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Abstract Salacia chinensis (SC) is generally known as Saptrangi, which has been used as an herb in

Ayurvedic medicine and has a broad range of biological applications. The current research was

planned to develop Salacia chinensis-loaded gold nanoparticles (SC-AuNPs) and to assess the

anti-obesity parameters in a high-fat diet (HFD) treated obese rats. SC-AuNPs were synthesized

and characterized using UV–visible spectroscopy, SEM, FTIR, EDX, XRD, and TEM. Further-

more, the bodyweight changes, BMI, adipose index, leptin, resistin, adiponectin, AI, CRI, liver

marker enzymes, inflammatory markers, lipid profile, AMPK signaling proteins, and liver

histopathological changes were analyzed. We observed that the synthesized SC-AuNPs had a spher-

ical shape, crystalline nature, and possessed a different functional group. The SC-AuNPs treatments

also decreased body weight, BMI, adipose index, leptin, resistin, AI, CRI, liver marker enzymes,

lipid profile, inflammatory markers, and AMPKa1. On the other hand, SC-AuNPs treatment

increased adiponectin, HDL-C, and pAMPKa1. The histopathological findings showed improved

result with reduced hepatocyte degradation under the influence of SC-AuNPs treatment.
� 2020 The Author(s). 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 long-term metabolic disorder, which is described
by a severe accumulation of body fat and abnormal
metabolism of lipids. Hyperlipidemia is effectively related to

long-term diseases including cardiovascular diseases, type 2
diabetes, respiratory complications, and cancer (Kopelman,
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2000). In modern days, obesity has been augmented surpris-
ingly to 800% worldwide, which necessitates for the
weight-reducing surgery methods which control such

metabolic disorders (Chen et al., 2018). Cellular cholesterol
homeostasis indicates a balance between many complex and
interactive processes. This involves uptake of extracellular

cholesterol through the LDL receptor signaling, intracellular
cholesterol trafficking, cholesterol esterification/deacylation
reactions, de novo cholesterol synthesis, and cellular efflux

(Brown and Goldstein, 1983). Thus, there remains an impera-
tive and emergent necessity for efficient approaches in response
to the overall obesity pandemic.

Here, our current interest lies in the fact that nanoparticle

(NP) may provide us a novel beneficial mediator in the control
and cure of obesity. Nanotechnology indicates to the chemical
and physical production of substances having nanosize among

1–100 nm (Jeevanandam et al., 2018). Numerous nanomateri-
als being improved for nanomedicine usages, particularly
AuNPs are referred to as potentially used in the medical field

and it efficiently increases the drug delivery system. AuNPs
are mostly stable metals NPs and have interesting possessions
likes size associated biocompatibility, magnetism, nontoxic

nature, and electronic materials (Arvizo et al., 2010). AMPK
takes an essential function on the energy balance of the body,
prevents the synthesis of fatty acid, and stimulates the fatty
acid oxidation (Kemp et al., 2003). The AMPK can induce

metabolic changes, which involve both chronic effects in the
expression status of the genes and acute effects in the phospho-
rylation of key enzymes implicated for metabolic regulation

(Kola et al., 2008). Therefore, AMPK has been considered
as a hopeful goal for the management of hyperlipidemia and
obesity.

Natural plants have been verified to have a dual effect, act-
ing both as capping and reducing agent, thus improving the
pharmacological effectiveness and constancy of AuNPs

(Benedec et al., 2018). The plant-based synthesis of metallic
NPS is a growing marketable requirement due to its broad
applicability in different fields such as chemistry, medicine,
energy, catalysis, electronics, and cosmetics. Numerous previ-

ous studies have reported the anti-obesity and antioxidant
properties of biogenic AuNPs on animal models (Chen et al.,
2018; Chen et al., 2018; Yi et al., 2020). Salacia chinensis

(SC) is generally known as Saptrangi, which has been used
as an herb in Ayurvedic medicine (Deokate and Khadabadi,
2012). This plant is widely distributed in South-East Asia

and Australoceania. The plant extract demonstrates different
pharmacological activities such as antihyperglycemic, anti-
caries, antioxidant, antiulcer, antidiabetic, antiobesity, anti-
cancer, hepatoprotective, and skin lightening agents

(Yoshikawa et al., 2003; Sellamuthu et al., 2009; Tran et al.,
2008; Asuti, 2010). In the present study, we have been using
an extract of Salacia chinensis for the bio-fabrication of

AuNPs and explored their anti-obesity properties.

2. Materials and methods

2.1. Chemicals

Gold(III) chloride trihydrate (HAuCl3) (99.9% pure) was
attained from Sigma-Aldrich (St.Louis, MO, USA). Primary
antibodies for pAMPKa1, AMPKa1, and b-actin were
procured from Santa-Cruz Biotechnology (Santa-Cruz, CA).
ELISA kits for TNF-a and IL-1b were procured from R&D
Systems Inc, (Minneapolis, MN). Reagent kits for TG, FFA,

TC, and HDL-C were obtained from Abcam, USA.

2.2. Experimental animals

A total of 30 male albino Wistar animals 7–8 weeks old were
obtained and used in the current work. Each rat weighed
approximately 180–210 g. All the experiments were approved

by institutional ethical committee Zhengzhou Central Hospital
Affiliated to Zhengzhou University, Zhengzhou City, Henan
Province, 450002, China. They were accommodated in an ani-

mal house and maintained at room temperature (24 ± 2 �C)
under the controlled environmental condition of 12 h
light/12 h dark cycle. All rats were given with regular rat pellet
food along with water ad libitum.

2.3. Preparation of High-fat diet

For each 100 g of rat food, 68 g of the regular powder form of

rat chow was combined with 32 g of ghee, the procedure was
modified from NikNorliza et al. (NikNorliza et al., 2014;
NikNorliza et al., 2014). A high-fat diet (HFD) was combined

along with calcium (300 mg) and vitamin D3 (100 IU). The
combination was mixed with marble-shaped dough samples
and incubated at �40 �C until it got thickened.

2.4. Experimental design and stimulation of obesity

The group-1 rats were fed with the standard pellet food during
the experiments. All other rats were fed with an HFD consist-

ing of 42% fat content for six weeks before allocating them to
various treatment groups. Group-2 rats were fed with HFD
and no other treatment. Group-3 rats were fed HFD

with 10 mg/kg bwt of SC-AuNPs, group-4 with HFD with
20 mg/kg bwt of SC-AuNPs, and group-5: HFD with
30 mg/kg bwt of SC-AuNPs for six weeks by orally. Body-

weight of all rats was documented weekly and alterations on
bodyweight were measured carefully. After animal sacrifice,
the blood samples were gathered in heparinized containers,
and plasma extracted for different biochemical estimations.

2.5. Preparation of SC leaf extract

The fresh SC leaves were collected, washed and shadow dried

until the water fully dried. 10 g of powdered plant sample was
heated along with 100 ml of double distilled water for 10 min,
sieved through Whatmann no. 1 filter paper, and used for the

synthesis of AuNPs.

2.6. Synthesis of SC-AuNPs

The SC-AuNPs were biosynthesized by adding 45 ml of 1 mM
HAuCl3 solution and 5 ml of SC aqueous leaf extract to reduce
the Au3+ ions to Au0. The reaction mixture was placed in the
orbital shaker at 30 �C. The formation of SC-AuNPs was iden-

tified through the change in the color of the sample from yel-
low to ruby red (Elia et al., 2014). The AuNPs were pelleted
from the reaction solution by centrifuging at 10,000 rpm for
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15 mins. The supernatant was discarded and AuNPs were col-
lected and placed in the oven for 2 h for drying at 40 �C. The
dried SC-AuNPs pellets were utilized for the different charac-

terization techniques and further in vivo studies.

2.7. Characterization of SC-AuNPs

The production of SC-AuNPs was established by UV spectral
investigation. The spectral absorbance was verified by UV
spectroscopy at a wavelength range from 200 to 800 nm. The

size and surface morphology of the SC-AuNPs was observed
via SEM, TEM, and EDX on the NOVA-450 instrument.
FTIR was carried out in Thermo-ScientificTM Nicolet-iSTM50

FTIR spectrometer for identifying the promising biomolecules
of the synthesized SC-AuNPs. The crystalline nature of the
synthesized SC-AuNPs was analyzed by the XRD technique
using the Shimadzu XRD-6000/6100 model. The XRD study

was carried out using Cu-Ka radiation within the range of
2h = 10–70�.

2.8. Determination of BMI, adipose index, leptin, resistin, and
adiponectin

The BMI and adipose index was measured by using the formu-

las: BMI = body weight (g)/length2 (cm2); adipose index
(%) = retroperitoneal, whole weight of the visceral and epi-
didymal fat/final bodyweight. Leptin, resistin, and adiponectin
were determined using the ELISA method.

2.9. Liver marker enzymes

The levels of plasma liver marker enzymes such acid-

phosphatase (ACP) and alkaline-phosphatase (ALP) status
were investigated following the protocol of King (King, 1965;
King, 1965) as explained by Balasubramanian et al.

(Balasubramanian et al., 1983; Balasubramanian et al., 1983).
Alanine-transaminase (ALT) and aspartate-transaminase
(AST) status were evaluated as reported by Bergmeyer et al.

(Bergmeyer et al., 1978; Bergmeyer et al., 1978).

2.10. Lipid profile, atherogenic index, and coronary risk index

The levels of plasma lipid profile such as FFA, TC, TG, and

HDL-C was determined with a commercial kit. The levels of
VLDL-C and LDL-C were measured and derived using the
formula, VLDL-C = TG/5, and LDL-C = TC � (HDL-C

+ VLDL-C).

2.11. Measurement of inflammatory mediators

The level of plasma inflammatory mediators i.e. interleukin-
1beta (IL-1b) and tumor necrosis factor-alpha (TNF-a) was
estimated with the aid of ELISA kit following the manufac-

turer’s instructions.

2.12. Histopathological analysis

The liver tissues from experimental rats were sectioned, treated
with formalin (10%), and dehydrated with ethanol solutions
(50–100%). The sections of the 3–5 mm range were incised,
stained with hematoxylin and eosin (H&E), and investigated
using the optical microscope.

2.13. Western blotting analysis

The liver tissue was homogenized and centrifuged at
12,000 rpm (4 �C) for 15 min. After this, the upper aqueous

phase was collected and proteins were quantified using
Lowry’s method (1951) (Lowry et al., 1951). Proteins were sep-
arated using an SDS-PAGE and the protein expression was

determined using the primary antibodies of pAMPKa1 and
AMPKa1. The bands were observed using enhanced chemilu-
minescence reagent kits and the intensity of the band was

determined by ImageJ software.

2.14. Statistical analysis

The statistical examination was employed by using the SPSS

16 statistical package. The data were characterized as
mean ± SD. One way ANOVA and DMRT measurement
was used to compare the difference between the variable

groups. The differences were considered significant at
p < 0.05.
3. Results

3.1. Characterization of SC-AuNPs

Fig. 1 demonstrates the UV–vis spectra of bio-fabricated
SC-AuNPs. The steadiness of bio-fabricated SC-AuNPs was

concluded based on the highest absorbance peak and the
alterations of color from yellow to ruby red.

Fig. 2A and B show the morphological changes of SEM
and TEM analysis. The electron microscopical images of SC-

AuNPs showed the size and shape of nanoparticles as a func-
tion of the extract that measured ranging from 20 to 50 nm.

Fig. 2C shows the EDX spectra of SC-AuNPs. The EDX

investigation of a stabilized SC-AuNPs as well as showed the
existence of AuNPs stabilized via plant biomolecules. In the
present study, applicable spectra with powerful signals of Au

at the characteristic wavelength were observed.
Fig. 3 reveals the crystalline nature of the synthesized SC-

AuNPs as identified using the XRD investigation. The XRD

patterns showed numerous Bragg reflections that could be
classified according to the FCC formation of gold. Diffraction
peaks were identified at 2h = 100 (31.94�), 002 (33.67�), 101
(36.84�), 102 (47.86�), 110 (57.34�) and 103 (62.64�) to confirm

the presence of gold ions. Thus, the XRD patterns revealed
that the SC-AuNPs were crystalline.

Fig. 4 demonstrates the FTIR spectra of the SC extracts

and its binding capacity to the AuNPs. FTIR spectra estab-
lished the existence of different active molecules. For instance,
the peaks were observed at 3268.91 (alcohols OAH stretch),

3008.75 (carboxyl acids OAH stretch), 2920.95 (carboxyl acids
OAH stretch), 2853.24 (carboxyl acids OAH stretch), 1708.03
(ketone C‚O stretch), 1621.17 (alkenyl C‚C stretch),
1406.27 (alkanes CAC stretch), 1245.12 (alkyl ketone C‚O

Stretch), 1144.09 (aliphatic stretch CAO), 1076.47 (primary
alcohol CAO stretch), 997.08 (alkene C‚C bend), 855.90
(halo compound C-Cl), 758.00 (alkene C‚C bend), 703.15



Fig. 1 UV–vis spectral analysis of AuNPs synthesized from SC.

Fig. 3 XRD pattern of AuNPs synthesized from SC.
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(aromatic compounds) and 532.82 (halogen compound) for the
SC-AuNPs.

3.2. Effect of SC-AuNPs on body weight and BMI of control

and obese rats

The HFD supplemented rats revealed a considerable

(p < 0.05) augment on the body weight as well as BMI eval-
uated to control rats. The obese animals treated with different
dosages (10, 20, and 30 mg/kg body weight) of SC-AuNPs

illustrated a decrease (p < 0.05) in BMI and body weight com-
pared to the untreated obese animals as shown in Table 1.
Fig. 2 TEM, SEM, and EDX analysis of AuNPs synthesized from

SC-AuNPs. (b) Scanning electron microscopic (SEM) analysis of SC-A
3.3. Effects of SC-AuNPs on leptin, adipose index, resistin and
adiponectin of control and obese rats

The adipose index, leptin, and resistin of control obese rats
were notably (p < 0.05) high, whereas adiponectin consider-
ably (p < 0.05) diminished when compared to the control ani-

mals. Interestingly, SC-AuNPs (10, 20, and 30 mg/kg body
weight) treated groups of HFD induced rats revealed a
SC. (a) Transmission electron microscopic (TEM) analysis of

uNPs. (c) Energy dispersive X-ray (EDX) analysis of SC-AuNPs.



Fig. 4 FTIR analysis of AuNPs synthesized from SC.

Table 1 Effect of AuNPs synthesized from SC on Bodyweight and BMI levels of control and experimental rats.

Groups Bodyweight (g) (Before experiments) Bodyweight (g) (After experiments) BMI (Before experiments) BMI (After experiments)

Group I 193.42 ± 22.54 194.68 ± 21.36 0.54 0.54

Group II 194.73 ± 51.24* 356.92 ± 34.58* 0.56 1.164

Group III 191.63 ± 74.58* 292.32 ± 28.74* 0.51 0.92

Group IV 193.71 ± 75.95** 280.28 ± 24.29** 0.53 0.76

Group V 192.31 ± 29.43** 255.03 ± 22.31** 0.54 0.65

All data were computed as the mean ± SD of triplicate values (n = 6). The significance level was measured by one-way ANOVA subsequently

DMRT test; note: *p < 0.05 when compared to the control group and **p < 0.05 when compared to the obesity-induced group.
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considerable (p < 0.05) decrease of the adipose index, leptin,
and resistin, whereas, adiponectin increased in comparison to

control obese rats as shown in Fig. 5.
Fig. 5 Photomicrographs show the effects of SC-AuNPs on the

adipose index, leptin, resistin, and adiponectin of control, and

obese rats. All data were computed as the mean ± SD of triplicate

values (n = 6). The significance level was measured by one-way

ANOVA subsequently DMRT test; note: *p < 0.05 when

compared to the control group and #p < 0.05 when compared

to the obesity-induced group. Group I: Rats fed with the standard

pellet food. Group II: Rats fed with HFD and no other treatment.

Group III: Rats fed with HFD and 10 mg/kg bwt of SC-AuNPs.

Group IV: Rats fed with HFD and 20 mg/kg bwt of SC-AuNPs.

Group V: Rats fed with HFD and 30 mg/kg bwt of SC-AuNPs for

six weeks by orally.
3.4. Effects of SC-AuNPs on lipid profile

The lipid profile of control and obese animals are shown in
Fig. 6. The status of TC, FFA, LDL-C, TG, and VLDL-C
was considerably (p < 0.05) augmented and the HDL-C was

notably (p < 0.05) less in HFD treated obese rats when com-
pared to the control rats. The oral supplementation of SC-
AuNPs at various concentrations (10, 20 and 30 mg/kg body

weight) considerably (p < 0.05) reduced the TC, FFA,
LDL-C, TG, and VLDL-C levels and notably (p < 0.05) aug-
mented the HDL-C level when compared to HFD induced

obese rats.

3.5. Effects of SC-AuNPs on coronary risk index (CRI) and
atherogenic index (AI)

The AI and CRI of control and obese rats are shown in Fig. 7.
The statuses of AI and CRI were considerably (p < 0.05) aug-
mented for the HFD treated obese rats when compared to the

control animals. Oral supplementation of SC-AuNPs at vari-
ous concentrations (10, 20, and 30 mg/kg body weight) notably
(p < 0.05) reduced the CRI and AI levels in comparison to the

HFD induced obese rats.

3.6. Effects of SC-AuNPs on liver marker enzymes

The liver marker enzymes of control and obese rats are shown
in Fig. 8. The ALP, ALT, and AST status was notably



Fig. 6 Photomicrographs show the effects of SC-AuNPs on lipid

profile. All data were computed as the mean ± SD of triplicate

values (n = 6). The significance level was measured by one-way

ANOVA subsequently DMRT test; note: *p < 0.05 when

compared to the control group and #p < 0.05 when compared

to the obesity-induced group. Group I: Rats fed with the standard

pellet food. Group II: Rats fed with HFD and no other treatment.

Group III: Rats fed with HFD and 10 mg/kg bwt of SC-AuNPs.

Group IV: Rats fed with HFD and 20 mg/kg bwt of SC-AuNPs.

Group V: Rats fed with HFD and 30 mg/kg bwt of SC-AuNPs for

six weeks by orally.

Fig. 7 Photomicrographs show the effects of SC-AuNPs on the

atherogenic index (AI) and coronary risk index (CRI). All data

were computed as the mean ± SD of triplicate values (n = 6). The

significance level was measured by one-way ANOVA subsequently

DMRT test; note: *p < 0.05 when compared to the control group

and #p < 0.05 when compared to the obesity-induced group.

Group I: Rats fed with the standard pellet food. Group II: Rats

fed with HFD and no other treatment. Group III: Rats fed with

HFD and 10 mg/kg bwt of SC-AuNPs. Group IV: Rats fed with

HFD and 20 mg/kg bwt of SC-AuNPs. Group V: Rats fed with

HFD and 30 mg/kg bwt of SC-AuNPs for six weeks orally.

Fig. 8 Photomicrographs show the effects of SC-AuNPs on liver

marker enzymes. All data were computed as the mean ± SD of

triplicate values (n = 6). The significance level was measured by

one-way ANOVA subsequently DMRT test; note: *p < 0.05

when compared to the control group and #p < 0.05 when

compared to the obesity-induced group. Group I: Rats fed with

the standard pellet food. Group II: Rats fed with HFD and no

other treatment. Group III: Rats fed with HFD and 10 mg/kg bwt

of SC-AuNPs. Group IV: Rats fed with HFD and 20 mg/kg bwt

of SC-AuNPs. Group V: Rats fed with HFD and 30 mg/kg bwt of

SC-AuNPs for six weeks orally.
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(p < 0.05) augmented in the HFD induced obese rats when
compared to the control rats. Oral supplementation of SC-
AuNPs at various doses (10, 20, and 30 mg/kg body weight)

notably (p < 0.05) reduced the liver marker enzymes when
compared to the HFD induced obese rats.

3.7. Effects of SC-AuNPs on histopathological changes

Histology evaluation of control animals showed a soft hepatic
manifestation lacking any pathological abnormalities as shown

in Fig. 9(a). Whereas, in Fig. 9(b), the control obese animals
demonstrated deterioration of hepatocytes and increased

occurrence of fat cells thus illustrating fat alterations. On the
other hand, there were developments in the liver morphology
of SC-AuNPs (10, 20, and 30 mg/kg bwt) treated obese rats,
where the occurrence of fat cells was not as elevated as those

existing in Fig. 9(c)–(e).

3.8. Effects of SC-AuNPs on inflammatory markers

The inflammatory markers of control and obese rats are shown
in Fig. 10. The TNF-a and IL-1b levels were notably
(p < 0.05) augmented in the HFD treated obese rats when

compared to the control animals. Oral supplementation of
SC-AuNPs at various doses (10, 20, and 30 mg/kg body
weight) considerably (p < 0.05) lowered these inflammatory

markers when compared to the HFD induced obese animals.

3.9. Effects of SC-AuNPs on the western blotting protein
expression

The pAMPK1a and AMPK1a of control and obese rats are
shown in Fig. 11. The levels of AMPK1a were considerably
(p < 0.05) augmented and pAMPK1a was notably

(p < 0.05) lowered in HFD treated obese rats when compared
to the control rats. Oral supplementation of SC-AuNPs at var-
ious concentrations (10, 20, and 30 mg/kg body weight) nota-

bly (p < 0.05) decreased the level of AMPK1a, while
(p < 0.05) augmenting the level of pAMPK1a compared to
the HFD induced obese rats.

4. Discussion

Nanoparticles play a significant role in the diverse fields e.g.

catalysis, molecular imaging, drug delivery, electrical device,
DNA sequencing, and biosensors (Tettey et al., 2012).



Fig. 9 Photomicrographs show the effects of SC-AuNPs on liver histology of control and obese rats. Groups: (Group I) normal diet

rats; (Group II) control obese rats; (Group III) obese rats treated with 10 mg/kg bwt; (Group IV) obese rats treated with 20 mg/kg bwt;

(Group V) obese rats treated with 30 mg/kg bwt.

Fig. 10 Photomicrographs show the effects of SC-AuNPs on

inflammatory markers. All data were computed as the mean ± SD

of triplicate values (n = 6). The significance level was measured by

one-way ANOVA subsequently DMRT test; note: #p < 0.05

when compared to the control group and *p < 0.05 when

compared to the obesity-induced group. Group I: Rats fed with

the standard pellet food. Group II: Rats fed with HFD and no

other treatment. Group III: Rats fed with HFD and 10 mg/kg bwt

of SC-AuNPs. Group IV: Rats fed with HFD and 20 mg/kg bwt

of SC-AuNPs. Group V: Rats fed with HFD and 30 mg/kg bwt of

SC-AuNPs for six weeks orally.

Fig. 11 The effect of SC-AuNPs on AMPK signaling proteins in

control and obese rats were examined by western blotting

technique. The rats were treated with SC-AuNPs (10, 20, and

30 mg/kg bwt) and the protein expressions of AMPKa1 and

pAMPKa1 were determined. b-actin was used as a loading

control.
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Nanoparticles are extremely essential in the areas of recent
sciences involving electronics, chemistry, biology, physics,

medicine, and biotechnology. A nanoparticle illustrates exclu-
sive properties that are based on certain features, for example,
size, shape, morphology, and scattering (Khan et al., 2016).

The utilization of the ideal nano-drug delivery system is
decided based on the biochemical and biophysical properties
of these nanomaterials for the treatment (Watkins et al.,

2015). Nonetheless, the toxicity issues possessed by the
nanoparticles cannot be ignored while formulating the
nanomedicines. The green route approach of nanoparticles
synthesis is extensively promoted as it reduces the toxicity of

nanoparticles. Therefore, the use of green nanoparticles for
drug delivery can minimize the deleterious effects of drugs
(Lam et al., 2017). The UV–visible spectra of synthesized gold

nanoparticles were demonstrated by the maximum peak. TEM
and SEM analysis confirmed that the particles were spherical
and hexagonal in shape and size varying from 20 to 50 nm

and EDX spectra established the presence of gold ions. The
FTIR assessment of the SC-AuNPs samples established the
occurrence of various active groups. The XRD pattern studies
demonstrated the existence of nanoparticles with a crystalline

structure. Earlier studies also informed that the Salacia chinen-
sis is a good source for the production of silver nanoparticles
(Jadhav et al., 2015).

The high intake of an HFD can lead to obesity in both ani-
mals and humans. Huge amounts of fat accumulate on the adi-
pose tissue and an abnormal lipid metabolism paves the way to

obesity (Jung and Choi, 2014). The rats were obese, as the
value of BMI was more than normal, which meets the criteria
for obesity (Novelli et al., 2007). The therapeutic effects of SC-

AuNPs in association with obesity were examined and the risk
of obesity was considered. The findings indicated that SC-
AuNPs can decrease the extra weight in HFD treated animals
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and prevent the risk of liver disease. The determination of the
adipose index was computed using the size and number of fat
cells that occur in the body’s tissues. Liver tissue and skeletal

muscle are overloaded with lipids when the defense ability of
adipose tissue is damaged (Frayn, 2002). SC-AuNPs treat-
ments significantly decreased the adipose index, leptin, and

resistin and increased the adiponectin in HFD induced obese
rats. Histopathological evaluation of normal rats showed a
smooth hepatic form lacking any pathological abnormalities.

The livers of control obese animals demonstrated deterioration
of hepatocytes and an augmented occurrence of fat cells illus-
trating fatty alterations. Conversely, there were developments
in the liver morphology of SC-AuNPs administrated obese

animals.
The excessive amount of lipid storage in peripheral tissues

during obesity might effect in accumulation of excess lipid in

the liver and lead to increased hepatic fat levels (Drake
et al., 2010). The dyslipidemia is described by distinctive alter-
ations from a lipoprotein profile and normal plasma lipid.

Such alterations contain diminished plasma status of HDL
with augmented plasma TG and FFA. Those alterations of
lipids are generally related to the high production of VLDL,

an important structural constituent of these atherogenic
lipoproteins; and augmented plasma levels of LDL’s
(Taskinen, 1995). In our study, notably augmented status of
the plasma VLDL-C, TC, FFA, TG, AI, LDL-C, CRI, and

reduced HDL-C status was found in HFD induced rats. Previ-
ously, the same results were observed in HFD induced mice
model (Ezhumalai et al., 2015). Treatment with SC-AuNPs

brought these lipid profiles to near normality due to the anti-
lipidemic effect of the SC-AuNPs.

The liver is the essential organ in the process of excretion

and metabolism, which regularly carries out the task of bio-
transformation of environmental pollutants and xenobiotics.
AST, ALP, and ALT are the most important liver marker

enzymes. The rise of these hepatic marker enzymes on the
serum and results of escapes from injured cells reveal the hep-
atocyte damage. ALT and AST were directly related to the
alteration of amino acids to keto acids (Loria et al., 2005).

ALP is a membrane-bound glycoprotein, which has been
involved in the elevated levels of the sinusoids and the
endothelium of the periportal and central veins. It was

reported to be implicated in the transfer of metabolites, initiat-
ing the protein synthesis, cell membranes, and secretarial func-
tions (Whitehead et al., 1999). Ezhumalai et al. (Ezhumalai

et al., 2014; Ezhumalai et al., 2014) reported that HFD
induced mice showed increased levels of these liver marker
enzymes, concordant with this present investigation. Oral
administration of SC-AuNPs in HFD induced obese rats

demonstrated a decreased function of these liver marker
enzymes.

Adiposity is significantly a dangerous factor for insulin

resistance and obesity. Recent data shows the relations
between obesity and inflammation (Das, 2001). Inflammatory
mediators are produced by adipose tissues that make use of

an endocrine effect providing insulin resistance to the liver,
vascular endothelial tissue, and skeletal muscle, eventually to
the clinical appearance of obesity and type 2 diabetes

(Yudkin et al., 1999). Particularly, increased production of
adipocyte mediators likes IL-1b and TNF-a, leads to an
acute-phase reaction with augmented hepatic formation
(Hotamisligil et al., 1995). Improved levels of these
inflammatory cytokines were observed in obese rats, whereas,
treatment with SC-AuNPs decreased the levels due to the anti-
inflammatory effects. AMPK has been recognized as a key

controller for the lipid homeostasis, yielding a net result of
rising fatty acid oxidation and decreases the production of
glycerolipids (Hardie, 2011). The present results indicated that

SC-AuNPs significantly decreased the AMPK1a and increased
pAMPK1a in HFD induced obese rats. Our results agree with
previous results in which pomegranate vinegar has been

informed to control the AMPK in HFD induced obese rats
(Ok et al., 2013).
5. Conclusion

In this current work, we concluded that the synthesis of SC-
AuNPs was characterized. It was principally observed with

the ruby red color sample and UV absorption spectra with
the highest absorbance. The crystalline nature of SC-AuNPs
was verified using XRD. The TEM, SEM, and EDX analyses
revealed the size and morphological structures of synthesized

nanoparticles. The FTIR results showed the presence of differ-
ent biomolecules in the SC-AuNPs. Furthermore, SC-AuNPs
altered the body weight, BMI, liver marker enzymes, lipid pro-

files, inflammatory markers, adipose index, leptin, resistin, adi-
ponectin, AI, CRI, AMPKa1, and pAMPKa1 as observed
through our experiments.
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