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Abstract: In this investigation, a model of type 2 diabatesdlitus (T2DM) was used
on Sprague-Dawley (SD) rats to clarify more detaflthe mechanism in the therapy
of T2DM. D-chiro-inositol (DCI) was administrated the diabetic rats as two doses
[30, 60 mg/ (kg-body weight-day)]. The biochemiaalices revealed that DCI had a
positive effect on hypoglycemic activity and proeutthe glycogen synthesis. The
rats in DCI high-dosage group had a blood gluceskiation rate of 21.5% after 5
weeks of treatment, and had insulin content inreeabout 15.3+2.37 mlU/L which
was significantly decreased than diabetes connmlg Real-time polymerase chain
reaction (RT-PCR) results revealed that DCI gaymsitive regulation on glycogen
synthase (GS) and protein glucose transporter-dt4ds|1\Western blotting suggested
that DCI could up-regulated the expression of th@sphatidylinositol-3-kinase
(PI3K) p85, PI3Kp110, GS as well as the phosphtipftaof protein kinase B (Akt)
both in the liver and the skeletal muscle. Theltesalso revealed that DCI enhanced
the Glut4 expression on skeletal muscle. Above 2] played a positive role in
regulating insulin-mediated glucose uptake throtigh PI3K/Akt signaling pathway
in T2DM rats.

Key words: D-chiro-inositol; diabetes mellitus; PI3K/Akt sigimy pathway; liver

tissue; skeletal muscle
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I ntroduction

There has been a sharp increase of diabetes dbeos®rld in recent decades, and
diabetes has become the third largest non-commhirichseases followed by tumor
and cardiovascular disease, which is a serious ganm human health and even
life-threatening. 90% of the diabetes cases are M2@hich is known as
non-insulin-dependent diabetes mellitgjgne and Moller. 2000Buse, 201LropN s
characterized by insulin resistarfd@" Shih changetal. 201304 impaired insulin secretion
due toB-cell dysfunction (Shama. Bhart, Goyal etal. 201y hich js g state where insulin has a
reduced ability to mediate glucose homeostasidsimmiajor target tissues, such as
skeletal muscle, adipose tissue and liVEF™ 2°° T2DM has many related
complications, including hyperglycemia, dyslipidemi abdominal obesity,
hypertension etc(Salas-Salvadd, Martinez-Gonzalez, Bullo et allBOat nresent, while there are
many effective drugs for the treatment of diabetég, side effects and adverse
reactions of them cannot be ignored for most oféhdrugs would cause damage to
multiple organs when they play the treatment furctiTherefore, it is necessary to
find a new natural active component for the treatinué diabetes with assured safety
and efﬁCiency.(Hu' Xia, Wang et al., 2014)

Many researches had shown some natural plant &xingithh an effect of enhancing
insulin sensitivity to the insulin resistant expeental animals!©ha"9: Chou Liao etal, 2015)
DCI, a kind of isomers of inositol, was rich in nydeguminosae plants and animal
viscus. For the past few years, DCI was regardealkasd of food additives (or food
fortifier) and was allowed to be added into somecfional health care products in
some of the western countries. Some research sepoirtited out, DCI plays a crucial
role in insulin signaling processes and insulinstesce would be caused by a lack of
enough DCI in viyoWenes and varela-Nieto, 199 arafore, many DCl-enriched foods were
recommended to the diabetes or prediabetes sultjgdfse doctor aim to assist the
diabetic treatment. DCI helped to regulate the Moghhysiological function and
b(Larner, Brautigan and Thorner, 2010)

metabolic balance, to reduce the prevalence ofetis

however, its functional mechanisms of hypoglyceefiect remains to be inquired.
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Liver is the most predominant visceral organ tautate the glucose metabolism by
means of plenty of signaling pathways. PI3K/Akthyeay is one of the most primary
signaling pathways which thought to be a major mae@m involved in insulin

g (Avramoglu, Basciano and Adeli, 200651,,t4 plays an explicit role in regulating

resistanc
glucose homeostasis through translocation andadiivin skeletal muscle, triggered
by insulin dependent PI3K/Akt pathwafVaison. Kanzaki and Pessin, 2004harafore,
therapeutic approaches target on these specifiabolet indexes in the management
of T2DM are advocated. In this study, high-fat di¢ED) fed-streptozotocin (STZ) -
induced T2DM rats were used to clarify the effe€t@ClI on T2DM and its
mechanisms, with focusing on the improvement of BInsulin sensitivity and the

identification of the role of DCI in the criticabthway of insulin sensitivity.
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Materials and Methods
Chemicals

D-chiro-inositol (95%) used in this study was pwséd from Shanghai Newgenco
Bioscience Co., Ltd. (Shanghai, China). STZ waglpased from Sigma Chemical Co.
(St. Louis, MO, USA). Insulin was obtained from Dguo Changsheng
Biotechnology Co., Ltd. (Beijing, China). Trizol wapurchased from TransGen
Biotech Co., Ltd. (Beijing, China). Antibodies PIB85, PI3Kp110, Akt, phospho-Akt,
GSK-33, GS and Glut4 were obtained from Cell Signaling Texdbgy Inc. (Danvers,
MA, USA), secondary antibody was obtained from ZSBIB Technology Co., Ltd.
(Beijing, China). RIPA was bought from Solarbio &we & Technology Co., Ltd.
(Beijing, China). ECL was bought from Advansta Iffdenlo Park, CA, USA).
Others laboratory chemicals were of analytical grad
Materials

A blood glucose meter and blood glucose test stigre obtained from Johnson &
Johnson, Co. (New Brunswick, NJ, USA). A rat insukLISA kit was purchased
from Dingguo Changsheng Biotechnology Co., Ltd.ijjBg, China). Glycogen Assay
Kit was obtained from Dingguo Changsheng BiotecbgyplCo., Ltd. (Beijing, China).
PrimeScript¥ RT reagent kit and SYBR Premix Ex THgll (Tli RNaseH Plus) kit
were bought from TaKaRa Biotechnology Co., Ltd. [{@8 China). Nitrocellulose
membrane was bought from Solarbio Science & TedyyCo., Ltd (Beijing, China).
An SABC (Rabbit IgG - POD) kit was bought from Sbla Science & Technology
Co., Ltd. (Beijing, China).
Animals

Male SD rats (200+20 g) chosen in our experimenevpeirchased from the animal
house of Beijing University Science Center. Allsravere housed in internally
flawless animal rooms with constant temperaturec228) and humidity (55+10 %).
The room kept 12 h light/dark cycle with unresetttfood and water. The animals
were approved by the Animal Care and Use Committee all of the animal facilities
and experimental procedures were carried out acwptd the Technical Standards

for Testing & Assessment of Health Food (2003).
5



89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

Induction of T2DM in Ratsand Medicinal Dosage

The animals were divided into normal chow diet gr¢20 rats included) and HFD
group randomly after adapted to the laboratoryremment for a week. A month later,
the HFD rats were injected intraperitoneally withZSsolution at a dose of 30 mg /
(kg-body weight (bw)) and the normal chow diet groats received the vehicle only.
Seventy-two hours after injection, the HFD ratshwiilood glucose leveb11.1
mmol/L were considered as T2DM rats and used infalere experimentda"d: W
Wang et al., 2015,Srinivasan, Viswanad, Asrat et28105,Wu, Wen, Qi et al., 20121'hen the T2DM rats were
divided into three groups at random and each growmgained 10 rats to receive
treatment. The Recommended Daily Allowances (RDAPGI was 300 mg to 600
mg per day in a 60 kg human and the dose of sangples to the rat should be 6
times than humans’ because of its larger surfa@a.aAfter calculating, the
experiment set a first group (low-dosage group, tdzeived DCI at 30 mg / (kg-bw)
per day, the second group (high-dosage group, ld&gived DCI at 60 mg / (kg-bw)
per day and the last one received distilled watdy @diabetes control group, DC).
Ten rats were chosen from the NC group to rece@édd 60 mg / (kg-bw) per day as
the normal high-dosage control group (NH), in oremspect the side-effect of DCI
to the normal rats.

Oral Glucose Tolerance Test (OGTT) and Insulin Tolerance Test (ITT)

OGTT were performed in overnight-fasted rats fromerg group. NC and DC
groups were administered with distilled water gtallD, HD and NH groups were
given 30 mg/kg, 60 mg/kg and 60 mg/kg DCI sepayafelenty minutes later, all the
rats were orally administered glucose at a dosggt{g. Blood was withdrawn from
the tip of the tail at 0, 30, 60 and 120 min frolinfi@e groups to measure the blood
glucose level.

ITT were performed in overnight-fasted rats frothgabups 72h after the OGTT.
Twenty minutes after administration of the vehi@estilled water) and DCI, the rats
were injected insulin at 0.15 U/kg intraperitongalimilar to the procedure for
OGTT has shown that the blood samples were witharatnO, 30, 60 and 120 min

after the injection of insulin, and the blood glsedevel was measured.
6
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Biochemical Analysis

Rats were sacrificed at the end of the experinaat blood samples and viscera
organs were stored at -8C in the refrigerator for future use. The fastirigdol
glucose (FBG) level was determined by using the@dlglucose meter and test strips
each week. The fasted serum insulin (FINS) wasrohted by ELISA kit. The
concentrations of glycogen in liver and skeletalsole were tested by Glycogen
Assay Kit. All the parameters were performed aceowydto the manufacture’s
instructions.
RT-PCR Analysis

The viscera organs were stored at -80in the refrigerator for RT-PCR analysis.
RT-PCR was performed to determine the effect of DEhene level. Total RNA was
extracted from liver using Trizol reagent, and tle@centration of the total RNA was
determined by the ultraviolet spectrophotometee RNA was converted to cDNA
by using RT-PCR kits. The specific primers whicblude both sense and antisense
were used for the amplification of DNA (Tablel).
Western Blot Analysis

The viscera organs were stored at -80in the refrigerator for Western blot
analysis. The expression of proteins including RIBK (85 kDa), PI3Kp110 (110
kDa), Akt (60 kDa), p-Akt (60 kDa), GSKBX46 kDa) GS (81-85 kDa and Glut4

(50 kDa> were analyzed by Western blot. In brief, 100 mguéswas homogenized
in RIPA buffer for 10 min, followed by centrifugati at 4C 10000 r/min for 5 min.
Then transferred the supernatant to a new cleanifcge tube and used the Bradford
colorimetric method to determine the concentratiérihe total protein. The tissue
protein (50-70ug) was subjected to 10% SDS-PAGE for 1 h at 80 & fam 2 h at
100 V, in order to separate the target protein ftbenothers. Proteins were transferred
to a nitrocellulose membrane for 3 h at 300 mA lwea transfer. The membrane was
incubated in blocking solution containing 5% nonéliied milk for 2 h at room
temperature. Subsequently, the membrane was exgostw desired the primary
antibodies, phosphate buffer saline (PBS) contgiffi3Kp85 antibody (1:1000),

PI3Kp110 antibody (1:1000), Akt antibody (1:100Q);Akt (Ser473) antibody
7
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(1:2000), GSK-B antibody (1:1000), GS antibody (1:1000) and Glatztibody
(1:1000), incubated with the membrane & 4vernight;B-actin (43 kDa) was used
as control protein. After incubation with the sedary antibody for 2 h at room
temperature, the membrane was exposed to chemisoent reagent (ECL) for
about 5-10 min. The expressions of the proteinthermembranes with fluorescence
were exposed to X-ray photographic films in a daokn and the band densities were
guantified.
I mmunohistochemistry

Liver tissues were put into 4% formaldehyde sohlufior 12 h and placed into 80%
alcohol for immunohistochemistry use. Liver tissumsbedded in paraffin were
performed on pm paraffin sections for immunohistochemical stagniiihe paraffin
sections were dewaxed and rehydrated before b@ompgd into 0.01 M citrate buffer
(pH 6.0) with a boiling water reaction to retrieaetigen. The paraffin sections were
incubated with 3% bD, to quench the activity of endogenous peroxidasenTthe
sections were incubated in the solution contair38 BSA to block nonspecific
binding sites whereas endogenous avidin-bindingiictvas inhibited by continuous
treatment with avidin-biotin. The following stepttbe immunodetection experiment
was according to the manufacture’s instructiontfier SABC (rabbit IgG) - POD Kit.
For each antibody, a negative control was includashich the primary antibody was
replaced with PBS.
Statistical Analysis

All of the data were presented as means + SD. AN®VA with post-hoc
comparisons were used to exhibit the significarfadifterences between samples and
these differences were considered significant wpe0.05, wherea<0.01 was
regarded as very significant (SPSS version 20.atisfital Package for the Social
Sciences Software, SPSS Inc., Chicago, IL, USA).
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Results
Effects of DCI on Increasing Body Weight and Reducing FBG

Table 2 reveals the body weight of all the SD rBtedy weight was measured each
week and diabetic rats were very significantly lowlean the normal ones after
establishing the T2DM modep<€0.01). The DC group was very significantly lower
than that of the NC group during the whole expenitr(e<0.01). The body weight of
LD and HD groups were significant higher than tbathe DC group after treated
with DCI for 5 weeks§<0.05).

The FBG levels of all experimental rats were listedTable 3. The diabetic rats
had a very significant higher level of FBG thanttbfanormal rats§<0.01). The FBG
levels of treated groups showed a 9.60% decreakP igroup and 21.50% decrease
in HD group after 5-week-treatment. Besides, comgbavith the DC group, the FBG
level of LD group showed a significant decregse0(05) and the HD group showed a
very significant decrease after 5 weeks of treatrnqes0.01).

As the results in Table 2 and Table 3 showed,rilexes in NH group exhibited no
significant differences compared with NC group.

DCI Improved OGTT and ITT of Diabetic Rats

OGTT was performed after 4 weeks of treatment Wi@ and all the experimental
rats were fasted overnight. The blood glucose leveleased when the rats were
given to the glucose (2 g/kg) orally, and reacleethe peak within 30 to 60 min. The
blood glucose level of the normal rats droppedh® initial level after 120 min.
However, the concentration of blood glucose stagedigh level in diabetic rats
during the OGTT experiments. Treatment with DCI (6@ / kg-bw) in diabetic rats
inhibited the rise in blood glucose levels sigrafidly after oral glucose
administration (Figure 1A). The overall area undarnve of glucose (AUG) over 120
min and the result of AUG expressed that HD grow@gs wery significant less than
that of DC group (Figure 1§<0.01).

ITT was performed three days after OGTT and als naere intraperitoneally
injected insulin at 0.5 U/kg. The changes of theotlglucose levels at 30, 60 and 120

min were revealed in Figure 2A, and the AUG of th&é was also calculated and
9
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exhibited in Figure 2B. The LD and HD groups bo#d la very significant difference
with the DC group <0.01) in blood glucose decreasing level, whichgested that
DCI increased the utilization of insulin, and imped the insulin sensitivity of the
diabetic rats as well.

As the results of OGTT and ITT experiments reveathdt there was no
significance between NH group and NC group.
DCI Enhanced Insulin Sensitivity of T2DM Rats

The insulin-sensitizing activity of DCI had bestadied and the results were as the
Figure 3 revealed. DC group had a very signifidagher concentration of FINS than
that of NC group<0.01). The supplementation of DCI given a sigaifitdecrease
in concentration of FINS in LD group<0.05) and a very significant decrease in HD
group <0.01), compared with DC group separately. Thelteslso proved that DCI
has a beneficial effect on enhancing insulin semisit The concentration of FINS in
NH group had no significance compared with NC group
DCI Promoted the Synthesis of Hepatic Glycogen and M uscle Glycogen

It was proved that DCI had a beneficial effecttlo@ synthesis of hepatic glycogen
and muscle glycogen in this research. Rat suffdreth diabetes had a lower
concentration of glycogen than that of in normabk.ras the result suggested in
Figure 4A, the content of hepatic glycogen was \&gnificantly increased in HD
group compared with DC group<0.01). The content of muscle glycogen (Figure 4B)
showed an increasing tendency in treated groupshédtno significant difference
compared with DC group. Besides, both of the hemticogen and muscle glycogen
concentrations in NH group showed no significaffedence with NC group.
DCI Enhanced the Expression of GS and Glut4 in Gene L evel

The RT-PCR results in Figure 5A and 5B revealeat L.D groups exhibited a
significant increase on the expression of gene G m liver and skeletal muscle
compared with DC group p€0.05). Meanwhile, there were very significant
differences between HD group and DC groyp(Q01). DCI had an ability to
aggrandize the mRNA expression of Glut4 to acctdetie glucose transportation

(Figure 5C). The mRNA expressions of GS and GlutNiH group showed no
10
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significant difference compared with NC group.
DCI Enhanced the Expression of Main Proteinsin PI3K/Akt Pathway

In this investigation we evaluated the expressibrthe main proteins in the
PI3K/Akt pathway. PI3K is a kind of phosphatidylsiml kinase which comprises a
catalytic subunit (p110) and a regulatory subup85). The p85 subunit is coupled
with tyrosine-phosphorylated receptor tyrosine ka®m and the pll0 subunit is
required for G-protein-mediated activation of PISKhe main proteins in PI3K/Akt
signaling pathway on liver were estimated in Figour®CI significantly increased the
expression of p110 and p85 in diabetic rats (Fidife B, p<0.05). Akt and p-Akt
were measured in this study to determine wheth8K Rlownstream signaling was
affected by DCI in diabetic rats. The results igue 6C, D suggested that DCI
treatment was associated with a significant in@eagphosphorylation of Akt in liver
tissue compared with the DC groyp<0.05). To gain some insight into the molecular
mechanism for the effect of DCI on glycogen synthewe assessed the levels of
GSK-33 protein and GS protein (Figure 6E, F). The expoesguantity of GSK-B
protein was decreased remarkably in DCI treatediggpand the expression of GS
protein was increased.

The main proteins in PI3K/Akt signaling pathway chkeletal muscle were
evaluated in Figure 7, DH group showed signifiadifference compared with the DC
group. It is suggested that DCI significantly entehthe expression of p110, p85,
p-Akt and Glut4 in skeletal muscle. It meant thallaccelerated the transportation
and metabolism of glucose on skeletal muscle.

The expressions of all the proteins in NH groupesded no significant difference
in NC group.

I mmunohistochemistry Test on Paraffin Sections

In order to enhance the argument and to prove tésults directly,
immunohistochemistry staining was brought in toests the phosphorylation of Akt.
Figure 8 showed that all tissues were completeinstd in each group and there was
no obvious difference in the staining of Akt in dlssues. However, deeper

immunostaining of p-Akt was observed in liver tisswf normal control rats, whereas
11
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the staining of p-Akt was markedly diminished inetiDC group. Deeper
immunostaining for p-Akt in the HD group than thatDC group could be observed
which meant DCI promoted the phosphorylation of Aktiabetic rats. Furthermore,

NH group showed no significant staining differeioenpared with DC group.
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Discussion
DCI is one of the nine stereoisomers of inosital &s structure is similar to the
pH2.0 insulin mediator. Lacking of DCI may caussulin resistance or even T2DM.

It is reported that DCI has an ability to incredise insulin sensitivity of the body.

(Giménez-Bastida and Ziékki, 2015,Lazarenko, Geisler, Bayliss et al., zogésides it did well in treating

with T2DM as well as its chronic complicatiofi&!tees: Almeida and Lamer, 200q}, hq

current study, we demonstrated that treatment Wi@i for 5 weeks ameliorated
blood glucose level, oral glucose tolerance andilimstolerance in STZ-induced
insulin resistant rats, which were associated withreduction in serum insulin level.
The results exhibited that DCI could significantgduce blood glucose level and
relieved insulin resistance.

DCI has a similar structure to the pH2.0 insulirdragor and the mediator is able to
promote the synthesis of glycogen. Therefore, wkan PI3K/Akt signaling pathway,
the main pathway for glycogen synthesis, to ingesé the molecular mechanism of
DCI in relieving insulin resistance and treatingDN2. PI3K/Akt pathway plays an
important role in insulin’s metabolic functigff"e: Ren Ui etal. 2014.Vareda, Saldanha, @ateaet
al. 2014 and Akt/PKB is a critical node in the downstreafrtre PI3K/Akt pathway.
Any fluctuation of Akt activation causes the pathggiological properties of varies of
complex diseaséEP' Chang and Chiang, 2010,Manning and Cantle9,72

In this study, the expression of the main geneatedlto glycogen synthesis and
glucose transportation were evaluated. The genekephtic glycogen synthase,
muscle glycogen synthase and Glut4 were obviousiseased in DCI treated groups.
These indicated that DCI probably had an abilitptomote the synthesis of glycogen,
the similar function of pH 2.0 insulin mediator. over, DCI could give an impetus
to convey glucose from extracellular to intracelhuto make it in further metabolism.

The expressions of PI3Kp85 and PI3Kp110 subuni3Gh treated groups showed
a dose-dependent increasing tendency. During tperement, stimulated with high
density insulin can cause up-regulation of PI3Kg8btein, which would give a
negative feedback on insulin sensitivity in returmd affect the activity of

downstream molecules to inhibit the continuous catidn of signaff\oa" bamm and

13
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Prentk, 201D also increased the amounts of phosphorylafetiko at Ser473 in a

dose-dependent manner, and p-Akt inhibited the GBKrotein directly. GSK-B
had a negative effect on regulating GS, which codétrease the synthesis of
glycogen indirectly. The inhibiting the GSK¥'8 expression through DCI meant GS
was enhanced and the concentration of glycogeiven was increased. The result of
western blot in Figure 6F exhibited the protein acantration of GS in liver was in
accordance with the consequence in Figure 4A. Binhéhat the ability of DCI in
adding hepatic glycogen synthesis was proved lothacroscopic and microcosmic.

PI3K/Akt signaling pathway is the main way to regel the absorption and
metabolism of the glucose, besides, balance theetdration of the glucose in blood.
(Frsig, Rose, Treebak et al. 209f5)lin stimulates the skeletal muscle’s uptakéhef glucose
and synthesis of muscle glycogénor Viese. Plougetal. 2008 oot muscle promotes
the insulin to combine with the cytomembrane remepand activate the
phosphorylation of Akt in PI3K/Akt signaling pathwa The up-regulated
phosphorylation of Akt increased Glut4 transmemértmtransport glucose, in order
to accelerate glycometabolisffiandh: Jothi. Antony etal., 2014)

The main proteins in PI3K/Akt signaling pathway skeletal muscle had been
detected. The results suggested that DCI incre#sedexpressions of pl110, p85,
p-Akt, GS and Glut4 in skeletal muscle, howeverrdased GSK{3 It is suggested
that the protein concentration of GS in skeletabaheiwas in keeping with the data in
Figure 4B, which meant the ability of DCI in incei@ag muscle glycogen synthesis
was proved macroscopicly and microcosmicly. Acaogtl, it could be summarized
that DCI promoted the transportation and the méisinoof blood glucose.

On the other hand, according to the immunohistocteynthe expression level of
Akt showed none obviously difference between normas and diabetic rats.
However, the DCI treated groups exhibited darkeugd than the DC group through
the microscope. Immunohistochemistry technique based on the high specificity
between antibodies and antigens, the fluorochraare added to the samples in order
to bond with antigens-combined-antibodies and eligitt. Therefore, the more

antigens the samples had, the deeper the microgiapio performegfehofield: Lewis and
14
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Austin. 201917 our results (Figure 8, a-€), DH group had gpéedrown than the DC one
which explained that samples in DH group had mo#kpantigens than the DC
group. It indirectly proved that DCI enhanced tihegphorylation of Akt, sequentially,
promoted the expression of Glut4.

In this investigation, a NH group was set up tolesgthe effect of DCI on normal
rats. According to the data in the results sectibare was no significant difference
between NH group and NC group. This indicated @t had no adverse effect on
normal rats.

Conclusion

In conclusion, DCI relieves the insulin resistaticeugh the PI3K/Akt pathway,
thereby reducing the concentration of blood glucoB@s study investigated the
mechanism of DCI in relieving symptom of T2DM, ab&l1 could be developed into
an effective drug for the treatment of T2DM wherifisient further researches on

DCI would be performed.
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Tables

Tablel. Designed Primer Sets for RT-PCR
gene primer 5-3 size (bp)

sense GACCTCAGGGACAGGCAAAG

Glut4 270
antisense TGTTGCCCTGTGGTCAAGTT
sense TTGCCAGAATGCACGCAGAA

GS 125
antisense TGCCTGCATCATCTGTTGAC
sense GATCGATGCCGGTGCTAAGA

B-actin 367
antisense TCCTATGGGAGAACGGCAGA

Primer sets designed for RT-PCR to evaluate theesgpns of Glut4 and GS at gene

level and we pickegb-actin as the house-keeping gene. The specificgganwhich

include both sense and antisense were designechsgpand followed the designing

principles.
Table2. Effect of DCI on Body Weight of ExperimdrRats
body weight (g)
group
0 week 3 week 4 week 5 week

NC 426+14.1 4794216 502+23.6 497+27.7
DC 420+28.6 375+26.0 381+26.9 381+30.7
LD 409+25.1 4204465 431+56.2 433+37.0
HD 413%20.1 419+30.8 433+22.8 434+18.0
NH 407+46.3 467+66.1 AT1+67.7 461+63.7

Data in this table showed the effect of DCI on baahyght. After treatment with DCI,

the rats in LD and HD groups had a significantlght@r body weight than the ones in

DC group. We evaluatef)p<0.05 as significant an@)p<0.01 as very significant

compared with DC group. Values are the means +&id,each group contained 10

rats.



Table3. Effect of DCI on Fasting Blood Glucose apErimental Rats

fasting blood glucose (mmol/l)

group reduction rate
0 week 3 week 4 week 5 week
(%)

NC  5.00+0.570 5.00+0.560 5.30+0.560 4.80+1.18

DC 18.6+3.00  23.1#6.25  20.9+3.16  21.1+4.31

LD 19.8+41.10  21.3+2.56  18.9+1.41 17.9+2.07  9.60
HD 20.0+0.980  22.543.38  17.7+1.64 15.7+2.72 21.5
NH 4.60+0.480 5.60+0.650 5.10+0.630 4.40+0.330

The effect of DCI on FBG level of the rats in LDdaRD groups had a tendency to
reduce during the treatment. The LD group had mifsignt difference compared with
DC group and HD group had a very significant défeze compared with DC group.
We evaluatedq)p<0.05 as significant and)p<0.01 as very significant. Values are the

means = SD and each group contained 10 rats.
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Figure Legends

Figure 1. OGTT was performed on all experimental animalera## weeks of
treatment. DCI were administrated to the rats in HD and NH groups orally and
the NC and DC groups received vehicle only. Gluais@osage of 2 g/kg were given
to all the groups 20 minutes after receiving DAbd#l glucose were tested at 0, 30,
60 and 120 minutes after giving glucose and maedecthrves. Each time point in
Figure 1A is the means + SD of 10 separated ratstlze area under curve of Figure
1A were calculated and revealed in Figure 1B)p€0.01 was very significantly
different compared with the DC group.

Figure 2. ITT was carried out 3 days after OGTT. DCI were adstrated to the rats
in LD, HD and NH groups orally and the NC and D@ups received vehicle only.
Insulin with 0.15 U/kg was injected to the expennta rats intraperitioneally and
then blood glucose were tested at 0, 30, 60 andvii@0tes after injection. Each time
point in Figure 2A is the means + SD of 10 separate, and the area under curve of
Figure 2A was calculated and showed in Figure 2Bp<0.01 was very significantly
different compared with the DC group.

Figure 3. Data in this figure suggested that rats in DC prdwad a higher
concentration of insulin in serum than that in nakigroups. DCI helped to lower the
contents of FINS in LD and HD groups)f<0.05 was considered as significant and
(")p<0.01 as very significant compared with the DC grovalues are the means +
SD and each group contained 10 rats.

Figure 4. The concentrations of hepatic glycogen (Figure 4A)l muscle glycogen
(Figure 4B) were tested and the results were etdabin this figure. DCI had a
positive effect on aggrandizing hepatic glycoged BD group showed a significant
difference from DC group()p<0.05 was considered as significant, values are the
means = SD and each group contained 10 rats.

Figure 5. Total RNA was extracted from liver using Trizol gemt, and the
concentration of the total RNA was determined by tittraviolet spectrophotometer.
RT-PCR was operated according to the manufacturestsuctions of the RT-PCR kits

and the results in this figure demonstrated thecefdf DCI on the genes of GS and



Glut4 B-actin was selected as the house-keeping geyf<Q.05 compared with the
DC group was considered as significant differend@ues are the means + SD and
each group contained 10 samples.

Figure 6. Western blot was used to evaluated the expressidhe key protein in
PI3K/Akt pathway on liver tissue. The proteins 85p(A), p110 (B), Akt (C), p-Akt
(D), GSK-3 (E), and GS (F) in liver tissue were extractedRbyA and separated by
10% SDS-PAGE. Similar results were obtained independent experiments and the
photos in this figure were representative imageduds in the figure are given as the
means + SD. Jp<0.05 compared with the DC group was consideredigmsficant
difference. ()p<0.01 was very significantly different comparedwihe DC group.
Figure 7. The proteins of p85 (A), p110 (B), Akt (C), p-AKD), and Glut4 (E) in
skeletal muscle were tested by Western blot arslyi$ie proteins were extracted by
RIPA and separated by 10% SDS-PAGE. Each photohis tigure was the
representative image from the results of 3 indepeh@xperiments. Values in the
figure are given as the means + SDp<¢0.05 compared with the DC group was
considered as significant difference.)§<0.01 was very significantly different
compared with the DC group.

Figure 8. Immunohistochemical staining was performed on thgmb paraffin
sections which embedded with liver tissues. Allsteps of the staining were operated
according to the manufacture’s instruction of SAB@bbit IgG) — POD Kit. A & a
for NC group, B & b for DC group, C & ¢ for LD grpuD & d for HD group, and F
&f for NH group. The staining outcomes were obsdrd®y microscope at the

magnification of 200 times.



Highlights

1. In this study, the mechanism of DCI on hypoglycemic effect was investigated.

2. This study evaluated the effect of DCI on enhancing the synthesis of hepatic
glycogen in liver through PI3K/Akt signaling pathway.

3. This study evaluated the effect of DCI on enhancing the synthesis of muscle
glycogen in skeletal muscle through PI3K/Akt signaling pathway.

4. This study evaluated the effect of DCI on promoting the expression of Glut4 in
skeletal muscle through PI3K/Akt signaling pathway.



