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induced insulin resistant rats and its identification of phytoconstituents
by Gas chromatography-mass spectroscopy (GC-MS). Crude methanol
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column chromatography to yield 48 fractions. Pooling together of
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fractions with similar thin layer chromatographic (TLC) mobility
profile afforded four major fractions (Fr A – Fr D). Bioactivity of the
fractions obtained was evaluated in insulin resistant Wistar rats.

Female Wistar rats were given (p.o.) normal diet (CON), high-salt diet (8%) daily (HS), Fr
A-Fr D (HS rats treated with 10mg/kg bw of fractions A-D). Insulin resistance (IR) was
estimated using the homeostatic model of assessment (HOMA). Results showed that high salt
diet led to significant increases in insulin resistance, plasma insulin, total cholesterol (TC),
triglyceride (TG), TC/HDL-cholesterol, and decreased glucose tolerance. Fraction B was the
most effective in attenuating insulin resistance and dyslipidaemia. Fraction B of methanol
extracts of Bridelia micrantha yielded 18 different phytochemicals confirmed by GC-MS
analysis, some of which are known to have antidiabetic properties. In conclusion, the present
study report the use of fractions of Bridelia micrantha leaves in the attenuating insulin
resistance and dyslipidaemia in rats fed high salt diet and also identified the presence of
compounds that could be responsible for these actions.
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INTRODUCTION
Diabetes mellitus (DM) is a major health concern and the third greatest cause of death
worldwide. According to the International Diabetes Federation (IDF), an estimated 415
million people had DM in 2015 which is predicted to increase to 642 million by 2040.[1]
About 90% of diabetic patients have type 2 DM with insulin resistance playing a key role in
the development of the disease.[2,3] DM and insulin resistance have been reported to be
associated with increased serum triglycerides, decreased serum HDL and sometimes
increased serum LDL.[4]
The present day diets termed Western diet are overloaded with salt and sugar.[5,6] Apart from
the daily salt added to cooked food and natural sources of salt such as meat and plant matter,
about 80% of daily salt intake comes from processed food alone.[7] Thus it can be inferred
that frequent daily high salt intake occurs in individuals who are not often conscious of the
amount of salt they consumed. The current estimate of salt consumption in human per day is
about 8–12 g[8,9] which is much higher than the recommended daily intake of 1.5–2.0 g.[10]
The contemporary dietary habit of processed food consumption has become a risk factor in
the development of metabolic syndrome.[11,13] Indeed, diet high in sucrose and/or salt diet
have been linked to increasing incidence of obesity, hypertension, stroke and type 2
diabetes.[8,14,15] Studies in both humans and animals have reported the link between high-salt
diet intake and insulin resistance.[16,17] Glucose dysregulation and dyslipidaemia also play
important roles in the pathogenesis of IR and CVD.[18]
Medicinal plants are commonly used in the management of diseases worldwide due to the
high cost and adverse side effects of most pharmacological treatments.[19,20] Herbs peculiar to
each sub-regions have been used to cure and control different diseases, Nigeria inclusive.[21]
Until now, only a few of such medicinal plants have been scientifically validated.[22] In South
Western Nigeria, a leaf decoction of Bridelia micrantha is used traditionally as part of recipe
for the management of diabetes mellitus.[23] Bridelia micrantha. (Euphorbiaceae), commonly
known in English as “coast gold leaf” or “ogaofia” (the boss of the bush) in Igbo or “igi-ira”
in Yoruba, is a deciduous tree of about 20 meters tall with a dense rounded crown. The plant
is indigenous to southern part of Nigeria. The leaf extract of the plant Bridelia micrantha has
been reported to have several beneficial metabolic effects in animal models, including blood
glucose lowering and antioxidant effects.[24] Bioassay guided fractionation is one the key
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technique by which compounds with good biological activity has been isolated from
medicinal plants.[25] This present study was carried out to separate Bridelia micrantha leaf
extract into fractions, investigate the effect of fractions on insulin resistance and identify the
bioactive compounds present in the plant extract.
MATERIALS AND METHODS
Plant material and extract preparation
Fresh leaves of Bridelia micrantha were collected from a farm settlement in Ogbomoso, Oyo
State, Nigeria. The plant was identified, authenticated and registered with voucher specimen
number (LHO 376) at the herbarium unit of the Biology department, Ladoke Akintola
University of Technology, Ogbomoso. The Bridelia micrantha leaves were collected washed
in tap water and air dried at room temperature. The dried leaves were ground into powder and
the powdered sample was extracted using water and methanol as solvent.[26] The powder
(800g) was macerated in 100% methanol at room temperature for 72 hrs. This was then
filtered using a filter paper (Whatmann size no.1) and the filtrate was evaporated to dryness
in water bath at 400c to a brown dried residue of 80.6g and kept in an air tight bottle until
used.
Column Chromatography fractionation of Bridelia micrantha crude extract
Bridelia micrantha crude extract (20 g) was subjected to column chromatography to separate
the extract into its component fractions using a column size of 3.5 x 50 cm. Silica gel (60 G)
was used as the stationary phase while varying solvent (hexane, ethyl acetate and methanol)
combinations of increasing polarity were used as mobile phase. The tap was then opened to
allow the eluent to flow at a controlled rate of 40 drops per minute. Elution of the extract was
done with solvent systems of gradual increasing polarity. The following ratios of solvent
combinations were sequentially used in the elution process; Hexane: ethylacetate 100:0, 95:5,
90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90 and 0:100. The same ratios
were used for Ethyl acetate: methanol combination. The eluted fractions were collected in
aliquots of 20 ml in small sterile bottles. The eluent was recovered from fraction by rotary
evaporation. Spectroscopic techniques (IR and UV) were used for preliminary
characterization of active compounds.[27]
Thin Layer Chromatography (TLC)
Thin layer chromatography (TLC) involves the use of silica gel sorbent spread on an inert
sheet of glass as a stationary phase. The mobile phase was allowed to travel up the plate
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carrying the sample that was iitially seen on the sorbent just above the solvent [27] (Kaur et al.,
2014).
Animals and treatment
The investigation was conducted in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals and was approved by the University of Ilorin
Ethical Review Committee (Reference no: UIL/UERC/12/68BK001). Every effort was made
to minimize both the number of animals used and their suffering. Wistar rats weighing
between 150-200g were randomly assigned into 6 groups (n=6/group). Rats were maintained
under standard environmental conditions of temperature, relative humidity, and dark/light
cycle. The control group (CON) received standard rodent diet, the high-salt diet group (HS)
received 8% salt in diet only, HS group treated with 10 mg/kg bw fraction A of methanolic
extract of Bridelia micrantha leaf (FrB), HS group treated 10 mg/kg bw fraction B of
methanolic extract of Bridelia micrantha leaf (FrC), HS group treated with 10 mg/kg bw
fraction C of methanolic extract of Bridelia micrantha leaf (FrD), HS group treated with 10
mg/kg bw fraction D of methanolic extract of Bridelia micrantha leaf (FrG). For the first
three weeks, five groups (HS, FrA, FrB, FrC, and FrD) were fed with high-salt diet daily to
induce IR. For the subsequent three weeks, FrA, FrB, FrC, and FrD groups received (po)
fractions A, B, C, D of methanolic extracts of Bridelia micrantha leaf respectively. CON and
HS groups continued with their previous diets.
Measurement of body weight, food, and water intake
Body weight of rats was measured weekly using a weighing balance. The body weight
change was calculated as: (final body weight − initial body weight) in grams. Food and water
intake was measured daily based on the weight and volume of leftover feed and water
respectively.
Sample preparation
At the end of treatment period, the rats were anesthetized with sodium pentobarbital. Blood
was collected by cardiac puncture into heparinized bottle and was centrifuged at 3000g for
5min. Plasma was stored frozen until needed for biochemical assay.
Oral glucose tolerance test (OGTT)
Glucose challenge test was performed 24 hrs before the end of the experiment. The rats had
12 hrs overnight fast. Glucose (2 g/kg bw) was given (po). Blood sample was obtained from
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the tail before glucose load and then sequentially after 30, 60, 90 and 120 min. Blood glucose
levels were determined with a glucometer (ACCU-CHEK Active- Roche Diagnostics,
Germany). Glucose tolerance was expressed as a function of the area under the OGTT curve
(AUC) as previously described.[28] Elevated 1-hr postload glucose level is also used as a
reliable predictor of IR, pancreatic β-cell function, atherosclerotic CVD and renal
dysfunction.[29,30]
Biochemical assays and IR
Plasma insulin was determined using ELISA kit from Ray Biotech, Inc. (Georgia, USA).
Fasting plasma levels of total cholesterol (TC) and triglyceride (TG) were measured by
standardized enzymatic colorimetric methods using assay kit obtained from Fortress
Diagnostics Ltd. (Antrim, UK). High-density lipoprotein-cholesterol (HDL-C) was measured
by enzymatic clearance assay (Daiichi Pure Chemicals Co., Ltd., Tokyo, Japan) whereas lowdensity lipoprotein-cholesterol (LDL-C) was estimated using modified Friedewald‟s
formula.[31] TC/HDL-C and TG/HDL-C ratios were estimated as marker of atherogenic lipid
indices. IR was estimated using the homeostasis model assessment for IR (HOMA-IR).
HOMA-IR is expressed as fasting glucose (mmol/l) * fasting insulin (μU/l)/22.5.
Gas chromatography-mass spectroscopic analysis of fraction C of methanolic extract of
Bridelia micrantha leaf
GC-MS analysis of fraction C of Bridelia micrantha was performed using the equipment
Thermo GC-Trace Ultra Version: 5.0, Thermo MS DSQ II. The equipment has a DB 35 – MS
Capillary Standard non-polar column with dimensions of 30 mm × 0.25 mm ID × 0.25 μm
film. The carrier gas used is Helium with at low of 1.0 ml/min. The injector was operated at
250°C and the oven temperature was programmed as follows: 60°C for 15 min, then
gradually increased to 280°C at 3 min. The identification of components was based on Willey
and NIST libraries as well as comparison of their retention indices. The constituents were
identified after comparison with those available in the computer library (NIST and Willey)
attached to the GC-MS instrument and the results obtained have been tabulated.
Data analysis and statistics
All data were expressed as means ± SEM. Statistical group analysis was performed with
SPSS statistical software. One-way analysis of variance (ANOVA) was used to compare the
mean values of variables among the groups. Bonferroni‟s test was used to identify the
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significance of pair wise comparisons of mean values among the groups. Statistically
significant differences were accepted at p<0.05.
RESULTS
Column Chromatographic Fractions of Bridelia micrantha Leaf Extract
Fractionation of Bridelia micrantha crude extract using column chromatography yielded 48
fractions. Pooling together of the fractions with similar TLC mobility profile; afforded four
(4) major fractions.
Physiological parameters
In the high salt only treated rats, high-salt diet only caused a significant decrease in body
weight (Table 1). Treatment with the fractions of extract for 3 weeks produced signs of
recovery in body weight. High-salt diet only led to significant decrease in food intake (Table
1). The high-salt only fed rats consumed significantly more water but less food compared to
the control (Table 1). Treatment with fractions of extract ameliorated these effects. The
weights of the heart and pancreas were not affected in all experimental groups (Table 1).
Glucose regulation
Fasting glycemia was not affected in all experimental groups (Fig 1a). High-salt diet only led
to significant elevated glycemia after ½-hour of glucose load. High salt diet only still caused
elevated glycemia after 1-hour and 1½-hour of glucose load. However, treatment with FrA,
FrB, FrC and FrD led to significant reduction in glycemia after 1-hour and 1½-hour of
glucose load in the high-salt diet rats (Fig. 1b). Glucose tolerance was estimated by the area
under the curve (AUC) of oral glucose tolerance test (OGTT). The values of AUC were
significantly higher in high-salt diet only rats when compared to the control, whereas AUC
was significantly lower in FrA, FrB and FrC treated rats when compared to high-salt diet only
rats (Fig. 1c).
Insulin sensitivity
High-salt diet only led to significant increase in HOMA-IR, whereas treatment of the highsalt fed rats with FrB and FrC of methanolic extract of Bridelia micrantha leaf led to
significant decreases in HOMA-IR (Fig. 2a). High-salt diet only resulted in significantly
increased fasting plasma insulin level compared to control (Fig. 2b). After three weeks of
treatment, only the high-salt fed rats that received 10 mg/kg bw of fraction B of methanolic
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extract of Bridelia micrantha leaf had significantly reduced plasma insulin level compared
with the high-salt diet only.
Circulating lipids and atherogenic dyslipidemia
Table 2 depicts the effect of fractions of methanolic extract of Bridelia micrantha leaf on TG,
TC, HDL-C and LDL-C in IR rats. High-salt diet only led to significant increase in plasma
levels of TC, TG and LDL-C in all experimental groups when compared with the control
whereas plasma HDL-C level was significantly decreased in all experimental groups
compared to control. After three weeks of treatment, only FrB treated group had significantly
reduced plasma TC, TG and LDL-C levels and significantly increased plasma HDL-C level
compared with the high-salt diet only. The significantly increased atherogenic indices in
high-salt diet only rats were reduced significantly in FrB and FrC groups only. (Fig. 3a & b).
GC-MS studies
Out of 48 column fractions of methanolic extract, fraction B was chosen for GC-MS studies
because it was the most effective in improving insulin sensitivity in our model of insulin
resistance. In fraction B, 18 prominent compounds were identified by GC-MS studies (Table
3, Fig 4).
Figure Legend
Fig. 1: Effect of fractions of methanolic extracts of Bridelia micrantha leaf on oral
glucose tolerance test (OGTT; a) and area under curve (AUC) of OGTT in salt induced
IR rats (b). High salt diet only led to increase in 1hr postload glucose and AUC that was
attenuated in FrA, FrB, FrC and FrD rats. Data were analyzed by one-way ANOVA
followed by Bonferroni post hoc test. Values are expressed as mean ± SEM of 6 rats per
group (*p<0.05 vs CON; **p<0.01 vs CON; # p<0.01 vs HS; ##p<0.01 vs HS).
Fig. 2: Effect of fractions of methanolic extracts of Bridelia micrantha leaf on IR
marker. HOMA-IR. High salt diet only led to increase in HOMA-IR that was
attenuated in FrB and FrC rats. Data were analyzed by one-way ANOVA followed by
Bonferroni post hoc test. Values are expressed as mean ± SEM of 6 rats per group
(*p<0.05 vs CON; #p<0.05 vs HS).
Fig. 3: Effect of fractions of methanolic extracts of BM on atherogenic indices (a & b).
IR led to an increase in TC/HDL-C and TG/HDL-C ratios. Elevated TC/HDL-C and
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TG/HDL-C ratios were attenuated on treatment with FrB and FrC. Data were analyzed
by one-way ANOVA followed by Bonferroni post hoc test. Values are expressed as mean
± SEM of 6 rats per group (*p<0.05 vs CON; #p<0.05 vs HS, ##p<0.01 vs HS).
Fig. 4: Gas chromatography-mass spectroscopic analysis of fraction B of methanolic
extract of Bridelia micrantha leaf.
Table 1: Effects of fractions of methanolic Bridelia micrantha leaf extracts on body
weight change, food and water intake in high salt-induced IR.
PARAMETERS
Body weight
change(g)

CON

HS

Fr A

Fr B

Fr C

Fr D

10.6±0.6

-1.2±0.3

1.0±0.3

6.3±0.9

2.2±0.3

4.3±0.8

Water intake
118.4±2.4
150.9±3.0*
131.4±3.4
117.8±3.3#
125.1±4.5
123.0±8.3
(ml/kg)
Food intake (g/kg) 121.8±2.5
92.8±3.1*
102.5±4.8
118.6±6.6#
114.0±3.5
99.6±2.3
Data are expressed as mean ±SEM of 6 rats per group. Data were analyzed by one-way
ANOVA followed by Bonferroni posthoc test (*p<0.05 vs CON; **p<0.01 vs CON; #p<0.05
vs HS, ##p<0.01 vs HS).
Table 2: Effects of fractions of methanolic extract of Bridelia micrantha leaf on lipid
profile in high salt-induced IR.
PARAMETERS
CON
Triglyceride (mg/dl)
68.4±4.4
Total cholesterol (mg/dl)
82.8±7.1
HDL-cholesterol (mg/dl)
34.2±2.6
LDL- cholesterol (mg/dl)
34.8±7.1
Data are expressed as mean

HS
Fr A
Fr B
Fr C
Fr D
180.9±6.0** 132.4±23.4*
61.8±7.3## 115.1±11.5*## 123.0±28.3
111.8±5.5*
102.5±4.8
69.6±4.3##
74.0±2.5##
88.6±6.6#
18.4±1.1**
20.1±4.5*
29.9±1.2##
22.2±1.8**
18.6±2.4**
##
##
57.3±3.6*
55.9±5.7*
27.3±4.5
28.9±0.7
45.4±2.2#
±SEM of 6 rats per group. Data were analyzed by one-way

ANOVA followed by Bonferroni posthoc test (*p<0.05 vs CON; **p<0.01 vs CON; #p<0.05
vs HS, ##p<0.01 vs HS).

www.wjpps.com

Vol 7, Issue 9, 2018.

63

Ajao et al.

World Journal of Pharmacy and Pharmaceutical Sciences

Table 3: GC-MS spectral analysis of fraction B of methanolic extract of Bridelia
micrantha leaf.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Retention
Time (min)
15.032
18.064
24.827
28.378
30.821
36.500
37.364
37.639
38.063
32.263
34.409
38.590
38.833
15.456
39.572
39.477
39.729
42.022

Name of compound
Ethanol 2-octadecyloxyCyclooctane, methyl
1-Dodecanethiol
Phenol,2.4-bis 1,1-dimethylethyl
Cyclodecane
1-Eicosanol
11,14-Eiocosadienoic acid, methyl ester
Benzaldehyde, 3-2,4,6-trichlorophenoxymethyl-4-methoxy
Cyclopropanebutanoic acid, 2-2-2-2-pentylcycloprophyl
Hexadecanoic acid, methyl ester
Benzenepropanoic acid, 3-5 bis-4-hydroxyl-methyl ester
Phen-1,4-diol, 2-3-dimethyl-5-trifluoromeththyl
2-Hexadecanol
Decane, 3,6-dimethyl
9-Octadecanoic acid, 2-methyl ester
Octadecanol, 2-bromo
Heptadecanoic acid, 16-methyl, methyl ester
Diisooctyl phthalate

Mol.
formular
C20H42O2
C12H22
C12H22SH
C14H22O
C10H20O
C20H42O
C12H24
C20H42O
C12H38O2
C17H42O
C18H28O3
C17H34O2
C16H34O
C12H26
C16H34O
C18H37BrO
C19H38O2
C24H38O4

Mol. weight
314.6 g/mol
168.3 g/mol
202.4 g/mol
206.3 g/mol
140.3 g/mol
298.6 g/mol
168.3 g/mol
298.6 g/mol
322.4 g/mol
270.5 g/mol
292.4 g/mol
270.5 g/mol
242.5 g/mol
170.3 g/mol
242.5 g/mol
349.4 g/mol
298.5 g/mol
390.6 g/mol

b.
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Peak
area %
0.98
1.38
1.65
3.38
3.08
4.67
0.98
1.08
1.01
0.70
1.01
0.89
3.27
2.74
22.71
2.58
4.69
7.95
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Fig. 1

Fig. 2
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Fig. 3

Fig. 4
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DISCUSSION
The complexities of crude extracts as a result of numerous compounds they contain may
interfere with their efficacy in treating diseases. There are also possibilities of unwanted side
effects or toxicity as a result of the presence of some components of the whole plant extracts.
This explains why bioassay guided fractionation of crude extracts is an important step in
optimizing the therapeutic effectiveness of medicinal plants and in overcoming herbal
toxicity which is a major concern in the medicinal application of herbs or plant extracts. In
the process of fractionation, phytoconstituents which are not relevant to the medicinal
potential of given crude extract in treating a particular ailment are removed.
Bridelia micrantha leaf extract has been reported to have several beneficial metabolic effects
in animal models, including blood glucose lowering and antioxidant effects.[24] Also in our
previous study, we established that crude methanolic extract of Bridelia micrantha leaf
attenuate insulin resistance and hyperlipidaemia in rats fed high salt diet. In this present study
however, an attempt was made to identify the component responsible for the abovementioned pharmacological action in the active crude methanolic extract of Bridelia
micrantha leaf. The identification of the constituent responsible for attenuation of insulin
resistance and hypolipidaemic activities was performed through the column chromatography
technique and GC-MS analysis. Fractionation of Bridelia micrantha crude extract using
column chromatography yielded 48 fractions. Pooling together of the fractions with similar
TLC mobility profile; afforded four (4) major fractions (A, B, C and D).
The findings in the present animal model provide further evidence that high salt intake would
cause insulin resistance. Studies in both humans and animals have reported the link between
high-salt diet intake and insulin resistance.[16,17] Fraction B of methanolic extract of Bridelia
micrantha leaf (Fr B) was the most effective in ameliorating the increased fasting insulin
level and HOMA-IR, insulin resistance markers in high salt-induced IR rats. This suggests an
improvement of insulin sensitivity in this experimental model of insulin resistance.
Salt intake has also been shown to cause dyslipidaemia.[32] Insulin resistance a key
component of metabolic syndrome involved a series of risk factors such as abdominal
obesity, hypertension and dyslipidaemia.[33] In this study, feeding the rats with high salt diet
resulted in significant increases (p<0.05) in TC, LDL-C, and TG and a significant decrease
(p<0.01) in HDL. On administration of fractions of methanolic extract of Bridelia micrantha
leaf, fraction B caused significant reductions (p<0.01) in the elevated TC, TG, LDL-C and
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lipid ratios with a significant increase (p<0.01) in the reduced HDL-C. Increase in TG/HDLC ratio, has been suggested to be a stronger independent risk factor for the development
and/or progression of atherosclerotic cardiovascular events than elevated TG, decreased
HDL-C or TC/HDL-C ratio.[34] The heightened risk of cardiovascular event as a result of
increase in TG/HDL-C ratio was attenuated on administration of fractions B and C with
fraction B being the most effective.
Fraction B therefore showed positive insulin sensitizing and hypolipidaemic effects against
insulin resistance and hyperlipidaemia in this experimental model. To identify the compounds
responsible for insulin sensitizing and antihyperlipidaemic activities associated with „B‟
respectively, a GC-MS analysis was carried out. Eighteen peaks were noted that indicated the
presence of 18 compounds: Ethanol 2-[octadecyloxy]-; Cyclooctane, methyl-; 1Dodecanethiol; Phenol, 2.4-bis 1,[1-dimethylethyl]-; Cyclodecane; 1-Eicosanol, 11,14Eiocosadienoic acid, methyl ester; Benzaldehyde, 3-[2,4,6-trichlorophenoxymethyl]-4methoxy-; Cyclopropanebutanoic acid, [2-2-2-2-pentylcycloprophyl]; Hexadecanoic acid,
methyl ester; Benzenepropanoic acid, 3-5 bis-4-hydroxyl-methyl ester; Phen-1,4-diol, 2-3dimethyl-5-trifluoromeththyl-; 2-Hexadecanol-; Decane, 3,6-dimethyl-; 9-Octadecanoic acid,
2-methyl ester; Octadecanol, 2-bromo-; Heptadecanoic acid, 16-methyl, methyl ester;
Diisooctyl phthalate.
Out of these compounds, hexadecanoic acid, octadecanoic acid and eicosanoic acid have been
proven to have antidiabetic activity by possessing insulin secretion, insulin stimulation, αglucosidase inhibitors properties.[35,37] The above GCMS studies also showed the presence of
phenolic compounds in the active fraction of Bridelia micrantha leaves which could be
responsible for its insulin sensitizing effect. Phenolic compounds have been reported to have
insulin sensitizing, hypoglycaemic mechanisms predicted in the management of diabetes.[38]
Presently, the exact compound isolated from the active fraction responsible for the above
activities is unknown. The exact compound and mechanism of action of compounds from the
active fraction will be the subject of further studies.
CONCLUSION
The present research work reported the use of fractions of Bridelia micrantha leaves in the
attenuating insulin resistance in rats fed high salt diet. This research work also identified the
presence of compounds in active fraction of Bridelia micrantha leaves responsible for their
insulin sensitizing and hypolipidaemic actions. Further comprehensive studies are needed to
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determine the exact compounds and elucidate the exact mechanism of the insulin sensitizing
and hypolipidaemic effects of Bridelia micrantha leaves.
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