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A B S T R A C T

Objective: Obesity is now well recognized as a disorder, one that is essentially preventable through changes in
lifestyle. Obesity is also a main concern associated with expanded morbidity and mortality from many non-
communicable illnesses (NCDs). The study aimed to determine the antiobesity effect of Pleurotus ostreatus (PO)
and its bioactive anthraquinone (AQ). The overall promoter genes CEBPα (CCAAT enhancer binding protein α)
and PPARγ (Peroxisome proliferator activated receptor γ) in controlling the homeostasis of glucose was analysed
using 3T3-L1 cell line. Finally, an insilico study was carried out using CRISPR software to identify the RNA’s
involved in adipogenesis especially of the control gene PPARγ.
Materials and methods: Preliminary screening of the edible fungi and their bio actives led to the marvellous
discovery of side effect free agonists for treating obesity (adipogenesis). An edible fungi Pleurotus ostreatus (PO)
were analysed in a screening platform with different series of tests for adipocyte differentiation, triglyceride
analysis, lipolysis determination, glucose uptake assay, cytotoxicity assay and lipase activity followed by specific
gene expression analysis. The gene knockout mechanism was also elucidated by CRISPR spcas 9 tool.
Results: The antiadipogenic (antiobesity) activity of DMSO extract of PO were found to stimulate the insulin
dependent uptake of glucose. The extract also decreased the levels of triglycerides and glycerol accumulation in
differentiated adipocyte cells. The binding FABP4 (Fatty acid binding protein) and transport protein FATP1
(Fatty acid transport protein) along with the fat breaking LPL (lipoprotein lipase) was found to be inhibited after
the PO treatment at varying concentration (0–300 μg/ml). CRISPR spcas9 genome editing software was used as
an insilico approach in validating the efficiency of mouse embryonic and human adipogenic cell line (3T3-L1).
These tool analysed and found 4 RNAs gene knock out possibilities in PPARγ and their efficiency for further
treating obesity.
Conclusion: These novel finding contribute to the confirmation that edible fungi PO and it’s bioactive AQ is an
adequate supplement for constraining the lipid and triglycerides in differentiated mature adipocytes by reversing
the fat deposition. Thereby, forbidding the enzymes linked with fat absorption. Besides, the CRISPR tool iden-
tified gene knock out possibilities of control gene PPARγ, will pave a way in further research for treating obesity.

1. Introduction

Obesity is not only the complication concerning with outlook, but it
has taken the number one role in global health hazard. The expanded
risk of developing numerous conflicting health condition is directly
associated with the fat deposition in the various parts of the body [1].
Life span increase expectancy is the major intention of treating adipo-
genesis [2]. Various metabolic syndrome is also characterized by this

metabolic risk, they include, increased blood pressure, visceral fat de-
position, dyslipidaemia, intolerance to glucose, etc. If this continues,
final attainment will be towards T2D and cardiovascular risks. These
metabolic disorders are far more un-noticed leading to the insulin re-
sistance. The fundamental factor deliberating the resistance of insulin is
the release of excessive free fatty acids from adipose tissues of visceral
organs [3]. The routine insulin signalling pathway is interfered by these
free fatty acids, which inversely lead to Type 2 diabetes [4]. Even
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though the, transcription factors and proteins like leptin, perilipin are
associated in maintaining the insulin level during the crucial stage, the
free fatty acids overcome their roles in mimicking the insulin signal
pathway [5]. As the body’s insulin production is interfered, the beta
cells activity increases in the contrast to produce more amount of in-
sulin to maintain the homeostatic level of glucose. As the process
continues, the beta cells is no longer able to defend the sufficient insulin
release thus leading to hyperglycaemia and over the counter the patient
develops T2D [6]. As per WHO statistics, the prevalence of T2D for 18
years of age has elevated from 4.9% in 1980 to 9.5% in 2017, and it is
expected to be doubled by 2030.Adipocytes are the important compo-
nents of fats tissues, and that they play a crucial position as a yard to
keep triglycerides [7]. Adipogenesis is a complex system of differ-
entiation from preadipocytes into adipocytes. The intrinsic regulation
of internal cytokines, hormones and vitamins are directly linked to the
enhancement and reproduction of adipocytes. Earlier research on obe-
sity confirmed that the transcriptional factors are regulated by the
signalling pathway of cellular mechanism which determine the simu-
lation or inhibition of differentiation [8]. One such example of simu-
lating the pathway is carried out by meglitinides along with cyclic
adenosine monophosphate (cAMP).Previous studies suggested that the
3T3-L1 adipogenesis became inhibited with the aid of reshimax remedy
through activation of the Wnt, and reshimax inhibited 3T3-L1 differ-
entiation turned into reversed after β-catenin knockdown [9]. In con-
trast to that the preceding research confirmed that the transcriptional
factors of adipogenesis together with PPARγ (Peroxisome proliferator-
activated receptors), C/EBPα (CCAAT-enhancer-binding proteins), FAS
(Fatty acid synthase), FABP4 (Fatty Acid Binding Protein 4), perilipin
are the lead regulators [10].

The large family of nuclear receptors is constituted by a subfamily of
PPARγ. Derivatives of numerous fatty acid constitute PPARγ as their
natural ligands for binding to suitable receptor. In contradict to that
various artificial and natural compounds also simulate PPARγ [11]. The
heterodimer combination by binding of retinoid X receptor with target
DNA response is the key for PPARγ functioning [12]. The translation of
nutritional signals to metabolic signals is the global function of PPARγ
[13]. This regulation of metabolism led to the controlling of fatty acid
and carbohydrate existence and accumulation in the body [14]. The
two subtypes PPARγ1 and PPARγ2 split their roles in various regula-
tion. Especially PPARg2 is regulated in muscles, kidneys, liver and
adipose tissues. Thereby PPARγ is directly involved in beta oxidation of
fatty acids [15]. Whereas PPARγ-1is the key regulator in controlling the
transcription factors and genes involved in the regulation [16]. Ligands
of different types induce various sets of genes leading to the require-
ment of various assisting co-factors [17]. Thus the PPARγ controlling
the ligand-transcriptional response will be a biased. In the normal
metabolic regulation, the assisted co-factors will lead to increase in fat
and triglyceride storage via decreased expenditure of energy. On the
same time the transcriptional factors increase uptake of glucose and
their metabolism, followed by energy expenditure [18]. The megliti-
nides are agonists of PPARγ prescribed as insulin sensitizing drugs for
clinical management of T2D [19]. The clustered regularly interspaced
short palindromic repeats (CRISPR)/CRISPR-associated protein
(spCas9) system is a fast emerging tool in editing the genes. At present
this editing mechanism as gained several fame and power in genome
editing. This process enables to edit directly in embryo rather than of
targeting a specific gene. Its specificity, efficiency and reliability are the
remarkable markers for using this in disease treatment. In this study
spcas9 was used in analysing the feasibility and accuracy of knocking
out the RNAs in PPARγ dealing with adipogenesis [20]. Besides a
comparative study of the gene knock out system in human being and
mouse cell was compared. It was completely an in vitro approach after
the 3T3-L1 study of adipogenesis using PO extract (Fig. 1).

2. Materials and methods

2.1. Materials

3T3-L1 preadipocytes, Dulbecco’s modified Eagle’s (DMEM)
medium, Trypsin-EDTA were obtained from National Type Culture
Collection (NCCS, Pune). Fetal calf serum (FCS) was purchased from
Sigma Aldrich Mumbai, Fetal bovine serum (FBS), Penicillin and
streptomycin were obtained from In vitrogen. Insulin (INS), dex-
amethasone (DEX), 3 isobutyl-1-methylxanthine (IBMX), RIPA lysis
buffer (Cellzyme, Mumbai) oil red O, isopropanol and dimethyl
sulphoxide (DMSO) were received from Sigma (Chennai). Metafectene
of Biontex was supplied by Zageno and was distributed via Sigma
Aldrich suppliers. Dulbecco’s Phosphate Buffered Saline (DPBS) was
obtained from Gelifesciences, Mumbai). Rabbit anti-C/EBPα anti-
PPARγ, anti-perilipin, anti-phospho AMPKα (Thr-172). anti-AMPK,
anti-β-actin, anti-FATP1, anti-FAS, anti-ACS1, anti-LPL,anti-FABP4 and
anti SREBP-1C antibody were purchased from Sigma Aldrich (Merck)
Pune. Pleurotus ostreatus was supplied by Big shop Ooty (Fresh Organic
cultivators).

2.2. Preparation of edible fungi extract

Pleurotus ostreatus stock solution was prepared in DMSO. Fresh hy-
phae were collected and transported to bag using air tight cover to
prevent from moisture content and colour change of hyphae. The hy-
phae were washed, dried in hot air oven at 42ᵒC for 2 h, followed by
macerating the drug in the 0.3% DMSO solution. The macerated sample
was allowed to evaporate completely and the left over residue was
analysed by chromatographic analysis. The PO extract was stored at
room temperature for further in vitro analysis.

2.3. Cell culture and adipocyte differentiation

For the control cells the retinoblastoma deficient mouse embryonic
fibroblast were grown in DMEM medium supplemented with 10% fetal
calf serum and penicillin antibiotic (100 μg/ml) in CO2 incubator with
10% CO2 at 37ᵒC. For standardized adipocyte differentiation 3T3-L1
procured from Pune was grown in DMEM with 10% FCS and penicillin
(100 units/ml) at 37 °C supplied with 5% CO2. Until the second day of
confluence, cells were grown in 12 well plates. Differentiation to the
cells were induced by addition of insulin1μg/ml and 0.30 μM of dex-
amethasone and 0.5 mM IBMX. After 2 days the medium was replaced

Fig. 1. Schematic of PO and AQ activity.
The adipogenesis activity of Pleurotus ostreatus and anthraquinone in 3T3L1 cell
line for incubation period of 9 days. The adipocytes is reversed to normal
preliminary preadipocytes after the pre-treatment of cells with PO and AQ
extract.
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with DMEM medium containing FBS and insulin (same concentration)
for further 3 days. To assess the role of PO cells were treated with
varying concentration of extracts (0–300 μg/ml). The differentiation
was allowed for 9 days at varying concentration of extract.

2.4. DPPH radical scavenging activity

The DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging ac-
tivity for the PO extract was performed using slight modification in the
stable radical DPPH. The absorption was measured at 515 nm.The ra-
dical solution was prepared by dissolving 2.4mg DPPH in 100ml me-
thanol. The test solution of PO extract was prepared by adding 5 μl to
3.995ml of radical solution. The solution with radical and test sample
was vigorously mixed and incubated in room temperature for 30mints

in complete darkness. The blank was set with the solution devoid of
antioxidant and the respective solution was read at 515 nm spectro-
photometric ally. The peak was calculated against the standard anti-
oxidant ascorbic acid.

DPPH Scavenged (%)= ((AB –AA)/AB) ×100

2.5. Transactivation assay

The increased expression of genes by transactivation was controlled
by transactivation assay. The well passaged cells were treated with 70%
metafectene which is a polycationic agent for transfection. The media in
the plates were changed after the 6 h treatment. The cells were supplied
with fresh DMEM medium with 10% fetal calf serum and penicillin

Table 1
Sequences of the PCR primers used in gene expression studies.

Gene ID Species F/P Sequence

PPARγ NM_011146.2 Mouse Forward Primer 5’-TTT-TCA-AGG-GTG-CCA-GTT-TC-3’
Reverse Primer 5’-AAT-CCT-TGG-CCC-TCTGAG- AT-3’

SREBP-1c NM_011480.2 Forward Primer 5’-TGT-TGG-CATCCT- GCT-ATC-TG-3’
Reverse Primer 5’-AGGGAA- AGC-TTT-GGG-GTC-TA-3’

C/EBPα NM_007678 Forward Primer 5’-TTACAA- CAG-GCC-AGG-TTT-CC-3
Reverse Primer 5’-GGC-TGG-CGA-CAT-ACA-GTA-CA-3’

FABP4 NM_024406 Forward Primer 5’- TCA-CCT-GGA-AGA-CAG-CTC-CT-3’
Reverse Primer 5’-AAT-CCC-CAT-TTA-CGC-TGA-TG-3’

FATP1 NM_011977 Forward Primer 5’-TGC-CTC-TGC-CTT-GAT-CTT-TT-3’
Reverse Primer 5’-GGA-ACC-GTG-GAT-GAA-CCT-AA-3’

FAS NM_007988.3 Forward Primer 5’-TTG-CTG-GCA-CTA CAG-AAT-GC-3’
Reverse Primer 5’-AAC-AGC-CTC-AGA-GCG-ACAAT- 3’

ACS1 NM_007981.3 Forward Primer 5’-CAA-CCC-AGA-ACC-ATG-GAA-GT-3’
Reverse Primer 5’-CTG-ACT-GCA-TGG-AGAGGT- CA-3’

perilipin NM_175640.1 Forward Primer 5’-AAG-GAT-CCTGCA-CCT-CAC-AC-3’
Reverse Primer 5’-CCTCTG- CTG-AAG-GGT-TAT-CG-3’

LPL NM_008509.2 Forward Primer 5’-TCC-AAGGAA- GCC-TTT-GAG-AA-3’
Reverse Primer 5’-CCA-TCC-TCA-GTC-CCA-GAA-AA-3’

β-actin NM_007393.2 Forward Primer 5’-AGC-CAT-GTA-CGT-AGC-CAT-CC-3’
Reverse Primer 5’- TCC-CTC-TCA-GCT-GTG-GTG-GTG-AA-3’

Fig. 2. HPTLC density chromatogram of PO supporting alkaloid and flavonoid content at UV366nm.

B. J and A. Das Biomedicine & Pharmacotherapy 116 (2019) 109030

3



antibiotic (100 μg/ml) in CO2 incubator with 10% CO2 at 37ᵒC. After
18 h of transfection the cells were harvested with RIPA lysis buffer
120 μL.The β galactosidase and the luciferase enzyme assay was

performed by fluorescent assay kit of G biosciences with a given man-
ufacture protocol. All transfection assay was carried out in triplicate.
The transfection efficiency was calculated by compensating the

Fig. 3. HPTLC density chromatogram of PO supporting steroid and terpenoid content at UV366 nm.

Fig. 4. Effect of PO extract and AQ bioactive on lipid droplet formation in 3T3-L1 differentiation and mature adipocytes.
PO extract treatment from 50 μg/ml, 100 μg/ml, 200 μg/ml, 300 μg/ml.
AQ bioactive treatment from 50 μg/ml, 100 μg/ml, 200 μg/ml, 300 μg/ml.
Cells undergone Oil red O staining and visualized under 400X magnification.
Data represents mean ± SD. *p < 0.05 vs adipocyte control cells. ***p < 0.005 vs adipocyte control cells.
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difference between the β galactosidase and luciferase. Thus, these assay
predicted the agonist and antagonist activity of genes.

2.6. Oil red O staining

The fatty acid droplets and lipids assembled in the adipocytes were
measured and quantified by oil red O staining of the 3T3-L1 cells.
Immediately after the transfection and differentiation assay the cells
were fixed with 10% formalin for 1 h and washed with 50% iso-
propanol. Next to enhance the histological visualization of fat cells the
air dried plates were stained with working solution of oil red O (6 parts
of 0.40% stock Oil Red O and 4 parts of distilled water) for 30min and
rinsed with water. The histological images were obtained using an
Olympus CX2i microscope at 20× magnification. All the images were
taken at similar intensities. For lipid uptake assay the stained cells were
washed for 10min witha100% iso-propanol. Later the absorbance was
read at 510 nm using microplate spectrophotometer.

2.7. Cytotoxicity assay

The cytotoxicity examination of different centralization of PO was
performed in 3T3-L1 cell culture. The refined was done in DMEM en-
hanced with 10% BCS and 100 unit/mL penicillin at 37oC in a humi-
dified hatchery with a 5% CO2 air. The medium was supplanted each
2∼3 days. To inspect the cytotoxicity’s of PO in 3T3-L1 cells, 3T3-L1
preadipocytes were treated with the demonstrated convergences of

concentrates arranged from the DMSO concentrate of PO for 24 h and
the medium was expelled. The MTT-media (DMEM including 0.2mg/
ml of MTT) was added to each well. The plate was then put away in a
CO2 hatchery for an extra 1 h. The response medium was totally ex-
pelled, and the insoluble formazan was broken up in dimethyl sulfoxide
(DMSO). The absorbance was estimated at 570 nm utilizing a micro-
plate per user (Molecular Devices), and the cell suitability was de-
termined as a level of the untreated cells.

2.8. Triglycerides assay

The diagnosis of hyperlipoproteinemia in conjunction with lipids
was carried out using Triglyceride colorimetric assay kit (Cayman
Chemicals). In the process of differentiation of 3T3-L1 by insulin and
dexamethasone, the adipocytes were treated with the PO extract
(0–300 μg/ml). After the post treatment the cells were washed with PBS
and were collected. Total triglyceride produced by endogenous meta-
bolism of carbohydrates and fats in the cell were quantified by the
Cayman chemicals manufacturer protocol.

2.9. Lipoprotein lipase determination

The release of free endogenous glycerol by the PO treatment was
used a principle step in determining the lipolysis within the mature
adipose tissues. The cells were treated with Po in varying concentration
from (0–300 μg/ ml). Nilsson-Ehle and Schotz method was used to

Fig. 5. 3T3-L1 pre-adipocytes 2 days after confluence were induced to differentiate. (A) 3T3-L1 adipocytes were treated with PO and AQ (50, 100, 200,300 μg/ml) or
insulin (100, 200 nM) for 30min and the expression of PPARγ, C/EBPα, FAS, ACS, SREBP-1c and perillipin was detected by Western blot analysis as described in
Materials and Methods. Immunoblots are representative of 3 independent experiments. Data represents mean ± SD. *p < 0.05 vs adipocyte control cells.
***p < 0.005 vs adipocyte control cells.
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determine the lipoprotein in the tissues. According to the protocol
Trinder assay kit of Sigma Aldrich was used. A LPL solution was made
by incubating the adipose tissue in heparin 10 U/Ml, for 45min at
25 °C.After the pre-treatment with heparin the adipose cells were re-
incubated with various concentration of PO for 30min at 4ᵒC.Finally
after the addition of 3H-triolein from the Trinder assay kit which is a
apolipoprotein with substrate of human serum and albumin, the cells
were incubated for 60min at room temperature. The 3H-oleic acid
produced was measured calorimetrically.

2.10. Glucose uptake assay

The differentiation stage in between 5th and 8th day of adipocytes in
3T3-L1 is the apt period for performing the glucose uptake assay.
Usually the cells are grown in 6 well plate, the basal uptake of glucose is
estimated in the absence of insulin at the same time insulin stimulated
glucose uptake is also measured. Initially the cells are washed twice
with DMEM medium without any serum, the plates are warmed at
37ᵒC.The DMEM medium is added along the sides of the plate without
disturbing the cells to avoid detachment of them from the surface. After
2 h of incubation the cells are again washed with Krebs Ringer HEPES
(KRH)buffer without glucose and incubated at 37ᵒC.Repeated washing
of cells with ice cold KRH buffer. Later the cells are incubated for
10min at room temperature and transferred to a tube and vortexed
gently. Now the lysates are measured for the glucose uptake in a scin-
tillation unit for 1min per vial. Finally, the protein assay is carried out
by BCA reagent.

⎡
⎣⎢

×
× × ×

⎤
⎦⎥

×
Counts in the sample

Counts in the cocktail C t
[ ] 1000

[ ] 0.03 [ ]
pmol/mg min

Where, C is the protein concentration in mg/ml
T is the total time of incubation with radioactive glucose in min.

2.11. Isolation and analysis of RNA

The RNAs was extracted from the differentiated adipocyte after the
treatment with PO extract of varying concentration (0–300 u g/ml) by
RNeasy mini kit. For around 100 mg of cells were initially taken in
liquid nitrogen and lysed under high denaturing condition. The buffer
containing guanidine thiocyanate and guanidine hydrochloride was
used as a lysis buffer. To the lysate warm ethanol is added for the en-
hancement of binding of RNA to the spin column membrane. Finally,
the bound RNA is eluted by DEPC treated water devoid of RNAse ac-
tivity. The superscript III was used to synthesize the CDNA from the
total RNA extracted from the cells. The extracted CDNA was amplified
with the thermocycler using the forward and reverse primers (Table 1).
PCR reactions were performed for 30 cycles, unless otherwise indicated,
to identify the linear range for PCR. PCR products were separated on a
1.5% agarose gel and photographed.

2.12. Western Blot analysis

The PO (0–300 μg/ ml) treated preadipocytes of differentiated 3T3-
L1, undergone the protein assay. Total protein was extracted using
RIPA buff ;er containing 1% 0.1mM protease inhibitor (Sigma-Aldrich)
and phenyl methylsulfonyl fluoride. Samples was separated by 10%
sodium dodecyl sulfate-polyacrylamide gels and transferred to a ni-
trocellulose membrane (Millipore, Bedford, MA, USA). The blocking of
the membrane was carried by anti-rabbit IgG with alkaline phospha-
tase. The membranes have been then incubated for a single day at 4 °C
with the subsequent primary antibodies: rabbit anti-C/EBPα (1:2000),
anti-PPARγ (1:one thousand) and mouse anti-β-actin (1:2000) anti-
perilipin (1:2000), anti-phospho AMPKα (Thr-172) (1:2000). Anti-
AMPK (1:2000), anti-FATP1 (1:2000), anti-FAS (1:2000),anti-ACS1
(1:2000),anti-LPL (1:2000),anti-FABP4 (1:2000) and anti SREBP-1C
(1:2000). After washing, the membranes have been probed with cor-
responding second antibodies. The signal obtained was detected via
Flourchem and ImageJ software.

2.13. Statistical tools

The standard deviation of all the analysed readings were re-
presented in mean ± S.D. Sigma plot analysis for mean deviation
analysis. Besides one way and two-way ANOVA was used for estimation
of the variance. CRISPR spcas9 genome editing tool was used to vali-
date the possibilities of gene knock out in PPARγ and CEBPα. The
software also used in comparing the mouse transcription system and
human transcription system in adipogenesis. Initially the tool analysed
the primary sequence in selecting the early coding region, followed by
identification of potential targets. These targets were compared to the
278627679 sites for calculating the azimuth score obtained by each
gene. Finally, the suitable RNAs was selected for gene knockout.

3. Results and discussion

The PO extract was preliminarily screened for antioxidants like
flavonoid, terpenoid, steroid and alkaloid. The presence of these anti-
oxidants was confirmed by HPTLC (Figs. 2, 3 ). After the confirmation
on the presence of bio actives the extract was studied for its reduction
assay using DPPH [21]. The high scavenging activity of a sample is
determined by the complete reduction of the DPPH [22]. The PO ex-
tract showed high preeminent scavenging activity indicating the pre-
sence of antioxidants [23]. The DMSO extract of PO showed IC 50 va-
lues of 97.8 ± 3.6 μg/ml. The brown colour PO extract was strong
enough to reduce the standard DPPH to diphenyl picrylhydrazine which
emitted yellow colour [31]. The free radical scavenging activity in-
creased with increase in concentration of PO extract. Similar test was
also performed in tea extract and found that due to the high presence of
catechin especially the epigallocatechin reduces the DPPH which is a

Fig. 6. Western blot analysis and protein differentiation.
3T3-L1 pre-adipocytes 2 days after confluence were induced to differentiate.
(A) 3T3-L1 adipocytes were treated with PO and AQ (50, 100, 200,300 μg/ml)
or insulin (100, 200 nM) for 30min and the expression of PPARγ, C/EBP, FAS,
ACS, SREBP-1c and perilipin was detected by Western blot analysis as described
in Materials and Methods. Immunoblots are representative of 3 independent
experiments.
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free radical. Besides, white tea also exhibited similar scavenging ac-
tivity due to the presence of polyphenol [24]. Thus it is evident from
the study that the free radical scavenging activity expressed by the PO is
directly proportional to the amount of antioxidant present within the
sample. Similar research was also proved from the scavenging activity
of pumpkin seeds which showed 0.025 μg/ml on comparison with
Eriobotrya japonica seed extract (0.96 μg/ml). The interrelationship
between the scavenging activity and the extracted PO was 1.02 [25].
The difference in the scavenging activity and antioxidants of the sample
might be due to the biochemical parameters that control the bio actives
within the sample.

Heftiness is expanding at a disturbing rate in both the sexes of all
age bunches the world over including United States [26]. As per the
National Bureau of Economic Research report, the predominance of
weight will ascend to 40% in men and 43% in ladies by 2020 [27]. The
main considerations adding to weight are stationary way of life,

latency, over eating and aggravations in the digestion of unsaturated
fats. Different investigations demonstrated that hefty people are at ex-
panded danger of creating diabetes, hypertension, malignant growth
and atherosclerosis [28]. Along these lines, fat tissue is perceived as a
noteworthy secretory organ, discharging an assortment of adipocyto-
kines (for example adiponectin, leptin, resitin and others) which give
the connection between corpulence, insulin obstruction and incendiary
issue [29]. In this manner, new restorative specialists that can manage
adipogenesis and glucose take-up can be utilized to control heftiness
and type 2 diabetes.

The co-immunoprecipitation method was used to examine the
contrivance of PO mediated suppression of PPARγ-induced transacti-
vation. Glutathione S-transferase assay was conducted to confirm the
interaction of PO with PPARγ. The high rate activation of PPARγ was
seen in the assay performed. Similar promising enhancement in gene
expression of PPARγ was seen in herbal plant extracts during the

Fig. 6. (continued)
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preliminary screening of antidiabetics [30]. The adipocyte differentia-
tion potential was checked in adipocytes where the PPARγ is the ago-
nist. On the 5th and 7th day the differentiation of the adipocytes was
seen in maximum, the assay performed during the phase showed high
symbolic stimulation of PPARg [31]. This insulin dependent glucose
uptake transfection assay were not used since it will show high toxicity
to the adipocytes due to the lacking of Prb functional retinoblastoma
protein. The endothelial line showed no difference even after the sig-
nificant toxicity analysis by PO of various concentration. The saturated
extract was assayed for its cytotoxicity slightly in lower concentration
initially followed by increase in dose dependent manner. Because of a
breaking point of resistance towards higher centralizations of the dis-
solvable (ethanol or iso-propanol) of MVLN cells, lower dilutions re-
presenting higher concentrations could not be used [32].

In the present investigation, we assessed the impact of PO in dietary
enhancement containing triterpenes and polysaccharides segregated
from therapeutic mushroom Pleurotus ostreatus, on adipocyte separation
and glucose take-up in adipocytes [33]. Here, we demonstrate that PO
restrained adipocyte separation/lipid collection through: a) the down-
guideline of articulation of translation factors PPARγ, SREBP-1c and C/
EBPα) the concealment of articulation of qualities in charge of lipid
union (FAS, ACS1), lipid transport (FABP4, FATP1) and lipid stock-
piling (perilipin). Be that as it may, we didn't watch any adjustments in
the outflow of LPL, which articulation is additionally constrained by
PPAR-g, SREBP1c and C/EBP-a. In concurrence with our examination,
hydroxytorosol from olive oil repressed lipid collection amid adipocyte
separation and restrained every tried quality aside from LPL [34]. By
the by, others exhibited down-guideline of LPL articulation related with

the adipocyte separation. These opposing outcomes may be clarified by
the utilization of various cell models: mouse 3T3-L1 (our investigation
and, C3H10 T1/2 or human pre-adipocytes or enactment of b-catenin
pathway [35].

Quantitatively the oil red o staining differs in their concentration
and duration. For the best interpretation arbitrary parameters was
chosen. Since the fat cells are multiplying continuously it is very dif-
ficult to rely on them experimentally by protocol adjustment. Thus the
cells were grown are induced differentiation to form the confluence.
Later the cells were scraped and passaged for further assays. The re-
maining cells in the medium was treated with 0.3% O red O stain for
1 h. Later the cells were eluted with isopropanol, the cells were mea-
sured for their absorbance. It was observed that the OD value fall under
0 to 3.6 OD. Linear regression analysis was carried out to determine the
variance. The assay clearly stated the effect of PO extract on the dro-
plets of fat formed in 3T3-L1 cells. The cell viability was also confirmed
by MTT assay by measuring the mitochondrial potential of the cell
(Fig. 4). This staining assays differentiates adipocytes from other cells
and it is also being used as a quantification assay in measuring the
differentiation of adipocytes. The validity of the protocol is from the
research carried out using the plant extract. Validation for the fungal
extract is not carried out so far. This method of eluting the red dye from
cells and their quantification measurement by reading the absorbance
was fist carried out by Kuri-Harcuch and colleagues. Most of the OD
falls in between 3 and 4 and should be noted that the OD the mea-
surement of light transmitted through the sample, if the emittance of
light is nil, it indicates the absorbance is infinite. The cell viability
check was performed by MTT assay; the differentiated cells were

Fig. 7. PPARγ indication in Homo sapiens and Mus musculus.
The well-studied model for clinical trials fall underMus musculus, this image exploits the transcription element PPARγ inMus musculus in comparison to Homo sapiens.

Fig. 8. Comparison on Gene knockout sequence predicted by CRISPR-SpCas9 for Mus musculus and Homo sapiens. The four best possibilities of RNA splicing is
indicated in reversing the PPARγ function, thus adipocytes to preadipocytes.
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treated with PO extracts for 60min prior to the addition of MTT. The
control group was treated with the vehicle of the extract, DMSO. On
comparison to the assay the percentage of cells surviving after the
treatment was 17%. Thus indicating that the cell viability is greatly
affected by the administration of extract. The percentage of dead adi-
pocytes was 83%. Signal transfection is one of the important role of
mitochondria. Signal stimulation, transition permeability control, the
membrane opening and collapse of ΔΨm indicates the increased release
of caspase activators like cytochrome c into the cytoplasm. The results
visualized indicated that the treatment of 3T3-L1 preadipocytes with
PO extract enhanced the loss of membrane potential of mitochondria in
a time and dose-dependent manner (Fig. 4).

The lipid uptake in the differentiated adipocytes after the treatment
of PO extract was carried out. The mechanism for estimating the lipid
uptake was by analysing the quantity of triglycerides and glycerol
produced after the differentiation of adipocytes. The accumulation of
lipids in the cell fall under major 2 mechanisms like (i) denovo lipo-
genesis, (ii)uptake of fatty acids from the plasma. To estimate the effect

of PO extract on lipid uptake by adipocytes the differentiated cells were
treated with PO (0–300 μg/ml) [36]. The triglycerides and glycerol
levels was found to be decreased in a dose response manner.

The essential metabolic booster in the cell is glucose. Transporter
proteins of glucose facilitates the regulation of glucose within the cells
[37,38]. The, typical location of transport proteins are bound to plasma
membrane. On the specific exception among them is isoform 4(Glut 4)
which is localized in the insulin sensitive tissues. Besides, the isoform4
is attached to the intracellular membrane vesicles, thus they are devoid
of connection to the extracellular space. Thus, isoform 4 merge into the
plasma membrane and supply glucose via transporter protein at the site
of action. The crucial step in the treatment of diabetes and obesity lies
in the phosphorylation and activation of AMPK. The evaluation of PO
directly enhances AMPK. The varying concentration of PO
(0,50,100,200,300 μg/ml) and insulin/dexamethasone (100,200Nm)
around 30min and activation of cyclic AMPK was determined by
western blotting analysis, with anti phospho AMPK labelled Thr 172
antibody. PO extract was found to induce activation of AMPK in a time

Fig. 9. Comparison between the gene knockout sequence in transcription element PPARγ in the first two sequences of Homo sapiens.

B. J and A. Das Biomedicine & Pharmacotherapy 116 (2019) 109030

9



bound manner. This effect was compared with the treated insulin 3T3L-
1 cells. Since, isoform4 stimulates glucose uptake in differentiated
3T3L-1 adipocytes. It was proven from the analysis, that the PO extract

remarkably induced glucose uptake in differentiated adipocytes in-
dicating that PO induced activation and phosphorylation of AMPK en-
hances glucose uptake in cells (Fig. 5).

The augmented expression of transcriptional factors and specific
genes of differentiated adipocytes were analysed for the study of adi-
pogenesis and anti-adipogenesis of PO extracts. The expression levels of
transcriptional factors PPARγ, CEBPα, SREBP-1c, transport proteins of
fatty acids: FABP4, FATP1; Lipogenic enzymes: FAS, ACS1, LPL, β actin
and lipolytic enzyme perilipin were estimated by reverse transcriptase
PCR analysis. mRNA expression levels were analysed for the tran-
scription factors and lipogenic enzymes. For the control studies, the
standard inhibitor IWR-1 was coupled with PO extract. It is remarkably
proven that the lipid accumulation and fat droplets deposit in the cells
was reversed by the treatment with PO. Besides, the downregulation of
genes PPARγ and CEBPα proved that the transporter protein FATP,
FABP4 and LPL is not expressed in the cells, thus no enhancement for

Fig. 10. Comparison between the gene knockout sequence in transcription element PPARγ in the first two sequences of Homo sapiens.

Table 2
Gene knockout possibilities of PPARγ exhibited by CRISPR Spcas9 gene editing
tool.

Gene Species Gene knockout sequence

PPARγ Mouse UUUCCUUUCAGAAAUGACCA
UGGCAUCUCGUGUCAACCA
UUGACACGAGAUGCCAUUC
CCAAAGUUGGUGGGCCAGAA

Human being UGGCAUCUCUGUGUCAACCA
UUGACACAGAGAUGCCAUUC
CCGAAGUUGGUGGGCCAGAA
GAGCUGAUUCCGAAGUUGGU
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the increase in adipogenesis. It is clear and evident that PO inhibits
lipogenesis of adipocytes through downregulation of PPARγ, SREBP-1c
and CEBPα genes. On the sub-atomic dimension, C/EBP-a, PPAR-g and
SREBP1c are actuated amid adipocyte separation. In particular, PPAR-g
and SREBP-1c mRNAs begin to be communicated at the in all respects
early/beginning time (day 1–2 post confluence) trailed by the de-
claration of C/EBP-an at the transitional stage (day 4 post-conjunction).
These translation factors further controls articulation of adipocyte-ex-
plicit qualities (for example FAS, ACS1, FABP4, FATP1 and perilipin) at
the late stage (day 5 post-conversion) prompting the fat bead ar-
rangement [39,40].

These genes, were also found to control the overall regulation of
transport proteins of fatty acids. Thus the suppression of fatty acid
synthase (FAS) and acyl CoA synthase (ACS) which are the main po-
tential regulators of fatty acids were analyzed. The PO treatment
(0–300 μg/ml) significantly inhibited the expression of lipogenic en-
zymes and fatty acid transport proteins in a controlled manner. The
transport proteins and binding proteins (FATP1) (FABP4) found to be
with no expression due to the significant inhibition regulated by PO
extract. Thus, there will be a suppressed strategy on lipid synthesis and
lipid transport, which is directly proportional to the adipogenesis.

Differentiation of preadipocytes to mature adipocytes considerably in-
creases the perilipin. These proteins are the protective shield of fat and
lipid droplets accumulated in the body. Thus, a study was made to
analyze if the protective coating which is found expressed in high
amount during differentiation is reversed. It was found that PO treat-
ment (0–300 μg/ml) remarkably suppressed the perilipin coating of
lipid droplets, thus the movement of them is hindered and reversed. The
enzyme that hydrolyses lipid droplets in the body is done by a lipo-
protein lipase enzyme. Thus, the LPL expression by RTPCR was esti-
mated and found that the hydrolysis was reversed, thus no conversion
of lipid and fat droplets in the cell.

Western blotting of adipocyte subcellular fractions with anti-peri-
lipin antibodies show that under certain conditions, perilipin moves
away from its location on the lipid droplet into the cytosolic fraction
upon lipolytic stimulation, supporting a recent report demonstrating a
similar redistribution of perilipin in 3T3-L1 adipocytes. This translo-
cation is unlikely to involve a conformational change that allows
perilipin to become freely soluble in the cytosol as it is highly hydro-
phobic. Rather, it seems more likely that the phosphorylation of peri-
lipin and/or some other mechanism is causing an alteration in the lipid
droplet surface. Indeed, in 3T3-L1 adipocytes and Leydig cells, lipolytic

Fig. 11. Comparison between the gene knockout sequence in transcription element PPARγ in the first two sequences of Mus musculus.
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stimulation is associated with the formation of many small lipid dro-
plets from the surface of larger ones, and perilipin may be present on
the surface of these smaller lipid droplets. Alternatively, the phos-
phorylation of perilipin or some other factor may cause an alteration of
the lipid droplet surface, causing them to become more susceptible to
disruption by fractionation procedures, resulting in the appearance of
perilipin in the cytosolic fraction. However, it appears that the trans-
location of perilipin is not essential for the stimulation of lipolysis in all
cells, as it is not observable in adipocytes from the young male rats in
which translocation of HSL was apparent on stimulation with iso-
proterenol and which had the highest lipolytic rates (Fig. 6A and B).

The hindrance of adipogenesis by PO is in a concurrence with on-
going examinations exhibiting hostile to adipogenic impacts of white
tea, or unpleasant melon separates or other disengaged phytochemicals
[41]. Also, actuation of AMPK was recently connected with the hin-
drance of adipocyte separation or expanded glucose take-up. To be sure,

our information is in a concurrence with showing an expansion of
glucose take-up and restraint of adipocyte separation through the en-
actment of AMPK in 3T3-L1 cells. Amid the arrangement of the present
composition, Lee et al. exhibited that some cleaned triterpenes from G.
lucidum restrain adipocyte separation, decline lipid aggregation and
down-control articulation of PPAR-g, SREBP-1c, C/EBP-a, FAS and ACC
[42] In spite of the fact that the recognizable proof of naturally dynamic
segments of G. lucidum is imperative for their conceivable restorative
use, and more than 130 triterpenes have been detached and new tri-
terpenes keep on being recognized [43], the yield of a greater part of
cleaned triterpenes is commonly low. Along these lines, the conceivable
restorative utilization of sanitized triterpenes is at present constrained.
Then again, in the investigation dietary enhancement reishimax (RM)
containing 6% triterpenes and 13.5% polysaccharides was utilized.
Also, we have recently recognized a portion of the triterpenes in RM
(for example ganoderic acids A, F, H, Mh, S, lucidenic corrosive B, D,

Fig. 12. Comparison between the gene knockout sequence in transcription element PPARγ in the first two sequences of Mus musculus.

B. J and A. Das Biomedicine & Pharmacotherapy 116 (2019) 109030

12



D1, E1, L and methyl lucidenate G) [44], that can be utilized for the
institutionalization of the dynamic enhancements or G. lucidum re-
moves. Our examination is with concurrence with past investigation
showing incitement of glucose take-up and enactment of AMPK in ro-
dent muscle cells. Be that as it may, the creators utilized un-
characterized separate arranged from G. lucidum obtained from the
Korean market. Then again G. lucidum remove (GE), containing around
10% of ganoderic corrosive an, instigated adipocyte separation and
articulation PPARγ. In spite of the fact that GE initiated PPARγ, gano-
deric corrosive itself did not demonstrate any impact on PPARγ, re-
commending that different mixes in GE are in charge of the GE action.
At long last, institutionalized G. lucidum separate, containing poly-
saccharides, adenosine and ganoderic corrosive A, showed mellow
enemy of diabetic impacts in a controlled human preliminary [45].
Since the nearness and the measure of explicit organically dynamic
mixes in G. lucidum extricates relies upon the wellspring of G. lucidum,
development conditions, stockpiling and extraction process [46]. It isn't
astounding that removes from a similar mushroom could have extra-
ordinary or inverse exercises. In synopsis, just institutionalized and
portrayed dietary enhancements/concentrates ought to be considered
for the utilization in elective prescription. Since the utilization of
dietary enhancements isn't controlled and they are unreservedly open,
the correct portrayal must be performed and connected with the par-
ticular action.

CRISPR spcas9 in validating the gene knock out of PPARγ in mouse
adipogenic cell line and human adipose tissue was carried out using
genome engineering CRISPR software. The results were obtained for the
potential regulator PPARγ. Since this gene is controlling the entire
metabolism of transcription factors in the adipogenesis CRISPR spcas9
editing tool was used to analyze the possibilities to knockout the gene in
vitro. It was an insilico approach to identify and validate the anti-
adipogenic properties exhibited by the transcription gene PPARγ
(Figs. 7 and 8 ). These were the four recommended RNAs for gene
knockout for the inhibition of adipogenesis exhibited by PPARγ by
human beings (Figs. 9 and 10 ). Similar coding of knockout genes in
mice was also carried to find the possibilities to knock out the nu-
cleotides in PPARγ. There were 4 highly recommended RNAs by the
software (Table 2). The detailed overview of the identified gene
knockout is given in Figs. 11,12. The exon base for excision starts from
12379300bp in human beings and it was also found that the mouse cell
it starts from 114439850bp.Thus it is evident that the mouse embryonic
cell line metabolism is similar to that of human beings in validating the
clinical studies [47]. Lately, this framework has collected expanding
consideration as a viable and basic genome-designing instruments and
has reformed the existence sciences. It has been perceived for its con-
ceivably transformative applications in transcriptional irritation, epi-
genetic regulation, base altering, high-throughput hereditary screening
and age of creature or cell models of disease. Genomic altering to ad-
dress infection causing changes is a promising methodology for the
treatment of human maladies. As a basic and programmable nuclease-
based genomic altering instrument, the bunched consistently inter-
spaced short palindromic rehashes (CRISPR) /CRISPR-related protein 9
(Cas9) framework has generously improved the capacity to roll out
exact improvements in the human genome. Fast improvement of
CRISPR-based advances as of late has extended its application scope
and advanced CRISPR-based treatments in preclinical trials. The use of
the CRISPR framework in the course of the most recent 2 years; in-
cluding its improvement and application in base altering, interpretation
tweak and epigenetic altering, genomic-scale screening, and cell and
incipient organism treatment [48]. At long last, the prospects and
moves identified with utilization of CRISPR/Cas9 advances.

4. Conclusions

Taking everything into account, the consequences of our examina-
tion demonstrate that normally accessible Pleurotus ostreatus and its

bioactive anthraquinone containing flavonoids, alkaloids and poly-
saccharides hinder the declaration of key interpretation variables and
qualities in charge of adipocyte separation, transport and capacity of
lipids. Furthermore, PO enacts AMPK and invigorates glucose take-up
to the dimensions practically identical to the insulin movement. Further
preclinical examinations on CRISPR spCas9 additionally gave an ap-
parent in amending the transcriptional framework without losing its
trustworthiness.
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