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Effect of Zanthoxylum Alkylamides on the Disorder of Glucose and Lipid
Metabolism in Type 2 Diabetic Mice
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Abstract: To study the therapeutic effect of Zanthoxylum on glucose and lipid metabolism disorder in type 2 diabetes mellitus (T2DM)
mice, the mouse model of T2DM was established by using high fat and high sugar feed and streptozotocin (STZ). The mice were divided into
blank group, model group, high dose of Zanthoxydim (0.8 mg/kg bw), low dose of Zanthoxydim (0.4 mg/kg bw) and positive control (100
mg/kg bw) groups, with 10 mice in each group. The feed intake, water intake, body weight and fasting blood glucose of mice were measured
during the experiment. Glucose tolerance (total cholesterol, TC), triglyceride (TG), high-density lipoprotein (HDL-C), low-density lipoprotein
(LDL-C) and malondialdehyde (MDA) in serum and liver of mice were measured, and the morphological changes of mouse liver tissues in each
group was observed by HE staining after 28 days of intragastric administration. The results showed that Zanthoxylum can significantly (p<0.05)
reduce the contents of TG, TC, LDL-C and MDA in serum, and significantly (p<0.05) increase the content of HDL-C; compared with the model
group, the contents of TG, TC and MDA in the liver of the high-dose group decreased significantly (p<0.05) by 28.31%, 43.56% and 52.14%,
respectively, which were equivalent to those of the positive control group. And the morphological test results showed that after 28 days of
treatment, compared with the model group, the degree of liver tissue damage in the high and low dose groups was significantly reduced. The
results indicated that Zanthoxylum can improve glucose and lipid metabolism and stress response in T2DM mice.
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Table 1 Effect of Zanthoxylum on body weight, food intake and water consumption of mice in each group (n=10)
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RElg 459142770  35.98+3.63* 40.06+4.12 39.29+329  41.69+3.59
REHE B (g4w) T1.54£1.08  -242+035*%  156£045° 1.00£028"  2.72+0.51°
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Fig.2 Changes of fasting blood glucose in mice of each group
(n=10)
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Table 2 Changes of serum related indexes of mice in each group (n=10)

F547/(mmol/L) =8 A aRE 1k & PRI PR,
TG 0.101£0.022  0.169£0.027"  0.146+0.029° 0.151+0.024°  0.1320.019"
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Fig.4 Changes of liver related indexes of mice in each group
(n=10)

L

TH LAY miE &A=
& 5 F4H/NER MDA S 2L
Fig.5 Changes of MDA content in mice of each group

2.7 R R R F AT

W 6 Frs, 2 F 4/ RIS iR, 4
BB « BN AT HE AR B, KRR
AR, AR, MRERA R, SRR,
HORATA TSR, e AR A, T
SRISGE; fad 28 d FFEMURRRIAYT, & IR
ARIBTAI LU R RSB ST, A/Rasi A,
A PTSGE .

I— i
= i)

MDA & / (nmol/mL)
N
T

S
T

IoF P HEE

42

& 6 FFREREFE S

Fig.6 Liver patholog

7 : HE &, WAIR: 100um; a: £9; b: #2%8; c
R EA; d KA EL; e FEMATIRA,

3 g

ARSI K FH v A A TR A B IRV 1R 2R 5 5 1)
258 PRI /AN RO, I FUACARURR ZRTHE PRI /1N BR 1)
oM o 25 B R RAEHUR R BB ARE R /N R =2 —
AERR, TR TR AL ) 2 TR 4] LU AR £ o
KT 6.23%F1 3.32%, FFitm T HEm &, BRARHE R
/NEAEAN TG. TC. LDL-C & MDA &&=, Jt&
HDL-C & &, 00 bR /N U i is A AR TS 214G 2k
3£, H HE Jethsh R B RTEAURR K BERARAT LS55
B, R T IEAURR R BERE MREIRHE . ARt A 4R
AR T 2- AU bR B VR ROR, R T
—EMFIERR. A HIEERN TR UK
R ARG 2- B8 IR L T — 2 MELR ik . 1H
FEARMPERNS], REE— D0 5.

B bk

[1] Richard P, Shin P, Beeson T, et al. Quality and cost of
diabetes mellitus care in community health centers in the
United States [J]. PLoS One, 2015, 10(12): 0144075

[2] Zimmet P, Alberti K G, Shaw J. Global and societal
implications of the diabetes epidemic [J]. Nature, 2001,
414(6865): 782-787



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

(3]

(10]

KT 5, AR, RSN, 5 B PRI TG T T 2990 [ Bt e
[0]. REERHEEIN,2016,45(3):175-181

ZHU Fang-ying, DONG Zheng-wei, ZHU Wen-yuan, et al
Advances in diabetes drugs and their synthesis [J]. Journal of
Fermentation Technology, 2016, 45(3): 175-181

XU Yu, WANG Li-min, HE Jiang, et al. Prevalence and

control of diabetes in Chinese adults [J]. JAMA, 2013, 310(9):

948-959

IDF SxBRHE PRI (SR 8 AR AAR[I] M PRI 3CH76,2017,23:
1-5

IDF global diabetes survey (8th edition) released [J]. Diabetes
Digest, 2017, 23: 1-5

FARR SR R A 2 TP IR 2 BURE PRI B iR TR FE (2010
FEFR)[I]. A R R 24 5,2012,20(1):S 1-S37

Diabetes branch of Chinese medical association. Guidelines
for prevention and treatment of type 2 diabetes in China
(2010 edition) [J]. Chinese Journal of Diabetes, 2012, 20(1):
S1-S37

S 3E A i, STHN T BB SR IR 20112021 4 A RRhE
PRI RARFERLT]. A B R S R 2 (R T4i),2012,9:20-23
MO Yi-fei, ZHOU lJian, JIA Wei-ping. Interpretation of the
global diabetes plan of the international diabetes federation
from 2011 to 2021 [J]. Chinese Journal of Frontier Medicine
(Electronic Edition), 2012, 9: 20-23

R TIHE, (58 L, BRE SR AR, 55 A AR AT 1 7 BT 9 B A L
R A1) H B B A, 2016,16(3):125-130

SONG Li-ya, NI Zheng, FAN Lin-na, et al. Study on the
extraction method and antibacterial mechanism of
antibacterial components from Zanthoxylum bungeanum [J].
Chinese Journal of Food Science, 2016, 16(3): 125-130
TR FE MR SR e RS M. AL R E AR i
#£,2018:77

ZHANG Jian-long. China Forestry and Grassland Statistical
Yearbook [M]. Beijing: China Forestry Press, 2018: 77

Jl i, 5205 57 R, S AEHZ P AN BT T E FRR [ A7 i
INT,2020,1:65-67,72

ZHOU Meng-jiao, SHI Fang-fang, CHEN Kai, et al
Research progress on medicinal value of Zanthoxylum
bungeanum [J]. Agricultural Products Processing, 2020, 1:
65-67,72

REICEE W i, 450, 55 R JE T3 A A i 3-SR B
[T 8E AL RLE,2018,57(24):139-142

XIONG Ru-qin, CHEN Bi-xiong, WANG Rui, et al
Extraction and analysis of volatile oil from Zhaotong green

pepper [J]. Hubei Agricultural Sciences, 2018, 57(24):

[12]

[13]

[14]

[17]

(18]

[20]

[21]

139-142
XIANG Li, LIU Yue, XIE Cai-xiang, et al. The chemical and
genetic characteristics of Szechuan pepper (Zanthoxylum
bungeanum and Z. Armatum) cultivars and their suitable
habitat [J]. Frontiers in Plant Science, 2016, 7

ZHANG Meng-meng, WANG Jiao-long, ZHU Lei, et al.
Zanthoxylum bungeanum Maxim. (Rutaceae): a systematic
review of its traditional uses, botany, phytochemistry,
pharmaco pharmacology, pharmacokinetics, and toxicology
[J]. International Journal of Molecular Sciences, 2017, 18(10):
2172

F5, BB, R AR Y AP R W UL L.
FREE24,2002,33(7):666-670

WANG Yu, JU Yong, WANG Zhao. Recent research on
bioactive components in Zanthoxylum L. [J]. Chinese Herbal
Medicine, 2002, 33(7): 666-670

T R AR A BRI IR FE[D]. F P T R AR R 27,
1996:23-24

ZHANG Hui-min. Studies on the aroma and taste of
Zanthoxylum  bungeanum [D]. Chongqing: Southwest
Agricultural University, 1996: 23-24

Manuel Marcos, Carlos Jiménez, M C Villaverde, et al.
Lignans and other constituents from south and central
American Zanthoxylum species [J]. Planta Medica, 1990,
56(1): 89-91

Sutomu Hatano, Kazutoshi Inada, Tomo-omi Ogawa, et al.
Aliphatic acid amides of the fruits of Zanthoxylum piperitum
[J]. Phytochemistry, 2004, 65(18): 2599-2604

AR B LR T R AU R K AE Y S REWT TR FE[J/OL ).
B i FH#:1-9[2020-07-29] http:/kns.cnki.net/kems/detail/1 1.
2206.7S.20200514.0940.016.html

NIU Bo, PANG Guang-chang, LU Ding-qiang. Research
progress on biological function of Zanthoxylum bungeanum
[J/OL]. Food 1-9[2020-07-29].
http://kns.cnki.net/kems/detail/11.2206.TS.20200514.0940.01
6.html

You Y M, Ren T'Y, Zhang S Q, et al. Hypoglycemic effects
alkylamides

Science:

of  Zanthoxylum by enhancing glucose
metabolism and ameliorating pancreatic dysfunction in
streptozo-tocin-induced diabetic rats [J]. Food Funct, 2015, 6:
3144-3154

Ren TY, Zhu Y P, Xia X J, et al. Zanthoxylum alkylamides
ameliorate protein metabolism disorder in STZ-induced
diabetic rats [J]. ] Mol Endocrinol, 2017, 58(3): 113-125

Ren T Y, Zhu Y P, Kan J Q. Zanthoxylum alkylamides

43



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

[22]

[24]

[25]

[27]

[29]

44

activate phosphorylated AMPK and ameliorate glycolipid
metabolism in the streptozotocin-induced diabetic rats [J].
Clin Exp Hypertens, 2017, 5(17): 330-338

WRENZE, X2 Bl 218, 55 AEABURR 3R 15 B (AN R B A
O K B P LI PR B R P [0, £ i AH4,2014,35(19):231-
235

CHEN Chao-jun, LIU Yun, LU hong-jia, et al. Synergistic
effect of different mass ratios of capsaicin and capsaicin on
reducing blood lipid in rats [J]. Food Science, 2014, 35(19):
231-235

e T W, A5 S T2, S5 A EABURR R S i PR 9 K B
AR AS IR D] 75 775441, 2017,39(2):170-176

YOU Yu-ming, REN Ting, ZHANG Shi-qi, et al. Effects of
Zanthoxylum bungeanum on intestinal microecology in
diabetic rats [J]. Acta Nutritionis Sinica, 2017, 39(2): 170-176
i U, S A A 22 T R RV T 2R B0 PR /) B
R[] A 586 5 77252 24 35,2016,22(14):159-162

SU Zhuo, GUO Cheng, LIANG Tao. Effect of Eucommia
ulmoides polysaccharide on streptozotocin-induced diabetic
mice [J].
Medical Formulae, 2016, 22(14): 159-162

SR /N B PRI B8 A HIL AR RO BIE 72 2t JRE [0, B AR R 22,
2019,25(17):193-194

Chinese Journal of Experimental Traditional

SANG Xiao-xi. Research progress of pathogenesis of
diabetic nephropathy [J]. Journal of Contemporary Medicine,
2019, 25(17): 193-194

FREF, o PRI BRRK 12, 55 T FE JiK R S SR PR PR s AL A 2
KR IO AR 5[] H [ TR 25 2 76,2014,39(11):2091-2096
GUO Jing, MENG Qing-hai, YIN Qiu-yi, et al. Effect of
Tongsaimai tablet on experimental diabetic foot model rats
[J]. Chinese Journal of Traditional Chinese Medicine, 2014,
39(11): 2091-2096

WU FRALUK VFI SR 1 RE PRI (AR & 2R PR 25387
[7].-F E EEF1,2019,54(4):352-355

YANG Na, ZHANG Hua-bing, XU Ling-ling. Non-insulin
hypoglycemic drug therapy for type 1 diabetes mellitus [J].
Chinese Journal of Medical Sciences, 2019, 54(4): 352-355
IR BRI T R PRI P 24 FOWT 7245 T (0] 8 PR 3t 5
2019,22(12):194-195

XU Hong. On the research and development of traditional
Chinese medicine for treating diabetes [J]. Diabetes New
World, 2019, 22(12): 194-195

WSO PR R AL, B U A R B MRSE IR 2 LB IR
T AR TR /N B A B 4 P F 7 [9]. T 24 25 22 5 11 AR, 2015,
31(1):125-129

[33]

[34]

[35]

[36]

[37]

MI Wen-jia, CHEN Su-hong, LV Gui-yuan, et al. Study on
hypoglycemic effect of Dendrobium candidum root extract
on type 2 diabetes model mice [J].
Clinical of Traditional Chinese Medicine, 2015, 31(1):
125-129

BRI /INME, BP AR AL RN TR & B 40RR R4 /R TS
KRBT [T]. F 5 R R 2R 541, 2016,32(5):456-460
JU Lin-jie, WEN Xiao-hua, SHU Luan. Protective effect of

Pharmacology and

salidroside on islet f cells and its mechanism [J]. Journal of
Nanjing University of Traditional Chinese Medicine, 2016,
32(5): 456-460

FESCHE AEAORE U 5K P9 IR B A LER (R 72 [D]. 25K 7Y
FIR#,2014

REN Wen-jin. Study on the regulation mechanism of
Zanthoxylum bungeanum on lipid metabolism in vivo [D].
Chongqing: Southwest University, 2014

Begorre M A, Dib A, Habchi K, et al. Microvascular
vasodilator properties of the angiotensin II type 2 receptor in
a mouse model of type 1 diabetes [J]. Scientific Reports,
2017, 7: 45625

=138 2R, B A, 5 T A SRR 2 R PRI K B
R ISR 7 [9]. B il 5 1,2020,36(11):138-142

YAN Shuang, LI Guang-yao, DAI Cong-shu, et al. Study on
the hypoglycemic effect of dandelion extract on type 2
diabetic rats [J]. Food and Machinery, 2020, 36(11): 138-142

/N IR Y S0 A5 AL L S e TIVEORDR R PR /)
SR PRI R/ (0], Hh R, 2019,38(6):123-127

CHEN Xiao-min, TAN Shu-ming, HUANG Ying, et al.
Hypoglycemic effect of Rosa roxburghii, mulberry leaves
and balsam pear drinks on diabetic mice [J]. Chinese
Brewing, 2019, 38(6): 123-127

SEARE T RETE SR, A NS ZE SRS T A PR )N
BRI SERILT]. £ 0 S HLK,2017,33(7):165-169

SHI De-jun, YAN Huan, CUI Qing-mei, et al. Effect of
ginseng stem and leaf extract on type I diabetes mouse model
[J]. Food and Machinery, 2017, 33(7): 165-169

I, IR G MR, S 2 B IR AL T A A AR 2
Ty REORE (1 47 B0 B i 4 41 (0], BRAR & R, 2018,
34(6):24-31, 121

WU Hong-tan, WU Xiao-lu, CHEN Yu-pei, et al. Effects of
Antrodia camphorata and its functional drinks on liver
protection and blood sugar reduction [J]. Modem Food
Science and Technology, 2018, 34(6): 24-31, 121

TR AT AT 1 AU PRI OB A QI i K LRl
BT FE (D). F K PY R K 5,2017



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

[38]

[41]

[42]

[43]

ZHANG Shi-qi. Effect of capsaicin on glucose metabolism
and hypoglycemic mechanism in type I diabetic rats [D].
Chonggqing: Southwest University, 2017

BRI, YL T BB PRI I A A SR S AL A R R s B
L R 43 v (9], A 1R B AR IR 5 4k 7 ,2007,22:2770-2772,
2776

JIA Zhao-tong, TIAN Kai-hua. Prevalence characteristics and
causes of metabolic syndrome in type 1 diabetes mellitus [J].
China Journal of Modern Medicine, 2007, 22: 2770-2772,
2776

Wi/ N, VS B, S80S SR BT 50 T R P /I B P
YRR ] B & i ARH,2019,35(8):13-20

CHEN Xiao-min, TAN Shu-ming, HUANG Ying, et al.
Hypoglycemic effect of Rosa roxburghii juice on type I
diabetic mice [J]. Modern Food Science and Technology,
2019, 35(8): 13-20

PR, LS IR DN 72 1A 7 S [T]. 5 FOWE B 4 35,2006,
4:61-61

YANG Yue-jie, LIANG Yan-ling. Significance of blood
glucose measurement [J]. Journal of Practical Diabetes, 2006,
4:61-61

LT FEPRIRAT IS 2o Y R85 16 R I [0]. 4k 25
B2 2:#H,2005,1:28-29

XIANG Hong-ding. Epidemiology, diagnosis, classification
and prevention of diabetes mellitus [J]. Continuing Medical
Education, 2005, 1: 28-29

ALY, S, 2 52 1R, 55 RIS AR SRR B PR /1 B L
PRI T[] Edn 7L 5 714,2019,40(8):85-90

WANG Zu-zhe, MA Pu, ZUO Ai-hua, et al. Study on
hypoglycemic effect of Stichopus japonicus oligopeptide on
diabetic mice [J]. Food Research and Development, 2019,
40(8): 85-90

NI YT B B A PR R A LA 7],
[ Sz 2 24,2015,102):142-143

SUN Wei-fen. Clinical effect and mechanism of metformin in
the treatment of impaired glucose tolerance [J]. Chinese
Journal of Practical Medicine, 2015, 10(2): 142-143

ZERRAC, I i, SRR LT IR T T X PO /) B
AR P ORI 78076 TR, 2014,35(10):341-345
LI Yao-dong, YE lJing, XIAO Mei-tian. Study on
hypoglycemic effect of compound seaweed dietary fiber on
diabetic mice [J]. Food Industry Science and Technology,
2014, 35(10): 341-345

VKRR, JH 96, 3/, 55 2R G R/ BB i
WAL & 5 RH%,2017,42(7):86-90

[46]

[48]

[50]

[51]

BAI Bing-yao, ZHOU Qian, DONG Xiao-han, et al. Effect
of concentrated juice of red dates on glucose metabolism in
mice [J]. Food Science and Technology, 2017, 42(7): 86-90
=Y e SN e Sy A RN ESE 2505k e N TS PN
B i A S AL RS S [T, v B 2 4 22 4R 76,2014,
34(2):420-422

LI Xiao-bing, PEI Lan-ying, CHEN Yu-long, et al. Effects of
yam polysaccharide on glucose and lipid metabolism and
oxidative stress in streptozotocin-induced diabetic rats [J].
Chinese Journal of Gerontology, 2014, 34(2): 420-422

Wt IS ), B A R AL LD R ORI 1
W) &R 5T %,2019,40(14):57-61

CHEN Ping, TAN Shu-ming, HUANG Ying, et al. Study on
the hypolipidemic effect of Rosa roxburghii, hawthorn and
mung bean beverage [J]. Food Research and Development,
2019, 40(14): 57-61

PRI UK A FME, TR L BR A5 29 AT 25 BION B PR 5 10 45
K R AL R B2 M [J]. B 22 [ 22 [ 24,2019,30(9):2082-
2084

LI Xiao-bing, REN Yu-mei, ZHANG Li-yun, et al. Effect of
Danggui Shaoyao powder on oxidative stress in rats with
carly diabetic renal injury [J]. Shizhen Traditional Chinese
Medicine, 2019, 30(9): 2082-2084

o h, DA TN, A5 AU R O SR A 8 RS R S T
AERRZIA[J/OL). 7K 72 244, 1-10[2020-08-12].http://kns.cnki
net/kems/detail/31.1283.S.20200810.1544.002.html

HE Qin, JIA Rui, CAO Li-ping, et al. Effects of oxidative
stress on antioxidant status and immune function of carp
[J/OL]. Journal of Fisheries of China, 1-10 [August 12, 2020]
TR AR R, FR PN, 5 IR 2 B M Lo L I P 5
AP i o AR A A 07 (O T D] I 22 B R [ 24,2008, 19(3):
607-609

ZHANG Xu-dong, JIANG Wei-zhe, JIAO Yang, et al. Study
on Longan Ginseng flavonoids against lipid peroxidation
injury induced by myocardial ischemia-reperfusion [J]. Shi
Zhen National Physician Characters, 2008, 19(3): 607-609

1o 1,2 B 2L, L, 5 LR B E0us v i /) B R A
LA EAAE R 2128 BF FE[J/OL]. & i 5 A B Tk, 1-6
[2020-08-12].https://doi.org/10.13995/.cnki.11-1802/ts.0248
73

Gao Xue-jing, Luo Si-yi, Tang Kai-jie, et al. preliminary
study on lipid-lowering and antioxidant effects of hawthorn
crude glycoprotein on high-fat mice [J/OL]. Food and
Industry: 1-6 [2020-08-12].
https://doi.org/10.13995/ j.cnki.11-1802/ts.024873

Fermentation

45





