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Effect of Huangqi Liuyi Tang on Glucose Re-absorption Via
Renal Tubular Epithelial Cells in Type 2 Diabetes Model Rats

XU Yan-ling, ZHENG Yuan-jia, LI Zhen, WEN Li-min, GUO Wen-feng"
( Piwei Insitute, Guangzhou University of Chinese Medicine, Guangzhou 510405)

[ Abstract | Objective; To observe the effect of Huangqi Liuyi Tang on diabetic rats’ blood glucose,
glycosylated hemoglobin, blood lipid and the renal tubular epithelial reabsorption of glucose transporter 2
(SGLT2) , and explore its efficacy and possible mechanismt in the treatment of diabetes. Method: The 77 SPF rats
were randomly divided into 6 groups by weight: normal control group, model group, metformin group (0. 15
g-kg™'), Huangqi Liuyi Tang low, middle and high dose groups (3. 15, 6.30, 12.60 g-kg '). Diabetes models

were established by using high fat and high glucose diet for 28 days and then with intraperitoneal injection of
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streptozotocin at the dose of 40 mg-kg ™' body weight. 7 days after STZ injection, corresponding drugs were given
by gavage. Equivalent volume of water was given in the normal control group and model control group by the same
method. Gavage medication lasted for six weeks, once a week. Venous blood from the tails was collected to
measure blood glycose after 6-hour fasting; after fasting 12-hour at the last time of gavage, the venous blood from
the tails was taken for blood glycose and then the rats were anaesthetized to collect the abdominal venous blood.
The kidney and pancreas were taken for histopathological examination after the rats were sacrificed. The blood
glucose, glycosylated hemoglobin, blood lipid, body weight, food intake, and the expression of renal tissue SGLT2
were observed. Result: The blood glucose levels in modeling groups were higher than those in normal control group
(P <0.01), with a blood glucose value >13.0 mmol - L~'. After six weeks self-healing, the blood glucose level
in model group was still significantly higher than that of normal control group (P <0.01) ; the blood glucose levels
in metformin group, Huangqi Liuyi Tang in middle and high dose groups were lower than that in model group (P <
0.05). Glycosylated hemoglobin level was increased in model group and higher than that in the normal control
group (P <0.01). As compared with the model group, glycosylated hemoglobin level was decreased in metformin
group and the Huangqi Liuyi Tang high dose group (P <0.05). In the pancreas pathological HE staining in model
rats, complete pancreas islet structure was seen, indicating that islet was not destroyed completely in this
experiment. Renal pathological slices showed that the structures of renal glomerulus, collections, tubular, proximal
and distal tubule were complete in all groups, with no obvious pathological damages. After treatment, SGLT2
protein expression levels were reduced in various treatment groups (P <0.05, P <0.01). Conclusion: High sugar
and high fat diet with intraperitoneal injection of STZ increased SGLT2 protein expression in kidney tissues of
diabetic models. Huangqi Liuyi Tang can reduce blood glucose, glycosylated hemoglobin, and lower SGLT2 protein
expression in diabetes model rats. Its treatment efficacy for diabetes may be associated with partial inhibition of
renal tubular epithelial reabsorption of glucose.

[ Key words ] diabetes; Huangqi Liuyi Tang; blood glucose; glycosylated hemoglobin; sodium-glucose
transport protein-2 ( SGLT2)
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109 R [ 7 , 85 A0 5 G0 30 B Y0 |, HE e fa
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PRE A Y, IE W H K BIRERRZ: LI, Sl s T
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Table 1 Effect of Huangqi Liuyi Tang on rats’ body weight of diabetic model(x +s,n =12) g
20 5 Fl/g kg ™! S 46 i STZ 1 5 Hif RITH 3 A RITHE 6 JH
EH - 203.6 £10.8 407.5 +34.8 472.9 +40. 1 491.3 £42.5
% - 204.0 £10.7 384.5£27.5 302. 6 +38. 8% 295.5 +37.0%
Z HUIR 0.15 207.0 £11.9 379.1 +23.3" 298. 1 £36. 7% 284.9 £45. 6%
N — 3.15 199.2 £8.9 392.5 £27.4 303.5 +41. 9% 296.9 +41. 0%
6.30 202.5+13.3 372.3 £31.2" 313.9 +£56. 0% 299.5 +55. 0%
12. 60 200.5 8. 1 367.7 £32.7" 274.1 £35. 8% 263.7 £39.3%

HHEEALEY P<0.05,2P<0.01,

3.2 P PROE R BRALRE B RZ MR R AR TR 4
Jil I 2% 21 Bl B A W e AR A R R TE A STZ J A
Ja, 5 IE PR, A% R A I B B T (P <
0.01) ;3775 3 i, S R4 He s, — PP XU of
W FEAR (P <0.05) 5 w1 2536 7 21 BR324 45 A [ 2

F2 BERA—FGUNERFEEBEXRMBEOZIG (v 5,0 =12)

JERRAR, H v BN — 9 bR B AR R R R
(P<0.05), JaJ7eh 6 Ji , SRR A L ¢, 25 3h )7 41
LB X7 A7 B3 AR, — F XU 4 i B I 35 B AR (P <
0.05) ; B PN — i e 7 4 i B S I T A
H(P<0.05), W2,

Table 2 Effect of Huangqi Liuyi Tang on blood glucose in rats of diabetic model (x +s,n =12) mmol-L !
24 5 /g kg ™! 5 4 Wi STZ V44 i RITH 3 A RITHE 6 JH
E# - 6.0=0.5 6.6+1.1 5.8+0.8 4.820.3
i - 6.3+0.7 30.7 £3.9" 28.2 +4.5" 28.4 +5.0"
ZH UK 0.15 6.2+0.7 33.0+0.8" 17.4 £7.2% 17.2 +5.5%
WEN— 3.15 6.2+0.8 30.9 3. 1" 23.8 +4.1 25.2+4.8
6.30 6.4+0.6 30.6 +5.3" 21.8 +4.9% 20.2 +5.3%
12. 60 6.0+0.5 32.1 2.4 23.4 4.4 18.9 +4.6%

B HIER AL P <0.01; HHAMAHEY P <0.05(F3 ).
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3.3 XBERRR R BB ZI | A M B
WAL I 2T 2 R DU 2 v T IE R 41 (P <0.01) 5
LRIRVA B 43R T A RE AR I 2T 2R YA AN TR
TR AR, JFrh U L B 7S — 1 e R A AR AL
2135 B B TARIZH (P <0.05), W3,
3.4 BRI B AR (S R R R S
I STZ I Jes T 5 BT 52 ) 4 B Bk 6 5 8L K B, TCHO
TG,HDL-C 5 LDL-C ¥ %A B 1 ot 48, ¥ 8 — 1
G R R R ORI AR Y ST 56 v X M i 5 A
LN N R R RS 1

3.5 bR EMES T STZ 3 #8510 FR ik LB it
OB I YN S R BN o S T S 1

R3 BERA—GUBRFEEABRBEADIZANE W (v 5,
n=12)
Table 3 Effect of Huangqi Liuyi Tang on glycated hemoglobin in

rats of diabetic model(x +s,n =12)
gl FAt/ g kg™ AL I 2175 14 /nmol - 1, 7!
EH - 1311.75 +261.74
FEAR - 1 635.02 +324.51"
O HOBUIR 0.15 1 352. 54 +134. 827
HEAN— 3.15 1612.07 £248.71
6. 30 1557.73 +184.45
12. 60 1 353.77 £201.77%

F4 BEAN—FWERFER KR TCHO,TG,HDL-C 5 LDL-C £ 2M &M (x+s,n=12)

Table 4 Effect of Huangqi Liuyi Tang on TCHO,TG,HDL-C and LDL-C in rats of diabetic model(x +s,n =12) mmol-L "'
20 5 Fldt/g kg ! TCHO TG HDL-C LDL-C

EH - 1.40 +0.28 0.70 £0. 15 1.06 0. 19 0.40 +£0. 16
T - 1.44 £0.59 0.50 +0.32 1.17 £0. 39 0.35+0.17
UK 0.15 1.17 £0.20 0.43 +0.20 0.98 +0. 17 0.39 £0. 11
HWEN—T 3.15 1.30 +0. 39 0.43 +0.27 1.08 +£0. 31 0.38 +0. 18

6.30 1.43 +0.42 0.49 +0.20 1.07 £0.29 0.44 +£0. 12

12. 60 1.34 +0.26 0.41 £0.21 1.14 £0. 12 0.37 £0. 12

T B 18 55 45 A8 | A5 TR 4 o DL B S R R A 4L A B8 L 4
A T B S5 KA T DL, 45 4 24 2 I R 5 A A DL T S
FRCTE 1 5 45 R AR TH AT UL, U B AR IR SE 56 40 mg -
kg ™M H ) B STZ X K BRI A s A R S A o8 42
I Z SRR T 2 RS PR B I PR AE . DL
LI

3.6 XIS IS I STZ & K 4 R o Bl I
MUSE I A5 2R BB R /NER /N I i B e
RN AT B N N S N = 1 N o e |
FRAE A3 oA UL B S BE AR 5 o AT DL AR YR SE 5 L, 40
mg-kg ™ PRE A STZ X A BUEIE 9% K i A &
SERERRE A5 2R T AR TC W B R, W
K2,

3.7 b AR EMEE IF STZ 3 A5 M R 9 R BLUE /N
B b B A M W A2 R SGLT2 [ sE T AR
5% R G 2 41 Ak 1 UL 88 4% AL X B /NG 1
SGLT2 F [ RIK M . = b & IR IR & A IF I s 1
St STZ SUBE PR R I RURE 7Y B 20 20048 26 b 7 3 1k 2R
A& (P <0.01) , 0 iA07 , & 4 25 4L R RUE
2L SGLT2 Fih A ke Ik, b AE 3 W 5 iy
ST RS — i 0 A, BB B AR RO LU 4
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Urp SCLT2 KIKMAEHI(P <0.01) . W3 5,5 3.

RS HEA—GUBERFERARENMNE LK SGLT2 EB KR
BIRM (x £5,n=8)
Table 5  Effect of Huangqi Liuyi Tang on expression of renal

tubular epithelium SGLT2 in rats of diabetic model(x +s,n =8)

20 5 F /g kg ! SGLT2/%
EH - 1.52+0.23
LAY - 2.08 £0. 40"
O HOBUNR 0.15 1.87 £0.26
HEARN— 3.15 1.75 £0.35%

6.30 1.78 +0.28%
12. 60 1.62 +0.19%

W5 TR A B P <0.01; 58 A H Y P <005,
Y p<o.01,
4 itig

SGLT2 il 5 J& U 4F IR YT 2 BUME FR s 1) e e
) MM AT RORT R s RO S RS 2 — o R LA
FERARMEA 180 g 4 %5 b M 'E /N sk k5, UE 4 1 7
2 W JLF- #0430 i /)N A5 A4 e 5 T 1Y) e 260 W A 15 AR
W, Gn R e B R b A T X SR s R
T £ 2% 00 T I iR, IR 4wk 4 ol B R BET
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ACTE LB BRIL  C. W SUIRAL; D. BN — 1% 3. 15 g-kg ™" 4l
E. 8N~ 6.30 g-kg 41 F. WA 15 12.60 g-kg T 4 (H 2,
3[E)

Bl HBEA—FNBERFERARBERARFEZNIM(HE, x
200)

Fig.1 Effect of Huangqi Liuyi Tang on pancreatic tissue pathology
in rats of diabetic model( HE, x 200)

B2 BEREA—FNBERFERXREARREZNHEM(HE, x
200)

Fig.2 Effect of Huangqi Liuyi Tang on nephridial tissue pathology
in rats of diabetic model( HE, x 200)

SGLT2 &' /N I B 48] 7 Wl T W WA 1) O B % iz 2R
P, SGLT2 il 71 1E 2% A F A6 ' i /N8 b ) 2 2

3 BERA—FNERFERARE/NE LK SGLT2 EAREKN
B (A, x200)

Fig.3 Effect of Huangqi Liuyi Tang on SGLT2 expression of renal
tubular epithelium in rats of diabetic model (THC, x 200 )

32 P, 38 3 34 20 3 40 46 28 ph SGLT2 i 4 765 1
M2 M, — 03 0 2 W DR TR0 P I | T 3% %8 A U
WEEOE T . 2015 32 DB B B 43 18 7 A o 1 Uk
SGLT2 il FI5 A —£i7 254 2 — . SGLT2 i
FI AT A% HbALc 0.5% ~ 7% , % i 4% A4 XU 4215
T WA R TG L T R G i BR TR K A R
R
PN — % S8 o R I R YA T I 98 7
B S — % 1 R 3R A R ) o A T
AL, 2 A T VG , 2 J B S S M DR Y 0 o ok [
EERTRY S AR P iCE, KB N ME
I, KR T 55, T 0 HE S R B 20 v, B (R ) B
ANt S 2 LT
ZEFIBIGIERZE . WA DR & AN — w0
S Do 30 ) A R LA R AT It /T, A
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