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Abstract

Objective—Obesity represents a major public health problem and identifying natural compounds
that modulate energy balance and glucose homeostasis is of interest for combating obesity and its
associated disorders. The naphthoquinone shikonin has diverse beneficial properties including
anti-inflammatory, anti-oxidant and anti-microbial effects. The objective of this study is to
investigate the effects of shikonin on adiposity and glucose homeostasis.

Methods—To that end, we determined the metabolic effects of shikonin treatment on mice fed
regular chow or challenged with a high fat diet (HFD).

Results—Shikonin treated mice fed regular chow exhibited improved glucose tolerance. In
addition, shikonin treated mice fed HFD displayed decreased weight gain and resistance to HFD-
induced glucose intolerance. Further, shikonin treatment decreased HFD-induced hepatic
dyslipidemia. These findings correlated with enhanced hepatic insulin signaling in shikonin
treated mice fed regular chow or HFD as evidenced by increased tyrosyl phosphorylation of the
insulin receptor and enhanced downstream signaling.

Conclusion—These studies identify shikonin as a potential regulator of systemic glucose

tolerance, energy balance and adiposity in vivo.
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Introduction

Methods

Obesity is a growing epidemic that presents a major health problem worldwidel: 2. Obese
individuals are at a higher risk of chronic diseases including cardiovascular diseases,
nonalcoholic fatty liver disease (NAFLD) and type 2 diabetes® 4. Type 2 diabetes is a
complex, polygenic disease that is characterized by increased insulin resistance in insulin-
responsive tissues such as liver, adipose and skeletal muscle?®. Insulin action is mediated by
a complex network of signaling events that are initiated upon insulin binding to the insulin
receptor (IR)®. Currently, few therapies are available for treating obesity and its associated
comorbidities in humans. Thus, identifying compounds that modulate energy balance and
glucose homeostasis is of major interest for combating obesity and its associated disorders
including type 2 diabetes.

Shikonin is a liposoluble naphthoquinone isolated from Lithospermum erythrorhizon and
has long been used in traditional herbal medicine for the treatment of measles, oozing
dermatitis, burns and wound healing®. Shikonin was reported to possess different medicinal
properties such as anti-inflammatory, anti-cancer and anti-microbial effects’~11, The
molecular bases for shikonin anti-inflammatory activities encompass inhibition of
cyclooxygenase-2 transcription, attenuation of mast cell degranulation, inhibition of
neutrophil respiratory burst, proteasome inhibition and inhibition of pyruvate kinase M2
(PKM2), among others12-17. The anti-cancer activities of shikonin involve inhibition of
DNA topoisomerase, induction of apoptosis and inhibition of PKM2, among others 18-20.
In addition, several studies establish salutary effects of shikonin in metabolic regulation, in
particular enhancing glucose uptake and inhibiting adipogenesis. Shikonin stimulates
glucose uptake in 3T3-L1 adipocytes, primary adipocytes and cardiomyocytes?L, in part
through inhibiting phosphatase and tensin homolog deleted on chormosome 10 (PTEN) and
protein-tyrosine phosphatase 1B (PTP1B)%2. Moreover, shikonin treatment enhances glucose
transporter 4 (GLUT4) translocation and glucose uptake in skeletal muscle and improves
plasma glucose levels in diabetic rats23. Further, shikonin inhibits adipogenesis in 3T3-L1
adipocytes, in part, by modulating WNT/B-catenin24 25 and attenuating ERK1/225 signaling.
In this study we examined the metabolic effects of shikonin treatment on body mass and
glucose homeostasis using mice fed regular chow and high fat diet.

Mouse studies

All mice used in these studies were males and on a C57BL/6J background. Mice were age-
matched and were maintained on a 12-hour light-dark cycle with free access to water and
food. Mice were fed standard lab chow (Purina lab chow, # 5001), and in some experiments,
switched to a high fat diet (HFD; 60% kcal from fat, # D12492, Research Diets) at 6 weeks
of age. Mice were treated with shikonin (2 mg/kg/day) for 5 consecutive days as previously
described?” and outlined in figure 1A. Briefly, shikonin was dissolved in DMSO at a
concentration of 10 mg/ml and then diluted in pre-warmed PBS to a final concentration of
0.2 mg/ml before injection. Control, non-treated mice were injected with DMSO (similar
dilutions as shikonin solution) as a vehicle control. Mice received a final injected volume of
1% of their body weight. For body composition studies whole-body fat and lean mass were
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assessed as described?8 using the quantitative magnetic resonance method (Echo, MRI 3-
in-1, Echo Medical Systems). All mouse studies were conducted in line with federal
regulations and were approved by the Institutional Animal Care and Use Committee at
University of California Davis.

Metabolic measurements

Glucose was measured in blood collected from the tail using a glucometer (Home Aide
Diagnostics). Serum insulin was determined by enzyme linked immunosorbent assay
(ELISA) using mouse insulin as a standard (Crystal Chem). Free fatty acid (FFA) and
triglyceride (TG) concentrations were measured by an enzymatic colorimetric method
(Wako). Fed glucose measurements were taken between 7-9 am and, where indicated, from
mice fasted for 12 h. For insulin tolerance tests (ITTs), mice were fasted for 4 h and injected
intraperitoneally (i.p.) with 0.75 U/kg body weight human insulin (HumulinR; Eli Lilly).
Blood glucose values were measured before and at 15, 30, 45, 60, 90 and 120 min post-
injection. For glucose tolerance tests (GTTs), overnight-fasted mice were injected with 20%
D-glucose at 2 mg/g body weight, and glucose was measured before and at 30, 60, 90 and
120 min following injection.

Biochemical analyses

Tissues were ground in liquid nitrogen and lysed using RIPA buffer. Lysates were clarified
by centrifugation at 13,000 rpm for 10 min and protein concentrations were determined
using bicinchoninic acid protein assay kit (Pierce Chemical). Proteins were resolved by
SDS-PAGE and transferred to PVDF membranes. Immunoblotting of lysates was performed
with antibodies for pERK1/2 (Tyr202/Thr204), ERK1/2, pAKT (Ser473), AKT, pSTAT3
(Tyr705), STAT3 (Cell Signaling Technology), IRS1 (Millipore), pIR (Tyr1162/Tyr1163),
IR and Tubulin (Santa Cruz Biotechnology). Proteins were visualized using enhanced
chemiluminescence (ECL, Amersham Biosciences) and pixel intensities of immuno-reactive
bands were quantified using FluorChem 8900 (Alpha Innotech). Data for phosphorylated
proteins are presented as phosphorylation level normalized to protein expression.

RT-PCR analyses

Total RNA was extracted from liver samples using TRIzol reagent (Invitrogen). cDNA was
generated using high-capacity cDNA synthesis Kit (Applied Biosystems). Sebplc, Scdl,
Cptla, Mttpl, Atgl, Hsl, Pepck and G6pase were assessed by SYBR Green quantitative real
time PCR using SsoAdvanced™ Universal SYBR® Green Supermix (iCycler, BioRad).
Relative gene expression was quantitated using the ACT method with appropriate primers
(Table 1) and normalized to Tata-box binding protein (Tbp). Briefly, the threshold cycle (Ct)
was determined and relative gene expression was calculated as follows: fold
change=2-A(ACt), where ACt=Ct target gene—Ct TBP (cycle difference) and A(ACt)=Ct
(treated mice)—/Ct (control mice).

Statistical analyses

Data are expressed as means * standard error of the mean (SEM). Statistical analyses were
performed using the JMP program (SAS Institute). ITTs, GTTs, body weight and adiposity
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data were analyzed by analysis of variance (ANOVA). Post-hoc analysis was performed
using Tukey-Kramer honestly significant difference test. For biochemistry studies,
comparisons between groups were performed using unpaired two-tailed Student’s t test.
Differences were considered significant at p<0.05 and highly significant at p<0.01.

Improved glucose tolerance in shikonin-treated mice fed regular chow diet

To investigate the metabolic effects of shikonin in vivo we determined body weight and
glucose homeostasis in shikonin treated mice fed regular chow as detailed in Methods (Fig.
1A). Body weights of control and shikonin treated mice were comparable suggesting that
any differences in systemic glucose tolerance were likely primary and not due to body
weight alterations (Fig. 1B). In addition, food intake (adjusted to body weight) and feed
efficiency were comparable between control and shikonin treated mice (Fig. 1C). In line
with these observations, tissue weights were comparable between groups, however shikonin
treated mice displayed nominal increase in brown adipose tissue (BAT) and liver weights
and nominal decrease in epididymal fat weight compared with controls (Fig. 1D). Moreover,
we assayed several metabolic parameters of whole body glucose and lipid homeostasis
(Table 2). Shikonin treated mice displayed significantly lower fed and fasted glucose and
insulin concentrations compared with controls. In addition, fed and fasted serum free fatty
acid concentrations were comparable, but shikonin treated mice displayed increased fed and
fasted serum triglycerides compared with controls (Table 2). To directly assess insulin
sensitivity, mice were subjected to insulin tolerance tests (ITTs) as detailed in Methods.
After insulin injection shikonin treated mice exhibited comparable reduction in blood
glucose to controls (Fig. 2A). On the other hand, shikonin treated mice displayed
significantly increased ability to clear glucose from the peripheral circulation during glucose
tolerance tests (GTTs) indicating improved glucose tolerance (Fig. 2B). Together, these
findings demonstrate that shikonin treatment of mice fed regular chow does not significantly
alter body weight but enhances glucose tolerance.

Decreased body weight and adiposity in shikonin-treated mice fed HFD

To investigate whether shikonin treatment affects energy balance, we determined body
weights of mice fed HFD with and without shikonin treatment. Body weights of shikonin
treated mice were significantly lower than controls and by week 30 shikonin treated mice
weighed 14.7 + 2.1 % less than controls (Fig. 3A). Comparable findings were observed in an
independent cohort of mice and by week 20 shikonin-treated mice weighed 9.6 + 3.7 % less
than controls (data not shown). In addition, food intake (adjusted to body weight) and feed
efficiency were comparable between shikonin treated and control mice, with shikonin
treated mice exhibiting a trend for increased food intake (Fig. 3B). Consistent with
decreased body weight, H&E stained subcutaneous white adipose tissue of shikonin treated
mice fed HFD displayed smaller cell size compared with controls (Fig. 3C). To determine
the tissues that contribute to decreased body weight in shikonin treated mice we performed
body composition analysis on mice fed HFD for 24 weeks. Liver, BAT and WAT depots
weights were significantly lower in shikonin treated mice compared with controls (Fig. 3D).
To further evaluate effects of shikonin treatment on fat mass, we performed MRI analysis on
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mice fed regular chow for 18 weeks and HFD for 12 weeks with and without shikonin
treatment (Fig. 3E). Consistent with previous observation, shikonin treatment decreased fat
mass in mice fed chow and HFD and a trend for increased lean mass in mice fed HFD.
Moreover, we assayed several parameters of whole body glucose and lipid homeostasis
(Table 2). Shikonin treated mice fed HFD displayed significantly lower fed and fasted
glucose and insulin concentrations compared with controls. On the other hand, fed and
fasted serum free fatty acid concentrations were comparable between groups while fed
serum triglycerides were elevated in shikonin treated mice compared with controls (Table
2). ITT revealed comparable overall reduction in blood glucose in shikonin treated mice
compared with controls with shikonin treated mice exhibiting lower basal glucose (Fig. 4A).
However, GTT revealed improved glucose tolerance in shikonin treated mice fed HFD
compared with controls (Fig. 4B). Together, these findings provide in vivo evidence that
shikonin treatment decreases adiposity and HFD-induced weight gain.

Decreased hepatic dyslipidemia in shikonin treated mice fed HFD

High fat feeding causes accumulation of lipids in the liver, a process that leads to fatty liver
disease and eventually to non-alcoholic steatohepatitis?®. H&E staining of liver sections of
control mice fed chow and HFD revealed increased lipid accumulation upon high fat feeding
(Fig. 5A). However, shikonin treated mice presented with a lower number of lipid droplets
than controls. In addition, liver triglycerides concentration was decreased in shikonin treated
mice compared with controls fed HFD (Fig. 5B). Consistent with these findings, hepatic
mRNA of lipogenic genes such as sterol regulatory element-binding protein 1 (Srebplc) and
stearoyl-CoA desaturase (Scdl1) was significantly lower in shikonin treated mice fed HFD
compared with controls (Fig. 5C). In addition, hepatic mRNA of carnitine
palmitoyltransferase 1a (Cptla) that is implicated in p-oxidation was increased in shikonin
treated mice fed chow and HFD. Similarly, gene for VLDL secretion, such as microsomal
triglyceride transfer protein (Mttp) was increased in shikonin-treated mice fed HFD
compared with controls. Moreover, adipose triglyceride lipase (Atgl) and hormone sensitive
lipase (Hsl) mMRNA was increased in livers of shikonin treated mice fed HFD compared with
controls. Finally, hepatic gluconeogenesis genes phosphoenolpyruvate carboxykinase
(Pepck) and glucose 6 phosphatase (G6pase) were decreased in shikonin treated mice fed
HFD consistent with their improved glucose tolerance. Together, these findings suggest that
shikonin treatment may confer protection against development of HFD-induced hepatic
dyslipidemia.

Increased hepatic insulin signaling in shikonin-treated mice

To decipher the molecular basis for enhanced glucose tolerance in shikonin treated mice, we
investigated hepatic insulin signaling. We injected overnight fasted shikonin treated and
control mice with insulin (10 units/kg) or saline and analyzed hepatic insulin signaling.
Basal and insulin-induced tyrosyl phosphorylation of the IR at Tyrl162/Tyr1163 was
increased in shikonin treated mice fed chow or HFD compared with controls (Fig. 6).
Similarly, immunoprecipitates of IRS1 revealed increased basal and insulin-stimulated
tyrosyl phosphorylation in shikonin treated mice fed chow or HFD compared with controls.
In line with increased IR and IRS1 tyrosyl phosphorylation, basal and insulin-stimulated
AKT phosphorylation on Ser#’3, and ERK1/2 phosphorylation on T202/Y204 were enhanced
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in shikonin treated mice. Finally, basal and insulin-induced tyrosyl phosphorylation of the
signal transducer and activator of transcription 3 (STAT3) at Tyr’% was increased in
shikonin treated mice fed chow or HFD compared with controls (Fig. 6). Taken together,
these data suggest that enhanced glucose tolerance in shikonin treated mice is due, at least in
part, to improved hepatic insulin sensitivity.

Discussion

The increasing prevalence of obesity and its associated comorbidities including NAFLD and
type 2 diabetes demands effective therapeutic interventions. Shikonin has long been used in
traditional herbal medicine and is reported to have beneficial properties such as anti-
inflammatory, anti-cancer and anti-microbial effects. In this study, we report the effects of
shikonin on metabolic regulation in vivo. Shikonin treatment improved systemic glucose
tolerance in mice fed regular chow and HFD. Moreover, shikonin treated mice fed HFD
gained less weight than controls and shikonin mitigated HFD-induced metabolic damage. At
the molecular level, shikonin treated mice displayed increased hepatic insulin signaling.
Together, these studies identify shikonin as a regulator of glucose tolerance and adiposity in
vivo and suggest that shikonin treatment may confer some protection against development of
HFD-induced metabolic damage.

Shikonin improved glucose homeostasis and enhanced glucose tolerance in mice fed regular
chow and HFD. The enhanced glucose tolerance in shikonin treated mice is a primary effect
and not secondary to body weight since it was observed in mice fed regular chow in absence
of significant changes in body mass and adiposity. These findings are in line with a previous
report demonstrating improved fed glucose levels and insulin sensitivity in shikonin treated
diabetic Goto-Kakizaki rats?3. Consistent with their improved glucose tolerance shikonin
treated mice exhibited decreased Pepck and G6pase expression and improved hepatic insulin
signaling. Together, these findings suggest that the liver is a contributor to the actions of
shikonin in regulating glucose homeostasis. However, the contribution of additional tissue(s)
such as the pancreas to enhanced glucose tolerance in shikonin treated mice cannot be ruled
out and the effect of shikonin on basal and glucose-stimulated insulin secretion warrants
additional investigation.

Shikonin mitigated HFD-induced body weight gain in mice. Shikonin treated mice exhibited
significant changes in body mass and adiposity relative to untreated mice as evidenced by
reduction in white fat depots. These findings are in line with previous studies that
demonstrate inhibition of adipogenesis in 3T3-L1 adipocytes by shikonin24-26, However,
the physiological basis for decreased weight gain in shikonin treated mice fed HFD is
currently unclear. Conceivably, shikonin may regulate adiposity by modulating energy
intake and/or energy expenditure. The current data indicate that shikonin treated mice
exhibit comparable energy intake to controls. Shikonin could regulate energy expenditure by
increasing uncoupling protein expression and p-oxidation in brown adipose tissue and
skeletal muscle and/or enhancing “browning” of the white adipose tissue30: 31, Indeed,
preliminary studies indicate increased expression of markers of brown fat in subcutaneous
adipose tissue of shikonin treated mice compared with controls (unpublished data).

Obesity (Slver Soring). Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bettaieb et al.

Page 7

Shikonin mitigated HFD-induced hepatic damage and dyslipidemia in mice. Shikonin
treated mice exhibited decreased HFD-induced hepatic dyslipidemia as evidenced by
decreased hepatic TGs and lipid accumulation. This is in line with decreased mRNA of
lipogenic genes and increased mMRNA of genes implicated in fatty acid oxidation, lipolysis
and VLDL secretion (Fig. 5C) in shikonin treated mice compared with controls. It is worth
noting that hepatic STAT3 activation can attenuate lipogenesis through suppression of
SBREP1c promoter activity and decreasing SREBP1c protein expression32, in line with the
current findings from shikonin treated mice. On the other hand, shikonin treated mice
exhibited elevated serum TG concentrations suggesting a potentially disadvantageous
metabolic effect of shikonin. Preliminary studies indicate activation of hormone sensitive
lipase and adipose triacylglycerol lipase in adipose tissue of shikonin treated mice
(unpublished data) suggesting increased lipolysis that may contribute to the elevated serum
TG concentrations. Together, these results identify shikonin as a potential new regulator of
HFD-induced weight gain and hepatic dyslipidemia.

The tissues and molecular mechanisms mediating the metabolic effects of shikonin remain
to be determined. Hitherto, the bioavailability and turnover time of shikonin are not known.
To address this issue, we developed a highly sensitive ultraperformance liquid
chromatography (UPLC)-tandem mass spectrometry (MS/MS) based method to profile
shikonin in various bio-specimens from control and shikonin treated mice. Preliminary
UPLC-MS/MS analysis shows presence of shikonin in the pancreas and epididymal adipose
tissue of treated mice (but not in liver, serum or muscle) at time of sacrifice (unpublished
data). Additional studies are warranted to evaluate the temporal bioavailability of shikonin
during various interventions. At the molecular level, shikonin may modulate several targets
that have been implicated in metabolic regulation such as protein-tyrosine phosphatases
(PTPs) and PKM2. Shikonin stimulates glucose uptake in 3T3-L1 adipocytes through
inhibiting PTEN and PTP1B21: 22, PTP1B is an established metabolic regulator in mammals
and a pharmacological target for obesity and type 2 diabetes (reviewed in33), and PTEN has
been implicated in regulating brown adipose tissue function and energy expenditure3*. In
addition, shikonin may regulate other PTPs such as Src homology phosphatase 2 (Shp2).
Hepatic Shp2 deficiency leads to decreased weight gain and liver steatosis and increased
hepatic STAT3 phosphorylation3® as observed with shikonin-treated mice. Moreover,
shikonin is a potent inhibitor of PKM218 and protects mice from lethal endotoxemia and
sepsist’. The role of PKM2 in metabolic regulation remains to be established but PKM2
phosphorylation and activation in adipose tissue correlates with glucose intolerance and
insulin resistance36.

In summary, the current data establish shikonin as a potential novel regulator of glucose
homeostasis and adiposity. While additional studies are required to delineate the long term
effects of shikonin treatment and the underlying molecular mechanisms, these findings
suggest that shikonin may be of potential use in management of disorders associated with
the metabolic syndrome.
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What is already known about this subject?
1. Shikonin exhibits anti-inflammatory, anti-cancer and anti-microbial effects
2. Shikonin stimulates glucose uptake in adipocytes
3. Shikonin inhibits adipogenesis in adipocytes

What does this study add?

1. Shikonin treated mice exhibit improved glucose tolerance when fed regular
chow.

2. Shikonin treated mice fed high fat diet (HFD) displayed decreased weight gain
and resistance to FD-induced glucose intolerance.

3. Shikonin treatment decreased HFD-induced hepatic dyslipidemia in mice
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Figure 1. Effects of shikonin treatment on body weight and adiposity in mice fed regular chow

diet

A) Schematic representation of experimental timeline for administering shikonin and
evaluating metabolic parameters in mice fed regular chow and HFD. B) Body weight of
male mice fed regular chow diet for 18 weeks without (Ctr; n=9) and with (Shik; n=12)
shikonin treatment. C) Food intake (adjusted to body weight) and feed efficiency in male
mice without (n=9) and with shikonin treatment (n=12) at 12 weeks. D) Tissue weights of
mice without (n=9) and with shikonin treatment (n=12) at 18 weeks. *p<0.05 indicates
significant difference between control and shikonin-treated mice.
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Figure 2. Enhanced glucose tolerance in shikonin-treated mice fed regular chow diet
A) Insulin tolerance test (ITT) and (B) glucose tolerance tests (GTT) in male control (n=9)

and shikonin treated (n=12) mice fed chow diet for 12 weeks. **p<0.01 indicate significant
difference between control and shikonin treated mice at the indicated time.

Obesity (Slver Soring). Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bettaieb et al.

A
607

507

407

307

Body weight (g)

207

107

O

Tissue weight (% of BW)

5

10 15
Age (weeks)

20

25

30

oo}

0.1

0.075+

(g/gBW/Day)

0.05+

0.025

Food intake

Ctrl  Shik

Feed efficienc

Figure 3. Decreased body weight and adiposity in shikonin-treated mice fed high fat diet
A) Body weight of male control (n=7) and shikonin treated (n=10) mice fed high fat diet for

24 weeks B) Food intake (adjusted to body weight) and feed efficiency in control and
shikonin-treated mice fed HFD for 12 weeks. C) Hematoxylin and Eosin-stained sections of
subcutaneous WAT of control and shikonin-treated mice fed HFD for 24 weeks. Scale bar:
50um. D) Tissue weight (percent of body weight) in male control (n=7) and shikonin-treated
(n=10) mice fed HFD for 24 weeks. E) Body composition of control and shikonin treated
mice fed chow diet for 18 weeks or HFD 12 weeks determined using a quantitative magnetic
resonance method. n=6 per group. *p<0.05; **p<0.01 indicate significant difference
between control and shikonin treated mice.
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Figure 4. Enhanced glucose tolerance in shikonin-treated mice fed HFD
A) Insulin tolerance test (ITT) and (B) glucose tolerance tests (GTT) in male control (n=7)

and shikonin treated (n=10) mice fed HFD for 12 weeks. . *p<0.05; **p<0.01 indicate
significant difference between control and shikonin treated mice at the indicated time.
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Figure 5. Decreased hepatic dyslipidemia in shikonin-treated mice fed HFD
A) Hematoxylin and Eosin-stained of liver from control and shikonin-treated mice fed HFD

for 24 weeks. Scale bar: 100um. B) Hepatic triglyceride of control and shikonin treated mice
fed chow and HFD. Liver was harvested from fed chow and HFD mice at 18 or 30 weeks of
age, respectively. Values are expressed as the mean + SEM of measurements obtained for 6—
8 animals per genotype. **p<0.01 indicate statistically significant difference between chow
and HFD. t1p<0.01 indicate statistically significant difference between control and shikonin
treated mice on either diet. C) Quantitative real-time PCR determination of mRNA of genes
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implicated in fatty acids (FA) synthesis, FA oxidation, or FA uptake, and very low-density
lipoprotein (VLDL) secretion, lipolysis and gluconeogenesis (normalized against Thp) in
livers of control and shikonin-treated mice fed chow diet for 30 weeks and HFD for 24
weeks. *p<0.05; **p<0.01 indicate significant differences HFD versus chow fed mice.
tp<0.05; t1p<0.01 indicate significant differences between shikonin treated versus non-
treated mice.
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Figure 6. Increased hepatic insulin signaling in shikonin-treated mice
Control and shikonin-treated mice (A) fed chow diet for 30 weeks or (B) high fat diet for 24

weeks were fasted overnight then injected i.p. with saline or insulin and sacrificed after 10
minutes. Total liver lysates were also immunoblotted with antibodies against pIR (Tyr1162/
Tyr1163), pAKT (Serd73), pERK1/2 (Tyr202/Thr204), and pSTAT3 (Tyr705) and their
corresponding unphosphorylated proteins. Total liver lysates were immunoprecipitated with
IRS1 antibodies, immunoblotted with phosphotyrosine antibodies (4G10 and PY99) then
stripped and reprobed for IRS1 to control for loading. C) Bar graphs represent data for pIR
(Tyr1162/Tyr1163)/IR, pIRS1 (PY99/4G10)/IRS1, pERK1/2 (Tyr202/Thr204)/ERK1/2,
pAKT (Serd73)/AKT, and pSTAT3 (Tyr705)/STAT3 (n=4) as means + SEM. *p<0.05;
**p<0.01 indicate significant difference between insulin-stimulated versus basal. 1p<0.05;
t1p<0.01 indicate significant differences between shikonin treated versus non-treated mice.
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Primer sequences used to quantitate Srebplc, Scdl, Cptla, Mttpl, Atgl, Hsl, Pepck, G6Pase and TBP

Table 1

expression.
Gene Forward 5'—>3’ Reverse 5'—>3'
Atgl AGTTCAACCTTCGCAATCTC GTCACCCAATTTCCTCTTGG
Cptla CTCCGCCTGAGCCATGAAG CACCAGTGATGATGCCATTCT
G6Pase | TCGGAGACTGGTTCAACCTC ACAGGTGACAGGGAACTGCT
Hsl CATCTTTGGCTTCAGCCTCTTCCT | ATGGCTCAACTCCTTCCTGGAACT
Mttpl CTCTTGGCAGTGCTTTTTCTCT GAGCTTGTATAGCCGCTCATT
Pepck CTAACTTGGCCATGATGAACC CTTCACTGAGGTGCCAGGAG
Scdl TTCTTGCGATACACTCTGGTGC CGGGATTGAATGTTCTTGTCGT
Serbplc | GAGCCATGGATTGCACATTT CTCAGGAGAGTTGGCACCTG
Thp TTGGCTAGGTTTCTGCGGTC GCCCTGAGCATAAGGTGGAA
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