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ABSTRACT

Diabetic therapeutic potentiality of methanol extract of stem leaves of Boerhavia diffusa was
investigated following in-vivo study models in streptozotocin-induced diabetic rat. Methanol extract
of stem leaves of Boerhavia diffusa exerted the glucose lowering effect an increase in serum insulin
level on 28% day of postadministration. In addition to a higher expression of insulin receptor A. The
extract treatment or glibenclamide for 28 days significantly (p<0.05) reduced HbA1c.

Boerhavia diffusa L. or glibenclamide for 28 days show no damaging effect on red blood count and
hemoglobin when compared to the control group. Significant (p<0.05) increase in platelet count
and white blood cell count was observed in groups treated with Boerhavia diffusa L. and
glibenclamide when compared to control group.

Boerhavia diffusa L. and glibenclamide showed significant (P<0.05) decrease in total cholesterol
(TC), triglyceride (TG) low density Lipoprotein (LDL), Alanine amino transferase (ALT), Aspartate
amino transferase (AST), Alkaline phosphatase (ALP) and Gamma glutamyl transferase (GGT).
Methanol extract of 600 mg/kg b.w had more lowering effect (p<0.05) on TC and TG as opposed to
the untreated group.

Methanol extract or glibenclamide also modulated significantly (P<0.05) the activities of
carbohydrate-metabolising enzymes and Hepatic glycogen content. Boerhavia diffusa or
glibenclamide administration up-regulated mMRNA expression of Glucose Transporter-2 (Glut2)
Boerhavia diffusa or glibenclamide also corrected antioxidant status of diabetic animals in liver. The
lipid peroxidation inhibition activity of extracts from Boerhavia diffusa is stronger when compared to
the reference antioxidant ascorbic acid.

These clearly showed that methanol extract from Boerhavia diffusa has the inhibitory activities of

the xanthine oxidase, lipoxygenase and acetylcholinesterase enzyme.

Keywords: Boerhavia diffusa Linn; streptozotocin; diabetes mellitus; anti-inflammatory activity;

antioxidant enzymes.

1. INTRODUCTION

Diabetes mellitus is a type of metabolic disorder
that is characterised by hyperglycemia and
alterations in carbohydrate, fat and protein
metabolisms associated with absolute or relative
deficiencies in insulin secretion and/ or insulin
action [1]. Diabetes is characterised by a high
incidence of cardiovascular disease [2]. There
has been increasing evidence recently that
postprandial diabetes and hyperglycemia are
important contributory factors in atherosclerosis
[2]. In diabetes, the postprandial phase is
characterised by a massive rapid increase in
blood glucose levels where the alteration in the
sensitivity or reactivity of vascular smooth muscle
to neurotransmitters and circulating hormones
may cause or contribute to diabetic vessel
complications [2,3]. The search for appropriate
hypoglycemic agents has recently been focused
on plants and many herbal medicines have been
recommended for the treatment of diabetes [4].
Herbal drugs are frequently considered to be less
toxic than their synthetic counterparts and they
have fewer side effects [5]. A number of studies
have shown that diabetes mellitus is associated
with oxidative stress, leading to an increased
production of reactive oxygen species.

The leaf of Boerhavia diffusa  Linn.
(Nyctaginaceae) is traditionally used in Benin
and other countries to manage control and treat
diabetes. The plant is known to possess anti-
inflammatory [6,7], anticonvulsant [8], diuretic [9],
hepatoprotective [10,11] and immunomodulatory
[12,13] activities. It has also been reported to be
useful in the treatment of elephantiasis, night
blindness, corneal ulcers and nephritic syndrome
[14,15].

The Boerhaavia diffusa plant contains a large
number of such compounds as flavonoids,
alkaloids, steroids, triterpenoids, lipids, lignins,
carbohydrates, proteins, and glycoproteins.
Phytochemical screening of the roots from
garden-grown in vivo plants of B. diffusa of
different ages revealed that the maximum
alkaloid content (2%) accumulated in the roots of
3- year old mature plants. The following are few
important chemical constituents present in plant:
Alkaloid - Punarnavine [16,17,18], Rotenoid -
boeravinone A1, B1, C2, D, E, F [19,20,21],

Hypoxanthine 9-L-arabinofuranoside [22],
Punarnavoside [23], Ursolic acid [24], E-
sitosterol, Lignans-Liirodendrin [25] and

syringaresinol mono-E-D-glucoside [26].



Our results from studies have demonstrated that
the methanol extract of the leafy stem powder of
Boerhaavia diffusa L. gave a positive result for all
groups secondary metabolites investigate. The
highest content of total phenolics, flavonoids and
tannins were detected in methanol extract
followed respectively by ethanol,
dichloromethane and ethyl acetate. The lowest
total phenolics were obtained in n- Hexane [27].
Moreover, the results obtained in studies indicate
that methanol extract of Boerhaavia diffusa Linn.
have a remarkable potency to donate electron to
reactive free radicals, converting them into more
stable non-reactive species, reduce the oxidised
intermediates and act as primary antioxidant
substances [27].

Nevertheless, the details of the relationship
between the beneficial effects of antioxidant
acivity of methanol extract of the leafy stem
powder of Boerhaavia diffusa L. on the activities
of antidiabetic, anti-inflammatory and antioxidant
enzymes in normal and streptozotocin induced
diabetic rats have not yet been fully elucidated.
The purpose of our work was to evaluate the
effect of methanol extract of Boerhaavia diffusa
L. on carbohydrate metabolism, antioxidant
enzymes, in hepatic tissues of experimental
diabetic rats and the mechanisms involved, lipid
peroxidation,  anti-inflammatory and  anti-
acetylcholinesterase activities.

2. MATERIALS AND METHODS
2.1 Experimental Animals

Adult male wistar rats, 2-3 months old and
weighing 250-300 g, were used in the study. The
rats are acclimatized in the Laboratory of
Physiopathologie Moléculaire et Toxicologie
(Faculty of Science and Technology of the
University of Abomey-Calavi) for two weeks
before the beginning of the experiment at a
constant temperature of 22+1 ° C with a cycle of
12h of light and 12 h of darkness. They are fed
with granulated feed and ad libitum water without
discontinuity in feeding bottles.

2.2 Plant Material

The stem leaves of Boerhavia diffusa Linn. were
used in this study. Fresh stem leaves of
Boerhaavia diffusa were collected from Calavi,
Department of Atlantic, South Bénin. The
samples of Boerhaavia diffusa were submitted in
Abomey-Calavi University Herbarium,
Department of Botany and voucher specimen
deposited for authentification under the reference
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AA 6716/ HNB. The collected material was dried
for two weeks in laboratory (22°C) and ground to
a fine powder using an electric grinder (Excella
mixer grinder).

2.3 Preparation of Methanol Extract of
Stem Leaves of Boerhavia diffusa L.

Two hundred and fifty grams (250 g) of dry
powder of the barks of Boerhavia diffusa were
successively extracted by maceration with
methanol for 72 h stirring. Extract were dried by
evaporating using rotary evaporator. This
methanol extract stored at 4°C till ready for use.

2.4 Acute Toxicity Studies

The tests were performed in accordance with the
guidelines of the Organization for Economic
Cooperation and Development (OECD) for the
testing of chemicals substances through method
423 (OCDE, 2001). The methanol extract of this
plant was dissolved in distilled water and
administered to the rats at a ratio of 1 ml/100 g of
body weight. Control rats were instead given
distilled water. The rats were marked for
individual identification. The rats were divided
into two batches of six rats after blood tests to
ensure homogeneity of batches. Control rats (six)
did not receive extract but distilled water while
the experimental animals (six) received 5000
mg/kg of an methanol extract of Boerhavia
diffusa L. The animals were observed individually
at least once during the first 30 min and at least
twice during the first 24 h after treatment.

2.5 Induction of Diabetic with

Streptozotocin

Initially normoglycaemic (fasting blood glucose
level 70-80 mg/dL) rats were selected for this
study. Rats were kept under eighteen hours
fasting and then subjected to diabetic by
intraperitoneal (i.p.) injection of streptozotocin
(40 mg/kg body weight) in 0.1 M citrate buffer,
pH 4.5. In control group, 6 rats were injected with
citrate buffer alone [28]. Diabetic condition was
confirmed by estimation of fasting blood glucose
level after 24 hrs interval and then on the 7th day
after day of injection to investigate the stability of
the diabetic condition. The rats with fasting blood
glucose more than 250 mg/dl but less than 350
mg/dL were included for this investigation.

2.6 Grouping of Animals

The experimental design consisted of 28 rats,
twenty four were rendered diabetic, and four



were normoglycaemic (positive control) rats. The
diabetic untreated rats (negative control) were
administered 10 ml/kg bodyweight of normal
saline. The animals were grouped into seven as
shown below:

Group 1: Normoglycemic (control) received a
single intramuscular injection of citrate
buffer (0.1 mL/100 g body weight/rat).
Diabetic untreated (Negative control)
was made diabetic by a single
intramuscular injection of STZ at a
dose of 40 mg/kg body weight.
Diabetic treated with standard drug—
glibenclamide (Positive control)
Diabetic treated with 300 mg/kg
bodyweight of methanol extract
Diabetic treated with  600mg/kg
bodyweight of methanol extract

Group 2:

Group 3:
Group 4:

Group 5:

The duration of experiment was 28 days. Initial
body weight of all rats were recorded and divided
into following four equal groups.

2.7 Treatment with Extracts

Effect of various extract was checked on blood
glucose, and serum biomarkers of experimental
rats. The methanol extract was dissolved in
distilled water and administered to the rats at a
rato of 1 ml/100 g of body weight and
glibenclamide (standard drug) were dissolved in
10 ml normal saline (0.9% NacCl).

2.8 Biochemical Assays

On the last day of study, a complete blood
sample was collected from the abdominal aorta
after deep anaesthesia and the plasma was
isolated by centrifugation at 2500 rpm for 5 min
at 4°C. Blood glucose levels were measured by
the glucose-oxidase method using an Accu-chek
blood glucose meter. Total cholesterol (TC),
triglyceride (TG), high density lipoprotein (HDL),
and low density Lipoprotein (LDL) levels were
measured in serum samples by using enzymatic
method  kits (Roche Diagnostics). The
determination of insulin was performed in
samples that were stored at -80°C. Serum insulin
was determined using an ELISA kit (LINCO
Research Inc, St. Charles, MO, USA), according
to the manufacturer's instructions. Glycated
haemoglobin (HbA1c) was estimated by kit
based on the ion exchange method of Nathan
[29]. Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase
(ALP), and gamma glutamyl transferase (GGT)
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were measured by using commercially available
kits (Agappe Diagnostics, Ernakulam, India).

The fasting serum glucose measured by using
commercially available kits (Agappe Diagnostics,
Ernakulam, India). Activity of glycolytic enzymes
was assayed: hexokinase was estimated by the
method of Crane and Sols [30]; pyruvate kinase
was estimated by the method of Bucher and
Pfleiderer [31]. Hepatic glycogen content was
estimated by the method of Carroll [32]. Activity
of Gluconeogenic enzyme activities in the liver
were assayed using the following procedures:
glucose-6-phosphatase was estimated by the
method described by Koide and Oda [33],
fructose-1,6-diphosphatase was estimated by the
method of Pontremoli [34], and the activity of
glycogen phosphorylase was assayed by the
procedure described by Singh [35].

Other parts from the liver tissues were also
frozen in on liquid nitrogen used for molecular
analysis. Hepatic homogenate protein
concentration was measured using Trizol reagent
(Invitrogen Life Technologies, Groningen, The
Netherlands) according to the manufacturer’s
instructions. The integrity of RNA was
electrophoretically checked by ethidium bromide
staining and by the OD absorption ratio
OD2g0nm/OD2gonm- One microgram of total RNA
was reverse transcribed with Superscript |l
RNAse H-reverse transcriptase using oligo (dT)
according to the manufacturer's instructions
(Invitrogen Life Technologies, France).

Real-time PCR was performed on an iCycler iQ
real-time detection system (Bio-Rad, Hercules,
CA, USA), and amplification was done by using
SYBR Green | detection (SYBR Green
JumpStart, Taqg ReadyMix for Quantitative PCR,
Sigma-Aldrich, St. Louis, MO, USA).
Oligonucleotide primers, used for mMRNA
analysis, were based on the sequences of rat
gene in the GeneBank database. Forward and
reverse primers used to amplify beta-actin
message in the rat were as follows: forward: 5’-
GGCACCACACCTTCTACAATGAGC -3’
reverse: 5- CGACCAGAGGCATACAGGGACAG
-3. The primers for PK, Glut2, Insulin Receptor A

were as follows: (PK) forward: 5'-
ATTGCTGTGACTGGATCTGC-3'; reverse: 5'-
CCCGCATGATGTTGGTATAG-3; (Glut2)

forward:  5-AAGGATCAAAGCCATGTTGG-3';
reverse:  5-GGAGACCTTCTGCTCAGTGG-3;
(Insulin Receptor A) forward: 5-

TTCATTCAGGAAGACCTTCGA-3’; reverse: 5'-
AGGCCAGAGATGACAAGTGAC-3'.



The amplification was carried out in a total
volume of 25 ul containing 12.5 yl SYBR Green
Taq Ready Mix, 0.3 uyM of each primer and
diluted cDNA. Cycling conditions consisted of an
initial denaturation step of 95°C for 3 min as a
hot start followed by 40 cycles of 95°C for 30 sec
or at 60°C for 30 sec with a single fluorescence
detection point at the end of the relevant
annealing or extension segment. At the end of
the PCR, the temperature was increased from 60
to 95°C for 15 sec and at 58+2°C for 60 sec, and
the fluorescence was measured every 15 sec to
draw the melting curve. The standard curves
were generated for each protein or R-actin using
serial dilutions of positive control template in
order to establish PCR efficiencies. All
determinations were performed, at least, in
duplicates using two dilutions of each assay to
achieve reproducibility. Results were evaluated
by iCycler iQ software including standard curves,
amplification efficiency (E) and threshold cycle
(Ct). Relative quantitation of mRNA expression
was determined using the AACt in which AACt =
ACt of gene of interest-ACt of R-actin. ACt = Ct
of interest group - Ct of control group. Relative
quantity QZRQ) was calculated as follows: RQ = (1
+ E)(‘AA Y. The electrophoretic picture was
visualised and analysed by gel documentation
system (Bio Doc Analyze, Biometra, Gottingen,
Germany).

2.9 Hematological Indices

Portions of the blood are taken from all rats by
retro-orbital puncture 14 days after the extract
administration, for hematological examinations.
Blood collection was done on live animals
(without anesthesia), kept fasting for 16 h by
puncturing the retro orbital sinus using a pasteur
pipette previously rinsed with EDTA
anticoagulant to 0.01%. The volume of collected
blood was 0.5 to 2 ml. The full blood count
includes; total red blood cell (RBC), hemoglobin
concentration (HGB), white blood cell count
(WBC), platelet count (PLT) and other
hematological parameters were determined
using Swelab Auto Hematology Analyzer.

2.10 Animal Sacrifice and Collection of
Organs

After overnight fasting, rats in each group were
anaesthetised with pentobarbital (60 mg/kg body
weight). The abdominal cavity was opened, and
whole blood was drawn from the abdominal
aorta. The blood samples were also collected, at
different time intervals, by bleeding the tail end.
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Serum was obtained by low-speed centrifugation
(1000 gx20 min). Different organs were
removed, washed with cold saline solution
(0.9%) and immediately frozen in liquid nitrogen
and stored at -80°C.

2.11 Determination of Superoxide
Dismutase, Catalase Activities and
Glutathione Peroxidase Activities

The specific activity of superoxide dismutase was
determined following the method of Marklund
[36] that involves the inhibition of autooxidation of
pyrogallol at pH 8.0. A single unit of enzyme was
defined as the quantity of superoxide dismutase
required to produce 50% inhibition of
autooxidation. The cytosolic fraction was treated
with Triton X-100 (1%) and kept at 4 °C for 30
min then added to the assay mixture that
contained 0.05 M sodium phosphate buffer (pH
8.0), 0.1 mM EDTA and 0.27 mM pyrogallol. The
absorbance was recorded at 420 nm for 5 min.
The specific activity of catalase was determined
according to the method of Aebi [37]. In the
ultraviolet range, H,O, shows a continual
increase in absorption with a decreasing
wavelength. The decomposition of H,O, can be
followed directly by the decrease in the
absorbance at 240 nm. The difference in
absorbance (AA240) per unit time is a measure
of catalase activity. The absorbance was
observed for approximately 30 sec. The catalase
activity is defined in specific units/milligram
hemoglobin. One unit of catalase corresponds to
the amount of enzyme needed to decompose
H,O, in phosphate buffer, at pH 7.0, in 1 sec of
reaction. The specific activity of glutathione
peroxidase was determined by the method of
Paglia and Valentine [38]. The reaction mixture
consisted of cytosolic fraction, 50 mM sodium
phosphate buffer (pH 7.0) containing EDTA, 0.24
U/ml vyeast glutathione reductase, 0.3 mM
reduced glutathione, 0.2 mM NADPH, 1.5 mM
H.O, and cytosolic. The reaction was initiated by
the addition of NADPH and decrease in the
absorbance was monitored at 340 nm for 5 min.
One unit of enzyme activity has been defined as
nmoles of NADPH consumed/min/mg protein
base;d on an extinction coefficient of 6.22 mM™'
cm

2.12 Inhibition of Lipid Peroxidation in
Rat Liver Homogenate

The inhibition activity of extracts or fractions on
lipid peroxidation was determined according to
the thiobarbituric acid method. FeCl,—H,0, was



used to induce the liver homogenate peroxidation
to the method of Su [39] with slightly
modification. In this method, 0.2 mL of extract at
the concentration of (0.0625-1.000 mg.mL'1) was
mixed with 1.0 mL of 1% liver homogenate (each
100 mL homogenate solution contains 1.0 g rat
liver), then 50 L of FeCl, (0.5 mM) and 50 pL of
H,O, (0.5 mM) was added. The mixture was
incubated at 37°C for 60 min, then 1.0 mL of
trichloroacetic acid (15%) and 1.0 mL of 2-
thiobarbituric acid (0.67%) was added and the
mixture was heated up in boiled water for 15 min.
The absorbance was recorded at 532 nm.
Ascorbic acid was used as the positive control.
The percentage of inhibition effect was
calculated according to following equation:

Inhibition % = [1-(A1-Az)/Ao] x 100

Where, A, is the absorbance of the control
(without extract), A is the absorbance of the
extract addition and A is the absorbance without
liver homogenate.

2.13 Determination of Anti-inflammatory
Activity

Xanthine Oxidase Inhibitory: The Xanthine
oxidase inhibitory activity was measured as
previously reported [40]. The substrate and the
enzyme solutions were prepared immediately
before use. The reaction mixture contains 80 mM
sodium pyrophosphate buffer (pH = 8.5), 0.120
mM xanthine and 0.1 unit of XO. The absorption
at 295 nm, indicating the formation of uric acid at
25°C, was monitored and the initial rate was
calculated. The dried extract, initially dissolved
and diluted in the buffer, was incorporated in the
enzyme assay to assess its inhibitory activity. All
assays were friplicated; thus inhibition
percentages are the mean of 3 observations. A
negative control (blank; 0% XO inhibition activity)
was prepared containing the assay mixture
without the extract. Allopurinol, a known inhibitor
of XO, was used as a positive control in the
assay mixture. Xanthine oxidase inhibitory
activity was expressed as the percentage
inhibition of Xanthine oxidase in the above assay
mixture system, calculated as follows:

% of Inhbition = 1-(T/B)

Where Test inclination (T is the linear change in
the absorbance of test material per minute, and
Blank Inclination (B)) is the linear change in the
absorbance of blank per minute.
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Lipoxygenase-inhibitory Assay: The inhibition
of lipoxygenase activity was determined by a
spectrophotometric method [41].

The reaction mixture, containing test compound
solution  (inhibition  solution), lipoxygenase
solution in 0.1 M phosphate buffer (pH 8.0) was
incubated for 10 min at 25 °C. Then, the reaction
was initiated by addition of a solution substrate.
After 6 min, absorbans value was measured at
234 nm. Ascorbic acid was used as standard
inhibitor. The percent inhibition of lipoxygenase
activity was calculated as:

Inhibition (%) = (1-A/B) x 100

Where A is the enzyme activity without inhibitor,
B is the activity in presence of inhibitor.

2.14 Acetylcholinesterase
Activity

Inhibitory

The inhibitory effect of methanol extract from
Boerhavia diffusa L. on acetylcholinesterase
(AChE ) activity was evaluated according to the
method of Eldeen [42]. Into a 96-well plate was
placed: 25 pl of 15 mM ATCI in water, 125 pl of 3
mM DTNB in Buffer C (50 mM Tris—HCI, pH 8,
containing 0.1 M NaCl and 0.02 M MgCI2.6H20),
50 pl of Buffer B (50 mM, pH 8, containing 0.1%
bovine serum albumin) and 25 pl of plant extract
(0.0625, 0.125, 0.25, 050 or 1 mg/ml).
Absorbance was measured
spectrophotometrically (Labsystems Multiscan
EX type 355 plate reader) at 405 nm every 45 s,
three times consecutively. Thereafter, AChE (0.2
U/ml) was added to the wells and the
absorbance measured five times consecutively
every 45 s. Galanthamine served as the positive
control. Any increase in absorbance due to the
spontaneous hydrolysis of the substrate was
corrected by subtracting the absorbance before
adding the enzyme from the absorbance after
adding the enzyme. The percentage inhibition
was calculated using the equation:

Inhibition(%)=1-(Asample/Acontrol)x100

where Asample is the absorbance of the sample
extracts and Acontrol is the absorbance of the
blank [methanol in Buffer A (50 mM Tris—HCI, pH

8)l.
2.15 Statistical Analysis

The statistical analysis of the data was carried
out in Predictive Analytics SoftWare Statistics for



Windows version 18 (IBM SPSS Statistics,
Endicott, New York, USA). One-way analysis of
variance was used to determine the statistical
differences between groups followed by
Duncan’s multiple range test to analyse the inter-
grouping homogeneity. Data were presented as
mean + standard deviation. P<0.05 was
considered statistically significant.23

3. RESULTS

3.1 Serum Glucose, Insulin and Glycated
Hemoglobin (HbA1c)

The development of diabetes in rats was
confirmed after an intraperitoneal (i.p.) injection
of streptozotocin 40 mg/kg. There was a
significant elevation in fasting blood glucose
(350.20£25.01 mg/dL) in untreated diabetic
animals when compared with non-diabetic
control rats. STZ-induced diabetic rats treated
with methanol extract at doses 300, 600 mg/kg
body weight or glibenclamide for 28 days
resulted in a significant lowering of fasting blood
glucose level (p<0.05) (Fig. 1).

The plasma insulin level decreased significantly
in the diabetic group (1+£0.08 ng/ mL) when
compared with other groups and it was improved
by methanol extract of stem leaves of Boerhavia
diffuse or glibenclamide for 28 days (Fig. 2 (a)).
The methanol extract of stem leaves of
Boerhavia diffus action was dose dependent
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where the highest effects observed in rats

treated with a dose of 600 mg/kg bwt.

The STZ induced diabetic rats had significant
decrease in the mRNA expression of hepatic
insulin. Methanol extract of stem leaves of
Boerhavia diffus or glibenclamide for 28 days
showed a increase the hepatic IRA relative gene
expression when compared with the diabetic rats
(Fig. 2 (b)). The methanol extract of stem leaves
of Boerhavia diffus action was dose dependent
where the highest effects observed in rats
treated with a dose of 600 mg/kg bwt, and less
effect with a low dose 300 mg/kg bwt.

Higher value of glycated hemoglobin level was
found in the untreated diabetic group (10+2%)
when compared with the control group. The data
presented in Fig. 3 indicated the effect of
Boerhavia diffusa extract and glibenclamide for
28 days on HbA1c. The extract treatment or
glibenclamide for 28 days significantly (p<0.05)
reduced HbA1c. Methanol extract of stem leaves
of Boerhavia diffus or glibenclamide treatment to
the diabetic rat for 28 days resulted in a
significant recovery of this parameter. The
methanol extract of stem leaves of Boerhavia
diffus action was dose dependent.

3.2 Clinical Signs Observed

No obvious clinical signs (tremor, breathing rate,
paralysis) were observed although quantitative
assessments were no carried out.
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Fig. 1. Fasting blood glucose levels in control and diabetic rats, treated or not with of methanol
fraction of stem leaves of Boerhavia diffus for 4 weeks. Each value represents the meant SEM
(n=6)
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Fig. 3. Glycated hemoglobin levels in control and diabetic rats, treated or not with of
methanol fraction of stem leaves of Boerhavia diffus for 4 weeks. Each value is the mean of six
determinations. Each value represents the mean * SEM (n=6). Significant differences (p<0.05)

3.3 Hematological Indices

There was significant decrease (p<0.05) in red
blood count, packed cell volume and hemoglobin
levels of diabetic untreated group (Table 1).
Methanol extract of stem leaves of Boerhavia
diffusa Linn or glibenclamide for 28 days show
no damaging effect on red blood count and
hemoglobin when compared to control group.

Diabetic untreated rats indicated a significant
(P<0.05) reduction in platelet and white blood
count when compared to control group.
Significant (p<0.05) increase in platelet count
and white blood cell count was observed in
groups treated with 300 mg and 600 mg of
methanol extract and glibenclamide when
compared to control group.
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Table 1. Hematological indices of the control group, and rats treaded and untreated rats

Blood Control Diabetic  Glibenclamide 300 mg/kg b.w 600 mg/kg b.w
hematological rats untreated

parameters

RBC(10"“/l) 4.9+0.15 1.70£0.13  4.7040.28* 4.85+0.43* 4.77+0.24*
MCV (f 1) 55.63+1.10 54.73+0.78 55.90+0.73* 54.96+1.39* 55.40+1.02*
HCT (%) 28.95+1.92 14.70+£0.90 27.30+1.80* 26.40+2.30* 26.60+1.60*
PLT (109/L) 170.14+11  71.00£2.40 169.40+2.40** 140.33£11.36** 141.90+11.22**
WBC (109/L) 57111 2.62+1.33 5.92+0.71* 4.96+£1.76** 5.95+1.50**
HGB(g/dl) 12.10+£1.72 5.70+0.30  11.06+0.70* 11.85+0.80* 11.98+0.60*
MCH(pg) 20.00+0.39 19.60+0.18 19.80+0.14* 20.25+0.33* 20.40+0.22*
MCHC(g/dl) 37.26£0.44 37.83+0.31 37.07+0.25* 38.15+0.47* 37.20+0.40*

*: Insignificant statistical difference (p>0.05), **: Significant statistical difference between rats treaded and control
rats for the parameters considered (p<0.05), M £ esm = mean + standard error on average, n = 3.
RBC: red blood count, MCV: Mean cell volume, HCT: Hematocrit, PLT: platelet, WBC: White blood coun,
HGB: hemoglobin, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration

3.4 Plasma Lipid Profiles

Fig. 4 showed a significant (p<0.05) decrease in
total cholesterol (TC), triglyceride (TG) and low
density Lipoprotein (LDL) levels in all diabetes
treated groups when compared with diabetic
untreated group. Administration of methanol
fraction of 600 mg/kg b.w had more lowering
effect (p<0.05) on TC and TG whereas the
diabetic rats treated with 300 mg/kg b.w. But
varying the dose of this methanol extract or
glibenclamide for 28 days increased HDL
(p<0.05) (Fig. 4) compared to control group,
glibenclamide and treated groups.

3.5 Liver Function Tests

The activities of ALT, AST, ALP, and GGT were
significantly altered in the Diabetic group,
indicating damage to hepatocytes. Treatment
with methanol extract of stem leaves of
Boerhaavia diffusa L or glibenclamide
significantly (p<0.05) lowered these enzyme
activities in standard drug treated group, 300 and
600 mg/kg b.w of methanol extract compared to
control group (Fig. 5). There was no statistically
significant difference (p>0.05) in most of the liver
toxicity markers between the groups treated with
the extract at doses 300 and 600 mg/kg body
weight.

3.6 Effect of Methanol Fraction of Stem
Leaves of Boerhavia diffusa on
Glycolytic Enzymes

The activities of hexokinase (Fig. 6) and pyruvate
kinase Fig. 7) were significantly diminished
(p<0.05) in STZ-induced diabetic rats as
compared with normal control animals. However,
methanol extract of stem leaves of Boerhavia

diffusa or glibenclamide for 28 days treatment
significantly increased (p<0.05) the activities of
hexokinase and pyruvate kinase in liver tissues
of diabetic rats. The STZ induced diabetic rats
had significant decrease in the levels of pyruvate
kinase relative gene expression compared with
control rats (p<0.05). While animals administered
with  methanol extract of stem leaves of
Boerhavia diffusa or glibenclamide stimulated the
expression of hepatic pyruvate kinase at protein
and transcript levels when compared with the
STZ-induced diabetic rats (Fig. 7a and b).

The expression of Glut2 tested in liver tissue of
the STZ induced diabetic rats and Boerhavia
diffusa supplemented diabetic rats. We observed
that Boerhavia diffusa or glibenclamide
stimulated the expression of Glut2 both at protein
and transcript levels (Fig. 8).

Hepatic glycogen content in diabetic rats was
found to be significantly reduced (p<0.05)
compared with the normal control. All
treated groups showed significant (p<0.05)
increase in hepatic glycogen when compared
with the diabetic rats. The methanol extract of
stem leaves of Boerhavia diffusa action was
dose dependent where the highest effects
observed in rats treated with a dose of 600
mg/kg bwt, and less effect with a low dose 300
mg/kg bwt in comparison with the glibenclamide
(Fig. 9).

3.7 Effect of Methanol Fraction of Stem
Leaves of Boerhavia diffusa on
Gluconeogenic Enzyme Activities in
the Liver

There was an increase in the activities of
glucose-6-phosphatase (Fig. 10) and fructose-



1,6-diphosphatase (Fig. 11) in diabetic rats as
compared with the normal rats. Supplementation
of Boerhavia diffusa showed restoration of
glucose-6-phosphatase and fructose-1,6-
diphosphatase and (p<0.05), as well as the
standard drug glibenclamide as compared with
control rats. STZ administration significantly
(p<0.05) elevated the activity of glycogen
phosphorylase in diabetic control rats as
compared with the normal animals. Altered
activity of the enzyme is reverted to near
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standard drug glibenclamide in diabetic rats (Fig.
12).

3.8 Effect of Methanol Fraction of Stem
Leaves of Boerhavia diffusa on
Superoxide Dismutase, Catalase and
Glutathione Peroxidase Activities

Superoxide dismutase, catalase and glutathione
peroxidase activities was determined in the liver
during aging in response to Boerhaavia diffusa L

normal levels by extract administration and treatment.
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Fig. 4. Anti-hyperlipidemic activities of stem leaves of Boerhavia diffus for 4 weeks on strepto-
zotocin-induced diabetics Wistar rats. Each value represents the mean * SEM (n=6)
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Fig. 5. Effect of methanol fraction of stem leaves of Boerhavia diffus on some liver enzymes
for 4 weeks. Each value represents the mean + SEM (n=6)
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Fig. 6. Effect of methanol fraction of stem leaves of Boerhavia diffusa on hepatic hexokinase
activity in streptozotocin-diabetic rats. Each value is the mean of six determinations. Each
value represents the mean * SEM (n=6). Significant differences (p<0.05)
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Fig. 7. The activity of hepatic Pyruvate kinase (a) and relative gene expression (relative to beta-
actin gene expression) (b) of Pyruvate kinase in streptozotocin-diabetic rats. Each value is
the mean of six determinations. Each value represents the mean * SEM (n=6). Significant
differences (p<0.05). NS=insignificant differences

We observed that the superoxide dismutase
activity in liver was decreased in diabetic animals
(p<0.05) (Fig. 13). The animal groups treated
with Glibenclamide, methanol extract of stem
leaves of Boerhavia diffusa with 300 mg/kg b.w
and 600 mg/kg b.w) showed augmentation in the
specific activity of superoxide dismutase by 1.75

fold (p < 0.05), 1.25 fold (p < 0.05) and 1.62 fold
(p < 0.05), respectively as compared to control
group.

Diabetes increased catalase activity in liver.
Methanol extract of stem leaves of Boerhavia
diffusa extract significantly decreased the
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catalase activity in diabetic animals (p<0.05)
(Fig. 14). Similarly, methanol extract of stem
leaves of Boerhavia diffusa  extracts and
glibenclamide decreased the activity of
glutathione peroxidase which was increased in
diabetic animals (Fig. 15). The methanol extract
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of stem leaves of Boerhavia diffusa action was
dose dependent where the highest effects
observed in rats treated with a dose of 600
mg/kg bwt, and less effect with the low dose 300
mg/ kg bwt in comparison with the standard drug
glibenclamide.
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Fig. 8. RT-PCR analysis of Glut2 expression after oral administration of Boerhavia diffusa for
28 days to the STZ induced diabetic group wistar rats as described in materials and methods.
RNA was extracted and reverse transcribed (1 pg) and RT-PCR analysis was carried out for
Glut2 genes. Densitometric analysis was carried for 6 different rats. Each value represents the
mean = SEM (n=6). Significant differences (p<0.05)
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Fig. 9. The activity of Hepatic glycogen in streptozotocin-diabetic rats. Each value is the mean
of six determinations. Each value represents the mean * SEM (n=6). Significant differences
(p<0.05). NS=insignificant differences
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Fig. 10. Effect of methanol fraction of stem leaves of Boerhavia diffusa on glucose-6-
phosphatase activity in streptozotocin-diabetic rats. Each value is the mean of six
determinations. Each value represents the mean * SEM (n=6). Significant differences (p<0.05)
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Fig. 11. Effect of methanol fraction of stem leaves of Boerhavia diffusa on Fructose 1,6-
diphosphatase activity in streptozotocin-diabetic rats. Each value is the mean of six
determinations. Each value represents the mean * SEM (n=6). Significant differences (p<0.05)

3.9 Inhibition Peroxidative Damage by
Methanol Fraction of Stem Leaves of
Boerhavia diffusa

Peroxidation was initiated by the Fenton
reagent and determined in terms of TBARS
formation. Methanol extract of stem leaves
of Boerhavia diffusa demonstrated a strong
anti-lipid peroxidative effect (94+2%). Inhibitory
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effect peroxidative damage, in a dose
dependent manner where the highest effects
observed in rats treated with a dose of 1.000
mg/ml, and less effect with the low dose
0.0625 mg/ml (Fig. 16). The lipid peroxidation
inhibition activity of extracts from Boerhavia

diffusa is stronger when compared to
the reference antioxidant ascorbic acid
(Fig. 16).
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Fig. 12. Effect of methanol fraction of stem leaves of Boerhavia diffusa on glycogen
Phosphorilase activity in streptozotocin-diabetic rats. Each value is the mean of six
determinations. Each value represents the mean * SEM (n=6). Significant differences (p<0.05)
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Fig. 13. Activities of superoxide dismutase in liver (c) day 28 in diabetic and control rats,
treated or not with extracts of Boerhaavia diffusa L. The determination of activities of
superoxide dismutase were performed as described in the Materials and Methods section.
Each value represents the meantSEM (n=6). Abbreviations: SOD superoxide dismutase

3.10 Anti-inflammatory Activity of Stem
Leaves of Boerhavia diffusa

Fig. 17 (a) shows the inhibitory effects of the
extracts and ascorbic acid of Boerhavia diffusa
on Xanthine Oxidase (XO) activities. These
clearly showed that methanol extract from
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Boerhavia diffusa has the inhibitory activities of
the xanthine oxidase enzyme in a dose
dependent manner. A better inhibitory activity
(75+0.66%) of the methanol extract of Boerhavia
diffusa on the xanthine oxidase at a
concentration of 1.00 mg.mL'1.



The 5-LOX pathway generates an important
class of inflammatory mediators, such as
leukotrienes. Fig. 17 (b) also shows the inhibitory
effects of the extracts on lipoxygenase activity in
a dose dependent manner, enzyme involved in
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generating free radicals. Methanol extract of
Boerhavia diffusa showed stronger inhibitory
activity towards lipoxygenase at a concentration
of 1.00 mg.mL'1 comparatively of the reference
ascorbic acid.
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Fig. 14. Activities of Catalase in liver day 28 in diabetic and control rats, treated or not with
extracts of Boerhaavia diffusa L. The determination of activities of catalase were performed as
described in the materials and methods section. Each value represents the meantSEM (n=6).
Abbreviations: CAT catalase
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Fig. 15. Activities of Glutathione peroxidase in liver day 28 in diabetic and control rats, treated
or not with extracts of Boerhaavia diffusa L. The determination of activities of Glutathione
peroxidase were performed as described in the Materials and Methods section. Each value

represents the meantSEM (n=6). Abbreviations: GPx glutathione peroxidas
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Fig. 16. Anti-lipid peroxidation activity. The percent inhibition of lipid peroxidation was
quantified by measuring the reduction of thiobarbituric acid (TBARS) production with
respective controls in the presence of extracts. Ascorbic acid was used as standard
antioxidant. Data are Mean*SEM (n = 6)
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Fig. 17. Xanthine oxidase (a) and lipoxygenase (b) inhibitory activity. Allopurinol, a known
inhibitor of XO, Ascorbic acid were used as positive controls, in a final concentration of 100
mg.mL-1 in the reaction mixture. Data are Mean*SEM (n = 6)

3.11 Anti-Acetylcholinesterase Activity of not statistically different from 0.50 mg/mL and 1

Stem Leaves of Boerhavia diffusa mg/mL. 0.50 mg/mL showed strong inhibition of

acetylcholinesterase with a percentage value of

Methanol extract of Boerhavia diffusa exerted an  70.21.55%. Methanol extracts of Boerhavia

inhibitory effect on acetylcholinesterase (Fig. 18).  diffusa 0.0625 mg/ mL showed the weak

All the doses showed inhibitory effects.The inhibition of acetylcholinesterase with a
Boerhavia diffusa-induced inhibitory effects were  percentage value of 30+2%.
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Fig. 18. The inhibitory effect of extracts from Boerhaavia diffusa L. on acetylcholinesterase
(AChE ) activity. The determination of activities of acetylcholinesterase were performed as
described in the Materials and Methods section. Each value represents the mean*SEM (n=6)

4. DISCUSSION

The increasing prevalence of diabetes in both
developed and developing countries has
challenged scientists to further conduct research
in sourcing for potent therapeutic agents from
natural sources for more efficient usage in the
treatment and management of diabetes [43].
Evidence has shown that tight and optimal blood
glucose control eliminates diabetic complications
[44].

The rapid discovery of various medicinal plants
and natural products with anti-diabetic potentials
has provided a remarkable intervention in the
history of many diseases including diabetes [45].

The basis for the use of a number of plants as
novel remedies for diabetic complications cannot
be overemphasised [46,47].

Diabetic rats injected with STZ showed elevated
plasma glucose levels, which is indicative of
hyperglycemia, an observation also reported by
other authors [48,49]. Promotion of excessive
oxidative stress in the vascular and cellular
milieu results in endothelial cell dysfunction,
which is one of the earliest and most pivotal
metabolic consequences of chronic
hyperglycemia [50].

Hyperglycemia-induced oxidative stress has
been shown to be actively involved in the onset
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and progression of diabetes, leading to various
complications such as cardiovascular diseases,
nephropathy, amputation of limbs and blindness
[51,52]. The mechanism of STZ as a toxicant
used to induce hyperglycemia in experimental
animals involves its toxic effect on the beta cells
of the pancreatic islet [53]. Consequently, ROS
are formed during this process and a cascade of
reactions occur leading to increased levels of
superoxide radicals, hydrogen peroxide, and
hydroxyl radicals with potential damaging effects
on cell macromolecules in the animals [54,55].

In streptozotocin induced diabetic rat, the
elevation in levels of fasting blood glucose and
glycated hemoglobin along with diminution in
liver levels due to low levels of serum insulin as
per present findings and in parallel with our
previous reports [56,57].

There was a significant reduction (p< 0.05) in
blood glucose concentration of diabetic rats
(shown in Fig. 1) after administration of extract of
methanol extract of stem leaves of Boerhavia
diffusa. The hypoglycaemic activity exhibited by
these extract may be due to the ability of the
extract to inhibit the endogenous glucose
production, inhibit insulinase activity, or increase
insulin production from the B cells of the islet of
Langerhans [58] and inducing the sensitivity of
cell receptors to insulin, or reduced glucose
absorption from the gastrointestinal tract. In the
entire cases, methanol extract of stem leaves of



Boerhavia diffus shows its potency, which may
be due to flavonoids, and phenol or phenolic
compound present in it. Polyphenols has major
antioxidant activity with redox properties [59]
adsorb and neutralises free radical, extinguish
singlet and triplet oxygen, and scavenges
peroxides.

That possess hypoglycemic, as well as
antioxidant properties. Some flavonoids have
hypoglycemic properties because they improve
altered glucose and oxidative metabolisms of the
diabetic states. They also exert a stimulatory
effect on insulin secretion by changing Ca®*"
concentration [60].

This appears through the induction of expression
of the insulin gene in pancreatic cells and IRA in
hepatic cells, and increasing the serum insulin
levels consequently increased glucose uptake
through induction of Glut2 gene expression. The
STZ induces a selective destruction of
pancreatic-cells leading to poor glucose
utilisation inducing hyperglycemia, but leaving
many of the surviving beta cells, which can be
regenerated. Such regeneration is enhanced by
the administration of Boerhavia diffusa, and
results in stimulating insulin release through
increasing the level of gene expression, and so
increasing its level in the blood, which can
improve glucose metabolism.

Insulin receptors are expressed with different
ranges in all tissues that are sensitive to insulin
[61]. This enforce our results, which showed high
hepatic IRA gene expression levels in the groups
that were administrated doses of Boerhavia
diffusa. Hepatic glucose utilisation was induced
possibly due to the induction of gene expression
of the Glut2 gene.

The latter is a membrane bound glucose
transporter present mainly in the liver, and not
dependent on insulin.

The level of HbAIc is monitored as a reliable
index of glycemic control in diabetes. Elevated
HbAlc was observed in the diabetic group which
indicates poor glycemic control. Uncontrolled and
long-term diabetes was often accompanied with
high  glycosylated hemoglobin  which is
responsible for the development of late diabetic
complications namely vascular dysfunction,
neuropathy, and diabetic nephropathy. In case of
diabetic rats treated with the Boerhavia diffusa
extract, the HbAlc levels were brought down from
elevated level to almost normal.
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STZ administration was associated with
hepatocellular damage. The increased activities
of marker enzymes like TG, TC, LDL, GGT in
serum are suggestive of liver injury, which might
be mainly due to the leakage of these enzymes
from the liver cytosol into the blood stream [62].

Hematological complications consist mainly of
abnormalities in the functions, morphology and
metabolism of erythrocytes, leukocytes and
platelets [63].

The primary reasons for assessing the red blood
cell (RBC) is to check anemia and to evaluate
normal hematopoiesis [64]. There was significant
decrease (p<0.05) in RBC, HGB levels of
diabetic untreated group (Table 1). These may
be as a result of anemia or the onset of
glycosylation process because the reactive
oxygen species (ROS) generated during STZ
metabolism has been implicated in red cell
damage [65]. Anemia has also been identified as
a common complication of chronic kidney
disease, affecting over half of all patients and the
most common cause of chronic kidney disease in
about two-third (2/3) of cases is diabetes mellitus
[66]. Both fractions show no damaging effect on
RBC and HGB when compared to
normoglycemic. Platelets are fragment of cells
that participates in blood clotting, and initiate
repair of blood vessels, and are also considered
as acute phase reactant to infection or
inflammation. Platelet count (PLT) showcases
the precise method of determining the degree of
acute blood loss while white blood cell count
(WBC) measures the total number of white blood
cells which defend the blood against
opportunistic infection. Diabetic untreated rats
indicated a significant (P<0.05) reduction in PLT
and increase in WBC when compared to
normoglycemic. This is in line with the studies
carried out by Edet [67] that STZ diabetogenesis
may cause perturbation in the bone marrow stem
cells. Significant (p<0.05) increase in platelet
count and white blood cell count was observed in
groups treated with 300 mg and 600 mg of
methanol extract of stem leaves of Boerhavia
diffusa) when compared to normoglycemic and
other treated groups (glibenclamide and
methanol extract of stem leaves of Boerhavia
diffusa). Generally, a reactive thrombocytosis
due to abnormal increase in platelet is
associated with an increased thrombotic risk
when it is accompanied with overproduced red
blood cells and white blood cells to some degree
[68]. Mean cell volume (MCV), mean corpuscular
hemoglobin (MCH) and mean corpuscular



hemoglobin concentration (MCHC) in all groups
were normal.

Diabetes induces dyslipidemia due to Insulin
deficiency or insulin resistance because insulin

has an inhibitory action on 3-hydroxy-3-
methylglutaryl coenzyme A  (HMG-coA)
reductase, a key role rate-limiting enzyme

responsible for the metabolism of cholesterol rich
low density lipid particles [69]. Acute insulin
deficiency initially causes an increase in free fatty
acid mobilisation from adipose tissue. High
density lipoprotien (HDL) is an anti-atherogenic
lipoprotein. Fig. 4 showed a significant (p<0.05)
decrease in low density lipoprotein (LDL), total
cholesterol (TC) and triglyceride (TG) levels in all
diabetes treated groups when compared with
diabetic untreated group. This might be due to
the reduced hepatictriglyceride synthesis and/ or
reduced lipolysis as a result of oral administration
of the methanol extract of stem leaves of
Boerhavia diffusa of 600 mg/kg b.w had more
lowering effect (p<0.05) on TG and TC. Oral
administration of the methanol extract of stem
leaves of Boerhavia diffusa increased HDL, thus
indicating a reversed atherogenic risk. But 600
mg/kg b.w of methanol extract of stem leaves of
Boerhavia diffusa, glibenclamide revealed
significant (p<0.05) increase compared to control
groupe. The diabetic untreated group depicted a
significant p<0.05 decrease in HDL levels.

ALT and AST are determined predominantly for
hepatocellular damage. High level of AST
indicates that the liver is damage due to toxicant
effect during cardiac infection and muscle injury.
ALT is however more specific to the liver for
detecting hepatocellular damage [70].

STZ-induced diabetic rats showed marked
hepatocellular damage in the form of
inflammation, sinusoidal dilation, fatty changes,
and extensive vacuolisation with the
disappearance of nuclei. Serum ALT, AST, ALP,
and GGT levels were substantially higher in STZ-
induced diabetic rats, but it was restored to near
normal levels after the treatment with Boerhavia
diffusa. Thus analysis showed the protective
effect of methanol extract of stem leaves of
Boerhavia diffusa in experimental diabetes.

Increase in the serum level of ALP is due to
increased synthesis in presence of increasing
biliary pressure [71]. Generally there was
significant decrease (p<0.05) in ALP, ALT, AST
and GGT level in all diabetic treated group which
indicate that the methanol extract of stem leaves
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of Boerhavia diffusa has hepatoprotective
potentials. ALT was restored to near normal
levels after the treatment with Boerhavia diffusa
and glibenclamide was due to gradual decrease
of diabetic complications.

According to previous reports, Diabetes mellitus
was presented with alterations in glucose
homeostasis that contribute to persistent
hyperglycemia and liver plays a major role in the
regulation of glucose metabolism [72]. The
activity of enzymes like hexokinase, pyruvate
kinase, glucose-6-phosphatase, and fructose-
1,6-diphosphatase  was markedly altered,
resulting in hyperglycemia, which leads to the
pathogenesis of diabetic complications [73]. The
altered the activity of hexokinase and pyruvate
kinase, key enzymes in the catabolism of
glucose, diminishing the metabolism of glucose
and ATP production in diabetic conditions. The
reduction in the activities of these enzymes in the
liver tissues of diabetic rats is an indication of
reduced glycolysis and amplified
gluconeogenesis signifying that these two
pathways are distorted in diabetes. In agreement
with the above reports, the activities of
hexokinase and pyruvate kinase were
significantly decreased in the STZ-induced
Diabetes mellitus group.

Administration of methanol extract of stem leaves
of Boerhavia diffusa or glibenclamide to diabetic
rats significantly elevated these enzyme activities
in liver. The activities of regulatory enzymes in
gluconeogenesis, like glucose-6-phosphatase
and fructose-1,6-diphosphatase, are elevated in
Diabetes mellitus [74] and increased activities of
these enzymes in STZ- induced diabetic rats
may be due to insulin insufficiency [75]. Glucose-
6-phosphatase and fructose-1,6-diphosphatase
are dephosphorylating enzymes which impair
hepatic glucose utilisation. Our results showed
that the activities of glucose-6-phosphatase and
fructose-1,6-diphosphatase were significantly
decreased by the administration of methanol
extract of stem leaves of Boerhavia diffusa or
glibenclamide.

Glycogen is the primary intracellular storage form
of glucose and its quantity in various tissues is a
direct manifestation of insulin activity as insulin
supports intracellular glycogen deposition [76].
The reduced glycogen store in diabetic rats has
been attributed to the loss of glycogen synthase-
activating system and/or the increased activity of
glycogen phosphorylase [77]. In the present
study, there was a decrease in the hepatic



glycogen content of diabetic rats which suggests
the increased glucose output during insulin
deficiency. Here diabetic animals showed
increased glycogen phosphorylase activity when
compared with control animals. Treatment with
Boerhavia diffusa or glibenclamide restored the
levels of glycogen, probably by means of
decreasing the activity of glycogen
phosphorylase.

Modulatory effect of Boerhavia diffusa was also
studied on the free radical metabolising enzymes
which render the protection against oxidative
stress, in addition to the status of the oxidative
damage in the liver of rat.

Antioxidant enzymes (Superoxide dismutase,
catalase and glutathione peroxidase) delay or
prevent the oxidation of substrates and prevent

ROS-induced oxidative stress [78]. The
synergistic relationship between superoxide
dismutase and Catalase against ROS

accumulation inactivates peroxyl radicals and
superoxide anions, converting them to water and
oxygen [79]. Glutathione peroxidase detoxifies
H,O, and lipid peroxides using GSH as
substrate.

As a preventive measure against oxidative
stress, organisms have evolved endogenous
defence. Superoxide dismutase, one of the
enzymes of defence system dismutates O to
H,O, is subsequently removed by catalase and
glutathione peroxidase by reducing it to H,O [80].

Boerhavia diffusa L.modulaed the specific
activities of superoxide dismutase, catalase, GPx
significantly, as consequence o* likely to be
dismuted and H,O, thus formed be reduced to
H,O resulting into protection against oxidative
stress.

In a cell, the one electron reduction of H,O,
catalysed by transition metals generates HO’,
the most reactive oxygen species which interacts
with biomolecules by abstracting the hydrogen
and subsequently breaking the chemical bond
hemolytically [81]. As mentioned earlier, HO’
initiates free radical chain reaction in the form of
peroxidation. The protective action exhibited by
Boerhavia diffusa L.against oxidative damage in
the present study confirm their ability to
scavenge the free radicals and in turn their
antioxidant activity.

Boerhavia diffusa downregulated the activity of
catalase and glutathione peroxidase that was
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very high in diabetes rats [82]. It is possible that
polyphenols, present in these extracts may be
responsible for these beneficial effects. It has
been shown that Boerhavia diffusa exhibited free
radical-scavenging activity, significant blood
sugar reduction capacity, and reduced the levels
of oxidative stress markers like catalase in
animal model [83].

The role of peroxidative processes in disease is
a subject of intense research interest. Lipid
peroxidation of cell membranes is associated
with various pathological events such as
atherosclerosis, inflammation and liver injury
[84]. Decrease in lipid peroxidation by extracts
from stem leaves of Boerhavia diffusa may be a
result of it scavenging OH produced by FeCl,-
H.O, and H,0, in the reaction system [85].

Our extracts reduced lipid peroxidation in liver,
the primary target organ of drug metabolism.
These results suggest that the methanol extract
of stem leaves of Boerhavia diffusa may not
cause hepatotoxicity; but acts as protective agent
by preventing oxidative damage.

These findings could be explained by the
production of pre-oxidised myoglobin that is
susceptible to further oxidation [86] or by
cooking’s decreased ferric ion reducing capacity,
but increases non-heme iron of meat, resulting in
comparatively lower ferric ion reducing capacity
in cooked than raw meat.

Xanthine oxidase (XO) inhibitors are known to be
therapeutically useful for the treatment of gout,
hepatitis and brain tumor [87]. The inhibition of
XO activity has been attributed to various
compounds such as polyphenols and flavonoids.
Our results are confirmed by those obtained by
Boumerfeg et al. [88], Wu et al. [89], Baghiani et
al. [90], Baghiani et al. on Carthamus caurulis
[91]. They found that the richest extracts phenolic
compounds are the most active XO.

The 5-LOX pathway generates an important
class of inflammatory mediators, such as
leukotrienes (LTs), which plays a major part in
the inflammatory process [92]. ROS have been
implicated in the process of inflammation [93].
Antioxidants (such as polyphenolics, flavonoids)
are known to inhibit plant lipoxygenase.
Polyphenols are widely distributed in nature and
some studies have revealed that polyphenols
constitute rich inhibitors of LOX product
synthesis [94]. The role of antioxidants in the
inhibition of inflammatory enzymes such as LOX
enzymes [95,96]. The antiinflammatory (anti-



lipoxygenase) activities of plants extracts could
be explained by the potent inhibitory effects of
their phenolic compounds on arachidonic acid
metabolism through the lipoxygenase pathway.
The results suggest that methanol extract of
stem leaves of Boerhavia diffusa have potentially
high anti-inflammatory effect (antilipoxygenase
activity), which might be related to polyphenolic

content and other antioxidant substances.
Phenolic compounds and antioxidants such as
flavonoids, saponin etc may block the

arachidonic acid pathway by inhibiting LOX
activity and thus may serve as scavengers of
ROS which are produced during arachidonic acid
metabolism.

5. CONCLUSION

Our study shows that oral administration of
methanol extract of stem leaves of Boerhavia
diffusa exerted antidiabetic mediated through the
regulation of carbohydrate metabolic enzyme
activities, modulate the activities of anti-
inflammatory and antioxidant enzymes in
experimental diabetes.
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