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Effects of polysaccharides from Scrophulariae Radix on glucolipid metabolism
and hepatic insulin signaling pathway in type 2 diabetic rats
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Abstract: Objective To explore effects of polysaccharides from Scrophulariae Radix (PFR) on glucolipid metabolism and hepatic
insulin signaling pathway in type 2 diabetic rats. Methods Diabetic rat models were constructed by STZ injection, and randomly
divided into five groups: model group, low, medium and high dose groups (80, 160, 320 mg/kg) of PFR, and positive drug group of
metformin (200 mg/kg); In addition, ordinary feed rats of the same age were set as normal group; Body weight and survival status,
fasting blood glucose (FBG), blood lipid (TC, TG, HDL-C, LDL-C), liver function (ALT, AST), renal function (CREA, BUN),
glycosylated hemoglobin (GHb), insulin secretion (FINS), C-peptide, SOD, MDA, CAT, GSH-Px, and other indicators were detected
after drug delivery for six weeks; HE staining and oil red O staining were used to evaluate the pathological changes and steatosis of
liver in rats; Western blotting was used to detect the changes of hepatic insulin signaling pathway related protein. Results PFR
increased the weight of diabetic rats, improved the metabolic function, reducde the content of FBG, GHb, ALT, AST, CREA, BUN,
TC, TG, LDL-C, MDA and increased the content of HDL-C, FINS, C-peptide, SOD, CAT and GSH-Px; Western blotting assay
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showed that PFR could activate IRS-2/PI3K/Akt signaling pathway and increase the protein levels of PPAR-y and GLUT-4.
Conclusion PFR could improve glucolipid metabolism in type 2 diabetic rats by regulating the hepatic insulin signaling pathway.

Key words: polysaccharides from Scrophulariae Radix; type 2 diabetic; glucolipid metabolism; liver; insulin
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22 PHA5%H?
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Western blotting 24 U K B AEH IRS-2.
PI3K. Akt. p-Akt. PPAR-y & GLUT-4 & H{IFRiL
L. HCHZRE R E TR R, T35 Tk
HAHREBIRE, I 1 mL ¥ Lysis Buffer, 212}
SIEEHLT BT AR (3X20 s), fHAHSUSEHERE,
VK EERE 2R 15~30 min N EOEH, 12 000 X
g, 4 CEL Smin, B EIEHEEEHIIHA S0
B KM BCA Wfl&e &AW EE, MK

)5 bFE. B SDS-PAGE 7y B0 M, WL
% PVDF I B — iR B8 15 ke Lu B 5%
WERE Wk F e 2 J5, BN b, e 4 R A,
BTREIKE, 4 CHEdR, ZH=EEFE2h)E
B, KM Image J X} 85 1 25 BT KB M7 o
2.10 ZitF4AIE

SEG L B SPSS 22.0 Giit A3 T b, K
WHILAY +5 Ko, WM RAH LSD-t ks, 24
()35 B LG 3R F B R 3R T 22 934
3 #R
3.1 ZESHEX T2DM KRIERE. hkE. 1B
REMRENFNT

Wi 1 PR, SR, RV K AR &
BEREK (P<0.0D), 12h PUKE. HERARE
HEETE (P<0.01. 0.001). SHRIHHE, X5
R R LR OUICZE K B o e 5 1
(P<<0.05); ZZZ Wi EAM XA KR 12 h
(VK& B B AN R 34 10 3 PRI (P<<0.05., 0.0
32 ZE%EEW T2DM KR FBG FIASHISN

Y524 6 J JE R 20/ B FBG AIMLAR /K, 45
RN 2, SXTRAALE, BIAA K FBG. TC.
TG J LDL-C /K3 EF = (P<0.01), HDL-C
K EFFRAL (P<0.01). HHAMLE, 2%
B, SRR A XU KR FBG. TG 7K
BEFE (P<0.05); XZZHEm T4 —H R
ICZH KB TC /K FREFE (P<0.05); XZZH
IR LA = FOOUINZH K B HDL-C /KPR35 7t =
LDL-C /K- ZE K (P<0.05. 0.01),
3.3 ZEZHEXT T2DM KRAT. BIhEEfsiraIs2ng

Y525 6 A Ja kil %X 2 2 B KR B Dhhe
febrmysem, Rk 3 Pror, SXTRANE, &
RIZH KRR IM%E ALT. AST. CREA & BUN /K-

®1 ZESLHEN T2DM ARAFRE. RKE. BREFRENEM (X £5,n=10)
Table 1 Effects of PFR on body weight, water intake, food intake and urine volume in type 2 diabetic rats (X *s, n = 10)

2H ) il E/(mgkg™) 1R g oK E/mL g JRE/mL

pagist — 4386+ 3.9 37.1%+ 3.0 21.8+3.4 173+ 22
FETY — 358.1+13.1% 240.9+31.9% 49.5+7.0% 206.0+ 153

- F XU 200 376.8+11.1" 1713+£11.2" 30.8+2.4" 151.0+14.2"

P =2 80 367.1+ 7.2 1877+ 9.6* 36.5+3.9" 171.7+11.9°

160 377.6+ 7.4 204.1+14.6" 324+3.1° 170.0+ 7.6"

320 388.7+ 6.9 180.7+£15.9* 27.5+2.7* 136.1+£13.3"

S RA R #P<<0.01 ##p<<0.001; HHAAE: *P<0.05

“P<0.01, FHE[H

#P<0.01 **P<0.001 vs control group; P <0.05 **P<0.01 vs model group, same as below tables
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%2 ZELEEX T2DM AR FBG FILASHISEM (X £s5, n =10)
Table 2 Effects of PFR on blood glucose and lipid in type 2 diabetic rats (X £s, n = 10)
FBG/ TC/ TG/ HDL-C/ LDL-C/
2H 5 il H/(mg-kg™)
(mmol-L™) (mmol-L ™) (mmol-L 1) (mmol-L™) (mmol-L ™)
Xof R — 57405 0.854+0.22 0.38+0.17 1.06+0.47 0.93+0.41
LAY — 282425 3.61 £1.06% 1.36+0.29% 0.3740.13% 2.76+0.67%
ZHBUIR 200 202+2.4" 1.98+0.46 0.50+0.15" 0.99+0.35" 1.46+0.39"
EE =2 80 229+2.1 2.38+0.64 0.84+0.17 0.71+0.31" 1.72+0.41°
160 21.9+1.2" 2.58+0.35 0.80+0.21" 0.78+0.19" 1.62+0.31"
320 19.0+1.3" 1.93+0.57 0.63+0.21" 1.07+0.34* 1.54+0.22"
#3 ZSLHEX T2DM KR ALT. AST. CREA UK BUN B0 (X *s,n=10)
Table 3 Effects of PFR on ALT, AST, CREA and BUN in type 2 diabetic rats (X £s, n = 10)
2H ) &/ (mg-kg™) ALT/(U-L™Y) AST/(U-L™ CREA/(mmol-L™") BUN/(mmol-L™")
xof R — 45.05+ 3.02 159.53+ 7.28 16.8042.96 6.0+0.8
LAY — 190.71+ 9.72%  320.25+10.22% 62.43 +6.44% 17.5+2.8%
ZHIUIK 200 158.96+11.08" 219.62+13.72" 44.56+5.20" 8.6+2.3"
P =2 80 17545+ 8.96 268.51+10.39 52.48+5.34 10.8+1.5"
160 161.60+10.71" 240.57+10.75" 48.46+533" 10.8+3.0"
320 151.34+ 8.89 193.93+11.12° 45.47+3.10" 8.8+2.5"

BEE (P<0.0D). HSHEAEHALE, XSZHEH.
i ) AR R XUINAE R BR IS ALT . AST K&
CREA /K FBERIL (P<0.05); ZXZLPK. .
Fe AR FEORUIZEL R BRI BUN 7K 2 25
i (P<<0.05).
34 ZBZHEXT T2DM K5 GHb. FINS F1 C-Bk
oA

W 4 fros, SHHEA L, A4 KR GHb
KFEZE IR (P<0.01), i FINS Al C-Ki/KF
BERK (P<0.05). SHEBALE, XS2hEd,
i AN UM KB GHb /K7 835 B AR
(P<<0.05), FINS /KTVEZEHE (P<0.05); %Z
G . R AR — U ZE R B C-ikok

FREZETE (P<0.05. 0.01).
3.5 ZELHEX T2DM KRS LREK IS0
W 5 s, S5 R4, ALK SOD.
CAT 1 GSH-Px 7K1~ i35 FEIk (P<<0.01), MDA 7K
FRET R (P<0.01), FB T2DM KRN 14T
FAGREJI L R, HEALLLE, XS ZPEIK.
W AR NS e 5 35 T s SOD. CAT Al
GSH-Px 7/KF (P<<0.05. 0.01), [F]i &3 £k MDA
K (P<0.05), 1EFHRCR 2 P05 S48 .
3.6 ZEZHEXT T2DM XRATIEFRIEF S0
W 1 B, W REZEK BT AT 4 23 S5 0 175
JH AR BT, HEFIHESS, WA BRI 5.
TABE R 2H K SRR ZH 200) HH 3003 35 (P B e, =

*4 ZBEHE T2DM KK GHb. FINS # C-FKEISNE (X s, n=10)
Table 4 Effects of PFR on GHb, FINS and C-peptide in type 2 diabetic rats (X *s, n = 10)

20 51 A/ (mg-kg ™) GHb/% FINS/(pg-mL™") C-ik/(pmol-mL™")
pagist — 5.0+0.7 13.79+2.27 0.68+0.12
it — 11.9+1.7% 5.57+1.22% 0.11£0.04%
XU 200 6.61+0.6 9.10+1.11" 0.51+0.16™
P E2 80 8.9+0.8 6.29+1.02 0.23+0.10
160 83+1.3" 9.19+1.48" 0.43%+0.10™
320 6.8+0.7" 10.97+1.68 0.5610.14"
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£5 LEHLYEX T2DM AR SOD. MDA. CAT 1 GSH-Px BIS00 (X s, n=10)
Table 5 Effects of PFR on SOD, MDA, CAT and GSH-Px in type 2 diabetic rats (X £s, n =10)
2H %) FlE/(mgkg™) SOD/(U-L™) MDA/(nmol-mL™") CAT/(IU-mL™") GSH-Px/(umol-L™")

oy — 46.8+42 6.0+1.6 779+ 7.1 1854+ 75
it 26.9+3.4% 15.5+1.1% 32.1+ 7.2 88.4+ 8.1%
L HBUIR 200 424446 9.8+2.0° 643+ 7.3° 131.3+11.0"
(X =2 80 38.2+3.3" 10.9+1.6* 42+ 7.6 982+ 8.9°

160 41.4+44" 95+1.4" 465+ 82 1711+ 6.8

320 44.4+6.1" 8.9+1.8" 68.2+10.5" 1949+ 9.1

Xof R sl

B2 HE 80 mgke! XZZLHE 160 mgkg!

%54 HE 320 mgkg! HHR

El1 ZZZHEX T2DM KRAFAFALRRIEF M (X400)
Fig. 1 Histopathological effects of PFR on liver of type 2 diabetic rats (x 400)

TRFIE T RS 2L, AT A S RO 22,
PRI, WK BRI R 2, I ]
BRFHN . XS 2 HEETEM XTI REAEA
(i) R P b 50 SRR A2, AT LSBT T IR 3

GLUT-4 & ARBKTPHEZET & (P<0.00D). 5
BRI LLER, XS 2 & FEH RN IRS-2.
PI3K. p-Akt. PPAR-y } GLUT-4 & AZKIA/K T
B Ei (P<0.05. 0.01. 0.001), HEILHHE

3.7 ZEZPEX T2DM KR ATBEAE A RS20 HRAE -
WO Qe AL AMM h IR 2B 4 g

Waerte, A 2mEe. wE 2 i, X
K BRI ZH bR LA B R £ B TR VRS, T 7E
AR 28 O BRI r SO ¢ 1 K TRIRR B Y 21 i
i, R T2DM KRN XS 2%
TR LR BRI IR T e ) e B o 7 3
B o
3.8 ZEBEZHEX T2DM ARIFESE(ESEKAE
XERAFRIERFMN

Western blotting ¥4 M K BRHE 4L 24 IRS-2/
PI3K/Akt {5 5 il B8 AH 5¢ 8 H P A PPAR-y #1 GLUT-4
HEEMRIAE . 57 WE 3 Fs, SHEA L,
FEAIZH K SRFAE IRS-2. PI3K. p-Akt. PPAR-y K

T2DM #2& tH 2 MR 2= F B AR5 R, B
TG R R B e MU B NE . A it
& — R I I RAER, B /Tilk R _LiG97 T2DM (1)
TEEFRN ORI sc TREZRIITER
A . o 2GIE 9T A LT SR 20T S A RE
ST, A DA B BRI RS, Yo AR AR AR
RETNRENO, BT STZ R i FEMEHb IR B 4y %%
a8 B MR, WO S A AN I e S e e
A, BETT S E B 40 S5 R AR IR B 40 B ) At 112,
R, AWF7CRA STZ Ml iR s ta ks S H) &
T2DM KEBA, $RIT X 22 Fix T2DM K BB i
sz, Hdt— B HAE R NLH] . Seie s R

X R

2% 80 mgkg! LS L2 P 160 mgkg!

RS2 K320 mgkg !

2 ZELHEX T2DM XRATAERE AT MERISIME (X 400)
Fig. 2 Effects of PFR on hepatic steatosis in type 2 diabetic rats (x 400)
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R

GLUT—4F- - - 0:2 ]

M % %% 5% 160 mgkg™!

O
BZ 22 M 320 mgkg™!

BXZZ M 80 mgkg!
B HIXUIR

SR ORI 80 160 320 —FEXUIK

%52 (mgkg™)

PI3K p-Akt/Akt

SxiR4LbE: ##p<<0.001; SHRAMLLLKE.: P<0.05 “P<0.01 **P<0.001

##p < 0.001 vs control group; "P < 0.05

"P<0.01 P <0.001 vs model group

3 ZEZHE T2DM ARARSHRESEBREXERRIANM (X £5,n=10)
Fig. 3 Effects of PFR on expression of insulin signaling pathway related protein in type 2 diabetic rat (X %s, n = 10)

R, BRI KRR UWE 2 T, A R O
B, AEAPIRES MR S 25 B R /R AR R 4 K BRI
2R 2. ZIRIVLA T2DM SRR, 2R AR R
. %52 RGeS A SO NGEE X SRER, Y5
INL B L PEEA P T2DM K25 HEE .

T2DM s — P T4 P9 JBE 5 3R 40 i A R B B
Jik 5 ARBTG5 R e AR . T2DM 3
e 3k £ il A AN [ AR BE ) IR AR 2R, i ig X s
SR ATIS. H AT ELL GHb. FINS # C-
JAKSESA T2DM 12 G T 1) B A Fa ARl 4-15],
PRI 53 AT ML H IR 28 7K & GHb. FINS A1 C-fik
AR AT T2DM 2 A EZAME . A4S
RER, ZZZHETTGE R 2% K T2DM KR
TC. TG M LDL-C /K*F, Ftis HDL-C KT, 3%
Jh FINS Al C-fik i 5, PR GHb K1 Eid
FaAR AR — DRI T X2 2 8% T2DM K R b
AR =0 4 FH

T2DM 3585 2 51 K Dhaednifnlel, ALT Al
AST 207 T HF4ua s i, 4402 i, ax s
BB ARG, (Rl ALT 1 AST s F T
PEARR BRI T 9 AH DGR 7 B AR BE (R AR T 5
Ab, 30%~40%[FIHE IR B S R B A, R’
JORE R BT, R PR 0 A 3 O PR R &
KIAE o KAE T R H, i+ CREA Al
BUN 7K-F-J2 B D g i 3 A M 48 bR o) AH 7o 25 S
SR, BMYI KR ALT. AST. CREA 2 BUN /K
ST, 0 T2DM K RSB B #i05, Tm

L2 RERNS B E PR IRIX 4 TR, RHUXSLHE
XF T2DM KRR B8 E — @ MecE A .

SR BE R S IR RORE R R R
Fz L0, AN B TR RS AR
REFEAR AN (B0 BRI, TG Sk P e
(2B RN I 18 R e 2 (8] (¥ 7 B 2R 7 . SOD S
FERNERE A RN —, BRI
EBEALBE T R385, MDA 7K r] b L&
RE P SRR, R B S A A I e AN R
A 7 T v T2 P 1 G R o 4R Ae P, T e Pl S 4 P 45
PilIFE 2, CAT REfS T bR AN AL AT FE = A2 1)
H20s, X4 20 A P 110 S 38 D~ 1 55 4% 07 T R 4
5 EE/EHIR, GSH-Px M1 SOD 1EFH—#E, & 217
TETARN I EZAAGCA RS, AT DS R E R,
ARG RER, XS2HTH)GE R0 257w
T2DM KR L& # SOD. CAT Al GSH-Px /KF-, [
BB MDA /K, RIAZX S ZHER A KRR
T2DM KRR IEAL BB, e pia b gE

JHF R 4 35 i AR e AT B VE R, 2RER
Wi EERE L —, AOFFH HE Gt M O %
L RN LS 2 R A AEE T2DM K R
AW R 2R AR R I AR . BT EREA M R & S
B T, IRS-2/PI3K/Akt 15 5B I 2 il 8y 2%
TE I 4 26 320N 1) 8 B 5 3 Sl g 2], b
4b, PPAR-y A& RO G (A% G SR IR 7, 76 5 R HK
PUI R LG O E R, IR 42
PPAR-y P77 i) B E A HIEE &3, T GLUT-4 ZhRg R
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i RV 20 W A T L A i 7 2E 23 7 A i 5 R A
PUE LR o A FidE A I IRS-2/PI3K/Akt {5
SIEM A A M PPAR-y fl GLUT-4 & HF&IAK
SR, TR FT K 2 22 KN I B 25 S B R 1) 52
SRER, XS ZHERWIEN T2DM KRR+
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