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Abstract:

Herbal drug delivery is limited by poor solubility and bioavailability which can be overcome
with suitable nanomaterials that will enhance their pharmacokinetics and performance. In
this study, we hypothesized that loading extract of Gynocardia odorata into nanoparticles to
improve its oral bioavailability and hence the effectiveness of the extract in Antioxidant and
Hepatoprotective Activity. Gynocardia odorata extract loaded solid lipid nanoparticles
(GSLNs) were prepared using Solid lipid (Acconon C-44 EP/NF) and coded as F1 to F8.
The GSLNs were evaluated for their size, surface charge, and morphology, entrapment
efficiency, stability studies. The optimized GSLNs were tested for anti-diabetic activity in
male Swiss albino rats. The SEM study revealed that the optimized GSLNs (F5) formulation
was fairly spherical in shape, the surfaces of the particle showed a characteristic smoothness.
From the data, it was found that the F5 formulation shows least particle size of 169.5+
7.24nm, maximum percentage entrapment efficiency of 85.38+ 1.24% and desired
zetapotential of about -36.1+ 1.2mV. From the stability study data, it shows that there was
no drastic change in evaluation data of F5 formulation during manufacturing and after
storage at stress condition at 4°+ 2° C. In the current work, loading Gynocardia odorata
extract into SLNs proved to be an effective strategy in improving the pharmacological
activity. Moreover, at lower doses, the GSLNs demonstrated similar, if not superior
antioxidant and hepatoprotective Activity compared to the crude extract. This opens up
avenues to explore SLNs as carriers for effective delivery of phytopharmaceuticals.
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Introduction

Medicinal plants with known therapeutic properties and no side effects have now occupied
lead positions in the pharmacopoeia. However, the delivery of plant/herbal therapeutic
molecules as drugs is problematic due to poor solubility, poor permeability, low
bioavailability, instability in biological milieu, etc. These limitations of herbal drugs can be
overcome by attaching or encapsulating them with suitable nanomaterials which can
significantly enhance the pharmacokinetics and greatly improve their performance.
Medicinal plants are of special concern since they control the size and shape of nanoparticles
by providing capping layers. Plants are better options for nanoparticle synthesis because
they are mostly not toxic, provide natural capping agents, and reduce the cost of
microorganism isolation and culture media [1,2]

Nanotechnology is becoming increasingly important for the food and health sectors.
Promising results and applications are already being developed in the areas of nutrient and
drug delivery systems through bioactive nanoencapsulation, biosensors to detect and
quantify pathogens, as well as novel resources for the evaluation and development of newer,
safer, and effective drug formulations. Recently, the use of biological molecules as
templates for “green nanotechnology” is increasing and plants, plant wastes, bacteria, and
fungi are frequently been used for the synthesis of nanoparticles [3,4]

Nanotechnology is the synthesis, characterization, fabrication, and manipulation of
structures, devices, or materials [5]. In the last decade, biosynthesis of nanoparticles has
received increasing attention due to a growing need to develop environmentally friendly
technologies in material synthesis. The biosynthetic method employing plant extracts has
received some attention as a simple and viable alternative to chemical procedures and
physical methods synthesizing metal nanoparticles.

In recent years, solid lipid nanoparticles (SLNs) have gained special attention by the
scientists working in the area of nanotechnology and drug delivery due to their unique
properties. SLNs can be viewed as submicron carriers ranging 50-1000 nm in size and are
made up of biocompatible and biodegradable lipids capable of incorporating both lipophilic
and hydrophilic drugs [6]. SLNs have been extensively studied as carriers for the delivery of
antidepressants, anticancer agents [7], anti-diabetics and antioxidants. SLNs are particularly
useful in enhancing the bioavailability of drugs that are used in treating CNS disorders [8].

Gynocardia odorata roxb is also known as Chaulmoogra plant belongs to the family of
Flacourtiaceae, which is indigenous to parts of India, Malaysia and tropical countries of the
world contain fatty acids chaulmoogric acid, hydnocarpic acid. Chaulmoogra oil is an
important therapeutic agent in certain medical traditions [9]. The seeds of G.odorata roxb
are most commonly used. The fruits are hot anthelmintic and used in bronchitis, skin
diseases, small tumor’s leprosy, and as an analgesic. G.odorata roxb is reported to contain
antioxidant properties [10]. G.odorata roxb may have its antiulcer activity because of its
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active constituents like flavonoids and especially quercetin [11-12]. It was reported that

G.odorata roxb could be a natural medication alternative of thrombolytic agents as well as
source of potent bioactive compounds [13].

In this study, we hypothesized that loading leaf extract of Gynocardia odorata into
nanoparticles to improve its oral bioavailability and hence the effectiveness of the extract in
antioxidant and hepatoprotective activity.

Materials and Methods:

Solid lipid (Acconon C-44 EP/NF), Span 80, STZ was from Sigma Chemical Co., USA.
Silymarin was purchased from Micro Labs, India, 1-chloro-2,4-dinitrobenzoic acid (CDNB),
5,5-dithiobis (2-nitrobenzoic acid) (DTNB), Reduced glutathione (GSH) and glutathione
were purchased from Sisco Research Laboratories Pvt. Ltd., Mumbai, India. Thiobarbuturic
acid was purchased from E- Merck, India. All other chemicals used were of analytical grade.

Extraction of Gynocardia odorata roxb:

The fresh leaves of Gynocardia odorata were collected from the Authenticated crude drug
supplier in Delhi and authentication of the plant was carried in Botanical Survey of India,
Coimbatore, India. A voucher specimen has been deposited in the laboratory for future
reference (BSI/SC/7/46/13-14/TECH.785). The leaves of the plant were shade dried and
pulverized. The powder was defatted with petroleum ether. Later, it had been subjected to
continuous hot extraction with 95% aqueous methanol in a Soxhlet apparatus. The methanol
extract of Gynocardia odorata (MEGO) was concentrated under vacuum and dried in
desiccators (yield 69gm, 6.9% w/w). The dry extract was kept in vacuum desiccators until
use. Preliminary phytochemical analysis for flavonoids, alkaloids, and steroids of MEGO
were carried out.

Preparation of MEGO loaded solid lipid nanoparticles (GSLNs) by Ultrasonication
and High speed homogenization method: Solid lipid (Acconon C-44 EP/NF) quantity
sufficient was melted in china dish at 75°C and MEGO was dispersed in this melted lipid.
Surfactant was dissolved in aqueous phase. The aqueous phase was kept in homogenization
at 15000RPM at different time as shown in Table 1. The solid lipid MEGO dispersed phase
was dissolved slowly into the aqueous phase and stirred to get a homogenous dispersion.
This resulted homogenous hot oil in water emulsion was sonicated in Ultrasonicator (Q
Sonica, Germany) for 10 min to reduce the particle size. The MEGO loaded solid lipid
nanoparticles (GSLNs) were finally obtained by allowing hot nanoemulsion to cool to room
temperature. Eight batches of GLSNs were prepared and coded as F1 to F8 [14-15].
Characterization of solid lipid nanoparticles (GSLNSs):

Scanning electron microscopy (SEM):

Scanning electron microscopy (SEM) is utilized to exemplify the surface morphology of the
GSLNs. The model were build up on alumina stubs utilized double adhesive tape, coated
with gold in HUS-5GB vacuum evaporator. Then the trials were experimental in Hitachi S-
3000N SEM at an acceleration voltage of 15KV and magnification of 5000X [16-17].
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Particle size determination and Zeta potential

The average particle size of GSLNS was determined by dynamic light scattering (DLS) at
scattering angle 90°and temperature of sample holders is about 25°C by using (Nanopartica
SZ-100 HORIBA Scientific, Japan).The sample was diluted to 1:100 v/v with double
distilled water to ensure that the light scattering intensity was within the instruments range.
The potential difference between stationary phases of fluid attached to dispersed particles to
dispersion medium is called zeta potential. Stability of colloidal dispersion mainly depends
on zeta potential; zeta potential was determined by using a Zetasizer (Nanopartica SZ-100
HORIBA Scientific, Japan). For a stable nanoparticle, the zeta potential should be in the
range of £30 to +60 mV and poly dispersity index should be <0.7, so that the nanoparticle
will be dispersed in the continuous phase for prolonged period of time. [18].
Entrapment efficiency:
To determine entrapment efficiency, the freeze dried GSLNs were dissolved in methanol
and Phosphate buffer saline Ph 7.4 (PBS) under water bath at 65°C for 30 min and then
cooled to room temperature to preferentially precipitate the lipid. Drug content in the
supernatant after centrifugation (6500 rpm for 15 min) was measured against the blank by
UV-VIS spectrophotometer (Shimadzu 1700). The drug entrapment efficiencies were
calculated from following equation. [19].

Entrapped drug

Total drug added * 100

% Entrapment Efficiency =

Stability Studies

From the above calculated results, only the optimized GSLNs (F5) were subjected to
stability studies. Lyophilized GSLNs were stored in 4°C+2°C. After 3 months it was
analyzed at a specified period of time and measured to determine the particle size (nm), zeta
potential (mV), polydispersity index (PI). [20-22].

Hepato protective and Antioxidant activity

Collection and extraction

The fresh leaves of Gynocardia odorata roxb were collected from the Authenticated crude
drug supplier in Delhi and authentication of the plant was carried in Botanical Survey of
India, Coimbatore, India. A voucher specimen has been deposited in the laboratory for
future reference (BSI/SC/7/46/13-14/TECH.785).

The leaves of the plant were shade dried and pulverized. The powder was defatted with
petroleum ether. Later, it had been subjected to continuous hot extraction with 95% aqueous
methanol in a Soxhlet apparatus. The extract (MEGO) was concentrated under vacuum and
dried in desiccators (yield 69gm, 6.9%w/w). The dry extract was kept in vacuum desiccators
until use. Preliminary phytochemical analysis revealed the presence of flavonoids, alkaloids,
and steroids in MEGO Plant material.

Animals

Adult male Wistar albino rats weighing 150-200 g were procured from Venkateshwara
Enterprises, Bangalore, Karnataka, India and used throughout the study. All the animals
were under the age of 8-12 weeks. They were housed in a very clean polypropylene cage
and maintained under standard laboratory conditions (temperature 25 + 2°C with dark/light
cycle 12/12 h). They were fed with standard pellet diet and water ad libitum. The animals
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were acclimatized to laboratory conditions for one week before experiment. Experiments

were performed complied with the rulings of the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) New Delhi, India under the registration
No: 1135/a/07/CCSEA.

Acute toxicity

Acute toxicity studies performed as per OECD-423 guidelines. Male Wistar albino rats
selected by random sampling technique were utilized during this study. The animals were
fasted for 4h with free access to water only. The plant extract was administered orally at a
dose of 5mg/kg initially and mortality if any was observed for 3 days. If mortality was
ascertained in two out of three animals, then the dose administered was considered as toxic
dose. However, if the mortality was ascertained in only one animal out of three animals then
the identical dose was repeated again to confirm the toxic effect. If no mortality was
ascertained, then higher (50,300 and 2000 mg/kg) doses of extract were utilized for further
toxicity studies.

Hepatoprotective and Antioxidant Activity:

Rats were divided into seven groups (n = 6) receiving the following treatments

Group I: Normal group received the vehicle (normal saline, 2 ml/kg, p.o.).

Group I1: Received acetaminophen (750 mg/kg, p.o.) at every 72 h for 10days.

Group I11: Received silymarin 50 mg/kg, p.o forl0days and simultaneously administered
acetaminophen 750 mg/kg body wt. every 72 h.

Group IV: Received MEGO 200 mg/kg, p.o. for 10 days and simultaneously administered
acetaminophen 750 mg/kg body wt. every 72h.

Group V: Received MEGO loaded nanoparticles equivalent to 100 mg mg/kg, p.o. for 10
days and simultaneously administered acetaminophen 750 mg/kg body wt. every 72h.

At the end of experimental period, all the animals were sacrificed by cervical decapitation.
Blood samples were collected, allowed to clot. Serum was separated by centrifuging at 2500
rpm for 15 min and analyzed for various biochemical parameters such as Aspartate Amino
Transferase (AST), Alanine Amino Transferase (ALT), Alkaline Phosphates (ALP), y-
Glutamate Transpeptidase (GGTP), total bilirubin and total protein.

Assessment of liver function

The liver was removed, morphological changes were observed. A 10 % of liver homogenate
was used for antioxidant studies such as Lipid Peroxidation (LPO), Superoxide Dismutase
(SOD), Catalase , Glutathione Peroxidase (GPx) and Glutathione-S- Transferase (GST) . A
portion of liver was fixed in 10 % formalin for histopathological studies.

Histopathological studies

After draining the blood, liver samples were excised, washed with normal saline and
processed separately for histopathological observation. At first the materials were fixed in
10 % buffered neutral formalin for 48h and then with bovine solution for 6 h. Paraffin
sections were taken at 5 mm thickness processed in alcohol-xylene series and was stained
with alum hematoxylin and eosin. The sections were examined microscopically for
histopathology changes.

Statistical analysis

The data were expressed as mean xstandard error of mean (SEM). Statistical significance
was analyzed by one-way analysis of variance (ANOVA) followed by Dunnett’s posthoc
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test of significance using Graph Pad (Instat) software version 5.0. P values of < 0.05 were

considered as statistically significant.

RESULTS

Preliminary phytochemical studies revealed the presence of alkaloids, steroids, saponins,
triterpenes, flavonoids and polyphenolic compounds. For the acute toxicity studies, the
extract treated animals were observed for mortality up to 72h. Based on the results the
extract did not produce any mortality up to 2000 mg/ kg body weight. The effect of
G.odorata roxb on serum marker enzymes is presented in Figure 1. The levels of serum
AST, ALT, ALP, total bilirubin, were markedly elevated and that of protein decreased in
acetaminophen treated animals, indicating liver damage. Administration of G.odorata roxb
extract at the doses of 200 and 400 mg/kg remarkably prevented acetaminophen-induced
hepatotoxicity in a dose dependent manner.
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Figure 1: Hepatoprotective activity of methanol extract of Gynocardia odorata
(MEGO)

(a) AST- Aspartate Amino Transferase, (b) ALT- Alanine Amino Transferase, (c) ALP-
Alkaline Phosphatase, (d) Total bilirubin, (e) Total protein, (f) GGTP- Gamma Glutamate
Transpeptidase and methanol extract of Gynocardia odorata (MEGO)

The localization of radical formation resulting in lipid peroxidation, measured as
Malondialdehyde (MDA) contents in rat liver homogenate. MDA were increased in
acetaminophen control group. MEGO 200 and 400 mg/kg were significantly inhibited MDA
level in comparison to acetaminophen induced hepatic damage. The effect of G.odorata
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roxb was comparable with that of standard drug silymarin. Acetaminophen treatment caused

a significant (p<0.001) decrease in the level of SOD, catalase, GPx, and GST in liver tissue
in comparison with normal group shown in Figure 2.
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Figure 2: In-vivo antioxidant activity of methanol extract of Gynocardia odorata
(MEGO)

(@) LPO- Lipid Peroxidation, (b) SOD- Superoxide Dismutase, (c) CAT-Catalase, (d) GPx-
Glutathione Peroxidase and (e) GST-Glutathione-S-Transferase and methanol extract of
Gynocardia odorata (MEGO).

The treatment of G. odorata roxb at the doses of 200 and 400 mg/kg resulted in a significant
increase of SOD, Catalase, GPx and GST in comparison to acetaminophen treated rats. The
liver of silymarin treated animals also showed a significant increase in antioxidant enzymes
levels compared to acetaminophen treated rats. Morphological observations showed an
increased size and enlargement of the liver in acetaminophen treated groups. These changes
were reversed by treatment with silymarin and also G.odorata roxb at the doses tested.
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Figure 3: Histology slides showing hepatoprotective activity of methanol extract of
Gynocardia odorata (MEGO) on liver cells.

(@) Normal control treated rat: section showing normal hepatic cells. (b) Acetaminophen
treated rat: section of liver showing fatty changes, increase inflammatory cell infiltrate and
degenerative hepatocytes. (c) Rat treated with acetaminophen and 200 mg/kg body weight of
MEGO shows fatty changes in hepatocytes and a few degenerated cells. (d) Rat treated with
acetaminophen and 400 mg/kg body weight of MEGO shows normal hepatic cells. (e)
Acetaminophen and 50 mg/kg body weight of silymarin treated rat shows normal hepatic
cells.

Histopathological studies, showed acetaminophen to produced extensive vascular
degenerative changes and centrilobular necrosis in hepatocytes. Treatment with different
doses of G.odorata roxb extract produced mild degenerative changes and absence of
centrilobular necrosis when compared with control (Figure 3). All these results indicate a
hepatoprotective potential of the extract.

DISCUSSION

The present study documented the hepatoprotective activity for the methanolic extract of G.
odorata roxb against liver injury induced by a toxic dose of acetaminophen. It is established
that following an oral therapeutic dose, a fraction of acetaminophen is converted via the
cytochrome p450 to a highly toxic metabolite, N-acetyl-p-benzoquinone-imine [23]
(NAPQ1) which is normally conjugated with glutathione and excreted in the urine as
conjugates. Overdose of acetaminophen deplete glutathionestores, leading to accumulation
of NAPQ1, mitochondrial pathology [24] and the development of acute hepatic necrosis.
Also depletion of glutathione enhances the expression of tumour necrosis alpha (TNFa).
TNFa primes phagocytic NADPH oxidase to the enhanced production of oxygen free
radicals and contributes to liver damage [25]. Studies demonstrated that acetaminophen
induced hepatotoxicity can be modulated by substances that influence cytochrome P450
activity [26]. This is evidenced by an elevation in the serum marker enzymes namely AST,
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ALT, ALP, total bilirubin and decrease in protein.

In the assessment of liver injury by acetaminophen the determination of enzyme levels like
AST, ALT is largely used. Necrosis or membrane damage releases the enzyme in to
circulation and hence it can be measured in the serum. A high level of AST indicates liver
injury, such as that caused by viral hepatitis as well as cardiac infarction and muscle injury.
AST catalyses the conversion of alanine to pyruvate and glutamate and is released in a
similar manner. Therefore ALT is more specific to the liver, and is thus a better parameter
for detecting liver injury. Elevated levels of serum enzymes are indicative of cellular leakage
and loss of functional integrity of cell membrane in liver. Serum ALP, Bilirubin and total
protein levels on other hand are related to the function of hepatic cell. Increase in serum
level of ALP is due to increased synthesis, in presence of increasing biliary pressure [27].
Lipid peroxidation has been postulated to be the destructive process of liver damage due to
acetaminophen intoxication [28]. GSH constitutes the first line defence against free radicals,
as it is one of the abundant tripeptide non-enzymatic biological antioxidants present in the
liver [29-30].

Administration of acetaminophen caused a significant (p<0.001) elevation of enzyme levels
such as AST, ALT, total bilirubin and decrease in total protein when compared to control. G.
odorata roxb was significantly (p<0.001) restored these biomarker enzyme levels in a dose
dependent manner. The reversal of increased serum enzymes in acetaminophen induced liver
damage by the extract may be due to the prevention of the leakage of intracellular enzymes
by stabilizing structural integrity of the membrane or regeneration of damaged liver cells.
The serum levels of transaminases return to normal with the healing of hepatic parenchyma
and the regeneration of hepatocytes. Effective management of ALP, bilirubin and total
protein levels points towards an early improvement in the secretary mechanism of the
hepatic cells.

The increase in LPO level in liver induced by acetaminophen suggests increased lipid
peroxidation resulting in tissue damage and failure of antioxidant defence mechanism to
prevent formation of excessive free radicals. Treatment with G.odorata roxb significantly
reverses these changes. Decrease in enzyme activity of superoxide dismutase (SOD) could
be a sensitive index in hepatocellular damage and is the most sensitive enzymatic index in
liver injury.

SOD has been reported as one of the most important enzymes in the enzymatic antioxidant
defense system. It scavenges the superoxide anion to form hydrogen peroxide and thus
diminishing the toxic effect caused by this radical. In G.odorata roxb causes a significant
increase in hepatic SOD activity and therefore reduces reactive free radical induced
oxidative damage to liver.

Catalase (CAT) is an enzymatic antioxidant widely distributed in all animal tissues, and also
the highest activity is found in the red cells and liver. CAT decomposes hydrogen peroxide
and protects the tissues from highly reactive hydroxyl radicals [31]. Thus reduction in the
activity of CAT might result in a number of deleterious effects due to the assimilation of
superoxide radical and hydrogen peroxide. A higher dose (400 mg/kg) will increase the level
of CAT as created by silymarin, the standard hepatoprotective drug.

Glutathione is one among the most abundant tripeptide, non-enzymatic biological
antioxidant present in the liver. It removes free radical species such as hydrogen peroxide,
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superoxide radicals and maintains membrane protein thiols. Also it is substrate for

glutathione peroxidise (GPx) [32]. Decreased level of GSH is associated with an increased
lipid peroxidation in acetaminophen treated rats. Administration of G.odorata roxb
significantly (p<0.001) increased the level of GPx and GST in a dose dependent manner.
Extensive vascular degenerative changes and centrilobular necrosis in hepatocytes was
produced by acetaminophen. Treatment with different doses of aerial parts of methanol
extract of G.odorata roxb created only mild degenerative changes and absence of
centrilobular necrosis, indicating its hepatoprotective potency.

Free radical mediated process has been implicated in pathogenesis of most of the diseases.
The protective effect of G.odorata roxb on acetaminophen induced hepatotoxicity in rats
seems to be related to inhibition of lipid peroxidation and enhancement of antioxidant
enzyme levels in addition to free radicals scavenging action. Preliminary phytochemical
studies reveal the presence of flavanoids in methanol extract of G.odorata roxb. Flavanoids
were found to be good hepatoprotective agents [33].

CONCLUSION

The results of this investigation concluded that G.odorata roxb possesses good
hepatoprotective activity with antioxidant effect and it may be due to the presence of
flavanoids.. These attributes may provide the rationale for the use of G. odorata roxb in
hepatotoxicity management by traditional healers. Further research is needed to fractionate
the methanol extract and isolate the molecule(s) responsible for hepatoprotective activity
observed.
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