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Abstract

Milk thistle cold press oil (MTO) is an herbal remedy derived from Silybum marianum which
contains a low level of silymarin and mixture of polyphenols and flavonoids. The effect of MTO
on the cardiovascular and metabolic complications of obesity was studied in mice that were fed a
high-fat diet (HFD) for 20 weeks and treated with MTO for the final 8 weeks of the diet. MTO
treatment attenuated HFD-induced obesity, fasting hyperglycemia, hypertension, and induced
markers of mitochondrial fusion and browning of white adipose. Markers of inflammation were
also attenuated in both adipose and the liver of MTO-treated mice. In addition, MTO resulted in
the improvement of liver fibrosis. These results demonstrate that MTO has beneficial actions to
attenuate dietary obesity-induced weight gain, hyperglycemia, hypertension, inflammation, and
suggest that MTO supplementation may prove beneficial to patients exhibiting symptoms of
metabolic syndrome.
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INTRODUCTION

According to the World Health Organization, annually, over two million people die
worldwide from the complications of excessive body fat. Altered adipose tissue function is
characterized by an impaired lipid buffering capacity and subsequently by a systemic lipid
overflow resulting in ectopic lipid accumulation in several insulin-sensitive peripheral
tissues such as skeletal muscle, liver, pancreas, heart, and kidneys (Clichici et al., 2015; Ni
& Wang, 2016). This obesity trend is observed in both men and women, having a similar
pattern, being around 40%-45% obese in middle age around 35% obese when younger (Zhu
et al., 2018). The ectopic deposition of triglycerides triggers a series of cardiometabolic
perturbations that lead to the diagnosis of metabolic syndrome (MetS) (Reviewed in
(Drummond et al., 2019). This disorder is not only associated with a higher risk of type 2
diabetes and cardiovascular events but also impacts the liver (Meddeb et al., 2017). Recent
data suggest that nonalcoholic fatty liver disease (NAFLD), considered the hepatic
manifestation of the MetS and precedes the development of MetS (Michel et al., 1990;
Raffaele et al., 2016). NAFLD is associated with several metabolic diseases, including
diabetes mellitus, obesity, and hypertension. In a 5-year retrospective review, individuals
with NAFLD had a higher incidence of impaired fasting glucose and type-2 diabetes
mellitus (T2DM) compared with NAFLD-free controls (da Silva et al., 2008). In the last few
decades, a higher frequency of obesity, T2DM, and MetS have occurred as a result of
various dietary changes (Reviewed in (Abraham & Kappas, 2008) (do Carmo et al., 2012;
Sacerdoti et al., 2018). Furthermore, individuals with NAFLD have a higher probability of
liver failure and, eventually, cirrhosis (Brestoff et al., 2015; Lizcano, 2019; Warner &
Mittag, 2016). Low grade inflammation and mitochondrial dysfunction contribute to the
progression of NAFLD to NASH (Nelson et al., 2007) as a result of adipocyte-mediated
inflammatory adipokines (Kowdley et al., 2012) and insulin resistance (Vatner et al., 2015).
In this regard, beneficial effects have been reported for curcumin and (Rodella et al., 2008;
Scapagnini et al., 2011) which increase the antioxidant gene and heme oxygenase-1 (HO-1).
Resveratrol administration increases antioxidant genes HO-1 expression, NAD(P)H, and
Quinone oxidoreductase 1. Resveratrol, as well as other HO-1 inducers, prevent CVD
(Lagouge et al., 2006; Rodella et al., 2008). The antioxidant gene HO-1 is suppressed by
hyperglycemia, while glucose deprivation induces HO-1 gene expression (Abraham et al.,
2003; Chang et al., 2002, 2003; Moini et al., 1999). Obesity and hyperglycemia
downregulate the HO-1 expression and increase the metabolic disease status (Berglund et al.,
2009; Singh et al., 2019; Singh et al., 2020; Zhu et al., 2018).

Currently, there is increasing interest in examining the natural antioxidants found in dietary
plants including fruits and vegetables that may have beneficial effects on metabolic disease.
A Mediterranean diet protects against cardiovascular disease due to its antioxidant effect as a
result of elevated levels of the presence of g-carotene, polyphenols, anthocyanins, and

ellagic acids (Pittala et al., 2018). Ellagic acid that is found in raspberries and walnuts, as
well as phenolic compounds, are shown to inhibit human prostate cancer cells and the
promotion of human health (Vanella, Barbagallo, et al., 2013; Vanella, Di, et al., 2013).
Certain traditional medicines such as Turmeric (curcumin) and other dietary factor
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intervention ameliorate metabolic disease in obese mice models (Cao et al., 2012; Son et al.,
2013).

Milk thistle oil (MTO) is an herbal remedy derived from the milk thistle plant which is
processed using a wide variety of methods, including ethanol extraction and cold pressing.
Milk thistle extracted with ethanol contains high levels of silymarin. Silymarin treatment
protects the liver against dietary-induced hepatic steatosis and oxidative stress as well as
chemical-induced liver injury (Clichici et al., 2015; Ni & Wang, 2016). In contrast, milk
thistle extracted as a cold press oil contains very little silymarin. However, it still has
beneficial effects due to its content of a-tocopherol as well as polyphenols such as vanillic
acid, p-coumaric, polyphenol, and silybin (Meddeb et al., 2017; Pittala et al., 2018) and
other free fatty acids which all can react synergistically. Although much is known regarding
the beneficial metabolic actions of silymarin, little is known regarding the cardiovascular
and metabolic effects of MTO. Thus, we designed the present study to determine the role of
cold pressed MTO on the development of diet-induced obesity.

MATERIALS AND METHODS

Animals

Eight-week-old C57BL6 male mice were fed a HFD (Western diet, containing 60% kcal
from fat, 21.3% carbohydrate, and 18.4% protein with total calories of 5.1 kcal/g (Cat no
TD.06414, Harlan, Teklad Lab Animal Diets, Indianapolis, IN) for 20 weeks. Control mice
were fed a standard laboratory diet containing 14.3% kcal from protein, 4% kcal from fat
with total calories of 2.9 kcal/g. Mice were randomly divided into three treatment groups of
five animals each as follows: group (1) Control (Ctrl), group (2) HFD, group, and (3) HFD
treated for the last 8 weeks with MTO at a dose of 0.1% 0il/50 gm body weight/day. HFD
mice were treated with MTO at a dose of 0.1% 0il/50 gm body weight/day, which is equal to
2% MTO/Kg/day. We calculate the daily consumption of the oils based on a 4g daily food
intake in each mouse. Therefore, the dosage give to each mouse corresponds to 80 mg kg™t
day~1 intake. Formulation of MTO used is as follows; p-Cymene, 1.24%, Carvacrol 0.08%,
Free fatty acid (FFA) 1,29%, Oleic acid 21.53%, Palmitic acid 11.31%, Linoleic acid
57.44%, and other fatty acid 1.98%, TriNutra Ltd, Nes Ziona, Israel). MTO was mixed into
the HFD food which was then packed into chunks and food intake was 4.5-5.0 gm/day. At
the end of the experiment, mice were euthanized, assessed for total body weight and fat
content. All animal experiments were performed at and followed the NYMC IACUC
institutionally approved protocol (22-2-0415H) in accordance with NIH guidelines.
Euthanasia was performed by injection of ketamine (100 mg/kg)/xylazine (10 mg/kg)
followed by cervical dislocation and tissue collection.

Fasting blood glucose and glucose tolerance testing

Fasting blood glucose was measured from tail blood following a 6-hr fast. Blood pressure
was measured by tail-cuff plethysmography using the CODA tail-cuff System (Kent
Scientific, CT, Torrington) as previously described. (Raffaele et al., 2019; Schragenheim et
al., 2018; Singh et al., 2020).
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2.3 | Determination of oxygen consumption

Mice were allowed to adapt to oxygen consumption chambers over a 3-week period via 2-hr
increments, three times a week. Oxygen consumption (VO,) was measured with an Oxylet
gas analyzer and airflow unit (Oxylet, Panlab-Bioseb, Vitrolles, France) in individually
housed mice. Respiratory quotient (RQ) was calculated as VCO,/VVO,. The data for VO,
were expressed as the consumed oxygen per Kilogram body weight per minute (ml/kg/min)
(Raffaele et al., 2019; Schragenheim et al., 2018; Singh et al., 2020).

2.4| Western blot analysis

Western blots of proteins in the adipose and liver were performed as previously described
(Berg & Scherer, 2005; Collins et al., 2016; Hotamisligil, 2006). Primary antibodies for anti-
NOV/CCNS3, anti-1L-6, anti-pP65, anti-P65, anti-MMP9, anti-MMP2, anti-MT1-MMP, anti-
TIMP1, anti-TIMP2, anti-PRDM16, anti-PGC-1a, anti-SOD1, anti-TWIST1, anti-SIRT1,
anti-Mfn1, anti-FGF21, anti-CREG1, anti-UCP1, anti-pAKT, anti-AKT, and anti-p-actin
were purchased from Cell Signaling Technology, Danvers, MA, USA. The anti-pIR tyr972
antibody was purchased from Millipore, Bedford, MA, USA. The anti-HO-1 antibody was
purchased from Enzo Life Sciences, Farmingdale, NY, USA. The secondary antibodies
labeled with either IRDye 680 or IRDye 800 were purchased from LICOR Biosciences,
Lincoln, NE. Immunoreactivity was visualized and quantified by infrared scanning in the
Odyssey system (LICOR Biosciences, Lincoln, NE) and quantified after normalization with
[-actin and expressed as arbitrary units (AU).

2.5| Statistics

Statistical analysis was performed with Prism 7 (GraphPad Software, San Diego, CA). Data
are presented as the means + standard errors of the mean (SEM). Statistical analysis was
performed by one-way analysis of variance (ANOVA) followed by the Newman—Keuls post
hoc multiple comparison method. pvalues of .05 or lower were considered statistically
significant.

3| RESULTS

3.1|] Milk thistle seed oil (MTO) treatment attenuates body weight, improves fasting blood
glucose, decreases blood pressure, and increases oxygen consumption in HFD fed mice

The 8-week MTO treatment in mice fed a HFD resulted in a significant (p < .05) decrease in
body weight (Figure 1a). MTO also decreased HFD-induced fasting blood glucose level and
blood pressure (Figure 1b,c). MTO increased the oxygen consumption in mice fed a HFD to
levels observed in control mice fed a standard chow diet (Figure 1d).

3.2| MTO decreases HFD-induced inflammation in the liver

Obesity is associated with increased levels of white adipose inflammation. To determine the
effect of MTO on adipose inflammation, we measured the levels of several markers of
adipocyte inflammation. NOV/CCNS is a protein whose circulating levels correlate with
expression in adipose tissue and contributes to obesity-related inflammation (Martinerie et
al., 2016). The IKKB/NF-xB signaling pathway promotes the inflammatory response in
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obesity via p65 which is the subunit that contains the activation domain and determines the
transcriptional activity of NF-xB. HFD increased the levels of several inflammatory markers
in the liver, notably NOV/CCNS3, interleukin-6 (IL-6), and phosphorylated p65 (pP65) as
compared to mice fed a control diet (Figure 2a—e). MTO significantly (p < .05) reduced all
of the markers of hepatic inflammation in mice fed a HFD (Figure 2a—e).

MTO improves HFD-induced hepatic fibrosis in mice fed a HFD

Matrix metalloproteinase 2 and 9 (MMP2 and MMP9) are gelatinases implicated in
extracellular matrix degradation and play a pivotal role in pathological progression of
hepatic fibrosis. HFD mice showed significant increases in the expression of MMP2 and
MMP9 in the liver as compared to the control mice (Figure 3a—c). MTO reduced the hepatic
MMP2 and MMP9 expressions (p < .05) in HFD mice (Figure 3a—c). Membrane type 1-
matrix metalloproteinase (MT1-MMP/MMP14) is expressed by infiltrated macrophages in
hepatic inflammation and facilitates the proteolytic activation of MMP2 and MMP9. MTO
diminished the hepatic MT1-MMP levels which were upregulated in HFD mice (Figure
3d,e). Tissue inhibitors of metalloproteinases (TIMPS) are endogenous MMPs inhibitors
capable of regulating proteolytic activities of MMPs. Our results show that HFD mice
exhibited significantly lower levels of TIMP1 and TIMP2 in the liver as compared to the
control mice (Figure 3d,f,g). MTO increased (o < .05) the hepatic TIMP1 and TIMP2 levels
in HFD mice (Figure 3d,f,g).

MTO alters antioxidant and fatty acid metabolism and improves hepatic insulin

signaling in the liver of mice fed a HFD

We examined the effect of MTO on hepatic antioxidant capacity, fatty acid metabolism, and
fibrosis by Western blot. Superoxide dismutase-1 (SOD1) regulates the formation of
mitochondrial reactive oxygen species. MTO increased the hepatic SOD1 levels which had
decreased in HFD mice (Figure 4a,b). Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a) is a transcriptional coactivator that regulates the genes
involved in energy metabolism. It is also the master regulator of mitochondrial bio-genesis.
HFD decreased the levels of hepatic PGC-1a as compared to the control mice (Figure 4a,b).
MTO resulted in a significant increase (p < .05) in hepatic PGC-1a levels as compared to
HFD alone (Figure 4a,b).

To determine the effects of MTO on obesity-induced hepatic fibrosis, we examined the
levels of several proteins critical to its development. PRDM16 is a protein that represses
fibrogenesis. HFD feeding induced a significant decrease in hepatic levels of PRMD16 as
compared to the control mice (Figure 4a,b). MTO increased (p < .05) the levels of PRMD16
in the liver as compared to HFD feeding alone (Figure 4a,b).

Activation of the B subunit of the insulin receptor (IR) plays an initial role in signal
transmission of insulin in the liver. HFD feeding resulted in a significant (o < .05) decrease
in the levels of tyrosine 1,146 (tyr1146) phosphorylation of IR which was partially restored
by MTO (Figure 4c,d).

J Food Biochem. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shenetal. Page 6

3.5| MTO decreases HFD-induced inflammation in adipose tissue

As seen in the liver, HFD increased the NOV/CCN3 levels in the adipose tissue of mice and
these levels were significantly (o < .05) reduced by MTO (Figure 5a,b). TWIST-1 is
selectively expressed in adipose tissue, interacts with PGC-1a, and is recruited to the
promoters of PGC-1a.’s target genes to suppress mitochondrial metabolism and uncoupling.
TWIST-1 levels were upregulated in adipose of mice fed a HFD and significantly (o < .05)
decreased with MTO (Figure 5a,c). Mice fed a HFD exhibited increased levels of
phosphorylated p65 (p-p65) in the adipose tissue and this decrease was significantly
attenuated in adipose tissue of MTO-treated mice (Figure 5d,¢).

3.6| MTO induces heme oxygenase-1 (HO-1), increases mitochondrial stability, and
stimulates brown adipogenesis in white adipose of mice fed a HFD

Adipose tissue expansion in obesity results in the downregulation of HO-1 (Singh et al.,
2020). MTO resulted in a significant (p < .05) increase in HO-1 protein levels in white
adipose tissue (Figure 6a,b). MTO significantly (p < .05) increased the Mfn1 levels in
adipose tissue of mice fed a HFD (Figure 6a,c) which may play a role in the attenuation of
HFD-induced hyperglycemia in the MTO-treated mice. MTO increased the SIRT1 levels in
adipose tissue (Figure 6a,d), further contributing to the improved insulin function.

Mitochondria play an essential role in the physiology of adipose tissue. Mitochondrial fusion
and fission regulate mitochondrial number and increase of mitochondrial fatty acid oxidation
resulting in the formation of brown and beige adipocytes which boosts energy utilization
(Pisani et al., 2018). Fibroblast growth factor-21 (FGF21) plays an essential role in glucose
uptake in adipocytes (Cuevas-Ramos et al., 2019). MTO significantly (o < .05) increased the
levels of FGF21 in adipocytes (Figure 7a,b). MTO also increased (o < .05) the levels of
mitochondrial proteins CREG1 and UCP1, which are both involved in the “browning” of
white adipose tissue (Figure 7a,c,d).

3.7| Improved insulin signaling in adipose tissue of MTO-treated mice on a HFD

MTO significantly (p < .05) increased the phosphorylation of the IR at tyrosine 972 (p-
IRY™72) in adipose tissue as compared to mice fed a HFD (Figure 7e,f). The PIBK/AKT
pathway is critical for insulin signaling; hence, any defect in AKT/PKB pathway along with
the downstream molecules could lead to insulin resistance. We measured the levels of
phosphorylated AKT (pAKT), and total AKT in adipose tissue of control- and MTO-treated
mice. MTO increased (p < .05) the levels of pAKT in adipose tissue as compared to the
control mice (Figure 7e,g).

4| DISCUSSION

In this study, we examined the effectiveness of MTO on the metabolic, cardiovascular, and
inflammatory responses to dietary-induced obesity. MTO attenuated HFD-induced weight
gain and lowered blood pressure in response to dietary-induced obesity. The ability of MTO
to reduce body weight and lower blood pressure concurrently is clinically significant given
that drugs that target pathways such as adrenergic receptors or melanocortin-4 receptors
lower the body weight but increase the blood pressure (da Silva et al., 2008; do Carmo et al.,
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2012; Michel et al., 1990). The adverse cardiovascular actions of these weight-loss drugs
make them unattractive choices for use in humans. The fact that MTO lowers blood pressure
despite increasing metabolism, as indicated by increased oxygen consumption, makes it an
attractive therapeutic candidate to treat obese individuals for weight loss as hypertension is
often a concurrent condition in these patients. While MTO had a significant effect on body
weight, blood pressure, and fasting blood glucose, one limitation of the current study is the
lack of sequential measurements of these parameters.

The ability of MTO to increase oxygen consumption, as demonstrated in the present study is
related to its actions on mitochondria. MTO increased several markers of mitochondrial
fusion, and “browning” of white adipose in mice fed a HFD. Browning of white adipose
tissue increases mitochondrial burning of fatty acids and is an emerging focus in the
treatment of obesity (Brestoff et al., 2015; Lizcano, 2019; Warner & Mittag, 2016). MTO
may affect the mitochondrial function through several potential mechanisms. MTO induces
HO-1 in adipose tissue, increasing the production of bilirubin and carbon monoxide (CO).
Increased levels of HO-1 increases oxygen consumption and promotes weight loss in obese
melanocortin-4 receptor-deficient mice (Csongradi et al., 2012). Moreover, the heme
degradation product, CO, also increases oxygen consumption through its ability to “brown”
white adipose tissue (Hosick et al., 2014, 2016). MTO also contains a mixture of
polyphenols and flavonoids that also improve mitochondrial function and increase fatty acid
metabolism (Dilberger et al., 2019; Duluc et al., 2013; Moini et al., 1999).

MTO improved dietary obesity-induced insulin resistance via increased insulin signaling in
both adipose tissue and liver. One potential mechanism by which MTO enhanced insulin
signaling is through increases in FGF21. Fibroblast growth factor 21 (FGF21) is a metabolic
regulator that improves glycemic control in several models of insulin resistance (Berglund et
al., 2009; Kim et al., 2013) FGF21 lowers the plasma triglycerides in part by increasing lipid
metabolism in white adipose tissue (Schlein et al., 2016). The high levels of polyphenols
found in MTO most likely results in increased FGF21 levels as previous studies have
reported FGF21 induction in response to polyphenols (Song et al., 2016; Tamura et al.,
2019). The levels of PGC-1a were also increased in adipose tissue of MTO-treated mice.
FGF21 is also a strong regulator of PGC-1a which is an important mechanism in the
browning of adipose tissue by FGF21 (Potthoff et al., 2009). Another potential mechanism
for increased insulin sensitivity and increases in FGF 21 signaling is the reduction of
oxidative stress by MTO. MTO resulted in significant induction of two important antioxidant
genes, HO-1 and SOD1, in adipose tissue and liver, which contributes to the enhanced
insulin signaling in each of these tissues.

MMP2 and MMP9 are gelatinases responsible for the degradation of extracellular matrix
(ECM) proteins which play a key role in the pathogenesis of NAFLD, steatosis, fibrosis, and
cirrhosis (Theret et al., 1999). The expression and proteolytic activity of MMP2 and MMP9
are closely regulated by the endogenous activator MT1-MMP and the inhibitors TIMP1 and
TIMP2 (Barchuk et al., 2018). Our findings indicated that MTO attenuates HFD-induced
hepatic fibrosis by reduction of MMP2, MMP9, and MT1-MMP expressions in the liver.
Moreover, MTO-induced dramatic and concurrent upregulation of TIMP1 and TIMP2,
which inhibited the proteolytic activities of MM2 and MMP9. The reduced activity of

J Food Biochem. Author manuscript; available in PMC 2021 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shen et al.

Page 8

gelatinases by MTO resulted in decreased matrix turnover and ECM remodeling,
contributing to the improvement of obesity-associated hepatic fibrosis. These results are in
agreement with previous reports that the active ingredient of milk thistle, Silymarin, showed
hepatoprotection against hioacet-amide-induced chronic liver inflammation and fibrosis by
downregulation of MMPs (Chen et al., 2012).

The link between obesity, adipose tissue expansion, and inflammation has been intensively
studied over the past several years. A wealth of experimental evidence has highlighted the
role of adipose tissue in the development of systemic inflammation through the release of
various adipokines such as IL-6, which promote inflammation (Berg & Scherer, 2005;
Hotamisligil, 2006). MTO decreased several critical markers of inflammation in both
adipose tissue and in the liver. Levels of NOV/CCNS3, as well as the levels of P65 which is a
major regulator of IKKB/NF-xB signaling, were decreased in adipose tissue and liver of
dietary obese mice treated with MTO. This profound anti-inflammatory response in dietary-
induced obese mice likely contributed to the vast improvement in insulin signaling and
decreased blood pressure observed in the present study. The anti-inflammatory actions of
MTO is most likely due to the high levels of polyphenols and flavonoids that attenuate
inflammatory markers (Carpi et al., 2019; Collins et al., 2016).

MTO is a mixture of flavonolignans, and the active constituents contain silibinin (50%),
isosilybin (5%), silychristin (20%), and silydianin (10%) (Tajmohammadi et al., 2018).
Silibinin (or silybin) is the major active component of milk thistle and studies have been
shown that silibinin exerts potential hepatoprotective capacities due to the antioxidants and
anti-inflammatory effects (Feher & Lengyel, 2012). Moreover, silibinin improved
dyslipidemia and hyperglycemia in diet-induced obesity through suppression of NF-xB
pathway associated with the activation of Farnesyl X receptor (Gu et al., 2016). In this study,
MTO prevented the development of dietary obesity-induced weight gain, hyperglycemia,
and hypertension. These positive metabolic and cardiovascular effects were likely due to its
actions on: mitochondria and metabolism, as well as the improvements in insulin signaling
in both adipose tissue and liver, and decreases fibrosis markers, MMP2 and MMP9 (Figure
8). MTO also had profound anti-inflammatory actions in adipose tissue and liver, through
the downregulation of several important inflammatory mediators such as, NOV, TWIST, and
NFkB. Overall, our data demonstrate that MTO has a beneficial cardiovascular and
metabolic effects in a mouse model of the metabolic syndrome.
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Practical applications

Natural supplements are increasingly being considered as potential therapies for many
chronic cardiovascular and metabolic diseases. Milk thistle cold press oil (MTO) is
derived from Silybum marianum which is used as a dietary supplement in different parts
of the world. The results of the present study demonstrate that MTO supplementation
normalizes several metabolic and cardiovascular complications arising from dietary-
induced obesity. MTO supplementation also had anti-inflammatory actions in the adipose
as well as the liver. These results suggest that supplementation of MTO into the diet of
obese individuals may afford protection against the worsening of cardiovascular and
metabolic disease and improve inflammation and liver fibrosis.
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FIGURE 2.
Hepatic levels of NOV/CCN3, interleukin-6 (IL-6), P65, and phosphorylated P65

normalized to B-actin. (a) Representative Western blots, (b) Hepatic levels of NOV/CCNS3,
(c) Hepatic Levels of IL-6, (d) Representative Western blots, (e) Levels of pP65/P65. *p
< .05 as compared to the control (Ctrl). #p < .05 as compared to HFD. 7= 6/group
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FIGURE 3.
Hepatic levels of matrix metalloproteinase (MMP) 2, MMP9, membrane type 1-MMP, tissue

inhibitor of MMP (TIMP)1 and TIMP2 normalized to B-actin. (a) Representative Western
blots, (b) Hepatic levels of MMP2, (c) Hepatic levels of MMP9, (d) Representative Western
blots, (e) Hepatic levels of MT1-MMP, (f) Hepatic levels of TIMP1, (g) Hepatic levels of
TIMP2. *p < .05 as compared to the control (Ctrl) #p < .05 as compared to HFD. n= 6/

group
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FIGURE 4.
Hepatic levels of superoxide dismutase 1 (SOD1), peroxisome proliferator-activated

receptor-gamma coactivator 1-a (PGC-1a), PR domain containing 16 (PRDM16), and
phosphorylated insulin receptor B tyrosine 1,146 (p-IRp ™Y"1146) normalized to B-actin. (a)
Representative Western blots, (b) Hepatic levels of SOD1, PGC-1a, and PRDM16. (c)
Representative Western blots, (d) Hepatic levels of p-IRB Y1146 *p < 05 as compared to
the control (Ctrl). #= p < .05 as compared to HFD. 1= 6/group
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Adipose tissue levels of NOV/CCR3, TWISTL, P65, and phosphorylated P65 normalized to
B-actin. (a) Representative Western blots, (b) Adipose levels of NOV/CCRS3, (c) Adipose
levels of TWISTL, (d) Representative Western blots, (e) Levels of pP65/P65. #p < .05 as

compared to HFD. n = 6/group
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FIGURE 6.

Adipose tissue levels of heme oxygenase-1 (HO-1), mitofusin-1 (Mfn1), and sirtuinl
(SIRT1) normalized to B-actin. (a) Representative Western blots, (b) Adipose levels of
HO-1, (c) Adipose levels of Mfn1, (d) Adipose levels of SIRT1. #p < .05 as compared to
HFD. n = 6/group
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Adipose tissue levels of fibroblast growth factor-21 (FGF21), Cellular Repressor of E1A-

stimulated Genes 1 (CREGL), uncoupling protein-1 (UCP1), and phosphorylated tyrosine
972 insulin receptor (p-IR™"972) normalized to B-actin and levels of phosphorylated and
total AKT. (a) Representative Western blots, (b) Adipose levels of FGF21 (c) Adipose levels
of CREGL1, (d) Adipose levels of UCP1, (e) Representative Western blots, (f) Adipose levels
of p-IR™™972 (g) Adipose levels of pAKT/AKT. #p < .05 as compared to HFD. /7= 6/group
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FIGURE 8.
Schematic presentation of postulated mechanisms by which cold pressed milk thistle oil

intake to obese mice lead to marked suppression of inflammatory markers including NOV
and TWIST and diminished liver fibrosis markers including MMP2 and MMP9.
Additionally, cold press MTO reverses these changes, obesity suppress effect, and
thermogenic genes such as (UCP1, PRMD16), mitochondrial respiration as displayed by the
increase in oxygen consumption and improving insulin receptor phosphorylation. Hence,
intake cold press MTO offers a multifunctional clinical approach for the treatment of
Metabolic Syndrome
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