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Introduction
Acanthus montanus (Nees) T. Anderson is widespread in Africa, 

the Balkans, Romania, Greece and Eastern Mediterranean and 
belongs to the family of Acantheceae. The leaves are dark green 
and measure about 30 cm long. Common names of A. montanus are 
mountain thistle or Devil’s fig or Bear’s Breech. The leaf extracts 
of A. montanus have been previously reported to exhibit analgesics, 
antipyretic, antimicrobial, anti-inflammatory and immunological 
properties.1 

Asystasia gangetica L. T. Anderson is a perennial herbaceous plant 
with oval leaves, covered on both sides with short sparse hairs, which 
measure between 5 to 10 cm long and 3 to 6 cm wide. Decoctions of A. 
gangetica are used in African and Asian ethno medicinal practices as 
antitumor, purgatives, anti-inflammatory, antioxidants and antidotes.2

Gongronema latifolium Benth et Hook (Asclepiadaceous) is a 
climbing shrub commonly found in tropical rainforest and primarily 
used as spice and vegetable in traditional folk medicine in Southern 
parts of Nigeria.3,4 Akuodor et al.,5 reported that G. latifolium has anti-
plasmodial activity; this supports the traditional use of the leaf extract 
of the plant for local treatment of malaria. Reports by Egunyomi et 
al.,6 showed that G. latifolium has antisickling activities and effective 
in the treatment of sore gums, colic, dyspepsia and anti-helminthic. 

Solanum melongena L.Var inerme D.C Hiern (Eggplant) are 
highly cherished and consumed in Nigeria. In indigenous medicinal 
practices, eggplant is used to achieve weight reduction in obese 

individuals as well as treatment of several ailments like asthma, skin 
infections and constipation. Additionally, decoctions of the plant parts 
possess analgesic, antipyretic, antioxidant, anti-inflammatory, anti-
asthmatic, hypertensive, ant platelet, intraocular pressure reducing, 
CNS depressant and anaphylactic reaction inhibitory activities.7 
The phytochemical and nutrient compositions of A. montanus, A. 
gangetica, G. latifolium and S. melongena have been mentioned by 
several authors.1,4,8‒10

The global prevalence of diabetes mellitus (DM) is on the rise 
and was estimated to be over 171 million in 2000 with a projection 
of over 366 million in 2030.11 Type II DM is rapidly emerging as a 
major public health challenge in Nigeria.12 In 2003, the International 
Diabetes Federation (IDF) reported DM prevalence of 3.4% for 
24 million Nigerians between the ages of 20 and 79 years with a 
projection of 3.9% by 2025.12 DM induced-metabolic disorders elicit 
micro- and macro-vascular complications.13 The clinical classification 
of DM has been described elsewhere.14 Furthermore, studies have 
shown that DM promotes atherogenic dyslipidemia by enhancing 
hepatic secretion of VLDL-C.15 Additionally, metabolic tracer studies 
have documented overproduction of VLDL-C and TAG in insulin-
resistant patients presenting hypertriglyceridemia.16

Medicinal plants continue to provide valuable therapeutic recipes, 
in orthodox and traditional healing systems, for amelioration of 
diseases and disorders. Studies have shown that in spite of availability 
of orthodox anti-DM therapeutics, medicinal plants are still commonly 
used as herbal remedies for amelioration of DM.17 The renewed 
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Abstract

Background and Objective: Traditional herbs are often administered in form of multi-
herbal recipes, which is presumed to exhibit better efficacy than mono-herbal formulations. 
The current study sought to evaluate the capacities of single herbal formulations (SHFs), 
double herbal formulations (DHFs), triple herbal formulations (THFs) and quadruple 
herbal formulation (QHF) of leaf extracts of Acanthus montanus, Asystasia gangetica, 
Gongronema latifolium and Solanum melongena to reverse hyperglycemia and dyslipidemia 
in diabetic rats (DM-r). Materials and Methods: Diabetes mellitus (DM) was induced in 
the rats by single intra-peritoneal (i.p.) injection of 90 mg/kg body weight (b.w.) of alloxan 
monohydrate in phosphate buffered saline (pH = 7.4 ). The rats with fasting plasma glucose 
concentration (FPGC) > 110 mg/dL for 5 consecutive days were considered diabetic and 
treated with the herbal formulations for 21 consecutive days. FPGC and serum lipid profile 
of the rats were measured according to standard methods. Results: Combined dose (ratio:1:1 
w/w) of A. gangetica + A. montanus (200 mg/kg b.w.) exerted the greatest glycemic control 
in DM-r, which corresponded to FPBC of 107.2 ± 5.42 mg/dL. Additionally, combined 
doses (ratio: 1:1 w/w) of A. gangetica + A. montanus (200 mg/kg b.w.) and A. gangetica + 
G. latifolium (200 mg/kg b.w.) substantially reversed dyslipidemia in DM-r. Conclusion: 
The present study showed that selected DHFs offered greater glycemic control than other 
herbal formulations and reversed dyslipidemia in the experimental rat groups. However, 
all herbal formulations did not offer full therapeutic benefit within the experimental time 
of 21 days.
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interest in herbal anti-diabetic remedies is believed to be motivated by 
the fact that traditional plant medicines offer cost-effective mitigation 
strategies.18 Traditional herbs are often administered in the form of 
multi-herbal recipes, which is presumed to exhibit better efficacy 
than the mono-herbal formulations.19 The current study sought to 
evaluate the capacities of single herbal formulations (SHFs), double 
herbal formulations (DHFs), triple herbal formulations (THFs) and 
quadruple herbal formulation (QHF) of leaf extracts of A. montanus, 
A. gangetica, G. latifolium and S. melongena to reverse hyperglycemia 
and dyslipidemia in diabetic rats (DM-r). 

Materials and methods
Collection and preparation of samples

Collection and preparation of the leaves for extraction was 
according to the methods previously described.20 All the leaves were 
collected between the months of July and August, 2016. 

Preparation of leaf extracts

Preparation of ethanolic leaf extracts of the four ground samples 
was according to the methods previously described.20 Appropriate 
doses of single and combinatorial leaf extracts were prepared and 
administered to the rats.

Experimental animals/ethics

Male Wistar albino rats of average weight of 197.3 g were 
purchased from a commercial animal house in Owerri-North LGA, 
Imo State, Nigeria. The rats were housed in well-ventilated metal 
cages and maintained at room temperature of 28 ± 2°C, 30–55% of 
relative humidity on a 12-h light/12-h dark cycle, with access to water 
and pelletized standard guinea feed (PSGF) (United Africa Company 
Nigeria Plc., Jos, Nigeria) ad libitum. They were kept for 2 weeks 
to acclimatize to environmental conditions. The present study was 
approved by the Ethical Committee on the use of animals for research, 
Department of Biochem istry, Federal University Technology, Owerri, 
Nigeria (Ethics Approval Number: ODVC/REN/990/255). Handling 
of the rats was in accordance with the standard principles of laboratory 
animal care of the United States National Institutes of Health (NIH, 
1978). 

Induction of diabetes mellitus/experimental design

Single intra-peritoneal (i.p.) injection of 90 mg/kg b.w. of alloxan 
monohydrate (Sigma, St. Louis, USA) in PBS (pH = 7.4) was 
administered to the rats to induce diabetes mellitus (DM).20 A fasting 
plasma glucose concentration (FPGC) > 110 mg/dL in the rats for 
5 consecutive days were considered a diabetic state and selected for 
the experiment. A total of 102 male Wistar rats were divided into 
seventeen (17) groups of six (6) rats each. The rats were not given food 
and water for 16 h prior to the commencement of herbal treatment as 
previously described.20 The animal groups were treated by oral gavage 
on daily basis for 21 days and were grouped on the basis of treatments 
given as previously described.21 All the rats (Groups 1-17) were given 
PSGF + water ad libitum.

I. Group 1 (NORM): Normal rats were given 1.0 mL/kg b.w. of 
PBS. 

II. Group 2 (DIAB): DM-r was given 1.0 mL/kg b.w. of PBS.

III. Group 3 (DM-rACMO): DM-r was given A. montanus (200 
mg/kg b.w. in PBS).

IV. Group 4 (DM-rASGA): DM-r was given A. gangetica (200 mg/
kg b.w. in PBS).

V. Group 5 (DM-rGOLA): DM-r was given G. latifolium (200 mg/
kg b.w. in PBS).

VI. Group 6 (DM-rSOME): DM-r was given S. melongena (200 
mg/kg b.w. in PBS)

VII. Group 7 (DM-rAGAM): DM-r was given combined dose 
(ratio: 1:1 w/w) of A. gangetica + A. montanus (200 mg/kg b.w. 
in PBS).

VIII. Group 8 (DM-rAGGL): DM-r was given combined dose (ratio: 
1:1 w/w) of A. gangetica + G. latifolium (200 mg/kg b.w. in 
PBS).

IX. Group 9 (DM-rAGSM): DM-r was given combined dose (ratio: 
1:1 w/w) of A. gangetica + S. melongena (200 mg/kg b.w. in 
PBS). 

X. Group 10 (DM-rAMGL): DM-r was given combined dose 
(ratio: 1:1 w/w) of A. montanus + G. latifolium (200 mg/kg b.w. 
in PBS).

XI. Group 11 (DM-rAMSM): DM-r was given combined dose 
(ratio: 1:1 w/w) of A. montanus + S. melongena (200 mg/kg 
b.w. in PBS).

XII. Group 12 (DM-rGLSM): DM-r was given combined dose 
(ratio: 1:1 w/w) of G. latifolium + S. melongena (200 mg/kg 
b.w. in PBS).

XIII. Group 13 (DM-rAGGS): DM-r was given combined dose (ratio: 
1:1:1 w/w) of A. gangetica + G. latifolium + S. melongena (200 
mg/kg b.w. in PBS).

XIV. Group 14 (DM-rAMAG): DM-r was given combined dose 
(ratio: 1:1:1 w/w) of A. montanus + A. gangetica + G. latifolium 
(200 mg/kg b.w. in PBS).

XV. Group 15 (DM-rAMAS): DM-r was given combined dose 
(ratio: 1:1:1 w/w) of A. montanus + A. gangetica + S. melongena 
(200 mg/kg b.w. in PBS).

XVI. Group 16 (DM-rAMGS): DM-r was given combined dose 
(ratio: 1:1:1 w/w) of A. montanus + G. latifolium + S. melongena 
(200 mg/kg b.w. in PBS).

XVII. Group 17 (DM-rAAGS): DM-r was given combined dose (ratio: 
1:1:1:1 w/w) of A. montanus + A. gangetica + G. latifolium + S. 
melongena (200 mg/kg b.w. in PBS).

Fasting plasma glucose concentration

Blood volumes of 0.2 mL were drawn from the tail vein of 12 
h post-fasted rats and measured for FPGC at regular intervals of 
7 days for 21 days. FPGC was measured using an Accu-Check 
Sensor Comfort glucometer (Roche, Mexico City) according to the 
manufacturer’s instructions as previously reported.22 

Lipid profile
Serum lipid profile (SLP) of 12 h post-fasted rats was measured on 

the 21th day of commencement of herbal treatment. SLP parameters, 
namely, serum triacylglycerol (TAG), total cholesterol (TC) and HDL-
cholesterol (HDL-C) concentrations were measured using Reflovert 
Plus instrument (Roche, F. Hoffmann-La Roche, Basel, Switzerland) 
in accordance to manufacturer’s instructions as previously 
described.20Serum LDL-cholesterol (LDL-C) concentration was 
measured according to the formula of Friedewald et al.,23

 
( ) TAGLDL C TC  HDL C   

5
  = −  − 
   

                                  (1)

Serum VLDL--cholesterol (VLDL-C) concentration was measured 
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according to the methods of Burnstein and Sammaille.24 Accordingly, 
serum VLDL-C to TAG concentrations ratio was fixed at 1:5 in 12 h 
post-fasting animals.

  TAGVLDL C  
5

 =
 
                                                                          (2)

Atherogenic Risk Index (ARI) was calculated as previously 
reported.20 Thus: 

  ( )TC HDL C
ARI  

HDL C
− −

=
  

                                (3)

Statistical and data analyses

The data collected shall be analyzed by one-way analysis of 
variance procedure while treatment means shall be separated by the 
least significance difference (LSD) incorporated in the statistical 

analysis system (SAS) package of 9.1 versions, (2006). Values of p < 
0.05 were considered statistically significant.

Results
At the commencement of the experiment (day = 0), Group 

2 exhibited the highest FPGC compared with those of other 
experimental rat groups and was 3.02 folds higher than that of Group 
1 (p < 0.05). FPGC of Group 3 was not significantly lowered (p > 
0.05) following herbal treatment for 14 days. However, at the end of 
the experimental time, FPGC of Group 3 was elevated compared with 
FPGCs on days 7 and 14 (p < 0.05). Table 1 showed a time-dependent 
reduction in FPGCs in Group 4, Group 5, Group 7 and Group 8 and 
Group 9 following 21 days herbal treatment. FPGC of Group 14 was 
significantly lowered (p < 0.05) on the 7th day of herbal treatment, 
which was followed by time-dependent increase in FPGC on days 
14 and 21 (p > 0.05). Finally, FPGC of Group 17 on day 21 was 
significantly elevated (p < 0.05) compared to that on day 14 (Table 1).

Table 1 Fasting plasma glucose concentrations of experimental rat groups

Rat Group FPGC (mg/dL)

 Day 0 Day 7 Day 14 Day 21

Group 1 90.0±6.06a,b 102.6±3.61a 85.6±5.95a,b,c,d 89.6±1.35a,b,c

Group 2 272.2±88.35a,b 282.5±77.49a 257.5±87.01a,b,c,d 260.5±81.78a,b,c

Group 3 242.4±80.36a 210.0±116.5c 206.2±115.5c,d 231.8±106.6a,b

Group 4 251.3±98.38a 237.3±154.78a,b 200.3±109.73c 151.5±50.5d

Group 5 257.8±122.76a 211.8±44.39b 151.8±43.31c 125.5±43.31d

Group 6 253.0±51.98a,b 245.4±78.78a,b,c 254.0±107.3a 227.0±96.08c,d

Group 7 256.3±9.67a 150.0±5.20b 128.5±8.05c 112.3±7.00d

Group 8 255.9±8.56a 154.8±5.84b 130.4±5.88c 107.2±5.42d

Group 9 253.8±7.66a 217.9±8.43b 193.5±6.99c 188.9±4.89c,d

Group 10 259.0±6.67a 146.2±4.89b 114.4±4.77d 129.4±3.98c

Group 11 245.5±7.54a 211.4±7.93b 163.0±7.34c,d 174.6±8.56c

Group 12 253.8±8.01a 194.3±6.89b 152,4±5.23c,d 159.1±5.99c

Group 13 261.2±7.34a 179.9±8.01c,d 194.6±5.88b,c 206.5±6.77b

Group 14 258.5±8.45a 151.4±7.44b,c,d 166.4±5.96b 161.6±6.34b,c

Group 15 259.8±7.45a 165.4±5.88b 151.2±5.33b,c,d 154.4±4.66b,c

Group 16 260.6±6.55a 175.3±4.89b 154.3±5.11c,d 157.3±4.43c

Group 17 258.9±5.77a 148.4±4.23b,c 139.5±4.32b,c,d 160.6±6.45b

The mean (X) ± S.D of six (n = 6) determinations. Means in the rows with the same letter are not significantly different at p > 0.05 according to LSD.

Serum TAG conentration of Group 3 was significantly different (p 
< 0.05) from those of Group 4, Group 6 and Group 9. Blood samples 
from Group 4, Group 9, Group 11, Group 12, Group 16 and Group 
17 gave serum TAG concentrations that varied within a relatively 
narrow range (p > 0.05).Overall, serum TAG concentration of all 
experimental rat groups was significantly higher (p < 0.05) than that 
of Group 1. Conversely, serum TAG concentration all experimental 
rat groups was significantly lower (p < 0.05) that of Group 2 (Table 2).

Serum TC concentrations of the variuos experimental rat groups 
were siginficantly (p < 0.05) lower than that of Group 2. Likewise, 
serum TC concentrations of Group 7, Group 8 and Group 11 were 
significantly  lower (p < 0.05) than that of Group 1 (Table 2).

Serum HDL-C concentrations of Group 4, Group 5, Group 7, 

Group 8 and Group 10 showed no significant difference (p > 0.05). 
Likewise, serum HDL-C concentrations were comparable in blood 
samples from Group 3, Group 11, Group 12, Group 16 and Group 
17 (p > 0.05). Among herbal formulation treated rat groups, Group 6, 
Group 9, Group 13, Group 14 and Group 15 exhibited the relatively 
low serum HDL-C concentrations (Table 2).

A meticulous look at Table 2 showed that serum LDL-C 
concentrations of the experimental rat groups exhibited relatively wide 
variation. Group 2 exhibited the highest serum LDL-C concentration, 
whereas that of Group 8 gave the lowest serum LDL-C concentration. 
Serum LDL-C concentrations of herbal formulation treated rat groups 
were significantly higher (p < 0.05) than that of Group 1. Conversely, 
serum LDL-C concentrations of herbal formulation treated rat groups 
were significantly lower (p < 0.05) than that of Group 2.
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Table 2 Serum lipid profile

Rat group Serum Concentrations (mg/dL)

 [TAG] [TC] [HDL-C] [LDL-C] [VLDL-C]

Group 1 112.5±8.21q 80.8±4.17f,g,h 48.9±2.52a 9.40±0.59o 22.5±8.21q

Group 2 189.6±11.63a 105.4±6.01a 20.8±1.35q 46.68±4.01a 37.9±11.63a

Group 3 167.5±10.95b 85.3±5.01c,d,e,f 28.9±1.92g,h 22.90±2.59h 33.5±10.95b

Group 4 153.9±10.88b,c,d,e 80.7±4.16f,g,h,h,i 38.2±2.14b.c 11.72±0.65m 30.8±10.88b,c,d,e

Group 5 133.5±9.56m,n 78.9±4.01f,g,h,I,j,k 38.5±2.16b 13.70±0.83k,l 26.7±9.56m,n

Group 6 166.9±10.88b,c 94.8±5.59b 23.7±1.88l,m,n,o,p 37.72±3.86b 33.4±10.88b,c

Group 7 129.5±8.96n,o 66.9±3.80o,p 36.9±2.01b,c,d 4.10±0.11p 25.9±8.96n,o

Group 8 126.4±8.84n,0,p 61.7±3.75p,q 35.3±1.94b,c,d,e,f 1.12±0.09q 25.3±8.84n,0,p

Group 9 153.6±10.72b,c,d,e,f 89.5±5.10b,c,d 24.9±1.89l 33.88±3.41c 30.7±10.72b,c,d,e,f

Group 10 141.1±10.11d,e,f,g,h,I,j,k,l,m 78.5±3.98f,g,h,I,j,k,l 35.6±2.10b,c,d,e 14.68±1.01k 28.2±10.11d,e,f,g,h,I,j,k,l,m

Group 11 148.6±10.16d,e,f,g,h,I,j 69.4±3.89o 28.5±1.94g,h,I,j 11.18±0.61m,n 29.7±10.16d,e,f,g,h,I,j

Group 12 149.1±10.22d,e,f.g.h 89.1±5.11b,c,d,e,f 30.1±1.79g 29.18±2.69e 29.8±10.22d,e,f.g.h

Group 13 159.5±10.89b,c,d 89.9±5.16b,c 24.8±1.88l,m,n 33.20±3.23c,d 31.9±10.89b,c,d

Group 14 143.9±10.22d,e,f,g,h,I,j,k,l 79.2±4.04f,g.h.i.j 23.8±1.69l,m,n,o 26.62±2.51e,f,g 28.8±10.22d,e,f,g,h,I,j,k,l

Group 15 144.4±10.25d,e,f,g,h,I,j,k 83.9±4.98c,d,e,f,g 26.8±1.89l,m 28.22±2.43e,f 28.9±10.25d,e,f,g,h,I,j,k

Group 16 149.8±10.21d,e,f,g 76.9±3.99g,h,I,j,k,l,m,n 27.9±1.87g,h,I,j,k 19.04±1.24i,j 29.9±10.21d,e,f,g

Group 17 148.7±10.21d,e,f,g,h,i 77.9±3.91g,h,I,j,k,l,m 28.7±1.84g,h,i 19.46±1.35i 29.7±10.21d,e,f,g,h,i

The mean (X) ± S.D of six (n = 6) determinations. Means in the column with the same letter are not significantly different at p > 0.05 according to LSD.

Serum VLDL-C concentrations of the experimental rat groups 
followed the same pattern with that of serum TAG concentrations (Table 
2). Expectedly, serum VLDL-C concentrations were approximately 5 
folds higher serum TAG concentrations of corresponding rat groups.

Group 2 exhibited the highest ARI compared with other 
experimental rat groups (p < 0.05) (Figure 1). Group 1 gave the lowest 
ARI and was not significantly different (p > 0.05) from that of Group 
8. ARI of herbal formulation treated rat groups were significantly (p < 
0.05) lower than that of Group 2. However, ARI of herbal formulation 
treated rat groups were significantly higher (p < 0.05) than that of 
Group 1; except those of Group 7 and Group 8 (p > 0.05). An overview 
of Figure 1 showed that ARI of Group 3, Group 12 and Group 15 
exhibited no significant difference (p > 0.05). 

Figure 1 Atherogenic Risk Index (ARI) of experimental rat groups

#: ARI was not significantly different (p > 0.05) from normal rat group (Group 
1) according to LSD 

Discussion
Bioactive principles from medicinal plants have been established 

to exert glycemic control and reverse dyslipidemia in diabetic animal 
models by diverse mechanisms, notable among which are modulation 
of enzyme activities or gene expressions connected with antioxidants, 
glucose and lipid homeostasis,25 stimulation of insulin secretion/
mimicry,17,26,27 improvement of hepatic glutathione concentration,26 
and inhibition of intestinal absorption of glucose.27 Several studies 
have also shown that bioactive principles exert glycemic control 
by inhibition of intestinal α-glycosidase, pancreatic lipase and 
cholesterol esterase activities,28 facilitating muscle uptake of 
glucose,29 regeneration/proliferation of β-cells,17 promotion of insulin 
and adrenaline secretions as well as exhibition of anti-oxidative 
activity.26,27 Reviews on bioactive principles from anti-diabetic plants 
and their mechanisms of effecting glycemic control have exhaustively 
been described elsewhere.17,18 Bioactive principles that have been 
implicated in glycemic control include glycosides, alkaloids, 
terpenoids, flavonoids, β-sitosterol, pectin, saponins etc.27 Previous 
empirical analyses elsewhere,1,4,8‒10 of phytochemical and nutrient 
compositions the four herbal formulations, namely, A. montanus, A. 
gangetica, G. latifolium and S. melongena used in the present study 
showed that they contain substantial quantities of bioactive principles 
noted to reverse hyperglycemia and dyslipidemia. 

The DHFs exerted relatively greater glycemic control, exemplified 
by reductions in FBGCs of DM-rAGAM and DM-rAGGL, than those 
of experimental rat groups administered SHFs. However, glycemic 
control in DM-rGOLA, which received SHF, was comparable to 
those of DM-rAGAM and DM-rAGGL. Furthermore, THFs and QHF 
appeared to exert comparable glycemic control in DM-r. Previous 
reports have shown that the capacities of single and combinatorial 
herbal formulations to exert glycemic control in DM-r were outcomes 
of cumulative molecular interactions amongst the constituent 
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phytochemicals of the various herbal formulations, whose gross 
effect to adjust FBGC could either be synergistic or antagonistic.30 
According to Ojiako et al.20 combinatorial herbal formulations 
profoundly altered the relative concentrations of bioactive principles 
and nature of their cumulative molecular interactions in solution, 
which invariably altered the therapeutic potentials of the administered 
herbal formulations. However, the present study showed that SHFs, 
DHFs, THFs and QHF did not offer full therapeutic benefits within 
the experimental 21days of treatment. 

Previous studies showed that hyperglycemia provoked by DM is 
associated with dyslipidemia in both animal models and humans.26,27,31 
Furthermore, reports showed that herbal extracts ameliorated 
dyslipidemia concomitantly with hyperglycemia in animal models.26 
In concord with previous reports,27 the present study showed that 
single and combinatorial herbal formulations reversed dyslipidemia 
alongside hyperglycemia in DM-r. Specifically, Visavadiya and 
Narasimhacharya,31 noted that the capacities of combinatorial root 
extracts of Glycyrrhiza glabra, Withania somnifera, Asparagus 
racemosus, Chlorophytum borivilianum and seeds of Sesamum 
indicum to reduce plasma and hepatic cholesterol concentrations were 
connected with increased fecal excretion of cholesterol, neutral sterol, 
and bile acid as well as increased hepatic 3-hydroxy-3-methyl-glutaryl 
coenzyme A (HMG-CoA) reductase activity and bile acid content in 
hypercholesterolemia rats. They further noted the presence of fibers, 
saponins, phytosterols, polyphenols, flavonoids and ascorbic acid in 
the combinatorial root extracts, amongst which phytosterols, fibers 
as well as saponins were implicated in facilitating the elimination 
of cholesterol in hypercholesterolemia rats administered the herbal 
combinations.

Elevated serum TAG concentration in untreated DM-r was an 
indication of absence of critical intracellular events leading to the 
activation of lipoprotein lipase responsible for the hydrolysis of 
TAG prior uptake by peripheral tissues as previously reported.32 
Thus, alloxan-targeted destruction of β-cells results in depletion of 
circulating plasma insulin levels, which in turn caused failure in 
activation of lipoprotein lipase. Absence of insulin mediated activation 
of lipoprotein lipase engendered dyslipidemia-hypercholesterolemia, 
hyperglyceridemia and associated metabolic abnormalities.33 
Furthermore, dyslipidemia in DM state is associated with increased 
fatty acid mobilization from adipose tissue to peripheral tissues.34 
Increased circulating plasma free fatty acids, following the activation 
of lipoprotein lipase, engenders exacerbated β-oxidation, which 
in turn causes overwhelming tissue levels of acetyl-CoA thereby 
fostering enhanced rate of biosynthesis of cholesterol.27 Overall, the 
outcome of the present study was indicative of distortions in lipid 
metabolism, promoting high circulating level of plasma free fatty 
acids, which for the most part is responsible for elevated serum TC 
concentration as typified in the DIAB group. Additionally, absence of 
circulating insulin in plasma or insulin insufficiency is associated with 
poorly regulated HMG-CoA activity,34 which results in exacerbated 
biosynthesis of cholesterol with consequential presentation of 
hypercholesterolemia as typified in the DIAB group. 

Previous reports, according to Venkatesan et al.35 showed that 
lowered serum TAG concentration following herbal treatment was 
probably connected with the capability of the fiber and saponins 
contents of the herb to retard absorption of lipids from the intestinal 
lumen and inhibit pancreatic lipase, respectively. Low serum TAG 
concentration invariably indicated corresponding reduction in plasma 
VLDL-C as previously described.36 Accordingly, substantial reduction 

in serum TAG concentrations in DM-rAGAM and DM-rAGGL, as 
reported in the present study, was probably connected with the fiber 
and saponins contents of the corresponding herbal formulations 
administered to the rats. 

Empirical data have shown that elevated serum HDL-C 
concentration provides protective role against development and 
progression of cardiovascular disease.37 Therefore, raised serum 
HDL-C concentration is anti-atherogenic, inhibit LDL oxidation 
and protect endothelial cells from the cytotoxic effect of oxidized 
LDL.38 Studies have shown that ascorbic acid and flavonoids promote 
elevated serum HDL-C concentration in hamsters,39 whereas dietary 
saponins and fibers have not been established to increase serum 
HDL-C concentration.35 The present study showed that DM-r 
that received SHFs, namely, DM-rASGA, DM-rGOLA as well as 
those that received DHFs, namely, DM-rAGAM DM-rAGGL DM-
rAMGL exhibited elevated serum HDL-C concentration compared to 
untreated DM-r (DIAB group). On the contrary, DM-r that received 
SHFs, specifically, DM-rSOME exhibited relatively low serum 
HDL-C concentration with corresponding high ARI. These findings 
were indications that the molecular interactions and peculiarities 
of bioactive principles present in the various extracts dictated their 
capacities to adjust serum HDL-C concentrations in DM-r as well 
as their corresponding ARI. Previous findings corroborated the 
outcome of the present study, in that the administration of polyherbal 
formulation reversed hyperlipidemia and peroxidative damage to 
tissues of alloxan-induced hyperglycemic rats.27,31 

Conversely, the present study showed that raised serum LDL-C 
concentration may contribute to high ARI as exemplified in DIAB, DM-
rSOME, DM-rAGSM and DM-rAGGS. Previous reports indicated 
that the absence of circulating insulin in plasma or low circulating 
levels of insulin in plasma caused repression of receptor-mediated 
removal of LDL-C in plasma, engendering hypercholesterolemia.27 

Conclusion
The present study showed that selected DHFs, notably, A. 

gangetica + A. montanus and A. gangetica + G. latifolium offered 
greater glycemic control than other herbal formulations and reversed 
dyslipidemia in experimental rat groups as exemplified in DM-
rAGAM and DM-rAGGL. Overall, the herbal formulations exhibited 
differential capacities to ameliorate hyperglycemia and dyslipidemia 
in alloxan-induced diabetic but they did not offer full therapeutic 
benefit within the experimental time of 21 days. The present study 
suggests that the differential capacities of SHFs, DHFs, THFs and 
QHF to reverse hyperglycemia and dyslipidemia in alloxan-induced 
DM-r were as a result of synergistic and/or antagonistic interactions 
amongst constituent phytochemicals in the herbal formulations. 
Accordingly, phytochemical interactions obviously dictated the 
therapeutic scores and potentials of the various herbal combinations. 

As a result of the favourable biochemical outcomes in DM-r 
following the administration of the specified herbal formulations, 
further studies using bioassay-guided approach is required to identify 
the bioactive principles from the herbal formulations in order to isolate 
and characterize the therapeutic biomolecules as well as elucidate 
their mechanisms of therapeutic actions.
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