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i E B HTEiE- L2420 (HLMD) &b 2 28 % (T2DM) KR 69 BCE1E A R E LR . Foik ¥k Wistar K 844
FAL(6 R ) A AL (30 R ), ALK KA 588 & Pe AR IR B A SAZ T R I iE 469 7 KM 3 T2DM AL AL | S 45 2 B o
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Study on the ameliorative effects and mechanisms of Coptidis Rhizoma-Ophiopogonis Radix herb pair in
rats with type 2 diabetes mellitus
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ABSTRACT OBJECTIVE To investigate the ameliorative effects of Coptidis Rhizoma-Ophiopogonis Radix herb pair (HLMD)
in rats with type 2 diabetes mellitus (T2DM) and its potential mechanisms. METHODS Male Wistar rats were randomly divided
into a control group (6 rats) and a model induction group (30 rats). The T2DM rat model was established by feeding a high-sugar
and high-fat diet combined with intraperitoneal injection of streptozotocin. The successfully modeled rats were subsequently divided
into the model group, the metformin group (200 mg/kg), and the low-, medium-, and high-dose HLMD groups (100, 200 and
400 mg/kg, respectively), with six rats in each group. Rats in each group were administered the corresponding drug solution or

normal saline by oral gavage once daily for six consecutive weeks. Body weight, fasting blood glucose (FBG), the area under the

curve (AUC) of the oral glucose tolerance test, serum lipid
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accumulation, were evaluated. Changes in gut microbiota composition were analyzed in the control, model, and high-dose HLMD
groups. Network pharmacology and molecular docking analyses were performed to identify potential therapeutic targets of HLMD
against T2DM, followed by experimental validation. RESULTS Compared with the model group, the body weight generally
recovered in rats in all HLMD dose groups, while FBG levels consistently decreased. Histopathological abnormalities, including
disrupted pancreatic islet architecture, disorganized hepatocyte arrangement, hepatic cord necrosis, and lipid accumulation, were
alleviated to varying degrees. AUC (except for the low-dose group) , levels of TC, TG, LDL-C, IL-6 (except for the low-dose
group) , IL-1B and TNF-a, Simpson and Shannon indices, as well as the relative abundances of Firmicutes, Proteobacteria, and
Clostridium were significantly reduced; meanwhile, the levels of HDL-C (except for the low-dose group) and IL-10 (except for the
low-dose group) , as well as the relative abundances of Bacteroidota and Ligilactobacillus were significantly increased (P<<0.05).
Network pharmacology and molecular docking analyses suggested that the active constituents of HLMD, including quercetin,
adenosine, oleanolic acid, stigmasterol, and ophiopogonin D’ , may exert antidiabetic effects by targeting key proteins such as
protein kinase B1 (Aktl) , TNF, IL-6, P53 and IL-1B. Experimental validation further demonstrated that HLMD significantly
downregulated the protein expressions of P53 (except for the low-dose group), IL-6 (except for the low-dose group), IL-1B and
TNF-a in the liver tissues of T2DM rats (P<<0.05). CONCLUSIONS HLMD alleviates glucose and lipid metabolism disorders,
attenuates inflammatory responses, and ameliorates hepatic and pancreatic tissue damage in T2DM rats. These beneficial effects
may be associated with the modulation of gut microbiota composition and the downregulation of inflammation-related targets,
including P53, IL-6, IL-13 and TNF-a.

KEYWORDS Coptidis Rhizoma-Ophiopogonis Radix herb pair; glucose and lipid metabolism; inflammatory response; gut
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AR R — H XU (BHPE XS B2, #iE45 H20023370, #1
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DNA 2GR & (5 AU46111-96) I [ JC8) [ ZE v/l
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Bf LA A A R ZH | — B XN 4H AT HLMD I L A e 7]
4,6 K, SEHLE LSS HLMD K 7
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F, R AR TR T o S 7% A O SCHRY, — HSUIR
2H R B B B RUICZ i 200 mg/kg (LK ) 5 1E
w2 AR 20 R RO 1S AR IR RRAE AR K R IR, i
226 8,
2.2.2 PRTE ARSI RN A 2R M S

T A 6 JE) JITR], WA A5 20 R B S g A bk
B VKE B0 RGBSR, IFAE 2 FE R
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J& , FETCI Z A NS4S A R BRI 2S48 , T —80 °C T i
17,8 o R K25 4R RS B R25 K 12 h, 3847 TR
i) % B} i 250 (oral glucose tolerance test, OGTT) : il
FERFUFBG J& , 37 BIE B 509% 5 2 HHA T 2 g/ke, 43
TLA R AZAHE S 30.60.90 120 min i), 5 1 EE 4Bl
K6 0 G 1fi W {1, {48 ] GraphPad Prism 8.0 %% 4 £ f
OGTT fh £& I3 & i & '~ 17 # (area under the curve,
AUC),
2.2.3  MUARFEHR ARAE KA

OGTT 45 )m , FF A KUK R IEH & 1 d, b5
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SEFRISAE R (IL-6 \IL-18 . TNF-a \IL-10) 7K -,
2.2.4  JIFHE/IERRA L PR

KL K45 AR BRARFE IO . BRAR o BBUR I
AT, T —80 °C NALE, & Mo 3 BUFIE AR 41
4, 2 4% 2 R PSR IE 2 24 hs , AT R A i
B Y1 R R 3 wm) s BUFIE JRARL LU B, S5 AKS -
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HE DNA, Ff:%} 168 rRNA V3+V4 X 47 B A s R
M. (PCR)Y™ 4 . BT PCR F=4 , ¥ 2G4 9 Z2 R PR
J¥ 3, 745 Tllumina NovaSeq I J7F- £ a4 X il
¥ o FTAS I e I Py 0t 28 B4 MR s, A T3 E A 26
P v (operational taxonomic unit, OTU) ¥ 35 ; i i
QUME2 4 43 HF- 15 14T oo 24537 (Simpson F5 44 .
Shannon 45 %) 1 B Z2 P 73 B [ 32 44 45 73 #r (principal
coordinate analysis, PCoA )], #&F il 745 5% , %} OTU &
FF AN AT 02827 B JFAET ] (phylum) | J& (genus) 7K
S 7 T TR 2 RS o AT R A T 4B, I I RTAEAE
Kb = B HERURE AR 1T o R FH 2R M 40 53] 43 B 500 i (linear
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Cytoscape 3.8.2 # {1 , A4 i 245 X6 i 14 i - 8 i D) 4%, i
VEBEAEHERT 5 07 AR O 16 B3 5 K IS S SRR A
STRING %4 )% , FI| H Cytoscape 3.8.2 3444 #: 25 1 Jifi -
5 1115 A B /E FH (protein-protein interaction, PPT) ¥ 4%
i 30 B (L HETT 5 67 B OB A5 . T Fr AR AC 4R I A, )
H Metascape 4k /22 17517 3 A {4 (Gene Ontology, GO)
TRE & A SR AL R 4188 5 (Kyoto Encyclopedia
of Genes and Genomes, KEGG )3l i & 4 , 45 S LA A
EAER,

M\ PubChem £ 4i5 e T 25 245 %P A% 0 1 1 Bl o0 1) 2
254, A PDB HUHHE e T OGS 5 A = RS54, 1
H Discovery Studio 2020 # {4 £ Br K43 F FITU RIS,
B mas G, 170X AT T AL R R | [
24 A e A AL
2.3.2  TAENLHSIE

K H Western blot VARGl . H“2.2.47 350K 2% 2 K B
(BRZH 3 HOURAE R IIEZH L, T RIPA i 1 24, 4
AU . SR BCAYENE W 5, T 100 °C
T AT IR BUE R H A, 35T 8% T+
FRETTE T 1 - SR VR s P P 5 Mg PRV 40 B L P R A SR M
ORI L ARG W54 T % 0 N B 2 h PERES
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Jn A —#t B-actin . P53 . IL-6 . IL-1B . TNF-o (i & LL 45 44
1:1000), F 4 °C Nk R s YRS , in AR, Bt (i
FL 2R 1:10 000) , T2 N IEE 60 min; PEARS , UL
ECL &G 6 % (4 Imagel #4450 Hr 2 1 2%
WO, DL ME RS NSE A (B-actin) (K EEE L
HFRR45 HIWER R 7KF 45 R IR A Ry 2 it
FrA—fbAab e
24 FiITFEFHIE

{ifi F GraphPad Prism 8.0 %K {4 X} %4 ¥ #4748 i1 0
Mo FFEIER AR 25 AT HE TR X + s R
224 ] LR FH B R 2R T 25 000 L itE— 20 P T LR
Tukey 15 s AMFEIES 0 TR TR M(Ps, Prs) 3R,
2220 A] 4R F Kruskal-Wallis HAG S , FE— A W5 FL A%
KR IE 22 5 e i) Dunn /56, #6536 7K 0=0.05,
3 R
3.1 HLMD Xt T2DM X R FFi1E A
3.1 FEMEE

TE 20 R R T () oK DL BH 2 S . AR R R
IO AR BN HERS £ B AR IOEEE 1T8hR
% ORI SAE R s 5 25 AR B R R A i
et . TS R (B 1A) s, 5 1E 3 20 i, i
ZHR B IA T B3 T (P<<0.05) . 252400, & 254
KGRI LU0 22 S O Ge T4 8 L (P>0.05) ; 45
2, KA KRR E YA IR, Hop
HLMD 552, — B XUt I T R R 4 (P <
0.05) ; 45 2555 4.6 J&, 45 41 KRR 5 3% 3t [m] 7, Heep
HLMD =77 i 41 2 3% T R B R 24 (P<<0.05) o I b
K2k 51 (] 1B) s, B 4] K FRUAY FBG /K 48 1E #
40 5 2 TR (P<0.05) s 45 24 , 45 25 4 K B FBG #7452
R, Horp HLMD Hh g 7] 2 4R~ SUNIZL 565 6 & 1Y)
FBG 7K V-3 8 K F R AR A2 (P<0.05) . OGTT 44
R 1C) R A 2H KBl AUC 3 0E 4 i 3 T
(P<<0.05) , M £ 25 ) 41 K B AUC (HLMD 1% 751) &2 41 B
A1) B A 2 g 2 RRIR (P<<0.05) o

[ ZH 2L HE Yeta 25 5 (K 2) s, 15 4R BUBRAR
BRI SE L 43 T , R T 2SR, 40 i 2 s AR AR A
KR BB A AL, A 2R 40 HLAR D s SRR H
A, 45 25 W 4 K R R 4 40 1 R AR E R K TR R
B
3.1.2 FERIEH

FFHELHZY HE 2T O Jeta gl 3 (1K1 3) o, IE# 41
KA HES L ST, FF NS5 R4 B, TC R TR 5 A6
UL A FRFF AN AR HE S ZE 6L , 6 B , ik B S, £ R A
Y g AR FRIRGE S 5 2 EL DI B
2SI, I AT IR £ A N 5 AR LA, &5 25 Al
BRI 20 271 3 9 78 AR o HE B A A ) AR
3
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500 10 40007 a
b - " - | b b b
0] & =1 330 - ]1]11 © 3000
o - 11 3 b e 2
& . -
4ngjmo v E 20 A ﬁzooo-
N it 2 A £
350 £ 10 o)
L & 1000
300 =+ T T T T 0= T T T T
0 2 4 6 0 2 4 6 0-
i) /) i)/ I 0T m N VvV W
AfKE B. FBG C. OGTT lhiZk AUC

1 EH 4 AR ; I : HLMDIR 4 ; IV . HLMD )4 ; V . HLMD & 4 ; VI = H SR s a: 5 1F 20 b, P<<0.05;b: S5m0
2 #, P<0.05,
1 HLMD 3§ T2DM KEREE . FBG .OGTT Bk AUC HJ& M (x £ 5,n=6)

BT

-

‘ C. LMD 1??U§éﬂ

A TER4  B.KIL D. HLMD 7 411 E. HLMD 571 k4l F. — U4
A8k JRBIES,

2 HLMD % T2DM X RER AR H R RIE 2 ZN0H 2HE (HE £, 48R : 100 pm)

WIORE

B CHLMDIGARA T AR
LT 7S : JORE AL (HE 4 2) s IR BURAS GIZT O e a)
3 HLMD 33 T2DM X R TR QR IB R SE RIERTAZ MM 2R E [#RR :50 pm(HE &) . 100 pm(GHLZ O
F8)]

MBEFEPRAINEE (1) BoRn, SIEW A AL B TNF-a K34 8 2 TH i, IL-10 /K i 2 FRAK (P<<0.05) 5

20 R BRUMLYE 7 TC . TG \LDL-C /K- F-3 8 % 74 , HDL-C - SRR 20 oA, 45 259 40 K L i b TL-6 (HLMD {i 5
KOV AR (P<0.05) ; SRCAIAE LA, S 2R AIBRAM) (IL-1B . TNF-a 7K - 34 i 25 B A, IL-10 7K °F
I3 H TC . TG \LDL-C /K ¥ ¥ 18 2 B& Ik, HDL-C /K% (HLMD K5 & 41 BR 71 ) ¥ 8 3% T (P<0.05) . 455

(HLMD G LB A1) 24 i 25 T 5 (P<<0.05) o W2,
%1 HLMD X T2DM X R TC.TG.LDL-C . HDL-C 32 HLMD % T2DM X B I & o % iE B F 7k F 895
IKERZ N (x +5,n=6, mmol/L) Mg(x+s,n=6)
415 C 16 LDL-C HDL-C 413 IL-6/ngmL)  IL-IP/pgml)  TNFo/(ngml)  IL-10/(pgimL)
&4 280034 089£0.09 0274003 1934030 &4 206339 4046313689 221411963 4680240
fRRl 830£0.59" 337035 254039 09610.12" fRRl 54.66£507 693.00% 84.79° 3489542094 32231083
HLMD {24 6564115 288£0.54¢ 137£037 098+0.14 HLMD G241 52.18£2.69 6311142866 318124 24.00° 3227+ 1.06
HLMD 4 4275042 107£0.13° 0731016 181£033° HLMD 4 46114237 554.6920.62° 306471077 171216
HLMD 4 4111019 091+020° 067£0.1% 2014037 HLMD 4 3890£2.17° 536.95£25.02° 29152+ 14.56° $58:184
Ui 2911047 084007 026004 1894026 Uty 35,0928 46602159500 255,045 1801° 511320
F 38.395 49,005 40597 726 F 4,087 142m 13408 30698
P <0.001 <0.001 <0.001 <0.001 P <0.001 <0.001 <0.001 <0.001
a: FIEW AL #, P<0.05;b: SHAIL [1HE, P<0.05, a: FIFR AL AL, P<0.05;b: SHIIL 1AL, P<0.05,

3.1.3  HEERIAE 3.1.4  JHEENZE R

51 41 b g, R 2 R BRI T Y IL-6 IL-18. o ZFEMESIHT S S (F 4A AB) R, HIER 4 HE,

WEZG 2026 4R 3T 4555 20 4] China Pharmacy 2026 Vol. 37 No.20 - 2689 +



FEARYZH K U 18 B RERY Simpson , Shannon $5 541 ik 2 T}
15 (P<<0.05) 5 SHEAL Hb A8, HLMD g 771 21 K By i
PR Y Simpson . Shannon 5 451 i 2 F#IL(P<<0.05) . B
AR AT R (B AC) i — 28 R |, 3 4 AR Tk I i

X 43, Hor HLMD 3 751 55 20 K B B A 43 A B4 3 1 1
WU,
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Simpson 544
e et
(=2} foe)
Shannon 541
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I I I 1 I JIi§
A. Simpson 5 #[M(P,s, Py;) ,n="6] B. Shannon §4([M(P;, P:;) ,n=6]
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0.2+

0.11

E=—

0!

PCoA2(14.17%)

—0.1¢

—0.2¢

—0.2 0 0.2
PCoA1(36.19%)
C. PCoA

T E# 4 T BRI s T HLMD 77 2 21
0.05,

E4 HLMD 3 T2DM X 5 %18 B B S R =200

7K (E BA) b, 5 15 20 b, AR 20 R BRI N
FUFF P 1] Bacteroidota FY AH X =F B b 25 FAIG , 7 JEERE 1]
I"] Firmicutes . 28 J& 1 [ ] Proteobacteria [ A X 3= i 35 I
FH T (P<<0.05) ; SAAIL] L 4% , HLMD ey 77 4K R
PR PR TR 1T AR DR 2 B2 0 3 T v JERBE BT R TR T
[T AR = B 44 35 R IR (P<<0.05) , SRR TR E 45 A
TTFIEFH . JBAKFE(ESB) L, SIEH 4 i, A
K AR IS FLAT 8 Ligilactobacillus FY AR 2 B i
EREAK, I 0T WA & Clostridium %55 J& (P<0.05) ; 5
FETRIZ P A, HLMD (=3 771 2 2 K B N R L TR 7
AEGF = B I 2 R0 TR T S P R T 3 B D dd 2 AR
(P<<0.05),

LEfSe 45 W/ , BRI 1 25 5 48 1 QB oI
Desulfovibrionaceae 4 15 ¥ Jp5 #H 5 1% & A1, i HLMD
e R 2 2 ) 4 3 AR T AT R Faecalibaculum \FLFT
W& Lactobacillus 55 o FHOCHES 45 3 R, IRAEIR
W J& Anaerostipes . #) T 1 J& Bacteroides . XU FT 1 J&
Bifidobacterium Aji 55 15 [ # )& Blautia 255543 1 J& ) AH
X B2 5 0 IR A L 2 E 48 Ar K F A O (P<<0.05) o
LEfSe 73 3 U RTAH G A AT 440 A SO 0l — e A
IR R AR R A BT 1

a: LA, P<
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3.2 HLMD %I T2DM X B & F T #l
3.2.1  Z% 2 BEAA TN K oy 5 XHEE R

A5 5 HLMD 76 P43 434, Herbr 10490k [ #63% |
33 A A4 BRI X I HE 5 438 4, T2DMAH
A AR 2 3934, W USSR ISR AR 2174 A
20T P S o3 - W SR 45 T 2 1 RE R R 5 A A A% O
TS o0 i e = B SPHEIOR R TR A
A D’ 5 DA PP 24 Hh i 36 1 BEABHE T 5 67 18 DB A
I3 )R EE 8 B1 (X PR Aktl) \TNF . IL-6 P53 .IL-1B.
AR R 2 B AT A S L 4R A A o D R AR
Herb bR el 2,

GO & AEA5 R (e S PNUHERT 1047, K1 6A) 7,
SEARHE U E A TR B e I, KT A5 A A e i S5
A W)2# 33 F2 (biological progress, BP) , JEAE A X 2541
fitB2H 43 (cellular component, CC) , A M ZS [FBELE &  BEHR
TR il 7% Mk 25 43 7 3 fiE (molecular function, MF) .
KEGG & 8455 (5 AL BHERT 2067, 81 6B) ki , 38
S E 4R T K T kB (nuclear factor-«k B, NF-kB) {5 5
i F% P53 {5 5 il B | 5% b 2k K H F B (transforming
growth factor-B , TGF-B) {5 il I 55 R AEAH I %

FET A A O TG PE U (Wit B2 R IR SRR IR
SLE W AT DY) FOCHE R A (Akt], TNFIL-6 |
P53 IL-1B) [/ T XS5 R Bon , B FE S P53 24 12
H D' 5 INF R 15 5 Aktl M 2 51018 Z & 21
D' 5 IL-6 1 2% Fl J3 A% (4545 BB 43 5 —54.677 1,
—57.0779,—93.763 1,—48.244 4, —63.638 1 kcal/mol,
1 keal=4.184 kJ) o /3 J 2 R AT F A S 0t — 2
A B A AR P B 3

HLMD &5 B2 a Giere

TREIZGp 2026457 37 547 20
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P53 {554 ° o
Bk L3 o
JEAE T SR ° LR %
PR 5 R 0 A 8 5 ) . e 10
[ F A 5 ° ° 20
ABCHIZHEF | ® ®:0
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B. KEGG il 5 4
El6 HLMD ¥ T2DM B MK 5B FEDTE R

3.2.2 ML UESS

FET R 2% 25 B 2E R A1 X O 25 51 | 45 5 A 0F
FRLE I AT A SR P53 IL-6 . IL-1B8 . TNF-a 4/ 484
FHICHE S AT ESF . Western blot SE 545 B (2 3) IR,
5 IE R A e, B2 K BRUHIE 2 24 vh P53 IL-6, IL-
1B TNF-o 25 [ 2351 B 3% 1R (P<<0.05), A
HILE, S A AR BFIEA 2 iR A ry Rk
(HLMD 1§ 7 & 20 P53, IL-6 [%: 4 ) ¥ & & F i (P<
0.05) . FLUK I AT A SCE 0T 4R A 7 “ g o 1 i
M b R A 4.
%3 HLMD Xf T2DM X & B A 48 42 7 P53 . IL-6 ., IL-

18 . TNF-a EERIEMZEM (x £5,n=3)

Eibl P53/B-actin IL-6/B-actin IL-1B/B-actin TNF-aB-actin
&4 038+0.13 046£0.17 0541004 06610.14
i 1.00£005° 1.00£002° 1.00£0.20° 1.00£0.08°
HLMD 4 095+0.08 1.03£0.15 0.76+0.11° 0.88£0.10°
HLMD 4] 0.85£0.07° 092£0.04¢ 049£0.17 0.73£0.04¢
HLMD &l 4 0.70£0,05° 0.76£0.04° 042£0.15° 067£0.08"
A 0.60£0.04° 067008 036£0.14° 0354£0.11°
F 15.808 21661 8.408 9,600

P <0.001 <0001 <0.001 <0.001

a: HIEH A L, P<0.05;b: SHIAIZ 14, P<0.05,

TEZED; 2026 455 37 5 20 1

4 itig

T2DM LU P e oA I A 25 0L e 5 =R ht
DR, Im RIG T LAREREZS S 32, (HIG RS2 B o
R 24 AR RACR A B0 BRI ] 2 5 | A il v L 1S
Jo 3 45405 5 AN B RO, L X L L T - & R, A
WSR3 25 . HLMD 8 B3 (%557 ) TH 18 i
{7, Horh B % 98, D)8 T RN V5 KRR, BT AR
R 5 22 A H e 98, KT IR AE e I O, TG
FEE T 2 A AL, T HOR B R BN B
W, FRASHEI, B2 TV A% DL, B E A S
IINBER | A7 A WO B BT AR M LA, B GEEAR AR
PR PUEALSRERT T (HIXZ %Y T2DM i
A 25 5 4330 08 B [T BIL A 5 AN 3 BT, AR A 9 DA
T2DM KNG, 1T RAERER .

R IFSE 25 5 R , HLMD 1] i 35 ik T2DM &
BRI FBG 7K -, i3t FLW I & 5%, F I TC . TG .LDL-
C.IL-6.IL-1B. TNF-a 7K *f-, F} & HDL-C. IL-10 /K *F-
(HLMD {f% %] £ 44 HDL-C . IL-6 . IL-10 & #h) , 3 il & &2
JHFRIE TR Ji 2 2R B AR | B 5% 22 4 A B o ik 4
IR RPN B — 2 W R BRI

Jo 1B R Z AR 45 5 /R, HLMD 7] i T2DM
K U8 B #E A9 Simpson . Shannon $8 55 i & B, I
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ZREPERIE  RIRFAL R A AR A . i 1 R 2
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KOV b R LT 1 i 4 T i A A G S 2 R,
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ZL HLMD T , B LR PR AR R X = B 4 d 2
Wil YRR 2% T B I R i 1 R A SOk G
AR BB 8 75 2 — 2D A5

o) 245 24 B2 RN 3T 45 R B 7R HLMD 64
BT (MR 28 BT SPBICRRR & B i A BT D AF)
AL g 0 ) Aktl, TNF IL-6 P53 IL-13 25 S F 4 15 K
M3 T2DM, bR SRS 9l e 52 2 Bl B gt Pk
WM, JE—20 1) Western blot JiiE SE 50 25 W, 1
RIZH K R IEZH 217 P53\ IL-6 . IL-1B , TNF-a #5 F H
IKERE WAL 3 R 2 HLMD T , K BT 2
Alrh R A A # K (HLMD IG5 & 41 P53 IL-6 R4 )
¥ T, 2 78 HLMD 0] 8838 2 9% 55 P53 IL-6 . IL-
1B \TNF-o 55 S AEAHICHE 551, A A4 T2DM (kB EH

AARTFAFLEAN B B ZAb A BR300 |
2 AT R A T AR Ak 38 Y HARBF Y IR AR IR R
F Y FRAR T B E AT B0 IE , St = B IR IE 52 HLMD X
Akt 38 [ 0 AR RN 3 A FE A3 F XSS R R, T
W A BT D SRR S R0 SORE R s AR S AE G e
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