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Study on the Hypoglycemic Effect and Mechanism of Qidan Fang on Diabetic Mice

FENG Yi—fan'?, WU Li-ping'*, ZHANG Yi-ying'?, QIAN Da-wei'>, DUAN Jin-ao®, SONG Xiao-xiong’, LYU Gao -
hong® , ZHU Yue® , XU Hui-qin’

(1. Jiangsu Collaborative Innovation Center of Chinese Medicinal Resources Industrialization, Jiangsu Key Laboratory for High Technolo-
gy Research of TCM Formulae, Nanjing University of Chinese Medicine, Nanjing 210023, China; 2. National and Local Collaborative
Engineering Center of Chinese Medicinal Resources Industrialization and Formulae Innovative Medicine , Nanjing University of Chinese
Medicine, Nanjing 210023, China; 3. Jiangsu Key Lab for Pharmacy and Safety Evaluation of Chinese Materia Medicine, Nanjing
210023, China)

ABSTRACT: OBJECTIVE To investigate the hypoglycemic effect of Qidan Fang on diabetic mice and explore its relevant mecha-
nism. METHODS The SPF ICR mice were intraperitoneally injected with 120 mg - kg™ alloxan after fasting for 16 h. The blood
glucose was measured after fasting for 12 h after 5 d. The blood glucose of 10~25 mmol + L™" was defined as the successful establish-
ment of the diabetic mouse model. The male diabetic ICR mice were divided into the model group, metformin group, low—, medium—
and high—dose Qidan Fang groups (0.34, 0.67, 1.34 g - kg™' - d™", respectively) , and administrated for 30 d. Additionally, normal
male ICR mice were selected as the blank group. Body mass and fasting blood glucose (FBG) were recorded once every 10 d, and a
glucose tolerance test (OGTT) was performed after 30 d. Serum insulin level was detected by ELISA, and then pancreas and liver tis-
sues were collected for HE staining to observe their pathological changes. The expression levels of IRS-1, PI3K, AKT and GLUT4 in
the liver tissues were determined by Western blot and PCR. RESULTS Compared with the model group, the level of FBG and glu-
cose tolerance decreased significantly (P<0.01), and the serum insulin level increased significantly (P<0.01), in the medium— and
high—dose Qidan Fang groups; The tissue structure of the pancreas and liver was significantly improved, islet morphology recovered to
a certain extent, and liver tissue abnormalities and vascular congestion were rarer in the low—, medium— and high—dose Qidan Fang
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groups. High dose of Qidan Fang could significantly up—regulate the protein expression levels of p—IRS—1/IRS-1, p—-PI3K/PI3K, p—
AKT/AKT and GLUT4 in liver tissues ( P<0.01), while significantly up—regulate the mRNA levels of IRS-1, PI3Kp85a, AKTI and
GLUT4 in liver tissues (P<0.01). CONCLUSION Qidan Fang has a hypoglycemic effect on diabetic mice, and its mechanism is

relative to the regulation of IRS—1/PI3K/AKT signaling pathway.
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Fig.1 Effect of Qidan Fang on body mass of diabetic mice
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Fig. 5 Effect of Qidan Fang on the pathology of pancreatic tissue of diabetic mice ( HE,x400)
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Fig. 6 Effect of Qidan Fang on the pathology of liver tissue of diabetic mice ( HE,x400)
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Fig. 7 Effect of Qidan Fang on the expression of key proteins in liver tissue of diabetic mice
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Fig. 8 Effect of Qidan Fang on mRNA expression of key proteins in liver tissue of diabetic mice

4 itig

BRI & — M Z R A, SRy
AR DRI 8 T Ve , T2 B ML A B A, SR
P, WA IO R HRL BRI R RN TR YT . Re
T E R WAL R A PSR, W
PR RN L I R T R R B A BR YT .
Hk AL S LR B I A B FES AN
Ifll PRARZY B 55 e W M AT B I SR AT B

R L A AT e /)N BT 28 W AR A 2 0, il
H‘éﬁ%\,\ ) T HR ) T R G R AR 4 1 Y
PrEALRE T, o0t R AR 12U 47 , FRAIC DKA 4l B
B4 5 1 5 K S EEAE R 1 -
I AT D R B A T AT AT PR /)
BRI , 39009 e 2 AR 5 LU 2 B o U Tk il 2%

B AN LA B 0 /N BT 5, BRAEG 1 AU PR
S BB, 42 B i S35 b i PF N G B
B db/db /N FBG 7K | A AER T A 4 2 A
AL IR DR I DA P 0 4 T S T
AR AE P SR 1 - AT DU R BT
AT B FORTETE S a0 SR, W R A S
Fii B, 5 SCHRARE 0 U AR e n] R /N BB S 40
JiL 5 O, 38 /D BRI 5 B U 22 4 i 5 2
WA JE B J 5 AR, T M PR . AR BF 9 R
JiE s e e ] A W 114 2 0 BB PR g 4 AR A
FERCPFIT R BRI . 25 SRR BT  v] i 2 AR
/N BRI 5 2K R AR A S 5, A
TR A 5 DR s 11 BEDIRZSS

1 R B RO 1) A8 55 9 5 2R B R A %, i



— 510 —

JIE R R 5 R AE B2 B 2 — , ZE M AR AT i A v
EEEAMER 2 AR BoR, 1 BB PR i
BB U I i JB 5 25 B0 B AIR 12% ~ 61%
HZFh 4N (55l %S izt 2, b IRS-1 /&
s PI3K/AKT 38 fi 1) 8 22 L A4, 33k 1 PR 7
RS RES EET BB RSME RZHK
GG TE SR R G S R0 R R R A s Fhk
17,154k IRS FEIME PI3K ; iG4L Ay PI3K A] A4
TR 1 AKT A=W A, fof 4 A BT Y p—
AKT O3 2 40 BTN, f2 3 GLUT4 Kk | 4
Fras PRI A BRAR R 20 UM B s T AR
W2y, Xu 2577 5T 2 W 0 F SUIKRT 18 54 g
SZIRME LS, WAEW N AKT 2 (A 1Y B IR 1L /K
VL3I GLUTA %%iz S A fE A MO S i SR 42, Bl
IRS B #iA K Filf PI3BK/AKT 5 585, A5k
IRAC Y 7 % PR /N BRI 2 20 LA — e B R
YERT, I 68 L V8 R 2 2000 G488 11 IRS— 1, PI3K
AKT F1 GLUT4 FHAH & mRNA kK, EIAL
FH 5 B8 005 M DRI 7N BRI 9 TR A LB i AR L o6
5 JE75 RS- 1/PI3K/AKT {5538 4 5%, iX IS
57116 PRIV FH £ SR} 22 4
SE k.

[1] YONG J, JOHNSON JD, ARVAN P, et al. Therapeutic opportuni-
ties for pancreatic B—cell ER stress in diabetes mellitus[ J]. Nat
Rev Endocrinol, 2021, 17(8) : 455-467.

[2] COLE JB, FLOREZ JC. Genetics of diabetes mellitus and diabetes
complications[ J]. Nat Rev Nephrol, 2020, 16(7) : 377-390.

[3] DANEMAN D. Type 1 diabetes[ J]. Lancet, 2006, 367(9513) .
847-858.

[4] DEFRONZO RA, HENDLER R, SIMONSON D. Insulin resistance

is a prominent feature of insulin—dependent diabetes[ J]. Diabetes,

1982, 31(9) . 795-801.

MAO YJ, ZHONG WJ. Changes of insulin resistance status and devel-

opment of complications in type 1 diabetes mellitus: Analysis of DCCT/

EDIC study[ J]. Diabetes Res Clin Pract, 2022, 184, 109211.

[6] THORN LM, FORSBLOM C, FAGERUDD J, et al. Metabolic syn-
drome in type 1 diabetes: Association with diabetic nephropathy and
glycemic control (the FinnDiane study) [ J]. Diabetes Care, 2005,
28(8) : 2019-2024.

(7] R, BOR, MER, % FETEGIZERNT PR I8

RV AT O 25 LA (0], 2525 3 5l R, 2021, 37
(3): 190-19s.
WU TC, YUE RS, HE MM, et al. Medication rule analysis of tra-
ditional Chinese medicine formulas in the treatment of prediabetes
based on data mining[ J]. Pharmacol Clin Chin Mater Med, 2021,
37(3): 190-195.

[8] WIRET, /Cfif, AN, &5 7" BARAC /K S 40 X DU S s 0 17

SRR/ BB E I D] B 5 A EOR A4, 2019, 38

(3):91-96.

HU XY, LU WQ, SUN XQ, et al. Studies on the hypoglycemic ac-

tivity of Lycium barbarum L. water extracts[ J]. J Food Sci Biotech-

nol, 2019, 38(3): 91-96.

FIREE, B, ke, A5 BUEERT 2 BB R BB R R A

YIRS T]. B IR, 2021, 42(13) ; 351-357.

WANG YC, XIE ZX, ZHANG XY, et al. Effect of Astragalus on

intestinal alkaline phosphatase and inflammatory response in type 2

[5

[

—
=)
[

MR P E 2 A2 4 2022 4F 6 F 45 38 45 6 1

diabetic rats[ J]. Sci Technol Food Ind, 2021, 42(13) . 351-357.
[10] Vrarsts, SAPT, W, 55 LLZRBTHRICY X s /) BRI i b
TERIRBISEL)]. WIEEEEEZ, 2014, 25(10) : 2386-2388.
XU JY, HU Z, GAO Y, et al. Hypoglycemic effects of iridoid gly-
coside in Comus officinali extract on diabetic mice[ J]. Lishizhen
Med Mater Med Res, 2014, 25(10) : 2386-2388.

FAEPE, M, G, 55 KA R mMBEER )]

PURTARTEE 2, 2018, 45(16) : 2924-2928.

WANG DP, YU XM, AN X, et al. Synergistic hypoglycemic

effects of mulberry leaves multi—components on diabetic mice[ J].

Mod Prev Med, 2018, 45(16) : 2924-2928.

TR, D FEFES R R RUBEE B A0 1L U T i

WAL, PN (AR BEA AR, 2017, 54(6) : 1341-

1344.

ZHANG HL, MA X. Inhibitory effects of Salvia miltiorrhiza bge. f.

alba water extract on apoptosis of islet B cells in rats[J]. J Si-

chuan Univ Nat Sci Ed, 2017, 54(6) . 1341-1344.

CIGNARELLI A, GENCHI V, PERRINI S, et al. Insulin and in-

sulin receptors in adipose tissue development[ J]. Int J Mol Sci,

2019, 20(3): 759.

YANG JY, ZHANG TT, DONG Z, et al. Dietary supplementation

with exogenous sea—cucumber—derived ceramides and glucosylce-

ramides alleviates insulin resistance in high—fructose—diet—fed rats
by upregulating the IRS/PI3K/ Akt signaling pathway[ J]. J Agric

Food Chem, 2021, 69(32): 9178-9187.

EJAZ A, MARTINEZ-GUINO L, GOLDFINE AB, et al. Dietary

betaine supplementation increases Fgf21 levels to improve glucose

homeostasis and reduce hepatic lipid accumulation in mice[ J]. Di-

abetes, 2016, 65(4) : 902-912.

DENG LL. Astragaloside IV as potential antioxidant against diabet-

ic ketoacidosis in juvenile mice through activating JNK/Nrf2 signa-

ling pathway[ J]. Arch Med Res, 2020, 51(7) : 654-663.

[17] HU TG, WEN P, SHEN WZ, et al. Effect of 1-deoxynojirimycin
isolated from mulberry leaves on glucose metabolism and gut micro-
biota in a streptozotocin—induced diabetic mouse model[ J]. J Nat
Prod, 2019, 82(8): 2189-2200.

[18] DZYDZAN O, BILA I, KUCHARSKA AZ, et al. Antidiabetic
effects of extracts of red and yellow fruits of cornelian cherries
(Cornus mas L.) on rats with streptozotocin —induced diabetes
mellitus[ J]. Food Funct, 2019, 10(10) : 6459-6472.

[ 19] HUANG MQ, ZHOU CJ, ZHANG YP, et al. Salvianolic acid B a-
meliorates hyperglycemia and dyslipidemia in db/db mice through
the AMPK pathway [ J]. Cell Physiol Biochem, 2016, 40(5):
933-943.

[20] BXFS, TRBIRE, 2, 4. 20630 I A s e A P /) B
RIREIBEE )], B ahBRHE, 2020, 45(7) : 293-297.
HUANG FL, XING KH, XIE H, et al. Hypoglycemic effect of ju-
jube pigment on alloxan — induced diabetic mice [ J]. Food Sci
Technol, 2020, 45(7) : 293-297.

[21] KUPRIYANOVA Y, ZAHARIA OP, BOBROV P, et al. Early
changes in hepatic energy metabolism and lipid content in recent—
onset type 1 and 2 diabetes mellitus[ J]. J Hepatol, 2021, 74
(5): 1028-1037.

[22] KAUL K, APOSTOLOPOULOU M, RODEN M. Insulin resistance in
type 1 diabetes mellitus[ J]. Metabolism, 2015, 64(12) ; 1629-1639.

[ 23] BHATTAMISRA SK, KOH HM, LIM SY, et al. Molecular and bi-
ochemical pathways of catalpol in alleviating diabetes mellitus and
its complications[ J]. Biomolecules, 2021, 11(2) . 323.

[24] ATKINSON MA, EISENBARTH GS, MICHELS AW. Type 1 dia-
betes[ J]. Lancet, 2014, 383(9911) : 69-82.

[25] YU WZ, FAN LD, WANG MF, et al. Inside front cover:
Pterostilbene improves insulin resistance caused by advanced gly-
cation end products ( AGEs) in hepatocytes and mice[ J]. Mol
Nutr Food Res, 2021, 65(15) : 2170037.

[26] JAMES DE, STOCKLI J, BIRNBAUM M]J. The aetiology and mo-
lecular landscape of insulin resistance[ J]. Nat Rev Mol Cell Biol,
2021, 22(11): 751-771.

[27] XU H, ZHOU Y, LIU YX, et al. Metformin improves hepatic
IRS2/PI3K/ Akt signaling in insulin —resistant rats of NASH and
cirrhosis[ J]. J Endocrinol, 2016, 229(2) . 133-144.

(%% K

[11

[

12

[

[13

—

[14

[l

[15

—

—
—_
=)

[



