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Abstract: The purpose of this study was to investigate the intervention effect and mechanism of Lycium
barbarum leaves on letrozole-induced polycystic ovary syndrome (PCOS) mice. The PCOS model was prepared by

letrozole combined with high-fat diet. After successful modeling, 40 mice were randomly divided into PCOS
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group, positive drug metformin group, low-dose Lycium barbarum leaves group, and high-dose Lycium barbarum
leaves group. The corresponding drugs were given by gavage for 29 days. At the end of the experiment, the
eyeballs were removed for blood collection and ovarian tissue was collected. The ovarian mass, fasting blood
glucose (FBG), fasting insulin (FINS), testosterone (T), anti-Mullerian hormone (AMH), luteinizing hormone
(LH), follicle stimulating hormone (FSH), and estradiol (E,) levels were measured in each group. The morphology
of ovarian tissue was observed by hematoxylin-eosin staining, and the oocytes, cystic follicles and corpus luteum
were counted. Cecal contents of mice were collected for analysis of intestinal flora composition and differential
flora. The animal experiment process was approved by the Animal Ethics Committee of Nanjing University of
Traditional Chinese Medicine. The results showed that the estrous cycle of PCOS mice was disordered. Compared
with the PCOS group, the Lycium barbarum leaves group can significantly reduce the ovarian damage of mice,
reduce the number of cystic dilated follicles, and normalize the estrous cycle. After the intervention of Lycium
barbarum leaves, the levels of FBG, FINS, T, AMH, LH, FSH and LH/FSH were significantly decreased (P <
0.05), while the level of E, was significantly increased (P < 0.001). In addition, Lycium barbarum leaves can
regulate the disorder of intestinal flora diversity in PCOS mice, increase the abundance of Bacteroidetes, and
reduce the abundance of Firmicutes, lleibacterium, Romboutsia and Faecalibaculum. In summary, Lycium
barbarum leaves can play a therapeutic role in PCOS mice by improving insulin resistance, regulating reproductive
hormone disorders and gut microbiota imbalance. It provides scientific basis and useful reference for the rational
utilization and development of Lycium barbarum leaves.

Key words: polycystic ovary syndrome; lycium barbarum leaves; insulin resistance; gut microbiota; intervention

% & UP H 4¢ A 1E (polycystic ovary syndrome,
PCOS) J& —Fl & 2% Y I RE N 23 i FAR B, 72 21k
AU BRI E A2 BN E W, 5 8 AT
JHEL 2 B VR, HECE K T A & R EL B R,
A2 R 1 PCOS £ 5 35 2 BUWE JRI% « O 1ML 0 4
AR TR PR R T B A A SRR X 8 in®, 7 R
Mg N S A ARG BT B . AR P A N DR 3, ki
NI H I IA L (15~49 %) PCOS 4t bR AL K 2
A B H AR SR AE R 22 AP, PCOS i R
o A 2 IS 7 S 2R AR R R SR R H &
M I, 08 R 2%, RPRE VR T 2 FL E NG T 7 %, BAR
oy 250 (277 1 RakE 2 2 HES R 2 AR p R
BUIK - e 2 oK 2546 & AT PCOS [l ARG YT, (H K 2
Yy A IR, BB E AR T E RN IR A LA 259, NI
Zo M, FEFREME EAREZR2NEY).
o 24 R PR B2 22 VAN R OB /D, TR 832 2 NAT]
AR .

AT I (8 Bk TOKE S0) O At B AC s AL 1 A
& (Lycium barbarum L.) B #) A (Lycium chinense
MilL) FEE B LA S b R SRS s A H
TR R B I SIS, B RN B
HI o BUARHTE SR L, MAC M & & 5 iR 2
BRI EH S 55 22 87 B YR AL 2 iy . BAR 2 B 2
WF T, MR M B AL B WS BT G2 O
I BB A5 2 b A 2T, Sk W R K I R E
(A TT RCR B, /N 7 ) BARIAC A D 7 24

“MIAC " R A U, S RT I A R, H
L P 5K R B 9 K R 4D ot I g K A I S O
FA®, PCOS FIAR 45 0E G i 55 25 HE H0 0 o i 8% 3 1f.
iE 5 8 SR AR L, 3T 50%~60% [ PCOS H % 17 1F i
B FEHPT. AU, HE B (HIAC AR 52 S0 AT
LA T PCOS K BR 148 Jig A 25 L, o503 e 5 R K4,
B B W R K, S O Lo Re, £ — e ERA
PR E ™ BT DL BT 5 AR AL B R
Mk HxF PCOS BT T H

i T T R 4% 1 1 3 A R 7 T R A
YER o WF TR BH, J i ol A 4 T Rl ik 52 v 4 4 1 42
VR AR i, R o 2K ] P R T O (R 2 I
EER, (33 ME 2R s B [ 3 K, AT A= 5 7 A B B R
MU, Il PR AT 70 8 7R, PCOS HR 35 1 7 18 B A7 15 2k
VA, R FENT B DUBRT B a8 AN AT 55 R I e 1 =
JE BEARG, BI40OFT B8 J8 R AR 1R 8 1 = B 0 ™. B LK
B, 75K Mk 5 (10 PCOS K B Y, i B A= W B 1)
VIRl 2 FEVE R E E FE R, FUAT B B B R, 5
U8 25 FAT B J AU TR R AR S e, IR
B RELS PCOS IR AERR JBA K. Rk, AHF
FE R FH O M IG5 v s TR ) £ PCOS BB, 25 42 Hfy
f i35 PCOS 7 R A AR U 2R BL B ele B B, SR A
16S rDNA i 38 &l /7 32 ) W Mo A2 %6 PCOS /N E
[ 9 2590 v B R R AR AE L, RS AR A HR AR AT
FHORAE 53 M, AT 48 7R M AT 76 97 PCOS FIAE A B,
I R R FH B LR 7 A o



- 2032 - 242224 Acta Pharmaceutica Sinica 2024, 59(7): 2030-2040

R 5E%E

wmYEIRF M r 35 2205195) 14T 7 2 B
iR AT, G R T EA KR FR SRR S E
AT E M (Lycium barbarum L.) WUZE T B 4% R
R (k5 906-33-2) B 4t JR IR (k5 905-99-7) e T i
NREEMEARAR AR, 2E B (#H5 110753-
202119). /% T (#t5 100080-202012) I T [H & /i 24
il A S8 W 9T B s 2R TR — FF UK (MET, fit5 ACHO111)
Vi) T B e i) 2447 PR 22\ 5 SR b M (FtE 5 C11830352) 1
T E#E TN T BRI 4 R 8 (CMC-Na, it 5
J14HS173796) M1 gt A w; I IR el (M5
C0315) T Eilg 38 = RAEVHARA R A A, 60% keal
Ji B A i B (L5 HF60) < 10% keal fii [ #4 B A
JIE B (A5 LF10C) T 8GR AWkt (o) A R
o R AR A R (luteinizing hormone, LH) 2 B
B ¥ & (follicle stimulating hormone, FSH). % M
(testosterone, T). 7% I ik 15 3 (fasting insulin, FINS). it
TH ¥ 4% ¥ % (anti-Mullerian hormone, AMH). #iff — %
(estradiol, E,) & 77 & ¥ W T g 3005 AL BB TR
AT

{88 LEICA DFC 7000T A 41 %¢ )t & s (4 [
Leica A A]); =i L ha+MAEAL (k5 2K01B200724, =
WAV AL IR A T, BT TR R (KRR T AR E A8 A
F]); ML105 HL R (Rl R —E R 2 A A)); K
D3024R = AR B 0L (6K 2% A1 /A F]); Enspire
% IRERE AR X (32 [ PerkinElmer A 7).

HIXNAYFESH T T 0.5 kgt 5
UKL 1210 (gimL) B LLBIRE A, KZE B ML
B (2%, BFIR 60 min), & 55 F e i 28k a8 ik 46
BWEL1.0 gmL! (EZ ). BAETRESZ40
196.16 g, 5155 N 39.23%. 157 2 P25 A 1 i
FIEYS N & 15 g-d, R 4544 2 T AR 4 5045 B A AT
I < 0 770 & 43 53l A 880+ 1 760 mg-kg'-d™ o BUA AL -
IK$E B K F 75% W OBE W A S 5 0 (3 500 rmin’,
15 min), BU_ETE W, 22022 pm 0L et g, B 75y
AR R A R . SR R AR € B O T I R
TS HFEAT Lo 0 W o v SOV € R ) 2% A SR A
GL Sciences Inertsil ODS 4 i /4 (4.6 mmx250 mm,
3.5 um), WENH N 20 (A)-0.1% BEFR KW (B), B &%
We it (0~18 min, 5%~12% A; 18~38 min, 12%~
16% A; 38~39 min, 16%~21% A; 39~44 min: 21%~
22% A; 44~46 min, 22%~100% A), Jit # 1 mL-min™,
BERER 10 L, FEIR 25 °C, Kl K 340 nm.

SCISENH  SPF 2% C57BL/6J METE/NER, 1A H 14~
17 g, W4T b g 3738 5 SL 50 3 W A R 5748 A 7] [SCXK

(U7 2022-0004], 3474 77 1€ B 50 R 25 K5 50 50 3
Wy B B BE R, RN (22 £ 2) °C, MXHE R
(55+10) %, BN 120, N EHGE. AL
B LR 2R B e 3 2 I @ I, (0 B R
5:202302A062.

EER G SNSRI, iR E S
243 SR /N BROBE BL 438 2 4 (CON, no= 10) Al
PCOS 4 (n = 40). 4 K i P % F 0.3% CMC-Na [
W, PCOSHBHE B4 T 1 mg-kg' Sk Hi v, I
T E R, SAHEE S TEEAMIELE, HE
MR R IR R o AR EE 21 R 0]/ BREAT BB U R
£, W/ BRI B IG HAR L, EEE 11 R LAEh
155 8 1 25 AL R/ iR PCOS A5 700 1) 46 i Th, B B T i
40 R/ RARYE AR E AL A PCOS 4 (n = 10), —
FSUIT2H (MET, 200 mg-kg'-d", n = 10). 4 IH- {1 771
B2 (GQY-L, 880 mg-kg'-d"!, n = 10). ¥ it i & 7 &
4 (GQY-H, 1 760 mg-kg'-d", n = 10). KL% TR
ZIMIRE S 1k, BEE AT 10 mL-kg!, RS FZHE B 4
T 0.3% CMC-Na &l sk, HAR S HEB % T 1 mgkg!
K T P S VR AR I AR . R 256 18 R X/ R AT B
TR R, MEEEh T AR BRI, L 11K,

PRESRFMRE DRMONE I — KN4~
5K, B K (6] — I 1) SR A A 3 36 /K b e vk N SRR AT
B8 o i R AR, A8 R A A TR A B 2R 0K, i A/ BRI
TG WRFT 2~3 R R AR, R E I A, TEIRT
KT, G AL AL (0 10 min. 7E 5t W ss T kG
BRI . AR E /N B U 00 20 AR AR R
kK53 1 AR & B B S TR T MR EA % L
240 M5 17 B AT OO B AN R U] A AL b R AN e B 1
S BATT D0 AR Ak b R A0 B A A% b R A R A, EL B
I AH 45 21 (B AT DK & 4 i f b 2= A A% B R gh
"

MBEMBLHERARNRESLIE 49T FFE:
29 K, B4 RIS /PNRIEAT IR ER NS KikGZ
J5, ¥ BRAE A AN AR K 12 h, BB I E 4 A I b
8 (FBG), JFK ¥ J fii B BRI M, 28 PR A7 /N ER A2 1L 2 h
J&,3 000 rmin” B0 15 min 5 B EiE, T-80 °CyK 46
TRAF . B VR MLIE AR, K F ELISA 1277 & 42 it 1 5
% T-AMH.LH.FSH.E, FINS /K-, 5% | & A 4% 7Y
T S R K PTIE 2 (HOMA-IR): FBG (mmol-L") x
FINS (mIU-L")/22.5. 4 B 0] O 5, FR = 508 o (] o
B[ EAE 4% Z R RS, A TAHLAS 50, K 6
WU R HSRE R Y. TR B R E
Panorama DESK/ MIDI/250/1000 941X (3DHISTECH,
i03%) NS, IEGEit Op BRI e O AN B AR



FRAENLAE: TR M S FURTAT 0 Sk il 48175 S PCOSS /) B = T4

+ 2033 -

16S rDNA U FE 47 HU& 4L/ BUBH s 1) & A
AN HEAT N T8 B RN, AT GO P B R TR A
DNA 2 HUA1 16S rDNA JE [K] V3~ V4 548 X )71 .
{ H] Mlumina [ MiSeq PE300 V- & #E 47 WUl F¢ . A1
UPARSE %1 4% H8 97% AR LM BRI AF 0T Joit & 42 1) B 45 =
117 #1347 OTU (operational taxonomic units) 5§ 28 #
1B, MRS IS . I H motherur A4 i1 5 Alpha £
FEME . 55T Bray Curtis 28 B 147 3 AR50 4T (principal
co-ordinates analysis, PCoA), & il £ iy 8] 73 A 4 4 V%
SEMI AL B ZE S 1 o P AN [R) 2L At A7 2 1 2 1)
43 #r (linear discriminant analysis, LDA), iR 5 7£ J& 7K °F
R PR REERYF . NHRIES THXSATE
b 5 i 18 18 ¥ 2 8] ] Spearman AH 5¢ 2 F0 31T VR AN .
F Fi PICRUSt2 # /4 %F 168 rDNA Wl /¥ 5 4f5 1EAT T it
T34t o

T4 B, 408 bE 3 R B B[R 2% 5 2% 43 Bt il Kruskal-
Wallis ¥ 56, P< 0.05 8 41t 3 & X,

5
1 XGRS
SR FH A 1 2 20 Ry AT i K SR B HH 4 AN R0
S AT S BT, B3 AN ER IS RS G4k SR IR 47
[N NN O 4 BN % N I N B 7 0 1ot
K BRI R SR R R SR RS B SR SR BR AN T B
B8 0.63%.0.56%-0.58% F112.75%.
2 Migitst PCOS/MNEMAE INEEE RENEE AN
Al
ik, PCOS A K45 25 /N ik E A
B K (B 1A); 5 PCOS 41 %, GQY-L 4H /) A&
R4 2R IR PCOS HA Fr R B (P<0.05, B 1B). [A]

R Ipy 7 : = e 25 ¢
G+ ZE 9 KA GraphPad Prism 8 S fFiE174 I, PCOS 41 /)n B 9P 5 o & 5 2% 11 4 /08 6300 3 486
A g B C
-~ CON EQ 20—
- PCOS § 30+
on
= 25 — MET :é %‘J 154 #
. ~+ GQvL & 2 BEE
S = 209 &
% —— GQY-H § g 104
Q 20+ [5)
R = 104 g
E g =
&
[ ho e i e e e e e e e | § 0- 0=
17 13 19 25 31 37 43 49 55 6l > & & K & & 5 & &
i 5 S & & &8 S & & 48
Time/day A SR S NSRS oL <§§ Oé
D
Proestrus Estrous Metestrus Diestrus s %0 Proesius - Estrous
- p—— s 5 100
B R g %20 £ g 807
. ]
e .,--',;. E . E% “gﬁ 60
S L 503 o ]
g PP E210{ w P g3 4
o (I 8 8 201 .
i 2 0 L 0 o
E CON PCOS F P & >R > & & &P
SO Y & ¥ /T
CL& Fa' e L Ve s
D D D{ A A , Metestrus - Diestrus
M M M M s 100 * 8 100+ .
E E B 20 80 * Eg 80 N
P P P = g il R
| | | S5 60 ¥ * S 'a. 604
024681012 024681012 0246 81012 9.0 T, T g2
; ' ) DS 40 WM g9 401 e P &
Time/day Time/day Time/day 2 §° L
GQY-L GQY-H 8 2 N 8 0t :
& ol AL T & 0
D D SSRGS RS & &R
M M C/O QQ V‘& é & C QC‘ & & é
\ / [Ce¢) [QEe;
E E
P P

024 6 81012
Time/day

02 4 6 81012
Time/day

Figure 1 The effects of administration on body weight (A), body weight at the last administration (B), and ovarian weight (C). n =10, x +

ok

5. "P < 0.01, *P < 0.001 vs CON group; P < 0.05,

P <0.001 vs PCOS group; D: Wright staining of vaginal smears (x100, scale bar =

100 um); E: Changes in the estrous cycle of representative mice in each group for 11 consecutive days; F: The relative time span of each

stage in the estrous cycle (n = 10). CON: Blank group; PCOS: Polycystic ovary syndrome; MET: Metformin group (200 mg-kg™'-d"); GQY-

L: Low dose group of Lycium barbarum leaves (880 mg-kg"-d"); GQY-H: High dose group of Lycium barbarum leaves (1 760 mg-kg"-d™);

P: Proestrus; E: Estrous; M: Metestrus; D: Diestrus
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Figure 2 Effects of GQY treatment on FBG (A), FINS (B), HOMA-IR (C), LH (D), AMH (E), E, (F), T (G), FSH (H), LH/FSH (I). n =8,
X £s P <0.01, P < 0.001 vs CON group; P < 0.05, "P < 0.01, ""P < 0.001 vs PCOS group. GQY: Lycium barbarum leaves; FBG:
Fasting blood glucose; FINS: Fasting insulin, HOMA-IR: Insulin resistance index; T: Testosterone; AMH: Anti-Mullerian hormone; LH:
Luteinizing hormone; FSH: Follicle stimulating hormone; E,: Estradiol
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Figure 4 The effect of GQY on the diversity of gut microbiota in PCOS mice. A: Venn diagram of OTU; B: Shannon sparse curves analy-
sis; C: PCoA analysis; D: a diversity index analysis (Shannon, Ace, Sobs, Chao index). n = 8, x +s. P < 0.01, P < 0.001 vs CON group;
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P <0.001 vs PCOS group. OTU: Operational taxonomic units; PCoA: Principal co-ordinates analysis
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