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Abstract
Objective Obesity induced metabolic dysregulation results in cluster of chronic conditions mainly hyperglycemia, hyper-
insulinemia, dyslipidemia, diabetes, cardiovascular complications and insulin resistance. To investigate the effect of i.m.
injection of human adipose tissue derived mesenchymal stem cells and its secretome in correcting obesity induced metabolic
dysregulation in high fat diet fed obese model of mice and understand its mechanism of action.
Subjects We injected human adipose tissue derived mesenchymal stem cells (ADMSCs) suspension (CS), conditioned
medium (CM) and the cell lysate (CL) intramuscularly in high fat diet (HFD)-induced C57BL/6 mice. Metformin was used
as a positive control. ADMSCs were traced in vivo for its bio distribution after injection at different time points.
Results ADMSCs-treated mice exhibited remarkable decrease in insulin resistance as quantified by HOMA-IR and trigly-
ceride glucose index with concomitant decrease in oxidized LDL and IL6 as compared with the untreated control. CS
injection showed improvement in glucose tolerance and reduction in fatty infiltration in the liver, macrophage infiltration in
adipose and hypertrophy of the islets resulting from HFD. Upregulation of miRNA-206, MyoD and increase in protein
content of the skeletal muscle in CS-treated mice indicates plausible mechanism of action of ADMSCs treatment in
ameliorating IR in HFD mice.
Conclusion Of all the three treatments, CS was found to be the best. ADMSCs were found to have migrated to different
organs in order to bring about the correction in dysregulated metabolism induced by obesity. Our results open up a novel
treatment modality for possible therapeutic usage in human subjects by employing autologous or allogeneic ADMSCs for
the better management of obesity induced metabolic dysregulation.

Introduction

Obesity induced metabolic dysregulation results in cluster of
chronic conditions mainly hyperglycemia, hyperinsulinemia,

dyslipidemia, diabetes, cardiovascular complications, and
insulin resistance [1]. Metabolic pathways in our body have
developed to deliver energy to tissues in times of physical
threat and survival, or to efficiently save energy in times of
food deprivation. Today, the combination of abundance of
food and lack of physical activity has led to excessive
nutrient storage, introducing major stress on our metabolic
pathways, resulting in an increase in the occurrence of dis-
ease originating from metabolic dysfunction [2].

Stem cells have a great potential for basic research and
also hold the future for clinical applications. The char-
acteristic features of these cells are quite unique from
somatic cells [3]. The area of mesenchymal stem cell (MSC)
research has bloomed recently. MSCs are known to be
multipotent and have the ability of self-renewal and differ-
entiation into several mesodermal cell lineages and certainly
have the capacity to repair several damaged tissues [4, 5].

Adipose-derived mesenchymal stem cells (ADMSCs) are
emerging as a source of stem cells that can be obtained by a
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less invasive method and in larger quantities than from BM.
These cells can be isolated from human lipoaspirates and,
like MSCs, can differentiate toward osteogenic, adipogenic,
myogenic, chondrogenic, and especially neurogenic linea-
ges 3. ADMSCs, can be readily isolated from fat tissue after
liposuction and easily expanded in culture in large numbers,
have developed an striking source for cell therapy [6, 7]. Si
et al. demonstrated a novel role of MSC administration in
improving insulin sensitivity and showed improved GLUT4
expression and the member translocation in peripheral
insulin target tissue through an insulin independent manner
[8]. It has been reported earlier that systemic transplantation
of MSC ameliorates HFD-induced obesity and restores
metabolic balance through multisystemic regulations that
are niche dependent [9]. Multiple infusions of MSCs pro-
mote prolonged decrease in hyperglycemia and apoptosis in
pancreatic islets and increases insulin sensitivity in HFD fed
mice [10].

We have shown earlier the role of subcutaneous injec-
tion of ADMSCs and its CM in reversing acute inflam-
matory condition in vivo [11]. We have also demonstrated
the role of ADMSCs CM in improvement of insulin
resistant state in vitro [12]. Nonetheless, we were interested
in investigating the role of ADMSCs in obesity induced
metabolic dysregulation in vivo. Therefore, based on pre-
vious findings, we hypothesized that multiple i.m. injec-
tions of ADMSCs may help in normalizing the
dysregulated metabolism of diet induced obese (DIO)
animals. Here, we demonstrate for the first time the
importance of human ADMSCs therapy in improving
obesity induced metabolic dysregulation in DIO mice by
migrating to different organs.

Methods

Study design

DIO model of mice was developed by feeding the mice on
HFD [13]. Six-week-old male C57BL/6 mice were procured
from Vivo biosciences, Hyderabad, India. Animals were
housed in polypropylene cages, maintained at 23 ± 1 °C,
60 ± 10% humidity, exposed to 12 h cycles of light and dark
and had access to diet and water ad libitum throughout the
experimental period. After acclimatization for a week, mice
were fed either on chow diet (10% Kcal, Research Diet Inc.,
NJ, D10001) or High fat diet (HFD) (60% kcal from fat;
Research Diet Inc., NJ, USA - D12492) for 10 weeks.
Animal experiment protocols and experimental procedures
were approved by the Connexios Institutional Animal Eth-
ics Committee which are in agreement with the ARRIVE
guidelines [14, 15]. Mice were grouped (n= 6) based on
their body weight and oral glucose tolerance test (OGTT).

Animals were grouped for treatment and intramuscular
injection (in Rectus Femoris muscle) of ADMSCs suspen-
sion (CS), 50% of the conditioned media (CM) and the cell
lysate (CL) was given in 0.1 ml volume, twice at an interval
of 4 weeks. Metformin was used as a positive control
(300 mg per kg body weight,orally,daily). A total of 0.1 ml
of the culture media was injected in the untreated group
(vehicle control).

ADMSCs preparation

ADMSCs were procured from ANSA, Bangalore, India.
ADMSCs were cultured in DMEM with high glucose, 10%
fetal bovine serum and characterized by Flow cytometry
using CD 105, CD90, CD34, and HLA-DR markers.
ADMSCs were confirmed for the mesenchymal character-
istics by their trilineage differentiation potential viz. adipo-
genesis, osteogenesis and chondrogenesis. For the
treatment, cells were trypsinized, 5 × 105 cells were resus-
pended in 0.1 ml of the growth media and injected per
animal through i.m. route.

Preparation of CM

ADMSCs were grown as mentioned above. Once the cells
attained 90–100% confluency, CM was collected, filtered
and diluted 50% with the growth media. 0.1 ml was injected
per animal intramuscularly.

Preparation of the cell lysate

For the preparation of cell lysate, 5 × 105 cells were resus-
pended in 0.1 ml of the growth media, sonicated and spun
down at 1400 rpm for 5 min. The supernatant was used for
the treatment (0.1 ml).

Glucose measurements

Animals were kept on fasting for 6 h and blood was col-
lected from tail vein for the measurement of fasting glucose
using Accu- Chek Active glucometer (Roche Diagnostics)
every week till the end of the study.

Triglyceride estimation

At the end of the study, animals were fasted overnight and
triglyceride was measured using the Accutrend Plus system
(Cobas, Roche, Mannheim, Germany).

Oral glucose tolerance test (OGTT)

Oral glucose load of 2 g per kg body weight was given with
an oral gavage and OGTT was determined as demonstrated
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by Wang et al. [13]. Glucose was measured at different time
points viz. 0, 30, 60, 120 min using an Accu-Chek Active
glucometer (Roche, Mannheim, Germany) by collecting the
blood from the tail vein.

Measurement of insulin

Animals were fasted for 6 h and blood sample was collected
by retro orbital puncture. Serum insulin was measured using
Ultra sensitive mouse Insulin ELISA kit from Crystal chem,
Downers Grove, USA.

Serum oxidized low density lipoprotein ELISA

Blood was collected by retro orbital puncture from the
animals fasted overnight. Serum samples were evaluated for
oxidized LDL using ELISA kit from Mercodia AB,
Uppsala, Sweden. All the procedure were performed as per
the manufacturer’s instructions.

Serum interleukin-6 ELISA

Serum samples were assayed for IL6 using the Quantikine
ELISA kit from R&D systems Inc. Minneapolis, USA fol-
lowing the instructions provided in the user manual.

Assessment of insulin resistance

Homeostatic model assessment of insulin resistance
(HOMA-IR) was calculated by using the formula (Fasting
insulin (mg/dL) × Fasting glucose (mg/dL)/405 to assess
the state of Insulin resistance. Triglyceride glucose index
(TyG) was calculated using (TG (mg/dL) × glucose (mg/
dL)/2).

Histopathological studies

Liver, muscle, subcutaneous adipose and pancreatic tissues
were fixed in formalin and 4 μm sections were stained with
hematoxylin and eosin (H&E) stain. Picrosirius red staining
was performed for the muscle sections. The images were
captured using an inverted microscope (Nikon Eclipse
TE2000-5, Japan).

Hepatic triglyceride estimation

Liver tissue triglyceride was estimated by the Folch’s
method. Briefly, lipids were extracted with chloroform:
methanol (2:1) mixture, the organic layer was separated
and dried. The residue was resuspended in 0.1 ml of iso-
propyl alcohol, and triglycerides was quantified using
Triglyceride quantification kit (Diagnostic systems,
Germany).

Gene expression analysis

Tissues collected in trizol were lysed using the bead lyser
from Qiagen. RNA was extracted, cDNA conversion was
carried out using High-Capacity cDNA Reverse Tran-
scription Kit from Applied Biosystems. RT-PCR was per-
formed using Kappa Sybr green. Relative gene expression
pattern was analyzed. Data represented as the fold of
expression.

miRNA-206 analysis

Micro RNA (miRNA) from muscle tissue was isolated
using miRNeasy Mini Kit from Qiagen, Hilden, Germany.
After quantifying the miRNA, cDNA conversion was car-
ried out using TaqMan® MicroRNA Reverse Transcription
Kit from Applied Biosystems, Vilnius, Lithuania.miRNA-
206 gene expression was performed by using TaqMan®
Universal Master Mix II from Applied Biosystems, Foster
City, CA, USA. Relative gene expression was calculated by
normalizing to the U6 snRNA levels.

Protein quantification

Mice were sacrificed by cervical dislocation at the end of the
study. One hundered micrograms of the muscle tissue was
collected in the protein lysis buffer containing protease and
phosphatase inhibitors. Protein quantification was carried
out by the Bradford assay using Bio-rad Protein assay
reagent from Biorad Laboratories, Inc. USA. Total protein
content in the skeletal muscle is represented as microgram of
protein per milligram of tissue (μg of protein/mg of tissue).

LCMS/MS

Two micrograms of protein was loaded on column for IDA
run using Triple TOF 5600+ AbSciex. Peak view software
(AbSciex) was used to visualize the chromatogram and
Protein pilot software (AbSciex) was used to obtain the
protein identity.

In vivo tracking of the cells

To track the ADMSCs after transplantation, the cells were
labeled using the CellVue™ NIR815 Cell Labeling Kit
before injection and the whole animal noninvasive imaging
in NIR range was performed at day 0, week 4, and week 8,
respectively. Another set of mice were dissected to perform
organ imaging at these time points to understand the bio-
distribution of the cells. ADMSCs were injected in the right
thigh muscle and by using the Li-COR Pearl Impulse
software version 2.0 image analysis tools, regions of interest
was identified and normalized fluorescence (total relative
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fluorescence/total area) of the right and left thigh muscle
were represented.

Statistical analysis

All data presented are mean ± SEM. Groups were compared
using one way ANOVA (Bonferroni’s Multiple Compar-
ison Test using GraphPad Prism software) and Student’s t
test. P value ≤ 0.05 were considered as statistically sig-
nificant. HOMA-IR index was calculated using the pre-
defined formula for calculating the levels insulin resistance.
TyG was also calculated as described earlier.

Results

Health status of the mice

All the mice were healthy pathogen free before the starting
the experiment (Data available on request).

DIO model development

A twofold significant increase in the body weight of the DIO
mice was observed as compared with the lean control. Mice
were allocated into six different groups for treatment based
on the body weight and OGTT of the mice (Supplementary
Fig. 1A). There was a ~2-fold increase in the body weight of
the HFD mice as compared with the LC (Supplementary Fig.
1B, C). Serum triglyceride was significantly high compared
with the lean control (Supplementary Fig. 2A). Glucose
tolerance was impaired in the mice fed with HFD for
10 weeks (Supplementary Fig. 2B, C).

Characterization of ADMSCs

ADMSCs were characterized for the MSC markers by flow
cytometry analysis. ADMSCs were positive for CD 105 and
CD 90. Markers negative for ADMSCs were HLA DR and
CD 34 (Supplementary Fig. 3A). The ability of the
ADMSCs to differentiate into trilineage viz. osteocytes,
chondrocytes, and adipocyte was confirmed by differentia-
tion and staining of the cells. Oil O red staining showed
adipogenic differentiation, Alizarin Red staining for
Osteogenic differentiation and Alcian blue staining for
chondrogenesis. (Supplementary Fig. 3B).

Effect of the treatment on body weight

At the end of 8th week of treatment, metformin showed
twofold decrease in the body weight and there was no
significant change in any of the other treatments as com-
pared with the HFD control. (Supplementary Fig. 4)

Restoration of the normoglycemic status

There was no significant change observed during the initial
weeks of the treatment (Fig. 1a). At the end of 8th week of
the treatment; there was a significant decrease in the fasting
glucose levels (Fig. 1b) The positive control metformin
showed substantial decrease compared with the HFD con-
trol (p < 0.001). Treatment with CS, CM, and CL also
exhibited significant glucose lowering capacity CS (p <
0.01), CM (p < 0.05), and CL (p < 0.05).

Improvement in the glucose tolerance

As stated earlier, OGTT represents the most physiological
route of entry of glucose [15]. Glucose tolerance after an
oral dose of 2 g/kg body weight of glucose improved in
metformin (p < 0.01) as well as CS-treated group (p < 0.05)
as shown in Fig. 1c. Area under curve (AUC) is inversely
proportional to the tolerance derived using GraphPad prism
software as depicted in Fig. 1d.

Reduction in triglyceridemia

At the end of the study, all the treatment groups showed
significant decrease in serum triglyceride levels which was
comparable to the positive control metformin. All the treat-
ment groups shared the same p value of <0.01 (Fig. 1e, f).

Effect of treatment on hyperinsulinemia

One of the features of the IR is hyperinsulinemic condi-
tion. Mice fed on HFD attained hyperinsulinemia as
compared with the lean control (p < 0.001). On the other
hand, all the treatment groups showed significant reduc-
tion in the serum insulin levels except for the CL-treated
group (Fig. 2a).

Cytokine analysis

We investigated the status of proinflammatory cytokine
namely IL6 and found a dramatic reduction in the secreted
IL6 by CS (p < 0.05) and CM (p < 0.05). Metformin and CL
did not show any significant change as shown in Fig. 2b.
Figure 2c depicts the reduction in oxidized LDL which also
showed substantial decrease in all the treatment groups (p <
0.05).

Hepatic triglyceride analysis

Hepatic triglyceride levels were high in the HFD control
than lean control (p < 0.05). CS reduced liver triglycerides
significantly as compared with HFD control (p < 0.01)
(Fig. 2d).
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Assessment of insulin resistance

In accordance with the earlier reports which states that
HOMA IR and TyG are the useful and reliable indicators of
Insulin resistance, our data shows a remarkable decrease in
HOMA IR (Fig. 2e) and TyG (Fig. 2f) in all the treatment
groups as compared with HFD control.

Impact on tissue architecture

In an attempt to understand the tissue architecture of the
untreated and the treated mice, histopathological studies
were carried out. Figure 3a depicts H&E staining of the
tissues demonstrating the reduction of fatty infiltration in
liver and Fig. 3b shows decreased macrophage infiltration
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in adipose tissues mainly by CS at ×400 magnification.
Figure 3c depicts reduced hypertrophy of the pancreatic
islets by all the treatments at ×200 magnification.

Upregulation of miRNA-206 and increment in total
protein content of the skeletal muscle

In an effort to investigate the role of miRNA-206 in DIO
model and the effect of the treatments which can plausibly
dictate the mechanism of actions of ADMSCs and the
effect of i.m. injection we performed the gene expression
studies of miRNA-206 in all the treatment groups. The

expression levels of miRNA-206 decreases remarkably in
HFD fed mice and the levels of relative expression is
brought up by CS treatment (p < 0.05) as shown in Fig. 4a.
Figure 4b shows the dramatic increase in the protein
content of the skeletal muscle only in the CS-treated
group.

Improvement in gene expression pattern

Gene expression analysis was carried out for liver and
muscle tissue samples. Figure 4c shows significant increase
in the GLUT4 gene expression levels of the muscle tissue
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indicates fa�y infiltra�on in the liver; images at 400X magnifica�on
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Fig. 3 Representative images of
histopathological examination
different tissues after H&E
staining: a Liver tissues showing
recovery of the fatty infiltrated
liver due to HFD.
b Subcutaneous adipose tissue
sections depict the reduction of
macrophage infiltration in the
adipose tissue especially in the
CS-treated group. c
Hypertrophied islets in the
pancreatic sections of untreated
HFD control reduced in all the
treatment groups. Liver and
Subcutaneous adipose section
images were captured at × 400
magnification and pancreas
at × 200
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indicating increase in the insulin sensitivity and an out-
standing upregulation of MyoD gene (Fig. 4d) clearly
defines the regeneration of muscle increasing the muscle
mass through miRNA-206 as mentioned earlier. Gene
expression analysis for the liver tissues showed remarkable
decrease in IL6, PAI1, and ApoB depicted in Fig. 4e, f, g,
respectively. Downregulation of these genes in all the
treatments explain the reduction in the extent of inflam-
mation in the liver.

Collagen deposition in muscle tissue

The increase in muscle mass led us to study the muscle
structure. Picrosirius red staining of muscle tissue showed
intense yellow myocyte staining and red collagen
staining. The CS-treated group showed maximum col-
lagen staining of all the treated groups in the muscle tis-
sue. The images were captured using an inverted
microscope (Nikon Eclipse TE2000–5, Japan) at ×200
magnification.

Cytokines detected in CM by LCMS/MS

Various beneficial cytokines were identified in the CM
which is well known to improve the metabolic dysregulated
conditions (Supplementary table)

Migration of labeled ADMSCs to different organs

The representative data in Fig. 5a show that after the intra-
muscular injection of the NIR-labeled ADMSCs exhibits NIR
fluorescence that is focally localized parallel to the thigh at
day 0 post transplantation. Normalized fluorescence (total
relative fluorescence/total area) of the right and left thigh
muscle is represented in Fig. 5b. The fluorescence in the right
muscle is significantly higher on day 0 in comparison to week
4 and week 8. To confirm whether transplanted cells have
migrated in different tissues, the organ imaging was per-
formed at these same time points to confirm the bio-
distribution of these cells (Fig. 5c). The normalized signal
intensity with respect to vehicle control is plotted in Fig. 5d.
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Discussion

In the present investigation we compared the effect of
human ADMSCs, their CM and their CL on metabolic
dysregulation with respect to glycemic status, insulin
resistance, triglycerides, proinflammatory cytokines viz.
IL6, and Oxd LDL using metformin as a positive control.
We found that amongst the three treatments-tested
ADMSCs suspension (CS) was the best as it restored not
only the organ function but also the tissue architecture as
revealed by serum and histopathological analyses. Earlier
reports showed the beneficial effect of MSC injection via
i.v. route supporting our present study [6, 7]. However, this
study is unique wherein we have shown the effect of human
ADMSCs via i.m. route in ameliorating the ill effects of
HFD. We chose i.m. route in order to facilitate slow release
of their paracrine secretion into the systemic circulation.
The logic behind using i.m route was a reported cross talk
between skeletal muscle and pancreatic beta cell [16–18]. It
is shown that a healthy muscle secretes myokines which
positively impact the pancreatic beta cell, whereas a diabetic
muscle secrete cytokines which negatively impacts the beta
cell function. Moreover, in Indian population the muscle
mass is always shown to be less than the fat mass as
compared with the European community [19, 20]. There-
fore we were interested in examining the effect of i.m.
injections of ADMSCs on the metabolism of HFD fed mice.

The DIO model was developed following the similar
procedure as reported earlier with slight modifications [13].

The establishment of DIO was confirmed by and substantial
increase in body weight accompanied by hyperglycemia,
hyperinsulinemia, hypertriglyceridemia, and abnormal
OGTT. None of the treatments resulted in decrease in body
weight as reported earlier with i.v. injection using rodent
MSCs. The study by Cao et al. concluded that treatment
with mouse ADMSCs was effective in lowering the blood
glucose level and improving the glucose tolerance in mice
along with decrease in body weight [6]. The striking feature
of our study is the management of metabolic dysregulation
caused by diet-induced obesity, which is the root cause of
the metabolic syndrome [21–23]. As described earlier, in
severe insulin resistance, there is a reduction in muscle
GLUT4 protein and mRNA expression similar to adipose
tissue [24]. The decrease in hyperglycemia and restoration
of OGTT could be attributed to increased expression of
GLUT4 in the skeletal muscle resulting in decreased IR and
restoration of normoglycemia. HOMA-IR and TyG indicate
a decrease in whole body insulin resistance in the treated
group of mice. Altered gene expression has also been
reported in non-alcoholic fatty liver disease [25–27]. The
gene expression levels for IL6, PAI1 and ApoB in the liver
were drastically reduced in all the treatment groups indi-
cating the therapeutic value of ADMSCs and their by-
product. It needs to be mentioned that metformin did not
show any significant change in the level of IL6 gene
expression suggesting its limitation.

All the treatment also led to decrease in pro inflammatory
cytokine IL6 and lowering Oxd LDL except metformin and
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CL which did not show any significant change in the
reduction of secreted IL6. This was further confirmed by
histological examinations of subcutaneous fat, liver, and
pancreas. Subcutaneous fat exhibited decrease in macro-
phage infiltration indicating reduction in inflammation. It
is known that HFD is one of the causes of fatty liver.
NAFLD being one of the most common disease across the
world. Rats fed with HFD develop IR, hypertriglycer-
idemia, hepatic steatosis, and liver damage, which is the
characteristics of NAFLD [28, 29]. The treatment with CS
as well as CM improved the fatty infiltration in the liver
which was comparable to that of metformin-treated mice
liver. Hypertrophy of the beta cell is the normal physio-
logical response of the body to counteract obesity-induced
IR [30]. Hypertrophy of the islets was observed in HFD
mice pancreas which was found to be reduced in CS-
treated mice.

With diet-induced obesity, metabolic dysfunction and the
incidence of chronic low level inflammation can weaken the
normal inflammatory response and the regenerative abilities
of skeletal muscles, resulting in a pseudo-injury [31].
Association of type 2 diabetes with excessive loss of ske-
letal muscle and trunk fat mass in older adults is established
[32]. Diabetes is widely known to be a muscle wasting
disease. It has been reported that systemically administered
MSCs could prevent muscle wasting associated with HFT-
induced obesity and diabetes [33].

miRNAs have emerged lately and are known to be
involved in many vital biological processes [34, 35]. There
are reports stating that miRNA-206 expression is elevated in
regenerated muscles [36]. We were interested in finding out
the expression levels of miRNA-206 in skeletal muscle. We
demonstrate for the first time a remarkable decrease in
miRNA-206 expression of HFD mice as compared with that
of lean control which was significantly upregulated in the
CS- treated mice. We also found that HFT decreased the
protein content of the muscle which was restored by CS-
treated mice.

Based on our results we presumed that increase in fat
mass decreases muscle mass and enhances metabolic dys-
function, which could be alleviated by i.m. injections of
ADMSCs. Our results support this notion as evidenced by
decrease in protein content and MyoD levels of the HFD
mice skeletal muscle as compared with the lean control. On
the contrary, the HFD mice injected with CS exhibited
higher protein content demonstrating higher muscle mass
and all treatment (CS, CM, and CL) showed significant
upregulation of MyoD indicating regeneration of the mus-
cle. Ma et al. reported that MiR-206 inhibits the expression
of Pax7 and promotes the function of MyoD, thus estab-
lishing a positive regulatory feedback loop. Upregulation of
miRNA-206 by MyoD further suppresses Pax7, thereby
promoting muscle cell differentiation [37, 38]. Muscle

structure and function was restored by ADMSCs treatment
as shown in the collagen deposition staining (Fig. 4h, i).

As stated by Gao et al., adipose tissue can produce
extracellular vesicles from adipocytes as well as ADMSCs
[39]. In the present study, LCMS/MS data demonstrates that
CM contains most of the secreted cytokines and growth
factors required for the betterment of dysregulated tissue.
However, limited amount of factors exhaust soon after
being used up by the damaged tissue and hence repeated
injection of CM is required for a longer period of time for
better results. On the contrary, CS injection shows the bio-
distribution in different organs as demonstrated by in vivo
tracking of cells. Our cell tracking data, clearly suggests that
the bio-distribution of the transplanted ADMSCs occurs
preferentially in liver by week 4 with trace signals measured
from heart and kidney too and by week 8 it is distributed
further in the brain and pancreas too.

Although daily oral treatment with metformin was found
to be effective in decreasing IR, there are adverse effects
associated with the long term treatment. CS has surpassed
the role of metformin signifying its dominant role only with
two injections showing organ specific effect. There are
recent reports demonstrating the beneficial effect of
ADMSCs treatment in obesity and diabetes [40–43].
Moreover, our data indicate for the first time the importance
of intramuscular injection ADMSCs therapy in correcting
obesity-induced metabolic dysregulation in DIO mice sug-
gesting its possible therapeutic usage in human subjects.
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