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wEH:
Heme Oxygenase-1 Expression in Adipocytes Can Convert White to Beige Fat: A Therapeutic
Approach to Treating Obesity Induced Inflammation and Hepatic Steatosis

PR

Excess white adipose tissue (WAT) has a distinct role in the regulation of free fatty acid levels
and energy homeostasis, and contributes to increases in inflammatory adipokines, insulin resistance
and the development of non-alcoholic fatty liver disease (NAFLD) and eventually, non-alcoholic
steatohepatitis (NASH). Chronic release of pro-inflammatory cytokines from WAT adipocytes further
accelerates liver dysfunction through increased levels of inflammatory adipokines, nephroblastoma
overexpressed (NOV/CCN3), nuclear factor-kappa B (NF-«B) activation, hepatic ballooning and
adipocyte fibrosis, disruption of mitochondrial integrity, insulin resistance (IR) and the onset of
metabolic syndrome. We hypothesized that targeting adipose tissue with heme oxygenase -1(HO-1)
using an adiponectin promoter delivery system would convert WAT to “healthy” beige fat resulting
in reduced inflammation, restoration of mitochondrial function, attenuation of hepatic ballooning,
reversal of adipose and hepatic fibrosis and improved cellular respiration. Mice were fed a high fat
diet (HFD) for 24 weeks, which results in decreased insulin receptor signaling, increased levels of
ALT and AST and the development of NAFLD and NASH. Lentiviral-(Lnv) adiponectin promoter-
driven HO-1 expression in adipose tissue increased insulin sensitivity, mitochondrial function, FGF21
and UCP1 compared to mice fed a HFD alone. Importantly Lnv-adipo-HO-1 prevented steatosis
and fibrosis, lowered NASH scores, decreased NF-kB, NOV expression, and improved insulin
sensitivity compared to obese mice. Remarkably, adipocyte specific HO-1 expression affects distal
organs including the liver and may prove advantageous as therapeutic approach in the global fight

against obesity mediated by the release of inflammatory molecules and resultant liver disease.
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wEH:
Milk Thistle Seed Oil Cold Press Standardized Prevents the Development of the Metabolic
Syndrome, Blood Pressure, in a Mouse Model of Dietary-Induced Obesity: Therapeutic

Potential

FL

Milk thistle Cold press Oil (MTO) is an herbal remedy derived from the milk thistle plant known as
Silybum marianum. It contains a low level of silymarin and mixture of polyphenols and flavonoids that
have potentially beneficial effects on the cardiovascular system and metabolism. 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, and hypertension, increased oxygen consumption, as well
as markers of mitochondrial fusion and browning of white adipose in mice fed HFD. MTO also improved
fasting hyperglycemia by increasing insulin signaling in both adipose and the liver of mice fed a HFD.
Markers of inflammation were also significantly attenuated in both adipose and the liver of MTO treated
mice. In addition, MTO decreased matrix metalloproteinase 2 and 9 (MMP2 and MMP9), membrane type
I-matrix metalloproteinase (MT1-MMP) accompanied with the upregulated tissue inhibitors of
metalloproteinase 1 and 2 (TIMP1 and 2) that may contribute to the reduction of extracellular matrix

remodeling and the improvement of liver fibrosis. These results demonstrate that MTO has numerous
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beneficial actions to attenuate dietary obesity-induced weight gain, hyperglycemia, hypertension, and

inflammation and suggest that MTO supplementation may prove beneficial to patients exhibiting

symptoms of metabolic syndrome.
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To: "feadscience art com” <foodsciencearticle@gmail.com>
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Dr. Apuroz Giri

Editor-in-Cnief

International Journal of Food Science and Nutriten
E-mail address: apurbancr @gmail.com

Dear Dr. Gir:

We would like to submit our manuscript entitied “Milk Thistle Seed Cil Cold Press Standardized Prevents the Development of the
Metabolic Syndrome, Biood Pressure, in a Mouse Model of Dietary-Induced Obesity: Therapeutic Potential’ by Hsin-Hsueh Shen, Lars
Udo-Bel ner, Marco Raffaele, Maria Licari, Lars Bellner, Ragin Alex, David E. Stec, and Nacer G. Abraham. In this study, ve
demonstrate that MT seed oil cold press improves obesity-mediated insulin resistance and fiver fiorosis marers via an increase of
antioxidants and thermogenic genes, and decreases inflammatory adipokines. This suggests the potential ¢'inical use of MTO seed oil
cold press to attenuate or prevent the developmant of metabolic diseass associated with obasity.

Al authors have read and approvad the submission of the manuscript: the manuscript has not bezn published and is not being
considered for publication elsewhere, in who'e or in part.

We hope that you and the editorial committee find this manuscrio: suitadle for publication in the International Journal of Food Science
and Nutrition | thank vou in advance for vour attention to this matter.

Milk Thistle Seed Oil Cold Press Standardized Prevents the Development of the Metabolic

Syndrome, Blood Pressure. in a Mouse Model of Dietary-Induced Obesity

Hsin-Hsueh Shen'?, Lars Udo-Bellner?, Marco Raffaelel, Maria Licaril®,

Luca Vanella® , Ragin Alex” David E. Stec’, and Nader G Abraham!?

Departments of '"Medicine and *Pharmacology, New York Medical College, Valhalla, NY 10595,

Department and Institute of Pharmacology, National Defense Medical Center, Taipei, Taiwan

‘Department of Physiology and Biophysics, Cardiorenal and Metabolic Diseases Research Center,

University of Mississippi Medical Center. Jackson, MS 39216, USA

*Department of Drug Sciences, University of Catania, Catania, Italy

Abstract: Milk thistle Cold press Oil (MTO) is an herbal remedy derived from the milk thistle

plant known as Silvbum marianum. It contains a low level of silymarin and mixture of
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Cold Press Pomegranate Seed Oil Attenuates Dietary-Obesity Induced Hepatic Steatosis and

Fibrosis through Antioxidant and Mitochondrial Pathways in Obese Mice

FL

Obesity is associated with metabolic syndrome, hypertension, dyslipidemia, nonalcoholic fatty liver
disease (NAFLD) and type 2 diabetes. In this study, we investigated whether 1% Pomegranate seed
oil (PSO) exerts a protective effect in liver lipid uptake, fibrosis, and mitochondrial function in a
mouse model of obesity and insulin resistance. Method: In this in vivo study, 8 week-old C57BL/6J
male mice were fed with a high fat diet (HFD) for 24 weeks and treated with 1% PSO for an additional
8 weeks. We divided the mice into three groups of five each as follows: group 1) Lean, group 2) HF
diet, group 3) HF diet treated 1% with PSO. Physiological parameters, lipid droplet accumulation,
inflammatory biomarkers, antioxidant biomarkers, mitochondrial biogenesis, insulin sensitivity, and
hepatic fibrosis were determined to examine whether PSO intervention prevents obesity-associated
metabolic syndrome. Results: PSO group displayed an increase in oxygen consumption, a decrease

in fasting glucose, and blood pressure (P<0.05) as compared to the HFD fed mice group. PSO
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increased both activity and expression of hepatic HO-land downregulate inflammatory adipokines
such as NOV, TNF a, and IL-6. Moreover, PSO intervention decreased hepatic fibrosis illustrated by
a decrease in fibrotic markers such as MMP-2, MMP-9, as well as an improvement in liver function.
PSO increased levels of thermogenic genes, and mitochondrial signaling, and lipid metabolism
through increases in Mfn2, OPA-1, PDRM 16, and PGCla. Furthermore, PSO upregulates obesity
mediated hepatic insulin receptor phosphorylation Tyr-"’2, p-IRB tyr''*® and pAMPK, thereby
decreasing insulin resistance. Conclusion: These results indicated that PSO decreased obesity
mediated insulin resistance and progression of hepatic fibrosis through improved liver signaling as
manifested by increases in adiponectin, insulin receptors phosphorylation, and thermogenic genes
PRDM16. Furthermore, our findings indicate a potential therapeutic role for PSO in the prevention

of obesity-associated NAFLD, NASH and other metabolic disorders.

POHE:
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FL

Excessive lipid accumulation in white adipose tissue (WAT) results in adipocyte hypertrophy and
chronic low-grade inflammation, which is the major cause of obesity associated insulin resistance
and consequent metabolic diseases. Development of beige adipocytes in WAT (browning of WAT)
increases energy expenditure and has been considered as a novel strategy to counteract obesity.
Thymoquinone (TQ) is the main bioactive quinone derived from the plant Nigella Sativa with
antioxidation and anti-inflammatory capacities. Fish oil omega 3 (»3) improves insulin sensitivity
and glucose homeostasis in obesity, but the involved mechanisms remain to be elucidated.

The aim of this study is to explore the possible additive effects of thymoquinone (TQ) and omega 3
(®w3) PUFASs on obesity-associated inflammation, insulin resistance and the metabolic effects of
adipose tissue browning. 3T3-L1 cells were cultured to investigate the browning of WAT effects of
TQ and 3. C57/BL6 mice were fed a high-fat diet (HFD) supplemented with 0.75% TQ, 2% ®3 in
combination for 8 weeks.

In 3T3-L1 cells, TQ and ®3 reduced lipid droplet size and increased hallmarks of beige adipocytes
such as UCP1, PRDM16, FGF21, Sirtl, Mfn2 and HO-1 protein expression, accompanied by elevated
phosphorylation of AKT and insulin receptor. In the adipose tissue of HFD mice, TQ and 3 treatment
attenuated inflammatory adipokines NOV/CCN3 and TWIST2 and improved adipocyte hypoxia by
decreasing HIF1a expression, as well as upregulation of the hallmarks of beige adipocytes UCPI,
PRDM16, FGF21, and mitochondrial biogenesis markers PGCla, Sirtl and Mfn2. Increased AMPK
and ACC phosphorylation and HO-1 expression were observed in fat with TQ and ®3 treatment,
which led to increased pAKT and pIRS1 Ser’”’ expression. In addition to the fat, TQ and w3 also
improved inflammation and insulin sensitivity in the liver, evidenced by increased pIR tyr®’?, IR,
UCP1 and pIRS1 Ser’” and reduced NOV/CCN3 expression. Our data provides compelling evidence
that demonstrates the browning of WAT from TQ in combination with w3, which may play an
important role in improving obesity-associated insulin resistance and reducing the chronic

inflammatory state of obesity. The change to beige fat is evidenced by improved mitochondrial
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function, increase insulin sensitivity and increased thermogenesis that is classic of Brown and Beige

fat.
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