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ABSTRACT

The anti-hyperglycaemic and anti-oxidative effect of Merremia tridentata
(Linn) Hallier F ethanol leaf extract (MTELE) was evaluated in this study.
Diabetes was induced on male albino wistar rats by a single intra-peritoneal
injection of 656mg/kg body weight dose of streptozotocin. The rats were
divided into seven groups and treated accordingly with varying doses
(50 mg/kg, 75 mg/kg and 100 mg/kg body weight) of MTELE for seven weeks.
Body weight and plasma glucose levels were monitored while antioxidant
parameters, catalase (CAT), superoxide dismutase (SOD) activities, reduced
glutathione (GSH) concentration and levels of thiobarbituric acid reacting
substances (TBARS) were determined in the liver and kidney tissues. There
was a significant (p<0.05) reduction in the weight of the diabetic control
group which was significantly (p<0.05) ameliorated by the treatment. Plasma
glucose levels were significantly (p<0.05) reduced by 50.6%, 62.1% and
72.68% in diabetic rats treated with 50 mg/kg, 75 mg/kg and 100mg/kg body
weight dose of MTELE respectively. There was a significant (p<0.05)
improvement in all the antioxidant parameters investigated in this study in
both the liver and kidney tissues at all levels of treatment (increase in the
activities of CAT and SOD, increase in tissue content of GSH and drastic
reduction of TBARS level). The extract at 100mg/kg body weight dose on
normal rats showed a significant (p<0.05) improvement in the status of SOD
in the kidney, GSH and TBARS in the liver when compared with the normal
control group. MTELE demonstrated a good anti-hyperglycaemia and
antioxidant potential and should be further investigated for development of
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lead compound capable of preventing and treating oxidative stress related
complications in diabetics.

Keywords: Anti-hyperglycaemic, Anti-oxidation, Merremia tridentata, Liver
and Kidney.

I. INTRODUCTION

Merremia tridentata (Linn) has been used in herbal medicine in the treatment of scorpion sting, urinary
tract infection and gonorrhea. In Nigeria, the plant is used in the treatment of diabetes mellitus and other
sugar related diseases. The anti-diabetic effect of the aqueous root extract of the plant in streptozotocin
induced diabetic rat had been reported [1]. Diabetes mellitus is a very devastating disease ravaging the
populace in both rural and urban settings. It is characterized by persistent hyperglycaemia and oxidative
stress which is a major contributory factor to diabetic complications like retinopathy and nephropathy [2].
The reactive oxygen species generated as a result of oxidative stress are usually scavenged by the enzymes
involved in oxidative stress defense mechanism [3]. Diabetes is known to cause derangement in the
activities of antioxidant enzymes such as Catalase (CAT), Superoxide dismutase (SOD, glutathione
reductase and peroxidase (GSSG-R and GSHPx) and also in the levels of non-enzymatic antioxidants [4].

The effectiveness of extracts of different parts of plants in the management of the characteristic
symptoms in diabetes had been severally reported [5]-[9]. These reports supported the claims of herbal
practitioners in different continents on the possibility of ameliorating the devastating scourge of the disease
using plant materials. Plants have been depended on by man as a source of his food and medication since
ancient times. These green organisms have been found to contain both notable primary and beneficial
secondary metabolites which had led to the extraction, purification, characterization, and synthesis of lead
compounds of immense therapeutic importance. Reference [10], reported the anti-inflammatory and anti-
arthritic activities of the plant while the aqueous root extract has been found to possess anti-diabetic
potentials in experimental animals [1]. Personal communication of a patient bid for possible limb
amputation as a result of diabetic complication testified to amelioration of the condition and reversal of the
doctor’s decision to amputation. These reports had spurred further interest to study the other parts of the
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plants for anti-diabetic activities.

There is paucity of reports on the anti-oxidative potential of Merremia tridentata ethanol leaf extract
(MTELE) in the liver and kidney tissues. Most of the common anti-diabetic drugs are associated with
unwanted side effects making antioxidants from natural sources promising in the protection against
oxidative stress induced complications due to diabetes. In the present study, the anti-hyperglycemic and
anti-oxidative effects of ethanol leaf extract of Merremia tridentata (Linn) Halier F on the liver and kidney
have been investigated in streptozotocin induced diabetic rats.

Il. MATERIALS AND METHOD

A. Plant Material and Extraction

The aerial part of Merremia tridentata was collected from the bank of Tamburawa River along Zaria
road Kano Nigeria and was authenticated at the Herbarium unit of Botany department of Ahmadu Bello
University Zaria, Nigeria. The plant material was shade dried for three weeks to allow the leaves to drop
from the stem and pulverized using a kitchen blender. The powdered leaf sample (500 g) was cold
macerated using 70% ethanol (1.5 liters) for seventy two hours after which the solvent was evaporated
using Rotary VVacuum Evaporator (Hahn Vapor, HS-2005V, Hahn Shin Scientific Co., Korea) to obtain the
Merremia tridentate Ethanol leaf extract (MTELE) used for this study.

B. Animals

Healthy adult albino male rats weighing 130 to 150 g were obtained from National Animal Production
and Research Institute (NAPRI, Vom, Nigeria) were grouped and housed in cages under 12 hours light dark
cycle at 34+2 °C with free access to standard pellet diet and water ad libitum. The animals were allowed to
acclimatize to the laboratory conditions for two weeks prior to the commencement of the experiment. The
animals were administered 65 mg/kg body weight dose of streptozotocin intraperitoneally after an overnight
fast and sugar solution provided. The blood sugar level of the rats was monitored with a glucometer for a
period of five days while the rats with blood glucose level of 17 mmol/L and greater were included in the
experiment. Thirty five male albino rats were group into seven of five per cage and treated as follows:

Group I: Normal rat administered 0.2ml of distilled water;

Group II: Diabetic rats treated with 0.2ml of distilled water;

Group I11: Normal rats treated with MTELE (100mg/kg body weight/day);

Group 1V: Diabetic rats treated with MTELE (50mg/kg body weight/day);

Group V: Diabetic rats treated with MTELE (75mg/kg body weight/day);

Group VI: Diabetic rats treated with MTELE (100mg/kg body weight/day);

Group VII: Diabetic rats treated with Glibenclamide (1mg/kg body weight/day).

Treatment of the animals was carried out for seven weeks by oral gavage. The weights of the animals
were monitored on weekly basis and the animals were sacrificed humanely under anaesthesia with the
harvest of blood through cardiac puncture while liver and kidney were harvested through dissection.

Liver and kidney tissues were thoroughly washed in ice cold saline and homogenized in a Potter-
Elvehjem homogenizer using ice-cold 50mM phosphate buffer containing Protease inhibitor cocktail. The
homogenates were centrifuged at 12,000 x g for 30 minutes and the supernatants used for the assay of
antioxidant markers.

C. Chemicals

Streptozotocin, epinephrine, glibenclamide and mammalian protease inhibitor cocktail were purchased
from Sigma Chemical Company Inc., St Louis, Mo, USA. All other chemicals used were purchased from
Fulka Chemicals Nigeria Ltd. and they are of analytical grade.

D. Biochemical Assay

Blood samples of the rat were collected through the tail vein on the fifth day after diabetic induction with
streptozotocin and forty nine days after MTELE administration after an overnight fast to determine the
fasting blood glucose using a glucometer. Protein determination of the homogenates was carried out
according to the protocol of [11] using bovine albumin as a standard at 660nm.

E. Estimation of Tissue Antioxidants (SOD, CAT, GSH and TBARS)

The method of [12] was used to assay superoxide dismutase (SOD) activity. The assay mixture total
volume of 3.0 ml is made up of 1.5 ml 0.1 M carbonate-bicarbonate buffer (pH 10.3), 0.1 ml 30 mM EDTA,
suitable aliquot of enzyme preparation and water to make up the volume to 2.94 ml. Initiation of the reaction
was done by the addition of 0.06 ml of 15 mM epinephrine. Change in absorbance was read at 480 nm for
one minute at 15 seconds interval alongside the control which contained all ingredients except the enzyme
preparation. One unit of enzyme activity was defined as that which caused 50% inhibition of auto-oxidation
of epinephrine by 1.0 ml of homogenate.
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The method of [13], as described by [14] was employed in the assay of catalase (CAT) in the tissues
homogenate. Briefly the assay mixture of total volume 1.6 ml was made up of 1.0 ml of 0.01 M phosphate
buffer (pH 7.0), 0.1 ml of tissue homogenate supernatant and 0.5 ml of 2.0M hydrogen peroxide (H20,).
The reaction was stopped by adding 2.0ml dichromate acetic acid reagent (mixture of 5% potassium
dichromate and glacial acetic acid in 1:3 ratio) and absorbance read at 570nm. The activity was expressed
as umoles H2O-decomposed/min/mg protein.

Reduced glutathione (GSH) concentration was measured according to [15] as described by [16]. To
150 pL of tissue homogenate, 1.5 ml of 10% TCA was added and centrifuged at 1500 xg for 5 minutes.
Then 1 ml of supernatant was mixed with 0.5 ml of Ellman’s reagent and 3.0 ml of phosphate buffer. The
absorbance was read at 412 nm against referenced blank containing 150 uL of distilled water. Reduced
glutathione (GSH) concentration was calculated using a standard concentration of L-glutathione.

The determination of lipid peroxidation was based on the reaction of TBARS (Thiobarbituric acid
reacting substances) with thiobarbituric acid (TBA) to form a pink coloured product. The colour intensity
at 535 nm is directly proportional to TBARS concentration of the sample [17]. 1ml of (TCA) trichloro
acetic acid (15%) was measured into a test tube followed by the addition of 1ml of thiobarbituric acid and
50 pL of the tissue homogenate. The mixture was incubated at 80 °C for 30 minutes in a water bath and
allowed to cool for 2 minutes followed by centrifugation at 1000 xg for 10 minutes. The absorbance of a
clear supernatant was read spectrophotometrically at 535 nm. TBARS concentration was expressed
nmoles/gramme of tissue.

F. Statistical Analysis

Results were expressed as mean + SD. All data was subjected to one-way analysis of variance (ANOVA)
and Tukey’s post hoc test at 95% level of significance using MINITAB 17 statistical software [18].

Il. RESULT

A. Effect of MTELE on Body Weight and Blood Glucose

Induction of diabetes in rats led to a significant (p<0.05) reduction in the weight and significant (p<0.05)
increase in the blood glucose level of rats over a period of seven weeks (Table I). The administration of
MTELE at 50 mg/kg, 75 mg/kg and 100 mg/kg for seven weeks brought about amelioration of the two
conditions. Weight of the rats were restored in a dose dependent manner while the blood glucose level was
also reduced 50.6%, 62.1% and 72.68% compared to the initial glycaemia at diabetic induction respectively.
There was a significant (p<0.05) reduction in the plasma glucose level of the normal control group and the
normal group administered 100 mg/kg body weight daily dose for seven weeks.

TABLE I: EFFECT OF ORAL ADMINISTRATION OF ETHANOL LEAF EXTRACT OF M. TRIDENTATA ON BLOOD GLUCOSE LEVEL OF
NORMAL AND DIABETIC RATS AFTER SEVEN WEEKS OF TREATMENT

Treatments — Body Weight (g) — PII:istri];? Glucose Level (mr;]ior:éll_)
Normal Control 131.80 = 5.9 (1185.36'72 T.ii?)/?))b 485026 G Sl .
Diabetic Control 142.08 £ 5.08 (2101301215(3)160;))9 17.20 £ 1.02 - 126(.)9.';2:1(.)4.13%4)"
R e OIS sweow IV

i 1R UERC Y Gt TR ST L
Diabetic + Extract 141.80 £ 6.12 132.48 £7.87 17.52+1.03 6.50+0.48
(75 mg/kg) (-6.57 £ 1.15%)" (-62.10 £ 5.45%)°
Do Hosexe0s  GRTIRRe TEEL0T e ey
D amgty 1o (DRI T3S0 (oot sy

2®Values expressed as Mean + SD of five animals. Values in parenthesis which are % change for each treatment variables with different letters along a
column are significantly (p<0.05) different from each other.

B. Effect of MTELE on Tissue Enzymatic and Non-enzymatic Antioxidant Species (SOD, CAT, GSH and
TBARS)

The activities of CAT and SOD in experimental rat tissues are shown in Table II. There was a significant
(p<0.05) reduction in the activities of catalase and superoxide dismutase in the liver and kidney tissues as
a result of diabetic induction in the diabetic control group. Treatment with different doses of MTELE (50,
75 and 100 mg/kg body weight) brought about a significant (p<0.05) increase in the activities of CAT and
SOD in a dose dependent manner. There was also a significant increase (p<0.05) in the activity of SOD in
the kidney of the normal group administered 100 mg/kg/day dose of MTELE when compared with the
normal group.
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TABLE Il: EFFECT OF ORAL ADMINISTRATION OF ETHANOL LEAF EXTRACTS OF M. TRIDENTATA ON SOME OXIDATIVE STRESS
MARKERS IN LIVER AND KIDNEY OF NORMAL AND STREPTOZOTOCIN INDUCED DIABETIC RATS

RESEARCH ARTICLE

Treatments CAT (U/mg Protein) SOD (U/mg Protein) GSH (pmole/mg Protein) TBARS (mole/g tissue)
Liver Kidney Liver Kidney Liver Kidney Liver Kidney
Normal Control 84.194533%  42.50:321%  638£031°  1531£122° 43433327  30.83:2.61°  048+0.04°  0.75:0.07°
Diabetic Control 46.95:2.72°  23.7142.01°  2.424024°  5.81£049°  22.0742.01°  16.55+1.01°  1.00£0.09  1.92+0.11°
No(rlrgg'r; g'il’(‘g)ad 88.78+6.54"  44.84+3.16°  6.56:0.54°  15.74+1.15°  46.76x4.14°  30.86:2.82°  0.43+0.03°  0.72+0.06°
Diabetic + Extract ~ 79.36+6.29"  40.0843.22°  423£033°  10.15£1.22°  38.9443.17° 28424255  0.7420.05°  0.96:0.08
(50 mg/kg) (69.2%) (69.0%) (74.8%) (74.7%) (76.4%) (71.7%) (26.0%) (50.0%)
Diabetic + Extract 80.63+5.87" 40.72+2.86° 4.28+0.29° 10.27£1.22°  41.68+3.77°  29.18+2.46° 0.71£0.05° 0.90+0.08°
(75 mglkg) (71.8%) (71.7%) (76.9%) (76.8%) (88.9%) (76.3%) (29.0%) (53.1%)
Diabetic + Extract ~ 82.51£6.03"  41.6743.01®  434+£035°  10.34+1.22°  43.86£3.83%  29.8242.71*°  0.68+0.05°  0.89+0.07°
(100 mg/kg) (75.6%) (75.7%) (78.1%) (78.0%) (98.7%) (80.2%) (32.0%) (53.7%)
Gl'ijb'gr?iltém e 81324635  41.07£321°  428+031°  1027+122°  45.8044.05°  31.1442.83*  0.50£0.04°  0.80+0.06°
(L malka) (73.2%) (73.2%) (76.9%) (76.8%) (107.5%) (88.2%) (50.0%) (58.3%)

#®Values expressed as Mean + SD of five animals. Values with different letters along a column are significantly (p<0.05) different
from each other while % change in antioxidant status due to treatments are shown in parenthesis.

There was a significant (p<0.05) reduction in the concentration of GSH in liver and kidney tissues of the
diabetic control group when compared to the normal group (Table 11). Administration of varying doses of
MTELE (50 mg/kg, 75 mg/kg and 100 mg/kg body weight) caused a significant (p<0.05) increase in the
concentration of GSH in the liver and kidney tissues of rats treated with these doses. Also, the normal group
administered 100 mg/kg body weight of MTELE showed a significant (p<0.05) increase in the
concentration of GSH in the liver compared to the normal group. Moreover, there was a significant (p<0.05)
increase in the level of TBARS in the liver and kidney tissues in diabetic condition. The seven weeks
treatment with MTELE at 50 mg/kg, 75 mg/kg and 100 mg/kg body weight doses caused a significant
(p<0.001) reduction in TBARS level in these tissues at the different doses administered. A significant
(p<0.05) reduction in the TBARS level in liver of normal rats administered 100 mg/kg body weight dose
of MTELE was noticed compared to the normal control group signifying the strong antioxidant potential
of the extract especially in the liver.

IVV. DISCUSSION

Herbal medicine had been a well embraced alternative form of medication for different kinds of ailment
in the developing nations. The search for potent therapeutic compounds in plants continues to be of
immense concern because of the nature of the source material. Natural drugs are found to have little or
fewer side effects (if any) compared to the synthetic ones. Induction of diabetes mellitus using
streptozotocin in rat had led to a very high increase in the plasma glucose with corresponding decrease in
the body weight. Steptozotocin is a cytotoxic agent causing alkylation of DNA in the cells of the pancreas
resulting in the degranulation and destruction of the islet’s beta cells thus leading to acute decrease in the
level of insulin, beta cell nicotinamide adenine dinucleotide and release of free radicals like nitric oxide
(NO) which further aggravates DNA strand damage of the pancreatic cell [19] and [20]. Hyperglyceamia
and polydipsia are known as the major characterization indices of diabetes mellitus. In this study, the extract
(at 50 mg/kg, 75 mg/kg and 100 mg/kg body weight doses were able to ameliorate these indices
considerably in a dose dependent manner. This is in consonance to the work of [1] who reported the same
trend after administration of aqueous root extract of Merremia tridentata (Linn) to streptozotocin induced
diabetic rats at 50 mg/kg, 100 mg/kg and 150 mg/kg body weight doses. The extract could be noted for
good hypoglycaemic and nutrient utilization potential as the normal rat administered with 100 mg/kg dose
manifested significant (p<0.05) better potential in percentage hyperglycemic and weight change
respectively. This may be as a result of enhancement of carbohydrate metabolism by the extract to supply
the needed energy. In diabetic state, there occurred a situation of shift from carbohydrate as an immediate
and primary energy source to protein and fat which naturally depletes their storage that could have been
used for body building, growth and some other biochemical activities. Moreover, glycation of protein had
also been reported in diabetic conditions. The anti-hyperglycaemia and amelioration of tissue wastage
observed in this study could be an indication of the ability of the extract to enhance some enzymes of
glycolysis, reverts gluconeogenesis and protein glycation so that glucose could readily be burnt for energy
and protein made available for replacement of worn-out cells, synthesis of other proteins, growth and
development.

Diabetic hyperglycaemia usually results in an increase in free radical production by a mechanism
involving glucose oxidation followed by protein glycation and oxidative degeneration [21]. Oxidative stress
had been reported to be the etiogenesis of the different kinds of complications encountered in diabetes [22]-
[26]. Tissue damage and dysfunction is reportedly caused by free radical mediated attack on the membrane
through peroxidation of the unsaturated membrane lipids [8], [27]. Our study revealed the high antioxidant
potential of MTELE. There was a significant (p<0.05) increase in the activities of catalase, superoxide
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dismutase, and in the level of glutathione and significant (p<0.05) reduction in the level of peroxidation
indicated by the output of thiobartbituric acid reacting substances in the liver and kidney tissues. These
observations confirmed the reports of [1] and [28] which claimed that Merremia tridentata (Linn) contains
flavonoids such as Diosmetin and Luteolin which are potent and have free radical scavenging abilities.
Merremia spp are known for their powerful antioxidant potential and regarded as one of the best of such
[29]. This justifies its use as anti-inflammatory, anti-ulcer, wound healing, anti-arthritic, immune-
stimulatory and anti-diabetic regimen.

V. CONCLUSION

The study clearly proves the ability of the ethanol leaf extract of M. tridentata (Linn) to ameliorate the
regime of diabetes mellitus and its attendant complication therefore justifying its use in folk medicine for
the treatment of sugar related disease. Moreover, effort should be geared towards isolation, purification,
and characterization of the bioactive compound(s) responsible for the anti-diabetic effect coupled with the
elucidation of the possible mechanisms of action.
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