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ABSTRACT

Objective: The present investigation is aimed to determine the effect of ashwagandha (AG) on pharmacokinetic (PK) and pharmacodynamic (PD) 
parameters of glimepiride (GP) in diabetic rats. Simultaneously, the effect was also studied in normal rats.

Methods: Diabetes in rats was induced by streptozotocin. The PK parameters are calculated in normal and diabetic rats. PD studies were performed 
in diabetic rats only.

Results: From the PK results, 2.26-folds of improvement in the oral bioavailability of GP in normal rats were observed when treated with GP in a 
combination of AG and which is statistically significant (p<0.001). In case of diabetic rats, the oral bioavailability (3.42-folds) of GP was significantly 
increased when coadministered with AG and was higher (about 33.5%) than the normal rats. Further, the rate of clearance and also the volume 
of distribution significantly changed in diabetic rats. The blood glucose levels were significantly reduced in GP and AG treated (6.15% reduction) 
compared to GP alone (5.45% reduction) treated diabetic rats during a period of 24 h were noticed from PD studies. The maximum reduction was 
observed at 6 h (55.46%) when compared with standard GP treatment (46.06%) in case of GP and AG combination treatment.

Conclusion: Therefore, the results suggestive that, the AG might be advantageous as an adjuvant to GP in an appropriate quantity, and also the dose 
of GP may need to be adjusted to avoid any complications.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder characterized 
by high levels of blood glucose concentration hyperglycemia caused 
by insulin deficiency, often combined with insulin resistance [1] and 
alters the metabolism of lipids, carbohydrates, proteins, and increases 
the risk of vascular diseases. Glimepiride (GP), sulfonylurea drug and 
is widely used in type-2 diabetes treatment. Its hypoglycemic action 
is due to the promotion of endogenous insulin secretion by pancreatic 
β- cell stimulation. GP is entirely absorbed and metabolized by CYP2C9 
in the liver [2].

Herbal medicines are still foremost significant of majority of the world 
inhabitants for primary health concern in the developing countries. 
Variety of herbs from the Indian medicinal plants was identified for 
the management of DM [3,4]. Herbal medicines used by the general 
population are usually complex mixture of many compounds and 
considered an alternative therapy for the DM [5]. Both the putative active 
ingredients and others constituents present in that mixture have the 
potential to cause both pharmacokinetic (PK) and pharmacodynamics 
(PD) interactions. It has been reported that herbal products/medicines, 
when coadministered with allopathic medicines, leads to PK and PD 
interactions [6].

Among these Withania somnifera is popularly known as Ashwagandha 
(AG) or winter cherry is one of the medicinal plants. The practitioners 
of traditional systems of medicines in India call it as Indian Ginseng [7]. 
It is widely classified as an adaptogen and shown to have wide range 
of activities including antidiabetic [8], antioxidant [9], hepatoprotective 
and antidepressant [10,11], anticancer, antistress, anti-inflammatory, 
immunomodulatory [12], and antibacterial activity [13]. The major 
biochemical constituents of W. somnifera are steroidal alkaloids 

and lactones together known as withanolides [14]. Previously, 
Shravan et al., 2011 [15] reported the pretreatment effect of ashwagandha 
extract  with  increased  transport  of  buspirone  (CYP3A4  substrate) 
across rat intestine by inhibiting the transporters and enzymes across 
intestine (CYP 3A4). Coadministration of Withania markedly altered the 
plasma levels and PKs of amikacin in healthy buffalo calves [16]. Sujatha 
et al., 2013 [17], reported the effect of boswellic acids on the PD and PK 
studies of GP. Therefore, the present study was aimed at investigating 
the effect of AG pretreatment on PK and PD s of GP.

MATERIALS AND METHODS

Materials
GP and gliclazide (internal standard) were obtained as gifted samples 
from Dr. Reddy’s Labs, Hyderabad, India. AG extract was gift sample 
from Sami Labs, Bangalore, India. Methanol (High-performance liquid 
chromatography [HPLC]-grade), Potassium dihydrogen orthophosphate 
and Orthophosphoric acid of (AR grade) were purchased from Merck 
Specialties Pvt. Ltd., Mumbai. Streptozotocin (STZ) was purchased from 
HiMedia Chemicals, Mumbai, India. Double distilled water was collected 
from Millipore water system (Direct-Q-UV-3). All other chemicals used 
were of analytical grade.

Methods
Experimental animals
Before the investigation, all the animal experiments were reviewed and 
approved by the Institutional Animal Ethical Committee (IEAC), UCPSc, 
Kakatiya University, Warangal, India (IAEC/01/UCPSC/KU/2016). Male 
albino Wistar  rats weighing 210±30 g were purchased  from Mahavir 
Enterprises, Hyderabad, India. The animals were housed in standard 
polypropylene cages and maintained under standard laboratory 
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conditions (12 h light and dark cycle; at an ambient temperature of 
25±5°C;  35–60%  of  relative  humidity).  The  animals  were  fed  with 
standard rat pellet diet and water ad libitum.

Experimental design
Induction of diabetes
The  rats  (male  albino  Wistar)  weighing  180–250  g  were  overnight 
fasted, and diabetes was induced by injecting 55 mg/kg of STZ 
intraperitoneally in citrate buffer (pH 4.5). After 72 h, blood samples 
were collected from by retro-orbital puncture and serum was analyzed 
for glucose levels. Rats with blood glucose levels of >250 mg/dl were 
considered as diabetic and were used for the study.

PK study

The study is conducted in normal as well as in diabetic rats. After 
overnight fasting, the rats were randomly divided into two groups 
(each group contains 6). Group I (control) was administered with GP 
(1 mg/kg body wt po) suspended in 0.01% Tween - 80 solution on 
8th day. Group II was pretreated with AG root extract (500 mg/kg po) 
for 7 days and on the 8th day treated with AG followed by GP (1 mg/kg). 
Blood samples of about 0.5 mL were collected at predetermined time 
intervals from retro-orbital vein puncture using heparinized capillary 
tubes. Serum samples were separated after centrifugation at 8000 rpm 
for 15 min and the samples were stored in deep freezer at −20°C until 
analysis by HPLC.

HPLC analysis
GP  concentrations  were  estimated  in  serum  by  RP-HPLC with  slight 
modification of the earlier reported method [18]. The analysis was 
performed by the ultra-fast liquid chromatography (Shimadzu, Kyoto, 
Japan)  system with  gradient  capability  binary  pump  (LC-20AD)  and 
the analytical column C18 (2), 250 × 4.6 mm; 5 μ particle size (Luna 5 µ, 
Phenomenex). The column effluent was monitored with UV-visible dual 
wavelength absorbance detector (SPD-A20) at 230 nm. The mobile 
phase consisting of methanol and 10 mM potassium dihydrogen 
orthophosphate (pH 3.0 adjusted with orthophosphoric acid) in the 
ratio 80: 20%v/v, and delivered at a flow rate of 1.0 mL/min.

Extraction of GP serum samples
To about 100 µL of serum sample, added 100 µL of internal standard 
gliclazide  concentration  of  25  μg/mL  and  then  added  100  µL  of 
methanol as precipitating agent and vortex mixed for 1 min, further 
centrifuged at 13000 g for 15 min. The supernatant was transferred into 
a clean, similarly labeled tube and was stored at −20°C until analysis. 
The resultant samples 20 µL were injected into HPLC for analysis of GP.

Calculation of PK parameters
Noncompartmental PK analysis was performed using Phoenix 
WinNonlin (6.4 version). The PK parameters such as Cmax. Tmax, AUC0-t, 
AUCtotal, T1/2, MRT, Vd, and clearance were calculated.

Statistical analysis
All  the  PK  parameters  were  expressed  as  mean±SD.  The  data  were 
statistically evaluated using Student’s unpaired t-test using GraphPad 
Prism 5.03.2011 Software. Values corresponding to p<0.05 were 
considered as significant.

PD study
PD studies were conducted in diabetic-induced rats only. After 
overnight fasting, the diabetic rats were randomly divided into four 
groups containing six rats in each group. The treatment of rats is as 
follows:
•  Group I: Received normal saline per orally (diabetic control group).
•  Group II: Administered with GP (1 mg/kg, body weight) per orally 

suspended in Tween 80 solution.
•  Group III: Pretreated with AG (500 mg/kg, body weight) per orally 

suspended in normal saline.

•  Group IV: Pretreated with AG (500 mg/kg, body weight) per orally 
suspended in normal saline for 7 days and on the 8th day AG followed 
by GP (1 mg/kg) after a gap of 5 min.

Blood samples were withdrawn from the retro-orbital plexus of the 
rats at “0” (Initial fasting blood sample), 2, 4, 6, 8, 12, and 24 h after 
the treatment. The samples were analyzed for blood glucose using 
glucose oxidase-peroxidase method. The mean blood glucose levels 
and percentage reduction in blood glucose levels were determined and 
applied to statistical treatment.

RESULTS AND DISCUSSION

The diabetes in rats was induced by streptozotocin. During the 
induction, the weight of the rats was reduced. The rats with more than 
250 mg/dL of glucose level were considered as is diabetic and used for 
the studies.

PK study in normal and STZ-induced diabetic rats
The PK studies were conducted in normal and diabetic-induced 
rats. The mean serum concentration and time profiles of GP and 
GP with AG were showed in Figs. 1 and 2. The PK parameters also 
represented in Tables  1  and  2.  From  the  results,  Cmax,  AUC0-∞, T1/2, 
and  MRT  in  normal  rats  were  8.03±0.29  and  14.35±0.50  μg/mL; 
26.89±3.21  and  60.97±1.77  μg.h/mL;  2.02±0.19  and  3.08±0.09  h; 
3.54±0.22 and 5.07±1.35 h, respectively, for GP and GP plus AG treated 
normal rats and were statistically (p<0.05) increased to 1.78, 2.26, 
1.52 and 1.43-times, respectively. In case of clearance and volume 
of distribution, there was 0.44 and 0.67-times decreased levels were 
observed, respectively.

In  case of  diabetic  rats,  Cmax,  AUC0-∞, T1/2, and MRT were increased by 
2.13, 1.95, 1.35, and 1.20-folds, respectively, and whereas the clearance 
and  volume  of  distribution  were  decreased  by  0.51  and  0.69-times, 
respectively, in GP and GP + AG treatment. However, the Tmax in both 
normal and diabetic rats was found to be 2 h. This indicates that the 

Table 1: PK parameters of GP in different groups of normal 
rats (mean±SD, n=6)

PK parameters GP GP+AG
Cmax (μg/mL) 8.03±0.29 14.35±0.50**
Tmax (h) 2.00 2.00
AUC0-t (μg.h/mL) 26.41±2.95 60.70±1.68**
AUCtot (μg.h/mL) 26.89±3.21 60.97±1.77**
T½ (h) 2.02±0.19 3.08±0.09**
CL/F (mL/h/kg) 37.19±2.24 16.40±0.06**
Vd/F (mL/kg) 108.42±4.31 72.91±4.12**
MRT (h) 3.54±0.22 5.07±1.35**
Kel (h-1) 0.34±0.01 0.22±0.05
*p<0.05, **p<0.01 considered as significant when compared with GP control. 
GP: Glimepiride, AG: Ashwagandha, PK: Pharmacokinetic

Table 2: PK parameters of GP in different groups of diabetic 
rats (mean±SD, n=6)

PK parameters GP GP+AG
Cmax (μg/mL) 10.15±0.72 21.67±1.77**
Tmax (h) 2.00 2.00
AUC0-t (μg.h/mL) 46.29±3.31 93.24±5.05**
AUCtot (μg.h/mL) 47.8±1.74 163.62±3.19**
T½ (h) 2.13±0.0.44 2.89±0.16*
CL/F (mL/h/kg) 20.92±2.24 10.68±0.06**
Vd/F (mL/kg) 64.26±4.31 44.6±4.12**
MRT (h) 4.01±0.47 4.82±0.15**
Kel (h-1) 0.33±0.01 0.24±0.05
*p<0.05, **p<0.01 considered as significant when compared with Glimepiride 
control. GP: Glimepiride, AG: Ashwagandha, PK: Pharmacokinetic
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coadministration of AG does not alter the absorption of the GP. In 
comparison to normal rats, there was 33.5% increment in the oral 
bioavailability of GP in diabetic rats when pretreatment with AG.

The variation in PK parameters Cmax, AUC0-∞, T1/2, and MRT may be due to 
inhibition of drug metabolizing enzyme CYP2C9 in the liver microsomes. 
These results also correlate with the previous results of Sujatha et al., 
2013. As per their studies, the bioavailability of GP was enhanced in 
the presence of boswellic acid in STZ-induced diabetic rats by altering 
the liver microsomal enzymes. In another study, LI et al., 2012 [19] was 
observed the hepatic protein expression of CYP2C9 was decreased  in 
diabetic rats which lead to the slower clearance of glibenclamide in 
diabetic rats. Similar reports were also observed in the different group 
of researchers [20-22].

PD study in diabetic rats
In PD study, the mean serum glucose levels were determined using 
glucose oxidase-peroxidase method, and the percent glucose reduction 
at each time point was compared with 0 h (initial) mean glucose 
levels. The glucose levels of the study were shown in Table 3. The 
maximum percent reduction of serum glucose levels in combination 
with GP and AG was found to be at 6 h (55.46%) when compared with 
standard GP treatment (46.06%) at 6 h, which is statistically significant. 

Fig. 1: Mean serum concentration of glimepiride (GP) in normal 
rats after oral administration of GP and GP with ashwagandha 

treatment (mean±SD, n=6)

Fig. 2: Mean serum concentration of glimepiride (GP) in diabetic 
rats after oral administration of GP and GP with ashwagandha 

treatment (mean±SD, n=6)
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Maximum  hypoglycemic  activity  (29.96%  reduction)  was  observed 
at 4 h in AG-treated group. The increased hypoglycemic activity with 
coadministration of GP and AG when compared with alone drug/AG 
treated groups suggested that enhanced glucose reduction activity of 
GP in diabetic rats was only with pretreatment of AG.

CONCLUSION

The effect of AG on PK and PD studies was studied. The AG significantly 
enhances the oral bioavailability of GP, when coadministered. The effect 
of AG synergistically increased in streptozotocin-induced diabetic 
rats when compared to normal rats. The blood glucose levels also 
significantly reduced when pretreated with AG than GP alone treated 
diabetic rats. The effect of the AG might be due to the inhibition of 
drug metabolizing enzyme CYP2C9 in the liver microsomes. Hence, the 
combination has a beneficial result in diabetic condition, it requires 
additional studies to confirm the applicability of herb-drug interaction 
in humans and conclude the mechanisms concerned.
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