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ABSTRACT  
 
A survey of intestinal parasite infections in a heavy metal (Pb) mining area of Abia State (Ishiagu) 
was carried out using both direct wet preparation and formal/ether concentration methods. A total
512 individuals ranging from primary and secondary school children to adults were screened. Of 
the number sampled, 177 (34.67 %) had various intestinal parasites. The parasite prevalence were 
Ascaris lumbricoides (17.80 %), Hookworms (14.80%) Entamoeba histoly ca (3.70 %) and 
Trichuris trichiura (2.3 %). Prevalence for ma es (35.55 %) and females (33.47%) were not 
significantly different (P < 0 05). Age distribution of the infections showed a gradual increase from
< 10 years (14.0%) to 11-20 years group (36.67%) and peaked at 21-30 years w h 57.00 % 
before decreasing to the least in the > 51 years (27.02 %). This gave a significant age related 
infection (P < 0.05). The findings were discussed in relation to the rural nature of the community 
and the activities at the head mining s tes.  
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INTRODUCTION  
 
General intestinal parasite infections are the most 
common infection in a community, with over 400 
million people infected all over the world (WHO, 
1987, Adeyeba and Akinlabi, 2002). The most 
implicated parasites are Ascaris lumbricoides, 
Hookworms (Necator americanus and Acy ostoma
deodenaleI); Entamoeba histolytica and Entamoeba 
coli. Others include Trichiuris trichiura, strongyloides 
stercoralis, Gia dia lamblia and G. intestinalis (Agi, 
1997, Nikolic et al., 1998; Mbanugo and Onyebuchi, 
2002). Several workers attribute the high prevalence 
of these infections to poverty, poor personal hygiene, 
poor environmental care, poor health services, and 
lack of adequate and proper awareness of the 
transmission mechanisms and life-cycle patterns of 
these parasites (Montressor et al., 1998; Adeyeba 
and Akinlabi, 2002; Mbanugo and Abazie, 2002).  
 The effects of these worm infections have 
been enormous. The migratory stages (larvae) and 
the obstructions caused by some adults create 
growth and mental problems especially in children. 
Skin rashes and discolourations are not excluded, 
while lack of certain essential vitamins remains a 
consistent effect (Ozeretskovskaya, 1982; Chan, 
1994; Stolsfus et al., 1996).  
 Much work has been done on intestinal 
parasite infections in Nigeria. However, the situation 
in Ishiagu remains unknown. In addition, the 
infection spectrum in a heavy metal mining and stone 
quarrying community has not been documented. This 
work therefore provides information in this direction.  
 
 
 

 
MATERIALS AND METHODS 
 
The study area is Ishiagu, a rural community in the 
Guinea Savannah belt of Abia State, Nigeria. The 
inhabitants are predominantly farmers. Some are 
engaged in lead (Pb) and Zinc (Zn) mining and stone 
quarrying (rock blasting) activities with various 
companies operating in the area. Other people are 
involved in various forms of trading and schooling. 
Modern housing systems and basic infrastructures 
have only recently been seen in a few spots as over 
80-90% of the inhabitants still live in typical rural 
setting.  
 
Specimen Collection: Wide mouthed plastic 
containers with press-down covers were used to 
collect stool specimens from subjects of various ages, 
ranging from primary school children to adults in the 
study area. The containers were distributed a day 
before the collection, after educating them on the 
collection method. All collected containers were 
properly labeled. A questionnaire was used to collect 
information relating to age, sex, occupation etc of the 
subjects (Table 1).  
 
Examination of Specimens: The stool specimens 
were collected and examined in batches. The 
specimens were examined using the formal/ether 
concentration techniques and the direct smear 
method with normal saline and iodine solution (Garcia 
and Ash, 1979; WHO, 1991). Results obtained were 
subjected to chi-square analysis to further test their 
validity statistically. 
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Table 1: Research questionnaire used to study 
human intestinal parasite infections in Ishiagu, 
a lead mining area of Abia State 
This questionnaire is intended for use only for this research 
purpose. You are therefore to answer all the questions to 
the best of your knowledge and ability. The information 
obtained will be treated with absolute confidentiality.  
 
Please tick the appropriate answer where necessary 
Name: ………………………………………………………………….. 
Sex:               Male  Female  
Age in years:  <10  11-20  21-30  
               1 – 40  41-50  >50 
Level of Education:  
 Primary School   Secondary School  
 Tertiary School   None of all  
Occupation:  
 Lead and Zinc Mining  Stone quarrying  
 Schooling   Farming  
 Trading    Civil Servant  
 Any other  
What do you know about parasitic diseases  
 None              Very Little   Average  
 Above Average  Very much   
 
RESULTS  
 
Out of the 512 subjects screened for intestinal 
parasite infections, 177 (34.6 %) were positive with 
various parasites. Out of 270 males examined, 96 
(35.6 %) were positive while 81 (33.47 %) of the 242 
females were positive (Table 2). There was no 
significant difference in the sex-related prevalence (P 
< 0.05).  
 
Table 2: Prevalence of intestinal parasites 
among the inhabitants of Ishiagu, Abia State 

 
Table 3, indicates that the most infected age group 
was the 21-30 years (57.00%), followed by 11-20 
years (36.67 %). The least infected was 0 < 10 years 
(14.00 %) followed by > 50 years (27.02 %). Age 
significantly influenced the prevalence (P < 0.05) 
(Table 3).  
 Four intestinal parasites were observed in 
his study. These were Ascaris lumbricoides  
Hookworm, Entamoeba histolytica and Trichuris 
trichiura. Table 2 shows these parasites and their 
prevalence among the 512 subjects screened.   

,

 Occupation did not influence the prevalence 
of infection except for the civil servants (16.90 %) 
who had significantly lower prevalence of infection 
than all the others group E. 
 
DISCUSSION 
 
This study has revealed that intestinal parasites 
observed in other areas are the same found in both 

children and adults in the lead, zinc and stone mining 
area – Ishiagu (Agi 1995, Nikolic et al, 1998, Adeyeba 
and Akirilabi, 2002, Mbanugo and Abazie, 2002). The 
parasites encountered in this work were Ascaris 
lumbricoides, Hookworms, Entamoeba histolytica and 
Trichuris trichiura.  
 
Table 3: Prevalence of Human intestinal 
parasites according to age, sex and occupation 
of the inhabitants of Ishiagu  

  Number 
Examined 

Number 
infected 

Sex Male 
Female 

270 
242 

96(35.55) 
81(33.47) 

Age in 
Years 

<10 
11-20 
21-30 
31-40 
41-50 
>50 

100 
120 
100 
95 
60 
37 

14(14.0) 
44(36.677) 
57(57.00) 
32(33.68) 
20(33.33) 
10(27.02) 

Occupation Mining 
Stone quarrying 

Schooling 
Farming 
Trading 

Civil service 

72 
102 
134 
87 
4 
71 

23(31.94) 
34(33.33) 
62(46.27) 
30((34.48) 
1(25.00) 
12(16.90) 

 
The observations of these intestinal parasites in 
subjects in Ishiagu community were in line with 
happenings in other areas. However, more parasites 
than the four reported in this work have been 
observed in most areas other than heavy metal 
mining and rock blastering areas (Amogun, 1990; 
Chan, 1997; Mbanugo and Onyebuchi 2002, Adeyeba, 
and Akinlabi, 2002). The fewer number of parasite 
species reported in this work could be attributed to 

the fact that the wastes from these mining sites in 
the area could have adversely affected the survival 
of these parasites in the soil. The inhabitants 
make use of the abandoned quarry and mining 
pits for various purposes, which could equally, 
affected the parasites spectrum.  
 The most prevalent intestinal parasite in 
the area was Ascaris lumbricoides (17.8 %), 

followed by Hookworms (14.8%) while the least was 
Trichuris trichiura (2.3%). The results of this study 
agree with previous reports elsewhere that Ascaris
lumbricoides and Hookworm species are the most 
prevalent intestinal parasites in South Eastern Nigeria 
(Agi, 1995; Mbanugo and Abazie, 2002; Adeyeba and 
Akinlabi, 2002).  

No examined %  
infected 

Species 

177 34.60% 
Ascais lumbricodes  91 17.8% 
Hookworms  76 14.8% 
Trichuris trichiura    12 2.3%
Entaemoeba histolytica 19 3.71% 
Total 512 100 

 

 A total prevalence of 34.6% intestinal 
parasite infections observed in the study area is 
similar to the 33.6% (Agi, 1995) and 30.8% 
(Mbanugo and Abazie 2002) but lower than the 
50.4% (Adeyeba and Akinlabi, 2002) and 70.80% 
(Awogun, 1984) reported elsewhere  in the country. 
These variations explain that no community is the 
yardstick for measurement as the prevalence of 
intestinal parasites is a function of many interacting 
factors. These factors vary in different communities 
and even in the same community at different periods 
of development.  There was no significant different in 
the sex – related prevalence as both sexes were 
exposed to the same or similar sources of infection at 
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similar or some rate. Both sexes take part in similar 
activities in the same areas that could predispose 
them to the intestinal parasites infections. 
 Age-related prevalence showed that 
infection rate increased with age and reached the 
peak in 21-30 yeas subjects (57.00%) before 
decreasing with advancing age. The work force in 
Ishiagu, a typical rural community, constitutes of 
people from 21-30 years of age.  These are those 
engaged in the farming, lead and zinc mining and 
stone quarrying activities outside their homes which 
predispose them to infections with these parasites. 
On the other hand, subjects of 10-20 years are 
mainly school children who are generally highly 
infected as a result of age and lack of acquired 
immunity (Mbanugo and Onyebuchi, 2002, Adeyeba 
and Akinlabi, 2002). In this 10-20 years group, those 
not engaged in schooling were observed scavenging 
at the mining and quarrying sites, which equally 
exposed them to infections.  
 Occupational prevalence of intestinal 
parasitic infection showed that the only significantly 
different group (P < 0.05) was the civil servant  
which had the lowest prevalence of 16.90%, probably 
as a result of their being generally more educated 
than the rest of the community.  

In conclusion, there was low prevalence of 
intestinal parasite infections with only few parasite 
species in the area, but the rural nature of the 
community, coupled with unhygienic practices at the 
various work sites expose the people to infections. 
There is therefore the need for provision of portable 
drinking water in addition to mass deworming 
treatment. The need for mass awareness campaign 
should also be emphasized in order to drastically 
reduce all the infections.  
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A study of the prevalence of Malaria parasites in pregnant women attending pre - natal care in 
Government hospitals in two major towns (Aba and Okigwe) in Southeast N geria was carried out.
Blood was collected by vein puncture rom 500 pregnant women in different trimesters (300 from 
Aba and 200 from Okigwe) and 200 non - pregnant women, 100 from each town. Presence of 
Malaria parasite was observed microscopically on thin and thick blood smears prepared from each 
sample. Personal data were collected both orally and from maternity records of the women. The 
results were analysed statistical y using the Chi - square tes . Only the ring trophozoite and 
gametocyte forms of Plasmodium falciparum were observed in the infected samples.  A total of 270 
(54 %) pregnant women out of the 500 examined were infec ed with P. falciparum whi e 66(33 %)
of the non - pregnant women sampled were infected. This represents a significant difference. Aba 
had 158 (52.6 %) out of the 300 pregnant women examined infected while Ok gwe had 112(56 %)
of the 200 pregnant women examined infected. There was no sign ficant d f erence between the 
results obtained in the two towns. (P > 0 05). Peak prevalence was observed in the first trimester 
64.1 % (100 out of 156) wh e 3rd tr mester showed the lowest 45 %    (68 of 150). Prevalence was 
also highest in primgraviidae and women in second pregnancy (67.96 %). Multiparous women (3rd

pregnancy and above) had 39.31 %   . Age was significant. Anaemia (Hb. < 11g/dl) was observed 
in 385 (77 %   ) of the 500 pregnant women examined. Of the 270 in ected women 254(94.07 %)
were anaemic. Anaemia was significantly higher in women with higher parastemia (Z.cal. = 9.06). 
The implicat ons of this result on the epidemiology of malaria are discussed. 
 
Keywords: Prevalence, Malaria, Pregnancy, Women, Anaemia, Plasmodium 
 
INTRODUCTION 
 
Malaria is a major public health problem in 
developing countries causing considerable morbidity 
and mortality especially in sub Saharan Africa. It is 
endemic in 103 countries with about 2000 million 
people exposed to infection (Menendez, 1995). An 
estimated 1 - 2 million deaths result each year from 
about 300 - 500 million clinical cases in highly 
endemic areas (Snow et al., 1999, 2001). Mostly 
affected are children less than 5 years and followed 
closely by pregnant women. An increased risk of 
Malaria during pregnancy was observed over 60 years 
ago by Wickramasariya (Steketee and Mutabingwa, 
1999). In all endemic areas it has been observed that 
the frequency and severity of malaria increases with 
pregnancy (Gilles et al., 1984). 
      Several reasons have been adduced for this 
increase such as relative impairment of the immune 
system (Ibeziako et al., 1980; Mutabingwa 1994), 
cytoadherence to chondroitin Sulphate A in the 
placenta (Fried and Duffy 1996) and an increased 
attractiveness of pregnant women to Malaria vectors 
(Lindsay et al., 2000). Also in areas of high 
transmission, primigraviidae are more susceptible to 
infection than multiparous women (Okoko et al., 
2003). Furthermore it has been observed that 
increased risk of malaria varies during the course of 

pregnancy with the first trimester showing highest 
prevalence and parasite density than the 2nd and 3rd 
trimesters (Menendez, 1995). 
      Malaria in pregnancy holds severe 
consequences which range from anaemia to severe 
complications such as cerebral malaria, pulmonary 
oedema and renal failure in the mother (Steketee et 
al., 2001; Saute et al., 2002; Bouyou - Akotet et al., 
2003), increased stillbirth, intra - uterine growth 
retardation and low birth weights in the foetus 
(Kasumba et al., 2000; Verhoeff et al., 2001; 
Steketee et al., 2001). 
With the Government of Nigeria interested in the Roll 
Back Malaria Programme, this study was undertaken 
to provide part of the much needed baseline data for 
effective planning and control of Malaria especially 
among the population at risk, the pregnant women. 
 
MATERIALS AND METHODS 
 
The study area consists of two towns, Aba and 
Okigwe in South East Nigeria. Aba is one of the 
commercial nerve centers of the country and 
therefore more cosmopolitan in nature than Okigwe. 
They have tropical climate with mean daily maximum 
air temperature range from 28 °C – 35  °C and mean 
daily minimum air temperature range from 19 °C –  
24 °C (Nwoke and Uwazie, 1991).   
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The highest temperature occurs between March and 
April and the lowest in January. Wet and dry seasons 
are distinct in the area. Wet season spans from 
March to October giving an annual rainfall of between 
1,700 mm and 20,000 mm. 
      Okigwe has varied vegetation being 
equatorial around the banks of natural water bodies 
and Guinea Savannah further inland. It is rocky and 
hilly with springs scattered all over. Aba’s vegetation 
is typically rain forest. It is an urban town spotting a 
lot of open drains, bushes puddles and inefficient 
waste disposal system with huge refuse litters found 
in strategic areas of the town. 
The two hospitals from where samples were collected 
(Abia State University Teaching Hospital, Aba and 
General Hospital Okigwe) serve as the most 
accessible and more focal for pregnant women in 
these areas during pre - natal care. 
 
Sampling: 500 pregnant women were randomly 
selected and their blood sampled for Malaria 
parasitaemia from the two hospitals. 300 pregnant 
women were sampled in Aba while 200 were sampled 
in Okigwe. Also 200 non - pregnant women, 100 from 
each town were sampled. Peripheral venous blood 
from each woman was used in preparing thick and 
thin blood films, which were stained with Giemsa and 
examined for Malaria parasites using standard quality 
and controlled procedures (Alonso et al., 1994). The 
presence and level of parasitemia was observed and 
recorded. A sample was recorded as positive, on the 
microscopic detection of any Plasmodium stage on 
the slide. The sampled females were grouped into 
age groups 11 - 20, 21 - 30, 31 - 40 and 41 - 50 
years old. All other information needed on the 
pregnant women was gotten from their maternity 
records and also orally from the women as presented 
in (Table 1.) 
 
Table 1: Information obtained from women on 
the prevalence of malaria parasites in pregnant 
and non-pregnant women in Aba and Okigwe 
towns of Southeastern Nigeria 
Information  
obtained  orally 

Information obtained 
from maternity records 

Age Age 
Marital status Trimester 
Parity Parity 
Chemoprophylaxis Prescribed Chemoprophylaxis 
 
Haemoglobin Estimation: Haemoglobin was 
estimated using Haemiglobincyanide (HICN) 
technique. Haemoglobin level of >11g/dl was 
considered normal while low anaemia was 11 - 9g/dl, 
moderate anaemia 8.9 – 7 g/dl and severe anaemia 
<7g/dl. (Bouyou - Akotet et al., 2003). 
 
Data Analysis: The data were analysed statistically 
using Chi - square and Normal distribution (Z test). 
 
RESULTS  
 
Plasmodium falciparum was the only malaria parasite 
observed in the blood samples of the pregnant 

women sampled in the study. Trophozoites and 
gametocytes were the erythrocytic stages observed 
during the study. Out of the 500 pregnant women 
examined for malaria parasites in both towns, 270 
(54 %) had positive infections while 66(33 %) out of 
the 200 non - pregnant women were equally infected. 
There was significant difference in malaria prevalence 
among the women (P > 0.05). In Aba 158 (52.6 %) 
out of the 300 pregnant women examined were 
positive for malaria parasitemia while 112 (56 %) out 
of the 200 examined in Okigwe were positive. There 
was no significant difference in malaria prevalence 
among the towns. (P < 0.05) (Table 2).  
 
Table 2: Prevalence of malaria parasites in 
pregnant and non pregnant women in Aba and 
Okigwe towns 

Pregnant Non-Pregnant Town 
NE NI NE NI 

Aba 300 158 (52.7%) 100 30 (30%) 
Okigwe 200 112 (56%) 100 36 (36%) 
Total 500 270 (54%) 200 66 (33%) 
NE means No. Examined: NI means No. infected 
 
Highest prevalence of 64.1 %  (100 out of 156) was 
observed in women in the first trimester of pregnancy 
followed by 52.5 % (102 of 194) in the 2nd trimester, 
with the least seen in the 3rd trimester 45 % (68 out 
of 150). Statistically significant differences in malaria 
prevalence among women in different trimesters was 
observed (P > 0.05) (Table 3). 
 
Table 3: Effect of gestation and parity on the 
prevalence of malaria parasites in pregnant 
women in the two towns 
Gestation Period NE NI (%) 
1st  Trimester 156 100 (64.1%) 
2nd Trimester 194 102 (52.5%) 
3rd Trimester 150 68 (45%) 
Parity NE NI (%) 
1st  Pregnancy 124 86 (69.35%) 
2nd Pregnancy 
3rd and above (Multiparous) 

132 
244 

88 (66.67%) 
96 (39.31%) 

NE means No. examined; NI means No. infected 
 
Parity was statistically significant (P > 0.05) as 
primgravidae (69.35 %) and secungravidae (66.67 
%) were more infected than multi - parous women 
(3rd pregnancies and above) that had 39.31 %    
infection. Age was significant (P > 0.05). The age 
prevalence (Table 4), followed a concave pattern, 
being more prevalent in younger females 11 - 20 
years, 68 %) and older (41 - 50 years, 67 %) age 
groups than in mid age groups of (21 - 30, 50 %) 
and (31 - 40, 53 %). In the non - pregnant women, 
those of age group 11 - 20 were more infected (62.5 
%). 
      Anaemia was observed in 385 of the 500 
pregnant women examined giving an overall 
prevalence of 77 %. Out of the 270 infected pregnant 
women 254 (94.07 %) were anaemic, while 160 out 
of the 230 (69.56 %) uninfected pregnant women 
were anaemic (Table 5). There was a significant 
difference between results of the two groups.  
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Table 4: Effect of age on prevalence of malaria 
parasites in pregnant and non-pregnant 
women in the two towns 

Pregnant Non-pregnant Age 
NE NI NE NI 

11-20 44 30 (68%) 40 25 (62.5%) 
21-30 288 146 (50%) 98 27 (27.55%) 
31-40 138 74 (53%) 37 10 (27.03%) 
41-50 30 20 (67%) 25 4 (16.00%) 
 
Table 5: Prevalence of anaemia in the pregnant 
and non-pregnant women examined in Aba and 
Okigwe towns of Southeastern Nigeria 

Pregnant Non-pregnant     
NE NA NE NA 

Infected 270 254 (94.07%) 66 30 (45.45%) 
Un-infected 230 160 (69.5%) 134 28 (20.90%) 
Total 500 385 (77%) 200 58 (29%) 
 NE means No. Examined: NA means No. Anaemic        
 
Anaemia was also found to be higher in pregnant 
women with higher parasitaemia (mean = 7.712 ± 
0.8750 g/dl) as against those with lower parasitaemia 
(Mean = 9.8230g/dl ± 2.0725). The difference was 
statistically significant (Z Cal = 9.06).  Also (45.45 %) 
of the infected non - pregnant women were anaemic.  
      Chloroquine was observed to be the 
chemoprophylaxis of choice with 198 (39.6 %), 
followed by Daraprim (33.6 %) and Fansidar 12 %. 
However only 14.8 % of the women were on no 
chemoprophylaxis. Those on Chloroquine also had a 
low infection of 46.6 %    as against 66.7 % by those 
on Fansidar and 72 % infection by those on no drugs 
at all. (Table 6). 
 
Table 6: Drugs used by the pregnant and non 
pregnant women examined in Aba and Okigwe 
towns of Southeastern Nigeria 

ND means No. on Drugs:  NI means No. Infected 
 
DISCUSSION 
 
The prevalence of Plasmodium falciparum infection in 
pregnant women in Aba and Okigwe, South Eastern 
towns of Nigeria, were 52.6 % and 56.0 %    
respectively. These rates were comparable to the  
47.5 %    reported in Onitsha (Nwokedi, 1992), 42  
%    reported in Ghana ( Mockenhaupt et  al.,(2000), 
57.5  %    reported in Gabon (Bouyou - Akotet et al., 
2003)  and 41  %    observed in Uyo Nigeria (Opara 
et al., 2004). However they are higher than  7.3  %    
reported in Port Harcourt ( Ibeziako et al., 1980), 
18.5 %    reported in Keneba Gambia ( Watkinson 
and Rushton 1983), 23  %    reported in Mozambique  
(Saute et al., 2002 ) and 26.75  % reported in Malawi 
( Rogerson et al., 2003),. These rates were however 
much lower than 97.2 %    observed in India (Meintra 
et al., (1993) 

The high rate of prevalence observed could 
be due to the environmental conditions inherent in 
Aba and Okigwe, which favours P. falciparum 
transmission. It has been recognized that a 
temperature range of 160 C – 38o C and relative 
humidity of 60 %    were suitable for malaria parasite 
transmission (WHO, 2000).  

The attitude of the women of not starting 
pre - natal care early in pregnancy may also have 
contributed to the prevalence. Some of the women 
began pre - natal care either towards the end of 1st 
trimester or mid second trimester. Also some avoided 
antimalaria chemoprophylaxis for fear that the foetus 
may be affected. Some did not take the standard 
dosage of the drugs as reported in Dakar, Senegal, 
where 11.9 %    of pregnant women took 
Chloroquine in inappropriate dosages (Faye et al., 
1998).  
      The prevalence obtained within the first and 
second trimesters agreed with those of Bernard 
(1991), Nair and Nair (1993,) Rayanal (1998), Zhou 
et al. (2002) and Anosike et al. (2004) who observed 
peak prevalence in weeks 10 - 20 of pregnancy. This 
may be attributed to the expression of adherent 
proteins on the surface of infected red blood cells 
(IRBCs), enabling the IRBCs to adhere to micro 
vascular capillaries of vital organs causing severe 
pathological conditions (Menendez, 1995; Miller et al. 
2002). Achur et al. (2000) have shown that 
Chondroitin Sulfate Proteoglycans (CSPGs) present in 
the intervillous spaces mediate the adherence of 
IRBCs in the placenta. Agbor- Enoh et al. (2003) had 
suggested that the high prevalence was due to the 
rapid expansion of the placenta corresponding to the 
concomitant expression of significant levels of extra 
cellular CSPGs providing binding sites for IRBCs. This 
coupled with the absence of Chondroitin - 4 - sulfate 

((C4s) - IRBC) adhesion - inhibitory antibodies 
prior to 12 - 20 weeks of gestation enhanced the 
prevalence.  
      Also parity played a role in the 
prevalence rates. Primgravidae and Secungravidae 
accounted for 67.96 % of the infection as against 

39.31 % in multiparous women. These results were 
similar to the 65 % reported in Malawi (Mattelli et al., 
(1994), 65 % reported in Senegal (Diagne et al., 
1997), 62 % in Tanzania (Wakibara et al., 1997) and 
64 % in Gabon (Bouyou - Akotet et al., 2003). The 
results were definitely higher than 26.2 % observed 
among the Primigravidae in Malawi (Rogerson et al., 
2003) but disagrees with Saute et al. (2002) in 
Mozambique that observed no significance in 
prevalence levels with parity. Duffy and Fried (1999), 
Ricke et al. (2000),  O’Neil-Dunne et al. (2001), and 
Okoko et al. 2003 had suggested that the early onset 
of efficient antibody response in Multigravidae and 
the delayed production of antibodies in Primigravidae 
appeared to account for the gravity dependent  and 
differential prevalence of Plasmodium Malaria in 
pregnant women. Duffy and Fried (1999) showed 
that plasma from Kenyan multigravid women 
inhibited adhesion of placental parasites to 
Chondrotin sulfate A (CSA).  

Pregnant Non-pregnant   Drug 
ND NI ND NI 

Chloroquine 198(39.6%) 92(46.6%) 96 28 (29.17%) 
Daraprim 168(33.6%) 92(55%) 12 3 (25.00%) 
Fansidar 60(12%) 40(66.7%) 62 22 (33.33%) 
No Drugs 74(14.8%) 53(72%) 30 23 (76.67%) 
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Furthermore Okoko et al. (2003) reported that 
malaria infection of the placenta causes a shift from 
Th2 to Th1 cytokine profile that may be detrimental 
to pregnancy. The prevalence of anaemia in this 
study was in agreement with mean percentage for 
Africa put at 61 %. It also agreed with those of Nair 
and Nair (1993) in Tanzania, Van Den Broek et al. 
(2000) in Southern Malawi and Bouyou - Akotet et al. 
(2003) in Gabon. 
      Different drugs including Daraprim, 
Chloroquine and Fansidar were used by sampled 
pregnant women. Chloroquine was found to be the 
most widely used and most effective with a low 
prevalence of 46.6 % amongst its users. This agreed 
with the findings of Bouyou - Akotet et al. (2003) in 
Gabon. Our finding may not be unconnected with its 
recommended safety during pregnancy and its cheap 
cost. In conclusion, the study agrees that pregnancy 
was among other factors affecting the prevalence of 
malaria. Efforts should be geared towards control 
among the population at risk especially the 
Primgravidae.  
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ABSTRACT 
 
An experiment was conducted to determine the effect of feed restriction on growth performance 
and economy of production using One Hundred and Twenty (120) ANAK 2000 broi er chicks. The 
dietary treatments consisted of providing feed ad libitum ( ull fed) and two feed restriction 
treatments  restricting eed ng 80 % of ad libitum between 28 – 70 days of age (DOA); and for 28 –
47 DOA with re-alimentation to full fed 48 - 70 DOA. The three treatments were ident fied as D1, D2,
and D3 respectively.  A one-way analysis of variance (ANOVA) in Completely Randomized Design 
(CRD) was used to analyze data collected on growth performance variables.  A cost – benefit 
analysis was utilized for the economy of production. Analysis of results obtained revealed that final 
body weight and weekly weight gain of broilers on D1 and D3 were similar (P < 0.05) but differed 
from D2 (P < 0.05). No sign cant d ference (P < 0.05) was found between D2 and D3 and between
D2 and D1 in weekly feed intake and feed efficiency respectively.  Feed efficiency was improved by 
restriction followed with re-alimentation. A reduced feed cost (N)/Kg weight gain, highest revenue
and least cost-benefit rat o were obtained from reduced from birds on D3. 
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INTRODUCTION 
 
The production performance of the broiler chicks is 
greatest when free access to feed and water is given 
Feed, incidentally, is the most expensive factor in 
growing broiler birds (Obioha, 1992).  Inadequacy 
and inconsistency of feed supply is a major 
bottleneck to efficient animal production in tropical 
farming system (Melaku and Peters, 2000).  Nji et al., 
(2002) attributed these short – fall in feed supply to 
two major factors viz: (1) scarcity and high cost of 
conventional protein and energy feedstuff, and (2) 
competition for these products by man, livestock and 
agro – industrial sectors.  Quantitative feed restriction 
programme has been successfully applied in 
managing these scares feedstuff.  However, improper 
use of this approach can lead to considerable weight 
loss and poor production (Bowes et al., 1988).  Thus, 
the application of the knowledge of feed 
management in nutrition must interact with economic 
consideration that influences the amount of feed 
supplied as ration. Plavink and Hurwitz (1988) 
observed that the timing, severity and duration of 
restriction had significant effect on the subsequent 
ability of broilers to recover from a growth defect.  
Several studies have shown that early nutrition and 
hydration has long – term benefits in growth rates 
than early deprivation (Noy and Sklan, 1999, 2000).  
This is, primarily, because the development of the 
digestive tract in poultry is rapid and more 
susceptible to variations with different nutrients and 
their availability to the body system (Dibner et al., 
1996).  Nwachukwu and Ibe (1990) provided broilers 
95, 90 or 85 % of the daily feed consumption of birds 
fed ad libitum from 2 –6 weeks of age before re-

feeding them on ad libitum from 7 – 9 weeks of age. 
They reported a depressed body weight by all levels 
of feed restriction; furthermore, economic parameters 
considered did not show feed restriction as having 
advantage over full – feeding. Their findings could 
have been influenced by the time at which feed 
restriction was commenced and the duration.  This 
study examined responses of broilers subjected to 
three different feeding regimes from 28 day of age.  
Measurements included growth performance 
variables and economic parameters. 
 
MATERIALS AND METHODS  
 
Experimental Site:  The study was carried out in 
the Poultry Research Unit, Department of Animal 
Production and Fisheries Management, Ebonyi State 
University, Abakaliki. 
 
Animal Management: a total of 120 day - old 
ANAK 2000 strains of broiler chicks obtained from S 
and D Farm Limited, Abeokuta were used for the 
study.  The 120 chicks were brooded together in the 
brooding unit (deep litter system) for 28 days using 
100 watts electric bulb.  At 28 day of age (DOA), the 
chicks were randomly allotted to three dietary 
treatments consisting of 60 birds per treatment.  
Each treatment was replicated four times thus they 
were 10 birds per replicate.  The feeding trial lasted 
for 6 weeks.  The chicks were fed finisher diet 
(Guinea Feed). 
 
Dietary Treatments: three dietary treatments were 
used for the study. These were identified as D1 = 
Chicks fed ad libitum from 28 –70 DOA; D2 = Chicks 
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fed 80% ad libitum 28 - 70 DOA; and D3 = Chicks fed 
80 % ad libitum 28 – 47 DOA and then re-alimented 
to ad libitum 48 - 70 DOA. The percentage feed 
restriction was based on previous 24 – hour feed 
consumption values of ad libitum control group (D1). 
 
Parameters Measured: The chicks were weighed 
as individual replicate groups at the beginning of the 
experiment (28 DOA).  Taking the average weekly 
body weight of the birds and calculating the amounts 
of weight gained per week measured growth rates. 
From the feeder weights, the amount of feed 
consumed was calculated for the six weeks of 
experimentation.  By dividing the average weekly 
weight gain by the average weekly feed consumed 
for individual bird/treatment, feed efficiency was 
established for the experiment. Multiplying total feed 
consumed by cost/kg feed got the total cost of feed.  
The quotient of total cost of feed and total weight 
gain gave the feed cost/ kg gain.  Revenue referred 
to the product of final body weight and cost/kg live 
weight. Gross margin was obtained by subtracting the 
total cost of feeding from revenue whereas the cost – 
benefit ratio was obtained by dividing total cost of 
feeding by gross margin. 
 
Statistical Analysis: Data obtained on all 
parameters, expect those on economics of production 
were subjected to a one – way Analysis of Variance in 
a Completely Randomized Design (Obi 2001). 
Significant means (P < 0.05) were separated using 
Duncan’s New Multiple Range Test (Obi 2001). 
 
RESULTS AND DISCUSSION 
 
Table 1 shows the results of the growth performance 
variables of the birds fed the dietary treatments. 
There was no significant difference (P < 0.05) in final 
body weight of birds on D1 and D3.  Such similarities 
did not exist between these two treatments and D2.  
This observation could be traced to the fact that 
following re-alimentation, restricted chicks consumed 
feed voraciously, which translated to a good gain for 
the chicks on D3 (Plavnik et al., 1986). The slight 
numerical difference in final body weight of D1 and D3 

(D1 = 0.07 > D3) supports the submission of Mollison 
et al., (1984) that although the compensatory growth 
of the restricted group at certain periods may equal 
that of the unrestricted group, the final body weight 
of the restricted group never catches up with that of 
the unrestricted group.  The mean weekly weight 
gain, feed intake and feed efficiency of birds were 
significant (P < 0.05) improved by re-alimentation. 
Beane et al., (1979) reported that re-alimentation 
following the restriction of feed intake of broilers fed 
85% of full fed control birds resulted in greater 
weight gains and a better feed efficiency.  Feed 
restriction often results in apparent decrease in 
maintenance requirement due to depressed metabolic 
rate, suggesting that birds become more and more 
efficient in utilizing reduced food intake.  This is 
based on the concept of a reduced maintenance 
requirement in animals recovering from periods of 
growth/feed restriction – where the carry over effects 

of lowered metabolic rates allows more food to be 
available for growth purposes (Lawrence and Fowler, 
1998). 
  
Table 1: Effect of Dietary Treatment on 
Performance Characteristics of Broiler Chicks 

ab  Means d feren ly supersc ipted are significantly di ferent 
from one another (P < 0.05); ± SEM =  S andard Error o  
the Mean. 

if t r f
t f

 

Parameters D1 D2 D3 SEM 
Mean Initial body  at 
28 DOA  (kg/chick) 0.57a 0.56a 0.58a 0.01 
Mean final body 
weight (kg/chick) 2.45a 2.15b 2.38a 0.04 
Mean weekly weight 
gain (kg/chick) 0.31a 0.27b 0.30a 0.01 
Mean weekly feed 
intake (kg/chick) 0.93a 0.79b 0.81b 002 
Feed efficiency 0.34b 0.34b 0.37a 0.01 

The results of the economics of production are 
summarized in table 2. Quantitative feed restriction 
proved a benefit of this procedure. Feed cost was 
highest in D1 and least in D2 (a difference of N40.32). 
Feed cost (N)/kg weight gain decreased in this order 
D3, D1 and D2 (N129.60, N142.47 and N143.09 
respectively).  Revenue, a factor determined by final 
body weight and ruling market price was highest for 
D1 and D3.   The result on gross margin (N)/ bird 
showed a contrary trend with that of feed cost (N)/kg 
weight gain (D3>D1>D2).  D3, thus had a better cost-
benefit ratio than the other treatments.  These 
results were in agreement with results of Pasternak 
and Shalev (1983).  They reported significant positive 
monetary returns due to feed restriction. Proudfoot 
and Hulan (1982) also indicated that bird subjected 
to initial feed restriction and later returned to ad
libitum made higher profit than the control birds. 

 

 
Table 2: Economics of Production of Feed 
Restriction on Broiler Chicks1 

Parameters   D1 D2 D3 
Total feed consumed 
(kg/chick) 5.58 4.74 4.86 
Cost (N) kg feed 48 48 48 
Total cost of feeding 
(N/chick) 268.64 227.52 233.28 
Final Body Weight 
(kg/chick) 2.45 2.15 2.38 
Total weight gain (6 
weeks) kg/chick 1.88 1.59 1.80 
Feed cost (N)/ kg Weight 
gain  142.47 143.09 129.60 
Cost of production (N)2 267.84 227.52 233.28 
Revenue (N) 857.50 752.50 833.00 
Gross Margin (N) 589.66 524.98 599.72 
Cost – benefit Ratio 0.45 0.43 0.39 
1  Cost/kg live weight chicken = N350; 2 Cos  of production 
based on feed cost only (other costs remain constant) 

t

 
Conclusion: There were signs of improved growth 
performance detected in birds fed D3, resulting in a 
concomitant improvement in cost – benefit ratio of 
the dietary treatment. The results of this trial, thus, 
help in emphasizing the importance of feed restriction 
(80% ad libitum) of broiler chicks from 28 – 47 DOA, 
followed by re-alimentation to ad libitum (48 – 70 
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DOA). With such approach, our results indicate that 
the farmer would certainly achieve least cost of 
production and at the same time maximize profit. 
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ABSTRACT 

 
The effects of exposing Heterobranchus bidorsalis juveniles (14.08 ± 0.12 g) to dif erent 
concentrations of Bonny-light crude oil (BLCO) on amylase and cretinine kinase activities were 
studied   The exposure of the f sh to 1.00, 2.00, 4 00, 8.00 ml L-1 BLCO and a control for 4 days 
toxicity period indicated that the signi icant increases (P < 0.01) in the serum amylase (SRA) and 
the hepatic cytosolic amylase (HCA) activities in the fish were BLCO concentrations dependent.  
Reduced SRA and HCA activities noticed within the first 14 days o  the recovery period implied that
the removal o  the oil po lutant from the ambient water chemistry probably lowered the pressure 
on the blood serum and liver amylase enzyme to catalyse the metabolism o  the inges ed 
carbohydrates.  Sign icant increases (P < 0.05) in the serum cretinine kinase (SRCK) and the 
hepatic cytosolic cretinine kinase (HCCK) activities in the fish also followed the pattern shown by 
the SRA and the HCA activities.  The increased SRA, HCA, SRCK and HCCK activities in the blood 
serum and liver of the fish were indications o  a shi t in the carbohydrate metabolism due to crude
oil exposure. 
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Keywords: Heterobranchus bidorsalis, Bonny-light crude oil, Serum, Cytosolic, Amylase, Cretinine kinase. 
 
INTRODUCTION 
 
Increasing awareness of the adverse effects of 
anthropogenic activities and pollution on aquatic 
environment has focused interest on health of fish 
populations and possibilities to utilize these health 
parameters for assessment of the quality of aquatic 
environment (Henry et al., 2004). The potential of 
using biomarkers for monitoring both environmental 
quality and the health of organisms inhabiting 
polluted ecosystems has received increasing attention 
in recent years (Lopes et al., 2001; Samecka-
Cymerman and Kempers, 2003; Gauthier et al. 
(2004). 
 The effect of xenobiotic contamination 
(including crude oil) in an ecosystem can be 
estimated through analysis of biochemical changes in 
organisms inhabiting that polluted environment 
(Tuvikene et al., 1996; Norris et al., 2000; Brewer et 
al., 2001). The biochemical response of aquatic 
organism to pollution is given by changes several key 
enzymes, especially those of biotransformation 
systems. The value of tissue enzyme activities in the 
diagnosis of the effects of pollutant is an emerging 
area in aquatic toxicology and remediation 
programmes (Oluah et al., 2005).  Thirugnanam and 
Forgash (1977) studied the anticholinesterase effect 
of chlorpyrifos to Fundulus heteroclistis and reported 
that increased concentration of the mosquito 

pesticides in salt water mash habitat resulted in 
maximum anticholinesterase inhibition in the fish. 
Increased glucose-6-phosphatase and glycogen 
phosphorylase activities were observed in Cyprinus
carpio exposed to paraquat (Simon et al., 1983).  A 
herbicide (Basalin) in contact with a freshwater fish, 
Nemachelinus sp. affected the activities of lactate 
dehydrogenase, alkaline phosphatase and glutamic 
pyruvate transaminase in the fish (Verma et al. 
1981).  Oluah and Amalu (1998) reported increased 
activities of alanine and aspartate aminotransferases 
in Clarias albopuntatus exposed to copper.  Certain 
pesticides were observed to inhibit alkaline 
phosphatase and glucose-6-phosphatase activities in 
the fish Mytulus vittatus (Werma, et al., 1981). 
 Omoregie et al. (1997), however, reported 
that the exposure of fish to crude oil fractions caused 
changes in the oxygen consumption, tissue glycogen 
and glucose levels of the fish.  This study presents 
the results of the exposure of Heterobranchus 
bidorsalis juveniles to different concentrations of 
Bonny-light crude oil and their effects on amylase and 
cretinine kinase activities.  The essence was to 
determine the impact of the various concentrations of 
this crude oil pollutant on the energy metabolism of 
this highly priced food fish in Nigeria. 
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MATERIALS AND METHODS 
  
Six hundred (600) juveniles of Heterobranchus
bidorsalis (Geoffroy St. Hilaire, 1809) (14.08 ± 0.12g} 
were transported from a private fish hatchery at 
Otor-Oweh, Delta State to the Fisheries Laboratory of 
Enugu State University of Science and Technology, 
Enugu.  At the Fisheries Laboratory in Enugu the 
fishes were acclimatized for 14 days and fed 38% 
crude protein diet at 3% body weight per day (bw d-

1). 

 

 

 

t 

Batches of twenty (20) juveniles of H.
bidorsalis were randomly stocked in triplicates in 15 
plastic containers with 24 litre dechlorinated tap 
water and which were previously contaminated with 5 
ml of Bonny-light crude oil (BLCO) at 1.00, 2.00, 4.00 
and 8.00 ml L-1 concentrations.  Three (3) plastic 
containers not contaminated with BLCO were left as 
the controls. Mosquito-mesh nets were used to cover 
the containers to prevent fish escape. 

Two experimental phases were adopted for 
the study. The toxicity phase lasted for 4 days (96h), 
while the recovery phase lasted for 42 days and was 
monitored at fortnightly (14 days) intervals.  Fish 
were monitored each day in both phases for mortality 
and the surviving fish recorded.  At the end of the 
toxicity period, the surviving fishes and plastic 
containers were washed and replenished with 
dechlorinated tap water.  A 38% crude protein diet 
(Tables 1) was fed to fish at 3% bw d-1 during the 
toxicity period (4 days) and 5% bw d-1 during the 
recovery period (42 days).  Records of the water 
temperature (26 ± 0.50° C) and pH (6.80 ± 0.02) 
were taken with the aid of a maximum and minimum 
mercury-in-glass Celsius thermometer and a pH 
meter (Model Ph-l-20-L) respectively. 

The blood and liver tissues were sampled at 
day 4 (for the toxicity period) and at days 14, 28 and 
42 (for the recovery period).  The blood samples 
were collected by both the cardiac puncture method 
and the severance of the caudal peduncle using 
disposable hypodermic syringe (Oluah, 1999). The 
liver was excised and washed in distilled water to 
remove traces of blood. The liver samples were 
macerated and homogenized as described by Devi et 
al. (1993) and then placed in ice-cold 0.25M sucrose 
(Oluah et al., 2005). The liver homogenate was 
centrifuged at 5000 rpm for 15 minutes at 4° C and 
the supernatant was transferred into clean microfuge 
tubes. The samples were stored at -80° C until 
enzymatic assays were carried out (Ozmen et al., 
2005). The blood was similarly centrifuged for 15 
minutes at 1000 rpm to obtain the serum.  The 
serum was also stored at -80° C in clean microfuge 
tubes.  

Total protein concentrations of the liver 
supernatants and blood serum were determined 
according to the method of Lowry et al. (1951) using 
BSA as the standard at 695 nm. Blood serum (Serum 
amylase (SRA) and Serum cretinine kinase (SRCK)), 
hepatic cytosolic amylase (HCA) and hepatic cytosolic 
cretinine kinase (HCCK) concentrations were 
determined. All enzymatic assays were conducted 
spectrophotometrically at appropriate wavelengths 

using a microplate reader system (VersaMax, Moleclar 
Devices Corp., USA) at 25° C.  Samples were assayed 
in triplicates.  Data collected were analysed using 
descriptive statistics and analysis of variance 
(ANOVA) to indicate statistical significance (P < 
0.05). Differences were partitioned with the least 
significant difference. 
 
RESULTS 
 
The values of the serum amylase (SRA) and the 
hepatic cytosolic amylase (HCA) were lower in the 
control fish than in those exposed to BLCO 
concentrations (1.00 – 8.00 ml L-1) (Table 2) for both 
of the toxicity and recovery periods of the study. 
Amylase enzyme concentration in the fish blood 
serum increased significantly (P < 0.01) during the 
toxicity period as the concentration of oil in the water 
increased from 1.00 ml L-1 BLCO (103.30 ± 1.01 µ L-

1) to 8.00 ml L-1 BLCO (283.35 ± 1.1 bµ L-1).  There 
was a corresponding increase in the HCA 
concentration as the BLCO concentrations increased 
from 1.00 to 8.00 ml L-1 (Table 2). 
 
Table 1: Gross Composition of the 
Experimental Diet Fed to Heterobranchus
bidorsalis Fingerlings Stocked in Crude Oil 
Polluted Water 
Feed ingredien % Composition 
Yellow maize 
Soyabean meal 
Fish meal 
Blood meal 
Palm oil 
Salt 
Vitamin mix1 
Mineral mix2 

9.29 
54.84 
16.65 
10.97 
5.00 
0.25 
0.60 
2.40 

Total 100.00 
Nutrients  
Crude protein 37.58 
Ether extract 5.18 
Ash 10.48 
Dry matter 11.80 
Nitrogen-free extract 34.46 
Total 100.00 
1Vitamin mix p ovided the following constituents diluted in 
cellulose (mg/kg o  diet): thiamine, 10; riboflavin, 20; 
pyridoxine, 10; folacin, 5; pantothenic acid, 40; choline 
chloride, 3,000; niacin, 150; vitamin B12  0.06; retinyl 
acetate (500,000 IU/g), 6; menadione-Na-bisulphate 80; 
inositol, 400; biotin, 2; vitamin C, 200; alphatocopherol, 
200; cholecalcipherol  1,000,000 IU/g.

r
f

,

,  
f

 

2Contained as g/kg o  premix: FeSO4.7H2O, 5; MgSO4.7H2O, 
132; K2SO4, 329.90; KI, 0.15; NaCl, 45; Na2SO4, 88; AlCl3, 
0.15; CoCl2.6H2O, 0.50; CuSO4.5H2O, 0.50; NaSeO3, 0.11; 
MnSO4.H2O, 0.70; and Cellulose, 380.97.
 
When the oil pollutant was removed during the 14 
days recovery period, both the SRA and the HCA 
concentrations in the fish were reduced by a measure 
of 20 % (Table 2) irrespective of the BLCO 
concentration to which the fishes were exposed. In 
addition, there were obvious increases in the SRA and 
HCA concentrations in the fish as the recovery period 
extended from day 14 to day 42.  Significant 
variations (P < 0.01) in the SRA and HCA. 
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Table 2:  Serum and Hepatic Cytosolic Amylase Concentration in Heterobranchus bidorsalis Juveniles Exposed to Different Concentrations of Bonny-light 
Crude Oil (BLCO) for 4 Days (Toxicity) and 42 Days (Recovery) Periods1 

 BLCO concentration (ml L1) 
0.00 (Control) 

 
1.00 

 
2.00 

 
4.00 

 
8.00 

 

Study 
Period 

Duration 
(days) 

SRA HCA     SRA2 HCA3 SRA HCA SRA HCA SRA HCA
Toxicity 
 Phase 

 
4 

75.36 
±0.29h 

113.04 
±1.03a 

103 
±1.01a 

154.45 
±1.08b 

144.62 
±1.12c 

216.93 
±1.51d 

202.47 
±1.43d 

303.71 
±1.56e 

283.35 
±1.16f 

425.03 
±1.82g 

Recovery  
Phase 

14 
 

28 
 

42 

76.14 
±0.44i 
78.04 
±0.56h 
80.11 
±0.63i 

116.08 
±1.15c 
119.12 
±1.13i 
123.34 
±1.04j 

86.64 
±0.62a 
86.77 
±0.71a 
99.79 
±0.16a 

123.96 
±1.07b 
130.16 
±1.06b 
149.64 
±1.13b 

115.70 
±1.12c 
121.49 
±1.04c 
139.71 
±1.14c 

173.54 
±1.08d 
182.22 
±1.12d 
209.55 
±1.16d 

161.98 
±1.10e 
170.82 
±1.11e 
195.59 
±1.17e 

242.97 
±1.23f 
255.12 
±1.32f 
293.39 
±1.46f 

226.68 
±1.24g 
238.01 
±1.16g 
272.71 
±1.13g 

340.02 
±1.31h 
357.02 
±1.23h 
410.57 
±1.38h 

1Means in the same row followed by the same superscript differ significantly (P < 0.05).  2Serum amylase concentration (µ L-1), 3Hepatic cytosolic amylase (µ g-1) 
 
Table 3: Serum and Hepatic Cytosolic Cretinine Kinase Concentration in Heterobranchus bidorsalis Juveniles Exposed to Different Concentrations of 
Bonny-light Crude Oil (BLCO) for 4 Days (Toxicity) and 42 Days (Recovery) Periods1 

 BLCO concentration (ml L1) 
0.00 (Control) 

 
1.00 

 
2.00 

 
4.00 

 
8.00 

 

Study 
Period 

Duration 
(days) 

SRCK HCCK     SRCK2 HCCK3 SRCK HCCK SRCK HCCK SRCK HCCK
Toxicity 
 Phase 

 
4 

0.28 
±0.03a 

0.42 
±0.06c 

0.33 
±0.01a 

0.50 
±0.03b 

0.45 
±0.02c 

0.68 
±0.04d 

0.63 
±0.06d 

0.95 
±0.05e 

0.88 
±0.04f 

1.32 
±0.01g 

Recovery  
Phase 

14 
 

28 
 

42 

0.30 
±0.02c 
0.36 

±0.02c 
0.42 

±0.02b 

0.45 
±0.02b 
0.51 

±0.03d 
0.57 

±0.03c 

0.26 
±0.02a 
0.27 

±0.02a 
0.31 

±0.02a 

0.42 
±0.04b 
0.42 

±0.04b 
0.48 

±0.04b 

0.36 
±0.02c 
0.38 

±0.01c 
0.44 

±0.03b 

0.54 
±0.03d 
0.57 

±0.04d 
0.59 

±0.04c 

0.50 
±0.02d 
0.53 

±0.03d 
0.61 

±0.05d 

0.76 
±0.05e 
0.80 

±0.06e 
0.92 

±0.07e 

0.71 
±0.04e 
0.75 

±0.05f 
0.86 

±0.06f 

1.06 
±0.08f 
1.11 

±0.09g 
1.28 

±0.10g 
1Means in the same row followed by the same superscript differ significantly (P < 0.05).  2Serum cretinine kinase concentration (µ L-1), 3Hepatic cytosolic cretinine kinase (µ mg-1) 
 
Table 4: Percent mortality and Survival of Heterobranchus bidorsalis juveniles during exposure to Different Concentrations of Bonny-light Crude Oil 
(BLCO) (4 days) and recovery (42 days) 

% Mortality % Survival 
BLCO concentration (ml L1) 

  
BLCO concentration (ml L1) 

  

Study 
Period 

Duration 
(days) 

0.00 
(Control) 

1.00 2.00 4.00     

           

8.00 0.00
(Control) 

1.00 2.00 4.00 8.00

Toxicity Phase 4 0.00 10.00 0.00 40.00 50.00 100.00 90.00 100.00 60.00 50.00
Recovery Phase 14 

28 
42 

0.00 
0.00 
0.00 

8.00 
2.00 
1.00 

6.00 
1.00 
0.00 

32.00 
24.00 
16.00 

40.00 
36.00 
26.00 

100.00 
100.00 
100.00 

92.00 
98.00 
99.00 

92.00 
99.00 
100.00 

68.00 
76.00 
84.00 

60.00 
64.00 
74.00 
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concentrations in the fish were also recorded as the 
fishes recuperated, from their exposures to the 
various BLCO concentrations and control (Table 2). 
As was the case with the amylase concentration, both 
the serum cretinine kinase (SRCK) concentration and 
the hepatic cytosolic cretinine kinase concentration 
were least in the control fish than in those exposed to 
BLCO concentrations (Table 3).  The cretinine kinase 
concentration in fish blood serum also increased 
significantly (P < 0.05) during the toxicity period 
(Table 3) as the concentrations of BLCO increased 
from 1.00 ml L-1 (SRCK = 0.33 ± 0.01 µ L-1) to 8.00 
ml L-1 (SRCK = 0.88 ± 0.04 µ L-1).  The 
corresponding values of the HCCK concentration at 
this period were 1.00 ml L-1 (HCCK = 0.50 ± 0.03 
µmg-1) to 8.00 ml L-1 (HCCK = 1.32 ± 0.10 µmg-1). 
 Twenty percent (20 %) reductions in the 
values of SRCK and HCCK concentrations in the fish 
were also recorded within the first fortnight (14 days) 
of the recovery period, irrespective of the BLCO 
concentrations applied (Table 3).  The concentrations 
of the cretinine kinase enzyme, however, increased 
as the recovery period extended from day 28 to day 
42.  Generally, there were significant variations (P < 
0.05) in the SRCK and the HCCK concentrations in the 
fish as they recovered from their exposures to the 
various concentrations of BLCO. 
 The percent mortality (PM) and survival (PS) 
of the fish during the toxicity and recovery periods of 
the study (Table 4) indicated that the fish exposed to 
4.00 and 8.00 ml L-1 BLCO died more and survived 
less.  The control fish, however, recorded zero 
percent (0.00 %) mortality and a hundred percent 
(100.00 %) survival during both study periods. 
 
DISCUSSION 
 
Fish viscera are known to be a rich source of 
enzymes, including amylase and cretinine kinase, 
many of which present high activity at low 
concentrations.  Fish digestive enzymes exhibit 
optimal activity at temperatures much higher than 
the ambient temperature of fish (Fereidoon and 
Janaka-Kamil, 2001).  Changes in the activity of 
tissue glycogen and glucose modulating enzymes 
have been reported in common carp exposed to 
paraquet (Simon et al., 1983). Omoregie et al. (1997) 
reported that the exposure of fish to crude oil 
fractions caused changes in the oxygen consumption, 
tissue glycogen and glucose levels of the fish. 
 The result of our study indicated that the 
increases in SRA and HCA activity of H. bidorsalis 
juveniles were dependent on the BLCO 
concentrations to which the fishes were exposed 
(Table 2).  This result is consistent with the report of 
Oluah et al. (2005) who obtained increases in the 
serum and liver lactate dehydrogenase (LDH) activity 
in Clarias albopunctatus exposed to increasing 
concentrations of sublethal Gammalin 20 and Acetellic 
25EC.  Although Oluah et al. (2005) recorded 
increases in LDH activity with the duration of 
exposure of C  albopunctatus to the agro-chemical 
pollutants, this study recorded reduced SRA and HCA 

concentrations within 14 days (Table 2), as the fishes 
recuperated from the stress of exposing them to 1.00 
- 8.00 ml L-1 BLCO concentrations. The present result 
implies that the removal of the oil pollutant from the 
ambient water chemistry must have reduced the 
pressure on the serum and hepatic (liver) amylase 
activity to metabolize the ingested carbohydrate 
(Table 1a) and release energy required for fish to 
respond to the infiltrating oil pollutant in the blood 
stream.  The haemotological effects of starvation 
(Norman et al., 1980), stress (Scott and Rogers, 
1981), and health condition of the fish (Munkittrick 
and Leatherhead, 1983) consequent upon altered 
water chemistry have been studied.  Oluah (2001) 
stated that the alterations of water quality usually 
predispose the fish to stress and disease which as a 
result, provoke quick responses in the physiology of 
the fish, especially haematological parameters. 
 The increases in the SRA and HCA (Table 2) 
and the SRCK and HCCK (Table 3) concentrations in 
the fish between days 14 and 42 of this study were 
consistent with the report of Oluah et al. (2005) 
mentioned above.  Other workers who had earlier 
recorded similar results include: Christensen et al. 
(1977) and Devi et al. (1993) who reported increased 
muscular LDH activity in brook trout (Salvelinus 
fontinalis) and fiddler crab (Uca pugilator) exposed to 
cadmium respectively.  Parathion was also found to 
elicit increased LDH activity in rat (Gallo and Lawryk, 
1991); while lindane caused a 2-fold increase in liver 
myeloperoxidase activity in rat (Junge et al., 2001). 
 While the amylase enzyme catalyses the 
biochemical conversion of the ingested carbohydrate 
in the fish intestinal tract to glucose, cretinine kinase 
is involved in the glycolytic pathway to energy 
metabolism of glucose/glycogen via the blood and the 
liver of the fish. Therefore, the increased activities of 
SRA, HCA, SRCK, HCCK in both the serum and the 
liver of H. bidorsalis juveniles of this study are 
indications of a shift in the carbohydrate metabolism 
arising from glucose and glycogen catabolism which 
eventually culminate in the release of energy needed 
for metabolic activities in the fish.  Neff and Anderson 
(1987) enunciated some deleterious effects of 
exposing fish to crude oil contamination to include: 
alteration of the immune response metabolism, 
changes in liver metabolism and haemorrhage.  The 
present results are in consonance with the report of 
these workers since the highest percent mortality and 
the lowest percent survival of H. bidorsalis juveniles 
(Table 4) were recorded during the 4 days toxicity 
period. 
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ABSTRACT 
 
Epidemiological and dermatological assessment of Onchocerciasis was carried out in Ufuma. 
Anambra State, southeastern Nigeria, between October and December 2005. Total o  404 
consenting individuals from the nine villages in Ufuma, were systematically examined by the 
nodular palpation method. Community nodular prevalence of 30.9 % was recorded, indicating that 
Ufuma was mesoendemic for Onchocerciasis. 208 (51 5 %) individuals had various degrees o  
Onchocerciasis-induced skin diseases (OSD). Concomitant infections (nodules with OSD) affected 
105 (26.0 %) of al  OSD+ve ind viduals, ind cating that certain subjects presented w h pa pable 
nodules did not develop any OSD. Age, gender and inter-village specific prevalence of onchocercal 
nodules, OSD and concomitant infections (nodules with OSD) were also reported in this study. The
pract ce of lay nodulectomy observed in the area is a strong indication o  the people’s attempt to 
control the disease. Awareness created by this study, in Ufuma, that Onchocerciasis is a 
controllable medical condition, may enhance compliance with Community Directed Treatment with
Ivermectin (CDTI) in the study area. 

f

 
. f

l i i it l

  
i f
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INTRODUCTION  
 
Onchocerciasis (river blindness) is caused by the 
parasitic filarial worm, Onchocerca volvulus, and 
transmitted by Simulium damnosum complex in 
different parts of the world. The disease is acclaimed 
to be one of the major public health problems that 
afflict populations in endemic areas of the world 
where it may cause disfiguration of the skin and 
blindness. About 125 million people worldwide are at 
risk of Onchocerciasis, of which 96 % live in Africa 
(WHO, 1995). The disease thrives in fertile, arable 
lands around rapidly flowing rivers that provide 
breeding sites for the insect vector (Nwoke et. al., 
1998). Onchocerciasis was also responsible for poor 
academic performance and a higher drop out rate 
among infested children while low productivity, low 
income, higher health related costs and gender 
differences in the stigma associated with OSD were 
found among infested adults (Nwoke, 1990; Vlassoff 
et. al., 2000; Okolo et. al., 2004). 
 Onchocerca volvulus infection areas in Africa 
have been defined in terms of the savannah and 
forest vegetation zones. However, there are areas of 
Africa, sometimes called ‘forest savannah mosaic’ 
(Okonkwo et. al., 1991), where the savannah and 
forest zones merge. Ufuma in Orumba-North Local 
Government Area of Anambra State, southeastern 
Nigeria, is a typical example of such an area. Much 
work had been done on the prevalence and 
importance of OSD in Anambra and adjoining states 
in Eastern Nigeria (Nwaorgu et. al., 1994; Ahmed et. 
al, 1995; Nwoke, et. al., 1998; Dozie and Onwuliri, 
2004; Ivoke, 2004) but the epidemio-dermatological 
picture of the disease in Ufuma has not been fully 

documented.  We considered Ufuma, which was 
selected for this study, a potential Onchocerciasis 
infection focus because of the observable levels of 
OSD in the town. The study was therefore designed 
to investigate the prevalence of Onchocerciasis in 
Ufuma, where no published data exist. Results from 
this study will be useful in the surveillance of the 
disease in Anambra State. It may also stimulate 
further studies on the gender differences in the 
stigma associated with OSD as well as on some non-
clinical signs, which have been reported in infected 
individuals in other areas of the country (Vlassoff et 
al., 2000; Dozie and Onwuliri, 2004).  
 
MATERIALS AND METHODS 
 
Study Area: This study was carried out in the nine 
villages in Ufuma, which is located between Latitude 
6˚28 ́– 6˚32 ́N and Longitude 7˚31 ́– 7˚32 ́E in 
Orumba North Local Government Area of Anambra 
State, southeast Nigeria. The major bodies of water 
in the area are the perennial, well-aerated fast-
flowing Mmam and Aghomiri rivers, confirmed by the 
natives to be the breeding sites of Kpu-kpu – a 
descriptive name for the hump backed Simulium fly – 
in the area. Luxuriant growth of bamboo (Bambusa 
sp.) along the Mmam and Aghomiri riverbanks and 
several geological formations on the riverbeds caused 
resistant rapids, providing suitable breeding sites for 
the Simulium damnosum complex, the vector of 
Onchocerca volvulus, in the area. The rivers provide 
water for drinking and other domestic purposes for 
the people. The area has two distinct climatic seasons 
in the year. The seven months (April-October) of wet 
season, with a break in July/August, is followed by 
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five months (November-March) of dry season when 
the harmattan occasionally occurred. Average annual 
rainfall (1620.4 m), mean daily maximum air 
temperature (32.2±2.2˚C), mean daily minimum air 
temperatures (23.3±1.1˚C), mean soil temperature 
(29.7±2.4˚C) and average relative humidity (84 %) 
have been recorded at the Mamu Forest Reserve in 
the area. The vegetation is typical rainforest but 
forest savannah mosaic had appeared around 
Umueji, Umuonyiba and Umuonyibauka villages, 
perhaps due to extensive human intervention. 
Farming, fishing and palm-wine tapping, are the main 
occupation of the people who are of Ibo ethnic origin. 
However, few petty traders and daily-paid job 
seekers shuttle to nearby commercial towns of 
Ekwulobia and Umunze for daily businesses. Ufuma 
has an important religious center where devotees 
travel to from different parts of the country.  These 
devotees and non-resident indigenes of the town 
were not part of the study population.  
 
Community Mobilization: The researchers, 
accompanied by two community-based facilitators 
(male and female) visited the area of study in mid-
October 2005. Oral interviews with opinion leaders 
and some indigenes revealed the people’s awareness 
of the existence of Kpu-kpu - the vernacular 
descriptive name for the hump-backed Simulium fly - 
in the area. The bites of Kpu-kpu sometimes resulted 
in the development of several Kputu-kpu or Akpu 
(nodules) under the skin of victims.  Varying degrees 
of Oko (intense itching), Agho-oko (scratches from 
Aghomiri) and Mmuma-miri (skin rashes from Mmam 
water) experienced by the people were associated 
with the bite of Kpu-kpu and contact with water from 
Aghomiri and Mmam rivers. Some indigenes also 
believed that these conditions were hereditary. 
Incision marks observed on the body of some 
Onchocerciasis victims evidenced the practice of lay 
nodulectomy in the area. Most of the villagers 
interviewed were willing to accept Ivermectin 
treatment for the disease since they had in the past 
patronized medicine vendors for Banocide®. The 
community was therefore adequately sensitized and 
mobilized for the eventual study. 
 
Dermatological Examination:  The study was 
carried out between October and December 2005 on 
four hundred and four (404) consenting individuals 
from the nine villages of the town. Each subject 
supplied information on his/her experiences with 
Onchocerciasis. They were then systematically 
examined for the presence of palpable nodules, and 
visually for Onchocercal Skin Diseases (OSD) 
characterized by itching, leopard skin, hanging groin 
and skin atrophy. Blindness was determined by the 
subject’s inability to count fingers at a distance of less 
than three meters (WHO, 1996). The findings were 
recorded in a standard structured format. 
 
Data Collation and Analysis: Data were collated 
and stratified by age, gender and village. Prevalence 
of Onchocerciasis was determined on the basis of the 
results of the nodule palpation and observed OSD. 

Endemic levels were according to the classification 
adopted by Tada et. al. (1973) as follows: 
hyperendemic (nodular prevalence, NP ≥ 40 %), 
mesoendemic (NP = 20-39 %), and hypoendemic (NP 
≤ 19 %). Chi-square analysis and Student’s t-test 
were respectively used to compare categorical 
variables (e.g., gender) and continuous variables 
(e.g., age between groups. P-values < 0.05 were 
considered statistically significant. 
 
RESULTS AND DISCUSSION 
 
The study population (n = 404) was stratified into 9 
villages, gender and 6 age-groups (see Table 1). 
Each village provided about 45 (11.1 %) of the study 
population, which comprised 165 (40.2 %) males and 
239 (59.2 %) females. 10-19 years age-group had 
the highest number of subjects 130 (32.2 %) 
examined, followed by 30-39 years age-group with 78 
(19.3 %). Age groups ≤9 and ≥ 40 years however 
contributed 64 (15.8) and 82 (20.3 %) respectively. 
The short-fall in the number 50 (12.4 %) provided by 
20-29 years age-group was thought to be due to the 
high rate of rural to urban drift observed in that 
group.  Generally, there were more females than 
males in all age groups studied.  
 Table 2 shows the prevalence of onchocercal 
skin nodules in the study population. 125 (30.9 %) 
subjects were positive (+ve) for onchocercoma, 
indicating that at the community level Ufuma was 
mesoendemic for Onchocerciasis. Similar level of 
endemicity was reported from Oji-River areas in 
Enugu State (Nwaorgu et. al., 1994), which has 
common boundaries with the study area. Inter-village 
nodular prevalence, however, ranged from 8.7 % in 
Umuonyibauka to 53.3 % in Enugwu-Abo. Going by 
the classification of endemicity adopted by Tada et. 
al., (1973), only Umuonyibauka (Nodular Prevalence, 
NP = 8.7 %) was hypoendemic while Umuagu (NP = 
42.5 %) and Enugwu-Abo (NP = 53.3 %) were 
hyperendemic for the disease.  Umunebo (NP = 24.4 
%), Umuogem (NP = 25.0 %), Umuonyiba (NP = 
25.0 %), Umueji (NP = 27.2 %), Umuebu (NP = 35.3 
%) and Umuinem (NP = 35.7 %) were mesoendemic 
for Onchocerciasis. The nearness of Enugwu-Abo and 
Umuagu to Oji River and their location within the rain 
forest vegetation which are breeding sites for 
Simulium damnosum complex, vectors of Onchocerca
volvulus, was thought to be responsible for the 
hyperendemic levels recorded for the two villages. 
But Umuonyibauka village (in savannah forest 
mosaic), which was hypoendemic, is farthest from 
these rivers, and its inhabitants least came in contact 
with the blackfly. This is in line with the findings of 
Akogun et al. (1999) and Ivoke (2004). 

 

Nodular prevalence of 30.3 % (females) and 
31.4 % (males) suggested that both gender were 
equally exposed to the blackfly.  It could be observed 
that 20-29 years age group had the highest nodular 
prevalence (50 %), flowed by 30-39 years age group 
with 37.2 % then 40-49 years age group with 28.1 
%. These age groups 20-49 were found to be the 
most active segment of the community.  
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Table 1:  Stratification of the study population 
Study population ≤ 9 yrs. 10-19 yrs. 20-29 yrs. 30-39 yrs. 40-49 yrs ≥ 50 yrs. Village 
M F T M F T M F T M F T M F T M F T M F T 

Enugwu-Abo 14 31 45 3 5 8 7 9 16 2 4 6 3 4 7 2 3 5 1 2 3 
Umuagu 

 

 

 

17 30 47 3 4 7 5 10 15 3 4 7 2 4 6 3 3 6 2 4 6 
Umunebu 21 21 42 3 3 6 5 11 16 3 3 6 3 4 7 1 3 4 1 2 3 
Umuinem 18 33 51 3 6 9 8 9 17 1 3 4 4 6 10 2 3 5 2 4 6 
Umueji 20 24 44 2 4 6 5 7 12 2 3 5 3 7 10 4 2 6 2 3 5 
Umuogem 19 29 48 4 4 8 7 11 13 3 2 5 4 5 9 1 3 4 3 1 4 
Umuonyiba 21 19 40 3 2 5 7 3 10 3 4 7 4 7 11 2 2 4 1 2 3 
Umunebo 15 26 41 3 5 8 5 7 12 2 3 5 4 4 8 2 2 4 1 3 4 
Umuonyibauka 20 26 46 2 5 7 6 8 14 2 3 5 3 7 10 1 3 4 2 4 6 
Total 165 239 404 26 38 64 55 75 130 21 29 50 30 48 78 18 24 42 15 25 40 
M = Male. F = Female, T = Total (M + F). 
 
Table 2: Community specific prevalence of onchocercal nodules in the study population 

Study population Onchocerca nodules +ve 

Total 
examined 

Male 
examined 

Female 
examined 

Total +ve Male +ve Female +ve 
Village 

no. % no. % no. % no. % no. % no. % 
Enugwu-Abo 45 11.1 14 31.1 31 68.9 24 53.3 9 64.3 15 48.4 
Umuagu 47 11.6 17 36.2 30 63.6 20 42.5 7 41.2 13 43.0 
Umunebu 51 10.9 18 35.3 33 64.7 18 35.3 8 44.4 10 30.3 
Umuinem 42 12.7 21 50.0 21 50.0 15 35.7 6 28.6 9 42.9 
Umueji 44 10.1 20 45.5 24 54.5 12 27.2 5 25.0 7 29.2 
Umuogem 48 10.4 19 39.6 29 60.4 12 25.0 6 66.7 6 20.7 
Umuonyiba 40 11.9 21 52.5 19 47.5 10 25.0 3 14.3 7 36.9 
Umunebo 41 9.9 15 36.6 26 63.4 10 24.4 4 26.7 6 30.1 
Umuonyibauka 

 

46 11.4 20 43.5 26 56.5 4 8.7 2 10.0 2 7.7 
Total 404 100.0 165 40.8 239 59.2 125 30.9 50 30.3 75 31.4 
             
Age (Years             
≤ 9 64 15.8 26 40.6 38 59.4 9 14.1 3 11.5 6 15.7 
10-19 130 32.2 55 42.3 75 57.7 33 25.4 13 23.6 20 28.6 
20-29 50 12.4 21 42.0 29 58.0 25 50.0 10 47.6 15 51.7 
30-39 78 19.3 30 38.5 48 61.5 29 37.2 12 40.0 17 35.4 
40-49 42 10.4 18 42.9 24 57.1 16 28.1 7 38.8 9 32.5 
≥ 50  40 9.9 15 37.5 25 62.5 13 32.5 5 33.3 8 32.0 
Total 404 100.0 165 40.8 239 59.2 125 30.9 50 30.3 75 31.4 
 

Females engaged more with farming, 
fetching of water from the streams and wood 
gathering while the males were engaged in fishing, 
palm-wine tapping and extensive land preparation for 
cultivation. These activities ensure prolonged 
exposure and therefore the rate of vector-contact in 
the area. Nodular prevalence of 14.1 % recorded in 
infants less than 9 years old was not un-expected 
because, in the absence of house-helps, they 
frequently accompanied their mothers to the streams 
and farms, making vector-contact in the process. 
Subjects over 50 years old also had 32.5 % nodular 
prevalence, an indication that Onchocerciasis is a 
cumulative disease. 
 Prevalence of onchocercal skin diseases 
(OSDs) in the study population, as well as in 
individuals with concomitant infections (onchocercal 
nodules with OSDs) is shown in Table 3. Total of 208 
subjects were affected by OSDs, giving a prevalence 
of 51.5 % at the community level, but the endemicity 
of OSDs appeared to follow the same pattern as that 
obtained for ochocercal nodules by the nodular 
palpation technique. Inter-village OSD +ve 
prevalence ranged from 23.9 % in Umuonyibauka to 
91.1 % Enugwu-Abo village, indicating that 6 villages 
in Ufuma were hyperendemic while 3 were 
mesoendemic for OSDs. There was no significant 

difference between 52.7 % prevalence of OSDs in 
males and 50.6 % observed in females (P > 0.05). 
However, the highest prevalence of OSDs was 
recorded in subjects between 20 to 40 years old, in 
line with the findings of Ahmed (1995). 105 (50.5 %) 
of all 208 OSD+ve subjects had concomitant 
infections of onchocercal nodules with OSDs, which 
was widespread in the community. Ranging from 
36.4 % in Umuonyibauka to 64.7 % in Umuebu. 
Community nodule with OSD+ve prevalence was 26.0 
%, indicating that certain individuals presenting with 
onchocercal nodules did not develop any OSD. Hence 
the community prevalence of OSDs (51.1 %) > 
Nodular prevalence (30.9 %) > Nodule with OSD 
(26.0 %).  
 The prevalence of OSDs among gender, 
age-groups in the villages are shown in Table 4. At 
the community level, the study population presented 
varying degrees of Onchocerciasis-induced 
dermatological changes and blindness. The 
prevalence of OSDs at the community level was 37.4 
% for Itching with rashes, 10.9 % (Leopard skin), 1.7 
% (Skin atrophy), 0.5 % (Hanging groin) and 1.0 % 
(Blindness). 

Itching with rashes was observed in all age 
groups but appeared to increase with age, peaking at 
20 to 29 years age-group.  
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Table 3: Prevalence of concomitant infections (Nodules with OSD*) in the study population 
Study 

population 
Nodule 

+ve 
Community 

nodule 
prevalence 

(n=404) 

 

OSD +ve Community 
OSD +ve 

prevalence 
(n=404) 

Nodule 
with OSD 

+ve 

Community 
Nodule 

with OSD 
+ve 

prevalence 
(n=404)

Village 

no. no. % % no. % % no. % % 
Enugwu-Abo 45 24 53.3 5.9 41 91.1 10.2 23 56.1 5.7 
Umuagu 47 20 42.5 4.9 34 72.3 8.4 16 47.1 4.0 
Umunebu 51 18 35.3 2.9 17 38.6 4.2 11 64.7 2.7 
Umuinem 42 15 35.7 4.5 26 51.0 6.4 13 50.0 3.2 
Umueji 44 12 27.2 3.7 25 59.5 6.2 12 48.0 3.0 
Umuogem 48 12 25.0 2.5 18 43.9 4.5 9 50.0 2.2 
Umuonyiba 40 10 25.0 2.9 21 43.6 5.2 10 47.6 2.5 
Umunebo 41 10 24.4 2.5 15 37.5 3.7 7 46.7 1.7 
Umuonyibauka 46 4 8.7 0.9 11 23.9 2.7 4 36.4 1.0 
Total 404 125 30.9 30.9 208 51.5 51.5 105 50.5 26.0 
           
Gender           
Male 165 50 30.3 12.4 87 52.7 21.5 42 48.3 10.4 
Female 239 75 31.4 18.5 121 50.6 30.0 63 52.1 15.6 
Total 404 125 30.9 30.9 208 51.5 51.5 105 50.5 26.0 
           
Age years)           
≤ 9 64 9 14.1 2.2 17 26.6 4.2 11 64.7 2.7 
10-19 130 33 25.4 8.2 62 47.7 15.3 27 43.5 6.7 
20-29 50 25 50.0 6.2 41 82.0 10.2 22 53.6 5.4 
30-39 78 29 37.2 7.2 50 64.1 12.4 27 54.0 6.7 
40-49 42 16 28.1 3.9 22 52.4 5.4 10 43.5 2.5 
≥ 50  40 13 32.5 3.2 16 40.0 4.0 8 50.0 2.0 
Total 404 125 30.9 30.9 208 51.5 51.5 105 50.5 26.0 
*Certain subjects presented with more than one OSD 
 
Table 4: Community prevalence of Onchocercal Skin Diseases (OSDs*) in the study population 

Study 
population 

Itching with 
rashes 

Leopard skin Skin atrophy Hanging 
groin 

Blindness Village 

no. no. % no. % no. % no. % no. % 
Enugwu-Abo 45 25 55.6 10 22.2 3 6.6 1 2.2 2 4.4 
Umuagu 47 22 46.8 7 14.9 2 4.2 1 2.1 2 4.2 
Umunebu 51 19 37.3 5 11.9 1 2.4 0 0.0 0 0.0 
Umuinem 42 20 47.6 6 11.7 0 0.0 0 0.0 0 0.0 
Umueji 44 14 31.8 3 6.8 0 0.0 0 0.0 0 0.0 
Umuogem 48 16 33.3 4 8.4 1 0.0 0 0.0 0 0.0 
Umuonyiba 40 11 27.5 4 10.0 0 0.0 0 0.0 0 0.0 
Umunebo 41 15 36.6 3 7.3 0 0.0 0 0.0 0 0.0 
Umuonyibauka 46 9 19.6 2 4.3 0 0.0 0 0.0 0 0.0 
Total 404 151 37.4 44 10.9 7 1.7 2 0.5 4 1.0 
            
Gender            
Male 165 63 38.2 18 10.9 3 1.8 1 0.6 2 1.2 
Female 239 88 36.8 26 10.9 4 1.7 1 0.4 2 0.8 
Total 404 151 37.4 44 10.9 7 1.7 2 0.5 4 1.0 
            
Age years            
≤ 9 64 17 26.6 0 0 0 0.0 0 0.0 0 0.0 
10-19 130 53 40.7 9 6.9 0 0.0 0 0.0 0 0.0 
20-29 50 27 54 10 20 4 8.0 0 0.0 0 0.0 
30-39 78 31 39.7 17 21.8 2 2.6 0 0.0 0 0.0 
40-49 42 13 30.9 5 11.9 1 2.4 1 2.4 2 4.8 
≥ 50  40 10 25.0 3 7.5 0 0 1 2.5 2 5.0 
Total 404 151 37.4 44 10.9 7 1.7 2 0.5 4 1.0 
*Certain subjects presented with more than one OSD 

 
This observation confirms the report (Ivoke, 

2004) that onchocercal cutaneous changes were 
more prevalent in the younger age groups. There was 
no significant difference between the prevalence of 
itching with rashes, 36.8 % in females and 38.1 % in  

 
males (P > 0.05). The use of Banocide® (Di-ethyl-
carbamazine, DEC) in the area contributed to the 
development of itches in affected individuals. The 
drug usually killed onchocercal microfilariae (mf), 
whose antigenic substances were suspected to trigger 
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off hypersensitive reactions that manifested in itching 
and development of skin rashes.   Leopard skin was 
not reported in subjects under 9 years old. 30-39 
years age-group, with 21.8 % prevalence, was mostly 
affected, followed by 20-29 years age-group with 
20.0 %. This result was in line with the findings of 
Edungbola (1987) who reported the leopard skin only 
in patients over the age of 20 years. Generally, more 
females 26 (10.9 %) than males (18 (10.9 %) were 
affected by leopard skin lesion but this difference was 
not significant (P > 0.05). Skin atrophy was not 
investigated in subjects over the age of 50 years in 
order not to confuse it with senile atrophy, which 
may occur in subjects that were advanced in age. 
Hanging groins and blindness showed no gender 
preference in the study population but occurred in ≥ 
50 years old individuals. Low prevalence of blindness 
in the area may be as a result of the use of 
Banocide® by the people. The drug, which caused the 
death of onchocercal micofilariae, prevented them 
from migrating to the eye balls where their eventual 
death produced sclerosing keratitis – a hardening 
inflammation of the cornea – the cause of blindness 
(Pearlman, 1996). The prevalence of senile atrophy, 
hanging groins and blindness were too low to be 
considered of diagnostic value but they are important 
because if Onchocerciasis is not treated in time, it 
proves to be a long-term, disfiguring and blinding 
disease.  

The practice of lay nodulectomy (also 
reported from an endemic area in Abia State by 
Abanobi et al., 1999) and the use of Banocide® 
observed in the study area were evidences of the 
people’s attempt at treating Onchocerciasis. The 
awareness created by this study in the community, 
that Onchocerciasis is a controllable medical 
condition, may enhance compliance with any 
Community Directed Treatment with Ivermectin 
(CDTI) in the study area. This study has established 
the endemicity of Onchocerciasis in Ufuma and 
confirms earlier reports that nodular palpation 
method was of great value in Community Assessment 
of human onchocercal endemicity (Nwoke, 1998; 
Nock et. al., 1998; Uzoegwu et al., 2004). 
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ABSTRACT 
 
A new and simple method o  detecting mated female albino rats was developed and tested for 
precision and accuracy. The method involved the gross observation of grey to yellow sh protein 
coagulates (remnants of the copulatory plug) on vaginal smears of mated females made on clean 
glass slides. Results o  test of the new method showed that the mean length of time between 
observation of the protein coagulates on vaginal smears and delivery o  the mated pregnant 
emales was 21.39  ± 0.11 days (range = 20 – 23 days, n = 58), wh ch concurred with the normal 

21-day gestation length o  rats. The coefficient o variation (CV) of imprecision of the new method
was found to be 3.74 %. This new method is simple, easy to apply and does not interfere with 
fertilization and pregnancy, and also does not involve either the use of specially designed rat cages
or microscopy of vaginal smears, which were the constraints of the former methods of confirming 
mating in rats. 
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INTRODUCTION 
 
Laboratory animal experimentation is an important 
tool for the investigation and understanding of 
various biological principles and study of human and 
animal disease mechanisms. It forms the backbone of 
biomedical, bio-agricultural and bio-industrial 
researches that enable the development of new 
medical and veterinary pharmaceuticals, vaccines, 
surgical materials and diagnostic techniques, and also 
the investigation of experimental diseases as models 
of most human and animal diseases (CCAC, 1984; 
NIH, 1999a; Gallagher, 2003). The rat is the most 
widely studied experimental animal because the rat 
model possesses enormous strengths and versatility 
of application that have made it the most appropriate 
and almost indispensable animal model for the study 
of human biological mechanisms and diseases (NIH, 
1999b; Gallagher, 2003). Presently rats comprise 
more than 28 % of laboratory animals and provide 
important animal models for almost every aspect of 
biomedical and behavioural research, including 
reproductive physiology and behaviour, repro-
toxicology and reproductive diseases (CCAC, 1984; 
NIH, 1999b). 
  Rats are the most preferred experimental 
animals for reproductive studies because of 
numerous reasons, which include their short 
gestation length (20 – 22 days), short oestrous cycle 
(4 – 5 days), litter size of about 7 – 9, weaning age 
of about 21 days and a relative short period/age (7 – 
8 weeks) of sexual maturity (Hafez, 1970; Baker et 

al., 1980). In addition, rat pregnancies are more size 
consistent (compared to mouse), rat cycling is 
relatively non-pheromonal (similar to humans), rats 
can be bred quickly after parturition, and rat brains 
show early sexual dimorphism (NIH, 1999b). 
  In reproductive studies, it is usually 
necessary to precisely and accurately date and time 
the sex act in order to estimate various pregnancy 
and birth expectations and also to know the number 
of matings that occur before pregnancy results. 
Mating is not always easy to judge, and it is not 
always practical to observe the copulatory act, which 
usually may be nocturnal (Hafez, 1970; lnglis, 1980). 
Routine confirmation of mating in the rat is therefore 
usually made by checking for the presence of 
spermatozoa in a vaginal lavage or by visualization of 
the copulatory plug (Bennett and Vickery, 1970; 
Berthelot, 1981). Checking of spermatozoa in vaginal 
lavage is a technical and time consuming procedure 
involving microscopy, while visualization of the 
copulatory plug can only be carried out using 
specially designed single-rat cages that permit the 
copulatory plug to fall through the floor mesh on to a 
tray beneath – in some cases the plug may for a 
variety of reasons not be found (Bennett and Vickery, 
1970; Mathews and Adler, 1978; Inglis, 1980; 
Berthelot, 1981). In the present study, we describe a 
method of confirming mating in rats by grossly 
visualizing remnants of the copulatory plug on vaginal 
smears made on glass slides, without using specially 
designed cages or microscopy procedures. The 
development of this new method was based on the 
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fact that the copulatory plug is a coagulated mass of 
proteins (Mathews and Adler, 1978; Voss, 1979; Seitz 
and Aumuller, 1990; Carballada and Esponda, 1993), 
and that even the smallest remains can be picked up 
by a vaginal swab and be grossly visualised on clean 
glass slides. 
 
MATERIALS AND METHODS 
 
The experimental rats used for the study were the 
out-bred strain of the Sprague-Dawley (SD) albino 
rats. Eighty two (82) matured SD rats comprising of 
70 females of 12 - 14 weeks of age and 12 males of 
14 - 16 weeks of age, procured from and maintained 
in the Animal House of the Faculty of Veterinary 
Medicine, University of Nigeria, Nsukka were used for 
the study. The rats weighed 150 – 170 g at the time 
of commencement of the study. They were kept in 
standard clean rat cages, fed ad libitum with 
commercially sourced feed (Top Feeds Nigeria 
Limited, Sapele) containing 16 % crude protein, and 
supplied with clean drinking water all through the 
study. 
  The seventy (70) female rats were 
randomly distributed into 14 cages such that each 
cage contained 5 female rats.  Each of the rats was 
identified with an indelible marker. After the 
distribution and identification of the female rats, a 
vaginal smear of each of them was made on a 
labelled clean glass slide. The smear was collected by 
carefully inserting a cotton-tipped swab moistened 
with normal saline into the vaginal cavity of the rats. 
The swabs used measured about 7.5 cm in length 
with the cotton-tipped end of 1.5 cm circumference, 
almost the same dimensions as the typical “cotton 
buds’ used in cleaning the inside of the ear in 
humans. The swabs were applied gently against the 
vaginal wall and rolled around carefully before being 
withdrawn. Immediately after withdrawal from the 
vaginal cavity, the moist swab was rolled / smeared 
onto a labelled clean glass slide. The smear was 
observed grossly to check for the presence of protein 
coagulates (remnants of the copulatory plug).  
  After the initial smears were collected from 
the female rats, the 12 male rats were randomly 
distributed into 12 out of the 14 cages, such that the 
male:female ratio in these 12 cages was 1:5. No 
males were introduced into the two remaining cages 
that contained 10 females that served as control. 
After the introduction of males into the 12 mating 
cages, vaginal smears were made as described above 
for each of the females in all the 14 cages twice a 
day (6.30 am in the morning and 6.30 pm in the 
evening), and the smeared slides were observed 
grossly for protein coagulates. The observation of 
grossly visible protein coagulates on the vaginal 
smear of each female was recorded as evidence of 
mating. Pregnancy in the mated females was 
followed up individually in the cages such that 
already mated females could be re-mated if the initial 
mating did not result in pregnancy. Once the protein 
coagulates were observed on the vaginal smear of 
each rat, the rat was thereafter weighed at four-day 
intervals to check the progress of the pregnancy. 

Obviously pregnant ones were removed from the 
mating cages at the last trimester of pregnancy when 
their abdomen was found to be conspicuously 
enlarged; they were kept in single-rat nursing cages 
for delivery. Pregnant females kept in nursing cages 
were observed twice daily to record the date of 
delivery. For each rat, the day that the protein 
coagulates were found on their vaginal smear (day of 
mating) was regarded as day 1 of pregnancy and the 
day of delivery was taken as the last day of gestation. 
The number of matings that resulted in pregnancy 
was also recorded for each female rat. 
  Data generated from the study were 
presented as frequency tables along with means with 
standard deviations. The mean body weight of the 
mated-pregnant rats was compared with that of the 
unmated-controls using students t - test. The 
precision and accuracy of the procedures used was 
determined by computing the coefficient of variation 
(CV) of imprecision around the mean gestation 
period. 
 
RESULTS 
 
Gross observation of the initial vaginal smears made 
before introducing the males into the mating cages 
showed no protein coagulates, but smears made from 
females in the mating cages showed the presence of 
grey to yellowish protein coagulates (Figure 1) in 
about 18 out of the 60 females exposed to males 
within the first 24 hours of introducing males into the 
mating cages.  
 
 
 
 
 
 
 
 
 

               A                             B 
Figure 1: Protein coagulates 
observed on slides on which 
vaginal smears of mated rats were 
made (3 slides on the left labelled 
A); compare with the clear slides 
with no protein coagulates on the 
right (3 slides labelled B) on which 
vaginal smears of unmated control 
rats that were not exposed to 
males were made

 
 
 
 
 
 
 
 
 
 
 
 
By the second day of exposure to males, 15 more 
females showed protein coagulates on their vaginal 
smears. The observation of protein coagulates on the 
vaginal smears of females exposed to males 
continued, and by day 5 of exposure to males, 
protein coagulates had been observed in the vaginal 
smear of all the 60 females that were exposed to 
males. All through the study period, the observation 
of these protein coagulates in vaginal smears made 
from females exposed to males was found to be 
consistent, and this was never observed in the 
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vaginal smears of the 10 control rats which were not 
exposed to males. The number of times these protein 
coagulates were observed on the vaginal smears of 
individual female rats exposed to males (number of 
mating before pregnancy) ranged from once to three 
times with a mean of 1.21  ±  0.45 times (Table 1). 
 
Table 1: Frequency table showing the number 
of times protein coagulates were observed on 
the vaginal smear of female rats exposed to 
males (number of mating before pregnancy 
resulted) 

No. of times that protein 
coagulates were observed 

on vaginal smears 

Number of 
females 

1 47 
2 10 
3 1 

Figure 2: Comparison of the
body weights of the mated and 
unnmated rats
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Mean = 1.21; Standard deviation = 0.45; Mode = 1; Median 
= 1; n = 58 
 
Out of the 60 female rats exposed to males, 58 (96.7 
%) became pregnant and delivered, while 2 (3.3 %) 
had pseudo-pregnancy. None of the control rats that 
were not exposed to males showed any signs of 
pregnancy, pseudo-pregnancy or delivery. The time 
period between the last observation of protein 
coagulates on the vaginal smears of those that 
became pregnant and the day of delivery (gestation 
period) ranged from 20 – 23 days with a mean of 
21.39  ± 0.80 days (Table 2). The mode and median 
of the gestation lengths were both 21 days 
respectively. 
 
Table 2: Frequency table showing the period of 
time between grossly observing protein 
coagulates on vaginal smears and the day of 
delivery (gestation period) of the female rats 
exposed to males 

Time period (days ) No. of females 
20 6 
21 29 
22 18 
23 5 

Mean = 21.39 days; Standard deviation = 0.80; Mode = 21 
days; Median = 21; n = 58 
 
In assessing the precision and accuracy of this 
method of detecting mating, the CV of imprecision 
computed around the mean gestation period was 
calculated to be 3.74 % for the 58 females that got 
pregnant and delivered. 
  The mean body weights of the mated-
pregnant female rats were found to be significantly 
higher (P < 0.01) than that of the unmated controls 
from day 8 post-observation of protein coagulates on 
vaginal smear (post-mating) and was consistently 
significantly higher (P < 0.01) until delivery (Figure 
2). No significant difference (P > 0.05) was observed 
between the mean body weights of the mated and 
unmated controls during the first four days post-
observation of protein coagulates. 
 

DISCUSSION 
 
The copulatory plug, also known as the vaginal plug, 
is a white or grey to yellowish waxy coagulated mass 
of proteins which is usually deposited by males in the 
female reproductive tract at mating in some 
mammalian species including rats; it is formed by the 
secretions of the male accessory sex gland (Bennett 
and Vickery, 1970; Seitz and Aumuller, 1990; 
Carballada and Esponda, 1993; Ramm et al., 2005). 
The plug had been reported to function in the 
“enforcement of chastity” (Voss, 1979) and 
stimulation of sperm transport to the uterus (Matthew 
and Adler, 1978; Carballada and Esponda, 1992). The 
plug usually fills the vagina from the vulva to the 
cervix, but soon after deposition shrinks and falls out 
and can be observed when rats are kept in specially 
designed cages that allow the plug to fall off without 
being soiled by faeces (Bennett and Vickery, 1970; 
Inglis, 1980; Berthelot, 1981). The present study had 
shown that remnants of this copulatory plug could be 
grossly observed on smears made from vaginal swabs 
of mated female rats. The mean time period of 21.39 
days (range of 20 - 23 days) between the observation 
of the protein coagulates on vaginal smears and 
delivery of the pregnant rats concurred with the 
normal 21-day gestation period (range of 20 – 22 
days) of albino rats (Hafez 1970; Inglis, 1980). The 
observation of the protein coagulates on vaginal 
smears of mated female rats in this study is a 
confirmatory indicator of mating. This method of 
detecting mating could also be said to be precise and 
accurate with the CV of imprecision being 3.74 % 
(less than 5 %). 
  The collection of vaginal swabs for making 
the smears did not interfere with fertilization and 
pregnancy as indicated by the fact that 96.7 % (58 
out of 60) of the mated females from whom swabs 
were collected became pregnant and delivered their 
offspring. 
  Two out of the 60 mated females (3.3 %) 
exhibited pseudo-pregnancy – a post-mating state in 
which female rats exhibit signs and endocrine 
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changes associated with pregnancy when in the 
actual sense they are not pregnant (Kovacic, 1970; 
Inglis, 1980). Pseudo-pregnancy in rats is caused by 
infertile mating following insufficient intromissions 
that prolong the life / action of the corpus luteum and 
thus the diestrus period up to 13 days (Wilson et al., 
1965; Bennett and Vickery, 1970; Renfree, 1994). 
  The finding in this study of a significant 
increase in the body weight of the mated-pregnant 
rats when compared to the unmated controls from 
day 8 post-mating validates earlier claims that 
monitoring body weight changes could be used to 
detect pregnancy in these species (Hendricks and 
Houston, 1970; Inglis, 1980; Grant, 2006).  
  In conclusion, it can be stated that this 
new method of detecting mating by observing protein 
coagulates on vaginal smears made on glass slides is 
simple, precise and accurate. It overcomes the 
constraints of the former methods of confirming 
mating as it neither involves the use of specially 
designed cages nor does it require microscopy of 
vaginal smears. 
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ABSTRACT 
 
The study was aimed at determining the effect of Crude oil and its product on bilirubin of a Catfish
Fishes w th an average weight of 21.08 ± 0.12g were subjected to the toxic and recovery phases o
d f erent concentrat ons ( 0.2 ml/L, 0.4 ml/L, 2.0 ml/L. and 4 ml/L ) of Crude oil, d esel, kerosene 
and petrol for 4 days and 26 days respectively. The bilirubin level of fishes subjected to different 
concentrations of toxicants was higher than that of the control.  The biochemical parameters  
investigated showed sign icant (P < O 05) difference when compared to the control.  The bilirubin
level increased w th increasing concentrations of toxicants.  Increased bilirubin level suggests l ver 
cell damage or a metabolic disturbance in the liver involving defective conjugation and / or 
excretion of bilirubin. 
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INTRODUCTION 
 
Fish kills caused by spills of light oils and petroleum 
products was observed in contaminated areas such as 
lakes lagoons and some shallow water (Baker, 1969).  
Clarias gariepinus, an omnivore fresh water fish is a 
popular delicacy relished throughout tropical Africa. 
Their hardy nature and the possession of accessory 
air-breathing organs enable them tolerate adverse 
aquatic conditional (Reed et al., 1967)  
 Crude oil and its products can cause damage 
to aquatic ecosystem in a number of ways. Oxygen is 
not soluble in oil and therefore does not easily pass 
through even when a thin of oil is present on water.  
Oil can therefore limit the amount of oxygen that 
enters into a body of water from the atmosphere.  
Crude oil and its products may also contain water 
soluble fractions that are toxic either directly or 
through the metabolic pathways to aquatic organisms 
and fish.  Light oil are known to be more toxic than 
heavy oil (Tatem et al., 1979).  Clerk (1987) 
proposed that freshly spilled oil was more toxic than 
weathered oil, which must have lost volatile fractions.  
This is because lighter and freshly spilled oil contain 
low boiling fractions which are the major constituents 
of crude oil. 
           Bilirubin is a by product of haemoglobin 
degradation. Crude oil exposures of adult marine fish 
species have been reported to increase the mortality 
rate and changes in the haemoglobin content of 
blood (Tatem et al, 1979). Rise in serum level of total 
bilirubin can be due to liver cell damage or a 
metabolic disturbance in the liver and   increased 
destruction of red blood cells (Arthur et al, 1986).   
This study, therefore, considered the problem arising 
from exposing Clarias gariepinus to crude oil and its  
 
 

 
product and its concomitant effect on bilirubin 
metabolism. 
 
MATERIALS AND METHODS 
 
Experimental Design:  The experiment was 
conducted at the Enugu State University of Science 
and Technology (ESUT) Research Laboratory Enugu, 
Nigeria.  150 Juvenile fishes of Clarias gariepinus 
(Mean weight 21.08 ±  0.12g) were transported from 
a private fish hatchery at Otor-oweh in Delta State, 
Nigeria, in two plastic containers (90L) to fisheries 
Laboratory of ESUT.  The fishes were acclimatized in 
the fisheries Laboratory for 14 days and were 
maintained on 38 % crude protein diet at 3 % body 
weight daily. 102 juvenile fishes were subjected to 
different concentrations (0.2 ml/L, 0.4 ml/L 2.00 
ml/L, and 4.00 ml/L) of crude oil, petrol, kerosene 
and diesel.  Each of these four oil samples were 
introduced in triplicates to 48 plastic containers (90L) 
at the concentrations stated above.  The control 
experiment (0.00 ml/L) consisted of three (3) plastics 
containers (90L) without any oil treatment. 

The fishes were randomly stocked in a 
Completely Randomized Block Design (CRBD) in 51 
plastic containers (90 L) at two fish per container.  
Each container was filled to 10L mark with 
declorinated tap water. The fishes in each set up 
were left for 4 days in different concentrations of 
crude oil and products respectively for the toxic 
phase while in the recovery phase, the respective 
fishes exposed to the toxicants for 4 days were put in 
fresh water and left for the next 26 days.  Blood 
samples were collected from the respective fishes in 
the toxic phase and recovery phase for the analysis of 
bilirubin (Powel, 1994). 
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Statistical Analysis: Data collected were subjected 
to analysis of variance (ANOVA). Differences in the 
means of treatment at recovery and toxicity phases 
were compared. The means were separated using 
New Duncan’s Multiple Range Test. 
 
RESULTS AND DISCUSSION 
 
In the toxic phase, fishes treated with the toxicants 
had higher total bilirubin concentration than the 
control (Table 1). 
 
Table 1: Effects of exposure of C. gariepinus 
juveniles to crude oil and its products on 
bilirubin level (mg/100ml) 

 
The total bilirubin level of fishes treated with 
kerosene ranged from 0.43 – 4.15 mg/ 100ml; diesel 
ranged from 0.77 – 1.45 mg/100ml; crud oil ranged 
from 0.68 – 5.27 mg/100ml and petrol ranged from 
0.51 – 2.64 mg/100ml. Therefore the highest level of 
total bilirubin concentration was found in crude oil 
(5.27 mg/100ml) and the lowest in diesel (0.17 
mg/100ml). There was no pattern of increase or 
decrease in the level of total bilirubin with respect to 
the concentration of toxicants. Higher concentration 
of total bilirubin was recorded in the fishes recovering 
from exposure to toxicant than in the control (Table 
1).The concentration of the fishes recovering from 
diesel ranged from 0.17 – 0.68 mg/100ml; crude oil 
ranged from 0.85 – 2.55 mg/100ml; petrol ranged 
from 0.60 – 1.02 mg/100ml and kerosene ranged 
from 0.34 – 1.19 mg/100ml. The highest 
concentration of total bilirubin was recorded in crude 
oil (2.55 mg/100ml) and the lowest in diesel (0.17 
mg/100ml). The concentration of total bilirubin 
increased with increasing concentration of toxicants. 
The biochemical parameter investigated showed 
significant (P <  0.05) difference when compared to 
the control.  Fishes that were exposed to the 
toxicants have higher average concentration of 
conjugated bilirubin than the control (Table 2).  

Table 2:  Effects of exposure of C. gariepinus 
juveniles to crude oil and its products on 
conjugated bilirubin level (mg/100ml) 
Concentration of 
toxicant ( ml/l) 

Toxicity Recovery 

Control 
0.00 0,02 ± 0.01a 0.02 ± 0.01a

Kerosene 
4.00 1.62 ± 0.02h 1.19 ± 0.07de

2.00 1.36 ± 0.07a 1.02 ± 0.05d

0.40 0.68 ± 0.05de 1.02 ± 0.02d

0.20 0.68 ± 0.51de - 
Diesel 

4.00 1.19 ± 0.12fg 0.94 ± 0.02d

2.00 0.68 ± 0.04de 0.68 ± 0.01c

0.40 0.34 ± 0.02ed 0.43 ± 0.03b

0.20 0.26 ± 0.01c 0.34 ± 0.01ab

Crude Oil 
4.00 1.11 ± 0.05fg - 
2.00 1.02 ± 0.08f 0.85 ± 0.01c

0.40 1.02 ± 0.01a 0.43 ± 0.02b

0.2 0.09 ± 0.02cd 0.20 ± 0.01ab

Petrol 
4.00 - - 
2.00 0.77 ± 0.01c 2.30 ± 0.09e

0.40 0.60 ± 0.06de 0.03 ± 0.01a

0.20 0.51 ± 0.02d - 
 
The conjugated bilirubin concentration of fishes 
exposed to kerosene ranged from 0.68 – 1.62 
mg/100ml, diesel ranged from 0.26 – 1.19 mg/100ml; 
crude oil ranged from 0.09 – 1.11 mg/100ml and 
petrol ranged from 0.51 – 0.77 mg/100ml. The 
highest concentration of conjugated bilirubin was 
observed in kerosene (1.62 mg/100ml) and the 
lowest in crude oil (0.09 mg/100ml). The 
concentration of conjugated bilirubin increased with 
increasing concentration of toxicants. Fishes 
recovering from exposure to toxicants have higher 
conjugated bilirubin concentration than the control 
(Table 2). The conjugated bilirubin level of fishes 
recovering from exposure to diesel ranged from 0.34 
–0.94 mg/100ml; crude oil ranged from 0.26 –0.85 
mg/100ml; petrol ranged from 0.03 –2.30 mg/100ml 
and kerosene ranged from 1.02 – 1.19 mg/100ml. 
The highest concentration of conjugated bilirubin was 
observed in petrol (2.30 mg/100ml). Conjugated 
bilirubin concentration increased with increasing 
concentration of toxicants. The average concentration 
of conjugated bilirubin showed significant (P < 0.05) 
difference when compared to the control. 

Concentration of 
toxicant ( ml/l) 

Toxicity Recovery 

Control 
0.00 ± 0.01a 0.01 ± 0.01a

Kerosene 
4.00 4.25 ± 0.56f 1.19 ± 0.08ed

2.00 0.43 ± 0.01b 0.34 ± 0.01ab

0.40 2.45 ± 0.02d - 
0.20 0.68 ± 0.10bc - 

Diesel 
4.00 0.17 ± 0.05ab 0.51 ± 0.3b

2.00 0.85 ± 0.01c 0.68 ± 0.51bc

0.40 1.45 ± 0.01cd 0.17 ± 0.01a

0.20 0.77 ± 0.02bc 0.34 ± 0.03ab

Crude Oil 
4.00 0.85 ± 0.01c - 
2.00 2.55 ± 0.12e 2.55 ± 0.14d

0.40 0.68 ± 0.03bc 0.85 ± 0.09bc

0.2 5.27 ± 0.14g 1.19 ± 0.07ed

Petrol 
4.00 - - 
2.00 2.64 ± 0.15ef 1.02 ± 0.05c

0.40 0.51 ± 0.02b 0.60 ± 0.03bc

0.20 2.04 ± 0.01d - 

Higher level of bilirubin was recorded in the 
fishes exposed to toxicant than the control and the 
level of total and conjugated bilirubin increased with 
increasing concentration of toxicants. Increase in 
total bilirubin can be due to damage to the liver cells 
or increased destruction of red blood cells and 
increase in conjugated bilirubin level can be due to 
obstruction of the bile duct (Arthur et al., 1996). 
Highest level of total bilirubin was found in crude oil 
and the lowest in diesel in both the toxic and 
recovery phases. This suggests that crude oil increase 
the level of total bilirubin more than petrol and 
kerosene while diesel do not have much effect. 
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ABSTRACT 
 
Oral ep demiological assessment of dental d sorders was carried out between Apri  and July 2006 
among the residents of Ugbo-Odogwu escarpment on Udi Hill near Enugu, Eastern Nigeria. Dental 
abrasions with prevalence rate o  37 3 %, attrit on (31.3 %), calculus (87.5 %), caries (78.8 %), 
g ngivit s (62.6 %), gum recession (53.8 %), halitosis (82.7 %), periodont t s (52.6 %), stains 
(78.6 %) and teeth erosions (24.8 %) were the specific dental disorders observed in the area. 
Every subject had one form or the other of these oral conditions occurring concomitantly. Gender 
and age specific prevalence of dental disorders as well as nutritional habits, suspected to play 
major roles in the initiat on and development of dental disorders in the study populat on were 
discussed. The result of this study could be used to develop a Management Information System 
(MIS) for Dental Health Care in Nigeria. It may a so stimulate further research interests in the 
relationships between dental disorders and the nutritional habits of other communities in the 
developing world. 
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INTRODUCTION 
 
Coal mining had attracted immigrants who encamped 
at several sites on Udi Hill escarpments near Enugu. 
Ikpeze (2005) reported that the encampments later 
metamorphosed into unregulated villages namely, 
Ugbo-Odogwu (≈1.12 km2), Agu-Abor (≈0.76 km2), 
Ugwu Aaron (≈0.64 km2) and Ugwu-Alfred (≈0.7 
km2), which are generally regarded as semi-urban 
slums with inadequate social amenities and security. 
This author opined that parasitic infections and 
unsanitary conditions largely contributed to different 
health problems in the areas. Experience, from the 
Federal School of Dental Technology and Therapy 
Clinics Enugu, indicated that outpatients from these 
villages had almost entirely preventable oral 
problems, which sometimes necessitated expensive 
dental therapies. 
 Healthy teeth and gums are part of the 
general good health. The teeth are used for the 
mastication of foods and are essential for good 
nutrition, understandable speech and attractive facial 
appearance of the individual. There is a dearth of 
published information on dental diseases from this 
part of the country. The major aim of this study is to 
carry out an epidemiological assessment of dental 
disorders in Ugbo-Odogwu, where no previous data 
exist. The result of the study will provide useful 
epidemiological data for the development of a 
Management Information System (MIS) on Public 
Health; create dental health awareness and help to 
enhance compliance with community directed dental 
health education and counseling in the study area 
and elsewhere in the country. The result may also 

stimulate further research interests on the 
relationship between dental disorders and nutritional 
habits of many communities in Nigeria. 
 
MATERIALS AND METHODS 
 
Study Area: The study area, Ugbo-Odogwu, situates 
on the Udi Escarpment via the Enugu-end of the 
Onitsha – Enugu Expressway (Figure 1).  
 

 Figure 1: Map of Enugu town showing Ugbo-
Odogwu (Ikpeze, 2005) 
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It has recently been integrated into Enugu-East Local 
Government Area. Ogbanokwute Spring, which serves 
as its only source of water, influenced the early 
migrant settlement in the area. However, Ekulu River, 
which traverses the Expressway, is a few kilometers 
from Ugbo-Odogwu. The population (n≈10000) is 
composed mainly of retired coal miners, railway 
artisans, peasant farmers and their wives. The active 
population included petty traders, commuter-bus 
operators, school children, trades apprentices, junior 
civil servants and touts who shuttle to Enugu for their 
daily businesses. There is the potential for rapid 
urbanization of Ugbo-Odogwu due to its proximity to 
the Expressway. Two Missionary Centres provide 
Primary school education. The nearest Secondary 
School is about 3 km away from the express road. 
The Federal School of Dental Technology and 
Therapy, Trans-Ekulu, which is a tertiary institution, 
is about 2 km away from the study area. 
 
Awareness Mobilization: Information 
dissemination on the impending study was achieved 
through church announcements. The support of 
opinion leaders and landlords in the area was 
solicited. A female facilitator, recruited from the 
Ugbo-Odogwu accompanied the research team during 
the sensitization visits and throughout the study 
period. The community was thus adequately 
mobilized for the eventual study, which took place 
between April and July 2006.  
 
Sample Population: Stratified random sampling 
technique was used to select the sample population 
of 80 individuals. It was primarily intended that equal 
numbers of each gender be used for the study. The 
researchers carried out personal interviews and 
clinical examinations of the oral cavities of the 
subjects to ascertain their dental health. The clinical 
signs studied included halitosis (bad breath), dental 
caries, tooth erosion, tooth stains, bleeding gums, 
calculus formation, gingivitis, gum recession, teeth 
abrasions, periodontitis and mobile tooth. 
 
Data Collation and Analysis: Well-structured 
formats were used to record the subject’s bio-data, 
dental disorders and nutritional habits. The results of 
analyses of epidemiological parameters were 
presented in the form of tables, histograms and 
descriptive assays. For tabular presentations, data 
were sorted, arranged, condensed and set out in 
such a way as to bring out the essential points. For 
histograms, the variables of interest were shown on 
the axis while the adjoining bars were drawn so that 
their areas represented the relative frequency of 
events studied. 
 
RESULTS AND DISCUSSION 
 
The study population was stratified under, gender, 
age groups, occupation and literacy levels (Table 1). 
Each age group provided 10.0 % subjects to the 
sample population of 80, comprising 39 (48.75 %) 
males and 41 (51.25 %) females.  
 

Table 1: Stratification of the sample population 
of Ugbo-Odogwu (April-July 2006) 
Age (years) Male 

no. 
Female 

no. 
Total 

no. (%) 
≤10 5 5 10 (10.0) 
11-20 4 6 10 (10.0) 
21-30 6 4 10 (10.0) 
31-40 4 6 10 (10.0) 
41-50 5 5 10 (10.0) 
51-60 6 4 10 (10.0) 
61-70 4 6 10 (10.0) 
≥71 5 5 10 (10.0) 
Total 31 41 80 (100.0) 
Occupation    
Students 

 

 

8 12 20 (25.0) 
Civil servants 3 9 12 (15.0) 
Petty traders 12 18 30 (37.5) 
Farmers 8 2 10 (12.5) 
Pensioners 8 0 8 (10.0) 
Total 31 41 80 (100.0) 
Educational level    
Primary  27 23 50 (62.5) 
Secondary  6 14 20 (25.0) 
Tertiary  5 2 7 (8.75) 
Informal  1 2 3 (3.75) 
Total 31 41 80 (100.0) 

 
School children contributed 25.0 %, junior 

civil servants (15.0 %), petty traders (37.5 %), 
peasant farmers (12.5 %) and retired coal miners 
and railway artisans (10.0 %). Only 62.5 % of the 
study population obtained primary school education, 
25.0 % (secondary education), 8.75 % (tertiary 
education), while the remaining 3.75 % did not have 
formal education. This result indicates that Ugbo-
Odogwu residents are lower class citizens but literate 
enough to benefit from any coordinated community 
directed dental health education and counseling, to 
be complimented with the provision of appropriate 
social amenities and improved environmental 
sanitation.  

10 specific dental disorders were observed 
in the area (Table 2). All the people examined were 
found to have one form of dental disorder or the 
other.  Concomitant infections with 2 to 3 dental 
disorders were common in the community. The 
overall frequency of single dental disorders was 473 
or 59.1 % prevalence rate, with a male: female ratio 
of 53.5: 46.5 (i.e. 1.15:1). The relative frequency of 
specific dental disorders was dental calculus 14.8 %, 
followed by halitosis (14.0 %), caries (13.5 %), and 
stains (13.3 %). Others were gingivitis (10.6 %), 
gum recession (9.1 %), periodontitis (8.9 %), 
abrasions (6.3 %), attrition (5.3 %), and teeth 
erosion (4.2 %). Males had higher prevalence of 
attrition (21.3 %), gum recession (31.2 %) 
periodontitis (31.2 %, stains (42.2 %) and teeth 
erosion (31.2 %) than females, with 9.9 %, 22.5 %, 
21.2 %, 32.4 % and 9.9 % respectively (Figure 2). 
However, females had a higher prevalence of caries 
(43.7 %) than males (36.2 %). Generally, there were 
no marked gender differences in the prevalence of 
abrasions (18.7 – 18.8 %), calculus (43.7 – 43.8 %), 
gingivitis (29.9 – 32.5 %) and halitosis (39.9 – 42.5 
%).  
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Table 2: Gender distribution and prevalence of dental disorders in the study population (n = 80) of 
Ugbo-Odogwu (April-July 2006) 

Dental disorders Population with dental disorders 
 Gender distribution Relative frequency *Prevalence 
 Total Male (M) Female (F) T M F T M F 
Specific dental disorders no. no. (%) no. (%) (%) (%) (%) (%) (%) (%) 
1. Abrasions 30 15 (50.0) 15 (50.0) 6.3 3.17 3.17 37.3 18.7 18.6 
2. Attrition 25 17 (68.0) 8 (32.0) 5.3 3.59 1.69 31.3 21.3 9.9 
3. Calculus 70 35 (50.0) 35 (50.0) 14.8 7.39 7.39 87.5 43.7 43.8 
4. Caries 64 29 (45.3) 35 (54.7) 13.5 6.13 7.39 79.9 36.2 43.7 
5. Gingivitis 50 24 (48.0) 26 (52.0) 10.6 5.07 5.48 62.4 29.9 32.5 
6. Gum recession 43 25 (58.1) 18 (41.9) 9.1 5.28 3.80 53.7 31.2 22.5 
7. Halitosis 66 34 (51.5) 32 (48.5) 14.0 7.18 6.76 82.4 42.5 39.9 
8. Periodontitis 42 25 (59.2) 17 (40.8) 8.9 5.28 3.59 52.4 31.2 21.2 
9. Stains 63 37 (58.7) 26 (41.3) 13.3 7.82 5.49 78.6 46.2 32.4 
10. Teeth erosion 20 12 (60.0) 8 (40.0) 4.2 2.53 1.69 24.8 14.9 9.9 
 Cumulative Frequency 473 253 (53.5) 220 (46.5) 100 53.5 46.5 59.1 31.6 27.5 
Multiple (concomitant) dental disorders          
1) Abrasions with Halitosis 12 7 (58.3) 5 (41.7) 3.2 1.85 1.35 14.9 8.7 6.2 
2) Abrasions with Periodontitis and Halitosis 10 6 (60.0) 4 (40.0) 2.6 1.59 1.06 12.4 7.5 4.9 
3) Calculus with Attrition and Halitosis 8 5 (62.5) 3 (37.5) 2.1 1.32 0.79 9.9 6.2 3.7 
4) Calculus with Erosions and Stains 

 

 

5 4 (80.0) 1 (20.0) 1.3 1.06 0.26 6.2 4.9 1.3 
5) Calculus with Halitosis 40 25 (62.5) 15 (37.5) 10.6 6.63 3.97 49.9 31.2 18.7 
6) Calculus with Stains 50 23 (46.0) 27 (54.0) 13.3 6.10 7.16 62.4 28.7 33.7 
7) Calculus with Stains, Gingivitis and Halitosis 12 5 (41.7) 7 (53.8) 3.2 1.33 1.86 14.9 6.2 8.7 
8) Caries with Calculus 60 28 (46.7) 32 (53.3) 15.9 7.42 8.48 74.9 34.9 40.0 
9) Caries with Calculus and Gum recession 30 19 (63.3) 11 (36.7) 8.0 5.04 2.91 37.4 23.7 13.7 
10) Caries with Calculus and Halitosis 45 20 (44.4) 25 (55.6) 11.9 5.30 6.63 56.2 24.9 31.3 
11) Caries with Calculus, Stains and Halitosis 30 14 (46.7) 16 (53.3) 8.0 3.71 4.24 37.4 17.5 19.9 
12) Caries with Gingivitis 30 5 (16.7) 25 (83.3) 8.0 1.33 6.63 37.4 6.2 31.2 
13) Caries with Periodontitis 25 15 (60.0) 10 (40.0) 6.6 3.97 2.65 31.2 18.7 12.5 
14) Caries with Stains 20 15 (75.0) 5 (25.0) 5.3 3.97 1.23 24.9 18.7 6.2 
Cumulative Frequency 377 191 (50.7) 186 (49.3) 100 50.7 49.3 47.1 23.8 23.3 

Prevalence = Relative frequency (%) x MF, where MF is the multiplying factor. [MF for specific dental disorders = (473/80) = 5.9125.  
MF for multiple dental disorders = (377/80) = 4.7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Barker and Less (1996) opined that tooth-

tooth contact or input of foreign objects such as nails, 
pens, and pins and chewing of bones etc., in the 
mouth caused tooth abrasion. It is worth knowing 
that most young people in the study area took delight 
in opening bottles of beer and soft drinks with their 

teeth, and not realizing the inherent harmful effects. 
Heymsfiled et al. (1994) reported high prevalence of 
dental caries from Western Europe, North and South 
America, Japan and Australia. Shills et al. (1994) 
noted that while 65 % of North American population 
required dental treatment and about one out of every 
20 persons needed to have at least one tooth 
extracted as a result of caries. 

Fig.2: Prevalence of single dental
disorders in the study population of 
Ugbo-Odogwu (April-July 2006)
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Overall frequency of multiple dental 
disorders was 377 or 47.1 % prevalence rate, with a 
male: female ratio of 50.7: 49.3 (i.e. 1.03:1). Caries 
with calculus was of most frequent occurrence (15.9 
%), followed by calculus with stains (13.3 %), caries 
with calculus and halitosis (11.9 %), and calculus 
with halitosis (10.6 %). The staple foods in Nigeria, 
including Ugbo-Odogwu, contain high carbohydrate, 
and also encourage tooth-tooth contact. People need 
to keep their mouths clean after such meals to avoid 
infection that may lead to oral diseases.  

There was higher prevalence of calculus 
with halitosis (31.2 %), caries with calculus and gum 
recession (23.7 %), and caries with stains (18.7 %) 
in males than in females with 18.7 %, 13.7 %, and 
6.2 % respectively (Figure 3). However, females had 
higher prevalence of calculus with stains (33.7 %), 
caries with calculus (40.6 %), caries with calculus and 
halitosis (31.3 %) and caries with gingivitis (31.2 %) 
than males with 28.7 %, 34.9 %, 24.9 % and 6.2 % 
respectively. 

Age-specific distribution of dental disorders 
is shown in Table 3. Abrasions, attrition, periodontitis 
and teeth erosions appeared to be rare in subjects  
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halitosis, abrasion with periodontitis and halitosis, 
calculus with attrition and halitosis, calculus with 
erosions and stains were rare and not observed in 
age groups less than 30 years old. Calculus with 
halitosis, calculus with stains, caries with halitosis, 
and caries with calculus and halitosis appeared to 
follow almost the same pattern and were widespread 
in the study population. Cumulative frequencies of 
specific and concomitant dental disorders (Figure 4) 
indicated that the conditions were generally age 
dependent. This was in line with the findings of 
Adegbembo (1995) who reported that the prevalence 
of caries increased from childhood to adulthood in 
Nigeria.  

Gender and age distribution of subjects with 
peculiar nutritional habits is presented in Table 4. The 
consumption of biscuits, cake, candies and soft drinks 
were rampant in the area, especially among the 
adolescents and young adults. Cigarette smoking, 
sniffing of ground tobacco (snuff), drinking of wine 
were not observed in subjects under 20 years of age, 
but the bibbing of alcohol (palm wine, spirits, brandy, 
Locally-brewed Gin etc) was a common spectacle to 
behold in the study area.  

Figure 3: Prevalence of multiple 
ntal disorders in the study
pulation of Ugbo-Odogwu
pril-July 2006)
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Table 3: Age-frequency distribution of dental disorders in the study population (n = 80) of Ugbo-Odogwu 
(April-July 2006) 

Dental disorders Age-frequency distribution Cumulative 
frequency 

Specific dental disorders ≤10 11-20 21-30 31-40 41-50 51-60 60-70 ≥71 no. 
1. Abrasions 0 0 0 1 5 7 8 9 30 
2. Attrition 0 0 0 2 4 5 6 8 25 
3. Calculus 7 8 8 9 9 9 10 10 70 
4. Caries 8 9 9 8 7 7 8 8 64 
5. Gingivitis 1 1 6 7 8 8 9 10 50 
6. Gum recession 1 3 5 6 6 7 7 8 43 
7. Halitosis 4 6 9 9 9 9 10 10 66 
8. Periodontitis 0 0 0 6 8 9 9 10 42 
9. Stains 6 7 7 8 8 8 9 10 63 
10. Teeth erosion 0 0 0 0 3 3 6 8 20 
Cumulative frequency 27 34 44 56 67 72 82 91 473 
 

 

 

 

         
Multiple (concomitant) dental disorders          
1) Abrasions with Halitosis 0 0 0 1 1 3 3 4 12 
2) Abrasions with Periodontitis and Halitosis 0 0 0 1 1 2 2 4 10 
3) Calculus with Attrition and Halitosis 0 0 0 0 0 1 2 5 8 
4) Calculus with Erosions and Stains 0 0 0 0 0 1 1 3 5 
5) Calculus with Halitosis 4 6 2 5 6 4 7 6 40 
6) Calculus with Stains 4 6 7 6 5 6 6 10 50 
7) Calculus with Stains, Gingivitis and Halitosis 0 1 0 2 1 1 4 3 12 
8) Caries with Calculus 5 6 7 7 8 8 9 10 60 
9) Caries with Calculus and Gum recession 0 0 2 3 4 6 7 8 30 
10) Caries with Calculus and Halitosis 4 7 6 5 6 4 7 6 45 
11) Caries with Calculus, Stains and Halitosis 2 4 3 4 5 4 3 5 30 
12) Caries with Gingivitis 1 3 2 4 3 5 6 6 30 
13) Caries with Periodontitis 0 0 1 2 4 5 7 6 25 
14) Caries with Stains 2 3 1 3 3 2 3 3 20 
Cumulative frequency 22 36 31 43 47 52 67 79 377 
 
 
under 30 years old, but caries, halitosis and stains 
were widespread in the study population. Increase in 
dental caries was reported in 12 year-old school 
children in all social classes in Ondo State, Nigeria, 
but the increase was only noticed in 5 year-olds who 
came from the upper class (Olujugba and Lennon, 
1986). Halitosis, gum recession and gingivitis were 
however more pronounced in the older age groups. 
Concomitant disorders, such as abrasion with 

 
 
An adult respondent from Ugbo-Odogwu 

explained that they indulge in alcohol because of the 
chilly weather of the escarpment, especially during 
the harmattan season. Males took kolanuts, fruit 
juice, liquor, snuff and wine more than females 
(Figure 5). Apparently, the people were unawares of 
the dental health implications of their nutritional 
habits. Wilkins (1976) posited that some indulge in 
such habits for the fun of it; others out of necessity,  
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while many as a result of influence of peer groups, 
age, gender, location, economic status and 
availability of such foods and beverages. These 
factors were observed to be in operation in the study 
area. Kolanuts and hot drinks were usually presented 
to visitors at every home in the study area. Children 
were always given biscuits and snacks to be taken at 
break time in the school, while various brands of 
cigarettes, kolanuts, candies, soft drinks and snacks 
were hawked and openly patronized in the area. 
Brown nicotine stains from tobacco, red caffeine 
stains from kolanuts and stains of different colours 
were found on the teeth as reported. Caries activity 
became higher when sucrose was the major dietary 
component of soft drinks, candies and snacks. 
Unrefined sugar (carbohydrate) did not cause caries, 
calculus or any other dental disorder per-se, but most 
dental disorders resulted from plaque and calculus  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Cum ulative frequency
distribution of dental d isorders
am ong age groups in the study
population of Ugbo-O dow u (April-July 
2006)
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Figure 5: Gender distribution of
subjects with certain nutritonal habits 
in the sample population of Ugbo-
Odogwu (April-July 2006)
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Table 4: Gender and age distribution of subjects with certain nutritional habits in the study population  
(n = 80) of Ugbo-Odogwu (April-July 2006) 

Nutritiona
l habits 

Gender Age (years) 

 Total Male Female ≤10 11-20 21-30 31-40 41-50 51-60 61-70 ≥71 
 no.(%) no.(%) no.(%) no. no. no. no. no. no. no. no. 
Biscuits 74 (92.5) 34 (45.9) 40 (54.1) 10 10 10 10 10 9 8 7 
Cake 69 (86.3) 28 (40.6) 41 (59.4) 10 10 10 10 9 9 6 5 
Candies 67 (83.8) 26 (38.8) 41 (61.2) 10 10 10 9 9 8 6 5 
Cigarettes  30 (37.5) 30 (100.0) 0 (0.0) 0 0 0 8 9 5 4 4 
Fruit juice 40 (50.0) 23 (57.5) 17 (42.5) 2 2 5 8 9 7 5 2 
Kolanuts 50 (65.5) 35 (70.0) 15 (30.0) 0 0 5 8 9 8 10 10 
Liquor 50 (62.5) 30 (60.0) 20 (40.0) 3 4 4 5 8 9 8 9 
Snuff 45 (56.3) 32 (71.1) 13 (28.9) 0 0 1 6 8 10 10 10 

formation due to poor oral hygiene (Shills et al., 
1994; Barker and Less, 1996). Carbohydrate foods 
usually stuck to teeth and oral tissues, and if not 
cleaned, formed the substrate for plaque. Widespread 
consumption of carbohydrate foods, biscuits, cakes 
and soft drinks may have influenced the formation of 
dental calculus, caries and stains in the study area. 
We observed that the rough way most people in the 
study area cracked palm-nuts and kernel with their 
teeth, as well as the improper used chewing sticks 
and brushes may not be unconnected with the levels 
of abrasions, gum recession and attrition reported in 
this study. 
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ABSTRACT 
 
The efficacy and side effects of single dose treatment at different dose regimen of four 
anthelmintics against Ancylostoma caninum in experimentally infected pups were evaluated and 
compared based on total worm count and egg per gram (epg) count. Ancylol at both normal (1 
mg/kg/BW) and elevated dose level (1.5 ml/kg/BW) showed 93.15 % and 93.87% (based on 
worm count) and 93.13 and 93.75 % (based on epg count) respectively. Whereas Ivomec® (a brand 
of Ivermectin) at normal dose level (1 ml/50 kg) and elevated dose level (1.5 ml/50 kg) was found 
to be effective. The resul s were 79.48 % and 86.81% based on worm count and 89.44 % and 
92 50 % based on epg count. Mebendazo e and P perazine even at elevated dose level was 
observed ineffective. Pups treated at normal and elevated dose level revealed acute toxicosis 
whereas those treated with Mebendazole showed cough and vomiting tendencies which later 
subsided and also, there was no risk involved in the adminis ration of the drugs. Statistical analysis 
showed that there was statistical difference (P < 0.05) in the efficacy of the drugs. However there 
was signif cant d ference (P < 0.05) between % efficacy and dosage. There was also significan  
difference between (P < 0 5) between epg count and drugs. The use of various compounds against 
ancylostomiasis in dogs has been discussed. 
 
Keywords: Anthelmintics, Efficacy, Ancylostoma caninum 
 
INTRODUCTION 
 
Ancylostomiasis (hookworm disease) is a disease of 
worldwide distribution. The most widespread of all 
hookworm species is A. caninum and it parasitizes 
dog throughout the tropics and subtropics. Due to its 
high prevalence and its zoonotic significance, 
Ancylostoma caninum has gained major importance 
in the field of veterinary as well as public health 
research. In recent years the realization that A. 
caninum can cause human gut disease has sparked 
off renewed interest in its study.  
 In the normal canine host, infection with A. 
caninum usually follows skin contact with L3 larvae 
that have developed in the soil. Invasive L3 larvae 
undergo either tracheal migration to reach the gut 
(leading to obvious infection) or somatic migration to 
invade and stay as reservoirs mainly in the skeletal 
muscle fibres. Heterogenous infections in animals and 
amphixenous anthropozoonosis are common causing 
apthous ulceration, eosinophilic enteritis (Prociv, 
1998) 
 Many highly effective anthelmintics are 
available but such drugs must be used correctly to 
obtain favourable clinical response. The ideal 
anthelmintics should have a wide margin of safety, 
considerable activity against immature stages,  easy 
to administer, inhibit re-infection  and be compatible 
with other compound not require long withholding 
periods because of residue and be cost effective. To 
overcome the problem of hookworm infestation, the 

anthelmintics with good efficacy and least toxic 
effects is desired. 
The present study deals with the anthelmintics 
efficacy of Ancylol, Ivomec, Mebendazole and 
Piperzine against A. caninum infection in pups. 
 
MATERIALS AND METHODS 
  
100 g of stool from each of 3 infected dogs selected 
was mixed with 300 g of sterilized sand (hot air oven 
sterilized). This was kept in a moist chamber at 25 OC 
(Sen et al., 1965). The culture solution with which 
the filter paper was kept wet and protected consisted 
of 0.01 % HCl and 0.2 % NaCl (Bhai and Pande, 
1981). The culture was sprayed with mycostatin (Bhai 
and Pande, 1981) ten days later, the dish was tilted 
and about 0.5 ml of water which percolated was 
aspirated into test tubes. 

Bearnan’s apparatus (Cheesbrough, 1987) 
was used to isolate larvae that may remain in the 
filter paper.  Larvae collected were further cleaned in 
sucrose gradient   (400g sucrose in a litre of distilled 
water). The larvae were kept at 4 oC for few days 
before use (Banerjee et al., 1970; Ikeme, 1976). 
Finally active larvae were collected by using muslin 
impregnated with 1.5 % agar (Warren, 1965). 
 Ninety six pups (mongrel breed) of about 4 
weeks age were dewormed with Ivomec at 1 ml/50 
kg BW for 2 days and divided into four groups each 
subdivided into 3 subgroups with each subgroup 
containing 6 pups.  
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For each experiment a separate infected control 
group without treatment was maintained. All the pups 
were infected orally with 300 larvae of A. caninum On 
day 24 post infection, each was treated with different 
anthelmintics. Each of the subgroup was treated with 
different dosage of the anthemintics. The treatment 
schedule followed in this experiment is shown in 
Table 1.  

Two methods were adopted for therapeutic 
evaluation of the drugs.  One of the methods was 
based on total egg count by Stools dilution method 
(Soulsby, 1982) and the other was based on total 
worm count (Georgi, 1969). The eggs per gram 
values of 96 pups were determined at pre-treatment 
and day 7, 14, 28 and 30 days post treatment.  For 
the total worm count, the animals were sacrificed. 
Necropsy was performed according to Sen et al 
(1965). The gastrointestinal system of each pup was 
removed. The stomach, small intestine and large 
intestine were cut open lengthwise with a fine 
scissors and the content scrapped and washed into 
the separated containers and later strained through 
sieves. The sieves were spread out with the aid of 
needles and searched for worms visually and with 
handlens. 

Drug efficacy was evaluated using the 
method described by USDVM thus: Efficacy = (Mean 
of the control - mean treated) x 100/ Mean control 
(Robinson et al., 1976).  

Data collected were analysed using 
descriptive statistics and analysis of variance 
(ANOVA) and F-LSD to indicate statistical significance 
(P < 0.05).  
 
RESULTS 
 
Efficacy of the drugs tested based on worm count 
and epg count were shown on Tables 1 and 2.  Table 
3 revealed that Ancylol had the highest efficacy 
followed by Ivomec super especially at elevated and 
normal levels. Mebendazole and Piperazine were least 
efficacious even at elevated dose level. Ancylol has 
the highest efficacy of 93.87 % and 93.15 % at 
elevated and normal does levels respectively while at 
subdose level, efficacy of 84.31 % was obtained. 
Using Ivomec at elevated and normal dose levels, 
efficacy of 86.81 % and 79.48 % efficacy were 
obtained. At elevated and normal dose levels of 
Mebendazole efficacy of 67.39 % and 61.28 % were 
obtained. While at subdose level 44.44 % efficacy 
was obtained. Using piperazine, at elevated and 
normal levels 58.88 % and 52.58% were obtained. 
But at subdose level 42.51 % efficacy was obtained. 
Statistical analysis using ANOVA and F-LSD showed 
that there was statistical difference in the efficacy of 
the drugs (P < 0.05) 

The result in Table 2, revealed efficacy of 
the based on epg count. From the result it could be 
seen that the highest efficacy were obtained at 
elevated dose level in the entire anthelmintic group 
as the case may be. Statistical analysis using ANOVA 
showed that there was significant difference (P < 
0.05) between epg counts in Ancylol treated group 
and control and also between Ivomec treated group 

and control group. F-LSD for epg count and dose also 
showed significant difference (P < 0.05) between the 
treated groups and the control group; moreover, 
there was also a significant difference between epg 
count and days (periods) of the experiment. 

 
DISCUSSION 
 
From the result of the study, pups treated with 
Ancylol had very few worms in their intestinal lumen 
showing efficacy of 93.2 % and 93.8 % for normal 
and elevated dose treatments respectively. Efficacy 
based on epg count was also high. However, faster 
respiration and depression were noticed immediately 
after drug was injected into the body. This lasted for 
about 30 minutes before normalcy returned. Tiwari 
and Bandopadhayay (1995) had earlier reported 
similar reactions in dogs treated with disophenol. 
Furthermore, in another study, Pneumarthy et al.  
(1995) reported acute toxicosis in pups injected 
disopenol subcutaneously at 0.8 ml/kg. Misraulia et
al. (1989) reported Ancylol poisoning in dog at a 
higher dose level. In their study, the symptoms of 
toxicity developed few minutes of post injection. 
Signs of acute toxicosis were not reported in an Irish 
wolf Hound breed given recommended dose of 
Ancylol (Legendre, 1973). This may be attributed to 
the genetic difference among the different breeds of 
pups. Therefore, further research is needed in this 
area. Tiwari and Bandopadhayay (1995) reported a 
case of sub-acute/chronic toxicosis in a pedigreed 
Doberman Picher dog aged 15 months suffering from 
acute hookworm infection and anaemia. According to 
their report, Ancylol at 1 ml/kg subcutaneously 
produced after dew days oedematous swelling at the 
site of injection anorexia, vomiting, faster respiration 
and depression. The toxicosis observed in this study 
later subsided when a teaspoonful vitamin B12 was 
given orally. 

 

 Result from our study indicated that the 
group treated Ivomec at subdose level had efficacy of 
53.5 % based on worm count and 88.3 % based on 
epg count.  At a normal dose level, efficacy of 79.5 % 
based on worm count was obtained while at elevated 
dose level, 86.8 % efficacy was obtained. This implies 
that even at elevated dose level, efficacy with the 
normal dose are almost the same, therefore 
increasing the dose is merely a waste of resources as 
the difference was not statistically significant. In an 
earlier study, similar result in respect to efficacy of 
Ivomec at different dose levels has been reported by 
(Anderson and Robinson, 1982) for Toxocara canis 
infected Indian dogs. On the contrary, Ramizs (1984) 
obtained a lesser efficacy in Labrado breed infected 
with Ascarid worm. This really showed that efficacy of 
drugs can also depend on the breed of the animals 
and the brand of the drug used. From the result it 
could be seen that even Ivomec was not an effective 
drug against hookworm disease because a reasonable 
number of worms persist in the intestine after 
treatment. Incidentally it is sad to report that it is the 
common drug used in most Veterinary Clinics in 
Anambra State. No wonder why the disease persist 
despite the efforts made to eradicate it. 
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Table 1: Efficacy of Ancylol, Ivomec, Mebendazole and Piperazine against A. caninum infections in 
pups 

Sub group No of 
animals 

Dose of drug used 
 

Av. Worm 
recovered 

% Worm 
established 

% Efficacy 

Ancylol treatments (ml/kg BW) 
1 6 0.5 32.33 10.77 84.31 a 
2 6 1 15.00 3.00 93.15 a 
3 6 1.5 7.67 2.55 93.87 a 

Control 6 Water 90 30.00  
Ivomec treatments (ml/50 kg BW) 

 

 

1 6 0.5 43.33 16.55 44.44 c 
2 6 1 18.67 11.44 61.28 b 
3 6 1.5 12.00 9.55 67.39 b 

Control 6 Water 90 30.00 0 
Mebendazole treatments (mg/10 kg BW)

1 6 0.5 51.33 17.11 42.51 c 
2 6 1 42.67 14.22 52.58 c 
3 6 1.5 37.00 12.33 58.58 c 

Control 6 Water 90 30.00 0 d 
Piperazine treatments  (ml/kg BW)

1 6 125 51.33 17.11 42.51 c 
2 6 150 42.67 14.22 52.58 c 
3 6 175 37.00 12.33 58.58 c 

Control 6 Water 90 30.00 0 d 
Unsimilar letters on the same column= significantly di ferent meansf . 
 
Table 2: Efficacy of anthelmintics against A. caninum infections in pups based on epg count 
Sub group No of 

animals 
Pre-treatment 
period 

7 dpt 14 dpt 21 dpt 30 dpt % Efficacy 

Ancylol treatments (ml/kg BW) 
1 6 340 250 130 79 31 91.83 a 
2 6 338 185 92 51 18 95.13 a 
3 6 350 150 88 48 12 96.75 a 

Control 6 350 374 405 396 363 1.89 e 
Ivomec treatments (ml/50 kg BW) 

1 6 320 280 121 88 42 88.33 b 
2 6 342 205 96 66 38 89.44 b 
3 6 356 186 92 45 27 92.50 a 

Control 6 350 372 375 362 356 1.11 e 
Mebendazole treatments (mg/10 kg BW) 

1 6 345 310 290 155 142 61.07 c 
2 6 340 226 181 152 137 59.65 c 
3 6 348 280 210 140 118 66.47 c 

Control 6 350 354 356 350 345 1.10 e 
Piperazine treatments (ml/kg BW) 

1 6 340 333 321 305 202 42.28 d 
2 6 346 321 309 303 191 45.42 d 
3 6 352 312 301 290 182 48.00 d 

Control 6 350 352 354 350 348 0.60 e 
Unsimilar letters on the same column= significantly di ferent meansf . 

 

 
On the group treated with Mebendazole, it was 
observed that few minutes after the administration of 
the drug all the pups showed signs of cough and 
vomiting tendency for about 30 minutes and later 
subsided. At normal dose level and even at an 
elevated dose level, the efficacy was low. However, 
some studies have shown that this may be due to 
strain variation, as different strains of A. caninum 
have variable degree of infectivity (Zenkov, 1971). 
Melhorn (1998) had earlier reported that 
Mebendazole was effective against Echinococcus
granulosus with survival of few worms in the 
intestinal lumen of dog. Anderson (1975) reported 
98.8 % efficacy of Mebendazole against nematodes 
of dogs and ruminants. Gemmel et al (1975) has also 
reported effectiveness of Mebendazole against  

 
Moniezia expansa in dogs. Sangeeva and 
Suryanaraya (1995) reported that two dose levels of 
Mebendazole given  24 hrs apart at the dose rate of 
50 mg/kg was 100 % effective in treating dog 
infected with Dipylidium caninum.    

Kates et al. (1972) recorded an outstanding 
efficacy of Mebendazole against most intestinal 
nematodes and lung worms of sheep. This was 
confirmed by Armour et al. (1981) who recorded 99 
% reduction in worm and burdens over a grazing 
season with a mean improvement in weight gain. 
 On the group treated with Piperazine 
adipate, there was 52.5 % efficacy at normal dose 
level. Those that receive sub dose treatment showed 
efficacy of 42.5 % while those of elevated dose level 
showed 58.6 %.  
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On necropsy, many worms were seen in the intestinal 
lumen. It was also observed that the liver of the pups 
were grossly damaged and adversely inflamed 
especially those treated at sub dose level. Pulmonary 
damage in the form of haemorrhagic pneunonitis was 
also observed.  

Signs and symptoms such as diarrhoea, 
rough skin coat, falling of furs, paleness of mucous 
membrane and weakness persisted after treatment. 
Similar result in an earlier study of Piperazine efficacy 
has been reported for Toxocara infection in Australian 
pups (English and Sprent, 1965). Robinson et al 
(1976) had reported 68 % efficacy against immature 
Toxocara canis in Australian pups dogs when given 
150 mg/kg, whereas Shearer and Genmelt (1969) 
suggested higher dose of 200 mg/kg for complete 
removal of mature worms. It has also been found to 
be highly effective against Moniezia expansa and 
Thysaniezia giardi in sheep, goat and cattle at 65 
mg/kg b. wt (English and Sprent, 1965). However, it 
has been reported to be infective against Stilesia
hepatica in calve (Genealor and Reinackle, 1970, 
Medherkar et al., 1987; Gruss et al., 1988). The 
ineffectiveness reported in Piperazine might be due to 
the drug selectivity to helminth species because from 
result of this study, Piperazine even at elevated dose 
level did not give encouraging result. 
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ABSTRACT 
 
Trypanosomiasis is a disease of agricultural interest in livestock.  The research was therefore aimed 
at finding out if adequate nutrition would ameliorate reproductive disorder in trypanosome-
infected pregnant rats.   Twenty female rats of 120 days old were used.  They were kept 5 rats in 
each cage replicated three times. Four treatments diet each containing trypanotolerant  80 mg of 
Vitamin E and 0.3 mg of selenium (additives) were used.  In Treatment 1, trypanosome infected 
reproducing female rats were fed Diet 1 (Control) comprising chick mash mixed with the additives.
In Treatment 2, the rats were fed Diet 2 comprising dietary protein and carbohydrate mixed with 
the add tives   In Treatment 3  the rats were fed Diet 3 made up of dietary protein and the 
additives.  In Treatment 4, the rats were fed Diet 4 made o  dietary carbohydrate and the additives
The birth weight was measured and number of ratlets from each treatment was also counted to 
determine the effect of the diets on the birth.  At the end of the experiment, it was observed that 
trypanosome-infected pregnant rats fed Diet 2 (with adequate concentrations of carbohydrate and 
protein) significantly (P < 0 05) had higher birth weight o  offspring and multiple births than the 
rats fed with other treatments diets indicating tha  adequate nutrition promoted reproduction in 
trypanosome-infected rats.  
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INTRODUCTION 
 
Nutritional status of female reproducing animals 
before and during gestation affects the offspring.  
Carbohydrate, protein and micronutrients deficiencies 
in female either before conception or in early 
pregnancy have been implicated in causing low birth 
weight in offspring (Galloway et al., 1994).  Birth 
weight is crucial to the survival of an individual 
animal (Wynn et al., 1991).  Modest restrictions or 
under-nutrition in maternal nutrition around the 
gestation period can lead to premature births and 
long term adverse health effects for the offspring 
(Wong, 2003).  It was noted that genotype interacts 
with nutrients intake in pregnant females and their 
effect on birth can be modulated nutritionally 
(Harggarty, 2002). The nutrient, Vitamin E enhances 
fertility in animals (Bieri et al., 1983; Mino et al., 
1985).  Also, Vitamin E enhances multiple births 
(Levine et al., 1976).   
 Trypanosomiasis is one of the most 
important livestock diseases in Sub-Saharan Africa 
that retards livestock production (Morrison et al., 
1981).  Trypanosome infection is associated with 
reproductive disorders including abortion in pregnant 
animals among others (Ogwu et al., 1980).  
Improvement on host’s nutrition is important in 
modulating the severity of patho-physiological effect 
of trypanosomiasis and also, it influences the rate of 
recovery (Katungka-Rwakishaya, 1996).   

Against the background, the objective of this 
study therefore was to find out the effect of adequate 
nutrition on the birth weight and multiple births of 
trypanosome-infected female rats.  We were also 
interested in finding out if adequate nutrition will 
ameliorate the adverse effects of trypanosomiasis on 
low birth weight and abortions in trypanosome-
infected pregnant rats. 
 
MATERIALS AND METHODS 
 
Induction of Rodent Trypanosomiasis: Twenty 
120-days old female albino rats (Rattus norvegicus) 
were used for this experiment.  The rats were 
marked for identification and held in stainless wire-
rats-cages in clean experimental animal house.  The 
cages were labeled A to D corresponding to four 
treatments while each experimental set up was 
replicated three times.  The rats had unlimited supply 
of clean water. 

Twenty female rats were paired with male 
rats so as to ensure mating.  The female rats were 
monitored for pregnancy.  Pregnancy was detected 
by presence of pan plug which was released when 
pregnancy occurred (Cukierski et al., 1991).  These 
rats were infected within 10th to 14th day of 
pregnancy with NITR type of trypanosomes from 
Faculty of Veterinary Medicine, University of Nigeria, 
Nsukka by injecting the rats with 0.1 ml of 
trypanosome-infected rat’s blood in normal saline.  

 

ISSN: 159-3115                                                                                                    ARI 2006 3(3): 545 – 548 
www.zoo-unn.org 

mailto:ufeleangel@yahoo.com


Ufele et al. 546

Table 1:  Ingredient and proximate composition and of diets fed to trypanosome-infected rats 
Composition Ingredient 

Diet 1 (control) Diet 2 Diet 3 Diet 4 
Chick mash (g) 
Corn meal (g) 
Dextrose (g) 
Caseinogen (g) 
Soyabean meal (g) 
Vitamin E (mg) 
Selenium (mg) 
Crayfish meal (g) 
Nutrients 
Moisture   
Protein  
Ash  
Fibre  
Fat  
Carbohydrate 

1000 
- 
- 
- 
- 

80 
0.3 
- 
 

10.9 
18.39 
8.4 

10.25 
10.25 
41.81 

500 
250 

- 
- 

240 
80 
0.3 
10 
 

16.25 
20.01 
13.40 
13.70 
3.95 
32.69 

300 
- 
- 

400 
300 
80 
0.3 
- 
 

14.65 
29.95 
10.75 
15.20 
11.50 
17.95 

300 
300 
400 

- 
- 

80 
0.3 
- 
 

12.25 
10.39 
11.05 
10.25 
5.55 
50.51 

 
The blood of the infected rats was examined under 
the microscope to detect level of parasitemia using a 
matching chart (Herbert and Lumbsden, 1976). 
 
Diets: The rats were fed with diets 1 - 4 containing 
different levels of protein and carbohydrate (Table 1). 
Each diet additionally had a constant level of 80 mg 
of vitamin E and 0.3 mg of selenium thoroughly 
mixed with the other ingredients to enhance 
trypanotolerance (Mgbenka and Ufele, 2004).  The 
rats were fed in cages whose labels were identical to 
the diets (A – D).  The proximate composition of the 
diets was determined by the method of Windham 
(1996) (Table 1).    
 
Birth: At the end of gestation, the number of ratlets 
delivered by each rat was recorded and the weights 
of the ratlets were taken using triple beam balance.   
 
Data Analysis: The data were analysed for 
significant differences by analysis of variance 
(ANOVA) using SPSS version 11.0 for windows. 
Specific differences in treatment means were 
determined using Least Significant Difference (LSD) 
and the Duncan’s New Multiple Range Test (DNMRT) 
(Steel and Torrie, 1990). 
 
RESULTS   
 
The ingredient and proximate compositions of the 
diets are shown on Table 1.  Figure 1 showed the 
mean birth weight (g) of ratlets of the groups of rats 
and the corresponding diets.     From Figure 1, it is 
seen that ratlets of rats fed with Diet 2 had the 
highest birth weight (29.40 ± 3.54 g)  compared to 
ratlets from rats fed other diets 10.53 ± 3.30, 11.93  
± 3.60, 12.80 ± 3.43 g for Diets A, C and D 
respectively. The birth weights of the ratlets from rats 
fed other diets in reducing sequence were Diet 4 > 
Diet 3 > Diet 1, but were not significantly different (P 
< 0.05) from one another. Figure 2 showed the mean 
multiple births of groups of rats and corresponding 
diets.   
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Figure 1: Mean birth weight (g) of
ratlets of the groups of rats and the
corresponding diets. Bars with
different letters on top are significantly 
different (P < 0.05).
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From Figure 2, it was observed that rats fed with Diet 
2 also had the highest multiple births (4.80 ± 0.59) 
when compared to rats fed other diets 2.10 ± 0.65, 
2.33 ± 0.71, 2.53 ± 0.68 ratlets for rats fed Diets A, 
C and D respectively. It was observed that rats fed 
with diets 1, 3 and 4 aborted some of the pregnancy.  
Rats fed Diet 2 had a very minimal abortion rate (6.6 
%) compared to the rats fed other diets (46.7, 53.3 
and 46.7 % for Diets A, C and D respectively). The 
number of ratlets rats fed other diets in reducing 
sequence were Diet 4 > Diet 3 > Diet 1, but not 
significantly different (P < 0.05) from one another.    
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DISCUSSION 
 
Diet 2 which contained 20.01 % protein and 32.69 % 
carbohydrate provide satisfactory nutrient to alleviate 
the effect of trypanosomes on trypanosome-infected 
pregnant rats. The abortion rates exhibited by the 
rats on different diets is corroborated by total the 
number of ratlets delivered (Figure 2).  Langley-
Evans and Nwagwu (1998) had earlier reported that 
protein range above 18 % was adequate for pregnant 
rats.  Adequate nutrition therefore mitigated abortion 
in the trypanosome infected rats contrary to Ogwu et 
al. (1980), report that trypanosomiasis causes 
abortion in pregnant animals.  From the results of the 
experiments it was observed that adequate nutrition 
enhances trypanotolerance.  Our study was in 
agreement with the statement of Katungka-
Rwakishaya (1996) that improvement on host’s 
nutrition was important in modulating the severity of 
patho-physiological effect of trypanosomiasis and also 
influences the rate of recovery from the infection.  
The rats fed Diet 2 also had high birth weight.  Wynn 
et al. (1991) had noted that birth weight was crucial 
for the survival of offspring.  Our results indicated 
that adequate concentrations of carbohydrate and 
protein produced ratlets with higher birth weights. 
Furthermore, from our results, it was observed that 
malnutrition in pregnant rats can lead to physiological 
stresses and low birth weight of offspring. Our finding 
was similar to those of Galloway et al. (1994) who 

reported low birth weight in malnourished pregnant 
rats. The observed high multiple births in most of the 
rats may be attributed to the vitamin E contents of 
the diets. Vitamin E has been reported to enhance 
multiple births in pregnant rats (Bieri, et al., 1983; 
Mino et al., 1985). 

Conclusively, adequate nutrition of 
trypanosome-infected expectant mother rats 
promoted trypanotolerance. It also promoted multiple 
births and enhanced high birth weight of the ratlets 
which in turn promoted survival of the offspring. 
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ABSTRACT 
 
The anthelmintic efficacy of the aqueous extracts o  neem (Azadirachta indica) leaf and stem and 
root barks against the hatching of eggs and the survival of larvae of nematode parasites of small 
ruminants were studied.  The results of the in vitro egg hatch assay showed that the aqueous 
extracts of the leaf and stem bark produced significant anthelmintic effect through reduction in 
nematode egg hatch.  The reduction in egg hatch was concentration dependent being highest (51 
% and 50 % for the leaf and stem bark extracts respectively) at the highest concentration (100 
mg/ml) of the extracts but inferior to those produced by albendazo e (100 % at 40 mg/ml).  
Aqueous extracts of the leaf and root bark produced significant reduction in larval survival within 
60 minutes at ambient temperature (30 – 35 ºC).  Larval death was similar in both extracts and 
concentration dependent, increasing with increasing concentration of the leaf and root bark 
extracts.  The reduction in larval survival due to the extracts was similar to that produced by 
albendazole.  In general, the aqueous extract of neem leaf was more efficacious in limiting 
nematode larvae survival and in-vitro egg hatch.  The results confirm the folkloric claims that neem 
has anthelmintic effect and thus suggest its possible usefulness as an anthelmintic. 
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INTRODUCTION 
 
Gastrointestinal helminthiasis, especially parasitic 
gastroenteritis (PGE) constitutes a major set back in 
the productivity of small ruminant livestock in Nigeria 
and other tropical countries (Schillhorn van Veen, 
1973; Akerejola et al., 1979; Chiejina, 1987; Nwosu 
et al., 1996 ab).  The control of PGE is usually 
achieved through anthelmintic medication and 
grazing management in cattle (Chiejina and Emehelu, 
1986; Chiejina, 1987) and goats (Nwosu et al., 
1996b).  However, extensive use of anthelmintics has 
resulted in drug resistance for many nematodes of 
sheep, goats and cattle (Jackson, 1993; Pritchard, 
1994).  Since newer anthelmintics are not being 
brought into the market, there has been increasing 
search for novel, environmentally friendly and more 
sustainable drugs for control of helminthosis.  
Consequently, several plants traditionally said to have 
medicinal properties are being investigated for their 
potency.  The plant, Azadirachta indica commonly 
known as neem is a good candidate for such 
investigation. 
  All parts of the plant including the leaves, 
bark, fruits, seed, oil and sap have been shown to 
have medicinal properties and contain over ten 
different active components with azadirachtin as the 
most potent and widely studied (Nwosu, 2001).  
Neem is very popular in traditional medicine and 
neem-derived medicinal preparations have been 
shown to be efficacious against a wide range of 
animal diseases including bacterial (ITDG and IIRR, 
1996), protozoal and other parasitic conditions 

(Ekanem, 1978; Ivbijaro, 1987; Khalid et al., 1989; 
Dwivedi, 1999), promote cutaneous wound healing 
following mange infestation as well as act as fly-
repellent against haematophagous insects (ITDG and 
IIRR, 1996; Nwosu, 2001).  However, it is evident 
that only a small proportion of the possible medicinal 
usefulness of the plant in veterinary practice has 
been exploited (Nwosu, 2001).  In this paper, we 
evaluated the anthelmintic efficacy of aqueous 
extracts of neem leaf, root and stem barks against in-
vitro hatching of eggs and the survival of the larvae 
of nematode parasites of small ruminants. 
 
MATERIALS AND METHODS 
 
Neem: Fresh leaves, stem and root barks of neem 
were collected from adult plant within the University 
of Maiduguri, Nigeria.  A botanist in the Department 
of Biological Sciences, University of Maiduguri, 
Nigeria, where voucher specimen of the plant was 
deposited, confirmed the identity of the plant.  The 
stem and root barks were pealed off the plant using a 
sharp knife while the leaves were hand-cut.  The 
samples were collected into polythene bags and 
transported to the laboratory for processing. 

The neem leaves, stem and root barks were 
sun-fried for 10 days at 8 hours per day.  They were 
separately ground into powder using a pestle and 
mortar.  The active components were then 
exhaustively soxhlet extracted using the aqueous 
method (Mittal et al., 1981; WHO, 1992).  The 
extracts were concentrated in a conical flask 
maintained overnight at 60˚C. 
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Table 1: In-vitro anthelmintic efficacy of crude aqueous stem bark and leaf extracts of neem 
(Azadiracta indica) against strongylid nematodes of small ruminants 

No. of larvae hatched Extract/Drug 
concentration 

No. of samples with 
egg hatch* Mean ± S.D. Range 

Reduction in egg 
hatch (%) 

Water control 
Stem bark extract 50 98 ± 47 23 - 283 0** 
100 mg/ml 50 49 ± 28 9 - 133 50.0b 
50 mg/ml 50 56 ± 30 11 - 146 42.9b 
25 mg/ml 50 67 ± 38 17 - 156 31.6c 

Leaf extract 
100 mg/ml 50 48 ± 21 23 - 102 51.0b 
50 mg/ml 50 60 ± 32 18 - 167 38.8b 
25 mg/ml 50 74 ± 40 36 - 198 24.5c 

Albendazole 
40 mg/ml 0 0 0 100a 
20 mg/ml 25 2 ± 1 1 - 4 98.0a 
15 mg/ml 43 3 ± 2 1 - 8 96.9a 
*Total number of samples tested = 50  **Larval recove y f om water con rol cultures was used as standard ( .e. 0 % reduction 
in egg hatch); abc Figures in same column with different supersc ip s are significantly di erent (P < 0.05).

; r r t i
r t ff  

 
Table 2: Survival of infective nematode larvae following incubation in albendazole or neem leaf and 
root bark extracts for 60 minutes at room temperature 

Number of surviving larvae Extract/Drug 
concentration  Mean ± S.D. Range 

Percent larval death after 
60 minutes 

Water control  246 ± 101 117 - 608 0* 
Leaf extract 

100 mg/ml 7 ± 7 1 - 34 97.2a 
50 mg/ml 12 ± 8 2 - 38 95.1a 
25 mg/ml 16 ±  8 4 - 45 93.5a 

Root bark extract 
100 mg/ml 10 ± 7 2 - 30 95.9a 
50 mg/ml 14 ± 8 2 - 38 94.8a 
25 mg/ml 18 ± 9 2 - 48 92.7a 

Albendazole 
25 mg/ml 10 ± 7 2 – 40 95.9a 
12.5 mg/ml 15  ± 7 6 - 47 93.9a 
- 6.25 mg/ml 19 ± 8 10 - 54 92.9a 
*Larval survival in water (control) was used as standard (i.e. 0% larval death; abc Figures in same column with different 
superscripts are significantly different (P<0.05)  
 
Each extract was diluted in three concentrations (25, 
50 and 100 mg/ml).  The in-vitro anthelmintic 
efficacy of the various concentrations of the leaf and 
stem bark extracts was evaluated against the 
hatching of nematode eggs using the egg hatch 
assay (Kelly et al., 1981) while the survival of 
infective larvae in various concentrations of the leaf 
and root bark was evaluated by culturing a known 
number of larvae in the solutions for 60 minutes.  In 
all cases, the proportion of unhatched eggs or dead 
larvae, at each concentration of the extracts was 
calculated by relating the number of hatched eggs or 
surviving larvae to the total number of eggs or larvae 
cultured (Chiejina, 1984). 
 
Faecal Samples: Faecal samples were collected 
directly from the rectum of trade sheep and goats 
during slaughter at the Maiduguri Metropolitan 
Abattoir.  Faecal egg counts were determined by the 
modified McMaster technique using saturated sodium 
chloride solution as the floating medium (MAFF, 
1977).  Only samples with counts of at least 500 eggs 
per gram of faeces were used in the test.  Faecal 
culture and larval recovery were done using the test 
tube filter paper method described by Harada and 
Mori (1955).  Nematode eggs and larvae were  

 
identified using standard parasitological criteria 
(MAFF, 1977; Soulsby, 1982). 
  
Albendazole: Albendazole, containing 250 mg of 
Albendazole B. P. (Sam Pharmaceutical, Nigeria 
Limited) was used for the study.  Three dilutions (25, 
12.5 and 6.25 mg/ml) of the drug were used for the 
study based on previous studies (Onyeyili et al., 2001 
ab; Nwosu et al., 2001, 2004).  
 
Data Analysis: The results were summarized as 
means + Standard Error while differences between 
the means were analysed at the 5 % level of 
significance using the one way analysis of variance 
(ANOVA) (GraphPad Instat, 2000).  
 
RESULTS 
 
The results of the egg hatch assay using the aqueous 
extract of neem leaf and stem bark are presented in 
Table 1.  Compared to the control (water cultures), 
both the leaf and stem bark extracts showed 
significant reduction in nematode egg hatch. In both 
cases, the reduction in egg hatch was concentration 
dependent with the greatest reduction in egg hatch 
at the highest concentrations (100 mg/ml) of the 
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extracts used in the study.  The reduction in egg 
hatch was similar (P > 0.05) with the leaf and stem 
bark extracts at the various concentrations tested but 
these were significantly less (P < 0.05) effective than 
albendazole in limiting egg hatch. 
 The survival of strongyle larvae cultured for 
60 minutes in water or various concentrations of 
albendazole and the aqueous extracts of the leaf and 
root bark of neem are presented in Table 2.  The 
results showed that both the leaf and root bark 
extracts caused larval death in a similar manner (P > 
0.05).  Larval survival in both extracts was also 
concentration dependent, decreasing with increasing 
concentration of the extracts.  The reduction in larval 
survival caused by the leaf and root bark extracts was 
similar (P > 0.05) to that produced by albendazole at 
the concentrations used in the study. 
 
DISCUSSION 
 
The results of the study revealed that neem leaf, root 
and stem bark extracts have some anthelmintic 
properties against strongylid nematodes of sheep and 
goats since they significantly limited the hatching of 
nematode eggs and the survival of nematode larvae 
cultured in them.  These findings confirm the folkloric 
claims regarding the anthelmintic efficacy of neem 
against intestinal helminths.  Previous studies have 
shown that neem extracts similarly affected the 
survival of salmonella (ITDG and IIRR, 1996) 
Plasmodium and T ypanosoma species (Ekanem, 
1978; Ivbijaro, 1987; Khalid et al., 1989).  That the 
leaf, stem or root bark extract showed similar effects 
in reducing egg hatch or larval survival suggest that 
the extracts contain similar active components 
possibly in similar concentrations and probably 
possess the same mechanisms of action.  These 
observations suggest the possible usefulness of the 
aqueous extracts of neem leaf, stem and root barks 
in the treatment of nematode infections in both man 
and domesticated livestock. 

r
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At the various concentrations used in this 
study, the efficacy of the extracts was concentration-
dependent as they showed graded effect that was 
highest at the 100 mg/ml concentration.  However, at 
this concentration (100 mg/ml), the effects of the 
extracts were significantly (P < 0.05) inferior to 
albendazole in preventing nematode egg hatch but 
similar in preventing nematode larval survival.   The 
efficacy of the extracts or drug in limiting egg hatch 
has a direct bearing on the effective penetration of 
their active components through the eggshell to 
reach the larvae.  This may explain the greater 
efficacy of the extracts and the drug in limiting larval 
survival than egg hatch at the various concentrations 
tested during the study. 
 Previous studies suggested that the anti-
trypanosomal activity of neem extracts was 
associated with the alkaloids or other ingredients and 
had effect in-vitro but became degraded or 
metabolised and thus ineffective when introduced 
into the host animal (Dwivedi, 1999).  Consequently, 
there is need for further studies, especially in-vivo 
studies, in order to confirm the present observations 

as well as purify the extract, determine the active 
components, their lethal dose, appropriate route of 
administration as well as ascertain which particular 
parasite species and/or developmental stage are 
most susceptible to the effect of the extracts so as to 
further enhance their anthelmintic usefulness.  When 
these studies have been carried out, a new 
anthelmintic that will be readily available and 
acceptable to the rural farmers may be produced.  
Meanwhile, this study highlights the possible 
anthelmintic usefulness of neem extracts in the 
control of nematode infections of small ruminants. 
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ABSTRACT  
 
Macroinvertebrate fauna of Ogbei stream in Anambra state, Nigeria was studied from monthly  
samples taken from six stations or sites with a benthic scoop net and a serrated cylindrical sampler
(SCS) for 12 months (May, 2002 – Apri  2003). A to al of 11420 macroinvertebrates were col ected 
belonging to 4 classes, 13 orders, 28 families and 50 species. The fauna was dominated numerically 
by Insecta (98.29 %), Arachnida (0.81%) and Oligochaeta (0.66%). Diptera was the most 
abundant taxon (42.62%), fo owed by Odonata (36.89%), Coleop era (9.76 %) and Hemiptera 
(8.22 %).  Station 3 had the highest percentage of abundance of the macrofauna (28.56 %) 
followed by station 2 (19.54 %). The highest faunal diversi y was recorded in station 6  The 
macroinvertebrate composition, distribution abundance and diversity were influenced by substrate 
composition, good water quality and availability of food.  
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Keywords: Tropical freshwater stream, Macroinvertebrate composition, Abundance, Distribution, Diversity 
 
INTRODUCTION 
 
Aquatic macroinvertebrates are an assemblage of 
aquatic community represented by members of 
almost all the invertebrate taxa. Most 
macroinvertebrate are benthic (benthos), others are 
planktonic or nektonic or surface water dwellers. 
Macroinvertebrates have attracted a lot of interest 
among biologists and environmentalists in view of 
their importance in food chain of fishes and as long 
term indicators of water quality. Macroinvertebrates 
play a crucial role in the transfer of energy from 
primary producers and detritus to fish (Turcotte and 
Harper, 1982; McQueen et al., 1986; Hanson, 1990). 
They are also involved in nutrient recycling in aquatic 
system (Gladden and Smock, 1990) and are used as 
biological indicators in the assessment of water 
quality (Rosenberg and Resh, 1993; Crown et al., 
1995; Ajao and Fagade, 2002).  

Substantial literature on Nigerian aquatic 
macroinvertebrates are available. Apart from 
Egborge’s (1993) attempt to put together available 
information on the diversity of aquatic faunal 
resources of Nigeria, information on the biology and 
ecology of aquatic macroinvertebrates fauna in 
different bodies of water in Nigeria are scattered. 
Egborge (1993) compiled a check list of over 1620 
species of invertebrates so far identified in Nigeria, 
out of which 67.3 % would be considered as 
macroinvertebrates.  

Studies on aquatic macroinvertebrates in 
some Nigerian water bodies (Victor and Ogbeibu, 
1985 and 1991; Ogbeibu and Victor 1989; Ogbeibu 
and Egborge, 1995; Eyo and Ekwonye, 1995; 
Ogbeibu and Oribhabor, 2001; Idowu et al., 2004; 
Odo, 2004) indicate variations in the faunal 
composition of the water bodies studied. Hence the 
need to study the macroinvertebrates of a particular 

water body if the resources of the system are to be 
managed properly.  

Ogbei stream is a major source of water in 
Nkpologwu community, as a number of human 
activities take place in and around the stream. 
Secondly the stream has been proposed for 
impoundment for domestic and agricultural purposes. 
Impoundments have been known to create conditions 
that affect the stability of aquatic life in the system. 
As there has been no previous scientific study on the 
stream, this pre-impoundment study was deemed 
necessary.  

A comprehensive scientific study of Ogbei 
stream aimed at documenting its physico-chemical 
and biological characteristics is on. The present paper 
only reports the species composition, abundance, 
distribution and diversity of the macroinvertebrate 
fauna of the stream. It is hoped that the 
comprehensive report on the stream will provide 
useful pre-impoundment data on which future 
development and management of the stream 
resources will be based.  
 
MATERIALS AND METHODS  
 
Study Area: Ogbei stream arises from Umuezeagwu 
highlands, flows eastwards through Isioji village in 
Nkpologwu town (50 581 and 60 011 N and 70 061 and 
70 081 E) and stretches through Akpo (in the south) 
before joining Otalu river to empty into Anambra river 
(Figure 1). There are two distinct seasons in the area. 
The rainy/ wet season (April – September) which is 
sometimes punctuated with a short break of no rain 
for about two weeks in August. The dry season lasts 
from October to March and may be punctuated by 
harmatan (dry and cold north – South wind) between 
December and January. The temperature of the area 
ranges between 24 0C and 32 0C in the rainy and dry 
seasons respectively (Emejulu et al., 1992).  
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The stream is fringed with riparine vegetation among 
which are Pandamus tectorius, Costus afar, Cyathea 
medullaris, Marantochola leucantha, Acioa barteri and
Raffia hookeri.  

 

r  

t

i

 A number of activities like bathing, 
fermenting and sieving of cassava, soaking and 
washing of tapioca; collection of sand and fishing 
take place in the stream. A few agricultural activities 
(farming and gardening) also take place around the 
stream.   
 Six sampling stations were selected along 
the stream based on accessibility, human influence 
and type of substrate/habitat. The features of which 
are summarized in Table 1. Each station was about 
10 - 12 m apart.  
 
Sample Collections: The macroinvertebrates were 
sampled with a scoop net and serrated cylindrical 
sampler. The scoop net was used in the shallow 
areas along the shore by dragging it with the open 
end against the water current. It was also used 
around the aquatic vegetation, in which case the 
vegetation was disturbed by kicking to dislodge the 
invertebrates. Sampled specimens were sieved using 
0.2 mm and 0.6 mm mesh size sieves and sorted into 
taxa. The specimens collected were preserved in 10 
% formalin and labelled according to stations. 
Submerged branches of trees, logs and stems were 
also examined for attached macroinvertebrates.  

The SCS was used for quantitative 
macroinvertebrate sampling. The sampler was 
pushed into the substratum as fast as possible and 
the contents of the sampler scooped out into a 
bucket for washing. The invertebrates were sieved, 
sorted and preserved in labelled specimen bottles.  

All specimens were identified in the 
laboratory under a dissecting microscope using 
appropriate taxonomic keys, manuals and texts books 
(Hutchinson, 1970; Bidwell and Clarke, 1977; 
Gladden and Smock, 1990; Ajao and Fagade, 2002).  
 

Faunal Diversity and Dominance: Faunal diversity 
index for taxa richness was analyzed using Shannon-
Wiener index (H) (Shannon and Wiener, 1963). 
General diversity, evenness of distribution (E) were 
determined according to Krebs (1978). Hutchinson’s 
t-test was used to detect significant differences 
between general diversity indices (Hutchinson, 1970).      
 
RESULTS 
 
Species Composition and Abundance: A total of 
11420 macroinvertebrates collected during the 
sampling period were identified into 4 classes, 13 
orders and 50 species (Table 2). The fauna was 
dominated numerically by Insecta (98.29%) with 44 
species followed by Arachnida (0.81 %) and 
Oligochaeta (0.66 %) with three species each. The 
major taxa of the Insecta were Diptera (42.62 %), 
Odonata (36.89 %) and Coleoptera (9.76 %). 
Chironomus transvalensis (23.58 %), Coenag ion
scitulum (12.69 %), Polypedium sp (11.96 %) and 
Libellula sp (11.15 %) were the prominent species 
encountered in the collections.  

Figure 1: Map of the study area showing the 
sampling stations 

 
Distribution in Relation to Stations: Oligochaetes 
represented by Dero obtusa and Dugesia polychroa 
were more at station 4 (1.33 %) than in other 
stations. D. obtusa was recorded in all the stations 
(Table 2). 
 Decapod crustaceans represented by 
Sudanonautes sp. were found in all the stations but 
mostly at station 4 (0.44 %). Most of the arachnids 
were more in station 5 (1.59 %) followed by station 1 
(1.53 %). Though Agronecta aquatica and Arrenurus 
sp were found in all the stations, A. aqua ica were 
most abundant at station 5, (0.84 %) while Arrenurus  
sp were mostly recorded at station 1 (1.02 %). 
 The major taxa of Insecta were variously 
distributed in all the stations. Plecopterans were most 
abundant in station 6 (1.29 %) and Odonata in 
station 3 (46.26 %). Coenagrion scitulum, Libellula 
sp, Cordulia sp were the most important odonatan 
species present in all the stations. Hem pteran spp 
(Order: Hemiptera) were most abundant at station 
6(23.04 %) while Hydropsyche sp (Order: Tricoptera) 
was the most abundant species found particularly in 
station 4 (1.27 %). 
 Coleopterans (Order: Coleoptera) were 
prominent in stations 1 (20.45 %) and 2 (17.11 %). 
Gyrinus sp was the most abundant species 
contributing 75.74 % of all the coleopterans 
recorded, followed by Hydrophilus sp (20.0 %). Both 
species were recorded in all the stations. The order 
Diptera dominated the samples at all the stations and 
the number of individuals (4867) was significantly 
higher than those of other orders (P < 0.05). The 
most important diptera recorded in all the stations 
were Chironomus transvalensis, Polypedilum sp and 
Strictochiromus sp. C. transvalensis contributed 55.3 
% of all the dipterans and were most abundant at 
station 1 (39.11 %). Generally, most of the 
macroinvertebrates were recorded in station 3, 
followed by station 2 (Figure 2). 
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Table 1: Characteristic features of selected stations  
Station  Substrate  Human activities  Vegetation canopy Light penetration 
1 Swampy bank, sand, mud.  Soaking /sieving of cassava, bread fruit, tapioca; washing 

of clothes, bathing  

No  Little

2 Sand, detritus  None  Yes  

  

  

  

  

Little

3 Organic debris/ detritus, sand  Fishing, Lumbering, Palm wine tapping  Yes Little

4 Sand, mud, stones Palm wine tapping, lumbering  Yes Little

5 Sand, mud, organic debris  Palm wine tapping, collection of Pandamus tectorius leaves No Much

6 Rocky swampy bank, sand and mud  Palm wine tapping  No Much

    
Table 2: Abundance of macro-invertebrates in relation to the study stations 

STATIONS TAXA 
Total No. (%) 1 2 3 4 5 6 

OLIGOCHAETA  75(0.66)       3(0.19) 19(0.85) 14(0.43) 24(1.33) 13(1.21) 2(0.14)
Plesiopora 75(0.66)       

        
       
       
       
       
       
       
       
       
       
       
       
       
        
       
       
       
       
       

        
       
       
       
       

       
       

3(0.19) 19(0.85) 14(0.43) 24(1.33) 13(1.21) 2(0.14)
Naididae 41(0.36)  2(0.13) 8(0.25) 12(0.66) 7(0.65) 2(0.14)
    Dero obtusa  41(0.36) 2(0.13) 10(0.45) 8(0.25) 12(0.66) 7(0.65) 2(0.14)
Lumbricidae 31(0.27) 1(0.06) 8(0.36) 6(0.18) 10(0.55) 6(0.56) -
     Lumbricus (unidentified) 31(0.27) 1(0.06) 8(0.36) 6(0.18) 10(0.55) 6(0.56) -
Dugesiidae  3(0.03) - 1(0.04) - 2(0.11) - -
    Dugesia polychroa 3(0.03) - 1(0.04) - 2(0.11) - -
CRUSTACEA 28(0.25) 2(0.13) 8(0.36) 8(0.04) 8(0.44) 1(0.09) 1(0.07)
Decapoda  28(0.25) 2(0.13) 8(0.36) 8(0.04) 8(0.44) 1(0.09) 1(0.07)
Sudanonidae  28(0.25) 2(0.13) 8(0.36) 8(0.04) 8(0.44) 1(0.09) 1(0.07)
    Sudanonautes sp.  28(0.25) 2(0.13) 8(0.36) 8(0.25) 8(0.44) 1(0.09) 1(0.07)
ARACHNIDA 92(0.81) 24(1.53) 7(0.31) 15(0.46) 7(0.39) 17(1.59) 22(1.49)
Araneae  40(0.35) 8(0.51) 6(0.27) 7(0.21) 3(0.17) 9(0.84) 7(0.47)
    Dolomedidae 2(0.02) - 1(0.04) 1(0.03) - - -
    Dolomedes fimbriatus  2(0.02) - 1(0.04) 1(0.03) - - -
Agronectidae   38(0.33) 8(0.51) 5(0.22) 6(0.18) 3(0.17) 9(0.84) 7(0.47)

Agronecta aquatica  38(0.33) 8(0.51) 5(0.22) 6(0.18) 3(0.17) 9(0.84) 7(0.47)
Hydrachnella 52(0.46) 16(1.02) 1(0.04) 8(0.25) 4(0.22) 8(0.75) 15(1.02)

Arrenuridae  52(0.46) 16(1.02) 1(0.04) 8(0.25) 4(0.22) 8(0.75) 15(1.02)
    Arrenurus sp.  52(0.46) 16(1.02) 1(0.04) 8(0.25) 4(0.22) 8(0.75) 15(1.02)
INSECTA 11225(98.29) 154(198.15) 2198(98.48) 3225(98.87) 1769(97.84) 1041(97.11) 1451(98.31)
Plecoptera  47(0.41) 4(0.25) 4(0.18) 7(0.21) 12(0.66) 1(0.09) 19(1.29)
Perlidae 47(0.41) 4(0.25) 4(0.18) 7(0.21)  12(0.66) 1(0.09) 19(1.29)
   Dinocras sp 39(0.34) 4(0.25) - 6(0.18) 11(0.61) 1(0.09) 17(1.15)
   Neoperla sp 8(0.07) - 4(0.18) 1(0.03) 1(0.06) - 2(0.14)
Odonata  4213(36.89) 382(24.33) 797(35.71) 1509(46.260) 703(38.88) 401(37.41) 421(28.52)
Aeshnidae  158(1.38) 13(0.83) 22(0.99) 50(1.53) 8(0.44) 20(1.87) 45(3.05)

Macroinvertebrate fauna of a tropical freshwater stream in Nigeria 
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   Aeshna sp. Fabricus 158(1.38)       13(0.83) 22(0.99) 50(1.53) 8(0.44) 20(1.87) 45(3.05)
Corduliidae  437(3.8)       

       
       
       
       
       
       
       
       

       
       

       
       

       
       

       
       
       
       
       
       
       
       
       
       
       
       
       
     

       
        
        
       
       
       
       
       
       
       
       
       
       
       
       
       

64(4.08) 74(3.32) 124(3.80) 66(3.65) 53(4.94) 56(3.79)
   Cordulia sp 437(3.8) 64(4.08) 74(3.32) 124(3.8) 66(3.65) 53(4.94) 56(3.79)
Macromiidae  27(0.24) 18(1.25) 4(0.18) - 3(0.17) 1(0.09) 1(0.07)
  Macromia Africana  27(0.24) 18(1.25) 4(0.18) - 3(0.17) 1(0.09) 1(0.07)
Gomphidae  159(1.39) 11(0.07) 8(0.36) 34(1.04) 32(1.77) 28(2.61) 46(3.12)
   Gomphus sp. 50(0.44) - 2(0.09) 16(0.49) 10(0.55) 11(1.03) 11(0.75)
   Haginus sp. 109(0.95) 11(0.07) 6(0.27) 18(0.85) 22(1.22) 17(1.59) 35(2.37)
Libellulidae  1862(16.30) 199(12.68) 433(19.40) 603(18.49) 270(14.93) 172(16.04) 185(12.53)
   Libellula sp. 1273(11.15) 167(10.64) 312(13.998) 452(13..86) 155(8.57) 100(9.33) 87(5.89)
   Sympetrum sp. 510(4.47) 30(1.91) 116(5.2) 143(43.8) 95(5.25) 47(4.38) 79(5.35)
   Tetragoneuria sp. 79(0.69) 2(0.13) 5(0.22) 8(0.25) 20(1.11) 25(2.33) 19(1.29)
Coenagrionidae  1570(13.75) 77(4.90) 256(11.49) 698(21.40) 324(17.92) 127(0 88(5.96)
   Coenagrion scitulum 1449(12.69) 42(2.68) 234(10.48) 680(20.85) 301(16.65) 114(10.63) 78(5.28)
   Ischnura sp. 121(1.06) 35(2.23) 22(0.99) 18(0.55) 23(1.27) 13(1.21) 10(0.68(
Hemiptera  939(8.22) 157(10) 140(6.27) 131(4.02) 74(4.09) 97(9.05) 340(23.04
Belostomatidae  1(0.01) - - - - 1(0.09) -
   Poissonia sp. 1(0.01) - - - - 1(0.09) -
Gerridae  310(2.71) 59(3.76) 52(2.33) 40(1.23) 12(0.66) 46(4.29) 101(6.84)
   Geris lacustris  233(2.04) 38(2.42) 51(2.58) 33(1.01) 12(0.66) 24(2.24) 75(5.08)
   Naboandelus sp. 77(0.67) 21(1.34) 1(0.04) 7(0.21) - 22(2.24) 26(1.76)
Hydrometridae  56(0.49) 29(1.85) 2(0.09) 2(0.06) 9(0.50) 4(0.37) 10(0.68)
   Hydrometra sp. 56(0.49) 29(1.85) 2(0.09) 2(0.06) 9(0.50) 4(0.37) 10(0.68)
Mesoveliidae  251(2.20) 28(1.78) 49(2.20) 5(0.15) 4(0.22) 8(0.75) 157(10.64)
   Microvelia sp. 251(2.20) 28(1.78) 49(2.20) 5(0.15) 4(0.22) 8(0.75) 157(10.64)
Naucoridae  25(0.22) 4(0.25) 2(0.09) 5(0.15) 8(0.44) 2(0.19) 4(0.27)
   Naucoris cimicoides  25(0.22) 4(0.25) 2(0.09) 5(0.15) 8(0.44) 2(0.19) 4(0.27)
Nepidae  280(2.45) 31(1.97) 33(1.48) 78(2.39) 35(1.94) 36(3.36) 67(4.54)
   Nepa apiculata 107(0.94) 1(0.06) 13(1.58) 37(1.13) 15(0.83) 15(1.40) 26(1.76)
   Lacotrephes sp. 164(1.44) 27(1.72) 20(0.90)  39(1.20) 20(1.11) 20(1.87) 38(2.57)
   Ranatra fusca  9(0.08) 3(0.19) - 2(0.06) - 1(0.09) 3(0.20)
Notonectidae  16(0.14) 6(0.38) 2(0. 09) 1(0.03) 6(0.03) - 1(0.07)
    Notonecta sp. 16(0.14) 6(0.38) 2(0. 09) 1(0.03) 6(0.03) - 1(0.07)
Neuroptera 1(0.01) - 1(0.04) - - - -
Sialidae  1(0.01) - 1(0.04) - - - -
    Sialis sp.  1(0.01) - 1(0.04) - - - -
Tricoptera  40(0.35) - 6(0.27) 4(0.12) 24(1.33) 2(0.19) 4(0.27)
Hydropsychidae  30(0.26) - 3(0.13) 1(0.03) 23(1.27) 1(0.09) 2(0.14)
    Hydropsyche sp. 30(0.26) - 3(0.13) 1(0.03) 23(1.27) 1(0.09) 2(0.14)
Hydroptilidae 7(0.06) - 2(0.09) 2(0.06) - 1(0.09) 2(0.14)
    Ochrotrichia sp.  7(0.06) - 2(0.09) 2(0.06) - 1(0.09) 2(0.14)
Philopotamidae 3(0.03) - 1(0.04) 1(0.03) 1(0.06) - -
    Philopotamus sp. 3(0.03) - 1(0.04) 1(0.03) 1(0.06) - -
Orthoptera  2(0.02) - - 1(0.03) 1(0.06) - -
Gryllotalpidae  2(0.02) - - 1(0.03) 1(0.06) - -
    Gryllotalpa robusta  2(0.02) - - 1(0.03) 1(0.06) - -

Table 2: Abundance of macroinvertebrates in relation to the study stations (continues) 
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Coleoptera 1115(9.76)       321(20.45) 382(17.11) 150(4.60) 102(5.64) 43(4.01) 117(7.93)
Chrysomelidae  11(0.10)       

       
       
       

    
       
       
       
       

       
       
       
       
       
       
       
       
       
       

    
       
       
       
       

       
       
       

       
       
       
       

- - - - 2(0.19) 9(0.61)
    Donacia sp.  11(0.10) - - - - 2(0.19) 9(0.61)
    Dytiscus  sp.  3(0.03) - 1(0.04) 2(0.06) - - -
Dytiscidae  3(0.03) - 1(0.04) 2(0.06) - - -
Hydrophilidae  223 (1.95) 56(3.57) 41(1.84) 23(0.71) 41(2.27) 25(2.33) 37(2.51)
   Hydrophilus sp.  223(1.95) 56(3.57) 41(1.84) 23(0.71) 41(2.27) 25(2.33) 37(2.51)
Gyrinidae  878(767) 265(16.88) 340(15.23) 125(3.83) 61(3.37) 16(1.49) 71(4.81)
   Gyrinus sp.  878(7.67) 265(16.88) 340(15.23) 125(3.83) 61(3.37) 16(1.49) 71(4.81)
Diptera   4867(42.62) 677(43.12) 868(38.98) 1423(43.62) 853(47.18) 497(46.36) 549(37.2)
Thaumalaidae  5(0.04) 3(0.19) - - 2(0.11) - -
   Thaumalia sp.  5(0.04) 3(0.19) - - 2(0.11) - -
Tabanidae  3(0.03) - 1(0.04) - 1(0.06) 1(0.09) -
   Tabanus sp.  3(0.03) - 1(0.04) - 1(0.06) 1(0.09) -
Ceraptogonidae  1(0.01) - - - - 1(0.09) -
   Culicoides sp. 1(0.01) - - - - 1(0.09) -
Stratiomidae  11(0.10) 1(0.06) 3(0.03) 1(0.03) - 2(0.19) 4(0.27)
   Stratiomyia sp.  11(0.10) 1(0.06) 3(0.03) 1(0.03) - 2(0.19) 4(0.27)
Tipulidae  32(0.28) - - 4(0.12) 8(0.44) - 20(1.36)
   Tipula sp.  20(0.18) - - 3(0.09) 5(0.28) - 12(0.81)
   Megistocera longipinnis  12 (0.11) - - 1(0.03) 3(0.17) - 8(0.54)
Simulidae  1(0.01) - - - - - 1(0.07)
   Simulium sp.  1(0.01) - - - - - 8(0.54)
Syrphidae  13(0.11) 13(0.83) - - - - -
   Eristalis  13(0.11) 13(0.83) - - - - -
Chironomidae  4801(42.04) 660(42.04) 864(38.71) 1418(43.47) 842(46.76) 493(45.99) 524(35.5)
   Chironomous transvalensis  2693(23.58) 614(39.11) 520(23.30) 477(14.62) 416(23.01) 385(35.91) 281(19.04)
   Polypedilium sp.  1366(11.96) 26(1.66) 286(12.81) 470(14.41) 311(17.20) 86(8.02) 187(12.67)
   Strictochiromous sp. 720(6.30) 12(0.76) 54(2.42) 470(14.41) 110(6.08) 18(1.68) 56(3.79)
   Tarnytarsus sp. 22(0.19) 8(0.51) 4(0.18) 10.03) 5(0.28) 4(0.37) -
Hymenoptera  1(0.01) - - - - - 1(0.07)
Mymaridae  1(0.01) - - - - - 1(0.07)
   Caraphractus sp.  1(0.01) - - - - -      1(0.07) 
Total  11420(100) 1570(100) 2232(100) 3262(100) 1808(100) 1072(100) 1476(100) 

Table 2: Abundance of macroinvertebrates in relation to the study stations (continues) 

Macroinvertebrate fauna of a tropical freshwater stream in Nigeria 

• The figures in parenthesis show percentage relative abundance of the species 
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Monthly and Seasonal Variations of 
Macroinvertebrates: Table 3 shows the monthly 
and seasonal variations of the major taxa of the 
macroinvertebrates collected. Most invertebrates 
(13.9 %) were collected in the month of March; 11.0 
% was recorded in May, while the least number of 
specimens was collected in August (3.3%). 
Crustaceans, odonatans and dipterans were most 
abundant in March, while hemipterans and 
coleopterans occurred mostly in December. The 
tricopterans occurred sporadically in September, 
December, January and March. 
 Generally, more macroinvertebrates were 
collected during the dry season (6321; 55.35 %) than 
during the rainy season (5099; 44.65 %). Apart from 
Neuroptera and Plecoptera all other taxa were 
recorded more during the dry season than in the 
rainy season (Table 3).  
 
Faunal Diversity and Dominance: Table 4 shows 
the faunal diversity and dominance indices for the six 
stations. Species richness (Margalefs’ index) was 
highest at station 5 (11.88) followed by station 6 
(11.67).  

Station I had the least species richness 
(10.013). Shannon-Wiener diversity index (H) was 
highest at station 6 (1.24) and was significantly 
different from other stations (P < 0.05). The diversity 
indices were statistically similar for stations 1 and 2 
(1.038 and 1.035) respectively. The maximum 
species diversity (Hmax) was highest in station 3 
(1.602), while stations 4 and 6 had the same diversity 
index of 1.580 respectively. 

The equitability index (E) indicated that 
station 6 had highest evenness of distribution (0.78) 

while sta

osition and Abundance: Species 
mposition, abundance and distribution of aquatic 

and washed in the 
stream 

, a factor which definitely 
contribut

elocity, immediate substratum 
f occupation and animals are very closely related. 

tion 3 had the least evenness of distribution 
(0.632). Simpson’s dominance index (D) was highest 
in station 6(11.813), followed by station 4 (7.804) 
and Station I had the lowest value (4.088). 
 
DISCUSSION 
 
Species Comp
co
macroinvertebrates are influenced by a number of 
factors including the physico-chemical, geomorphic 
and biotic factors of the aquatic ecosystem. Bishop 
(1973), Dance and Hynes (1980) asserted that water 
quality and food supply were the major factors 
governing the abundance and distribution of 
macroinvertebrate fauna in aquatic environment. 
Wildish (1977) considers food supply, supply of 
colonizing larvae and interspecific competition as the 
major biotic factors that determine the community 
composition, biomass and productivity of macrofauna 
in marine and estuarine environment. Ogbei stream 
supports a diverse assemblage of macroinvertebrate 
fauna. The number of taxa recorded (50 species) far 
exceeds what have been reported from similar 
biogeographical zones (Victor and Ogbeibu, 1985, 
1991; Ogbeibu and Oribhabor, 2001; Odo, 2004) 
probably because of the favourable conditions in the 
stream. The variable substrate composition (sand, 
mud, silt, debris/organic detritus, stones etc) 
provided different microhabitats for the diverse 
groups of the fauna. Organisms cannot survive in an 
environment without adequate food for the 
organisms’ survival and growth.  

Besides, it is possible that the cassava, 
bread fruits and tapioca soaked 

Figure 2: percentage abundance of 
macroinvertebrate in the stations 

could contribute to the food resource for 
some macroinvertebrates. 

Ibemenuga (2005) reported on the good 
water quality of the stream

es to the survival, growth and abundance of 
the macroinvertebrates in the stream. In terms of 
relative abundance, dipterans were the most 
dominant fauna. The dominance of the dipterans with 
respect to number of individuals and species is in 
agreement with the reports of Bidwell and Clarke 
(1977), Townsend (1983), Sharma et al. (1993), 
Ogbeibu and Oribhabor (2001) and Ogbeibu (2001). 
The dominance of dipterans in the system as in other 
aquatic ecosystems may be attributed to their 
morphological and physiological adaptations to the 
various habitats, availability of food and sustained 
reproduction (Mbah and Vijime, 1989; Umeham, 
1989). Chironomids which were the most abundant 
dipterans are known to colonize all kinds of 
environments including polluted waters. This is due to 
their ability to extract oxygen from water of very low 
oxygen concentration. 
 
Distribution: Water v
o
Variations in water velocity can occasion variations in 
stream habitats.  
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thly /seasonal distribution of major macroinvertebrates taxa of Ogbei stream, Nigeria (May 2002 – April 2003) 
Season  Taxa May June July Aug Sept Oct Nov Dec Jan Feb Mar April Range in 

monthly samples Rainy  
Oligochaeta  10 7 8 1 9 5 4 5 7 9 9 3 1 - 10 36  

Dry  
39

Crustacea   5 3 4 1 - 2 2 - - 5 6 - 1- 6 13  

Arachnida  9 4 1 - 11 3 10 18 4 4 9 3 1-19 35  

Insecta  1227 910 869 374 505 745 704 1144 1121 935 1561 1130 130 -1561 5051 

Plecoptera  1 5 8 2 12 2 7 3 3 1 1 2 1-8 30  

Odonata  598 314 297 177 180 285 178 217 500 302 722 443 122 -  722 2009 

Hemiptera  68 41 71 30 47 55 80 336 41 46 80 44 30-336 301 638 

Neuroptera  - - 1 - - - - - - - - - 0-6 1  

Orthoptera  - - - - - - - 1 - - 1 - 0 - 1 -  

Coleoptera  74 121 108 32 25 67 120 198 119 163 49 39 32 -  198 399 

Diptera  486 429 384 133 238 336 319 382 433 423 703 601 133 -  703 2271 

Hymenoptera  - - - - - - - - - - 1 - 0 -  1 - 

Tricoptera  - - - - 3 - - 7 25 - 4 -  4  

Total  1251 

(11.0) 

924 

(8.1) 

888 

(7.8) 

377 

(3.3) 

523 

(4.6) 

752  

(6.6) 

730  

(6.4) 

1169 

(10.2) 

1132  

(9.9) 

953  

(3.3) 

1585 

(13.9) 

1136   

(9.9) 

377 – 1585  

 

5099 

(44.6) 

6321 

(55.4) 

15

57

6210 

17

2204 

-

2

716 

2596 

1 
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Table 3: Mon

Numbers in parenthesis represent the percentages 

 
Table 4: Diversity of macroinvertebrate in the study stations of Ogbei stream (May 2002 – April 2003) 

STATIONS  
1 2 3 4 5 6 

Number of taxa  33 39 40 38 37  

Number of individuals 1570 2232 3262 1808 1072 1476 

Margalef’s index (d)  10.013 11.348 11.100 11.359 11.88 11.67 

Shannon Wiener index(H)  1.038 1.035 1.013 1.084 1.073 1.24 

Maximum species Diversity (H max) 1.519 1.591 1.602 1.580 1.568 1.58 

Equitability (E) 0.684 0.655 0.632 0.687 0.685 0.78 

Dominance (D) 4.088 7.660 7.623 7.804 6.097 11.81 
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ABSTRACT 
 
Short-term effects of ceftriaxone on haematological and biochemical parameters of Nigerian local 
turkey poults were studied. The pre-treatment blood and serum samples were collected and the 
weight of animals taken before the administration of body weight for a period of 4 days. The 
animals were weighed dai y. The results showed that eosinophilia was significantly increased (P < 
0.05) and total bilirubin deceased significantly (P < 0 05). Furthermore, there was significant 
decrease in chloride ion (P < 0 05) and increase in bicarbonate ion (P < 0.05). O her indices o  
haematology, liver function test and electrolyte titration were normal (P < 0.05). Ceftriaxone 
caused eosinophilia in treated samples (2.2 

l
.

. t f

+ 0.45a) as compared to pre-treated samples (1.6 + 
.0.89b). Total bilirubin in the post-administration samples (13 5 + 1.05a) was decreased in 

comparison with pre-administration samples (14.82 + 0.72b). Chloride ion decreased in the treated
samp es (86.6 

 
l + 8.11a) when compared with untreated samples (98.4 + 2.88b). Bicarbonate ion 

increased (24.8 + 1.79a) in the experimental samples when compared to control (24.4 + 1.34b).
Conclusively, the short term administrat on of ceftriaxone may cause eosinophilia, 
hypobilirubinaemia, hypochloraemia and increased b carbonate ion which may be positive response 
to hypochloraemia. 

 
i

i

 
Keywords: Haematology, Biochemical Parameters, Ceftriaxone, Turkey 
 
INTRODUCTION 
 
The cephalosporins (β-lactam antibiotics) are weak 
organic acids, due to their low pka values, and are 
predominantly ionized in the blood plasma (Baggot, 
2001). Protein binding of individual cephalosporins 
ranges from 15 % to over 80 %. The presence of 
food in the stomach decreases the systemic 
availability of oral cephalosporins (Baggot, 2001). 
        Ceftriaxone is a parenteral third generation 
cephalosporin, which has stronger activity against 
enterobacteriaceae, including penicillinase producing 
strains (Hubber, 1988). Ceftriaxone has longer 
duration of action because of extensive protein 
binding permitting once or at most twice daily dosing 
(Prescott, 2000) and is eliminated equally in urine 
and bile (Tripathi, 2003). It penetrates poorly into 
transcellular fluid e.g. cerebrospinal fluid (CSF), 
synovial fluid and aqueous humor but has half-life of 
0.8 h in dog (Baggot, 2001). The overall effectiveness 
of therapy with cephalosporins is largely influenced 
by the aggregate time, though not necessarily 
continuous during which effective plasma 
concentrations are maintained (Baggot, 2001). The 
protein binding of individual drugs with the same 
class of chemical e.g. cephalosporins can differ widely 
in disease conditions like hepatic cirrhosis, liver 
abscess, acute pancreatitis, gastrointestinal disease, 
nephrotic syndrome and chronic renal failure (Baggot, 
2001). Gastrointestinal disturbances including severe 
colitis were noted with ceftriaxone administration in 
mare (Gardner and Aucoin, 1994), probably because 

of its billiary excretion (Prescott, 2000). Saganuwan 
(2006) also reported hypoproteinaemia, and 
hyperkalaemia in Nigerian mongrel dog. Intravenous 
or intramuscular, 25 mg/kg body weight of 
ceftriaxone, 12-24 hourly is sufficient in dog 
(Prescott, 2000). 
        Since species variation, environmental and 
nutritional factors sometimes play great role in kinetic 
of drugs, this study was aimed at investigating the 
haematological and biochemical parameters of 
Nigerian local turkey poults given 50 mg/kg body 
weight of ceftriaxone. The safety of the singe dose of 
50 mg/kg body weight was investigated. 
 
MATERIALS AND METHODS 
 
Experimental Animals:  Five turkey poults of either 
sex each weighing 1 kg were used for the study. The 
turkeys were purchased from one Mr. S. Ogalue’s 
farm at Federal Staff Quarters, Makurdi, Benue State, 
Nigeria. They were 5 months old and fed grower’s 
marsh daily, water was provided adlibitum. The 
turkeys were housed in a fairly large metal cage 
during the experiment. 
 
Drug Administration and Sample Collection: 
Ceftriaxone was administered daily into the wing vein 
of the 5 turkeys at the dose rate of 50 mg/kg for a 
period of 4 days. Prior to administration of 
ceftriaxone, control blood samples were collected 
from the turkeys; 1 ml of blood was collected from 
the wing vein of each turkey into test tubes 
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containing ethylenediamminetetraacetate (EDTA) as 
anticoagulant for determination of haematological 
parameters. Another 2 mls of whole blood was 
collected from each turkey but allowed to coagulate 
and serum collected for quantitative in vitro 
determination of biochemical parameters; liver 
function test and electrolytes determination. 
        At the end of 4-day trial, another 1 ml of 
blood sample was collected from the wing vein of 
each turkey into EDTA bottle and 2 mls of whole 
blood was collected from each turkey and allowed to 
coagulate in order to obtain serum for determination 
of haematological and biochemical parameters 
respectively. 
 
Determination of Haematological and 
Biochemical Parameters:  Total blood cells count 
was done using the method of Baker (1985). Total 
protein was determined using biuret method (Tietz, 
1995). Albumin was determined using bromocresol 
green method (Doumas, 1971). Conjugated bilirubin 
and total bilirubin were determined using the method 
of Jendrassik and Grof (1938). Whereas serum 
glutamic oxaloacetic transaminase (SGOT) and serum 
glutamic pyruvic transaminase (SGPT) were 
determined using the method of Reitman and Frankel 
(1957). Sodium ion (Na+) and potassium ion (k+) 
were determined using flame photometric method 
(Fawcett and Scott, 1960). Both bicarbonate ion 
(HCO-

3) and chloride ion (Cl-) were determined using 
titration method (Chaney and Marbach, 1962). All the 
parameters were determined before administration 
and 4 days after drug administration. 
 
Statistical Analysis: The data on haematological 
and biochemical parameters were expressed as mean 
+ S.D. Tests for significance between mean 
parameters in respect of pre-administration and post-
administration values were performed using 
students’-test (Petrie and Watson, 2002). 
 

RESULTS 
 
Haematology revealed significant increased level of 
eosinophils (P < 0.05). But white blood cells (WBC), 
packed cell volume (PCV), neutrophils, lymphocytes, 
monocytes and basophils were not significantly 
affected (P > 0.05) (Table 1). However, the animals 
were pale with patches of light blue colouration 
beneath their skins. The patches disappeared a week 
after the experiment. 
        Liver function test revealed decreased level 
of total bilirubin (P < 0.05). But total protein, 
Albumin, conjugated bilirubin, Alkaline phosphatase, 
serum glutamic oxaloacetic transaminase (SGOT) and 
serum pyruvic transaminase (SGPT) were not 
affected significantly (P < 0.05) by the intravenous 
administration of ceftriaxone (Table 2). 
        Electrolyte concentration has shown that 
sodium ion (Na+), potassium ion (k+) and calcium ion 
(Ca++) were not affected significantly (P > 0.05) as 
chloride ion (Cl-) decreased significantly (P < 0.05). 
However, bicarbonate ion (HCO-

3) increased 
significantly (P < 0.05) as a result of intravenous 
administration of ceftriaxone (Table 3). 
 
DISCUSSION 
 
The significant increase in eosinophils in the post-
administration samples (2.2 + 0.45a) as compared to 
the pre-administration samples (1.4 + 0.55b) may be 
attributable to either antigen-antibody reaction or 
parasitism. This is supported by the report of Aka 
(2004) that eosinophils appear much in the following 
areas in the body e.g. the sites of antigen-antibody 
reaction, inflammation, blood clotting and in condition 
of heavy parasitism. Eosinophils kill parasites, and 
regulate the intensity of hypersensitivity reactions 
mediated by immunoglobulin (lgE). For a strong 
eosinophilic response to occur, the parasite must be 
in the animal’s tissue (Willard et al., 1989). 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Effects of intravenous ceftriaxone on haematological parameters of turkey 

Indices Control 
(Pre administration) 

Experimental 
(Post administration) 

Packed cell volume % 
White blood cells x 10% 
Neutrophils % 
Lymphocytes % 
Monocytes % 
Eosinophils % 
Basophils % 

33.2 + 3.56a

4.68 + 1.45a

53.4 + 16.06a

44.6 + 15.52a

1.4 + 0.55a

1.6 + 0.89b

0 + 0.0a

 
31.8 + 2.28b

5.08 + 0.91b

50 + 7.90b

45.4 + 8.23b

2.4 + 0.55b

2.2 + 0.45a

0 + 0.0b

 
Key: Similar let ers on the same row = statistically not significant t
 
Table 2: Effects of intravenous ceftriaxone on liver function parameters of turkey 

Indices Control 
(Pre administration) 

Experimental 
(Post administration) 

  
 
 
 
 
 
 

 
 
 
 
 

Total protein (g/l) 
Albumin (g/l) 
Total bilirubin (µmol/l) 
Conjugated bilirubin (µmol/l) 
Alkaline phosphatase (µg/l) 
Serum Glutamic Oxaloacetic transaminase (µg/l) 
Serum Glutamic Pyruvic transaminase (µg/l) 

35.18 + 1.45a

33.02 + 2.09a

14.82 + 0.72b

2.92 + 0.63a

119.6 + 7.13a

114.3 + 18.79a

4.0 + 0.0a 

43.1 + 15.33b

33.12 + 1.90b

13.5 + 1.05a

2.86 + 0.67b

110.4 + 6.10b

114.3 + 18.79b

5.2 + 1.64b 

 



Effects of ceftriaxone on haematological and biochemical parameters of turkey 
 

Table 3: Effects of intravenous ceftriaxone on electrolyte concentration in turkey 

Indices Control 
(Pre administration) 

Experimental 
(Post administration) 

Sodium ion (mmol/l) 
Potassium ion (mmol/l) 
Chloride ion (mmol/l) 
Bicarbonate ion (mmol/l) 
Calcium ion (mmol/l) 

134 + 2.45a

3.8 + 0.37a

98.4 + 2.88b

24.4 + 1.34b

3.26 + 0.43a

 
133.4 + 2.19b

3.68 + 0.46b

86.6 + 8.11a

24.8 + 1.79a

3.26 + 0.63b 

 
Key: Similar letters on a row = sta is ically not significant t t
 
Nevertheless, the decrease in total bilirubin of 
experimental samples (13.5 + 1.05a) in comparison 
with the control (14.82 + 0.72b) may be due to 
displacement of plasma bilirubin by ceftriaxone. This 
finding agrees with the earlier reports of Willard et al 
(1989) that decrease bilirubin may be due to drugs 
that displace bilirubin from albumin, and Baggot 
(2001) reported that the binding of individual 
cephalosporins range from 15 to over 80 % as 
hyperbilirubinaemia could further decrease the 
albumin binding capacity of acidic drugs. Although 
patches of blue colouration were seen beneath the 
skins of the experimental turkeys, the blue 
colouration may be green bilverdin ix since turkeys do 
not produce bilirubin (Aka, 2004). This may be 
responsible for decreased total bilirubin observed in 
the experimental post-administration samples. So 
since ceftriaxone binds extensively to plasma 
proteins, invariably it may decrease renal excretion or 
hinder or facilitate drug elimination. 
        The decrease in the chloride ion (Cl-) and 
increased bicarbonate ion (HCO-

3) in the post-
administration samples are a clear indication of the 
ability of ceftriaxone to cause metabolic alkalosis in 
turkey poults. Since ceftriaxone causes 
hypochloraemia, that may be characteristic of 
extensive binding acidic drugs. However, the 
increased bicarbonate ion observed could be a 
positive response to plasma hypochloraemia. This 
mechanism is important in maintenance of red blood 
cells integrity. 
 
Conclusion: Ceftriaxone (50 mg/kg) body weight 
caused eosinophilia, decreased total bilirubin, 
hypochloraemia and increased bicarbonate ion. 
Hence, ceftriaxone should be administered to turkey 
with caution. 
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ABSTRACT 
 
The research was carried out to evaluate the in-vitro antimicrobial activity and phytochemical 
constituents of Cassia occ dential s. Cassia leaves were collected from Kacha town in Niger State 
and extracted using methano , hexane, chloroform and water extraction methods. Serial 
concentrations: 50  60, 70, 80, 90 and 100 % methanol, hexane, chloroform and aqueous extracts 
were prepared and sterilized. The bacterial isolates used; E. coli, P. multocida, S. typhi, S. 
typhimurium, S. pyogenes, S. pneumoniae and K. pneumoniae were authenticated using 
biochemical and serological methods. The suspens on (0.5) of each bacterial isolate was prepared 
in isotonic sodium chloride. The disc agar diffusion method was performed on 70 Mueller-Hinton 
agar p ates, 10 per microorganism , using serial diffusion concentrat on: 500, 600, 700, 800, 900 
and 1000 mg o  hexane, methanol, chloroform and water. The results showed that all the extracts 
of Cassia occidentalis have antimicrobial activity on E  col  at concentrations between 900 – 1000 
mg. E. coli was most susceptible to hexane extract at concentration ranges between 500 – 1000 
mg, there was no antimicrobial activity exhibited against the other tested microorganisms  
Phytochemical analyses showed the presence of alkaloid, tannin, saponin, glycoside and flavonoid, 
steroid was absent. 
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INTRODUCTION 
 
Cassia occiden alis (Caesalpiniaceae) is a small tree 
growing 5 – 8 metres in height (Blumgarten, 1937). 
The leaves are compound, composite, paripinnate 
with 5 – 8 pairs of leaflets usually oval. Inflorescence 
occurs as auxiliary or terminal, yellow, short cluster of 
flower. Fruit is a pod, narrow, flat, slightly curved 
about 15 cm long with 10 – 12 seeds, brownish at 
maturity (Mann, 2003). 
         Traditionally, its roots, leaves, flowers and 
seeds are used as laxative and purgative (Todd, 
1967). It is a vermifuge, anticonvulsant and used 
against chicken pox (Mann, 2003). Other uses include 
febrifuge, extrusion of guinea worm (Iwu, 1993) and 
black quarter (Ndi et al., 2000). Previous studies have 
shown that its leaves exhibited in-vitro antibacterial, 
antimalarial and antihepatotoxic properties (Gasquet, 
1993; Percez, 1994; Saraf, 1994). Seeds are brewed 
into a coffee like beverage for asthma and the flower 
infusion is used for bronchitis in the Peruvian Amazon 
(Akinloye et al., 2003). 
         Phytochemically, the aqueous extract of 
Cassia occidentalis contained tannins, 
anthraquinones, sterol, cardiac glycosides, saponin 
and alkaloids (Muyibi et al., 2000). The changing 
pattern of bacterial aetiology of infection and their 
altered sensitivities to antimicrobial agents employed 
in their treatment call for intensive regular 
exploration of indigenous plants. This will help us 

identify plants with antimicrobial value that will not 
only serve as resource for our indigenous 
pharmaceutical industries but will also serve as an 
alternative complementary medicine (Saganuwan and 
Gulumbe, 2006). Orji et al. (2003) reported that a 
particular characteristic of a plant is that different 
chemical substances are obtained in members of 
even the same species in different areas. 
         The objectives of this study was to evaluate 
the in-vitro antimicrobial activity and photochemical 
constituents of Cassia occidentalis of Nupe land as 
soil nature and environmental factors like climate, 
weather and humidity may affect phytochemical 
properties of plant grown different soil textures and 
environments. 
 
MATERIALS AND METHODS 
 
Plant: The fresh leaves of Cassia occidentalis were 
collected from Katcha, the headquarter of Katcha 
Local Government Area of Niger State, but identified 
and authenticated in Herbarium of Biological Science 
Department of Ahmadu Bello University, Zaria, 
Kaduna State, Nigeria. 
 
Extraction: The leaves of Cassia occidentalis were 
collected fresh, pounded with mortar and pestle then 
dried in the sun for 30 minutes to 1 hour and 
grounded into powder using mortar and pestle.  
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The extraction was carried out as described by 
Saganuwan and Gulumbe (2006). Serial 
concentrations; 50, 60, 70, 80, 90 and 100% of the 
hexane, methanol, chloroform and water extracts 
were prepared and sterilized through 0.45 µm 
membrane filter paper (Cheesebrough, 1985). 
 
Collection of Bacterial Isolates: Bacterial isolates 
of S. pyogenes and S. pneumoniae were obtained 
from Microbiology Laboratory of Sokoto specialist 
hospital. K. pneumoniae and E. coli were supplied by 
Microbiology Laboratory, College of Health Sciences, 
Usmanu Danfodiyo University all in Sokoto. But P. 
multocida was isolated in Veterinary Public Health 
Laboratory, Usmanu Danfodiyo University Sokoto, 
whereas S. typhi and S. typhimurium were donated 
by Department of Veterinary Public Health and 
Preventive Medicine, University of Nigeria Nsukka, 
Nigeria. The isolates were authenticated by chemical 
and serological tests as described by Cheesebrough 
(1985), preserved on blood agar slant and stored at 4 

0C until ready to use. 
 
Disc Diffusion Method: The isolates of K.
multocida, S. typhi, S. typhimurium, K. pneumoniae, 
E. coli, S. pyogenes and S. pneumoniae were 
subcultured overnight at 37 

 

 
 

oC on nutrient agar 
plates, ten plates per microorganism. The 
suspensions of each bacterial isolate were prepared 
as described by John et al. (1999) in isotonic sodium 
chloride solution. Dried Petri dish, ten per each 
microorganism of Mueller-Hinton agar were flooded 
with the appropriate suspension of the bacterial 
isolates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sterile 6 mm diameter absorbent filter papers 
(punched out from No. 1 whatman paper) were 
impregnated with the appropriate concentrations; 
500, 600, 700, 800, 900 and 1000 mg of the hexane, 
chloroform, methanol and water extracts and placed 
on the corresponding inoculated 70 plates. Ten each 
of S. typhi, S. pyogenes, S. pneumoniae, K.
pneumoniae, E. coli, P. multocida and S.
typhimurium. After the incubation at 37 0C for 24 
hours, all the plates were observed for zones of 
growth inhibition and the diameters of the zones 
measured in millimeter (mm) using calibrated ruler. 
 
RESULTS 
 
E. coli showed diametric zones of inhibition at 
concentrations between 900 – 1000 mg of 10.0 and 
17.0 mm with average mean of 4.5 mm as there was 
no any zone of inhibition shown on other 
microorganisms by the hexane extract of Cassia 
occidentalis. Diametric zones of inhibition were shown 
on E. coli by the chloroform extract at concentration 
ranges between 900 – 1000 mg of 10.0 and 16.0 mm 
with average mean of 4.3 mm. No zone of inhibition 
shown on other microorganisms by the chloroform 
extracts (Table 1). 
         E. coli showed diametric zones of inhibition at 
concentration ranges between 900 – 1000 mg of 10.0 
and 15.0 mm with average mean of 4.16 mm as there 
was no any zone of inhibition shown on other 
microorganisms by the methanol extract. Diametric 
zones of inhibition of 8 mm and 10 mm were shown 
on E. coli at concentration ranges between 900 – 
1000 mg with average mean of 3.67 mm as there was 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Serial concentrations of the hexane, chloroform, methanol and water extracts, and their 
corresponding diametric zones of inhibition 

Diametric zone of inhibition (mm) 
Hexane Chloroform 

Conc. of the 
extracts 

(mg) S. 
ty 

S. 
typhim 

E. 
col 

S. 
pneu 

K. 
pneu 

P. 
mul 

S. 
pyo 

S. 
ty 

S. 
typhim 

E. 
col 

S. 
pneu 

K. 
pneu 

P. 
mul 

S. 
pyo 

500 
600 
700 
800 
900 

1000 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
10.0 
17.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
10.0 
16.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Mean: 750 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 4.3 0.0 0.0 0.0 0.0 
 Methanol Water 

500 
600 
700 
800 
900 

1000 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
10.0 
15.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
8.0 
14.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Mean: 750 0.0 0.0 4.16 0.0 0.0 0.0 0.0 0.0 0.0 3.67 0.0 0.0 0.0 0.0 
Keys: S  ty = Salmonella typhi, S  typhim = Salmonella typhimurium  E col = E coli, S. pneu = Strep ococcus pneumoniae, K. pneu = 
Klebsiella pneumoniae, P. mul = Pasteurella multocida, S. Pyo = S rep ococcus pyogenes 

. . , . . t
t
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Table 2: Phytochemical constituents of Cassia occidentalis methanol, hexane, chloroform and aqueous 
leaf extracts 
Extract Alkaloid Tannin Glycoside Flavonoid Steroid Saponin 
Methanol + + + + - + 
Hexane + + + + - + 
Chloroform + + + + - + 
Water + + + + - + 
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no zone of inhibition shown on other microorganisms 
by the aqueous extract of Cassia occidentalis (Table 
1). 
        Phytochemical analyses revealed the presence 
of alkaloid, tannin, glycoside, flavonoid and saponin 
in Cassia occidentalis methanol, hexane, chloroform 
and aqueous leaf extracts as there was no steroid 
present in all the four extracts (Table 2). 
 
DISCUSSION 
 
The antimicrobial activity exhibited by hexane, 
chloroform, methanol and aqueous leaf extracts of 
Cassia occidentalis on E. coli at concentrations 
between 900 – 1000 mg agrees with the findings of 
(Gasquet, 1993; Percez, 1994; Saraf, 1994) that the 
leaves exhibited in-vitro antibacterial, antimalarial and 
antihepatotoxic properties. The plant may be used for 
the treatment of colibacillosis caused by E. coli which 
occurs in all species of newborn farm animals as 
major cause of death and economic loss in this age 
group (Radostits et al., 2000). Leeflang (1993) had 
earlier observed that indigenous knowledge and 
practices will be useful in the promotion of animal 
health and meat production in the near future in 
Nigeria. Furthermore, Tamboura et al. (2000) had 
also reported that ethno veterinary medical health 
care will be the only alternative to western veterinary 
therapy. These ethnoveterinary remedies which rely 
on local plants or easily available materials are 
practical, effective and cheap (Tamboura et al., 
2000). However, lack of antimicrobial activities 
exhibited by all the extracts of Cassia occidentalis and 
generally at concentrations between 500 – 1000 mg 
on P. multocida, S. typhi, S. typhimurium, S. 
pyogenes, S. pneumoniae and K. pneumoniae is 
suggestive of limited antimicrobial activity of the 
plant. This was not pointed out by (Gasquet, 1993; 
Percez, 1994; Saraf, 1994). More so, uniformity of 
antimicrobial activity exhibited by hexane, 
chloroform, methanol and aqueous extracts of Cassia 
occidentalis leaf on only E. coli may confirm the 
limited antibacterial activity of the plant even in-vivo. 
Nonetheless, there is need to separate the chemical 
constituents of the plant leaf and then test each 
component on the microorganisms. 
       The results of qualitative analyses of all the four 
extracts confirmed the presence of alkaloid, tannin, 
glycoside and saponin as reported by Muyibi et al. 
(2000) that the aqueous extract of Cassia occidentalis 
contained tannins, anthraquinone, sterol, cardiac 
glycoside, saponin and alkaloid. But there was no 
steroid as it also contained flavonoid. 
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ABSTRACT 
 
The effects o  alcohol consumption on lipid peroxidation and antioxidant status were investigated 
in the alloxan induced d abetic rats. Plasma from the diabetic rats not treated with alcohol (DNT); 
diabetic rats treated with alcohol (DT) and non diabetic rats (ND) were analysed for their 
malondialdelyde (MDA) and vitamin C levels. Both the glucose level and the body weight were also
studied. The mean weights o  the rats in the dif erent groups were the same until the onset o  
diabetes and alcohol ingestion when the weight decreased. After nine (9) days of alcohol 
supp ementat on, the DT rats weighed 114.00 ± 0.41 g  and the DNT rats we ghed 121.00 ± 1.22 g
while the rats in the controlled group weighed 146.33  0 14 g. The glucose levels for DT, DNT and 
ND were 29.56, ± 0.56, 28.81 ± 0.87 and 5.42 ± 0.19 nmol/  respect vely.  Analys s of the lip d 
peroxidat on product (MDA) obtained showed a significant (P < 0 05) increase in MDA values from 
– DT rate (38.63 ± 3.88) nmol/ml to DNT rats (28 63 ± 1.38 nmol/lml), wh le MDA value for ND 
rats was 7.88 ± 1.38 nmol/l. Plasma vitamin C va ues of 0.62 ± 0.05 mg/100ml  1.107 " 0.13 
mg/100ml and 1.79 ± 0.15 mg/100ml or DT, DNT and ND respect vely were obta ned. 
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INTRODUCTION 
 
Diabetes mellitus has been considered an important 
health hazard because of the morbidity and mortality 
associated with it. The fact that it cannot be cured 
but only managed calls for a serious concern by 
patients and health workers.  
 Diabetes mellitus may be caused and or 
exacerbated by certain chemicals or compounds 
which elicit oxidative stress (Traverso et al., 1999, 
Ogugua, 2000) in the exposed individual. On the 
other hand, antioxidants have been involved in the 
amelioration of oxidative stress – mediated 
pathologies (Halliwell et al., 1992; Stern, 1993).  
Hence oxidative stress and antioxidants have been 
weighed side by side in diseases states including 
diabetes mellitus. 
 The natural quest for alcohol consumption 
has made it “a free for all drink” despite the obvious 
consequences of its acute and chronic intoxication 
(Nwodo, 1999). The morbidity and mortality of the 
diseases associated with alcohol intake is both a 
social and health problem and the complication of 
diabetes mellitus may be a double tragedy for 
alcoholic diabetics. Fatty liver, cirrhosis and hepatitis 
have been associated with high intake of alcohol 
(Ewa and Arthur, 1996; Nwodo, 1999). This suggests 
that liver damage may be as a consequence of 
alcohol ingestion. Presence of iron in beer has been 
implicated in the generation of reactive oxygen 
species and amplification of disease conditions 
associated with consumption of alcoholic beverages.  
 Cardiac arrhythmiasis has been associated 
with alcohol ingestion (Finch and Huebers, 1982; 
Ruskin, 1989). Thus alcohol ingestion can suppress 
the hearts pace and thus endanger lives. Alcohol 

consumption can increase pulse rate and blood 
pressure and hence decreases the strength of the 
pumping action of the heart (January and Fozzard, 
1988). Some unexplained heart diseases could be 
due to chronic heavy drinking of alcohol. According to 
Belotsky et al. (1990) alcohol irritates the interior 
lining – mucosa – of the oesphagus, and induces 
stomach erosion causing inflammation and bleeding. 
Also alcohol causes diarrhoea through changes in 
intestinal motility and rate of propulsion of materials 
through the small intestine (Okeagu, 1999). 
 The inference from the above stipulates 
suggests that while normal persons may suffer 
complications of acute and chronic alcohol, ingestion 
diabetics could suffer more. The thirst for alcohol has 
made it such that even diabetics could not resist the 
taste and urge and in the rural settings diabetics and 
people prove to it consume alcohol without 
reservations. Hence the thrust of the research is to 
follow up diabetic animals ingesting alcohol by 
monitoring indices of oxidative stress – glucose level, 
lipid peroxidation product and antioxidant vitamin C. 
The outcome of the result may help in the 
management of diabetes mellitus.  
 
MATERIALS AND METHODS 
 
Eighteen albino rats obtained from animal house of 
the Department of Pharmacology and Toxicology, 
University of Nigeria, Nsukka were used for the 
experiment. These rats with average weight of 150 g 
were divided into three groups of six rats each and 
housed in stainless steel cages. They were fed with 
normal commercial chow and were allowed free 
access to water.  
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Table 1: Weight, Glucose, malondialdehyde and Vitamin C levels of diabetic and non-diabetic rats 
exposed to alcohol treatments 
Group* Weight (g) 

mean ± SD 
Glucose level 

(mmol/l) 
MDA nmol/ml 

Plasma 
Vitamin C  

mg/100 ml 
Non diabetic rats (ND) 
 

146.33 ± 0.14 
 

5.42  "  0.19 7.88  "  1.38 2.79  ±  0.15 

Diabetic rats not treated with 
alcohol (DNT) 
 

121.0 ± 1.22g 
 

28.81  "  0.87 
 

28.63  "  1.38 
 

1.11  ±  0.52 
 

Diabetic rats treated with 
alcohol (DT) 

114.00 ± 0.41g 29.56  "  0.56 38.63  "  3.88 0.62  ±  0.52 

*Results are mean ± SD; n = 6. 
 
The group A were the control rats while groups B and 
C rats were induced with diabetes mellitus. Group C 
rats were further treated with ethanol. 
 Diabetes was induced by intraperitonial 
injection of alloxan (200 mg/kg). The body weights of 
all the animals were determined before the induction 
of diabetes and during the experiment. Five millilitres 
volume of alcoholic beverage was given to each rat in 
group C daily for nine (9) days. 
 Blood glucose levels were determined daily 
using One Touch Blood Glucose Kit (Glucometer). At 
the end of the nine days the animals were sacrificed 
and other parameters determined as follows: Serum 
Malonyldialdelyde level was determined using the 
method of Albro et al. (1986) and  Das et al. (1990) 
and  while ascorbic acid (Vitamin C) level was 
determined using Tietz (1970). 
 
RESULTS AND DISCUSSION 
  
Table 1 showed that the normal rats had the highest 
weight while the diabetic rats had lower weight. 
Treatment with alcohol resulted to further loss in 
weight compared with the diabetic non-alcohol 
treated.. This suggests that diabetic condition could 
cause a reduction in weight and ethanol (beer) 
ingestion by diabetics compounded the problem. 
Decrease in weight of diabetic subjects had earlier 
been reported (Traverso et al., 1999, Ogugua 2000).  
Generally, oxidative stress could lead to loss in weight 
which may be severed in the ethanol treated rats. 
Alcohol in this study increased oxidative stress which 
might have led to loss in body weight of the animals 
stressed.  
 Table 1 showed high levels of glucose and 
malondialdehyde in diabetic not treated rats (DNT) 
which further increased in alcohol treated diabetic 
rats (DT). There was above 2.6 % increased in blood 
glucose level of diabetic alcohol treated rats  when 
compared with other treatments. Earlier reports 
proposed an overall reduction of blood glucose by 
alcohol (Nwodo, 1999). Prolonged ingestion of 
alcohol could trigger off excess production of reactive 
oxygen species leading to increased blood glucose 
level. Increased malondialdelyde level has been 
associated with increased glucose level (Reaven, 
1995). The high MDA level in this work (Fig. 1) lay 
credence to this speculation. However, ethanol in low 
quantity may be antioxidative (hence may lower 
glucose level and oxidative stress index). Glucose  
 

autoxidation and increased oxidative stress has been 
reported (Hunt & Stocker 1990; Tukuncu et al 1998). 
The magnitude of reactive oxygen species production 
in the presence of ethanol may therefore modulate 
the level of glucose in such system. Generally, 
copious generation of reactive oxygen species could 
trigger off normal mechanism, in this case a 
reduction mechanism may be effected and hence 
elevation of blood glucose (Ogugua, 2000).  
 The vitamin C level was low in DNT rats 
compared with ND rats while DT rats had the lowest 
vitamin C levels (Table 1). In this system, vitamin C 
acted as an antioxidant and so was depleted in the 
process.  Frei (1991) reported that vitamin C was the 
first antioxidant to be encountered during lipid 
peroxidation and so diminished in organic system. 
These findings were also corroborated by the report 
of Ogugua (2000) that Vitamin C diminished in 
diabetic rabbits monitored over time. For more 
information on the role of antioxidants in oxidative 
stress, both Ogugua (1994) and Fakoya et al. (1998) 
laid credence to the present findings. 
 Our results showed that oxidative stress 
became amplified in ethanol treated diabetics. 
Ethanol has been reported to induce oxidative stress 
and mediated lipid peroxidation; (Diluzo and Stefe, 
1977; Bosch et al., 1998; Ren et al., 2000). The very 
low level of vitamin C in the alcoholic diabetics rats 
suggests aggravated depletion of vitamin C as it 
encounters free radicals. Thus the antioxidant status 
of the system is compromised in diabetics ingesting 
alcohol. 
 One may therefore re-iterate this point like a 
town crier that diabetics should avoid ingesting 
alcoholic drinks and at the same time suggest that 
supplementation with vitamin C or any antioxidant 
vitamin may help in the management of subjects with 
diabetes mellitus consuming alcohol. 
 People who are prone to diabetes (latent 
diabetes) may have it triggered off with alcohol 
ingestion while those who have developed diabetes 
would tend to severe complications. Hence medically 
challenged individual – diabetics should completely 
avoid alcoholic beverages.  
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ABSTRACT 
 
Plasmodium infection in man is caused by the bite of an infected female Anopheles mosquito. This 
results in the disease, malaria. Malaria has serious debilitating effects on man. It adversely affects
man’s health, strength and productivity. Here, a review of Plasmodium infection in man including 
the life cycle  transmiss on, immunity, symptoms, diagnosis, pathology, prevention, control and 
treatment is given. Only by knowing about Plasmodium infection, the burden of infection on man 
and the prevention and control options can we understand the disease better and so be better 
prepare for the future management of this disease.
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INTRODUCTION 

Plasmodium causes malaria in humans. Malaria 
parasites (Plasmodium) are parasitic protozoan 
belonging to the sub-class, coccidia, and family, 
Plasmodiidae (Smyth, 1996). The female Anopheles 
gambiae mosquito is responsible for transmitting 
Plasmodium parasites. Malaria is a major public 
health problem with an estimated two million children 
worldwide dying of malaria yearly, primarily because 
of Plasmodium falciparum and its complications 
(Krogstad, 1996). Malaria is reported to be 
responsible for 500 million clinical cases and 2.7 
million deaths each year (WHO, 1996b). Sub-Saharan 
African region has the greatest number of people 
exposed to malaria transmission and the greatest 
number of morbidity and mortality in the world 
(WHO, 1996a). The high-risk groups include young 
children, pregnant women, non-immune travelers, 
refugees, displaced persons and labourers entering 
endemic areas (Russel and Howson, 1996). It is 
estimated that in Africa, malaria is responsible for 
over one million deaths yearly of infants and young 
children (Angyo et al., 1996). According to David 
(2000), every thirty seconds, a child somewhere dies 
of malaria. The loss of the daily labour cost coupled 
with cost of treatment and high mortality associated 
with the disease make malaria one of the main 
factors retarding development in Africa (Mutero et al., 
1998). By adversely affecting people’s health, 
strength and productivity, malaria further 
marginalizes and impoverishes them (David, 2000). 
In Nigeria, malaria is hyper-endemic with stable 
transmission (Ofovwe and Eregie, 2001). 

 The global effects of the disease threaten 
public health and productivity on a broad scale and 
impede the progress of many countries toward 
democracy and prosperity (Oaks et al., 1991). In 
spite of control programmes in many countries, 
malaria continues to be one of the world’s greatest 
killers (WHO, 1989). 

Malaria in humans is caused by four species 
of parasitic protozoan namely: Plasmodium 

falciparum, P. vivax, P. malariae and P. ovale. P. 
malariae has lost whatever predominance it may once 
have had and P. vivax and P. falciparum are the most 
commonly encountered malaria parasites worldwide 
(Carter and Mendis, 2002). However, P. falciparum is 
the most dangerous malaria parasite and causes 
most deaths (Oaks et al., 1991). Because of the 
temperature preference on its transmission, P. 
falciparum is normally present in the tropical, sub-
tropical and warm temperate regions. In the tropics, 
P. falciparum account for over 80 % of malaria cases 
(Carter and Mendis, 2002). The four species of 
Plasmodium that infect man result in four kinds of 
malarial fever. P. falciparum results in tropical 
malaria, P. vivax causes tertian malaria, and P. 
malariae causes quartan malaria, while P. ovale 
results in ovale tertian malaria (Smyth, 1996). The 
four species of Plasmodium differ morphologically and 
this can be used as a criterion for identification and 
diagnosis of malarial type. 
 
MATERIALS AND METHODS 
 
A comprehensive literature search was made from 
the Internet and serial materials of Nnamdi Azikiwe 
Library, University of Nigeria, Nsukka. Various journal 
articles, proceedings of learned societies of 
parasitology, WHO documents and textbooks were 
consulted vis-à-vis of the biomedical and socio-
economic impact of plasmodium infection in man.  
 
RESULTS 
 
Life Cycle of Malaria Parasite: Although the life 
cycles of the four species of human malaria parasites 
are not identical, they are sufficiently alike to permit 
a general description. The life cycle of Plasmodium 
parasites can be divided into three stages; the exo-
erythrocytic or pre-erythrocytic stage which usually 
occurs in the liver, the erythrocytic stage which 
occurs in the erythrocytes, and the sexual stage 
which occurs in the mosquito (Figure 1). In exo-
erythrocytic stage, an infected female anopheline 
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mosquito introduces sporozoites into man during 
feeding. These sporozoites are taken up by the blood 
stream and within thirty minutes, they disappear from 
the blood stream. The sporozoites are elongate 
bodies measuring about 11µm in length, with a 
central nucleus. The sporozoites enter the liver cells 
(hepatocytes) where they develop to form 
cryptozoites. These give rise to metacryptozoites. 
This rapid multiplication by schizogony is referred to 
as pre-erythrocytic schizogony. 

 

y repeated divisions, over a period of six to 
nine da

enter in

The dividing sta

B
ys, metacryptozoites produce thousands of 

merozoites which are discharged into the blood 
circulation. In P. vivax and P. ovale, some injected 
sporozoites may differentiate into stages called 
hypnozoites which may remain dormant in the liver 
cells for sometime only to undergo schizogony 
causing relapse of disease when the red cells are 
invaded (Smyth, 1996). The life cycles of the species 
of Plasmodium affecting man are shown in Figure 2.  

During the erythrocytic stage, merozoites 
to the erythrocytes. According to Aikawa 

(1980), entry of merozoites into a new erythrocyte is 
by a process called endocytosis. Endocytosis involves 

recognition and attachment of the merozoite to the 
erythrocyte membrane. On entry into an erythrocyte, 
a merozoite assumes the appearance of a small 
chromatin mass situated at the periphery of a larger 
mass of cytoplasm, in which a vacuole appears. 
Because of its characteristic appearance, this early 
trophozoite stage is referred to as a “signet ring”. As 
it grows into maturity, it assumes an amoeboid shape 
as its nucleus divides to form up to 20 or more 
merozoites, depending on the Plasmodium species. 

ge is called a schizont. The mature 
schizont often called a segmenter 
causes the infected erythrocyte to 
rupture, thus releasing its 
merozoites into the blood stream. 
The merozoites within the blood 
attack new red blood cells thus 
repeating the erythrocytic 
schizogony cycle. The schizont also 
releases pigments and waste 
products which along with the 
merozoites are responsible for the 
feverish condition depicted by high 
temperature. Merozoites of some 
Plasmodium species show a distinct 
preference for erythrocytes of 
certain age. For instance, merozoites 
of P. vivax attack young immature 
red blood corpuscles called 
reticulocytes, those of P. malariae 
attack the older erythrocytes while 
those of P. falciparum 
indiscriminately enter into any 
available erythrocyte (Aikawa, 1980). 
After several generations of 
erythrocytic schizogony, some 
merozoites re-enter into red blood 
cells and develop into the sexual 
stages (sexual gametocytes) instead 
of schizogony stages (asexual 
schizonts). The male cells 
(microgametocytes) and the female 
cells (macrogametocytes) circulate in 
the blood until they either perish or 
are ingested by a female anopheline 
mosquito. The stage in the mosquito 
begins when a female anopheline 
mosquito feeds on infected blood, 
ingesting all the Plasmodium stages 
present in the blood stream. 

However, only the gametocytes survive to establish 
the sporogony cycle in the mosquito. In the midgut of 
the mosquito, the macrogametocyte develops a small 
amount of chromatin, and is thus transformed into a 
macrogamete. Equally in the mosquito midgut, the 
microgametocyte develops four to eight hair-like 
flagella (exflagellation) and is transformed into 
microgamete. The microgametes detach themselves 
and swim freely about in the fluid filled lumen of the 
midgut until they contact a macrogamete. 
Penetration is quickly accomplished. The fertilized 
macrogamete called a zygote develops into a mobile 
ookinete.  

Figure 1: Generalized life cycle of malarial parasite (Mehlhorn 
and Walldorf, 1988) 
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The ookinete penetrates the stomach wall of the 
mosquito between the cells and develops as an 
oocyst. The oocyst gradually matures producing a 
spherical mass within which sporozoites develop 
mitotically. The oocyst usually matures in 10 – 20 
days depending on temperature, Plasmodium species 
and physiological characteristics of the anopheline 
mosquito, attending a body size of 50 – 60µm. On 
rupture of the mature sporocyst, the sporozoites are 
released into the body cavity where they make their 
way to the salivary gland. On feeding, the sporozoites 
are injected into the tissues or directly into the blood 
stream of the new host (man) to initiate a new 
schizogony cycle. 
 
Transmission of Malaria: Malaria is transmitted in 
various ways; by mosquito injection of sporozoites, 
by the transfer of erythrocytic stages other than 
gametocytes, and in a blood transfusion. 
Furthermore, blood donation from semi-immune 
persons without clinical symptoms may contain 
malarial parasites. In congenital malaria, infected 
mothers transmit parasites to their children before or 
during birth (Hoffman, 1996). 
 Malaria transmission in an area may be 
stable or unstable (WHO, 1996a). Stable malaria 
occurs when a population is continuously exposed to 
a fairly constant rate of malarial inoculation, while 
unstable malaria occurs seasonally with marked 
changes in transmission from one season to another 

and from one year to the other (Carter and 
Mendis, 2002). According to Carter and Mendis 
(2002), the differences in stability of malaria 
transmission, notably between tropical Africa 
and most other malarious regions are due 
largely to the behaviour and other biological 
characteristics of the regional species and sub-
species of Anopheles vectors, and to their 
environment. The strong human - biting 
preferences and highly domestic habits of the 
tropical African vectors lead to very uniform 
contact between them and the human blood 
source in sub-Saharan Africa (Bruce-Chwatt et
al., 1966; Coluzzi, 1999). The climatic 
conditions are also highly conducive to malaria 
transmission, being warm and humid with 
relatively few fluctuations. This supports 
longevity of the vector mosquitoes and rapid 
development of the parasites within them (Oaks 
et al., 1991). All of these features enable stable 
and indeed, generally intense malaria 
transmission in the tropics, notably Africa 
(Carter and Mendis, 2002). 

 

.

 
Immunity to Malaria: Man’s present 
understanding of immune mechanisms comes 
from observations made in infected people, 
from in vitro studies, and from experimental 
work carried out in laboratory systems (WHO, 
1990). Immunity is usually established in stable 
malaria while immunity is unable to reach a 
high level in unstable malaria (Coluzzi, 1999). 
There are two types of clinical immunity, one, 
which reduces the risk of death from malaria, 

and another, which reduces the intensity of clinical 
symptoms. A third type is antiparasitic immunity, 
which directly reduces the numbers of parasites in an 
infected individual (Carter and Mendis, 2002). The 
number of malarial inoculations experienced and the 
intervals between them are all important to the 
malaria immune status of an individual. In the case of 
acute attacks of P. falciparum malaria, it is possible 
that a degree of immunity to some aspects of severe 
life-threatening disease may be achieved after only 
one or two infections (Gupta et al., 1999). However, 
clinical immunity to other non life-threatening clinical 
effects of malaria requires more and frequent 
inoculations of malaria (Trape and Rogier, 1996). 
Because of the time taken to achieve effective 
immunity to malaria under conditions of endemic 
infection, antimalarial immunity is often said to be 
“age dependent”. Very young children appear to have 
a poor capacity to acquire effective protective 
antimalarial immunity of any sort, while older children 
and adults may do so more readily (Baird et al., 
1991; Baird, 1995). 

Figure 2: Life cycle of plasmodium species 
affecting man 

 
Symptoms: Symptoms of P. falciparum infection 
may include fever, chills, sweats, cough, diarrhea, 
respiratory distress and headache (UACHPPM, 2004). 
Symptoms of infection with P  vivax, P. malariae or P. 
ovale may begin with indefinite malaise and a slow 
rising fever several days in duration, followed by 
shaking chills and rapidly rising temperature, usually 
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accompanied with headache and nausea, and ending 
with profuse sweating. After a period free of fever, 
the cycle of chills, fever and sweating is repeated 
every one to three days (Cheesbrough, 1987). 
 
Diagnosis: Diagnosis of malaria is accomplished 
through the demonstration of the malaria parasites in 
blood films, which could be either thick or thin. Other 
supportive techniques include sophisticated indirect 
fluorescent antibody (IFA) test, immunoglobulin 
values and haemagglutination tests (UACHPPM, 
2004). Over the last few years, several malaria rapid 
tests have been developed which make a rapid 
diagnosis possible. They require a drop of blood from 
a finger prick, and involve a paper test strip that is 
dipped into the blood and other solution(s). After a 
few minutes, during which the liquids are absorbed 
into the strip, a reading is obtained by the presence 
or absence of a coloured test line on a white 
background (MRC, 2001). 
 
Pathology: Plasmodium infection has several effects 
on man. It can cause anaemia and this can be severe 
particularly in young children. Severe anaemia exerts 
a heavy toll on African children in malaria endemic 
countries. A recent estimate suggests that 
approximately 1.4 - 5.7 million cases occur each year, 
killing 190,000 – 974,000 children less than 5 years 
of age, with the highest mortality occurring in infants 
less than 12 months old (Murphy and Breman, 2001). 
Blackwater fever and cerebral malaria also results 
from Plasmodium infection. Other effects are 
diarrhoea and vomiting, especially in children, 
pulmonary oedema which is rare but often fatal, and 
hypoglycaemia which is being increasingly reported in 
patients with severe malaria, especially children and 
pregnant women (WHO, 1986a; Murphy and Breman, 
2001). 
 
DISCUSSION 
 
Prevention and Control: It is recommended by 
World Health Organization (WHO) that malaria 
control should be based on an epidemiological 
approach and that it should be planned and 
coordinated within primary health care with the active 
participation of the community (WHO, 1986b). There 
are two goals in the management of malaria; treating 
the sick and reducing the risk of malaria (WHO, 
1993). Treating the sick is entirely dependent on the 
effective use of antimalarial drugs delivered to 
malaria patients in a timely manner. To achieve this, 
health delivery systems will have to be vastly 
improved, especially in most of tropical Africa (Gilson 
and Mills, 1995).  

In reducing the risk of malaria, several 
methods are used. These methods include, especially 
in Africa, the expanded deployment and use of 
insecticide-treated materials, bed-nets, and curtains 
for those at highest risk namely, infants, young 
children and pregnant women (Guillet et al., 2001; 
N’Guessan et al., 2001). In controlled experimental 
trials, increased survival rates among African children 
sleeping under insecticide-impregnated bed-nets, 

(IBNs) have been consistently reported (Alonso et al., 
1991; Binka et al., 1996; Curtis, 1996; Nevill et al., 
1996). This is probably because in very young 
children in whom significant levels of immunity have 
not yet developed, protection against the sheer 
numbers of malaria attacks that IBNs would afford 
reduces the risk of a fatal infection at this very 
vulnerable age (Alles et al., 1998).  

Other strategies aimed at reducing malaria 
transmission are the genetic manipulation of 
mosquito vectors (Clarke, 2002; CNN, 2002; Holt et
al., 2002; Hoffman et al., 2002a; NS, 2004). 
Researchers at Case Western Reserve University 
School of Medicine created a gene called SM1, which 
encodes for a protein that interferes with the 
development of the parasite in the mosquito (SABIC, 
2002). These mosquitoes have not yet been released 
in an attempt to replace infectious populations, as 
more research is required. The use of genetically 
modified insect vectors in the field will require 
considerations in terms of biosafety, ecology, ethical, 
legal and social issues. The genome sequence of 
Anopheles gambiae provides an architectural scaffold 
for mapping, identifying, selecting and exploiting 
desirable insect vector genes (SABIC, 2002).  

 

The development of a transmission – 
blocking vaccine is another strategy aimed at 
reducing malaria transmission (Meuwissen, 1989; 
Russel and Howson, 1996; Arnot et al., 1998). In 
their work, Florens et al. (2002) applied a high-
throughput proteomics approach to identify new 
potential drug and vaccine targets and to better 
understand the biology of P. falciparum. They 
detected chromosomal clusters encoding co-
expressed proteins, which suggested a potential 
mechanism for controlling gene expression. DNA 
vaccines and recombinant viral vector vaccines are 
now at the pre-clinical and clinical testing stages at 
various centers (Webster and Hill, 2003). DNA 
vaccines are effective at priming cellular immune 
responses, which are likely to be important in liver-
stage malaria. Pre-erythrocytic vaccines are an 
attractive prospect, as they would prevent the 
invasion of hepatocytes by sporozoites or destroy 
parasites in infected hepatocytes and would thus 
prevent both clinical disease and the transmission of 
malaria. There is evidence that vaccination with 
irradiated sporozoites, which abort their development 
at the liver stage, can lead to protection of up to 90 
% of immunized human volunteers following a 
regime involving the bites of more than 1000 
irradiated infected mosquitoes over a period of time 
(Hoffman et al., 2002b). Probably the best 
characterized pre-erythrocytic antigen is the 
circumsporozoite protein (CSP) which is expressed on 
the extracellular sporozoite and the intracellular 
hepatic stages of the parasite (Malik et al., 1991). 
The development of blood-stage vaccines has been 
focused on targeting the antigens responsible for 
parasite entry into cells. The best characterized 
antigen is MSP1, a major surface merozoite protein 
(Cheng et al., 1997). Transmission-blocking vaccines 
(TBVs) against malaria are intended to induce 
immunity against the stages of the parasite that 
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infect mosquitoes so that individuals immunized with 
TBVs cannot transmit malaria. These vaccines target 
the sexual stage of the malaria parasite with the aim 
of generating antibody responses that inhibit 
exflagellation and fertilization of the parasites in the 
mosquito vector. As a result, such vaccines would not 
have any effect on the clinical manifestations of 
malaria in an individual, but could have major impact 
through reducing malaria transmission and thus 
malaria mortality and morbidity at the population or 
community level (Russel and Howson, 1996). TBVs 
against the two major species of human malaria 
parasite, P. falciparum and P. vivax are under 
development (Carter, 2001). 

Appropriate construction and siting of 
housing and local environmental improvement which 
includes destruction of breeding places of mosquitoes 
by draining gutters properly and keeping grasses 
around the home low can also help in reducing 
human-mosquito contact. Monitoring, including by 
satellite, of all aspects and features of a malarious 
situation will be important to the timing and targeting 
of antimalarial interventions (Thomson and Connor, 
2001). According to Kishore (2002), Remote Sensing 
Technologies through satellites is likely to become a 
rapid epidemiological tool for surveillance of vector 
borne diseases and malaria in particular.  

The Roll Back Malaria (RBM) initiative is 
another measure aimed at the control of malaria. 
RBM is unique in that, unlike previous global 
campaigns against malaria, it focuses on building 
sustainable community capacity and also, it raises the 
level of political commitment and advocacy at the 
country level (David, 2000; Saiprasad and Benerjee, 
2003). Priority areas of RBM include the improvement 
of health systems, disease management, provision of 
anti-malarial drugs and malaria related control 
materials, disease prevention, disease surveillance 
and epidemic detection and control, sustainable 
control, human resources development and research 
including inter-disciplinary operational research 
(WHO, 2005). The goal of RBM is to provide reliable 
information on progress in controlling malaria that 
can be used at local and national levels and can 
inform regional and global efforts. RBM aims to 
control malaria to a level where it is no longer one of 
the major contributors to mortality and morbidity 
(David, 2000). 
 
Treatment: Treatment of malaria could be 
supportive or specific. Supportive treatment include 
measures designed to combat the anaemia, reduce 
fever and maintain proper hydration and nutrition 
while specific treatment depends on accurate 
diagnosis and a thorough knowledge of the actions of 
the antimalarial drugs. Two types of drugs are used 
to treat malaria; blood schizonticides and tissue 
schizonticides (UACHPPM, 2004). Blood schizonticides 
attack the parasites within red blood cells. They are 
used in acute infection to prevent or terminate the 
clinical attack. Examples include amodiaquin 
hydrochloride, chloroquine phosphate, chlorguanide 
and quinine. However, the resistance of P. falciparum 
malaria to chloroquine has been widely reported 

(Neequaye et al., 1986; Rathod et al., 1997; Peters, 
1998; Warhurst, 2001). Here in Nigeria, resistance to 
chloroquine has also been reported (Umotong et al., 
1991; Sowunmi and Salako, 1992; Molta, 1995; Erah 
et al., 2003). Hence, scientists are still carrying out 
research on new and more effective antimalarials. 
Tissue schizonticides on the other hand act on the 
exo-erythrocytic parasitic stages in liver cells to 
prevent a relapse. They include drugs like primaquine 
phosphate, pamaquine, and pyrimethamine. 
Recently, aertemisinin and its derivatives from a 
Chinese herb have held out a great promise in the 
fight against malaria (Ezigbo, 1990). 
 
Conclusion: The knowledge about Plasmodium 
infection will go a long way in reducing the 
prevalence of infection in man. Overall, it can be said 
that the impact of malaria on man has been very 
great. In one way or the other, the burden of malaria 
continues to this day at an unacceptable level.  

In the future management of malaria, the 
tools available, drugs, insecticides, insecticide-treated 
materials, etc. will be of great importance. They are, 
individually and collectively, very effective 
instruments, although they are under constant threat 
from drug-resistant parasites and insecticide-resistant 
vectors. To maintain these tools, sustained 
investment of effort and resources is required on a 
much greater scale than is taking place at present. 
This could happen only in the presence of the 
necessary economic, political and social development 
in all of the affected countries. 
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ABSTRACT 
 
Hereditary disorders of erythrocytes are common in many areas of the world, including Cameroon  
Limited knowledge on the consequences of high incidences of sickle haemoglobin (HbS) and 
glucose-6-phosphate dehydrogenase (G6PD) deficiency genes in the Cameroons might have been 
responsible for the haemoglobin genotype mismatched marriages among the sickle heterozygotes 
and drug-induced anaemia among the G6PD deficient individuals ignorantly treated w th oxidant 
drugs having high redox potential. The situation therefore, informed the random screening of the 
populace of the North West and South West populat ons of Cameroon for these genes w th a view 
not only to reveal their current incidences and level of interaction but also to educate the people on
the consequences of these genetic defects. Our results revealed the total incidences of 32.20 % 
sickle and 11 61 % G6PD deficiency genes. The percentage frequency of the sickle cell gene was 
higher in the South western (18 80 %) than in the North West (14 51 %) populations. The 
percentage incidence o  G6PD deficiency was 9 21 % and 1 20 % for males and females 
respect vely in the North West and 10.85 % and 1.46 % for males and females respectively in the 
South West. The interaction was not s gnificant (P > 0.01) between G6PD deficiency and HbS for 
the North West and South West populat ons. These genetic defects must have reached polymorphic
levels due to natural selection through survival advantage against death from malaria and 
consanguineous marriages.  
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INTRODUCTION 
 
Human beings have interacted with malaria parasites 
for very long and thus the parasite has had ample 
time to adapt and evolve with the human host 
(Troye–Bloomberg et al., 1999). Immune processes 
and genetic traits have contributed in reducing the 
profligacy of the malaria parasite and a wide range of 
genetic polymorphisms have been developed to 
modify individual response to this lethal disease. 
Haemoglobinopathies and glucose-6-phosphate 
dehydrogenase (G6PD) deficiency are among the 
most common single gene disorders, which affect red 
blood cell (RBC) stability and integrity (Kar et al., 
1990). More than 700 abnormal haemoglobins have 
been described world wide and more than 200 million 
people world-wide have RBC enzyme abnormality 
(Arya, 1995). These genetic lesions are major causes 
of morbidity and mortality around the world 
(Angastiniostis, 1995). Sickle haemoglobin and G6PD 
deficiency are genetically independent, their loci 
being located on chromosome 11 for sickle and 
chromosome X for G6PD deficiency genes. 

Glucose-6-phosphate dehydrogenase [G6PD, 
EC 1:1:1:49; D–Glucose–6–phosphate: NADP 
Oxidoreductase (G6PD)] is a key enzyme in the 
pentose phosphate pathway (PPP) that is essential 
for adequate supply of phosphorylated nicotinamide-
adenine dinucleotide (NADPH), which protects RBCs 
from oxidative stress. Reduced NADPH is needed to 
maintain glutathione (GSH), which in turn keeps the 

sulfhydryl groups of haemoglobin and other RBC 
proteins in a reduced active form. This activity 
enables the RBCs to withstand lysis from oxidant 
damage, instituted particularly during viral/bacterial 
or protozoa infections, or following exposure to 
oxidant drugs with high redox potential such as 
antimalarials (primaquine and pamaquine), 
sulfnamide, sulfamethoxazole and other drugs and 
chemicals and consumption of certain food stuff (fava 
beans) (Beutler, 1959; Lui et al., 1994; Cheesbrough, 
2000).  

Biochemical characterization has led to the 
identification of about 442 distinct G6PD variants, of 
which 299 were characterized and about 100 variants 
found to be polymorphic in various human 
populations (Beutler, 1990). Many of which have no 
haematological consequences. Commonly, however, 
intermittent episodes of haemolytic anaemia with or 
without chronic haemolysis may be associated with 
G6PD deficiency (Beutler et al., 1996). Variants 
including the common G6PD-B (GdB) (wild-type), 
G6PD-A+ (GdA) (non-deficient type) and G6PD-A– 
(GdA–)(deficient type) are observed in people living in 
tropical and sub-tropical areas (Beutler, 1994). 
Molecular basis of G6PD showed that both G6PD-A+ 
and G6PD-A– differ from G6PD-B by a variation at 
nucleotide 367 (A→G), while G6PD-A– had an 
additional mutation at nucleotide 202 (G→A). G6PD 
A+ is the most common variant found in 20% blacks 
Africans while G6PD-A– variant is seen in 11% black 
Americans (Beutler, 1994). 
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Sickle haemoglobin (HbS) is caused by a 
“typographical error” in the genetic code in which 
thymine replaces adenine in the DNA encoding β-
globin gene. Consequently, valine replaces glutamate 
at the sixth position in the β-globin product (Koch et
al., 2000). Sickle gene is widely distributed in malarial 
belts of Africa, but its frequency varies widely in 
different West African populations (Allison, 2002). 
The prevalence of sickle cell disease (SCD) in Africa 
ranges from 1 – 10 % while the sickle heterozygous 
state range between 15 – 40.5 % in malaria endemic 
areas (American Academy of Family Physicians, 1994, 
Uzoegwu and Onwurah, 2003).  The high frequency 
of HbS and G6PD deficiency genes in some malaria 
endemic areas parallels the historical incidence of 
malaria (Allison, 1954; Allison and Clyde, 1961). 
Sickle haemoglobin and G6PD deficiency are common 
in Central and West Africa, probably due to their 
advantage over malaria. Although, there has been 
published report on the incidences and interaction of 
the sickle and G6PD deficiency genes in many West 
African countries, little or no such reports exist for 
the North and South Western populations of 
Cameroon. This study therefore was aimed at 
providing such information, considering the 
consequences of these genes in the population. 

 

 
MATERIALS AND METHODS 
 
Study Area: Latitudinally, the North West (NW) 
province metropolitan area lies between 5º56´N and 
5º58´N of the equator, and longitudinally, it falls 
within 10°9´E and 10º1´E, of the Greenwich 
meridian. The South West (SW) province lies 
between longitude 9°75’E and 10°E and Latitude 4°4’ 
N and 5°75’ N. Their populations make up the 
Southern Cameroons, which in 1961 left the Federal 
Republic of Nigeria to join the then Eastern Cameroon 
after a referendum and have a history and present of 
malaria endemicity (Figure 1). 
 
Subjects: A total of 12,470 volunteer indigenes of 
the two provinces aged one to seventy (1 – 70) 
years, who sought treatment in the Provincial 
Hospitals and Health Centers, some secondary school 
students and many community volunteers in the 
neighbourhoods, were randomly screened for 
haemoglobin genotype while 6,540 were screened for 
G6PD deficiency. No blood transfusion had been 
administered to any of these subjects for at least 
three months before the tests. A questionnaire was 
designed to obtain a subject’s name, age, sex, 
residence, consanguinity of parents and family history 
of blood diseases were recorded. 
 
Blood Collection: Blood samples (5 ml) were 
collected by venipuncture into sample tubes 
containing EDTA (1.0 ± 0.15 mg/ml of blood) as 
anticoagulant and then rocked gently to mix and used 
for both haemoglobin genotype and G6PD deficiency 
determinations. 
 
 

 
 
Preparation of Haemoglobin Lysate and 
Haemoglobin Genotype Determination: 
Uncoagulated whole blood was centrifuged at 3,000 x 
g for ten minutes to separate the red blood cells from 
the plasma. The upper layer was aspirated out while 
the sediment was washed three times by re-
suspending in equal volumes of normal saline (0.85 
% w/v) and then re-centrifuged at the same speed. 
The packed cells were re-suspended in an equal 
volume of normal saline. About 20 µl of the 
suspended cells was then mixed with 80 µl of distilled 
water in a 1:4 dilution to lyse the cells and release 
the haemoglobin. The solution was gently shaken for 
two minutes and then centrifuged at 3,000 x g for 20 
minutes. The resulting supernatant, haemoglobin 
lysate, was used for the genotype test while the 
precipitate was discarded. The Hb lysate was stored 
in the refrigerator (2 – 4 oC) until used within four 
days. Alternately, 20 µl of uncoagulated whole blood 
was mixed with 60 µl of distilled water and the 
resulting haemoglobin lysate spotted directly for 
haemoglobin genotype determination. Haemoglobin 
genotypes were determined by cellulose acetate 
membrane electrophoresis (CAME) of Evans (1971) 
as modified by Uzoegwu and Onwurah (2003). 
 
Determination of G6PD Deficiency: The reaction 
mixture contained glucose-6-phosphate (0.01M), 
NADP+ (0.01 M), saponins (0.02 M), phosphate 
buffer, pH 7.4 and distilled water. The activity of 
G6PD was determined by fluorescent spot test as 
described by Beutler et al. (1996). Fluorescence was 
produced during the reduction of NADP+ to NADPH.  
 
 



Prevalence of sickle haemoglobin and glucose–6–phosphate dehydrogenase deficiency genes in Cameroon 583

This reaction is coupled with oxidation of glucose-6-
phosphate to 6-phosphogluconolactone and catalysed 
by G6PD. Specimen with G6PD activity of <20 % of 
normal (severe deficiency) do not fluoresce as the 
small amount of NADPH formed is reoxidised by 
glutathione present in the reagent. Presence of 
fluorescence indicated normal cells while weak 
fluorescence indicated slight deficiency.  
 
Data Analysis: The prevalences of sickle 
haemoglobin and G6PD deficiency were estimated 
from the carrier frequency using Hardy-Weinberg 
equation. Difference in gender distribution was tested 
using student’s t–test, while ANOVA and Fischer’s 
exact test were used for analysis of age distribution 
and interaction between the two genetic defects.  
 
RESULTS 
 
Sickle Cell Disease and G6PD Deficiency Awareness: 
The levels of awareness about SCD and G6PD 
deficiency in the studied populations, gleaned from 
the questionnaire answers and post-lecture 
questions, were extremely low [North West 
population (12.6 % : 0.3 %) and South West 
population (12 % : 0.1 %)]. The North West 
population therefore was more knowledgeable about 
SCD and G6PD deficiency genes than South West 
population. 
 
Incidences of Sickle Cell Disease: The 
haemoglobin genotype distribution in 4,042 and 
8,428 volunteers screened for haemoglobin shows 
that the North West population exhibited lower 
incidence of both sickle and HbC genes (26.15 % and 
0.15 % respectively) while the South West 
manifested higher sickle and HbC genes of 35.32 % 
and 0.21 % respectively (Table 1).  
 
Frequencies of Haemoglobin Gene Mutation: 
Table 2 shows the haemoglobin gene frequencies 
calculated according to the method of Burn (1976) by 
applying the Hardy-Weinberg equation. The ratio of 
the percentage gene frequencies of male and female 
is 0.9 : 1. The estimated birth incidence of children 
with HbSS, SC and CC were 2.1 x 10-3 (2.1/1000 live 
births), 2.0 x 10-4 (0.2/1000 live births) and 5.4 x 10-7 

(0.00054/1000 live births) and 8.1 x 10-3 (8.1/1000 
live births), 1.9 x 10-4 (0.19/1000 live births) and 2.5 
x 10-7 (0.00025/1000 live births) for the North West 
and South West populations respectively (Table 3). 
 
Prevalence of G6PD Deficiency: G6PD deficiency 
was classified as completely deficient homozygotes 
and slightly deficient heterozygotes. G6PD deficiency 
was detected in 252 NW subjects (10.4 %) and 507 
SW subject (12.4 %) with male : female percentages 
of 9.2 % : 2.4 % and 10.8 % : 3.0 % respectively for 
the NW and SW populations respectively. Of the 
females, 0.7 % had severe enzyme deficiency 
(homozygotes) and 0.5 % had moderate enzyme 
activity in the NW population while 1.2 % had severe 
enzyme deficiency (homozygotes) and 0.3 % had 

moderate enzyme activity in the SW population 
(Table 5). 
 
Interaction of G6PD Deficiency with Different 
Haemoglobin Genotype: Co-inheritance of G6PD 
deficiency and HbS genes was detected in 3 (3.79 %) 
and 5 (2.89 %) of NW and SW subjects respectively 
(Table 6). The interaction of the two genetic defects 
was calculated and found not to be significant (P > 
0.01) for the NW and SW populations respectively. 
 
DISCUSSION 
 
Limited information is available on the current 
distribution of sickle and G6PD deficiency genes in 
most West African populations. This study provided 
the much needed information on the subject matter. 
The availability of adequate information on the 
subject matter could invariably help respective 
government health ministries to plan for adequate 
health care provision. In Cameroon, it was 
discovered, that the frequencies of occurrence of 
sickle and glucose-6-phosphate dehydrogenase 
deficiency genes were high. Consequently, the 
abnormalities manifest diverse adverse effects on the 
populations studied. The overall high frequency of 
sickle (32.20 %) and G6PD deficiency (11.61 %) 
genes revealed by this study was not surprising in 
view of common consanguineous marriages 
contracted in the study area as well as the high 
malaria endemicity usually associated with high 
frequencies of sickle gene (Allison, 2004). High HbS 
gene has been reported to be confined to populations 
living in malarious areas while low frequencies were 
seen in tribes living in areas with low malaria 
transmission (Allison, 1954). For instance, in Africa, 
high HbS gene frequencies are confined to the 
malaria belt north of South Africa as well as south of 
the Sahara while low frequencies occur in the non-
malarious highlands in East Africa and parts of West 
Africa (Allison, 2002). The overall frequency of these 
genetic defects could not be compared with those of 
the other eight provinces of Cameroon, since no such 
data were available.  

Haemoglobin C gene is known to be 
polymorphic in West Africa attaining heterogeneous 
frequencies approaching 20% in northern Ghana and 
Burkina Faso (Modiano et al., 2001). The rarity of this 
gene in Cameroon as revealed in this study could be 
corroborated by the fact that its frequency declined in 
all directions from northern Ghana and Burkina Faso 
(Allison, 2002) to 0.49% in Nigerian population 
(Uzoegwu, 2006). 

The high frequency of G6PD deficiency 
(11.61 %) in malaria endemic populations of 
Cameroon corroborates the role malaria play in the 
distribution of G6PD genes in most malaria endemic 
areas in the world (El-Hazmi and Warsy, 1994). The 
percentage gene frequencies for G6PD deficiency of 
hemizygous males were computed to be 9.21 % and 
10.85 % for the NW and SW populations respectively. 
Although the electrophoretic mobility was not carried 
out to ascertain the G6PD variant, the common 
African variant G6PD A– (Beutler, 1994) was assumed  
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Table 1: Haemoglobin Genotype Distribution in North and South Western Cameroon 
AA AS AC SS SC CC Total Sex 

M F M F M F M F M F M F  
North West population 1,390 1,609 385 517 2 2 59 76 2 0 0 0  
Total incidence (%) 2,999 

74.20 
902 

22.32 
4 

0.10 
135 
3.33 

2 
0.05 

0 
0.0 

4,042 

        
South West population 2,679 2,760 1,309 1,321 7 5 181 160 4 1 1 0  
Total incidence (%) 5,439 

64.53 
2,630 
31.21 

12 
0.14 

341 
4.05 

5 
0.06 

1 
0.01 

8,428 

        
Sex total 4,069 4,369 1,694 1,838 9 7 240 236 6 1 1 0 12,470 
Incidence (%) 32.60 35.04 13.60 14.70 0.07 0.06 1.93 1.90 0.05 0.01 0.01 - 100 
Group total 8,438 3,532 16 476 7 1 12,470 
Total incidence (%)  67.67 28.32 0.13 3.82 0.06 0.01 100 

 
Table 2:  Gene Frequencies in the NW and SW Populations 
Haemoglobin Genotype Gene Frequency and Percentage (%) 
 North West Population South West Population 
A 0.8541 (85.41%) 0.8116 (81.16%) 
S 0.1451 (14.51%) 0.1880 (18.80%) 
C 0.0007 (0.07%) 0.0005 (0.05%) 
Total 1 (100%) 1 (100%) 

 
Table 3: Population Probabilities for Haemoglobinopathies in the NW and SW Populations 
Haemoglobin Genotype Gene Frequency Population Probability 
  North West Population South West Population 
AA p2 0.7295 0.6587 
AS 2 pq 0.2479 0.3052 
AC 2 pt 1.3 x 10-3 0.0353 
SS q2 2.1 x 10-3 8.1 x 10-3

SC 2 qt 2.0 x 10-4 1.9 x 10-4

CC t2 5.4 x 10-7 2.5 x 10-7

 
Table 5: Prevalence and Gene Frequency of G6PD Deficiency in NW and SW Populations of 
Cameroon 
Sex North West 

Population (%) 
Gene 

Frequency (%) 
South West 

Population (%) 
Gene 

Frequency 
Total Gene 

Frequency 
Males 9.21 %  

(223/2420) 
0.0921 10.85% 

(447/4120) 
0.1085 10.24% 

(670/6540) 
0.1024 

Females 1.20 % 
(29/2420) 

0.0120 1.46% (60/4120) 0.0146 1.36% 
(89/6540) 

0.0136 

Severe 0.74 % 
(18/2420) 

0.0074 1.2% 
(49/4120) 

0.0119 1.02% 
(67/6540) 

0.0102 

Moderate 0.45% 
(11/2420) 

0.0045 0.3% 
(11/4120) 

0.0027 0.34% 
(22/6540) 

0.0034 

Total 10.41 % 
(252/2420) 

0.1041 12.30 (507/4120) 0.1230 11.61% 
(759/6540) 

0.1161 

 
Table 6:  Interaction of G6PD Deficiency with Different Haemoglobin Genotype 

North West population South West population 
 G6PD deficient  G6PD deficient 

Hb Genotype 

No Investigated No % No Investigated No % 
HbA 173 22 12.72 334 51 15.27 
HbS 79 3 3.79 173 5 2.89 
HbC - - - - - - 
 
to be the variant in Cameroon.  A greater proportion 
of male subjects were deficient compared to their 
female counterparts probably due to a higher 
inactivation of normal X-chromosome in heterozygous 
females. Since G6PD deficiency is sex linked, severe 
enzyme deficiency occurred in hemizygous males and 
homozygous females while heterozygous females 
have normal or moderately lower enzyme level 
(Beutler, 1990). 

 
Plasmodial parasite densities were reported 

to be lower in G6PD deficient Tanzanian children than 
in children in other resident areas where 
chemoprophylaxis was not used against plasmodial 
parasites (Allison and Clyde, 1961). Furthermore, it 
was observed that G6PD deficient cells do not 
efficiently support malaria parasite growth in culture 
and that high frequency of G6PD deficiency are 
confined to malarious parts of the world (Allison, 
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2002). These observations are further supported with 
the high G6PD deficiency frequency as observed in 
this study. The significantly lower frequencies of 
sickle gene in the North West as compared to that in 
the South West populations of Cameroon may be 
attributed to differences in the environmental factors 
and malarial endemicity, rather than in the affinities 
defined by tribal (Foy et al., 1954) and linguistic 
(Lehmann and Raper, 1949) factors or even blood 
group antigens (Allison, 1954) in the two populations. 
Similar occurrence of sickle differences was reported 
in the population of central Greece, which had 16.0 
% malaria frequency (Choramis et al., 1952) as 
compared to 32.0 % observed in the Chalkhide 
peninsular of northern Greece (Deliyannis and 
Tavlarakis, 1955). These areas were notorious for 
malaria before it (malaria) was controlled. But 
however, the former had lower malaria than the later 
populations (Allison, 2002). The higher incidence of 
sickle cell anaemia (4.05 %) manifested in the south 
western population of Cameroon, when compared 
with that of the north western population (3.33 %) 
could therefore implicate higher incidence of sickle 
cell trait in South West (31.21 %) then North 
Western (22.32 %) provincial populations as 
observed in this investigation. Higher frequency of 
sickle heterozygotes is capable of generating more 
haemoglobin incompatible marriages particularly in 
populations with limited knowledge of SCD and its 
control. A risk of the reproduction of children with 
sickle cell anaemia could be high from such 
mismatched marriages. Our results on the 
frequencies of the haemoglobinopathies in this study 
confirmed the rarity of HbC gene in Cameroon.  

The population probabilities for HbAA, AS, 
AC, SS, SC and CC as shown in Table 7 indicated that 
one in every four hundred persons may be sickle cell 
anaemia patients while one in every five thousand 
persons could have HbSC disease and one in every 
two million could suffer HbCC disease in the NW 
population. In the SW population one in two hundred 
can suffer SCD, one in every six thousand persons 
could have HbSC disease and one in every four 
million could suffer HbCC disease. However, high rate 
of ignorance, consanguinity and other forms of 
intermarriages can disturb the Hardy-Weinberg 
equilibrium. Since this study was hospital-based, 
conducted on supposed malaria patients and subjects 
with minor illnesses, there may therefore be a slight 
difference when compared to the study in a general 
population devoid of any restrictions. Both genes 
were found to interact even though they are located 
on separate genes, in consonance with the reports of 
some scientists (Obaid et al., 2001; Hassan et al., 
2003). Their interaction could possibly influence the 
survival of the carriers by protecting them against 
malaria. It is important for African clinicians to be 
aware of RBC disorders in their population. Known 
oxidative drugs linked to clinically important 
haemolysis in G6PD deficient subjects should be 
avoided unless G6PD deficiency has been ruled out. 
By keeping to this principle, unnecessary 
complications and unfruitful diagnostic evaluations 
may be avoided. 

Recommendations: As effective management of 
SCD involves blood transfusion and iron chelating 
agents, may be too expensive for most developing 
countries particularly now that HIV infection is much 
higher. It is therefore cogent to assert that health 
education; knowledge of ones genotype through 
effective genotype screening should form a critical 
part of management. For the prospective control of 
sickle cell disease, proper enlightenment and genetic 
counseling on the disease are very essential. Health 
educators must create the awareness of the disease 
and methods of control and management in the 
population. Compulsory screening will probably 
inform people of their genotypes. SCD being an 
autosomal recessive genetic disorder, one of the 
important preventive measures is to avoid inbreeding 
between sickle heterozygotes. Education on the 
implication of glucose-6-phosphate dehydrogenase 
deficiency and the subsequent screening will ensure 
reduction in the problems associated with this 
enzyme deficiency, particularly in malaria endemic 
country like Cameroon. 
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