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Analysis of Cyclocarya Paliurus Leaves by UPLC-Q-TOF-MS and Its Effect on Testicular Restoration

FANG Hailian, LIU Meiling, LI Weiyi, WANG Chenggang, LI Fang, XIAO Zhuping (Hunan Engineering
Laboratory for Analyse and Drugs Development of Ethnomedicine in Wuling Mountains, College of Chemistry and Chemical
Engineering, Jishou University, Jishou 416000, China)

ABSTRACT: OBJECTIVE To analyze the chemical composition of the water extract of Cyclocarya paliurus leaves and its
influence on testicular tissue in diabetic mice. METHODS The water extract of Cyclocarya paliurus leaves was analyzed by
ultra performance liquid chromatography-quadrupole time-of-flight mass spectrometry(UPLC-Q-TOF-MS), and the chemical
identification was then carried out based on the high-resolution molecular weight and fragment ion, as well as mass spectral
database searching, the a-glucosidase inhibitory activity of some compounds was determined by PNPG method. Therapeutic
effect of the Cyclocarya paliurus leaves on alloxan-induced diabetic mice was evaluated at doses of high(2 000 mg-kg™'-d™1),
medium(1 000 mg-kg'-d”™") and low(500 mg-kg !-d"!). RESULTS Twenty compounds were identified, and out of them,
morin [/Cs50=(3.98+1.38)ug-mL '], umbelliferone[/Cso=(33.48+2.54)ug-mL '], and methyleugenol[/Cs0=(34.63+4.66)ug-mL]
were first identified as a-glucosidase inhibitors from Cyclocarya paliurus leaves. There were significant different in body weight
and blood glucose between the high, medium and low dose groups compared with the model group, and section diagram of
testicular tissue showed that the high dose group has a better repair effect than the positive group. CONCLUSION The water
extract of Cyclocarya paliurus leaves has significant hypoglycemic effect and good repair function to testicular tissue.
KEYWORDS: Cyclocarya paliurus leaves; a-glucosidase inhibitor; hypoglycemic; testicular restoration
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Fig. 1 Base peak chromatogram of water extract of Cyclocarya paliurus leaves
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Tab.1 Component analysis of water extract of Cyclocarya paliurus leaves by UPLC-Q-TOF-MS

Hs  PREE]/min DS AE mi/z IR /mDa B R 73 EY

1 0.52 136.062 6 0.9 [M+H]* CsHsNs JR RS

2 1.48 517.134 3 0.2 [M+H]* CysH24015 S 2R TR

3 1.87 163.039 5 0.2 [M+H]* CyHe0; T-BREEER

4 1.98 195.065 4 0.3 [M+H]* CioH 1004 Bl B

5 233 147.044 7 0.7 [M+H]* CoH4O; HFHE

6 2.79 319.043 9 -0.9 [M+H]* Cy5H100s L7l

7 2.92 303.049 2 -0.7 [M+H]* Ci5H1007 FEHR

8 3.03 179.106 6 -0.9 [M+H]* CH1,0, T &

9 3.41 287.054 2 -0.9 [M+H]* Ci5H,005 125y
10 5.94 167.070 4 0.1 [M+H]" C11H,403 2-F -5 H AR FE K 2 Tl
11 6.44 471.344 8 -2.1 [M+H]* C30H4604 R TR
12 6.72 335218 8 -2.9 [M+H]* C20H3004 14-F 528 0 N TR
13 7.16 301.140 5 -29 [M+H]* C15H2004 J2K-3,37,5,5-PU Ak K L0
14 7.67 527.349 4 -3.0 [M+H]* C3:Hus06 ST
15 8.08 441.370 7 2.1 [M+H]* C30Hy30, SRR
16 8.11 661.392 1 -1.2 [M+H]* C37Hs6010 JBE 4R TR e
17 8.69 409.113 9 1.0 [M+H]* C19H0010 UM A
18 8.75 4353542 -1.8 [M+H]* C30Hu60: S-SR AR
19 8.84 246.230 0 -0.7 [M+H]* CisHzo (3,3- ) BB
20 9.87 705.582 1 -3.0 [M+H]* C30HgoO1 SRR R S - AR BT R A A R
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Fig.2 Fragmentation ion of isochlorogenic acid

-132-

Chin J Mod Appl Pharm, 2021 January, Vol.38 No.2

[ B R 245 2021 4 1 J145 38 4845 2 14



&Y 4. AR 1.98 min, 78 1FE THX
T, [M+H]MESDT5 T 195.065 4, fb2Falh
CioH100s, H it B R T BB B TIE R
m/z 177.054 7, 163.043 3, W4T B FRME 1
4 F HaO B A [M+H-H O] #E & m/z 177.054 7,
TR AT RES el £ 1 40+ CH3OH JE K
[M+H-CH;OH] i 1§ m/z 163.043 3, HEAAME
AW 1S T T e O A5 R S T R, A R
P A5 B 5 SCHR R A 2627 M e B 4 S BT R
o TEIE B TR, BT SRR 19 1y 36 5L A HH 4 3

HREM ez H
i 177.054 7,
T,

&Y 9: R EEIE] 3.41 min, 7E1EE T
T, [M+H]ESF B Tk 287.054 2, fh2eh
CisH10060 H i Bonr=4 m/z 163.0459,
153.018 4 ¥ 7B 1%, HHMeawmeE 1’
M SO A5 B T W I, 5 R A R 5
BRRAE RS2 b B 9 AT, 1AL
@4%FMﬁfW%F$TL*MH%%O

, FZE 3 U TR, N
1@0%3%4{%%MH%

0
s
|t
(0] H +
0 \ 0
- OH H m/z 177.054 7
H. =
o)
m/z 195.065 4
—CH,0H
4)
m/z 163.043 3

3 MARRMEAET

Fig. 3 Fragmentation ion of ferulic acid

+H|*
OH —|
.ol o K
/ OH \%
Hi (0] OH
O\<‘/YL/ | m/z 163.0459
\[T OH
OH O HO o +H—|
b 0
OH

m/z 287.054 2

m/z 153.018 4

4 LrBmRMERET

Fig. 4 Fragmentation ion of kaempferol

3.3 o FAWETT M

Wt 5 o5 0T B — L6 O B Y L SE R iR
FLEE A, MR K o7 28 T R AT B
AV B AN B 8] A R A I 1% ) 25 48 1) 1, DT g
AR R AT S IR o A S X 7 R M I K R A
UPLC-Q-TOF-MS 4341t 19 1l 3 v AT AR AR A A 1)
YIRTHAT T o- AW B 0 4 i FE PR DU , AR
WE R BHPEXTIRZE, 25 R R 2, HEMIH KLY
SR [1Cs0=(16.42+2.83)ug-mL ™' H BH X6} 18 2H ]
R [IC50=(25.30£1.07)pg-mL T LFHYIENE, 5
Ning SFUHRGERSE IR —8 AERrEAny 45,

T E AR 22 2021 4F 1 A4S 38 4545 2 1)

Z (0 R IWVERAE, IC5015(3.98+1.38)ug-mL™", J2 1]
RS TER 6 £, EH &M KD 4 £,
LA A 1 M L T e i K SR A, X Ui
H AR 2 o A AE B RIVE o I AR a5
N FEE 5IEHAEE R B IAHCHE, iR
L% i B 2540 22 ) R 22 B 3 RSB0 H S or
AR, R C-3°, C-4, C-5FF 3 M
e, THILZEANAE C- 0 & 1 DAL, BEE T
(ARSI 25 SR 3R PR A G 2R L 1L 25 B A o 5 1 - P 2
WEH RN GG L, RER . 7-REF TR M A
T EW R UHE TS B e B o 480 W T I
P

T2 FEMARNEENMLAWA o-H T BRI
1 75 HE

Tab. 2 a-Glucosidase inhibitory activity of total extract and
single compound from water extract of Cyclocarya paliurus

leaves pug-mL™!
AL 1Cs FE S ICso
[ORRT 25.30+1.07 HFOH% ~12.65+0.71°
MM KEY  16.42+£2.83 Tt 61.99+2.09
JIR IS 77.07+2.81 FMOEK 3.98+1.38
T-BREFER 33.48+2.54 RS T 34.63+4.66
PRI B R 91.10+1.86 PSS 32.24+1.27

W 2 125 pg-mL YRR B3I A

Note: *meant inhibition rate value under 125 pg-mL™! concentration.
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Tab. 3 Effect of water extract of Cyclocarya paliurus leaves on weight of diabetic mice(x £, n=10)

o F 5/ A A TRkt /g A A
mg-kg™'-d™! LT ENIPN 814 K #21 K

EEA - 22.58+0.96 26.73+1.68% 28.02+1.43% 29.64+1.50%

FRAIL - 17.93+2.84 18.86+2.70 18.59+1.63 19.30+0.18
FH A% i 2 200 19.93+1.55 20.91+1.27 21.36+1.36Y 22.96+0.962
H M K P 5 7 i 2 2 000 20.10+2.45 21.45+1.76 22.34+0.78D 24.80+1.23%
MK b A4 1 000 19.70+1.13 20.60+1.44 22.75+1.82% 23.14+1.11?
HERMIN K SRR 1 2H 500 19.97+0.78 19.61+1.44 20.62+2.12 22.06+1.32V

T ST, DP<0.05, PP<0.01,
Note: Compared with model group, "P<0.05, 2P<0.01.
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Fig. 5 Graph of the increment of weight in mice with the
time of infusion
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Fig. 6 Histogram of the decrease of blood glucose rate in
mice with the time of infusion(n=10)

Compared with model group, "P<0.05, 2P<0.01.
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Fig. 7 Section diagram of testicular tissue(HE, 200x)
4 ifie

AR UPLC-Q-TOE-MS 51l i1 75 £& M
oKD 70 MEEdr, SEH 20 D
XA RAFARAE R 8 D EZASWHAT T o-H%HE
FRHM G R E , ABHE T 3 S o
APEFEHDGN . ROR | 7-RIEF L RZMPIET
Bl 12 8 MIEMALE Y 26 R i
[ICs0= (3.98+1.38)ug-mL "], J2 P XF R 201 o =< 3
WERY 6 %, FTLIESAH Y oo 20 1 BT 150 A
FE e TG o 38 ERMI 1R U)X B PR S
INEIIRYT . SR RINZK Y AT DL 2R
/N FBG, 1 ELAWE RS 68 103 Y S8 AL 2R 30
HRFABE RN, XEEEE R P T ERpnit 1y
O ] B At

T E AR 22 2021 4F 1 A4S 38 4545 2 1)

REFERENCES

(1]

[2]

(3]

(4]

[3]

[l

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LU J M. Updated key points of 2013 China guideline for type
2 diabetes[J]. Chin J Dia(H EHERIFZE), 2014, 22(10):
865-869.

TONG X L, NI Q, WEILJ P, et al. Diabetes TCM diagnosis and
treatment standard[J]. World J Integr Tradit West Med(1t: %
THEELS A 24), 2011(6): 540-547.

BROWNLEE M. The pathobiology of diabetic complications:
A unifying mechanism[J]. Diabetes, 2005, 54(6): 1615-1625.
LIANG Y S, ZENG Y, ZHU Z W, et al. Effect of Tibetan
medicine Jikan Mingmu formula on diabetic retinopathy
rats[J]. Chin J Mod Appl Pharm( E B FZ452%), 2020,
37(11): 1281-1289.

IDF Diabetes atlas. 9th edition: International diabetes
federation[J/OL]. 2019. http://www.diabetesatlas.org/en/.

XU S S, ZHANG H B, ZHOU J P, et al. Advances of new
antidiabetic drugs[J]. Jepu, 2011, 42(2): 97-106.

JOHNSON J A, SIMPSON S H, EURICH D T, et al
Comment on: Evans JM, Ogston SA, Emslie-Smith A, Morris
A (2006) Risk of mortality and adverse cardiovascular
outcomes in type 2 diabetes: A comparison of patients treated
with sulfonylureas and metformin. Diabetologia 49:
930-936[J]. Diabetologia, 2006, 49(11): 2805-2806.

WU T Z, TRAHAIR L G, LITTLE T J, et al. Effects of
vildagliptin and metformin on blood pressure and heart rate
responses to small intestinal glucose in type 2 diabetes[J]. Dia
Care, 2017, 40(5): 702-705.

TIAN J X, JIN D, BAO Q, et al. Evidence and potential
mechanisms of traditional Chinese medicine for the treatment
of type 2 diabetes: A systematic review and meta-analysis[J].
Diabetes Obes Metab, 2019, 21(8): 1801-1816.

ZOU R C, WU S J, JIAO S Q, et al. Research progress of
extraction, isolation, purification and bioactivities of
polysaccharides from Cyclocarya paliurus[J]. Chin J Mod
Appl Pharm("' [ BLAR FHZ2%), 2018, 35(4): 603-608.

SHIN S O, SEO H J, PARK H, et al. Effects of mulberry leaf
extract on blood glucose and serum lipid profiles in patients
with type 2 diabetes mellitus: A systematic review[J]. Eur J
Integr Med, 2016, 8(5): 602-608.

KURIHARA H, FUKAMI H, KUSUMOTO A,
Hypoglycemic

et al
(Batal.)
Iljinskaja in normal and diabetic mice[J]. Biosci Biotechnol
Biochem, 2003, 67(4): 877-880.

WANG Q Q, JIANG C H, FANG S Z, et al
Antihyperglycemic, antihyperlipidemic and antioxidant effects

action of Cyclocarya paliurus

of ethanol and aqueous extracts of Cyclocarya paliurus leaves
in type 2 diabetic rats[J]. J Ethnopharmacol, 2013, 150(3):
1119-1127.

NING Z W, ZHAI L X, HUANG T, et al. Identification of
a-glucosidase inhibitors from Cyclocarya paliurus tea leaves
using UF-UPLC-Q/TOF-MS/MS and molecular docking[J].
Food Funct, 2019, 10(4): 1893-1902.

DONG Y S, HU Y, YANG W X, et al. Study on chemical
constituents and a-glucosidase inhibitory activity of
Cyclocarya paliurus in Guizhou province[J]. Nat Prad Res
Dev(RAR YIS 5FFK) , 2019(31): 940-945.

ZHU K N, JIANG C H, TIAN Y S, et al. Two triterpeniods
from Cyclocarya paliurus (Batal) Iljinsk (Juglandaceae)
promote  glucose in 3T3-L1

uptake adipocytes: The

Chin J Mod Appl Pharm, 2021 January, Vol.38 No.2 -135-



[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

-136 -

relationship to AMPK activation[J]. Phytomedicine, 2015,
22(9): 837-846.

LI J, LUO M, LUO Z, et al. Transcriptome profiling reveals
the anti-diabetic molecular mechanism of Cyclocarya paliurus
polysaccharides[J]. J Funct Foods, 2019(55): 1-8.

KAN M C. The ameliorate effects of Hawthorn Leaves
Flavonoids on the testicular tissue lesion in type 2 diabetic
mellitus rats[J]. Modern J Integr Tradit West Med(Bt At PG =
EE2RE), 2016, 25(18): 1957-1960.

ZHAO H G, PU C N, GONG S L. Diabetic damage to male
reproduction and its mechanism[J]. Nati J Androl(-F4£55 Fl2#
Z&K), 2004, 10(10): 767-770.

MAO S Z, CHEN G R, LEI K F, et al. Protective effect of
Ginkgo biloba extract on testicular tissue of diabetic rats[J].
Chin J Pathophysiol( "} [E J5 ¥l A= B 24 7K ), 2004, 20(7):
121-125.

WANG L Z, WANG Z X, MA X W. Study on the protective
effect of crocin on testicular tissue injury caused by diabetes
mellitus[J]. Tianjin J Tradit Chin Med(FKHEHEZY), 2019,
36(5): 491-494.

WANG L L, GAO X M, JIA L, et al. Effects of Cyclocarya
paliurus on early kidney injury markers and oxidative stress in
T2DM rats[J]. Globel Tradit Chin Med(FFERF1E£25), 2020,
13(3): 349-353.

LINQ Y, PUHL, GUAN H D, et al. Rapid identification and
pharmacokinetic studies of multiple active alkaloids in rat
plasma through UPLC-Q-TOF-MS and UPLC-MS/MS after
the oral administration of Zanthoxylum nitidum extract[J]. J
Pharm Biomed Anal, 2020(186): 113232. Doi: 10.1016/j.jpba.
2020.113232.

QIN W H, YANG Y, LI Q, et al. Analysis of chemical
compositions from Nepal Cordyceps by UPLC-Q-TOF-MSJ[J].
Chin J New Drugs(H' #2424 ik), 2019, 28(13): 1574-1581.

Chin J Mod Appl Pharm, 2021 January, Vol.38 No.2

[25]

[26]

(27]

[28]

[29]

[30]

31]

[32]

[33]

GUO M N, LIU S X, ZHAO Y M, et al. Analysis on chemical
constituents in Bupleuri Radix by HPLC-Q-TOF-MS[J]. Chin
Tradit Herbal Drugs(H1 5.2%), 2016, 47(12): 2044-2052.
YANG F, XIAO Y S, ZHANG F F, et al. High performance
liquid chromatography-mass pectrometry analysis of Radix
Angelica Sciensis[J]. Acta Pharm Sin(Z4§24224R), 2006, 41(11):
1078-1083.
ZHANG M T, BI A Y, ZHANG X, et al. Evaluate effects of
different drying methods on quality of Tianshu capsule on
substance basis[J]. Chin J Chin Mater Med(*' [EHZjZ4 ),
2017, 42(18): 3537-3545.
ZHANG Y Z, CHEN H B. Investigations of the fragmentation
behavior of 11 isoflavones with ESI-IT-TOF-MSn[J]. J Chin
Pharm Sci, 2014, 23(9): 631. Doi: 10. 5246/jcps. 2014. 09.
081.
XU S F, CHEN W J, CAO W. Fragmentation pathway of
Kaempferol in electrospray[J]. Chin J Appl Chem(; Ffk%),
2009, 26(10): 1250-1252.
PAN L. Pathological Atlas of Experimental Diabetes[M].
Beijing Science Press(dt i b2 HiiAt), 2007, 153-156.
MADIAS J E. An animal model of diabetic peripheral
neuropathy and the pathophysiology of takotsubo syndrome: A
proposal of an experiment[J]. Int J Cardiol, 2016(222):
882-884.
WANG L Z, WANG Z X, MA X W. Study on the protective
effect of crocin on testicular tissue injury caused by diabetes
mellitus[J]. Tianjin J Tradit Chin Med(FKHtH1EE2Y), 2019,
36(5): 491-494.
LANG M Y, XU C K, GUO J. Research progress on clinical
applicationof hypoglycemic Chinese medicine[J]. World
Latest Med Inform(ith 5T BE 2405 B CH#), 2018, 18(80):
94-96.

Wk H 1. 2020-04-16

CR3CT4: £33

[ B R 245 2021 4 1 J145 38 4845 2 14



