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Abstract Obesity is a foremost health issue that affects about 1.6 million people out of which 400

million worldwide. Epidemiological evidences prove obesity is the primary cause for various meta-

bolic ailments e.g. diabetes. Poria cocos possess extensive biological actions, for instance, antioxi-

dant, anti-inflammatory, antitumor, immunomodulatory actions. The primary limitation of all

phytomedicine was their poor bioavailability hence in this investigation, we bio-fabricated the gold

nanoparticles from Poria cocos aqueous extract and inspected their potency to treat obesity. Obese

rat model were produced via fed the young female rats with high fat food for 8 weeks regimen. Fur-

ther to confirm the potency of Poria cocos gold nanoparticles against obesity induced metabolic dis-

orders we treated obese rats with low dose streptozotocin in the conclusion of the investigational

time. The synthesis of Poria cocos gold-nanoparticles was evidenced via the UV-Spectroscopic study

and characterized with SEM, TEM and EDAX studies. The anti-obesity actions of Poria cocos

gold-nanoparticles were investigated by estimating the glucose profile, kidney markers, lipid profile,

inflammatory cytokines, adipocyte markers, antioxidants in the Poria cocos gold nanoparticles trea-
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ted obese rats. To confirm the Poria cocos gold nanoparticles role on inhibiting the obesity induced

metabolic disorders we analyzed the histopathological changes in cardiac tissues. Our physical char-

acterization confirms the synthesized Poria cocos gold nanoparticles assure the distinctions of influ-

ential nanoparticles to be utilized for the treatment. The results from biochemical and

histopathological analysis confirms Poria cocos gold nanoparticles is a persuasive antidiabetic,

anti-inflammatory, antioxidant, anti-obesity drug. Overall our results authentically confirm Poria

cocos gold nanoparticles is a potent anti-obesity drug and it also protects from obesity induced

metabolic disorders.

� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Obesity is a one among the foremost health concerns worldwide
which don’t limit itself to particular gender, age, ethnicity etc.

(Wahl et al., 2017). All around the world about 1.6 million peo-
ple were considered to be overweight out of which 400 million
are adults and 40 million children were tend to be obese

(Mutiso et al., 2014). The deregulated carbohydrate, fat metabo-
lism in adipose tissue is primary causative agent of obesity
(Travers and McCarthy, 2011). Epidemiological evidences prove
obesity is the primary cause for various metabolic ailments, for

example, diabetes, hypertension and cardiovascular complica-
tions (Lavie and Milani, 2003; Poirier et al., 2006). It also causes
non alcoholic fatty liver, degenerative disease, asthma, arthritis,

PCOD etc. (Tilg and Moschen, 2006). Obesity patients were cur-
rently treated with drugs that modulates fat and carbohydrate
metabolism and they also targets the adipocytes to synthesis sati-

ety hormones (Padwal and Majumdar, 2007). These drugs on
long term medication leads to various side effects which are
more worsen than the complication of obesity itself. Bariatric

surgeries which once yielded a promising results in randomized
trial also doesn’t shown proven outcome in most of the obese
patients. Hence it is essential to develop a potent therapeutic
agent to overcome the obesity and its related metabolic disorders

(Adams et al., 2007; Sjöström et al., 2007).
Phytomedicine which posses hypoglycemic, hypolipidemic,

antioxidant properties are the potent alternative for current allo-

pathic drugs (Marles and Farnsworth, 1995 Oct 1). Numerous
researches were targeted on the pharmacological properties of
plants but the research on phytochemicals obtained from mush-

rooms were limited. Poria cocos are one such saprophytic fungus
which belongs to the family polyporaceae botanically named
with different synonyms such as Wolfiporia extensa; Wolfiporia

cocos (Lindner and Banik, 2008; Esteban, 2009). Poria cocos
extracts possess various medicinal properties it is used to treat
hyperglycemia. In vivo treatment with methanolic Poria cocos
extract in streptozocin treated diabetes induced mice shown anti-

hyperglycemic effect (Li et al., 2011). It also showed antihyper-
glycemic effect in obese mice with non insulin dependent
diabetes model (Sato et al., 2002).

In vitro potency of phytomedicine is remarkable whereas in
the case of in vivo treatment it is less efficient due to their lipo-
philic nature and poor bioavailability. Nanotechnology ren-

ders an effective remedy to overcome the hindrance in herbal
medication. Nanoparticles synthesized with noble metals such
as silver and gold have proven to be possess various applica-
tions in the fields of medical diagnosis, therapy (Llevot and

Astruc, 2012; Zhou et al., 2015), targeted drug delivery
(Wang et al., 2011; Tiwari et al., 2011), biosensors (Li et al.,
2011). Nanoparticles (NPs) were synthesized using various
techniques such as physical, chemical and biological

(Gwynne, 2013; Zeng et al., 2018; Gan et al., 2020; Cai
et al., 2018; Libutti et al., 2010). Biologically synthesized
nanoparticles are ecofriendly, biocompatible and can be pre-
ferred to be prescribed for medications (Liu et al., 2016;

Huang et al., 2018; Shi et al., 2017). NPs secured a unique
place among the researchers, which owing to their distinctive
physic-chemical properties (Liu et al., 2014; Huang et al.,

2017; Huang et al., 2017). Gold nanoparticles were extensively
utilized in traditional medicine against numerous chronic ail-
ments due to its medicinal applications. Gold nanoparticles

are more efficient than the other nanoparticles hence it is
widely used in the field of cancer treatment since it possess high
biocomptibility, drug efficacy and relatively low toxicity
(Zhang et al., 2017). The green synthesis method was effective,

inexpensive and reliable to develop nanomedicines (Iravani,
2011). In this current investigation, we fabricated the gold-
nanoparticles by utilizing the aqueous extract of Poria cocos

and inspected their antiobesity properties in high fat diet sup-
plemented animal replica.

Diet play key role in induction of obesity in humans, high

fat intake has proven to make both humans and animals obese
(Jequier, 2002; Warwick and Schiffman, 1992). Rodents are
the classical models of obesity which mimics the exactly like

humans. High fat fed rats shown increased visceral adiposity,
deregulated lipid and carbohydrate metabolism, increased
inflammatory cytokines which closely resembles to the condi-
tion of obese patients (Sclafani and Springer, 1976). Obesity

is a foremost influencing cause of insulin resistance type-II dia-
betes mellitus (Al-Goblan et al., 2014; Jung and Choi, 2014).
Hence we assessed the efficacy of Poria cocos gold nanoparti-

cles on high fat diet fed obese diabetes induced rats.

2. Materials & methods

2.1. Chemicals

2.1.1. Poria cocos extract preparation

Poria cocos were collected, rinsed with de-ionized water then

dehydrated in air at shady place until got dehydrated com-
pletely. The shade dried Poria cocos were chopped and pulver-
ized in a sterile condition using a mechanical blender. 100 g
powdered Poria cocos were immersed in 1 l of sterile distilled

water and boiled for three hours. The extract was filtered with
0.45 mm Whatman sift paper and then resulting filtrate was ali-
quoated, stored at �20 �C until used for additional analysis.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2.2. Synthesis of PC-AuNP

To the 95 ml of 1 mM Gold(III) chloride trihydrate solution,
5 ml of Poria cocos aqueous extract was mixed via drop by
drop manner and stirred well and incubated at 37 �C for

15 min. The formation of Poria cocos Gold-nanoparticles
(PC-AuNP) was observed by colour transform from gold to
deep violet and finally red wine colour reveals the formation
of PC-AuNP. The solution was then centrifuged at

16000 rpm for 25 min at 4 �C. The precipitated gold nanopar-
ticles were separated and rinsed twice with distilled water. The
synthesized PC-AuNP were then dried overnight at 37 �C and

stored at �20 �C.

2.3. Characterization of PC-AuNP

2.3.1. Ultraviolet (UV)-Visible Spectroscopic study

The synthesis of PC-AuNP was evidenced by the UV–Visible

spectroscopic study through spectrophotometer (Shimadzu
UV-1650). The colour intensity of synthesized PC-AuNP was
measured between the wavelengths 200 to 800 nm.

2.4. Surface morphology analysis

The surface morphology of bio-synthesized PC-AuNP was
assessed through High-resolution Scanning Electron micro-

scopy and High-resolution Transmission microscopy (TEM).
The PC-AuNP sample were positioned on to the copper
painted grid, permitted to dehydrate and then subjected to

scanning electron microscope (SEM) analysis using FEI
Quanta FEG 200 HRSEM equipped with energy dispersive
X-ray (EDAX) analysis. TEM analysis was performed with

JEO 2010 High resolution TEM instrument operated at an
accelerating voltage f 200 keV. The image was assessed with
ImageJ software to measure the particle size distribution, 200
particles from different TEM images were measured to detect

the particle size.

2.5. Cell viability assay by MTT assay

The cytotoxity of PC-AuNP was investigated through the
MTT assay. The normal cell line (Vero) was loaded in the
96-well plates at 5 � 104 cell/well and incubated for 24 h at

37 �C. Then the Vero cells were treated with the various dose
of PC-AuNP (10–100 mg/ml). Then the MTT solution was
added to the each wells and again incubated for 4 h at
37 �C. After that the medium was eliminated and the 100 ml
of DMSO was added to liquefy the developed formazan crys-
tals. Finally, the absorbance was measured at 570 nm by using
microplate reader (Mosmann, 1983).

2.6. In vivo analysis

2.6.1. Animals

Healthy female Wistar rats 6–9 weeks aged, weighing 200–
220 g was bought in the institutional animal house. The rats

were acclimatized in the standard laboratory condition of
24 ± 3 �C, 50–60% humidity with 12 h light/dark cycle for
a week. The bedding and cages of the rats were changed peri-
odically. The rats were supplemented with standard pellet
diet along with water ad libidum. Whole experimental treat-
ments done in this experiment was permitted by institutional
ethical committee. All rats were treated with highest care and

concern every possible means were followed to minimize the
discomfort to rats.
3. Experimental design

All the rats were alienated into five groups with six rats in each.
Group-I rats were treated with standard pellet diet consisting
of 11% fat, Group-II rats fed with high fat diet consisting of
42% of fat content (Lard, Coconut oil and Olive oil) for

8-weeks. Group-III rats induced with diabetes, and adminis-
tered with high fat diet for 8-weeks and on the last day of treat-
ment period, and the rats were injected intraperitoneally with

streptozotocin (30 mg/kgbwt) dissolved on 0.01 M citrate-
buffer (pH-4.5) (Holmes et al., 2015). Diabetes induction was
studied via evaluating blood glucose through glucose oxidase

reagent strip. Rats having blood glucose more than 250 mg/dl
were considered to be diabetic. Group IV are low dose nanopar-
ticles treated rats. The obese diabetes induced diabetes was trea-
ted with 25mg/kg bwt of biosynthesised PC-AuNPs for 30 days.

GroupV are high dose nanoparticles treated rats. The obese dia-
betes induced diabetes was treated with 50mg/kg bwt of biosyn-
thesised PC-AuNPs for 30-days. After that the rats were fasted

for overnight and euthanized on the next day morning. Blood
was collected by heart puncture for biochemical analysis and
the heart was dissected for further histological analysis.
3.1. Anthropometrical analysis

The induction of obesity was assessed by determining the
anthropometrical parameters in rats. The bodyweight of the
control and experimental rats were assessed daily and the aver-

age gain of bodyweight was calculated at the end of the inves-
tigational schedule. The body mass index was calculated via
measuring the weight and length of the rats.

Body mass index BMIð Þ ¼ Body Weight gð Þ=Length2 cm2
� �
3.2. Determination of blood glucose and insulin levels

The blood glucose and glycosylated hemoglobin (HbA1C)
levels of the control and investigational rats were assessed

using the colorimetric assay kits (CATALOG# 81693, CATA-
LOG# 80300 respectively) procured from Crystal Chem, USA.
Plasma insulin levels and serum advanced glycation end prod-

ucts were measured using ELISA kits procured from Thermo-
Fisher Scientific, USA (Catalog # ERINS), and MyBioSource,
USA (AGE, MBS700464) respectively.

3.3. Determination of urea and creatinine levels

The blood urea (Catalog #: K375) and creatinine (Catalog #:
K625) statuses were examined with the aid of commercial col-

orimetric assay kits bought from BioVision, USA. The proto-
cols were followed in accordance to the manufacturer
guidelines and the end product absorbance ranges were

inspected at 570 nm using microplate reader. The levels of urea
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and creatinine were calculated using standard reference curve
values.

3.4. Lipid profile estimation

The total lipid profile, total cholesterol, triglycerides, HDL
cholesterol, LDL cholesterol, VLDL cholesterol and free fatty

acids of control and investigational rats were examined via
assay kits (ab65390) procured form Abcam, USA. Total
cholesterol was estimated using the whole serum whereas for

HDL cholesterol estimation the sample was precipitated as
per the manufacturer’s protocol using the precipitation buffer.
LDL and VLDL cholesterol levels were measured using the

below mentioned formula

LDL mg=dlð Þ ¼ TC�HDL� TG=5

VLDL mg=dlð Þ ¼ TG=5

The triglyceride (TG) statuses were investigated through
the commercial colorimetric Triglyceride Quantification Assay
Kit (ab65336), Abcam, USA. The end point reaction was mea-

sured at OD 570 nm using microplate reader.

3.5. Atherogenic and coronary risk index measurement

The atherongenic index of plasma was investigated in accor-
dance to the procedure of Onat et al. (2010)

Atherogenic index of plasma ¼ Triglycerides=HDL cholesterol

Coronary risk index was calculated using the formula
(Abbott et al., 1988)

Cornary risk index ¼ Total cholesterol=HDL cholesterol
3.6. Estimation of liver marker enzymes

Liver functioning emzymes alanine transaminase (ALT),

aspartate transaminase (AST) and alkaline phosphatase
(ALP) were estimated via colorimetric procedure using com-
mercial assay kits.

3.7. Estimation of inflammatory markers

Inflammatory markers Tumor necrosis factor-a (TNF-a),
Interleukins-1b (IL-1b) and Interleukin-6 (IL-6) were exam-

ined through the commercial ELISA kits bought from MyBio-
source, USA. Serum samples were mixed to the TNF-a
(MBS355371), IL-1 b (MBS774854), IL-6 (MBS495037) anti-

body precoated ELISA plates accordingly followed by the
adding of biotin conjugated antibodies. The colour change of
end product produced via the TMB substrates was investigated

at the absorbance of 450 nm and the statuses of inflammatory
cytokines were calculated using the standard curve reference
values.

3.8. Estimation of adipocyte cell markers

Adipocytes cells synthesized markers leptin, adiponectin and
resistin were examined in the control and investigational rats

via the commercial ELISA test kits leptin (MBS774908), Adi-
ponectin (MBS774139) and resistin (MBS013451) procured
from MyBioSource, USA. The end product absorbance was
inspected at 450 nm and the levels were determined using the

standard curve reference values.

3.9. Estimation of oxidative stress markers

Thiobarbituric acid reactive substances (TBARS), byproduct
of lipid peroxidation were measured using the protocol of
Yagi (1978). TBARS are measured as MDA equivalent, the

sample was heated along with TBA solution which forms a
pink chormogen. The absorbance was measured at 532 nm
and the statuses of TBARS were determined. Values are

expressed nmole/mg protein. Reduced glutathione levels were
examined via the Ellman (Yagi, 1978) technique (Ellman,
1959), the sulfhydryl groups exist in the reduced glutathione
unites with the 5,50dithio2-nitro benzoic acid to produce colour

strength which was determined at 415 nm. Values are illus-
trated mg of reduced glutathione formed /min.
3.10. Histopathological analysis

The control and experimental rats heart tissue was fixed in 4%

formaldehyde for 48 h and processed with different concentra-
tion of ethanol and xylene. The processed was then embedded
in paraffin wax and then manually sectioned into 4 lm sections

using microtome. The sections were dewaxed and then stained
with hematoxylin and eosin. Then the slides were inspected
beneath the light microscope and imaged to study the

histopathological alterations.
3.11. Statistical analysis

The results were assessed using one-way ANOVA afterwards
the post-hoc test Bonferroni tests via the GraphPad Prism

Tool. The results were expressed as mean ± SEM, p < 0.05
was regarded as statistically significant.

4. Results

4.1. Characterization of PC-AuNPs

4.1.1. UV–Visible Spectroscopic study of PC-AuNPs

The synthesis of PC-AuNPs were observed by the colour

change from golden yellow colour to red wine colour within
15 min after addition Gold(III) chloride trihydrate to the aque-
ous extract of Poria cocos. Further the synthesis was evidenced

with UV–Vis Spectrosopic study were the maximum
absorption peak of Poria cocos extract was observed at
238–240 nm, whereas the surface Plasmon resonance band of

PC-AuNPs was observed at 540 nm (Fig. 1).

4.1.2. Surface morphology analysis of PC-AuNP

The size and morphology of the biosynthesized PC-AuNP

were assessed using SEM (Fig. 2A) and TEM (Fig. 2B) analy-
sis. The HR-TEM images shows spherical form and they are
poly-dispersed; the nanoparticles were typical size of 20 nm.

EDAX study confirms the occurrence of gold nanoparticles
via demonstrating distinctive peak and it also displayed weak



Fig. 1 Physical characterization of biosynthesized nanoparticles

PC-AuNPs. UV-Spectroscopic surface Plasmon resonance peak of

Poria cocos aqueous extract and biosynthesized PC-AuNPs. Fig. 3 Effect of PC-AuNP on the viability of normal cell (Vero)

line. Values are expressed as means ± SEM for six independent

observation of each group. p � 0.05 considered to be statistically

significant.
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carbon and oxygen peak that may because of the occurrence of
other molecules bound to the surface of AuNP (Fig. 2C).

4.1.3. Cytotoxic effect of synthesized PC-AuNPs

The level of cytotoxicity of PC-AuNPs against the normal

(Vero) cell lines were examined by using MTT assay and the
result was illustrated in the Fig. 3. As mentioned in the
Fig. 3, the PC-AuNPs were revealed no substantial toxicity
to the normal (Vero) cell line. The PC-AuNPs were adminis-

tered in different doses (10–100 mg/ml) and the 90 mg of PC-
AuNPs were inhibited 50% of cell growth. Thus, the 90 mg
of PC-AuNP was considered as IC50 dose.
Fig. 2 Surface Morphology analysis of PC-AuNP. Scanning electron

High resolution transmission electron microscope photograph of bi

analysis of biosynthesized PC-AuNPs (Fig. 2C).
4.1.4. Effect of PC-AuNP on weight gain and body mass index
(BMI)

Fig. 4 A depicts the average weight gained by the control and
experimental rats. Group II high fat diet rats (390 ± 7 g)

shown significantly increased weight gain compared to the dia-
betes (290 ± 4 g) induced and gold nanoparticles treated rats
(260 ± 2 g, 250 ± 5 g respectively). Body mass index was also

considerably increased in high fat diet rats (1.7 ± 0.02) com-
pared to the diabetic induced rats (1.39 ± 0.03). Compared
to high fat diet and diabetes induced rats both the high and
microscope photograph of biosynthesized PC-AuNPs (Fig. 2A),

osynthesized PC-AuNPs (Fig. 2B) and Energy dispersive X-ray



Fig. 4 Effect of PC-AuNP on weight gain & body mass index

(BMI) on high fat diet fed diabetes induced. Values are expressed as

means ± SEM for six independent observation of each group.

p � 0.05 considered to be statistically significant.

Fig. 5 Antidiabetic property of biosynthesized PC-AuNP on high

fat diet fed diabetes induced rats. Blood glucose level in control and

high fat diet fed diabetes induced rats treated with biosynthesized

PC-AuNPs (Fig. 5A). Plasma insulin, glycosylated hemoglobin

(HbA1C) and serum advanced glycation end products (AGE)

were measured using commercially available ELISA kits (Fig. 5B).

Values are expressed as means ± SEM for six independent

observation of each group. p � 0.05 considered to be statistically

significant.
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low dose PC-AuNPs treated rats shown significantly decreased
BMI (0.91 ± 0.04, 1.18 ± 0.02) (Fig. 4B).
Fig. 6 Effect of biosynthesized PC-AuNPs on kidney markers of

high fat diet fed diabetes induced rats. The kidney markers urea and

creatinine levels in control and high fat diet fed diabetes induced

rats treated with biosynthesized PC-AuNPs were measured using

commercially available colorimetric assay kits. Values are
4.2. Antidiabetic property of PC-AuNP

To assess the antidiabetic property of PC-AuNPs the blood
glucose, insulin, glycosylated hemoglobin (HbA1C) and serum
advanced glycation end products were measured. Compared to
the diabetes induced rats (320 ± 8 mg/dl) the levels of blood

glucose were drastically increased in high-fat diet stimulated
rats (170 ± 10 mg/dl). High dose PC-AuNPs treated rats
shown noticeably reduced blood glucose status (125 ± 5 mg/

dl) while comparing it to the high-fat diet and diabetes induced
rats (Fig. 5). Plasma insulin ranges were appreciably increased
in control and high dose PC-AuNP treated rats compared to

the high-fat diet and diabetes induced rats while the glycosy-
lated hemoglobin and serum advanced glycation end products
notably elevated in high-fat diet and diabetes stimulated rats.
expressed as means ± SEM for six independent observation of

each group. p � 0.05 considered to be statistically significant.

4.3. Effect of PC-AuNPs on kidney markers

Fig. 6 illustrates the kidney markers like urea and creatinine
statuses in control and investigational rats. Compared to con-
trol the urea level (85 ± 1.2 mmol/L) was reduced in high fat
diet rats (52 ± 2.8 mmol/L) and diabetes induced rats (67 ±

2.5 mmol/L) whereas the creatinine (30 ± 2.4 g/L) statuses
were elevated in high-fat diet rats (40 ± 1.8 g/L) and diabetes
induced rats (38 ± 3.1 g/L). High dose PC-AuNPs treated rats

shown comparatively equal levels of urea and creatinine as
that of control rats.
4.4. Antilipidemic effect of PC-AuNPs

Total lipid profile consisting of total cholesterol, triglycerides,
high density lipoprotein (HDL) cholesterol, low density
lipoprotein (LDL) cholesterol, very low density lipoprotein

(VLDL) cholesterol and free fatty acids of control and investi-
gational rats were examined and depicted in Fig. 7A. The sta-
tuses of cholesterol, triglycerides, LDL cholesterol, VLDL

cholesterol and free fatty acids were drastically elevated in



Fig. 7 Antilipidemic effect of biosynthesized PC-AuNPs on high fat diet fed diabetes induced rats. The total lipid profile total cholesterol,

triglycerides, HDL cholesterol, LDL cholesterol, VLDL cholesterol and free fatty acids were measured in control and high fat diet fed

diabetes induced rats treated with biosynthesized PC-AuNPs (Fig. 7A). Atherogenic index and coronary risk index were calculated using

the levels of triglycerides, total cholesterol and HDL cholesterol estimated in control and high fat diet fed diabetes induced rats treated

with biosynthesized PC-AuNPs (Fig. 7B). Values are expressed as means ± SEM for six independent observation of each group. p � 0.05

considered to be statistically significant.
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high-fat diet treated group while comparing it to the PC-
AuNPs and diabetes induced rats. Whereas the HDL-
cholestrol levels notably reduced in high-fat diet treated group

than the PC-AuNPs and diabetes induced rats. No significant
variation was noted among the total lipid profile statuses
between the control and high dose PC-AuNPs treated rats.

The atherogenic index and coronary risk index were drasti-

cally elevated in high-fat diet group rats than the other group
rats. Both high and low dose PC-AuNP treatment in obese
induced diabetic rats significantly decreased the atherogenic

and coronary risk index (Fig. 7B).

4.5. Anti-inflammatory effect of PC-AuNPs

Fig. 8A represents the statuses of liver enzyme markers ALT,
AST and ALP in control and experimental rats. The PC-
AuNPs treated rats showed significantly decreased ranges of

liver marker enzymes ALT, AST and ALP than the high-fat
diet fed rats. No considerable variation was noted among the
control and PC-AuNPs treated rat’s liver enzyme levels. High
fat diet induced inflammation were assessed by estimating the

inflammatory cytokines TNF-a, IL-1 b, IL-6 levels in high fat
diet and PC-AuNPs treated rats (Fig. 8B). IL-6 status was
drastically elevated in high-fat diet rats than the diabetes
induced rats treated with both low and high dose of PC-
AuNPs. TNF-a, IL-1 b were also notably elevated in the
high-fat diet rats whereas the PC-AuNPs treatment decreased

the levels of inflammatory cytokines.

4.6. Anti-obesity effect of PC-AuNPs

Adipocytes plays a key role in promoting obesity related disor-

ders, therefore we estimated the adipocyte markers leptin,
resistin and adiponectin in control and investigational rats
(Fig. 9). Leptin and resistin statuses were radically elevated

in the high-fat diet fed rats whereas the adiponectin signifi-
cantly decreased. Both the high and low dosage PC-AuNPs
treatment significantly reduced the statuses of leptin, resistin

and elevated the levels of adiponectin in high-fat diet fed dia-
betes induced rats.

4.7. Antioxidant effect of PC-AuNPs

Obesity increases the oxidative stress thereby leads to inflam-
mation in high-fat diet fed rats. Hence we measured the sta-
tuses of TBARS and antioxidant reduced glutathione in

control and investigational rats (Fig. 10A&B). TBARS levels
were drastically elevated and reduced gluthathione status in



Fig. 8 Antiinflammatory effect of biosynthesized PC-AuNPs on

high fat diet fed diabetes induced rats. The liver marker enzymes

alanine aminotransferase (ALT), aspartate aminotransferase

(AST) and alkaline phosphatase of control and high fat diet fed

diabetes induced rats treated with biosynthesized PC-AuNPs were

measured using commercially available colorimetric assay kits

(Fig. 8A). Inflammatory cytokines TNF-a, IL-1b and IL-6 levels

in control and high fat diet fed diabetes induced rats treated with

biosynthesized PC-AuNPs were measured using commercially

available ELISA kits. Values are expressed as means ± SEM for

six independent observation of each group. p � 0.05 considered to

be statistically significant.

Fig. 9 Antiobesity effect of biosynthesized PC-AuNPs on high fat

diet fed diabetes induced rats. The levels of adipocyte cell markers

leptin, resistin and adiponectin were estimated in control and high

fat diet fed diabetes induced rats treated with biosynthesized PC-

AuNPs were estimated using commercially available ELISA kits.

Values are expressed as means ± SEM for six independent

observation of each group. p � 0.05 considered to be statistically

significant.

Fig. 10 Antioxidant effect of biosynthesized PC-AuNPs on high

fat diet fed diabetes induced rats. The levels of oxidative stress

marker TBARS (Fig. 10A) and antioxidant reduced glutathione

(Fig. 10B) were measured in control and high fat diet fed diabetes

induced rats treated with biosynthesized PC-AuNPs. Values are

expressed as means ± SEM for six independent observation of

each group. p � 0.05 considered to be statistically significant.
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high-fat diet fed rats whereas PC-AuNPs supplementation
noticeably reduced the TBARS level and increased the reduced
glutathione level in high-fat diet fed diabetes stimulated rats.
4.8. Effect of PC-AuNPs on cardiac muscles

Fig. 11 depicts the representative photomicrographs of control
and PC-AuNPs treated high fat diet fed diabetes induced rats
haematoxylin and eosin stained cardiac muscle tissue. Control

(Fig. 11A) and low, high dose PC-AuNPs (Fig. 11D, Fig. 11E
respectively) treated rats cardiac muscle tissue shown regular
pattern of cardiac myofibres with oval shaped nuclei located

centrally on the cardiomyocytes. Whereas irregular pattern
of cardiac myofibres were observed in high-fat diet fed rats
(Fig. 11B) and high-fat diet fed diabetes induced rats
(Fig. 11C).

5. Discussion

Unhealthy life style practice was drastically increased in both
developed and developing countries population. Malnourished
or unhealthy diet intake, lack of physical exercise, addiction to
alcohols, drugs were observed in most of the younger popula-

tion (Farhud, 2015). Unhealthy life style leads to various
health concerns one among them is obesity which ubiquitously
affects global population without any discrimination of age,

gender and ethnicity. High fat diet intake is the primary cause
of visceral obesity which caused deregulated carbohydrate and
lipid metabolism leading to infiltration of cytokines causing

adipocytes inflammation, insulin resistance (Meneses and
Flores, 2019). High fat diet fed obese rat models are the ideal
obese models to study pathological changes which exactly
mimic the condition of humans (Aguila and Mandarim-



Fig. 11 Effect of biosynthesised on PC-AuNPs cardiac tissue histomorphometry on high fat diet fed diabetes induced rats. The cardiac

tissues of control (Group I), low dose (Group IV), and high dose (Group V) of PC-AuNPs treated animal shows a regular pattern of

cardiac myofibres with oval shaped nuclei located centrally on the cardiomyocytes. Whereas irregular pattern of cardiac myofibres were

observed in high-fat diet fed rats (Group II) and high-fat diet fed diabetes induced rats (Group III).
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de-Lacerda, 2003; Woods et al., 2003). The metallic nanopar-
ticles were received a greater attention among the biomedical
researchers duo to its exclusive properties (Liu et al., 2015;
Shi et al., 2017). Therefore in this research investigation, we

stimulated the obesity in rats with high-fat diet and also
administered with low-dose of streptozotocin to also the
potency of PC-AuNPs against the obesity induced to meta-

bolic disorders. PC-AuNPs. PC-AuNPs effectively reduced
average body weight gain and it also decreased the body mass
index high fat diet fed rats (Fig. 4). Our results correlate with

the previous epidemiological research where six weeks of Poria
cocos treatment effectively reduced weight gain and body mass
index in Portuguese population (Mendes, 2018).

Type2 diabetes is one of the most devastating complication

of obesity which was observed in more than 171 million pop-
ulation and estimated to be increased to 360 million by the
year 2030 (McKeigue et al., 1991; Tsai et al., 2011). Deposition

of lipids in white adipocytes which prevents the lipids from
peripheral tissue which are prone to insulin induced lipotoxic-
ity and it also increases the hepatic gluconeogenesis via acetyl-

CoA allosteric activity (Czech et al., 2013; Perry et al., 2015;
Titchenell et al., 2016; Clerk et al., 2002). It also decreased
the utilization of glucose by skeletal muscles via inhibiting

the glucose transportation and metabolism (Karpe et al.,
2011). Increased body mass index was reported to have posi-
tive correlation with insulin resistance; peripheral fat disrup-
tion increases the insulin sensitivity whereas it is decreased in

visceral fat (Samane et al., 2006). In this current investigation,
the high-fat diet fed rat shown increased level of plasma glu-
cose, glycosylated heamoglobin and decreased levels of insulin

which confirms the induction of diabetes whereas PC-AuNPs
showed appreciably reduced of blood glucose levels. The anti-
hyperglycemic activity of PC-AuNPs may be due to the phyto-

chemicals dehydrotumulosic acid, dehydrotrametenolic acid
and pachymic acid which enhanced insulin sensitivity in
high-fat diet fed rats (Park et al., 2009).
Dyslipidemia is other pathologic condition observed in
high-fat diet stimulated obesity were the adipocytes fails to
oxidize the excessive fat leading to increased triglycerides and
free fatty acids (Malloy and Kane, 2001). Triglycerides accu-

mulates lipids in hepatic tissue thereby increases the insulin
resistance whereas the HDL-cholestrol assists the excretion
of lipids in bile from the hepatic tissue. The increased levels

of triglycerides, LDL-cholestrol, free fatty acid and decreased
levels of HDL-cholestrol is a positive indicator of atherosclero-
sis (Hertog et al., 1993). In the present study dyslipidemia

condition was confirmed in high fat diet fed rats whereas the
PC-AuNPs treatment significantly increased the HDL-
cholestrol levels and decreased the levels of total cholesterol,
triglycerides and free fatty-acids. The antihyperlipidemic and

cardioprotective property of PC-AuNPs was confirmed with
the atherogenic index and coronary risk index which are indi-
cators of deregulated cholesterol metabolism (Chait et al.,

1996; Ahima, 2006).
Adipocytes secretes adipokines like leptin, adiponectin,

resistin and cytokines, i.e. interleukin 4, interleukin 6, tumour

necrosis factor a which regulates the immunity in normal indi-
vidual (Gannagé-Yared et al., 2006). Deregulated adipocytes
secretion was reported in obese individuals cause’s chronic

inflammation leading to various metabolic syndromes
(Considine et al., 1996). Hyperleptinemia (Maffei et al.,
1995; Galler et al., 2007) and hypoadipnectinemia (Silha
et al., 2003) were reported in the obese, type diabetes mellitus

patients with increased body mass index. Leptin, hormone
which regulates the apetite, glucose and lipid metabolism was
drastically reduced in high-fat diet fed rats whereas the adipo-

nectin hormone which increases the insulin sensitivity and
posess anti-inflammatory property (Warne, 2003) was drasti-
cally reduced in high-fat diet fed rats. PC-AuNPs efficiently

reduced the statuses of satiety hormones leptin and resistnin
and elevated the levels of adiponectin this may be due to the
anti-inflammatory property of PC-AuNPs.
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Chronic inflammation was linked with obesity induction
and other metabolic disease in obese individuals. Increased
TNF- a cytokines levels were reported in both obesity induced

type II diabetes mellitus as well as type I diabetes (Mandrup-
Poulsen, 1996). Proinflammatory cytokine interleukin1 which
is the early mediator of inflammation (Horn et al., 2000) and

the interleukin6 that regulates energy homeostasis (Surmi
and Hasty, 2008) was significantly increased in high-fat diet
fed rats. The elevation in the inflammatory cytokines may be

because of the increased adipocytes which activate the macro-
phage infiltration leading to subsequent activation of cytotoxic
T cells and causing inflammation (Rı́os, 2011). The decreased
levels inflammatory cytokines in PC-AuNPs treated high-fat

diet fed diabetes induced rats may be as a result of the anti-
inflammatory property exhibited by the phytochemical triter-
penes present in Poria cocos extract (Fonseca-Alaniz et al.,

2007).
The increased levels of proinflammatory cytokines support

the macrophages to generate free radicals causing oxidative

stress in adipose tissue (Fantuzzi and Faggioni, 2000). In the
present study high-fat diet elevated the TBARS level and
reduced the antioxidant glutathione level which may be due

to the hyperleptinemia and hypoadiponectinemia which
increased the macrophage infiltration and secretion of proin-
flammatory cytokines (Pi-Sunyer, 2002). PC-AuNPs potent
antioxidant effectively scavenged the free radicals and

increased the antioxidant reduced glutathione thereby pre-
vented the adipocytes from inflammation.

Obesity impairs functioning of major organs such as heart,

kidney and liver. Nephropathy and non alchololic fatty liver
are the frequent impediment caused by the obesity. Therefore
in this investigation, we assessed the potency of bio-formulated

PC-AuNP to protect liver and kidney from high fat diet
induced complications. PC-AuNPs effectively increased the
urea and creatinine status and decreased the levels of ALT,

AST and ALP levels which prove PC-AuNPs has a potent
antiobesity drug with nil side effects. Further to confirm the
role of PC-AuNPs on atherosclerosis inhibition a major com-
plication observed in most of the obese patients, histopatho-

logical analysis of cardia tissue of PC-AuNPs treated high
diet fed diabetes induced rats was performed. Our results con-
firm that PC-AuNPs protects cardiac tissue from the complica-

tions induced by the high fat diet.

6. Conclusion

To conclude, we biosynthesized gold nanoparticle with sapro-
phytic fungi Poria cocos used in traditional Chinese and Japa-
nese medicine. Physical characterization with UV–Vis

Spectroscopic anaylsis, SEM, HR-TEM and EDAX analysis
confirms the PC-AuNPs is an ideal nanoparticle can be used
for medication. Invivo analysis with high fat diet fed diabetes
induced rats proves PC-AuNPs efficiently reduces the weight

gain and body mass index. Biochemical analysis confirms
PC-AuNPs potentially regulates glucose, lipid metabolism
and it also inhibits the adipose tissue inflammation. PC-

AuNPs scavenges oxidative stress and normalizes the satiety
hormones thereby protected the high fat diet fed rats from hep-
atotoxicity, nephrotoxicity and atherosclerosis induction by

the excessive fat intake. Overall, the outcomes of our study
accurately proved that the PC-AuNPs is a promising anti obe-
sity agent that not only prevents obesity but also obesity linked
metabolic disorders.
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