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ABSTRACT

Aim of the Study: To evaluate the effects of ethanolic leaf extracts of Gongronema
latifolium (G.L) and Nauclea latifolia (N.L) on antioxidant enzymes activity (GPx, SOD and
CAT) and hormonal status (T3, T4, Insulin, c-peptide) in streptozotocin-induced diabetic
Wistar rats.

Material and Methods : Thirty six (36) albino Wistar rats of both sexes weighing 150-250g
were divided into 6 groups of 6 rats each. Groups 1, 2 and 3 received 400mg/kg body
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weight (b.w) of G.L, N.L and 200mg/kg b.w each of G.L and N.L respectively while group
4 received 5 iu/kg b.w of insulin subcutaneously daily for 21 days, Groups 5 and 6 served
as controls (diabetic and Normal) and received placebo. Fasting blood glucose was
determined at the start of the experiment and thereafter at 72 hours interval and at the
end of experimental period. The animals were sacrificed and sera preparations were used
for antioxidant enzymes and hormonal assays.

Results : Blood glucose in diabetic animals decreased significantly (P=.05) by 66.34%,
18.12%, 67.73% and 86.62% of initial values upon treatment with G.I, N.I, G.I plus N.I and
insulin respectively. There was only a 24.44% decrease in the diabetic control. A
significant decrease (P=.05) in insulin and T3 levels was observed in the diabetes-
induced rats (65 and 85% respectively) compared to NC. The levels of the hormones
where however significantly increased (P=.05) on treatment of the diabetic animals with
G.l, N.I, G.I plus N.I and insulin. Whereas a significant decrease (P=.05) was observed in
T4 level of DC rats compared to the NC, treatment with the leaf extracts and insulin did
not result in any elevation of the hormone relative to DC. The C-peptide levels for all
groups were much lower than the corresponding insulin levels, suggesting a type 1
diabetes in the diabetes-induced rats. A significant decrease (P=.05) in activity was
observed for GPx and SOD in the DC group relative to NC. A combination of G.l and N.I
gave a much higher reversal in activity (P<.01) when compared to treatments with
individual leaf extracts. There was a significant increase (P=.05) in CAT activity in the DC
animals relative to NC. This was potentiated in all treatment groups with the combination
group showing a synergy in its potentiating effect.

Conclusion : There was a reversal in the level of the hormones and the activity of the
antioxidant enzymes towards normal control, and comparable to the reversals by
treatment with insulin, on treatment of the diabetic animals with the leaves extracts
especially in combination. The results taken together indicate a synergy that makes the
combination of the two plants extracts a potent antidiabetic remedy.

Keywords: Diabetes mellitus; Gongronema latifolium; Nauclea latifolia; hormonal indices;
antioxidant enzymes; hyperglycemia; combined extract.

ABBREVIATIONS

STZ: Streptozotocin; G.l.: Gongronema latifolium; N.I.: Nauclea latifolia; NC: Normal control;
DC: Diabetic control; CEP: C-peptide; Ins: Insulin; T3: Tri-iodothyronine; T4: Tetra-
iodothyronine; GPx: Glutathione peroxidase; SOD: Superoxide dismutase; CAT: Catalase.

1. INTRODUCTION

Diabetes mellitus is an important health problem affecting major populations worldwide. The
World Health Organization (WHO) has reported that the global prevalence of diabetes will
increase, from 2.8% in 2000 to 4.4% in 2030 [1]. Diabetes mellitus is characterised by
absolute or relative deficiencies in insulin secretion and/or insulin action associated with
chronic hyperglycemia and disturbances of carbohydrate, lipid, and protein metabolism [2-3].
Defects in carbohydrate metabolizing machinery and consistent efforts of the physiological
system to correct the imbalance in carbohydrate metabolism place an overexertion on the
endocrine system. Continuing deterioration of endocrine control exacerbates the metabolic
disturbances and leads primarily to hyperglycemia [4-6]. Persistent hyperglycemia causes
increased production of free radicals especially reactive oxygen species (ROS) from glucose
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auto-oxidation and protein glycosylation [7-10]. The increase in the level of ROS in diabetes
could be due to their increased production and/or decreased destruction by non-enzymic
antioxidants and enzymic antioxidants like catalase (CAT), glutathione peroxidase (GPx) and
super oxide dismutase (SOD) [10]. Enhanced oxidative stress, resulting from an imbalance
between radical-generating and radical-scavenging systems, is currently suggested as a
mechanism underlying diabetes and diabetic complications [10-11].

Current pharmacologic strategies in the treatment of Diabetes mellitus are aimed at
management rather than prevention or cure. Leads provided by traditional medicine have
indicated that natural products may be better treatments to ailments like diabetes than
currently used conventional drugs [12]. Moreover, polyherbal therapies i.e. the combination
of various types of agents from different plant sources, can be used to enhance efficacy
given their synergistic, potentiative, agonistic/antagonistic pharmacological effects and
minimum side effects [4,13]. It is in the light of this, with the hindsight of indigenous
knowledge, that the current work on the antidiabetic properties of Gongronema latifolium and
Nauclea latifolia, was undertaken.

Gongronema latifolium Benth. (Asclepiadaceae) is a perennial edible plant with soft and
pliable stem. It is widely used in the West African sub-region for a number of medicinal and
nutritional purposes [14]. In the Eastern states of Nigeria the plant, locally known as ‘utazi’, is
a popular spice. The leaves have been reported to have antioxidant and antitussive
properties [15], anti-ulcer, analgesic and antipyretic properties [16] and to affect some
cardiac enzymes in diabetes-induced rats [17].

Nauclea latifolia Smith (syn. Sarcocephalus latifolius), a member of the family Rubiaceae, is
commonly known as Pin cushion tree. It is a strangling shrub or small tree native to tropical
Africa and Asia. Nauclea latifolia is used profusely by traditional medicine practitioners. The
effect of leaf extract of Nauclea latifolia on Serum electrolytes, lipid profile and
cardiovascular activity have been reported [18]. The crude extract of the roots have been
shown to have anti-hypertensive [19] and antidiabetic effects [20].

Despite the several investigations concerning the anti-diabetic action of these plants, report
is scanty in the literature pertaining to their antihyperglycemic mechanisms of action and the
effect of leave extracts on the activity of antioxidant enzymes and hormonal indices. The aim
of this study was thus to evaluate the effect of ethanol extracts of Gongronema latifolium and
Nauclea latifolia, singularly and in combination, on the activity of some antioxidant enzymes,
hormone levels (serum insulin, c-peptide, tri [T3] and tetra-iodothyronine [T4]) and increased
blood glucose level associated with diabetes.

2. MATERIALS AND METHODS
2.1 Collection of Plant Materials

Fresh but matured Gongronema latifolium leaves were collected from a cultivated land at
Ibiaku Itam in Akwa Ibom State, Nigeria, while Nauclea latifolia leaves was collected by the
Industrial Training Fund (ITF) fence in Calabar, Nigeria. They were authenticated in the
Department of Botany, University of Calabar, Nigeria and voucher specimen deposited in the
Department of Botany herbarium, University of Calabar.
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The leaves were rinsed severally with clean tap water to remove dust particles and debris
and thereafter allowed to completely drain. A portion of the leaves, about 1000g each, were
taken for preparation of the plant extracts.

2.2 Preparation of Plant Extracts

The wet method of extraction as described in reference no. [13] was employed. One
kilogramme of the fresh leaves of the plants, separately cut and chopped into pieces, was
blended in 1.5 litres of ethanol (96%) with an electric blender. Homogenates were stored in
amber coloured bottles in the dark at 4°C for 72 hours. These were then filtered using a
cheese material and thereafter with Whatman No 1 filter paper to obtain a homogenous
filtrate. These filtrates were then concentrated in vacuo using a rotary evaporator at 37-40°C
to about one tenth the original volume. The concentrates were allowed open in a water bath
at 40°C to evaporate to dryness yielding 30.00g and 78.95g of greenish brown and brown
oily substances of G. latifolium and N.latifolia respectively. They were dried completely in a
desiccator containing a self-indicating silica gel and then refrigerated at 2-8°C until use.

2.3 Experimental Animals

Thirty six adult Wistar rats (150-200g) of either sex obtained from the animal house of the
Department of Biochemistry, University of Calabar, Nigeria, were used for the experiment.
They were housed in polypropylene cages at room temperature under standard conditions
(temperature 28+2°C, relative humidity 50+5%) and maintained in a 12h light/dark cycle.
The animals were allowed to acclimatize for two weeks.

2.4 Experimental Induction of Diabetes

Diabetes was induced in thirty of the rats, fasted overnight, by a single intraperitoneal
injection of freshly prepared solution of streptozotocin (Sigma, USA) 50mgkg'1b.w. in 0.1M
cold sodium citrate buffer pH 4.5. The animals were considered as being diabetic if the blood
glucose values, as estimated using One Touch Glucometer (Lifescan, California, USA) on
blood obtained from the tail vein of the overnight fasted rats, were >200mg dL™ on the third
day after streptozotocin injection.

2.5 Experimental Design

Thirty six rats were divided into six groups of 6 rats each consisting of a diabetic (DC) and
non-diabetic (NC) control group, three groups for treatment with each of the two plant
extracts (G.I and N.I) and a combination of the two plants (G.I + N.I), and one group for
treatment with insulin. Before use, the extracts were reconstituted in distilled water (vehicle)
and administered orally via gastric intubations, at a dose of 400mgkg™b.w. for single extract
treatment and 200mgkg™b.w. each in combined extracts treatment, twice daily (7.00 am:
7.00 pm). The dosage of the extract was determined from preliminary studies in our
laboratory. Insulin was administered at a dose of 5ng'1b.w.s.c once per day to simulate
human regimens [21]. The controls received distilled water (placebo). The animals were
maintained on pelletized Growers Feed obtained from Vital Feeds, Jos, Nigeria, and tap
water. Both the feed and water were provided ad libitum and treatment lasted for 21 days. At
the end of the 21 day period, the animals were fasted for 12h, then anaesthetized under
chloroform vapour and dissected. Whole blood was obtained by cardiac puncture into sterile
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plain tubes and was allowed to clot for about 2h and thereafter centrifuged (3,000g for
10min) to remove cells and recover serum which was used for the Biochemical assays.

2.6 Biochemical Investigations

Elisa kits used for c-peptide, tri- and tetra-iodothyronine (T3 and T4) assay were purchased
from Monobind Inc. California, U.S.A. Kits for insulin assay was from DRG Instrument
Germany. Triiodothyronine (Ts), Tetraiodothyronine (T4) and the connecting-peptides (C —
peptides) were determined using the ELISA method [22]. Measurement of serum levels of
the oxidative stress enzymes, Glutathione (GPx), Super oxide Dismutase (SOD) and
Catalase (CAT) was as described by Tietz [23].

2.7 Statistical Analysis

The results were analysed for statistical significance by one — way ANOVA using the SPSS
statistical program and Post Hoc Test (LSD) between groups using MS excel program. All
data were expressed as Mean + SEM and P values = 0.05 were considered significant.

3. RESULTS AND DISCUSSION
3.1 Effect of Treatment on Blood Sugar Level

Three days after Streptozotocin treatment, blood glucose of diabetic rats was significantly
raised by 7-9 times the value of the normal control rats. However, at the end of 21-day
treatment, blood glucose in diabetic animals decreased significantly (P =.05) by 66.34%,
18.12%, 67.73% and 86.62% of initial values upon treatment with G.latifolium (G.I),
N.latifolia (N.I), G.latifolium and N.latifolia (G.l + N.I) and insulin respectively. There was only
a 24.44% decrease in the diabetic control (Table 1). Thus, hyperglycaemia was ameliorated
by treatment with G.latifolium and insulin, as measured by the percentage decrease in
glucose concentration. The percentage decrease in blood sugar levels in N. Latifolia (18%)
was lower than that of the diabetic control suggesting that the amelioration in the G.I plus N.I
treatment (68%) may be due to the G.I (66%) effect alone.

Diabetes mellitus is characterized by hyperglycemia resulting from defects in insulin
secretion or action or both [2,10,24,25] as is manifested in decreased serum insulin levels
[26,27]. Loss of insulin effect leads to glycogenolysis, increase in glucose production and
decreased cell utilization of glucose [24,28-29]. The reduction in the serum insulin levels in
the STZ treated rats might be attributed to the reduced secretion of the hormone due to the
damage of the beta cells of endocrine pancreas; STZ selectively destroys the pancreatic
cells and induce hyperglycemia [30-33]. Glycemic control is important for the management of
diabetes [2,34]. The antiglycemic activity of G. latifolium, comparable to that of insulin,
makes it a good candidate for management of diabetes.
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Table 1. Effect of treatment with  Gongronema latifolium (G.l.), Nauclea latifolia (N.l.), a
combination of the two plant extracts (G.l. + N.l.) and Insulin  on blood glucose levels
of diabetic rats ( P =.05)

Treatment Glucose concentration (mg/dl) Percentage change in
Initial Final glucose concentration %

Gl 504.00+£30.54*, %  169.67+16.62° 66.34

N.I 406.67+27.68* *°  333.00+23.08**° 18.12

G.I+N.| 502.67+2.76* % 164.33+32.76 67.73

Insulin(SD) 578.0046.34* 77.33+10.36* 86.62

DC 292.00+21.05 214.674£14.42 26.43

*P=.05 vs DC; a = (P=.05) vs insulin; ¢ = (P=.05) vs G.I+N.L
Each symbol and bar indicates the mean + S.E.M. of six experimental rats in each group.

3.2 Effect of Treatment on Hormonal Level

Diabetic induction caused a significant decrease (P =.05) of insulin and T3 by 64.66% and
81.08% in diabetic control compared to the non-diabetic control (Fig. 1). Intervention with
individual extract of G.l and N.I significantly increased (P =.05) the level of these indices by
25% and 145% respectively for G.l and 103% and 111% for N.I relative to diabetic control.
However, the combined extract produced 62% and 98% increases in insulin and T3 levels
relative to diabetic control. The increases in the insulin treated groups were 15% and 181%
respectively relative to the DC group. The T4 value in the diabetic control was 23% less than
the non diabetic control but comparable to the value after treatment with N.I and a
combination of G.l and N.I. There was, however, a 20% and 10% decrease in T4 values in
the G.l and insulin treatment groups compared with the diabetic control. Except for the G.I
group with a 16% increase on the DC value, the C-peptide value was significantly lower
(P=.05) in the other treatment groups, including the non diabetic control than the diabetic
control. However the C-peptide levels for all groups were much lower than the corresponding
insulin levels.

The increment of serum insulin levels in the treatment groups might be due to increased
secretion of the hormone, inferring a possible ‘repair’ of the damaged insulin-secreting beta
cells of the pancreas due to STZ. The decreases in T3 and T4 levels observed in the
diabetic control is consistent with earlier report [35] were mean plasma T3 and T4 levels
were significantly different between untreated diabetics and normal control subjects. Other
workers [34,36] while showing T3 levels to be lower in non insulin dependent diabetes
mellitus compared with the non diabetics reported no significant change in T4 levels
between the two groups. Altered thyroid hormone level is a common feature in uncontrolled
diabetes patients [34,37]. Endogenous production of glucose is thus further affected by the
combination of hypothyroidism and diabetes [37-41].

A type 1 model of diabetes such as was induced by STZ in this experiment is usually
characterised by decreased circulatory insulin whose concentration does not parallel that of
c-peptide. A low level of c-peptide with a high blood glucose level is consistent with type 1
diabetes [42]. This is shown in our present results.
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Fig. 1. Effect of treatment with  Gongronema latifolium  (G.l.), Nauclea latifolia (N.l.), a
combination of the two plant extracts (G.l. + N.I.) and Insulin on hormonal levels of
diabetic rats. (A) Insulin and C-peptide; (B) T3 an d T4. Each symbol and bar indicates
the mean + S.E.M. of six experimental rats in each  group ( P=.05)

3.3 Effect of Treatment on Antioxidant Enzymes

The effect of treatment on antioxidant enzymes is shown in Fig. 2. The Glutathione
peroxidase (GPx) activity in the DC group decreased by 66% relative to the non diabetic
control. The activity level did not change significantly on treatment with G.l and insulin but
increased significantly by 22% and 64% in the N.I and combination (N.I + G.I) groups
respectively. The Super oxide dismutase (SOD) values were markedly depressed in all the
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treatment groups relative to the non diabetic control and except for the N.| group that had a
comparable value to the diabetic control, SOD values in the other treatment groups showed
an 11-18% increase on the DC group. The Catalase (CAT) activity in the DC group was 34%
more than the non diabetic group. Treatment with the plant extracts G.I, N.I and a
combination of the two extracts resulted in 20%, 7.5%, and 78% increases respectively on
the DC value. Treatment with insulin showed a 100% increase in CAT activity relative to DC.

Thus while the two antioxidant enzymes, Glutathione peroxidase (GPx) and super oxide
dismutase were very much depressed in the diabetic groups relative to the non diabetic
group, the activity of the catalase enzyme was elevated in the diabetic group relative to the
non diabetic control.

An interesting observation to note is that while G.I treatment did not affect the level of GPx in
the diabetic animal and increased by only 22% in the NI treatment, a combination of the two
plant extract potentiated the level of the antioxidant enzyme by as much as 64%, far in
excess of the value for any of the individual treatment. In the same vein, while catalase
activity in diabetic rats was increased only slightly by N.I treatment (7.5%) and G.| (20%), a
combination of the two extracts increased the catalase activity by 78% almost comparable to
the effect of insulin treatment (100%). Clearly combinations of the two plant extract provide a
synergy that has potent insulin mimetic action. Thus a combination of the two plant extracts
can be used as an alternative to insulin in reversing the depressed antioxidant enzyme
activity in the diabetic rat.

While our studies show a decrease in GPx and SOD activities in DC animals compared to
NC, other studies on the erythrocyte antioxidant enzymes [10,43] showed an increase in the
two enzymes in DC relative to NC. The study by Taheri et al. [25] showed increased GPx
activity but a reduced SOD activity in diabetic patient relative to normal patients. Other
studies have shown both increase and decreases in SOD activity in erythrocytes in diabetic
patients [25]. However antidiabetic therapy should enhance the levels of these enzymes [44]
as was observed in our study. Oxidative stress is currently suggested as a mechanism
underlying diabetes and diabetic complication [10,11,45-46]. Oxidative stress results from an
imbalance between radical-generating and radical-scavenging systems i.e. increased free
radical production or reduced activity of antioxidant defenses or both [10,47]. The activities
of the antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase (GPx) and
catalase (CAT) contribute to eliminate superoxide, hydrogen peroxide and hydroxyl radicals
[48]. An increase in the activity of these enzymes after diabetic induction may be a
compensatory response to oxidative stress whereas a decrease could be explained by a
reduced activity of antioxidant defenses. There is a considerable body of evidence indicating
that hyperglycemia may interfere with natural defense of the antioxidant system, in addition
to increasing the production of free radicals [25,49]. Since SOD enzyme is part of the first
line of defense against free radicals, it is expected that the activity of this enzyme may be
affected by oxidative stress before the other antioxidant enzymes [44].There is evidence to
show that hyperglycemia is accompanied by the loss of Cu®*, which is an essential cofactor
in SOD activity, and SOD is inactivated by glycosylation in erythrocytes [44].
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Fig. 2A
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Fig. 2. Effect of treatment with  Gongronema latifolium  (G.l.), Nauclea latifolia (N.l.), a
combination of the two plant extracts (G.l. + N.l.) and Insulin on Antioxidant enzyme
activity. (A) GPx (B) SOD (C) CAT.
Each symbol and bar indicates the mean + S.E.M. of six experimental rats in each group (P=.05)
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4. CONCLUSION

In conclusion, the superior antiglycemic action of G.1., the far superior reversal of insulin level
by N.I and the much higher activities of the antioxidant enzymes when the combination of the
extracts are administered offer a synergy that make the combination of the two extracts a
potent antidiabetic remedy and a possible alternative to current drugs used for the
management of diabetes.
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