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[Abstract] Objective: This study aims to investigate the therapeutic effect of Tangbikang granules
(TBK) on type 2 diabetes mellitus (T2DM ) complicated with non-alcoholic fatty liver disease (NAFLD) and to
elucidate the underlying mechanism. Method: T2DM and NAFLD were induced in ZDF rats, which were then
respectively treated (ig) with low-dose (0.625 g-kg"), medium-dose (1.25 g-kg"'), and high-dose (2.5 g-kg")
TBK for 12 weeks. Fasting blood glucose (FBG) and body mass were recorded every 4 weeks during the
treatment. One week before sampling, the feed intake of rats was detected, and after 12 h night fasting, oral
glucose tolerance test (OGTT) was performed. The area under the curve (AUC) was used to evaluate glucose

tolerance, and the homeostatic model assessment for insulin resistance (HOMA-IR) was calculated. Blood in
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abdominal aorta and liver were collected for determination of blood glucose and lipid metabolism indexes:
Fasting serum insulin (FINS) , serum total cholesterol (TC) , triglyceride (TG) ,
cholesterol (LDL-C) , high density lipoprotein cholesterol (HDL-C) , and nonesterified fatty acids (NEFA).

The liver was weighed to calculate the liver index, and the liver tissue morphology was observed and analyzed

low density lipoprotein

based on hematoxylin-eosin (HE) staining and periodic acid-Schiff (PAS) staining. The protein levels of insulin
receptor substrate (IRS) , phosphatidylinositol 3-kinase (PI3K) ,
IRS and Akt were detected by Western blotting. All data were analyzed by SPSS 20.0. Result: The feed intake of
the model group was higher than that in the normal group (P<0.01), and the feed intake the administration
groups was lower than that in the model group (P<0.05, P<0.01). At the 8" and 12" week, the body mass in the

protein kinase B (Akt) and phosphorylated

model group was lower than that in the normal group (P<0.01). Compared with the model group, TBK reduced
FBG in a concentration-dependent manner. The blood glucose level in OGTT and AUC in the model group were
higher/larger than those in the normal group (P<0.01). The blood glucose value in OGTT was decreased in TBK
groups and the metformin group compared with that in the model group, and AUC in the administration groups
was significantly different from that in the model group (P<0.01). The serum level of FINS and HOMA-IR in the
model group were higher than those in the normal group (P<0.01), and they were lower in the TBK groups than
in the model group (P<0.01). Serum levels of TG, TC, HDL-C, NEFA (P<0.05, P<0.01), and LDL-C were
higher in the model group than in the normal group. Serum levels of TG, TC, LDL-C, and NEFA in the TBK
groups were lower than those in the model group, and the levels of TG, LDL-C, and NEFA in TBK groups were
concentration-dependent (lowest levels in high-dose TBK group). Compared with the model group, high-dose
TBK significantly increased the level of HDL-C (P<0.05). Liver index of the model group was higher than that
in the normal group (P<0.01). The liver index of the administration groups showed a decreasing trend with no
significant difference from that in the model group. As for the HE staining result of liver, the model group had
unclear structure of liver lobule, enlarged cells of different sizes, and obvious steatosis of hepatocytes. TBK of
all doses alleviated liver injury, particularly the high dose. For the PAS staining, compared with the normal
group, the model group demonstrated significant fat vacuoles and significant reduction in purplish red glycogen
granules in the cytoplasm. The staining results of high- and medium-dose groups of TBK were more similar to
the normal group. Western blot was used to detect the protein expression of liver tissue. The expression of PI3K
protein, p-IRS1/IRS1, and p-Akt/Akt in the model group were lower than those in the normal group (P<0.01),
and they were higher in the high-dose TBK group than in the model group (P<0.01). Conclusion; TBK exerts
therapeutic effect on T2DM combined with NAFLD in ZDF rats by activating the typical PI3K signaling pathway.

[Keywords] Tangbikang granules; type 2 diabetes mellitus; non-alcoholic fatty liver disease; insulin

receptor substrate-1; phosphatidylinositol 3-kinase pathway; molecular mechanism
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5 5 ORALG 7 B 41 0.625 344.04+16.80 341.50+8.49 339.00+9.29 339.00+10.62

.75.
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3.3 XS AER R 5 IE R 4 R B AR
FUFBG 34 /7, 8 J8 1k 21 5 i A5 o0 21.57 mmol- L7, Bl
Jo M T e, SR s, — H XU AH

*3 WEEEBM ZDF KR FBG KM (¥+s,n=8)

FBG [ # [% ik (P<0.01) , fE T 7 12 Ji FBG [ &
15.98 mmol- L', SAHIZH [b s, i B ik 45 2 nf
F%AK FBG 7K, HL 5ok BE AR . DL 36 3.

Table 3 Effect of Tangbikang on FBG of ZDF rats (x+s,n=8) mmol- L
20 5 Fl /g kg 0JF 4 JF 8 JA 128
EHA 3.33+0.34 3.49+0.35 3.13+0.38 3.54+0.41
LRI 20 20.51+3.12% 19.73+2.33% 21.57+4.12% 20.30+1.70%
ORI 0.25 19.41+4.38 17.11+4.25 15.40+2.16 15.98+0.75"
IR BRE TR 25 ) 2k 41 2.50 19.41+3.43 15.66+2.08" 17.99+0.57 16.07+0.71%
A URL Hh ) 21 1.25 19.70+3.29 19.26+3.14 18.80+1.89 18.84+1.75
R AURL A ) 1t 21 0.625 20.13+3.68 20.13+3.87 21.24+2.01 20.68+1.74

3.4 XPAET R AW S5 IE R A, B g
OGTT LK M AUC B E & , 2R A5%1T% B X
(P<0.01); SRR LA, 0~60 min A5 FE 5087 4% 20

T4 BEEEBMZDF KREMEHHM (x£s5,7=8)

B WA K BB OGTT BG 1B % & & ik, AUC
KV FHEM, ZFA %1% 8 L (P<0.01) .
W4,

Table 4 Effect of Tangbikang on glucose tolerance of ZDF rats (x+s,n=8)

24 51 /g kg 0 min/mmol:L" 30 min/mmol-L" 60 min/mmol-L" 120 min/mmol-L" AUC
E 3.54+0.41 5.63+0.60 4.59£0.95 3.55+0.43 8.86+1.34
LR 4] 20.30+1.70% 30.40+1.84% 27.90+4.20% 24.36+5.12% 53.54+1.97%
TR 0.25 15.98+0.75 26.15+1.07" 25.43+1.78 20.73+0.43 45.69+1.75%
I o TR 5 75 2 2.50 16.07+0.71% 26.75+2.19% 25.23+1.38 21.13+1.00 45.79+2.61
I o A v R 20 1.25 18.84+1.75% 26.86+2.94 24.61+1.18 22.71+0.89 45.83+2.87"
TSR JURE AL 7] 21k 2 0.625 20.68+1.74 29.90+1.08 27.74+3.68 25.10+4.96 51.32+4.85

3.5 X} HOMA-IR .F-INS {520 5 1E % 4 b,
AU 2 K BRIV FINS 7K °F- \HOMA-IR 45 03 i 3%
T (P<0.01) ; 5B AYA He s, — HEOBUDICA b 99 B
WA 45 41 K BUIAL T FINS 7K 7 \HOMA-IR 45 %035 &
F AR (P<0.01)., WS,

5 MERFAWIDFARBOERAKY BEENENR
(x+s,n=8)

Table 5 Effect of Tangbikang on insulin resistance index and

insulin of ZDF rats (Xx+s,n=8)

2H 5 #l4t/g-kg! FINS /mU-L'  HOMA-IR
IEH 4 9.87+0.97 1.56+0.31
T2 23.62+0.48%  21.34+2.23%
TR ZH 0.25 12.42+0.23 8.82+0.54%
BB BOR SR 2.50 13.27+1.12% 9.39+1.02%
YA 5 U v 7R A 2 1.25 14.55+0.70Y  12.20+1.53"
R BRE SR ARG 5 2 0.625 15.18+0.78"  13.96+1.59"

.76.

3.6 XTARACHI R B0 w50 4 i, B
ZH K BLIM I TG . TC .HDL-C & NEFA 7K F- 27 8 & 7}
15 (P<0.05,P<0.01) , B Y 21 K B Ik 48 25 5 3 T
(P<0.01) ; #5124 K fl LDL-C /K - 2 T m #a # , 8
ZRIEGEIT¥E L . SHEAH b, = B U A
T 9B BRE AT 4% 2H K RUIMLYE TG .TC \LDL-C J NEFA
K- B A, ELWHE S8 B 95 k7 4% 40 TG . LDL-C Al NEFA
KV 5 v B ARORSE e B, BB R B RO0RY R ) R A
o 5B A bR, W R R UKL R 2R R
HDL-C /K- Fh 5 (P<0.05) . SHERIA A, & 45 24
HRBIFIHEHERRESR BERETRIT¥E
X, W6,

3.7 X} ZDF K RUFHEURBIE S %05 m  HE 4
25 7R IEF LI /N i 254 58 4 1R I/ i
S T, e I BT TR A A T AE ML oG . B A ZH
BRI ZIN it 5 46 N3 5 JFF B 005 R HE 2 R B L R
43 4L R LR NS — S GBI 41 T P A
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Fx6 MEERBALN ZDF KRR SMATIEHMZI (f+s,n=8)

Table 6 Effect of Tangbikang on lipid metabolism and liver index of ZDF rats (x+s,n=8)

205 Fl4t/g-kg?  TC/mmol-L' TG/mmol-L' HDL-C/mmol-L"' LDL-C/mmol-L"' NEFA/mmol-L" T8 %k

L4 2.45+0.47 1.01+0.28 1.40£0.36 0.74+0.08 0.66+0.04 0.028+0.00
R 2 5.23+0.36> 5.30+0.29% 2.10+0.57" 0.87+0.11 2.50+0.25% 0.048+0.01%
XU ZE 0.25 3.92+1.48Y 2.78+0.83" 2.39+0.91 0.53+0.04" 0.50+0.12" 0.04440.00
I BRE SR 7o ) 2 2.50 4.34+0.53Y 3.36+0.98" 2.77+0.419 0.66+0.03> 0.62+0.14" 0.04140.00
A U v 7R A 2 1.25 3.94+0.52Y 3.75+0.61" 2.25+0.37 0.68+0.09 0.68+0.09" 0.039+0.00
A5 5 R AL R A 4 0.625 4.40+0.92 4.33+0.28" 2.37+0.91 0.71+0.14 0.72+0.11% 0.03940.00

T AN T) /0N B4 05 107 306, 200 IS AZ AT 1) S0 O 448
e Wi AL ] o — HOBUIRZE 5 1E % AR A [ )
0 SR S SRR g T A [ R JRE kO A5 475, (H
VAW B B JBORE 25 0] B3R 9T 4L B ol 3% 0 PAS e (B 25
7 IE R ZH TERE AT DL SR R SR AL R JRUBURL 2 2
OIAR T AL A o R 2 A T 2 U A
T UL G DT S 3 M T g T R . 2 ek
A B R 5 G v RS A RO S5 R O 5 o
AR O ERTERA . W1 K2,

HACIER BB C 1 XUNK A ; D~F. o 0 e ks 5
AR AL (E 2 3 )

B #EERFRNKRFAKRSENRM (HE,x400)
Fig. 1 Effect of Tangbikang on morphological observation of rat

liver tissue (HE, x400)

3.8 X} ZDF K BUHFIE PI3K Akt . IRS1 & [ J How ik
ACERI S 5 IE % 4 e, B 4 K BLPI3K &

E F
B2 #EERBANKRFAKFSFNFM (PAS, x400)
Fig. 2 Effect of Tangbikang on morphological observation of rat

liver tissue (PAS, x400)

1 .p-IRS1/IRS1 . p-Akt/Akt 3% ik B 5 B A (P<0.01) ;
55 R A A b, B R i R & 4 PIBK AR H
p-IRS1/IRS1 ., p-Akt/Akt ik B 3% 4 7 (P<0.01) ; b
PR BREJIURE RN R 41YR YT S SR AL L 25 R 4
eEm Y, WE3 £,
4 itit

AR S5 BTk 1 ZDF K BT 32 1A R g2 — Ok
Ty 1 2 R R 95 AE Sk sl A o200 ply A A R
AR - b AR 400 AE JRE AR € T2DM B9 & AR Fl R TR L & i =
M4 B Zucker(fa/fa) K BRLIT 32 B A AR 2 90 &, H
ot TR R Z RS N R AR £, N
Z Puma5008 & g i B e % 1% 5, ZDF KR4 i 91
o i INAE B T 2 95 A T A A A TR L

. 77 .
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IRS1

p-IRS1

PI3Kp85 85 kDa

p-Akt

A B c D E F

3 ZHEKXRIFMEASRPIBK Akt IRS1,p-IR1.p-Akt & B Ri&
Fig. 3 Expression of PI3K, Akt, IRS1, p-IR1, p-Akt protein in

liver tissue of rats in each group

x®7 BERPNNESHZDFARFALHEXBEAMNEM (i+s,n=3)

AR5 M PR S B ) A0, O 5 M 5 R
Xt ZDF K BB g A% 38 (04 52 LA 2 2k 3% T2DM & 9F
NAFLD W AEFIBLE o 75 5250 b i Se 0h 98 7 Bl B
WK IGIT T2DM RYAE T o &5 S 26 W, B0 5 Jok AN
X fE %A% ZDF K B FBG, 76 T 1 4 Jl It i i 3%, 5
AHAF 58— B0t m] IR A R R D & £
UM PREAE AR o 254 1 150 12 J& At - S5 46 2 W
PR AURE =7 o 3R £ 4 T fif ZDF R B4 1) J) i i
R AT, 8 T B SR 1T 2k 3% ZDF K Rl 2s I af 4 %
W B 5% . FINS . HOMA-IR 45 S i 78 5 100 2 %5
IEH A T R R KBTI ;W R R R A
F 520 FINS J2 HOMA-IR 5 1 4 1 25 A%, 0 1
L MORE T A A%k 3% ZDF R RUIR., Hve, A5
T B UK I8 9T 4T NAFLD M IR ST 0 52 . 45
2B, BE R R URLIR JT S I TE TG TC.LDL-C X

Table 7 Effect of Tangbikang on liver tissue-related target proteins of ZDF rats in each group (x+s,n=3)

219 F /g kg p-IRS1/IRS1 PI3K/GAPDH p-Akt/Akt
IEH 2.54+0.75 0.75+0.05 0.88+0.23
T 70 2 0.22+0.17% 0.26+0.10” 0.19+0.08>
ZHUIR AR 0.25 1.34+0.55" 0.49+0.08" 0.80+0.23%
5 B ABURY, 3 77 41k 2 2.50 1.39+0.39" 0.53+0.07" 0.88+0.31%
R IR UL e 770 k41 1.25 0.58+0.20 0.28+0.09 0.43+0.10
5 R UL AT ) k41 0.625 0.62+0.21 0.23+0.15 0.29+0.10

NEFA 7K B i F f% ,HDL-C /K FF+ & o AW 58 43
38 i PAS (HE 3y 68 0022 I 20 2005 31 3, 280
IR UKL IR I Ja AN AU SR K- e T HL RE 3
M3 T2DM - JE 4 20T 40 6 1% i 35 0 B A /DN i
2T A A el 2R o I0E 4 20 3 2 25 4 ) el HE T
A RE SR o A R 5 2R AE 5 2 Y AR AL I
s IR B, o 1 3 — 20 I 00 B SO Xof A
PRI% ZDF B4 B AR e I VR HIBIL I, A DR 20 X Jige
By w5 il b — SO0 H A SR A i AT T
B RPEENICE AR Hr o 45 A 107 Bl R UKL TG
¥7 J5 ZDF K BT BE 41 21 p-IRS-1 . PI3K | p-Akt 5
VI S v A =TI N (TG /1 (== i RS o8 - A I
HEWE R A B S D A . xR EUAS TR LT
2 B K 25 52 7 iR 9T T2DM R P S 56 A LAY
SR E R S

PI3K/AKt {5 5 8 [ 76 A W A= K A0 S5C B 40 i 5
A Can e A AR S e B AT AR 1 B G R 4
e FIAE 36 ) v 2 A 5 A K R {5 5 A 40 A B A
MEHEZOIERY . YRS RS EZRE S

. 78 .

B O 00 2 5 3R A2 MR R A S A IR 5 R A2 R R
(IRS)-1/2 it R o7 »5 ¥ 1% PI3K ; 1% 1k Y PI3K A )
1k 4, 5-2 W% A Bt UL B % @2 (PIP2) , 7 £ PIP3, PIP3
A RE SR BTG Akt 95 TF 0 A 1Y Akt o R 45
U R O S A OB DR A R B
BT 1 A8 A 2 A 2 I Ak PIBKY/AKL R 5
5 AR DY AT Al Y
B Z R R DA G

AW FEAEAE— & R B PE . T2DM 145
2R S FRE B L IR D4 203 RACHE A B
FHSEO B IE A A L b i S R T AR R ik &
P& 00 R R AT S, BV PR 2 0 R D A
JF A DA Bk 20> 5 B I 4 i i 3] 1 € B A 4
ZL(WAT) 2 BUIR 05 43 % 385 i, 33X i — 25 88 i T JFF Ik
HI R A A R R IR IAE o DA X g R 4
1R K 2 AR TR b i e S R AE S Wk
A B T AN DA JUE 1) JBR 5 3R A5 5 A B R0 A S B
RIRIT T2DM A7 7F — & B9 Ry FR Pk .

25 I B R BURLVA 9T 5 IRS1 . p-IRS-1 . PI3K .
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Akt } p-Akt 1 8 [ 3Rk K F % PIAH G, 278 PI3K
i 4 7E B R WURL VA T T2DM 4 3 NAFLD 43 1 #l
il AR L SCIRAE R BRI R SURL IR T M
JR %% ZDF K B AT 4 ik FBG .OGTT. it i & #KLHi 48
B0, VR IR A 0 A5 W IR B SORE (14 36 7 /R AT
fiE 2 38 3 WS IRS/PI3K/AK 38 % Sk [ M1 Jik & 25 %
R o SR, A B 5% 47 A6 — 5 19 Jmy B M, M o B
TURL WG R 1 PR A ML A R A5 A IE B R LR (1
JIg Wi 202 i — 2L 255 43 Mt o
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