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Abstract: Changes in some biochemical and haematological indices including serum
protein, haemoglobin, cholesterol, lipid peroxidation, white blood cells, Glutathione-
s-transferase, Superoxide dismutase, Alanine transaminase, Aspartate transaminase
and Alkaline phosphatase were investigated in male rats fed with a diet
supplemented with leaves of Gnetum africanmum. The histological changes on the
liver, intestines and testes were also examined. The long term feeding of the
Gnetum africanum-supplemented diet caused significant increases (p<(0.05) in
weilght, haemoglobin and white blood cells. There were also significant increases
(p<(0.03) in Glutathione-s-transferase and Superoxide dismutase enzymes. However,
Gnetum africanum-supplemented diet caused a significant reduction (p<(.05) in
serum  protein and lipid peroxidation. The liver enzymes namely Alanine
transaminase, Aspartate transaminase and Alkaline phosphatase were unaffected
while the reduction in cholesterol was not significant. Histologically, the liver
hepatocytes and hepatic plates were respectively elongated and enlarged while the
intestinal mucosa showed elongated villi and enlarged submucosa. There were
however no histological changes on the testes.
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INTRODUCTION

Gnetum africanum Welw, is one of the green leafy vegetables consumed in Africa, Asia
and South America (Watt and Breyer-Brandwijk, 1962). Leafy vegetables contribute to the
local diets as staples, flavours, condiments, spices, drinks and beverages in most developing
countries especially, Nigeria (Okafor, 1980; Ejiofor et al., 1988). Gnetum africanum is a
dicecious plant  belonging o the family Gnetaceae. Gnetum africanum are wild
understorey lianas that grow on trees in the humid forests of Africa (Mialoundama, 1993),
Gnetum africanum especially the leaves are the part that 1s mostly used. It 15 used in the
treatment of enlarged spleen, sore throat and as a cathartic (Burkill, 1994). It is also used to
reduce nausea and neutralize some poisons. It can be externally applied to boils and warts
and 1s used to reduce the pain of childbirth. However, G. africanwm is most prized lor its
culinary use. The leaves of G. africanum can be eaten raw and shredded and used in
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preparing soups and stews (Burkill, 1994). The consumption of leaves of G. africanum and
its medicinal applications in most African countries despite its relative unavailability and
high cost indicates its importance as major dietary supplement. Generally there is very scanty
information on the biological and histological effects of consumption of leaves of
G. africanum. This study is aimed at generating information on some biochemical,
haematological and histological changes associated with the long term consumption of a diet
supplemented with leaves of G. africanum in male rats.

MATERIALS AND METHODS

This study was carried out between October, 2005 to April, 2007 at the Department of
Biochemistry, University of Nigeria, Nsukka, South East, Nigeria.

Processing of G. africanum Leaves

Fresh leaves of G. africanum were bought from a local market in Nsukka, South-Eastern
Nigeria. The leaves were picked, air-dried and ground to a coarse powdered form with a
hammermill. The proximate composition of the ground leaves of G. africanum was determined
according to the procedure of AOAC (1975).

Formulation of Experimental Diets

Two experimental diets namely Control Diet (CD) and Gnetum africanum-supplemented
diet (GASD) were formulated. The diets were formulated from commercially available feed
grade feedstuffs including maize, corn flour, fish meal, groundnut meal, bone meal and
vitamin premix. The result of the proximate composition of the leaves of G. africanum was
considered in the formulation of an isocaloric and isonitrogenous Gnetum africanum-
supplemented diet (GASD). The control diet (CD) was formulated without the inclusion of
G, africanum powder while the Gnretum africanum-supplemented diet (GASD) was
incorporated with 5% of G. africanuwm powder.

Experimental Design

Eighteen male albino rats aged four weeks old and with an average weight of 40 g were
used for the experiment. The experimental design involved random distribution of the rats
into two experimental groups namely Control Group (CG) and Gnerum africanum group
(GAG) consisting of nine animals each. The animals in CG were fed control diet (CD) while
those in GAG were fed Gnerum africanum-supplemented diet (GASD) and given water
ad libitum for 180 days. Weight changes of animals in the two groups were recorded on a
monthly basis.

Preliminary Qualitative Phytochemical Analysis

Preliminary qualitative phytochemical analysis of the leaves of Gretum africanum was
carried out as described by Odebiyi and Sofowora (1978) to test for the presence of tannins,
phytosterols, glycosides, flavonoids, anthocyvamdins, alkaloids and saponins.

Collection of Blood, Organs and Tissue Samples

At the end of the 180 days of feeding, 6 animals from each group were anesthetized and
decapitated. Blood samples were collected in labelled sample bottles with drops of
Ethylenediaminetetraacetic acid (EDTA). Serum samples were collected in sample bottles
without EDTA and allowed to clot before being centrifuged at 5000 rpm for 10 min.

The liver, intestines and testes were promptly excised soon after decapitation and stored
in 10% formyl saline,
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Biochemical Determinations

Total serum protein was determined by the Lowry method (1951). Total and free
cholesterol were determined by the method of Searcy and Bergguist (1960). Lipid
peroxidation was determined by the method of Wallin ef al. (1993). Haemoglobin and White
Blood Cells (WBC) were determined according to methods described by Dacie and Lewis
( 1990). Glutathione-s-transferase (G5T) was assayed according to the method described by
Habig er al. (1974). Superoxide Dismutase (SOD) was assayed by the method of Jewett and
Rocklin (1993). Aspartate aminotransferase (AST), Alanine aminotransferase (ALT) and
Alkaline phosphatase (ALP) were determined uvsing Randox test kits (Reitman and
Frankel, 1957).

Histological Examination
Histological studies on the organs and tissues were done according to procedures

described by Disbrey and Rack (1970) and Drury and Wellington (1967).

Statistical Analysis

Results were expressed as Mean£SE of mean (SEM) for triplicate determinations. A
one-way Analysis of Variance (ANOWVA) for a completely randomized design and Duncan’s
multiple range tests were used to analyse experimental data. Values were considered
significant at p<0.03.

RESULTS

The leaves of Grefum africanum contained all the phytochemicals that were screened
including tannins, phytosterols, glycosides, flavonoids, anthocyanidins, alkaloids and
saponins as shown in Table 1.

The long term effect of feeding Gretum africanum-supplemented diet (GASD) on weight
and some biochemical parameters are presented in Table 2. Gnetum africanum-supplemented

Table 1: Qualitative phytochemical constituents of leaves of Grerwm africanim

Subsiances Presence
Phenolic substances ++
Flavonoids +—+
Anthocyanidins A
Phytosierols +
Tannins =t
Saponins o
Alkaloids +
Glycosides 4=t
Cvanogenic glycosides T+
Cardiac glycosides ++
+: Presence

Tahle 2: Effect of Gaetwm africanum-supplemented diet {GASD) on some biochemical parameters (n = 6)

Experimental Weight Frotein Cholesterol  Hemoglobin WBC Lipid peroxidation
aroups { Diet) (%) imgmL™'y {(mML"y {gdL™" (10F mm™)  (mg mL™")
Control diet (CD) 602728 261 2164 1432018 9802050 5.1320.29  5.03+0.23
Crnetum africanim- To.6ET.05% 2342967  1L37HL0R  11.7HL87F 5.73£041%  4.45£1.06%

supplemented diet (GASD)
Experimental groups (Dier)  GST(UL™  SOD (Umg ' protein)  AST(IUL™") ALTUL™") ALP{UL™

Control diet (CDy 541082 TOT=3.68 B8 TE7.41 45 3+£5.3 BR.6X.9%
Crieeturn africani- T.152].66% 10910, 7 LU OEIE 4701 4 B5.743. 86
supplemented diet (GASD)

“p) 05
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Fig. 1: (a) Photo micrography of a cross section of liver of rats fed with control diet (CD).
MAG. x40, (b) Photo micrography of a cross section of liver of rats fed with Gnerum
africanum-supplemented diet (GASD). MAG. x40

Fig. 2: (a) Photo micrography of a cross section of intestine of rats fed with control diet
(CD). MAG.x 40, (b) Photo micrography of a cross section of intestine of rats fed with
Gnetum africanum-supplemented diet (GASD). MAG. x40

diet caused a significant percentage increase (p<0.05) in weight gain when compared to the
control. The reduction in the cholesterol level was not statistically significant. The lipid
peroxidation level was reduced from 5.03£0.23 and 4.45+1.06 in animals fed GASD. This
reduction in lipid peroxidation was significant (p<0.05). Haemoglobin levels were also
remarkably increased in the animals fed with GASD. There was a significant reduction
(p=0.05) in serum protein. White Blood Cells (WBC) count were significantly increased
(p<0.03) from 5.1320.29 1o 5.7320.41.

The effect of GASD on some enzyme levels showed that there were significant increases
(p<0.05) in G5T and SOD. All the liver enzymes including AST, ALT and ALP did not show
any significant changes.

The histological features of the liver of the animals fed control diet (CD) and
Gretum africanum-supplemented diet (GASD) are presented in Fig. 1a, b. The hepatocytes
of the rats fed GASD were elongated while the portal tracts were enlarged with dilated
vessels. Also, there were histological changes in the intestinal mucosa and submucosa of
rats fed with GASD when compared to the control as shown in Fig. 2a, b. The mucosa
showed elongated wvilli and enlarged submucosa with dilated vessels. There were no
histological changes in the testes of the animals fed with GASD when compared to the
control group as presented in Fig. 3a, b.
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Fig. 3: (a) Photo micrography of a cross section of testes of rats fed with control diet (CD).
MAG. x8, (b) Photo micrography of a cross section of testes of rats fed with

Gnetum africanum-supplemented diet (GASD). MAG. x8
DISCUSSION

This feeding experiment showed that the long term consumption of the leaves of Gnetum
africanum significantly increased the weight of animals. The increase in weight is due to high
ingestion of the GASD by the animals as a result of its palatability. This observation is similar
to the increase in weight of rats fed a diet supplemented with Telfairia occidentalis (Iweala
and Obidoa, 2009). The leaves of Gnetum africanwm can be consumed in its raw state
without further processing. Gretum africanum is one of the vegetables commonly consumed
in Nigeria especially south eastern Nigeria where it is used in preparation of soups and
salads because of the belief that its leaves are important source of valuable nutrients (Fasuyi,
2006; Busson, 1965). Increase in weight 1s associated with high quality nutrients which are
commonly found in the leaves of Gretum africanum (Fokou and Domngang, [989;
Mialoundama, 1993).Plant foods such as Gnenon africanum have both nutrient and non-
nutrient components (Isong et al., 1999; Iwu, 1986). These nutrients especially proteins,
carbohydrates and lipids are needed for growth, body repair and maintenance
(Davidson et al., 1975). Thus the leaves of Gretum africanum constitute an important source
of protein, essential amino acids and mineral elements (Ouwabonzi er al., 1983). The serum
protein of rats fed with GASD was significantly reduced which is a reflection of the
indigestibility and hence unavailability of protein constituent of leaves of Gretum africanum.
Reduction in serum protein could have consequences on the overall physiological function
of animals. The reduction in cholesterol by the consumption of Gnerum africanum was not
significant but supports several studies done with plant foods and green leafy vegetables
suggesting their possible hypocholesterolinemic effects (Hassel, 1998). The levels of
haemoglobin and white blood cells were significantly increased with the consumption of
Gnetum africanum. Most phytochemical constituents of plant foods affect the immune
system and other haematological parameters (Kubena and McMurray, 1996). Antioxidant
phyvtochemicals are known (o protect lyvmphocytes and reduce their  destruction
(Duthie er al., 1996). Flavonoids are known to inhibit platelet aggregation (Formica and
Regelson, 1995). Phytosterols modulate immune function through their effect on T-helper
cells and natural killer cells (Bouic et al., 1999). In this study, the level of white blood cells
(WBC) was used as an index of immune function. The phytochemical constituents of Gnerum
africanum which include flavonoids and phytosterol are possible candidates that increase
white blood cells. The mineral and vitamin contents of Gretum africanum include haematinic
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factors such as iron which play major roles in synthesis of haemoglobin (Alada, 2000;
Tindal, 1965). This could explain the increase in haemoglobin seen in animals that were fed
GASD. Lipid peroxidation which was used to assess the antioxidant capacity of the rats was
reduced significantly (p<0.05) in the animals fed GASD. The reduction in lipid peroxidation
could be attributed to the presence of antioxidant phytochemicals including flavonoids and
anthocyanidins in the Gnerum africanwm whose phenolic structure favor their reaction with
free radicals and Reactive Oxvgen Species (ROS). This reaction with ROS protects the lipids
from peroxidation and by extension prevents damage to cells. The reduction of lipid
peroxidation by flavonoids prevents DNA damage, a critical event in most diseases
(Cai er al., 1997), The increase in SOD in animals fed GASD depicts a high generation of ROS
by its constituents which may directly or indirectly increase oxidant stress in the animals,
Superoxide dismutase (S0OD) is a widespread enzyme that protects cells against the
deleterious effects of ROS especially the superoxide radical (Petkau ef al., 1975), 50D is
crucial to limiting ROS formation and controlling lipid peroxidation by dismutation of
superoxide radical. The increased activity of SOD may have contributed to the decreased
lipid peroxidation seen in animals fed GASD. Glutathione-s-transferase (GST) was
significantly increased in amimals fed GASD which is ascribed to flavonoid and
anthocyanidins present in most plant foods including Gretum africanum (Ross and Kasum,
2002). Increase in GST activity translates to an increased capacity to conjugate and excrete
toxic intermediates that can cause diseases, which is critical in the concept of disease
prevention (Pantuck ef al., 1984). Consumption of GASD did not significantly change any
of the liver enzymes including AST, ALT and ALP, This result showed that consumption of
leaves of G. africanum does not have any apparent toxicity on the liver of rats. Green leafy
vegetables are usually associated with hepatoprotective properties (Oboh, 2005; Roy et al.,
2006). Further biological effects of consumption of G, africanum-supplemented diet (GASD)
were reflected in the histological changes in some of the tissues of the animals. The
elongation of the hepatocytes and enlargement of portal tracts showed that the liver of the
animals fed GASD was actively involved in metabolism of the constituents of G. africanum,
GASD also caused enlargement and dilation of the intestinal submucosal cells indicating that
most of its constituents were highly absorbed in the guts of the rats. This corroborates with
the increase in body weight recorded in the animals fed with GASD. This study underlies the
importance of Gretum africanum in the nutrition and health of its consumers and hence
recent efforts aimed at increased production and domestication of the plant {Augustine and
D’ Souza, 1997).
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