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ABSTRACT
Introduction: Transdermal administration of glibenclamide (GLBD) might offer some advantages over oral route in subject with the treatment of
hyperglycemia in non-insulin dependent diabetes mellitus (NIDDM).
Objective: The objective of the present study was to develop the nanoemulsion gel for transdermal delivery of glibenclamide (GLBD) and to evaluate
with respect to various Ex-vivo and in-vivo parameters. Nanoemulsions do not need the chemical enhancers; they are advantageous over the
conventional transdermal drug delivery systems.
Materials and methods: The nanoemulsion formulation consisted of Labrafac and Triacetin (1:1, ratio) as an internal oil phase in external aqueous
phase, Tween 80 as surfactant and diethylene glycol monoethyl ether as cosurfactant. Nine nanoemulsion formulations were selected for the Ex-vivo
And In-vivo Evaluation. Ex-vivo drug release studies and permeation studies through wistar rat skin. The blood glucose reducing hypoglycemic
activity of the systems was studied in both normal and diabetic wistar rat. The histopathological studies, skin irritation tests and In-vivo evaluation
were carried out in wistar rat.
Result :The optimized formulation NE-B2, which contained 15 % labrafac and tricetin, 45 % Smix (tween 80 and diethylene glycol monoethyl ether)
and 40 % water showed significant increase (P < 0.01) in the transdermal flux (95.90 μg cm-2 h-1) .The in vivo studies revealed a 3.92 fold increase in
relative bioavailability through transdermal application of NE-B2 formulation compared to oral drug suspension.
Conclusion: In conclusion, the present study shows that the nanoemulsion gel for transdermal systems of glibenclamide exhibited better control of
hyperglycemia and more effectively reversed the diabetes mellitus complications than oral glibenclamide administration in wistar rat.
Keywords: Nanoemulsions; Transdermal Delivery; Ex-vivo And In-vivo Evaluation; GLBD.

INTRODUCTION
Nano emulsions are clear mixtures consisting of oil, surfactant,
cosurfactant, and aqueous phase, which are single optically isotropic
and thermodynamically stable with a droplet size typically in the
range of 10–100 nm [1, 2]. Nanoemulsion prepared by spontaneous
emulsification method offer several advantages over other drug
carriers like lower preparation cost, long shelf life, absence of
residual organic solvents, and high drug loading for both hydro- and
lipophilic drugs [3-5].Numerous studies had been conducted in the
recent past that showed the significance of these systems for dermal
and transdermal delivery both in vitro[6-16], and in vivo[17-22].
They had been amply demonstrated to improve the transdermal
permeation over conventional topical preparations such as
emulsions
[23-25],
gels[25-28],
creams[29-31],
and
ointments[32,33]. Diabetes mellitus is a group of metabolic diseases
characterized by high blood sugar (glucose) levels, which result
from defects in insulin secretion, or action, or both. A therapeutic
classification includes two major types of diabetes mellitus. Type I
diabetes (Insulin-Dependent
Diabetes Mellitus; IDDM) is a severe form associated with ketosis in
the untreated state. Type II (Noninsulin-Dependent Diabetes
Mellitus; NIDDM) represents a heterogeneous group comprising a
milder form of diabetes that occurs predominately in adults.
Circulatory endogenous insulin is sufficient to prevent ketoacidosis,
but is often subnormal or relatively inadequate because of tissue
insensitivity [34, 35]. The vast majority of diabetic patients have
non-insulin dependent diabetes mellitus (NIDDM). The prevalence
of diabetes for all age-groups worldwide was estimated to be 2.8%
in 2000 and 4.4% in 2030. In the United States, about 90% of all
diabetic patients have NIDDM. The incidence rates of NIDDM
increase with age, with a mean rate of about 440 per 100,000 per
year by the sixth decade in males in the United States[35]. The total
number of people with diabetes is projected to rise from 171 million

in 2000 to 366 million in 2030[36]. India and China are, and will
remain, the leading countries in terms of the number of people with
diabetes mellitus in the year 2025. Diabetic disease is increasing
rapidly and vast amounts of resources are spent in all countries.
Antidiabetic drug distinctly lower the blood glucose level by both
defects of NIDDM, by stimulating pancreatic beta cells to produce
more insulin and induced increased activity of peripheral insulin
intra cellular receptor. Many sulfonylureas like glibenclamide
(GLBD) and glipizide have been associated with severe and
sometimes fatal hypoglycemia by stimulating release of insulin from
pancreatic beta cells and by increasing the sensitivity of peripheral
tissue to insulin and gastric disturbances like nausea, vomiting,
heartburn, anorexia, and increased appetite after oral therapy. GLBD
is best avoided in the elderly and in patients with even mild renal
impairment because of the risk of hypoglycemia[37,38]. Owing to its
high portion of hepatic first pass metabolism (~50%)[39], its low
molecular weight (494 Da), its moderate lipophilicity (Log P, 4.8) as
well as its clinical effectiveness in low doses[40,41] (5mg to 15mg),
the percutaneous application of GLBD provides, therefore, a
preferred alternative to the oral dosage form.
Transdermal administration of GLBD might offer some advantages
over oral route in subject with the treatment of hyperglycemia in
non-insulin dependent diabetes mellitus (NIDDM), but has been
associated with severe and sometimes fatal hypoglycemic reactions
and gastric disturbances like heartburn, nausea, vomiting, anorexia
and increase appetite after oral therapy because of high inter
individual variation [42]. Since these drugs are usually intended to
be taken for a long period, patient compliance is also very important.
Transdermal drug delivery system (TDDS) provides a means to
sustain drug release as well as reduce the intensity of action and
thus reduce the side effects associated with its oral therapy. The NE
system is a promising vehicle due to powerful ability to deliver drug
through skins [43]. The stable NE system consisted of oils as
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combination of labrafac and triacetin (1:1), commonly used nonionic
surfactant (Tween 80), non-irritant cosurfactant (diethylene glycol
monoethyl ether) and water was prepared, its transdermal
permeation ability and pharmacokinetics studies of GLBD were
evaluated.
MATERIALS AND METHODS
Materials
GLBD was a gift sample from Cipla (Mumbai, India). Oleoyl
macrogol-6 glycerides / glycerides (labrafil 1944 CS), Propylene
glycol dicaprylate/dicaprate (labrafac PG), PEG-8 caprylic/capric
glycerides (labrasol), Propylene glycol monocaprylate (capryol
PGMC), diethylene glycol monoethylether (transcutol P) were gift
samples from Gattefosse SAS (France). Castor oil and olive oil were
purchased from genuine chemicals (Mumbai, India). Triacetin
(glycerin triacetate), tween 80, tween 20 and polyethylene glycol
200 (PEG-200) were purchased from Ozone chemicals (Mumbai,
India). Polyethylene glycol 400(PEG-400), propylene glycol (PG) and
n-butanol were purchased from E-Merck (Mumbai, India).Isopropyl
myristatae (IPM) was purchased from S.D. Fine chemicals (Mumbai,
India). High-performance liquid chromatography (HPLC) grade
methanol and acetonitrile (ACN) were purchased from Finar
chemical (Ahmedabad, India). Water was obtained from Milli Q
water purification system (Miliipore, MA). All other chemicals and
solvents used in the study were of analytical grade.
Selection of Formulations from Phase Diagrams
Following criteria were chosen for the selection of formulations.
GLBD was added to the mixture of oil, surfactant and cosurfactant
with varying component ratio as described in Table -1,

nanoemulsion (NE-B2) was converted into nanoemulsion gel.
Nanoemulsion gel was prepared by dispersing 0.75% w/w of
Carbopol 934 in sufficient quantity of distilled water [22]. The
dispersion was kept in dark for 24 h for complete swelling of
carbopol [45].Then 0.005% w/w of GLBD nanoemulsion was added
slowly to carbopol dispersion. Triethanolamine (0.5% w/w) was
added in this mixture to neutralize carbopol. Then remaining
quantity of distilled water was added to get the final preparation
100% w/w.
Preparation of Conventional GLBD Gel
Hydrogel with GLBD was used a classical dermal formulation for
comparison of GLBD action incorporated in nanoemulsion gel.
Carbopol 934 (0.75% w/w) was dispersed in sufficient quantity of
distilled water. The dispersion was kept in dark for 24 h for
complete swelling of Carbopol 934. Then GLBD was mixed with the
carbopol dispersion, and 0.5% w/w of triethanolamine was added in
this mixture to neutralize carbopol, and the remaining water was
added to give homogeneously dispersed GLBD in hydrogel [46, 47].
Calculation of Permeation Parameters
The cumulative amount of GLBD permeated per unit of rat skin surface
area, Qt/S (S=0.75 cm2) was plotted as a function of time (t, h). The
permeation rate of GLBD at steady-state (Jss, µg/cm2/h) through rat
skin was calculated by linear regression interpolation of the
cumulative amount permeated through rat skin per unit area vs. time:
Jss = Δ Qt / S. Δ t (Eq. 1)
The permeability coefficient (Kp, cm/h) was calculated according
to the equation:

and then appropriate amount of water was added to the mixture
drop by drop and the nanoemulsion containing GLBD was obtained
by vortexing the mixture at ambient temperature 30 °C.
Formulations with Smix ratio 1:0, 1:2 and 1:3 were not selected
because the formulations were unstable and showed phase
separation in earlier publication glibenclamide44.

Kp = Jss / Cd (Eq. 2)

Preparation of Rat Skin

The enhancement ratio (ER) was calculated according to the equation:

The male albino wistar rats (7-9 weeks old, 200-250 g) were
sacrified by aspiration of ethyl ether and the abdominal skin was
carefully excised from the underlying connecting tissue using
scalpel. The hairs remaining on the skin were trimmed away. The
subcutaneous tissue was removed surgically and the dermis side
was wiped with isopropyl alcohol to remove the adhering fat. The
cleaned skin was washed with distilled water and stored at 21°C
until further use.

ER = Flux from formulation / flux from formulation E. (Eq.3)

Ex-vivo Permeation Studies
The ex-vivo skin permeation studies were performed using Franz
diffusion cell apparatus The diffusion area was 0.75 cm 2 and
receptor volume was 5.0 mL. The skin was brought to room
temperature, cut and trimmed to appropriate size and mounted
between the donor and receptor compartments of the diffusion cell
with the stratum corneum side facing upwards and then the donor
chambers were clamped in place. The receptor compartment was
filled with phosphate buffer saline (pH 7.4). The receptor fluid was
stirred with a magnetic rotor at a speed of 600 rpm and the
temperature was maintained at 37 ± 1°C. After stabilization of the
skin, one mL of NE formulations, was placed into the donor
compartment and sealed with paraffin film to provide occlusive
conditions. Samples were withdrawn at regular intervals (1, 2, 3, 4,
5, 6, 7, 8, 10, 12, 24 and 48 h), filtered through 0.45-µm membrane
filter and analyzed for drug content by UHPLC/ESI-qTOF/MS
method as described in earlier pulication[44]. The receptor phase
was immediately replaced with equal volume of fresh receptor fluid.
The same study was also performed for control formulations. Each
set of experiment was performed with 3 diffusion cells (n=3).

Where Cd = concentration of drug in donor compartment
(5.0mg/mL), and is assumed that under sink conditions the drug
concentration in the receiver compartment is negligible compared to
that in the donor compartment.

All skin permeation experiments were repeated three times and
data were expressed as mean of three experiments ± standard
deviation (S.D).
In-vivo Permeation Study
The animal protocol to carry out in-vivo study and skin penetration
study was reviewed and approved by Institutional Animal Ethics
Committee, Oriental college of pharmacy Sanpada (approval no:
OCP/CPCSEA/IAEC/2012/005) and their guidelines were followed
for the studies. Albino rats, 7-9 weeks old and weighing 150–220g
was used for the study The animals were kept under standard
laboratory conditions (temperature: 25 ± 2 °C; relative humidity: 55
± 5%). The animals were housed in polypropylene cages, with free
access to standard laboratory diet (Lipton feed, Mumbai, India) and
water ad libitum.
Skin Irritation Test
The animals were kept under standard laboratory conditions, with
temperature of 25±1°C and relative humidity of 55±5%. They were
housed in polypropylene cages with free excess to a standard
laboratory diet (Lipton feed, Mumbai, India) and water ad libitum. The
hairs on the abdominal side of albino Wistar rats were removed by
clipping 1 day before the experiment [48]. The skin irritation study
was performed using eight rats. A single dose of 10 μL of the
formulation was applied to the left ear of the rat and the right was
considered as a control. The development of erythema was monitored
for six days using the method, as reported by Abbe et al. [49].

Preparation of Nanoemulsion Gel

Induction of Diabetes mellitus:

The nanoemulsion was insufficiently viscous and could be therefore
quickly removed from the skin. Therefore, the optimized

The overnight fasted Wistar rats weighing 150–220g were made
diabetic by a single intravenously injection of streptozotocin (60
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mg/kg) dissolved in citrate buffer (3 mM; pH 4.5) [50]. After the
dose of 60 mg/kg intravenously injection, symptoms occur already
after 24–48 h with hyperglycemia up to 800 mg %, glucosuria and
ketonemia. Histologically, the beta-cells are degranulated or even
necrotic. A steady state is reached after 10–14 days allowing using
the animals for pharmacological tests [51]. The blood was taken
from the tail vein at predetermined time intervals up to 48 hours.
Blood glucose level was determined by Accu-Check Glucometer
(Roche Diagnostics, Germany).
Antidiabetic activity
The antidiabetic activity of the developed nanoemulsion gel was
estimated by taking blood from tail vein of rats. Twenty four wistar
rat were taken and they were divided into four groups (n=6). Group
I, was taken as control. Diabetes was induced in the remaining
groups (Group II, III, and IV). The wistar rat was treated as
following:
Group I (Control) –
Group II- Applied with 2.00 cm2 transdermal system prepared with
nanoemulsion gel, without drug in 0.5% carbopol gel.
Group III – Glibenclamide (5 mg/kg) the oral doses were given using
a round tipped stainless steel needle attached to 1 ml syringe and
the dose of 5 mg/kg was selected by conducting a series of
experiments with graded doses ranging between 1 to 10 mg/kg.
Group IV - Applied with 2.00 cm2 transdermal system prepared with
nanoemulsion gel, containing 5 mg of drug in 0.75% carbopol gel.
At time intervals between 2-48 h after treatment (acute study),
blood was collected from tail vein; blood glucose levels were
determined using Accutrend Alpha Glucometer (Roche Diagnostics,
Germany).

drug analysis was carried out using UHPLC/ESI-qTOF/MS method.
Pharmacokinetic parameters (PK)/ In vivo were calculated by
noncompartmental analysis also called as model independent
analysis using WinNonLin version 5.1 (Pharsight Corp., Mountain
View, CA). Peak plasma concentration (Cmax) and time of its
occurrence (tmax) were read directly from the individual plasma
concentration–time profiles. Area under concentration time curve
(AUC0-t) was calculated according to linear trapezoidal method
whereas mean residence time (MRT) was calculated by dividing the
AUMC0→t by AUC0→t.
Histopathological examination of skin specimens
Abdominal skin of wistar rats were treated with optimized
nanoemulsion gel. After 48 hr, rat was sacrificed and the skin
samples from treated and untreated (control) area were taken. Each
specimen was stored in 10% formalin solution in phosphate buffer
saline (pH 7.4). The specimen was cut into section vertically. Each
section was dehydrated using ethanol, embedded in paraffin for
fixing and stained with hematoxylin and eosin. These samples were
then observed under light microscope (Motic, Japan) and compared
with control sample. In each skin sample, three different sites were
scanned and evaluated for elucidation of mechanism of penetration
enhancement.
Statistical Analysis
Data of in vivo analysis was expressed as mean of eight animal ± S.D.
The data was compared for statistical significance by the one-way
analysis of variance (ANOVA) followed by Tukey– Kramer multiple
comparisons test using GraphPad Instat software (GraphPad
Software Inc., CA, and USA). The data were considered to be
significant at p<0.05.
RESULT AND DISCUSSION

In vivo Permeation Study

Selection of Formulations from Phase Diagrams

Overnight fasted wistar rat, whose hair was previously removed,
were divided into 2 groups (n=6) and treated as follows.

Following criteria were chosen for the selection of formulations.
GLBD was added to the mixture of oil, surfactant and cosurfactant
with varying component ratio as described in Table-1,

Group I - To control group, one mL of 0.5 % GLBD suspension (5.0
mg/mL; prepared by suspending Daonil ® 5mg tablet in aqueous
media) was administered orally using oral feeding sonde.
Group II - . Test group, the hair on abdominal skin was trimmed off
and the abdomen was washed gently with distilled water. The drug
loaded (5.0 mg/mL) optimized NE formulation was then applied to
the skin surface (2.0 cm2) in open containers glued to the skin by a
silicon rubber. The blood samples (0.2 mL) of both control and test
groups were collected at predetermined time intervals through the
tail vein of rat in vacutainer tubes, mixed and centrifuged at 5000
rpm for 20 min. The plasma was separated and stored at -21 °C until

and then appropriate amount of water was added to the mixture
drop by drop and the nanoemulsion containing GLBD was obtained
by vortexing the mixture at ambient temperature300C. Formulations
with Smix ratio 1:0, 1:2 and 1:3 were not selected because the
formulations were unstable and showed phase separation. Based on
the phase diagrams, three Smix ratios 1:1 (NE-A), 2:1 (NE-B) and 3:1
(NE-C) were optimized. From the selected Smix ratios, NE
compositions with 33 % (NE-A1, NE-B1, and NE-C1), 45 % (NE-A2,
NE-B2, NE-C2) and 55 % (NE-A3, NE-B3, NE-C3) Smix ratios were
selected from the region of existence pseudoternary phase diagram
(Table-1)

Table 1: Composition of Selected Nanoemulsion Formulations
aSmix

ratio

Formulation Codeb

Formulation NE-A
aSmix ratio = 1:1

NE-A1
NE-A2
NE-A3
NE-B1
NE-B2
NE-B3
NE-C1
NE-C2
NE-C3

Formulation NE-B
Smix ratio = 2:1
Formulation NE-C
Smix ratio = 3:1
a Surfactant/cosurfactant

Percent w/w of Components in Formulation
Oil (%)
Water (%)
Smix (S + CoS) (%)
10
57
33
15
40
45
18
27
55
10
57
33
15
40
45
18
27
55
10
57
33
15
40
45
18
27
55

ratio;

bNE

represents nanoemulsion; A, B and C represents Smix ratio 1:1, 2:1 and 3:1, respectively; Suffix 1,2 and 3 represents Smix concentration 33, 45
and 55 %, respectively
Ex-vivo Permeation Studies
The permeation ability of the selected NE formulations was
evaluated by the ex-vivo permeation experiments. The permeation
parameters of the tested NE formulations are presented in Figure 1.

The results demonstrate that the permeation rate and permeation
coefficient of all the NE formulations through rat skin are
significantly higher (P < 0.001) in comparison to control
formulations D and E. The values of transdermal flux for different NE
formulations were observed between 30.74 to 95.90 μg cm -2 h-1. This
749
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value is approximately seven fold greater than the formulation D
(12.88 ± μg cm-2 h-1), nearly nine fold higher than the formulation E
(10.65μg cm-2 h-1). Although, all the formulations contain equal drug
amount, low permeation rate as observed for formulations D and E,
provided that concentration gradient is not a single factor affecting
the rate of permeation. Enhanced permeation with NEs could be
explained on basis of the several mechanisms:

Nano droplets settle down to close contact with the skin and a
large amount of inner labrafac and triacetin carrying drug might
penetrate into the skin.

Permeation of drug carrying nano-sized droplets through
stratum corneum without NE fusion and subsequent drug release.

Continuous and spontaneous fluctuating stable interfaces of NE
enable high drug mobility and might enhance the drug diffusion process.

High solubilization of GLBD in NE resulting in high
thermodynamic activity of the drug providing significant driving
force for its release and permeation.

Hydration of the stratum corneum due to external water phase
of the NE results in high diffusivity of lipophilic drug as droplet size
approaches to molecular dispersion.
The content of Smix in the nanoemulsion formulation was found to
affect the skin permeation rate of GLBD directly. As the content of
Smix increased from 33% to 55% (NE1 to NE3), the skin permeation
increased from 45% then decreased up to 55 % Smix concentration
and the overall flux enhancements were observed for Smix (2:1) NEB formulations with the maximum flux (95.90 μg cm-2 h-1) for NE-B2,
at 45 % Smix (tween 80 and diethylene glycol monoethyl ether) NEB2, which contained 15 % labrafac and tricetin(1:1) and 40 % water
(Fig 1). This might be due to a decreased thermodynamic activity of
the drug in the nanoemulsion at the higher content of surfactant
[52]. The thermodynamic activity of a drug in the formulation is a
significant driving force for the release and penetration of the drug
into the skin. In summary the different formulations can be ordered
according to their descending flux values as follow: NE-B2 > NE-B3 >
NE-B1 > NE-A1 > NE-A2 > NE-A3 > NE-C1 > NE-C2 > NE-C3 >
formulation D > formulation E. Comparison of the permeation of the
NE formulations with corresponding droplet size and viscosity
indicated that NE-B2 with smallest droplet size and lowest viscosity
had highest transdermal flux and therefore selected for in vivo
permeation study for converting nanoemulsion gel.
Fig. 1: Permeation profiles of GLBD through excised rat skin
from nanoemulsions formulated with Smix 1:1,2:1 , 3:1and
control, surfactant, conventional gel and NEG (mean ± SD, n=3)
Skin Irritancy Test
Rat skin irritation experiments were, therefore, conducted in order to
assess the potential irritant effects of the developed nanoemulsion
formulation. The transdermal nanoemulsion formulation showed a
skin irritation score (erythema and edema) of less than 2. According to
Draize et al., compounds producing scores of 2 or less are considered
negative (no skin irritation) 52. Hence, from the results of the
preliminary skin irritation study, the optimized nanoemulsion
formulation appeared to be safe for transdermal delivery.
Induction of Diabetes mellitus:
The overnight fasted Wistar rats weighing 150–220g were made
diabetic by a single intravenously injection of streptozotocin (60
mg/kg) dissolved in citrate buffer (3 mM; pH 4.5) . After the dose of
60 mg/kg intravenously injection, symptoms occur already after 24–
48 h with hyperglycemia up to 800 mg %, glucosuria and
ketonemia.. A steady state is reached after 10–14 days allowing
using the animals for pharmacological tests. The blood was taken
from the tail vein at predetermined time intervals up to 48 hours.
Blood glucose level was determined by Accutrend Alpha Glucometer
(Roche Diagnostics, Germany).
Antidiabetic Activity
The optimized formulation which yielded satisfactory skin
permeation result was subjected to in-vivo studies. The results of the

antidiabetic activity of transdermal nanoemulsion gel in comparison
to placebo control, diabetic control, and control is shown in Table 26. Before the starting of experiment the average initial blood glucose
levels of different groups were; control 81.61 mg/dl, toxic control
268.38 mg/dl, placebo control 270.58 mg/dl, formulation control
275.2 mg/dl.
The hypoglycemic effect was significant (P<0.01) in nanoemulsion
gel treated animals in comparison to the control group animals. As
the GLBD is an antidiabetic drug and the most common side effect of
this is severe hypoglycemic reaction when administered by oral
route. But here we can see in the case of transdermal treatment the
reduction in blood glucose level was gradual and in initial hours of
the treatment no severe hypoglycemic reaction was produced. There
was no significance difference found in the blood glucose level of
control, toxic control, placebo control group of animals during 48 hrs
of study. But on the other side significant reduction in blood glucose
level (P<0.05 compared to toxic control) was observed gradually in
the transdermal formulation treated group of animals (group D).
The maximum hypoglycemic response was observed at 6th hour of
study (51.1% reduction in blood glucose level, P<0.05 in comparison
to toxic control) and it remained stable up to 48 hrs of study. In
initial hours of study there was not much but optimum reduction in
blood glucose level was observed (22.85% at 2nd hour of study), but
after that it increases gradually and from the 6th hour of the study it
remains somewhat stable upto 48 hours. Whereas regarding the
placebo control there was no reduction in blood glucose level found
this shows that other ingredients of the formulation don’t have any
type of blood glucose lowering property. Where as animals
subjected to medicated transdermal nanoemulsion gel shows
gradual decrease in blood glucose level in initial 6 hours (at 2 nd hour
25.15%, at 4th hour 41.26%, and at 6th hour 51.1% decrease). This is
clear from the observed data that in initial hour no severe
hypoglycemic reactions were produced as it was most commonly
observed in oral therapy of GLBD. From 6th hours unto 48th hour the
reduction in blood glucose level was almost stable (55-61%
decrease in blood glucose level). This shows that the transdermal
formulation of GLBD avoids the side effects associated with its oral
therapy, and on the other hand as diabetes is a chronic and long
lasting manageable (not curable) disease, the formulation is effective
for the 48 hours of time, so it increases the patient compliance by
reducing the frequency of administration and also provides ease in
application.
In Vivo Permeation Study
Pharmacokinetic study was carried out on rats to judge the efficacy
of the developed formulation against the oral dosage form. The data
so obtained was subjected to pharmacokinetic analysis shown in
Fig.1. The mean Tmax of GLBD was 2 hrs for oral treatment and 12 hrs
for transdermal treatment. A significant difference in Tmax value was
observed between oral and transdermal treatment. A shift in the
Tmax value towards higher side from transdermal treatment
indicated the controlled release behavior of the formulation. The
mean Cmax of GLBD was 40.102 ng/ml for oral treatment and 46.7
ng/ml for transdermal treatment. The Cmax values for both were
almost similar, however in case of oral treatment the peak and valley
pattern was quiet evident with the fluctuation in the plasma
concentration whereas in transdermal treatment steady state
plasma concentration level was maintained. The pharmacokinetic
parameters were calculated from the plasma concentrations of the
drug and recorded in Table.6 The mean AUC 0-t values after oral
treatment was 426.37 ng hr/ml and after transdermal treatment
was 1671.82 ng.hr/ml. The significantly (p<0.05) high AUC 0-t
values observed with transdermal nanoemulsion gel also indicate
increased bioavailability of the drug from nanoemulsion gel
compared to oral administration. The difference in the AUC0-t
values clearly reflects that comparatively lesser amount of drug
was available by oral administration to rat body because of high
first pass metabolism of GLBD. Thus the transdermal
nanoemulsion gel formulation in the present study was found to
enhance the bioavailability of GLBD by 3.92 times with reference
to an oral delivery of drug. The increased bioavailability might be
due to elimination of hepatic first pass metabolism in transdermal
delivery. Thus the transdermal formulation NGF was found to
750
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provide prolonged steady state concentration of GLBD with
minimal fluctuations and improved bioavailability. Through
Labrafac and Triacetin (1:1, ratio) as an internal oil phase in

external aqueous phase, Tween 80 as surfactant and diethylene
glycol monoethyl ether / water (o/w) NE had a sustained and
enhanced absorption.

[

Table 2: Reduction in blood glucose level of rats after treatment with nanoemulsion gel without drug (Control)
Grou
p

Treatmen
t

A

Control*

Rat
s

4

Initial
blood
glucose
Level
(mg/dl)
±S.D.
0
89.7
±2.73
81.2±8.0
4
80.7±
3.50
78.1 ± .71

5

82.5± .28

6

77.5± .57

1
2
3

**Reduction in blood glucose level (mg/dl) ± S.D.

2 hrs
88.1±3.1
8
82.7±3.0
7
77.9±4.1
7
84.8±0.4
8
80.5±3.8
6
77.8±1.4
3

4 hrs
88.4±0.9
1
79.2±2.1
1
85.5±0.6
6
76.9±0.7
6
85.3±1.0
1
80.9±4.4
0

6 hrs
88.3±0.8
2
78.1±2.0
5
83.4±4.5
7
74.8±1.7
3
78.1±3.9
2
82.9±1.3
6

8 hrs
86.7±1.1
7
83.4±1.8
5
91.3±0.8
4
75.6±2.3
5
81.2±5.5
8
73.1±1.3
1

10 hrs
84.6±1.4
9
80.8±2.4
3
83.2±1.5
7
75.8±1.8
8
77.7±1.9
7
74.8±1.0
5

12 hrs
87.9±2.0
9
91.2±0.9
6
90.9±1.8
6
77.4±0.8
4
76.6±1.2
9
73.7±1.7
6

24 hrs
87.2±1.7
8
75.3±1.5
7
84.7±0.8
2
81.6±0.5
5
79.7±1.3
6
80.0±5.0
4

48 hrs
89.0±2.2
7
83.9±1.3
6
93.7±1.1
6
83.5±1.8
4
84.5±0.4
8
74.2±0.8
9

* No treatment was given; ** Mean of three observations ± S.D.
Table 3: Reduction in blood glucose level of rats after treatment with nanoemulsion gel without drug (Placebo control)
Grou
p

Treatment

B

Placebo/Tox
ic Control*

Rat
s

Initial
blood
glucose
Level
(mg/dl)
±S.D.

1

273.1±0.
44
258.3±1.
04
249.8±
5.90
278.2±3.
84
271.9±
9.28
279.0±
5.46

2
3
4
5
6

**Reduction in blood glucose level (mg/dl) ± S.D.

2 hrs
272.5±3.
36
260.4±4.
81
251.0±7.
64
274.8±2.
65
269.8±7.
83
278.6±4.
47

4 hrs
269.2±6.
19
258.1±3.
27
254.4±3.
39
280.5±8.
46
274.1±3.
02
279.2±3.
57

6 hrs
269.3±5.
26
257.2±2.
36
254.6±9.
88
276.5±3.
72
276.6±2.
59
281.9±1.
16

8 hrs
275.8±2.
92
261.9±6.
57
255.8±2.
76
278.7±6.
67
276.8±6.
39
281.7±1.
33

10 hrs
278.3±3.
53
264.4±3.
87
257.4±3.
02
282.5±5.
84
277.4±5.
99
283.2±1.
77

12 hrs
276.9±4.
74
264.2±4.
44
259.1±8.
80
281.7±4.
33
277.5±4.
28
283.6±4.
30

24 hrs
279.7±3.
73
265.3±1.
75
255.8±5.
71
284.5±1.
06
278.1±2.
42
285.3±1.
56

48 hrs
280.5±5.
32
267.7±4.
61
264.1±0.
83
288.5±2.
70
282.6±2.
83
288.1±2.
68

* After induction of diabetes no treatment was given; ** Mean of three observations ± S.D.
Table 4: Reduction in blood glucose level of rats after oral treatment with GLBD suspension (Positive Control)
Grou
p

Treatme
nt

Rat
s

Initial
blood
glucose
Level
(mg/dl)
±S.D.

C

Positive
Control

1

287.0±1.1
9
243.4±5.5
5
267.3±2.2
3
279.9±4.5
7
247.6±2.1
6
298.3±2.4
5

2
3
4
5
6

**Reduction in blood glucose level (mg/dl) ± S.D.

2 hrs
183.2±1.7
0
139.6±7.0
1
163.5±1.4
2
176.1±2.8
9
148.2±6.2
5
194.0±0.9
4

4 hrs
174.4±3.1
3
130.1±6.2
1
156.9±1.8
5
162.2±1.5
8
136.9±0.6
8
181.5±2.2
9

6 hrs
168.7±3.0
8
125.9±7.2
6
151.6±2.2
6
154.6±4.6
2
129.2±0.9
3
174.5±4.8
4

8 hrs
178.4±3.1
3
135.1±6.2
1
159.9±1.8
5
167.2±1.5
8
139.9±0.6
8
187.5±2.2
9

10 hrs
188.2±1.7
0
144.6±7.0
1
167.5±1.4
2
179.
±2.89
154.2±6.2
5
199.0±0.9
4

12 hrs
257.2±3.6
2
227.2±1.7
8
237.5±1.9
3
253.1±2.3
7
228.6±2.2
5
267.2±6.3
8

24 hrs
281.2±2.7
6
241.9±1.4
2
259.6±1.4
0
265.7±2.5
8
239.9±1.9
2
289.5±3.7
6

48 hrs
289.3±3.3
2
249.2±1.8
2
271.5±1.4
2
288.7±0.7
3
250.2±3.2
300.2±4.0
7

* Formulations were applied with GLBD suspension; ** Mean of three observations ± S.D.
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Table 5: Reduction in blood glucose level of rats after treatment with GLBD nanoemulsion gel formulation (Formulation control)
Grou
p

Treatment

D

*Fomulation
GLBD
nanoemulsi
on gel

Rat
s

1
2
3
4
5
6

Initial
blood
glucose
Level
(mg/dl)
±S.D.
0
274.5±2.8
7
284.2±1.7
4
289.9±1.3
4
266.5±1.7
8
255.6±2.2
1
280.5±1.3
1

**Reduction in blood glucose level (mg/dl) ± S.D.

2 hrs
203.6±1.8
4
216.0±1.6
9
224.3±1.8
0
196.5±1.8
1
192.3±3.2
2
207.2±2.4
2

4 hrs
155.2±1.7
8
167.9±2.2
4
172.5±2.2
6
151.2±3.2
2
141.5±1.8
3
154.9±3.2
3

6 hrs
135.5±2.2
5
144.5±3.5
6
141.2±1.8
5
125.4±2.5
0
124.5±2.9
1
134.5±2.8
1

8 hrs
120.5±2.2
5
131.3±2.3
9
126.3±5.0
9
111.7±1.5
2
114.3±4.2
6
127.0±1.4
6

10 hrs
112.2±0.9
0
117.9±1.2
6
108.5±0.9
5
106.3±1.0
7
113.6±1.3
2
121.3±1.7
0

12 hrs
107.3±0.9
8
113.7±1.1
7
101.4±2.0
2
99.6±2.35

24 hrs
105.4±1.8
8
113.7±1.2
0
100.9±3.2
6
96.5±1.31

110.3±0.9
8
116.3±1.8
7

106.4±1.0
8
108.4±1.5
6

48 hrs
118.1±1.2
5
123.5±4.0
4
116.9±3.4
6
125.7±2.2
5
129.0±3.5
5
135.3±2.4
4

* The optimized formulation containing drug; ** Mean of three observations ± S.D.

Table 6: Pharmacokinetic Parameters of GLBD after Oral and Transdermal Administration.
Parameters
Cmax (ng/ml)
Tmax (h)
AUC(0-48) (mg-h/mL)
AUC(0-∞) (mg-h/mL)
Kel (h-1)
t1/2 (h)

Oral-GLBD
40.102±0.873
2
426.37± 20.963
442.396± 20.101
0.132±0.014
5.286±0.488

Transdermal NGF
46.702±0.559
12
1671.82± 20.292
1941.121±62.976
0.046±0.007
15.228±2.185

All values are expressed as mean±SE, n=6; Significant compared to oral GLBD (p<0.05). Cmax=maximum concentration; Tmax=time of maximum
concentration; Kel=elimination rate constant; AUC=area under plasma concentration– time curve; t1/2=elimination half-life.

Fig. 1: Plasma concentration–time profile of Thus transdermal administration of GLBD

Histopathological Examination
As visible in the photomicrograph no significant alteration was seen
with the treatment of the tween 80/transcutol, nanoemulsion gel
based formulation to the skin after 3 days. As visible in the
photomicrograph no significant alteration was seen with the

treatment of the transdermal nanoemulsion gel based formulation to
the skin after 48hrs. It was found that stratum corneum remain
intact shown in Fig.2 and 3. This study thus, showed that the
transdermal nanoemulsion gel based formulation is a safe carrier for
the Transdermal delivery of GLBD.

Fig. 2: Light power photomicrograph of control skin
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Fig. 3: Light power photomicrograph of treated skin

CONCLUSION
An appropriate combination of the oil, surfactant, cosurfactant, and
water is a major formulation consideration in nanoemulsion
preparation for the transdermal drug delivery The GLBD loaded
thermodynamically stable o/w NE system were prepared and
various formulation factors were evaluated to find optimized
formulation which shows desirable efficacy both ex-vivo and in vivo.
The optimized formulation NE-B2, which contained labrafac and
triacetin (1:1), (15 % w/w), tween 80 (30 % w/w), diethylene glycol
monoethyl ether (15 % w/w) and water (30 % w/w) showed
significant increase (P < 0.001) in the steady state flux (Jss) and
permeability coefficient (Kp) compared to control or drug loaded
neat components. The in vivo studies revealed a 3.92 fold increased
relative bioavailability. From ex-vivo and in vivo data it can be
concluded that the developed nanoemulsion systems are potential
vehicles for transdermal delivery of GLBD for prolonged periods.
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