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Abstract The present work entailed perspicacious fabrication
of Bitter Gourd Seed Oil Nanoemulsion (BGO-NE) for in-
creasing bioavailability of CLnA in oxidative stress induced
in vivo system. The BGO-NE was characterized and evaluat-
ed for dimensional as well as rheological changes periodically
during a 12 week storage period. BGO comprising ∼50 % α-
eleostearic acid, was assessed in conventional and NE formu-
lation at different doses, for its ability to stimulate antioxida-
tive enzyme marker paradigm comprising SOD, GPx, CAT
and GSH, inherent to the subjects under study. The formulated
BGO-NE (d<100 nm) was found to be stable for 12 weeks
compared to BGO-CE as was determined by particle size
characterization and associated parameters. Diet supplemen-
tation of 0.5 % (w/v) BGO-NE formulation exhibited maxi-
mum efficiency in countering oxidative stress as compared to
1 % BGO-NE formulation and equivalent doses of BGO-CE.
Higher efficacy at very low dose of the nano-sized formula-
tion was thus, also established. Histopathological data from
liver, pancreas and kidney sections corroborated the above
findings. The present study with formulated BGO-NE and
BGO-CE evaluates and confirms the implications of a NE
formulation of a bioactive lipid - conjugated linolenic acid
(CLnA), targeting specific in vivo processes to counter the

negative influence of excess ROS (Reactive Oxygen Species)
in the system. It, thus presents itself as a potent nutraceutical
against diabetes mellitus in an optimized delivery system.
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Abbreviations
ESA α-Eleostearic acid
BGO Bitter gourd oil
CLnA Conjugated linolenic acid
GI Gastro-intestinal
CAT Catalase
SOD Superoxide dismutase
GPx Glutathione peroxidase
GSH Reduced glutathione
NE Nanoemulsion
CE Conventional emulsion
ROS Reactive oxygen species

Introduction

Nanoemulsions (NE) have emerged as one of the most effi-
cient colloidal delivery system hitherto and are increasingly
being used in the food and pharmaceutical industries to en-
capsulate, protect and deliver lipophilic bioactive compounds.
Given to the kinetically stable state of the NE system wherein
each globule of emulsion reaches approximately 20–500 nm
(Bernardi et al. 2011), it confers a distinct advantage over
other delivery systems which includes a number of potential
benefits for certain applications: i) enhanced long term stabil-
ity of the particles in the delivery system; ii) high optical
clarity; and iii) increased bioavailability (Mason et al. 2006).
However, the numerous potent functional attributes of a NE
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depends on its polydispersity index (PdI), droplet size, surfac-
tants used in reducing the interfacial tension between the two
immiscible liquid phases (which contributes to the particle
stability, rheology, appearance, color, texture, shelf life) and
its resistance against Ostwald ripening (Qian andMcClements
2011), a major factor contributing to the stability concern of
NE. It should be noted in this respect, that a poor understand-
ing of the influence of the sample composition and environ-
mental condition on the formulation prepared, limits the wide
scale use of surfactants in food industries.

Consequently, the availability of food grade NE are scarce
and merits further research before up-scaling therapeutic and
other commercial applications of NE based delivery
systems.

CLnA isomers are known to enhance immunity, act as
potent anti-inflammatory and anti-adipogenic agents, plays a
prominent role in improving cardiovascular health and has also
shown anti-carcinogenic activities (Hennessy et al. 2011).
Bitter gourd oil consists of ∼30–50 % α-eleostearic acid
(ESA) (Saha and Ghosh 2010) whose antioxidative role in
scavenging ROS have been reported by Dhar et al. (1999).
Inside in vivo system however, the action of CLnAs largely
depends on its permeability across GI tract which directly
implies its bioavailabilty. Moreover, transport of CLnA across
GI tract is very slow and involves quick conversion into
conjugated linoleic acid (CLA) (Tsuzuki et al. 2006) thereby
limiting its efficacy. The absorption of CLnA can be improved
significantly by converting the lipid fractions comprising them
into nanoemulsions due to: i) the presence of surfactants which
enhances penetration across cellular membranes due to its
amphiphilicity (Kreilgaard 2002); ii) uptake of hydrophobic
bioactive agents (including lipid components) is inversely
proportional to the size of delivery systems (Lee et al.
2011).

The focus of the present study was to develop a food grade
NE delivery system for CLnAwhich may be considered as a
nutraceutical with long term stability and for evaluating its
role in relieving stress induced as a consequence of the free
radicals generated during diabetic conditions by contributing
to the pre-existing antioxidative system. Previous studies in-
dicated oral administration of α-eleostearic acid (ESA) (pres-
ent in BGO) worked optimally at 0.5 % of the oil fed to the
in vivo systems in conferring health benefits (Dhar et al. 2006).
Thus, a rationale behind this attempt also entailed to evaluate
the efficiency of ESA in the formulated NE compared to CE
system on in vivo oxidative stressed system at lower dosage
(∼0.25 %) than 0.5 % (as has been established previously).
This is the first report of ESA rich NE formulation and their
anti-diabetic as well as antioxidative implications. The pres-
ent study also has a lot of heuristic importance in terms
of understanding the fate of bioactive lipids converted
in nano-sized kinetically stable emulsion forms across
the GI tract.

Materials and methods

Extraction and refining of bitter gourd oil

Authentic bitter gourd seeds were procured from local market
of Kolkata, India and oil was extracted from the seeds with
food grade solvent n-hexane under low temperature – low
agitation inert conditions. It was refined by miscella refining
process (Dhar et al. 1999). The oil was recovered under
vacuum and stored at −20 °C under nitrogen till further use.

Fatty acid analysis

Gas liquid chromatography (GLC, Agilent technologies, In-
dia) equipped with flame ionization detector (FID) and DW
Wax capillary column (30m length×0.25m internal diameter)
(J and W Scientific columns from Agilent technologies) was
employed to identify and quantify the methyl esters of fatty
acids present in the extracted BGO (Table 1).

Preparation of BGO nanoemulsion

Various surfactants with no reported toxic effects i.e. extreme-
ly high LC50/LD50 values were evaluated to arrive at a stable
nanoemulsion formulation: Tween 20(LD50-oral in rats:
36,700 μl/kg as per CAS #9005-64-5) and Span 80(LD50-oral
in rats: 34,500 μl/kg as per CAS #9005-65-6) surfactant
combination were found to result in a stable formulation with
ESA rich BGO which was chosen for further study.

The nanoemulsion was prepared according to the Emulsion
Phase Inversion (EPI) method with few modifications (Dey
et al. 2012). The oil phase comprising BGO (2 g) was mixed
together with 0.65 g Span 80 under constant agitation by
magnetic stirrer at 700 rpm under constant temperature of
27 °C until a homogenous dispersion phase was formed. On
the other hand, the aqueous phase was prepared by mixing
100 ml distilled water with 0.65 g of Tween 20 (hydrophilic
surfactant) under similar conditions. The hydrophilic phase
was added to the hydrophobic phase under constant agitation
at 700 rpm for 30 min and was homogenized at 10,000 rpm by
Ultra Turrax T25 (IKAWerke, GmbH and co.) in the presence
of an ice sheath for 30 min to form a coarse emulsion.

This was followed by High Pressure Homogenisation
using Electric Bench-top Ultra High Pressure Homogenizer
(Nano DeBEE, BEE INTERNATIONAL, INC., South Eas-
ton, MA 02375) at for 10 passes at 40,000 psi under cooling
condition till the formation of nanoemulsion. The resultant
formulation was stored at 25 °C.

Particle size measurements

Particle size distribution and cumulant mean particle size of
the prepared nanoemulsion (in terms of hydrodynamic
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diameter) was determined using a dynamic light scattering
instrument (DelsaTM Nano C Particle Analyzer, Beckman
Coulter, Inc., USA) (Lindner 2002).

Particle electrical charge measurements

Particle electrical charge (z-potential) in the nanoemulsions was
determined using Electrophoretic Light Scattering based on the
Doppler Effect; hence, also called the “Laser Doppler Method”
(DelsaTM Nano C Particle Analyzer, 139 Beckman Coulter,
Inc., USA) as described previously by us (Dey et al. 2012).

Rheology analysis

The viscosity and the flow profile of the prepared
nanoemulsion was analyzed in a Brookfield DV II+ 143
PRO Cone/Plate Viscometer (Brookfield Engineering Labo-
ratories, Middlesboro, USA), using CPE 42 spindle, which
operated at maximum 200 rpm generating maximum shear
rate of 760 s−1, at 25 °C±1 °C. The coarse preparation of
BGO-CE, however, was not assessed for rheological changes
due to its apparent regressed state during storage period.

Animal experiment

Under the supervision of the Institutes Animal Ethical com-
mittee of the Department of Chemical Technology, 36 male
albino rats (Charles Foster strain) (100–150 g) were divided
into five groups each consisting of six rats having equal
average body weight and acclimated for 7 days to the labora-
tory conditions and fed on a standard diet and water ad libitum
until the beginning of the experiments. Only, the NE formu-
lation was administered using gavage. Subsequently, the ani-
mals were divided into four groups:

Group-A: Received Sunflower oil diet (without alloxan
exposure);

Group-B: Received Sunflower oil diet (with alloxan expo-
sure via intraperitoneal injection);

Group-C: Received intraperitoneal alloxan injection follow-
ed by oral administration of sunflower oil: nano-
emulsion (99.5: 0.5 v/v) which contains 0.25 %

CLnA fed once daily and continued till the inves-
tigation period;

Group-D: Received intraperitoneal alloxan injection follow-
ed by oral administration of BGO nanoemulsion
with sunflower oil: nano-emulsion (99: 1 v/v)
which contains 0.5 % CLnA;

Group-E: Received diet similar to group C but
nanoemulsion was replaced by conventional
emulsion of BGO;

Group-F: Received diet similar to group D but
nanoemulsion was replaced by conventional
emulsion of BGO.

The diet was maintained as previously described by Dhar
et al. (1999). Diabetic state was induced by a single i.p. injection
of 180 mg/kg body weight of alloxan (Sigma-Aldrich, USA).
The animals were protected from unexpected death by i.p.
injection of 6 mL 20% glucose together with 5 % glucose used
as a drinking solution. On day 3 after alloxan treatment, blood
glucose was measured. The rats were considered diabetic if the
values of blood glucose were more than 85 mg/dL. Weekly
blood glucose levels of the rats of each group were noted.

Rats were maintained on the above diet ad libitum for
4 weeks. Rats were killed while under mild anaesthesia, blood
was collected from hepatic portal vein; liver, kidney and
pancreas were immediately excised, blotted, and stored at
−20 °C before analysis.

Lipid peroxidation studies

Plasma peroxidation

Plasma peroxidation was measured by the modified TBARS
method (Saha and Ghosh 2010).

Preparation of erythrocyte lysate

Erythrocyte membrane ghost was prepared and EM lipid
peroxidation was measured according to a previously
established method (Dhar et al. 2007).

Table 1 Fatty acid composition of bitter gourd oil as obtained by gas-
liquid chromatography

Test fat Fatty acid composition (w/w%)

C14:0 C16:0 C18:0 C18:1 C18:2 C18:3

Bitter gourd oil – 2.4 31.3 8.0 7.9 50.4

n.b. Spectrophotometric analysis of the bitter gourd oil showed maximum
absorbance at 270 nm corresponding to the highest peak

Table 2 Particle characterisation of fabricated BGO nanoemulsion

Time (weeks) Particle dimensions

Z-average diameter PdI ζ potential D (90 %)

0 93.9±2.6 nm 0.248 27.88 248.7

4 98.0±2.1 nm 0.227 30.74 245.1

8 97.9±2.2 nm 0.239 32.82 261.7

12 97.7±4.2 nm 0.289 33.72 280.4

Z-average diameter: indicates cumulative index of the prepared
nanoemulsion; PdI: polydispersity index; ζ potential: Zeta potential; D
(90 %): indicates 90 % quantile of Cumulative Intensity Distribution
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Tissue lipid peroxidation

Tissue lipid peroxidation of liver was measured in accordance
with our previously mentioned report (Dhar et al. 1999).

Study of antioxidative parameters

SOD, Catalase, GSH and GPx of liver tissues were measured
by using commercial kits.

Histopathological study

Liver, pancreas and kidney were excised and after fix-
ing in 10 % formalin saline for 3–4 days, blocks were
prepared and sections stained with haematoxylin and
eosin by routine procedures (Benjamin et al. 2006). At
least, ten random images were taken of each tissue
section at 40× magnification with the aid of DM750
photomicroscope (Leica Microsystems GmbH, Wetzlar,
Germany).

Fig. 1 aBGO nanoemulsion
characterization for droplet size
after preparation. Result
represented as DelsaTM Nano
(Beckman Coulter, Inc., USA)
software generated data. bBGO
nanoemulsion characterization for
droplet size after storage at 25 °C
(12 weeks). Result represented as
Delsa™ Nano (Beckman Coulter,
Inc., USA) software generated
data
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Statistical analysis

Data were analyzed using one way ANOVA and
expressed as mean ± SEM. Duncans t-test was also used
for statistical analysis between groups with the aid of
SPSS 20. The differences between means were accepted
significant at P<0.05.

Results and discussion

Preparation of ESA- NE and ESA- CE

BGO was emulsified in aqueous phase consisting of triple
distilled water and emulsifier by two stage homogenisation
process for NE fabrication. The part of the CE which was
subjected to high pressure homogenisation brought down the
z-average droplet diameter well below 100 nm with PdI in the
range of 0.248 which increased non-significantly to 0.289 at
the end of 12 weeks storage period (Table 2) (Fig. 1a and b for
DLS data) (Huang et al. 2009).

The electrical potential at the hydrodynamic shear surface
of emulsion droplets obtained is also shown in Table 2. The z-
potential decreased only marginally from 33.72 mV to
27.88 mVat the end of the storage period of 12 weeks, which
is consistent with the size stabilization after the first 4 weeks.

This observation indicated the electro-kinetic stability of the
colloidal system which was in agreement with the findings of
Lee et al. (2011).

Further, previous reports on surface response method-
ology models of nanoemulsions suggest that the oil in
any o/w NE system can be concluded stable if the
physico-chemical parameters i.e. particle size, zeta poten-
tial, polydispersity index and rheology of the fabricated
system remains significantly unchanged during the stor-
age period under study (Mirhosseini et al. 2007). The
observations with the parameters for BGO-NE concurred
with a stable NE system for the storage period.

Emulsion rheology characterization

Viscosity of the fabricated BGO-NE was measured at shear
rate of 760 s−1 against proportionately varying shear stress
between (0–10) D/cm2 or (0–1) N/m2 (Table 3 and Fig. 2)
throughout the storage period of 12 weeks. The analysis for
BGO-NE showed very close similarities with best fit curves
plotted according to the Power law model for near ideal
Newtonian fluid i.e. water, with a confidence of fit ≥99.6 %
during the 12 week storage period with negligible shear thin-
ning (Floury et al. 2000).

The results indicated that the formulated system of NE was
maintained as a mono-phase colloidal delivery system
throughout the entire storage period of 12 weeks with consis-
tent flow index of ∼1.1 and consistency index of 0.4–0.64
(Fig. 2).

Effect on blood glucose level

The oral administration of 0.5 % and 1 % NE which
contains 0.25 % and 0.5 % ESA respectively resulted in

Fig. 2 Power model plots of the fabricated BGO – NE w.r.t. a near ideal Newtonian fluid (water) as fitted curve: a Power law model of the fabricated
BGO-NE immediately after preparation (0 weeks); b Power law model of the fabricated BGO-NE after 12 weeks

Table 3 Rheological
changes with respect to
the storage period of
BGO nanoemulsion

a Centi Poise

Time (weeks) Viscosity (cPs)a

0 1.21±0.0014

4 1.25±0.0015

8 1.33±0.0032

12 1.37±0.0015
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significant reduction in blood glucose level in alloxan
induced diabetic rats after 4 weeks compared to corre-
sponding doses of CE (Fig. 3).

Reports (Yasui et al. 2005) have indicated that at
in vitro level, ESA up regulates PPARγ which again
has been shown to stimulate improvement in glucose
tolerance and insulin sensitivity (Picard and Auwerx
2002). However, hitherto, in vivo experiments with
CLnA (Saha and Ghosh 2012) have failed to reproduce
the implications of the in vitro experiments in terms of
reducing blood glucose level (Chuang et al. 2006). A
significant drop in values of glucose level over the
period of investigation with BGO-NE formulation could
indicate optimum manifestations in blood glucose level
as a direct consequence of increased bioavailability con-
ferred by better delivery of CLnA to target tissues. Our
previous studies have indicated that a strong correlation
exists between the absorption of the liquid phase and the
aqueous phase which insinuates that the fabricated NE
absorption takes place almost as a single phase (Dey
et al. 2012). The ability of BGO NE formulation to
normalize the hyperglycaemic condition formed the pre-
liminary basis of its anti-diabetic property.

Effect on plasma, erythrocyte and liver lipid peroxidation

Results (Table 4) showed that alloxan administration led
to significant increase in lipid peroxidation of plasma,
erythrocyte and liver tissue as compared to the respec-
tive control group.

However, the diabetic rats orally force fed with NE and CE
showed significant amelioration (p<0.05) in condition as
evinced by the reduction in MDA formation (Table 4).
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Fig. 3 Effect of BGO nanoemulsion supplemented along with diet at
varying levels. Normal indicates healthy normal rat diet fed group;
ALLOXAN indicates alloxan induced (180 mg/kg body weight) untreat-
ed group; 1 % BGO-NE refers to the diabetic group orally fed 1 % of the
fabricated BGO-NE containing 0.5 % ESA; 0.5 % BGO-NE refers to the
diabetic group orally fed 0.5 % of the fabricated BGO-NE containing
0.25 % ESA; 0.5 % BGO-CE refers to the diabetic group orally fed 0.5 %
BGO-CE containing 0.25 % ESA and 1 % BGO-CE group refers to the
diabetic group orally fed 1 %BGO-CE containing 0.5 % ESA. Values are
presented as mean±SEM (n=6). At the end of 28 days blood glucose
level in experimental groups were as follows: Alloxan>0.5 % CE>1 %
CE>1 % NE>0.5 % NE>Normal. *Mean values were significantly dif-
ferent from those of ALX (alloxan)

Table 4 Effect of BGO nanoemulsion comprising ESA and sunflower oil fed diabetic rats at 20% fat in diet on lipid peroxidation of plasma, erythrocyte
membrane and liver tissue lipids

Group Fat diet Plasma lipid peroxidation
(nmole of MDA/mL)

Erythrocyte membrane lipid
peroxidation (nmole of MDA/mL)

Liver tissue lipid peroxidation
(nmole of MDA/mL)

Control (non-diabetic) SO 10.71±0.414# 6.64±0.44# 1.62±0.34#

Diabetic groups SO 27.21±0.35 15.23±0.26 3.4±0.62

SO+ 0.5 % ESA NEa 5.34±0.25* 3.26±0.17* 1.42±0.81*

SO+ 0.25 % ESA NEb 4.8±0.33* 2.83±0.91* 1.28±0.33*

SO+ 0.5 % ESA CEc 5.2±0.32* 4.23±0.42* 1.73±0.63*

SO+ 0.25 % ESA CEd 6.12±0.27* 4.4±0.31* 2.5±0.24*

[MDA] comparison
among diet groups

ALX(SO)>CON(SO)>0.25 % ESA CE>0.5 % ESA NE>0.5 % ESA CE >0.25 % ESA NE

Values are mean±SEM, n=6

(ALX-D) treated diabetic group fed with sunflower oil

SO sunflower oil; BGO bitter gourd oil; ESAα-eleostearic acid; NE nanoemulsion

*Marked results showmean values for the BGONE treated experimental groups that are statistically different (p<0.05) than the alloxan (ALX-D) treated
diabetic group fed with sunflower oil diet.

#Marked results show mean values for the non diabetic control group that are statistically different (p<0.05) than the alloxan
a 0.5 % ESA NE is present in 1 % BGONE; b 0.25 % ESA NE is present in 0.5 % BGONE; c 0.5 % ESA CE is present in 1 % BGO CE; d 0.25 % ESA
CE is present in 0.5 % ESA CE
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Effect on antioxidant and pro-oxidant enzyme parameters

Increase in ROS in the metabolic system due to oxidative
stress forms the aetiological basis of diabetic complications.
ROS in excessive levels lead to membrane lipid peroxidation
(Dhar et al. 2007), cellular protein and nucleic acid damage
and eventually death. Diabetogens causes incongruousness
among the antioxidant defence enzymes present in vivo which
leads to increase in ROS in excess levels. In presence of GSH
and other thiols alloxan is reduced to dialuric acid in a redox
cycling reaction. This cyclic reaction between alloxan and its
reduction product generates ROS which initiates beta cell
toxic action of alloxan and thus destroys insulin- producing
cells. Superoxide radicals (O2.-) are generated from

autoxidation of dialuric acid in addition to hydrogen peroxide
(H2O2). Other thiols at lower concentrations in cell such as the
monothiol cysteine and other thiols as well as ascorbic acid,
also contribute to a lesser extent in alloxan reduction.
ROS may also be generated with enzymatic proteins and
albumin. Formation of alloxan – GSH adduct termed as
“Compound 305” during each redox cycle increases in a
time dependent manner leading to diminished GSH
levels (Winterbourn and Munday 1989).

Interestingly, GSH plays a multifarious role in metabolism
as a non-enzymatic tripeptide in antioxidative defence mech-
anism as a member of GPx family. GSH also acts as cofactor
for the GPx family and prevents protein-SH from oxidation
and cross linking (Halliwell and Gutteridge 2001).
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Fig. 4 Effect of BGO nanoemulsion supplementation on antioxidative
biomarkers present in the plasma. Values are presented as mean±SEM (n
=6). a: GSH levels: CONTROL>0.5 % BGO-NE >1 % BGO-NE>1 %
BGO-CE>0.5 % BGO-CE>Alloxan; b GPx enzyme activity: Control<
0.5 % BGO-NE<1 % BGO-NE<1 % BGO-CE<0.5 % BGO-
CE<Alloxan; c SOD activity: Control>0.5 % BGO-NE>1 % BGO-

NE>1 % BGO-CE>0.5 % BGO CE>Alloxan; d CAT activity: 0.5 %
BGO-NE>1 % BGO-CE>CONTROL>0.5 % BGO-CE>1 % BGO-
NE>Alloxan. * Experimental groups vs alloxan (ALX-D) group
(p<0.05). # 0.5 % BGO-NE vs other treated Experimental groups
(p<0.05)
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The antioxidative defence system in alloxan induced dia-
betes mellitus group of rats was found to be significantly
(p<0.05) compromised in SOD, GPx, CAT cellular GSH
when compared to the normal control group in both plasma
and liver homogenate fractions (Figs. 4 and 5).

0.5 % BGO-NE supplemented diabetic group showed sig-
nificant improvement (p<0.05) in the antioxidative enzymes
(GPx, SOD, CAT) in both liver homogenate and plasma
fractions as compared to the 1 % BGO-NE and their corre-
sponding CE fractions (0.5%BGO-CE and 1%BGO-CE). In
the plasma, the GPx activity was found to be in over sensitized
state (Fig. 4b) in alloxan induced diabetic and untreated group
than in the normal group. Though all the BGO formulations

(NE as well as CE) were significantly effective in regulating
the elevation (p<0.05) compared to the alloxan induced un-
treated group (Group B), it was found that a significant dif-
ference in activity prevailed between 0.5 % BGO
nanoemulsion treated groups than 1 % BGO nanoemulsion
and their corresponding 0.5 % and 1 % CE treated groups. In
the liver homogenate, however, GPx activity was found to be
significantly depressed (p<0.05) in alloxan induced diabetic
rats. The liver homogenate from diabetic rats receiving BGO
formulations (CE and NE) however indicated significant im-
provement in activity. The effect was more pronounced
(p<0.05) in the rats receiving 1 % BGO NE, 0.5 % CE and
1 % CE formulations. Both SOD and CAT activity in liver
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Fig. 5 Effect of BGO nanoemulsion supplementation on antioxidative
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6). aGSH levels: 0.5 % BGO-NE >1 % BGO-NE >1 % BGO-CE>0.5 %
BGO-CE>CONTROL>ALLOXAN. b GPx enzyme activity: 0.5 %
BGO-NE>CONTROL>1 % BGO-CE>1 % BGO-NE>0.5 % BGO-
CE>ALLOXAN. c SOD activity: 0.5 % BGO-NE>1 % BGO-

CE>CONTROL≥1 % BGO-NE>0.5 % BGO-CE>ALLOXAN. d CAT
activity: CONTROL>0.5 % BGO-NE>1 % BGO-CE>0.5 % BGO-
CE>1 % BGO-NE>ALLOXAN. * Experimental groups vs alloxan
(ALX-D) group (p<0.05). # 0.5 % BGO-NE vs other treated experimen-
tal groups (p<0.05).
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homogenate and plasma fraction was found to be signifi-
cantly suppressed (p<0.05) (Figs. 4c, d and 5c, d) in alloxan
induced diabetic groups receiving only sunflower oil as fat
supplementation in the diet. The trend in activity paradigm
of CAT and SOD in BGO formulations (CE & NE) receiv-
ing groups however seemed to indicate amelioration w.r.t.
the activity found in normal rats from typical diabetic
manifestations in untreated group. This ameliorative trend,
quite notably, was overtly expressed in case of 0.5 % BGO
nanoemulsion formulation treated group than in 1 % BGO
NE, 0.5 % CE and 1 % CE formulation treated groups. SOD

activity was significantly high (p<0.05) in both plasma
and liver homogenate fractions in the group receiving
0.5 % BGO nanoemulsion formulated diet and was
better than all the other groups receiving 1 % BGO
NE, 0.5 % CE and 1 % CE formulations (Figs. 4 and
5 respectively) and even bettering the normal control
group in liver homogenate.

A conspicuous boost in cellular GSH content (p<0.05) was
found in plasma as well as liver homogenates of all the groups
receiving BGO formulations (NE & CE) compared to the
untreated group. The results indicated that dose difference

Fig. 6 Histopathological
examination of Haematoxylin-
Eosin stained sections of Kidney
(Magnification×400): a:
Negative Control (SO fed + non-
diabetic): 1. Total no. of
mesangial cells/mesangial area
does not exceed 3; 2. Tubes lined
by well defined single line of
cells; 3. Capillary loops of
glomerulus open and patent. b
Positive Control (SO fed in
alloxan induced diabetic rats). 1.
No. of mesangial cells undefined;
2. Atrophy of normal Glomerular
structure; 3. Necrosis of capillary
loops of glomerulus. c SO +
(0.5 % ESA) NE fed in alloxan
induced diabetic rats. 1. No. of
mesangial cells/mesangial area≤
3; 2. Nucleus in few cases not well
defined; 3. Glomerulus mostly
intact/reclaimed. d SO + (0.25 %
ESA) NE fed in alloxan induced
diabetic rats. 1. No. of mesangial
cells per mesangial area does not
exceed 3; 2. Tubes lined by a well
defined single line of cells with
well defined nucleus; 3.
Glomerular capillaries open and
intact. eSO + (0.5% ESA) CE fed
in alloxan induced diabetic rats. 1.
No. of mesangial cells per
mesangial area does not exceed 3;
2. Tubes lined by a well defined
single line of cells with well
defined nucleus; 3. Glomerular
capillaries slightly distended but
intact. f SO + (0.25 % ESA) CE
fed in alloxan induced diabetic
rats. 1. Mesangial cells/mesangial
area does not exceed 3 in most
cases; 2. Tubes lined by a well
defined single line of cells with
well defined nucleus; 3.
Glomerular capillaries mostly
distended
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did not significantly affect/alter the cellular GSH content
between the experimental groups.

In general, however, 0.5 % BGO nanoemulsion formu-
lated diet supplemented group (comprising ∼0.25 % ESA)
was better stimulated in circumventing the oxidative
stress caused due to alloxan toxicity by augmenting anti-
oxidative enzymes in both plasma and liver homogenate
as compared to 1 % BGO NE, 0.5 % CE and 1 % CE
formulated diet supplemented group (comprising ∼0.5 %
ESA) (Figs. 4 and 5).

The present study shows a significant increase in level of
SOD in 0.5 % BGO-NE treated group as compared to alloxan
induced diabetic control group (p<0.05). The 1 % BGO NE,
0.5 % CE and 1 % CE formulation treated diabetic group
although showed lesser SOD activity than 0.5 % BGO-NE
treated diabetic group, yet exhibited a significant improve-
ment over the diabetic control group in liver fractions, al-
though, not so in plasma fractions (except for 0.5 % BGO-
NE and 1 % BGO-CE). The results were consistent with the
observations made by Martim et al. (2003), in the context of

Fig. 7 Histopathological
examination of Haematoxylin-
Eosin stained sections of liver
(magnification×400): aNegative
control (SO fed + non-diabetic): 1.
Patent central vein surrounded by
well defined hepatocytes; 2.
Sinusoids well defined. bPositive
control (SO fed in alloxan
induced diabetic rats) 1. Leaky
central vein (extremely distended)
surrounded by ruptured
hepatocytes; 2. Distorted
sinusoids. c SO + (0.5 % ESA)
NE fed in alloxan induced
diabetic rats: 1. Central vein
significantly reclaimed with
slightly enlarged hepatocytes; 2.
Sinusoids well defined in major
areas. d SO + (0.25 % ESA) NE
fed in alloxan induced diabetic
rats: 1. Central vein comparable
with normal control surrounded
by regular hepatocytes; 2.
Sinusoids well defined. e SO +
(0.5 % ESA) CE fed in alloxan
induced diabetic rats: 1. Enlarged
hepatocytes surrounding slightly
distorted central veins; 2.
Ruptured sinusoids. f SO +
(0.25 % ESA) CE fed in alloxan
induced diabetic rats: 1.
Distended central vein
surrounded by enlarged
hepatocytes; 2. Sinusoids non-
regular
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erratic pattern of SOD activities in different tissue fractions of
diabetic subjects. However, the lesser SOD activity in 0.5 %
CE and 1 % NE formulations than 0.5 % BGO-NE and 1 %
BGO-CE treated groups could be attributed to the increased
plasma lipid and liver lipid peroxidation products caused
during oxidative stress (p<0.05) (Table 4).

0.5 % BGO-NE treated group showed an improved CAT
activity over alloxan diabetic group in both liver and plasma
fractions. Although CAT activity of 1 % BGO-NE group was
maximum for liver fractions significant difference in activity
was not found in plasma fractions as compared to the
diabetic group. Increased levels of O2.- (superoxide) in

plasma due to lesser SOD activity could lead to reduced
CAT activity as it is inhibited by superoxide radicals
(O2.-) (Das and Vasudevan 2005).

Increased ratios between SOD and CAT activity insinuates
regulated glucose control in the system (Sözmen et al. 2001)
thus implying the ameliorative role of BGO-NE and to some
extent in BGO-CE formulations comprising ESA in relieving
oxidative stress caused due to alloxan.

Our studies indicate decreased GPx activity in plasma in all
the BGO-NE and BGO-CE treated diabetic groups as com-
pared to diabetic control groups which are in agreement with
previous studies (Mohan and Das 1998).

Fig. 8 Histopathological
examination of Haematoxylin-
Eosin stained sections of Pancreas
(Magnification×400): aNegative
control (SO fed + non-diabetic): 1.
Patent Islets of Langerhans
(weakly stained); 2. Normal
acinar cells (dark stained); 3.
Regular blood Capillaries and
vessels. bPositive control (SO fed
in alloxan induced diabetic rats):
1. Ruptured Islets of Langerhans;
2. Ruptured and enlarged acinar
cells; 3. Distended and ruptured
blood vessels. c SO + (0.5 %
ESA) NE fed in alloxan induced
diabetic rats: 1. Reclaimed Islets
of Langerhans; 2. Acinar cells
with enlarged nuclei; 3. Open and
patent blood vessels. d SO +
(0.25 % ESA) NE fed in alloxan
induced diabetic rats: 1.
Completely reclaimed Islets of
Langerhans with leukocyte
infiltration in patches; 2. Regular/
normal acinar cells; 3. Open and
patent blood vessels. e SO +
(0.5 % ESA) CE fed in alloxan
induced diabetic rats: 1. Islets of
Langerhans restituted; 2. Enlarged
acinar cells; 3. Normal blood
vessels. f SO + (0.25 % ESA) CE
fed in alloxan induced diabetic
rats: 1. Islets of Langerhans not
restored completely; 2. Acinar
cells not well defined; 3. Distorted
blood vessels
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Improved intracellular GSH levels which acts as cofactors
for GPx led to increased GPx stimulation and this finding was
commensurate with that obtained by Saha and Ghosh (2012)
which also made up for the diminished CAT activity in scav-
enging H2O2 and other organic peroxides from the in vivo
system. Although there was a significant rise in GSH levels in
0.5 % BGO-NE diet supplemented group than 1 % BGO NE,
0.5 % BGO-CE and 1 % BGO-CE formulated diet supple-
mented group in plasma, there was no significant difference
between the BGO nanoemulsion supplemented groups in
GSH levels in liver homogenate. This can be explained by
the role of 9 c, 11 t, 13 t - 18:3 conjugated octadecatrienoic
fatty acids (ESA) as described by Dhar et al. (2006) as free
radical scavengers present in the investigated in vivo system.

Alloxan, cytotoxic glucose analogue exerts its diabetogenic
pathological manifestations by specifically inhibiting gluco-
kinase (glucose sensor of β cell) causing selective β cell
necrosis which leads to insulin-dependent diabetes mellitus.
Cellular uptake is facilitated by low affinity GLUT2 glucose
transporters present in the β cell’s plasma membrane due to
alloxan’s close structural similarity in terms of molecular
shape to glucose. Liver cells also express the GLUT 2 glucose
transporter as pancreatic cells with equal millimolar intracel-
lular GSH concentration and thus are as gullible to alloxan
toxicity as pancreatic cells (Rerup and Tarding 1969) but are
also endowed with H2O2 inactivating enzymes such as cata-
lase, thus, slightly reducing its propensity for alloxan toxicity
implications. Export occurs via at least two transport mecha-
nisms and distinct carriers from liver to plasma and bile
(Halliwell and Gutteridge 2001). This concurs with the find-
ings of the present study, which showed low GSH values in
liver and plasma in alloxan induced diabetes mellitus group
while significant improvement (p<0.05) in GSH levels in
plasma and liver fractions was observed in all the BGO NE
and CE formulated groups. The probability of ESA in the said
system also increased due to size reduction of the BGO in
nanoemulsion formulation following oral treatment as has
been observed and reported by Fasinu et al. (2011).

The afore mentioned studies thus indicated that the admin-
istration of our fabricated BGO-NE in different dosages ame-
liorated stressed state induced in the in vivo system due to
type-2 diabetes induced by alloxan treatment; apparently by
stimulating the inherent antioxidative defence mechanism at
varying levels. The optimum effective dosage of BGO also
reduced from 1 to 0.5 % due to administration in
nanoemulsion formulation possibly due to increased bioavail-
ability as has previously been shown by us (Dey et al. 2012).

Histology

The Haematoxylin-Eosin stained sections of various tissues
(kidney, liver and pancreas) was used to compare and assess
the toxicity evoked by alloxan in the various experimental

groups with normal rats. The ameliorative role of BGO-NE at
various levels in restituting normal conditions was thus also
assessed (Figs. 6, 7, and 8).

As a corollary, the present study provides strong evidence
in support of NE compared to CE as an effective colloidal
delivery system for bioactive lipids for transport across the GI
tract and thereby promoting the efficacy of the same in stim-
ulating various in vivo processes. Furthermore, based on
particle size analysis and other related parameters, we have
been successful in fabricating a highly stable NE-system with
a low surfactant to oil ratio (0.65) with a considerable shelf life
of ≥3 months. In addition, in our studies, the role of optimum
dosage of α-eleostearic acid (CLnA) as a potent nutraceutical
in relieving oxidative stress as conferred by alloxan inside
in vivo system by directly galvanizing the paradigm
concerning natural antioxidative defence system has also been
conclusively elucidated. The recovery from severe tissue dis-
organization caused during free radical generated diabetes
mellitus as a consequence of alloxan toxicity due to BGO-
NE diet supplementation, at different doses, paves a way for
using CLnA as a potent nutraceutical for future applications.
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