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ABSTRACT

Herb Drug interaction is a challenging concept, since the consumption of herbal and other drugs
is not documented in patient’s profile. With this aspect the present study was designed to
investigate the pharmacokinetic and Pharmacodynamic effect of neem leaf extract (NE) on the
pharmacokinetics and pharmacodynamics of Glimepiride in diabetic rats. All the
pharmacokinetic parameters such as Cmax, AUCO-n, AUCtot, t1/2 are increased and clearance
and Vd are decreased when compared with control group. In Pharmacodynamic study the blood
glucose levels are estimated, total antioxidant status in diabetic rats by using DPPH method and
oral glucose toleranc test were performed. Combination has improved the total antioxidant status.
The results revealed that combination of Glimepiride with neem leaf extract leads to
enhancement of bioavailability of Glinepiride, this suggest that neem leaf extract might be
beneficial as an adjuvant to Glimepiride in diabetic patients.
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INTRODUCTION

Diabetes Mellitus (DM) is a common metabolic disorder characterized by hyperglycemia,

glycosuria, polymea and Polydipsia induced by insulin deficiency * and insulin resistance?.
Recent estimates indicate that there were 171 million people in world with Diabetes in the year
2000 and this may be projected to increase to 366 million by 20302, Combination of herbal drugs
is found to be beneficial in certain diseases when given along with conventional drugs.
Azadirachta indica (neem) belonging to Meliaceae family is very important medicinal plant
which is traditionally used to treat different diseases. It is native to India, Bangladesh, Thailand,
Nepal & Pakistan. It is growing well in tropical and sub-tropical regions. Neem is most
important medicinal plant that has been declared worldwide as the “Tree of the 21st century” by
the United Nations. In India, it is called “Divine Tree” ,“Life giving tree”, “Nature’s Drugstore”,
“Village Pharmacy” and “Panacea for all diseases” >*>°. The chemical constituents are found in
the leaves of neem as nimbin, nimbanene, 6-desacetylnimbinene, nimban-diol, nimbolide,
ascorbic acid, n-hexacosanol and aminoacid, 7-desacetyl-7-benzoylazadiradione, 7-desacetyl-7-
benzoylgedunin, 17-hydroxyazadiradione and nimbiol”®° . Traditionally, neem is also widely
used in Indian Ayurvedic medicine system for the treatment of chronic disease like diabetes
81011 The aim of the present study was to investigate the effect of neem leaf extract on the
pharmacokinetics and pharmacodynamics of glimepiride in streptozotocin induced diabetic rats.
There are several study reports of NE on inhibition of microsomal enzyme system (CYP1Al,
1A2 and 3A4) and may lead to change in the bioavailability of concomitant drugs*®. Hence, there
is the possibility of NE for the metabolic inhibition of Glimepiride.

MATERIALS AND METHOD

Glimepiride was obtained from Dr.Reddy’s laboratories (Hyderabad, India). Methanol (HPLC-
grade), potassium dihydrogen orthophosphate and orthophosphoric acid of AR grade (99.5%)
were procured from Merck Specialties Pvt. Ltd., Mumbai. Ascorbic acid, a, a-diphenyl-f-
picrylhydrazyl (DPPH), and streptozotocin (STZ) were purchased from Hi Media Laboratories
Pvt. Ltd, Mumbai. Water for analytical purpose is double distilled, filtered by using direct-Quv
millipore and sonicated for removing air bubbles. All other chemicals used were of analytical
grade.

Maintenance of animals

Male Albino Wistar rats weighing 180-250 g were purchased from Mahaveer enterprises,

Hyderabad, India. The animals were housed in standard polypropylene cages and maintained
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under standard laboratory conditions (12:12 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. All experimental protocols were approved by the Institutional animal ethical
committee (1533/PO/a/11/CPCSEA).

Pharmacokinetic and Pharmacodynamic study in diabetic rats

Induction of diabetes in rats:

Diabetes was induced by using streptozotocin (55 mg/kg, b.w., i.p.) in citrate buffer (pH 4.5) to
the overnight fasted Wistar rats™. After 72 h, blood samples were collected from rats by retro
orbital puncture and the serum was analyzed for glucose levels. Animals with blood glucose
level >250 mg/dl were considered as diabetic and were used for the study.

Grouping of diabetic rats and treatment

Diabetic rats were divided into 4 groups Group-I rats were treated as diabetic control which are
treated with normal saline

Group-I1 rats were administered with Glimepiride (1 mg/Kg P.O.) on 8" day.

Group- Il rats were treated with Ethanolic neem leaf extract (200 mg/Kg) for 8 days.

Group- IV rats were pre-treated with Ethanolic neem leaf extract for 7 days and on 8" day with
Glimepiride (1 mg/Kg) followed by Ethanolic neem leaf extract. Before the collection of blood
samples animals were fasted for 16 h with water ad libitum. Blood samples were collected from
retro-orbital vein puncture [14] using heparinised capillary tubes at 0, 2, 4, 6, 8, 12 and 24 h.
Serum was separated after centrifugation at 8000 rpm for 15 min and used for further analysis.
HPLC analysis of glimepiride in diabetic pretreated rats

Serum glimepiride concentration was determined by reverse phase HPLC'2. Briefly, the solvent
delivery system was a shimadzu pump model LC — 20 AD (Japan) and the column used was
Lichrosphere 100 RP Cig column effluent was monitored with SPD-M10Avp diode array
detector at 230 nm. The HPLC system was equilibrated with the mobile phase consisting of
methanol: 10mm potassium dihydrogen ortho phosphate (pH 3.0) , (80:20 v/v), at a flow rate of
1.0 ml/min. Serum samples were denatured by methanol and then centrifuged at 8000 rpm for 15
min. 20 pl of clear supernatant was injected into the HPLC system for quantification.
Pharmacodynamic Study

The blood samples were analysed for blood glucose using glucose oxidase-peroxidase method*®.
Oral glucose tolerance test (OGTT) in STZ- induced diabetic rats.

The diabetic overnight fasted rats were divided into 4 groups (n=6) and treated same as

mentioned above study. The rats of all the groups were loaded with D-glucose (2 g/Kg) 30 min
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after the treatment. Blood samples were collected from the rats at 30, 60, 90 & 120 min after
glucose loading for determination of blood glucose levels™.
Estimation of total antioxidant status in diabetic pretreated rats
The serum samples of sub acute study were used to determine the total antioxidants status by
using DPPH method™. Ascorbic acid was used as reference standard. The standard graph was
prepared using different concentrations of ascorbic acid in water ( y=0.0018 + 0.0116, r= 0.9953)
and the antioxidant status values were expressed in terms of nM of ascorbic acid.
Statistical analysis: The pharmacokinetic parameters were calculated using Kinetica Soft-ware
(version 4.4.1). All values of pharmacokinetic and pharmacodynamic studies were expressed as
mean + SD. The data were statistically evaluated using one way analysis of variance (ANOVA)
followed by post hoc Dunnet’s t-multiple comparison tests using Graph Pad Prism 4 computer
software. Values corresponding to p < 0.05 were considered as significant.
RESULTS AND DISCUSSION
The pharmacokinetic parameters of glimepiride was significantly increased in co-administration
of NE as shown in Table 1, i.e. Cpax (1.45 times), AUCy., (1.92 times), AUCoa (1.96 times),
t1/2 (1.67 times), MRT (1.79 times), whereas the clearance (0.75 times) and volume of
distribution (0.58 times) of Glimepiride was decreased, when compared with Glimepiride alone
group. The Tmax of Glimepiride was not altered by concurrent administration with NE.

Table 1: Pharmacokinetic Parameters of Glimepiride in STZ induced diabetic rats

PK parameters  Glimepiride Glimepiride +Neem extract
Crnax (ng/ml) 18.23+£0.82  26.42+ 1.46**

Tmax (h) 2 2

AUC., (ng/mlh) 68.02+2.54 130.64+ 3.24**

AUC; (ng/mlh) 70.62+2.01  138.48+ 3.84**

t% (h) 1.96+0.62  3.27+0.82*
MRT (h) 3.5+ 0.4 6.26+ 0.2%*
tCL (ml/min) 130.2+ 1.59  98.2+ 1.8%*
vd (ml) 38.6£5.20  22.4+ 2.6**

All values are expressed as mean + SD (n=6).

*p<0.05; **p<0.01 considered as significant when compared with Glimepiride control
Definitions of the parameters:

Cmax. Peak serum concentration;

Tmax. Time to reach peak serum concentration;

AUC0n: Area under serum concentration/time plot until the last quantifiable value;
AUC 1, Area under serum concentration/time plot extrapolated to infinity;
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T 1/2: Terminal half life;

MRT: Average mean residence time;
CL: Total clearance;
Vd: Volume of distribution
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Table2: Mean serum glucose levels and percentage reduction of serum glucose levels

Group Treatment Dose Serum glucose levels (mg/dl) and % reduction of serum glucose levels at different hours
No. (mg/Kg)  Ohr 2 hr 4 hr 6 hr 8 hr 12 hr 24 hr
I Control - 334.56+2.4 332.58+1.54 332.42+1.8 331.68+1.46 332.2+1.2 332.8+2.0 332.2+1.45
(0.49%) (0.65%) (0.85%) (0.53%) (0.54%) (0.39%)
I Glimepiride 1 mg/kg 340.5+4.6 276.5+5.9 220.46+9.4  175.05+6.8 233.15+8.6 282.3+6.8 332.27+24
(19.81%)**  (29.14%)**  (50.63%)**  (32.58%)**  (17.1%)**  (3.46%)*
i Neemleaf 200 mg/kg 229.6+5.6 199.8+6.8 178.3+4.9 136.2+ 6.8 122.01+45 156.8+6.6 184.0+8.4
extract (14.1%)** (23.3%)** (41.72%)**  (46.8%)** (31.1%)**  (19.7%)**
v NE+ 200 mg/kg 358.2+6.3 396.14+85  237.6+9.4 168.9+ 7.7 219.8+ 8.9 270.4+9.2 296.6+6.4
Glimepiride + 1 mg/kg (18.4%)** (34.8%)** (52.81%)**  (39.9%)** (24.6%)**  (17.4%)**
All values are expressed as mean + SD (n=6)
*P < 0.05, **P< 0.01 considered as signiticant when compared with 0 hour of respective group
Table 3: Oral glucose tolerance and percentage reduction of serum glucose levels in STZ induced diabetic rats
Group Treatment Dose Blood glucose levels (mg/dl) at different time intervals
No. (mg/KQ) 0 Min 30 Min 60 Min 90 Min 120 Min
I Control - 350.32+ 346.25+ 2.94 334.28+ 3.64 319.14+2.65 306.6+ 2.64
2.94 (2.2%) (5.68%) (8.99%) (12.68%)
I Glimepiride 1 mg/kg 386.52+ 346.8+ 3.01 319.52+2.96 260.6+ 2.7 232.32+ 3.14
3.24 (10.46%)** (17.4%)** (33.7%)** (39.9%)**
Il NE 200 mg/kg ~ 372.14+ 348.4+ 2.82 303.0+2.46  286.4+ 4.2 258.4+2.13
4.6 (7.56%)** (18.65%)**  (24.2%)** (31.6%)**
v NE+Glimepiride 200 mg/kg + 392.6+2.6 352.3+4.8 306.4+3.24  264.4+5.2 232.4+ 4.8
1 mg/kg (11.2%)** (22.04%)**  (33.6%)** (41.8%)**

All values are expressed as mean + SD(n=6)

*p<0.05; **p<0.01 considered as significant when compared with Ohr.
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Figure 1: Effect of sub acute pretreatment of NE and Glimepiride on total antioxidant
status of STZ-induced diabetic rats

The significant increase in pharmacokinetic parameters such as Cpax, AUCq.n, AUCiota), t1/2 and
MRT was observed in STZ-induced diabetic rats by treating with the combination of Glimepiride
and NE. This may be due to alteration in the metabolism of Glimepiride either by enhancing
absorption or by inhibiting CYP enzymes responsible for Glimepiride metabolism. No change in
Tmax Of Glimepiride was found in NE treated group indicating that there is no alteration in rate of
absorption of Glimepiride and the serum affinity of Glimepiride for albumin is 99.5% bound.
The mean serum glucose level and percentage glucose reduction of pretreated diabetic rats is
shown in Table 2. The data revealed that there is a maximum reduction of serum glucose level
in combination of NE with Glimepiride pretreated groups (52.8%), when compared to standard
(glimepiride, 50.63%), and (NE 41.72%) alone pretreated groups at 6th hr, respectively. The
increase in hypoglycemic action of concomitant administration of Glimepiride with NE was
more in diabetic rats compared to alone treated drugs and with control group, which suggested
that the enhancement of glucose reduction capacity of glimepiride in diabetic rats along with
neem leaf extract. Administration of glucose load (2 g/kg, p.o) increased serum glucose levels
significantly (p<0.01) after 30 min of glucose loading in diabetic rats in OGTT,. Glimepiride and
NE treatment alone or in combination produced significant (p<0.01) increase in glucose
threshold within 30 min of glucose loading and the effects were persisted till 120 min (Table 3).
The serum total antioxidant status of different pretreated groups in diabetic rats is shown in
Figures 1. The combination of NE with Glimepiride group found gradually increased (p<0.01)
total antioxidant status when compared with NE, Glimepiride alone pretreated groups and with

control group at all time intervals of the study.
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CONCLUSION

The present study indicates that neem leaf extract effect the pharmacokinetics of Glimepiride in

STZ-induced diabetic rats, it also enhances the glucose lowering effect of Glimepiride in diabetic

rats.
ACKNOWLEDGEMENTS

The authors are thankful to the principal of Vaagdevi institute of pharmaceutical sciences,

Warangal.
REFERENCE

1. Grodsky GM. A threshold distribution hypothesis for packet storage of insulin and its
mathematical modeling. J. Clin. Invest 1972;51(8):2047—2059.

2. Zhou S, Koh HL, Gao Y, Gong ZY, Lee EJ. Herbal Bioactivation:The good, the bad and
the ugly. Life Sci 2004 Jan 9;74(8): 935-68.

3. RPP. Adam. Identification of Essential Oil Components by Gas
Chromatography/Quadrupole Mass Spectroscopy. Allured Publishing Corporation, Carol
Stream, IL, USA 2001:20-90.

4. R.R. Chattopadhyay. Possible mechanism of antihyperglycemiceffect of Azadirachta
Indica leaf extract. J Ethnopharmacol 1999 30; 67(3):373-6.

5. M.A. Hossain, M.R. Nagooru, Biochemical profiling and total flavonoids contents of
leaves crude extract of endemic medicinalplant Corydyline terminalis L. Kunth,
Pharmacognosy Journal 2011 ;3(24):25-30.

6. P.S. Negi, G.K. Jayaprakasha, B.S. Jena, Distribution and introduction cultivation state of
Azadirachta indica, Food Chemistry 2002 Jan;80:293-97.

7. A. Ali, Textbook of Pharmacognosy, Publication and Information Directorate, New
Delhi, 1993; 381-84.

8. M.A. Hossain, M.D. Shah, M. Sakari. Gas chromatography—mass spectrometry analysis
of various organic extracts of Merremiaborneens is from Sabah. Asian Pacific Journal of
Tropical Medicine 2011;637-41.

9. C. K. Kokate, A.P. Purohit, S.B. Gokhale, Pharmacognosy, Nirali Prakashan, India,
2010; 10.28-10.29.

10. A. Kar, A. Dethi, A. Ababa, Pharmacognosy and Phytochemistry, Nirali Prakashan,
India, 2007; 238-239.

www.ajphr.com “



IVidyavathi et al., Am. J. Pharm Health Res 2015:3(1) ISSN: 2321-3647|

11.

12.

13.

14.

15.

16.

Z.Y. Ping, L. Yong, P.X. Ming, Global distribution and introduction cultivation state of
Azadirachta indica 2002; 792;33-42.

Sujatha S, Sandhya Rani T, Veeresham C. Determination of Glimepiride in rat serum by
RP-HPLC method. Am J Analy Chem 2: 160-165.

Trinder P. Determination of blood glucose using 4-amino phenazone as oxygen acceptor.
J Clin Pathol 1969;22: 246.

Wannaporn Suwannaphet a, Aramsri Meeprom b, Sirintorn Yibchok-Anun a Sirichai
Adisakwattana b, Preventive effect of grape seed extract against high-fructose diet-
induced insulin resistance and oxidative stress in rats. Food and Chemical Toxicology
2010;48:1853-57.

Hasani P, Yasa N, Vosough-Ghanbari S, Mohammadirad A, Dehghan G, Abdollahi M. In
vivo antioxidant potential of Teucrium polium, as compared to alpha-tocopherol. Acta
Pharm. 2007 Mar;57(1):123-9.

Chhavi Sharma,1 Andrea J. Vas,1 Payal Goala,1 Taher M. Gheewala,1 Tahir A. Rizvi,2
and Arif Hussainl, Ethanolic Neem (Azadirachta indica) Leaf Extract Prevents Growth
of MCF-7 and HeLa Cells and Potentiates the Therapeutic Index of Cisplatin. Journal of
Oncology 2014; 2014;Article ID 321754, 10 pages.

/

AJPHR is

Peer-reviewed

monthly

Rapid publication

Submit your next manuscript at

Q}litor@aiphr.com / editor.aiphr@qmail.com/

www.ajphr.com


mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com

