0.41

c-
 01.55 ± 0.24

c-
 02.13 ± 0.13

c+
 

III 24.70 ± 1.02
c
 09.02 ± 1.17

c
 12.73 ± 0.63

c
 0.61 ± 0.10

e
 

IV 07.12 ± 0.38
a
 05.30 ± 0.18

a
 02.45 ± 0.15 02.10 ± 0.23 

V 13.53 ± 0.89
b
 07.48 ± 0.39

b
 07.73 ± 0.61

a
 00.59 ± 0.04

e
 

VI 20.50 ± 0.78
c
 08.73 ± 0.27

c
 11.50 ± 0.31

b
 0.41 ± 0.04

f
 

c-
 and 

c+
 represent significant decrease and increase at p<0.0001, respectively, relative to untreated normal (Group I) rats. 

a, 

b
 and 

c
 represent significant increases at p<0.05, p<0.001 and p<0.0001, respectively, while 

e
 and 

f
 represent significant 

decrease at p<0.001 and p<0.0001, respectively, relative to untreated diabetic (Group II) values Group I: normal, Group II: 

Diabetic untreated, Group III: Diabetic+glibenclamide, Group IV: Diabetic+50 mg/kg HU , Group V: Diabetic+100 mg/kg 

HU ,Group VI: Diabetic+200 mg/kg HU. 
 

Effect of HU treatment on serum proteins (TP and 

ALB) and lipids (TG and TC) in alloxan-induced 

diabetic rats 

Alloxan treatment resulted in significant (p<0.0001) 

reductions in the serum TP and ALB levels and 

concomitant significant (p<0.0001) elevations in the 

serum TG and TC when compared to the untreated 

normal (Group I) rats (Table 4). However, oral 

treatments with 50-200 mg/kg of HU significantly 

(p<0.05, p<0.001, p<0.0001) reversed the effect of 

alloxan in the treated rats in a dose-related fashion 

with the most significant effect recorded for the 

group treated with the highest dose of HU (Table 4).   
 

Effect of HU treatment on serum AST, ALT, ALP 

and LDH in alloxan-induced diabetic rats 

Table 5 represents the effect of 50-200 mg/kg of HU 

on the serum levels of AST, ALT and ALP in 

alloxan-induced diabetic rats following oral treatment 

with the extract for 14 days. Alloxan treatment 

resulted in significant (p<0.0001) elevations in the 

serum AST, ALT and ALP levels and these were 

significantly (p<0.05, p<0.001 and p<0.0001) 

reversed by repeated oral treatment with 50-200 

mg/kg of HU in a dose-related fashion (Table 5).  
 

Effect of HU treatment on liver SOD, CAT, GSH 

and MDA levels in alloxan-induced diabetic rats 

Treatment of rats with 150 mg/kg of alloxan given 

intraperitoneally resulted in significant (p<0.0001) 

reductions in the hepatic SOD, CAT activities and 

GHS levels while at the same time significantly 

(p<0.0001) enhancing the activity of MDA relative to 

untreated normal (Group I) control (Table 6). These 

effects were significantly (p<0.05, p<0.001 and 

p<0.0001) reversed by oral treatment with 50-200 
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mg/kg HU dose dependently with the most significant 

improvement recorded for the group treated with the 

highest dose (200 mg/kg) of HU (Table 6). 

DISCUSSION 

Recent and accumulating reports from both 

preclinical and clinical studies showed that oxidative 

stress plays a central and important role in the onset 

and course of DM as well as in the development of its 

associated vascular and neurological complications 

(Hunt et al., 1988; Niedowicz and Daleke, 2005), 

with diversion of glycolytic intermediates into 

pathological pathways (Turk, 2010). Also, in DM, 

there is increased oxygen free radicals generation and 

disproportionately increased decline in antioxidant 

defense mechanism resulting in glucose oxidation, 

non-enzymatic glycation of proteins and subsequent 

oxidative degradation of cellular organelles and 

enzymes, increased lipid peroxidation, and rapid 

decline in pancreatic β-cells population (Domínguez 

et al., 1998; Ceriollo, 2006) with consequent 

progression and development of secondary diabetic 

complications such as retinopathy, nephropathy, 

neuropathy, and accelerated coronary artery disease 

(McGrowder, 2013). 

In this study, type 1 DM was induced through the 

intraperitoneal injection of cold alloxan monohydrate 

in normal saline into Wistar rats. Alloxan is known to 

cause diabetes and oxidative/nitrosative stress after 

its intracellular accumulation in the pancreatic β-cells 

via the GLUT2 glucose transporters through ROS 

mechanism which results in pancreatic β-cell 

destruction (Lenzen, 2008a). In addition, pancreatic 

β-cells are known to be highly sensitive and 

susceptible to oxidative stress as the intrinsic 

antioxidative defense mechanisms of pancreatic β-

cells are weak and are easily overwhelmed by redox 

imbalance from reactive oxygen and nitrogen species 

with attendant deleterious consequences such as lipid 

peroxidation, protein oxidation, DNA damage 

(Lenzen, 2008b). Interference of reactive species 

[such as superoxide anions (O2
.-
), hydrogen peroxide 

(H2O2), toxic hydroxyl radicals (
.
OH), singlet oxygen, 

nitric oxide, and peroxynitrite] with signal 

transduction pathways contributes significantly to β-

cell dysfunction and death (Lenzen, 2008b; 

Djordjevic et al., 2004). In in vivo experimental 

models, tissue oxidative stress markers such as SOD, 

CAT and GSH are useful and reliable markers of 

antioxidant status while MDA is a sensitive and 

reliable marker for lipid peroxidation (Kumar et al., 

2010; Feillet-Coudray et al., 1999). Similarly, the 

integrity of hepatocytes is reliably assessed by levels 

of the serum liver enzyme markers such as AST, 

ALT and ALP (Moss and Henderson, 1999) and often 

these marker enzymes are elevated in DM (Rao et al., 

1989). In the current study, oxidative stress were 

reliably induced with alloxan in the treated rats as 

indicated by marked reductions in the hepatic tissue 

SOD, CAT, GSH and marked elevation in hepatic 

tissue MDA levels and concomitant elevations in the 

serum AST, ALT and ALP levels which are in 

complete agreement with results of other studies 

(Golberg et al., 1977; Stanely and Menon, 2001; 

Ezekwesili, 2012; Rajaram, 2013). Reversal in the 

hepatic tissue levels of these oxidative markers and 

hepatic enzyme markers following repeated oral 

treatment with 50-200 mg/kg/day of HU strongly 

indicate the effective therapeutic role of HU in 

attenuating oxidative stress associated with type 1 

DM which was probably mediated via free radical 

scavenging activities and improving glutathione 

status in the liver tissues. Consequently, this result is 

in consonance with that of an earlier study which 

reported the in vitro anti-oxidant activity of HU 

(Adeneye et al., 2011). Similarly, significant 

reductions in the serum liver enzyme markers, total 

cholesterol, triglyceride, and concomitant significant 

elevations in the serum total protein and albumin 

levels are suggestive of the hepatoprotective potential 

of HU against oxidative stress induced by alloxan 

since these biochemical parameters were normalized 

by HU treatments.  

Alloxan, as a thiol reagent, selectively inhibits 

glucose-induced insulin secretion through its ability 

to inhibit β-cell glucose sensor, glucokinase, an 

essential rate-limiting step glucose metabolic enzyme 

(Lenzen, 2008b). The alloxan treated animals 

exhibited a decrease in hepatic glycogen content 

which may be due to enhancements in the glucose-6-

phosphatase activity and deactivation/inhibition of 

glucokinase activity (Shirwaikar et al., 2004). 

Glucose-6-phosphatase is known to catalyze the final 

step of glucose production by liver and kidney and its 

activity is often elevated in DM (Liu et al., 1994; 

Clore et al., 2000). Similarly, in type 1 DM, LDH 

activity is often significantly enhanced, resulting in 

lactic acidosis as a metabolic complication of type 1 

DM (Zappacosta et al., 1995; Raju et al., 2001). The 

fact that glucose-6-phosphatase activity was 

significantly enhanced in the rats treated with alloxan 

in this study shows that our result is in accord with 

report of Liu et al. (1994) and Clore et al. (2000). 

Thus, the profound control of hyperglycemia coupled 

with increased hepatic glycogen content, decreased 

glucose-6-phosphatase and reduced lactate 

dehydrogenase activities in the HU-treated rats as 

recorded in this study suggest that the glycemic 

control achieved by HU was probably mediated via 

decreased release of glucose from hepatic tissue 

glycogen and increased hepatic glycogen 

deposition/storage due to decreased glucose-6-

phosphatase activity through inhibition of glycolysis. 

Also, literature has it that an increase in hepatic 
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glycogen is often mediated through the activation of 

glycogen synthase for which the substrate glucose-6-

phosphate could have been readily provided by 

increased hexokinase activity (Shirwaikar et al., 

2004; Bouche et al., 2004; Lawrence and Roach, 

1997). Again, significant reduction in glucose-6-

phosphatase activity following treatment with HU 

coupled with insignificant alterations in the serum 

insulin levels lends support to the earlier report that 

HU achieves glycemic control via increased 

peripheral glucose utilization (Adeneye and Adeyemi, 

2009b). Thus, the current study has further provided 

an insight into the enhanced peripheral glucose 

utilization mechanism of HU in alloxan-induced 

diabetic rats. 

Another significant finding of this study is the 

improvement in the average body weight and 

percentage weight changes following repeated oral 

treatment with 50-200 mg/kg/day of HU. Results of 

the current study showed that untreated alloxan-

induced diabetic rats manifested significant weight 

loss, hypercholesterolemia and hypertriglyceridemia 

which are in concordance with earlier studies that 

reported alloxan to cause significant weight loss with 

metabolic derangements such as hyperglycemia, 

dyslipidemia, hyperketonemia, lactic acidosis, etc. 

(Abdulrahman et al., 2013). The fact that these 

metabolic alterations were restored to near normal 

levels following HU treatment also suggest that these 

metabolic re-arrangements by HU treatment could 

probably have accounted for the improvement in the 

body weight changes seen in the HU-treated rats.    

Overall, results of this study show a positive 

correlation between chronic hyperglycemia and 

oxidative stress in alloxan-induced diabetic rats and 

both the hyperglycemia and oxidative stress were 

profoundly ameliorated with HU treatment via 

enhanced hepatic glycogen deposition mediated via 

decreased hepatic glucose-6-phosphatase activity and 

improvement in antioxidant/free radicals scavenging 

activities, respectively. Thus, this study provides 

further insight into the antidiabetic and antioxidant 

mechanisms of HU in experimental type 1 DM. 
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INTRODUCTION 
 

Histamine or -aminoethylimidazole is a chemical 

mediator that was first detected as uterine stimulant 

in extracts of ergot. It was also observed to stimulate 

a host of smooth muscles and to possess 

vasodepressor action (Dale and Laidlaw (1910). 

Histamine which is a diamine derivative of histidine 

is produced by the action of the enzyme histidine 

decarboxylase (Smuda and Bryce, 2011). 

Endogenous histamine is a classical inflammatory 

and immunological mediator mainly produced by 

mast cells and basophils and plays a role in allergic 

response, regulation of gastric-acid secretion, 

neurotransmittion in the central nervous system and 

cardiovascular function. Four subclasses of receptors 

(H1, H2, H3 and  H4) mediate the actions of histamine 

(Black et al, 1972; Arrang et al, 1983; Leurs et al, 

1995; Rangachari, 1998). In general, activation of H1 

receptors (Ash and Schild, 1966) results in 

vasoconstriction while H2-receptor activation (Black 

et al, 1972) mediates vasodilation. H3 receptors 

(Arrang et al,1983) are described as modulators of 

histamine synthesis and release in the CNS, therefore, 

primarily function in modulation of neurotransmitter. 

H4 receptors possess a limited expression; they are 

expressed in haemopoetic cells, involved in immunne 

response and are targets of particular interest in 

immunomodulatory therapies (Smuda and Bryce, 

2011).   
 

VASCULAR HISTAMINE 

The vascular walls of various animal species have 

been reported to contain large amounts of histamine 

located in mast cell and non-mast cell stores (El 

Ackad and Brody, 1975). Also, coronary arteries of 

some patients with coronary artery disease have been 

reported to be hyperresponsive to histamine and to 

contain significantly higher concentrations of 

histamine (Kalsner and Richards, 1984). Mast cells 

present in post capillary venules also secrete 

histamine which induce protein leakage and edema 

formation 

 

ACTIVATION OF HISTAMINE RECEPTORS 

 The actions of histamine are mediated via specific 

receptors on the cell embrane. The four subtypes of 

histamine receptors are typical G protein-coupled 

receptors (Rangachari, 1998). In general, activation 

of vascular H1 and H2 receptors elicits (respectively) 

vasoconstriction and vasodilatation (Black et al, 

1972; Ebeigbe et al, 1989); vasodilation is, by far, the 

more predominant effect of histamine in humans. The 

H1 and H2   receptors mediating vasodilation are 

distributed throughout the resistance vessels in most 

vascular beds. Activation of either H1 or H2  subtype 

of histamine receptor can elicit maximal vasodilation, 

but the responses differ in their sensitivity to 

histamine, in duration of the effect, and in the 

mechanism of their production (Hudgins and Weiss, 

1968; Ebeigbe et al, 1989; Leurs et al, 1995). 

H2  receptors are located mainly on vasuclar smooth 

muscle cells and the vasodilator effects produced by 

their stimulation are mediated by cyclic Adenosine 

monophosphate (cAMP); H1 receptors reside mainly 

on endothelial cells, and their stimulation lead to the 

formation of local  vasodilator substance called 
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Endothelium derived relaxing factor (EDRF) which 

has been identified as  Nitric Oxide (NO). The EDRF 

diffuses from endothelial cells to vascular smooth 

muscle cells and therein activates the enzyme 

guanylate cyelase, which increases the level of cyclic 

guanosine monophosphate (cGMP) that leads 

subsequently, to the relaxation of the vascular smooth 

muscle (Furchgott and Zawadzki, 1980; Moncada et 

al, 1989). 
 

 

 
Fig. 1. Schematic representation of endothelium-derived relaxant 

factor (EDRF)-induced vascular smooth muscle relaxation in 

response to histamine (released from vascular wall) action on the 

endothelial cell. 

 

The basal formation of nitric oxide maintains a 

moderate but significant vasodilation in the systemic 

resistance vessels. When blood flow in the conduit 

arteries is increased, there is an augemented 

endothelial formation of nitric oxide, eliciting flow-

dependent vasodilation. Histamine has been widely 

reported to stimulate endothelial nitric oxide 

formation in a number of vascular beds (Van De 

Voorde and Leusen, 1983; Schoeffter and Godfraind, 

1988).  

Presynaptic H3 receptors play a role in 

pathophysiology of cardiac ischemia. H3 receptors in 

the heart become activated in the early phase of 

myocardial ischemia characterized by an increased 

histamine spillover (Gothert et al 1995). H3 receptor 

in the central nervous system appear to be of 

importance in the control of vascular functions 

(Schlicker et al 1994). It is found either on 

histaminergic neurons of the CNS (Autoreceptors) or 

on the non-histaminergic neurons of the CNS 

(heteroreceptors). The vascular H3 receptors appear to 

play some yet unidentified role in hypertension 

(Schlicker et al 1994).  

H4 receptor which has recently been characterised 

as the immune system histamine receptor (Zampeli 

and Tiligada, 2009) has a regulatory role in the 

immune system, is involved in dendritic cell 

activation and T cell differentiation. 

VASOACTIVE EFFECTS OF HISTAMINE  
The vascular effects of histamine are routinely 

studied in vitro, on ring preparations of  isolated 

blood vessels (Ebeigbe et al, 1983; Schoeffter and 

Godfraind, 1988; Obiefuna et al, 1991). In the 

absence of active tone, histamine elicits contraction 

of vascular smooth muscles (Van de Voorde and 

Leusen, 1983; Ebeigbe and Cabanie, 1992). The 

relaxant effect of histamine, however, is usually 

observed in precontracted blood vessels and is more 

marked in the presence of an H1-receptor antagonist 

(Van de Voorde and Leusen, 1983; Schoeffter and 

Godfraind, 1988; Ebeigbe and Cabanie, 1992). 

At the capillary level, histamine distends the vessel 

wall to exert inflammatory reactions such as 

extravasation of blood content. In contrast, the 

muscular arteries, such as the coronary and 

mesenteric arteries are constricted by histamine. In 

addition to the vasomotor action, histamine has been 

shown to promote gene expression in smooth muscle 

cells. (Sasaguri and Tanimoto, 2004). Hudgins and 

Weiss (1968) demonstrated that the histamine-

induced contraction of rabbit aorta is dependent to a 

large extent upon Ca
2+

 entry from the extracellular 

space. 

 

TRANSMURAL NERVE STIMULATION 

In many isolated blood vessels, transmural nerve 

stimulation elicits contractile responses due to release 

of noradrenaline from adrenergic nerve terminals 

(Vanhoutte et al, 1981). However when a vessel is 

precontracted using various agonists (e.g. 

noradrenaline, 5-HT, Angiotensin II), transmural 

nerve stimulation results in frequency-dependent 

relaxation responses. This Ca
2+

-dependent relaxation 

response is presumed to be mediated, at least in part, 

by the release of histamine (Ebeigbe et al, 1983; 

Gantzos et al, 1983). 

 

HISTAMINE AND VASCULAR DISEASE 

Histamine has been reported to play some role in 

mediating some cardiovascular diseases: the coronary 

arteries of come cardiac patients are hyperreactive 

and contain large stores of histamine (Kalsner and 

Richards,1984). Contractile responses to histamine 

are enhanced in vessels from atherosclerotic humans 

(Ginsburg et al, 1981); reduced endothelium-

dependent relaxation responses to histamine have 

been reported in various animal (Fig. 2) hypertensive 

models (Lockette et al, 1986; Obiefuna et al, 1991), 

as well as a human form of hypertension (Ebeigbe 

and Cabanie, 1991; 1992). Also, rings of isolated 

human epigastric arteries from pregnancy-induced 

hypertensive women display modest but significantly 

greater sensitivity to histamine (Fig. 3) and are more 

susceptible to H1 receptor blockade (Ebeigbe and 

Cabanie, 1991; 1992). 
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Fig. 2. Relaxation responses of isolated aortae  from control and 

salt-loaded rats to histamine and acetylcholine. The relaxation 

responses to histamine, but not those to acetylcholine, were 

significantly (*p<0.05) diminished following salt-loading. 

(Adapted from Obiefuna, Sofola & Ebeigbe, 1991). 

 

 

 
Fig. 3. Dose-response curves to histamine in epigastric arterial 

rings from control (n = 6, square) and pregnancy-induced 

hypertensive (n = 5, circle) patients. Asterisks denote significant 

difference from control values. 
 

In conclusion, histamine, released from blood 

vessel wall or mast cells, influences vascular smooth 

muscle reactivity either directly or indirectly via 

stimulating endothelial cells. Alterations in histamine 

actions have implication for some cardiovascular 

disorders. 
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