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[HE] BB HITH#H 2 E (igonelline, TRG ) X 4 R HIH% FR 9% ( gestational diabetes mellitus, GDM) 2 B IfiL
PRACIH Bk S BIRPLRORE N, Frik  BEWLIEEL 8 HMEME Wistar KECGEEME IR, FA KR EIER S 8 B, &%
FCH NGRS , B MR R BRUAE Sy xot IR A 1 B MR % R UM s 2 /N 3910 4 R 1/ 18 K ( streptozotocing, STZ) 35 mg/
ke 175 AU GDM BLAY | i BB A4  TRG XFI &4 (15 mg/ (kg - d) ) \TRG il &4 (45 mg/ (kg -
d) ) KRR —F BN MH) (200 mg/ (kg - d) )20, B4 8 H X IR AL BB 20 K RN 6 45 20 55 i AR AR K i
2714 d, FRE P04 R BLZS 8 LB ( fasting blood glucos , FBG) 7K & 24 h JR 14 11 (albumin, Alb) & 2k ; W8 IV,
A6 0 I (%% 8 B AR 1 IR B ( HDL-C) 1K %% % i 28 11 IR B B ( LDL-C) | SR FEEE(TC) H il =HEB (TG) ) JF T
BE(RIMABRAFEFELEE(AST) AR ZIEGERE[E (ALT) ) X5 268 (1R 2 & (blood urea nitrogen, BUN) JILEF
(serum creatinine, SCr) ) 3 Rril % 2H R B2 6k 2R ( fasting insulin, FINS) & i VAR ) EHLPTHE 4 ( HOMA-insulin
resistance index, HOMA-TR ) J fi#i &% 2% U35 40 ( HOMA -insulin sensitivity index, HOMA-IST) ; MR R BRI 4 4 B
AR A5 G B i 2H 2 rp S AR W 1B AL I (superoxide dismutase, SOD) | i AL A ( catalase, CAT) | A [
(malondialdehyde , MDA ) 98 3ARSE K F — a (tumor necrosis factor-oc, TNF-a) S [ 4l i /2% 6 (interleukin 6, IL-6) 7K
Vo, BRI GDM K B S0 R4 He 8, BRI A TRG {I% . 70 40 S MH 21 KBl BM .24 h Alb AST,
ALT .BUN J% SCr.FBG 7K Ifil 7% LDL-C TC A1 TG & & FINS .HOMA-IRI {H  JEAFZH 214 MDA [ TNF-a 1 11L-6 7K
FHE, ML HDL-C 5t \HOMA-ISI B &R SOD  CAT 7% MK SRR (P<0. 05) , BRAR 2L 20U I AT S TR B2 B 1
AR LY SRR LA, TRG IR, & 7 5 4 ) MH 21 K B BM .24 h Alb AST ,ALT ,BUN & SCr,FBG /K°F | Ifil i
LDL-C . TC 1 TG %% FINS ,HOMA-IRI & . iR 412X v MDA | TNF-o Fll IL-6 7K &G, 13 HDL-C & &  HOMA-
IST 1B K R AR 14U SOD | CAT {GHEAKSE 1 (P<0. 05) |, J iR 21 20 34 43 72 i s 5 ; TRG AR L =i 77 i 21 % MH 41
YRR B W 38 (P<0.05) , Z5i6  TRG ] [ GDM K BUMLKE /K , ke 36 AF 155 oh B8 e S5 s 13, i i 9
FARPUIHL = ) AR AR FH AR W] BB S5 R AK 5 M e SRk 26
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[ Abstract]
in gestational diabetes mellitus ( GDM) rats. Methods

Objective To investigate the effects of trigonelline (TRG) on lipid metabolism and insulin resistance
Eight female Wistar rats were randomly selected for normal
feeding, and the remaining rats were fed a high fat diet for 8 weeks. After cage mating to confirm pregnancy, normal fed
rats were used as the control group, and the high fat fed rats were intraperitoneally injected with 35 mg/kg streptozotocin to
induce the GDM model. Model rats were randomly divided into model, TRG low-dose (15 mg/ (kg + d)), TRG high-dose
(45 mg/ (kg + d)) and metformin hydrochloride (MH) (200 mg/(kg - d) ) groups with eight rats in each group. Control
and model groups were treated with the same amount of normal saline by intragastric administration for 14 consecutive days.
Weigh and the fasting blood glucose (FBG) were measured. BM and the contents of 24 h Alb, AST, ALT, BUN, and
SCr, serum high density lipoprotein cholesterol (HDL-C) , low density lipoprotein cholesterol (LDL-C), total cholesterol
(TC), and triglyceride (TG) were measured. Fasting insulin ( FINS) content was measured in each group. Insulin
resistance index (HOMA-IR) and insulin sensitivity index ( HOMA-ISI) were calculated. Histopathological changes of the
pancreas in rats were observed. Levels of superoxide dismutase (SOD), catalase ( CAT), malondialdehyde ( MDA),
tumor necrosis factor-a (TNF-a) , and interleukin 6 (IL-6) in pancreatic tissues were measured. Results The GDM rat
model was successfully established. Compared with the findings in the control group, FBG, serum LDL-C, TC and TG,
FINS, HOMA-IRI, MDA, and TNF-a and IL-6 levels in pancreatic tissue were increased, serum HDL-C content, HOMA-
ISI, and SOD and CAT activities in pancreatic tissue were decreased in model, TRG low-dose, TRG high-dose, and MH
groups ( P<0.05) , and pathological changes of various degrees were found in pancreatic tissue. Compared with the findings
in the model group, in TRG low-dose, TRG high-dose, and MH groups, FBG, serum LDL-C, TC and TG, FINS, HOMA-
IRI, MDA, and TNF-a and IL-6 levels in pancreatic tissue were decreased, serum HDL-C content, HOMA-ISI, and SOD
and CAT activities in pancreatic tissue were increased (P <0.05), and pathological injury of pancreatic tissue was
gradually decreased. The effect of TRG in low-dose, high-dose, and MH groups was gradually enhanced (P<0.05).
Conclusions Trigonelline reduces the blood glucose level, improves liver and kidney functions, and abnormal blood lipid
metabolism, reduces insulin resistance and improves insulin sensitivity in GDM rats. lts effect may be related to reducing
inflammation and oxidization.
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( malondialdehyde , MDA ) & & ( A003) I H B 5L 4
AR W) TR 5 BT 5 R LM 88 SR AE I 1 — o ( tumor
necrosis factor-o., TNF-a) (PT516) . H A2 6
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(kg - d),MH 21 KB 4525 MH 200 mg/ (kg -
d) Sk BR A B AR A K R 1 S R R R K
HELE 14 d,

1.3.2 KGR S DhRedRbs 0 AR S I
Ji% 5% & (fasting insulin, FINS) 7K

RIRGE L EEHRE , WSS R B — AR AE , P B
AR ( body weight, BW ) ; 4% 2 K B4 9% i T
PRI HL, WO 24 h PR ARSI R Alb 55 5
ERE 12 h ST OB 40 me/ kg 1755 R
FEALFE W e 28 R DK R 1ML, AR T FBG;
FeK LR BE J5 , 4°C 2000 r/min 250> 20 min, B
W, AT EEEE AN AST (ALT . BUN il SCr 7 k5 4
FI 3l A Al o3 B ARG 00 1L Vs e %8 B I A P JIEL [
(high density lipoprotein cholesterol , HDL-C) %5 &

B 25 1 IH [# B (low density lipoprotein cholesterol ,

LDL-C) . & H[E P (total cholesterol , TC) FlH i = Hg
(triglyceride , TG ) K- ; 75 HUIMLYE FHF ELISA 4
KEUMYE FINS 78 450 nm Ak (14 W B (8, 1) FH A o
2T FINS M3 % &,
1.3.3 3150 B & R K B0 48 20 ( HOMA-insulin
resistance index, HOMA-IRI) M Jifi & & 6% 5 458 4
(HOMA-insulin sensitivity index, HOMA-ISI)

HOMA-IR = ( FBGXFINS)/22. 5; HOMA-ISI = 1/
(log( FBG) +log( FINS) )
1.3.4  HE JeUlge BRI U B2 1 B

UM S50 , % SR04 41 KRR, SR TR 41 4
ALK PR R T, — 80> T 4% 2 WV b [ E
48 h( 75— A TR ) |, B BA W5 4 2 5 ]
R4 wm HEY) R, ZH IR B E 2 Bk,
ZARR LY B R 5 AU AN WL iR 2H 21
p i
1.3.5 A e 2H 2 rp S AR L A 5 B AR PRI 1
K

B R IS R AR 2 2, DR A S 9 A AR B R
KR 10% H 215138, 4°C F 2500 +/min B0 10
min JF I ETEW . AR5 TS i IR0 & U0 I A #R A
PR R EE o HiE A MDA 75 & K SOD  CAT
I ; ELISA JEAGI1 TNF-a & 1L-6 7K°F,
1.4 SZIHFEFE

AWFFE TS50 8 L SPSS 26. 0 403 | §HHE 45
VISR UEZE (s ) R, Z2 4 18] FL B Ak
AP R J7 22 (One-way ANOVA) 43, J7 22 55 PRI H]
LSD-¢ K545 . P<0.05 WAy 22 m BA S8 X,

2 #R

2.1 MmiFEWREIEHR
5 MU L8, LA TRG I 7] B2 K



rp [ A PR 2 A ks 2023 4F 8 H A 33 55 8 ) Chin J Comp Med, August 2023, Vol. 33,No. 8 71

MH 21Kl BM .24 h Alb AST ALT ,BUN SCr.FBG
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BUN ,SCr .FBG 7K LDL-C . TC #1 TG, FINS & & .
HOMA-TRT {EL 4K YK A%, 1ML 7% HDL-C 7% & HOMA-
ISHAEAK IR T (P<0.05) o WL 1,
2.2 FREZRETL

HE Ye a2 R, X B8 41 K R iR 41 21 40 ity
TEARI, HEZN A Ty, 9 & 2 BR0E AR, 3 58
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2.3 FBRIRARDFLMNHEKERTFKE
L%t RAL e (B 2) BRI TRG A & 7 =
4 % MH 41K FRUBAR 4141 SOD | CAT 3 1 /K - F%
i, MDA \TNF-a il IL-6 7K T} ( P<0.05) ; 54
T A TRG K | 7 77 F 2 K MIH 41K Bl ke i 2
Zrp SOD | CAT & MK F-F+ 55, MDA | TNF-a Fil 1L-6
KRR (P<0.05) , TRG X, =l it 20 & MH 40K
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Table 1  Comparison of blood sugar, blood lipid, liver function and kidney function
kit pugisEicl FRERIZ TRG IG5t 41 TRG 57 i 241 MH £
Index Control group Model group TRG low dose group TRG high dose group MH group
Bfgi(egig)ht 332.20+7. 03 375.31+5.99" 363.04£6. 11 ** 354,015, 87 *** 341. 3246, 54 *#*H
24 h Alb(mg/24 h) 6. 12+0. 84 18.05+2.08* 16.23+1.56** 13.22+1. 02 *#* 10. 010, 59 ***5
AST(U/L) 40.22+3.58 164.53£13.02" 140. 5610. 45 ** 101. 85+8. 99 *** 72.08+8. 21 *#¥H
ALT (U/L) 80.02+18.96  234.11+27.45" 187.65+17.63** 130. 25+ 14, 87 *#* 109. 23+12. 05 * 0
BUN( mmoL/L) 5.22+0.91 15.32+1.86" 13.26+1. 42" 9.87+1.25"** 7.89+0. 91 ***H
SCr( pmoL/L) 20.34£2. 03 49.88+4.22" 38.62+4.05** 29. 11£2, 58 *** 24.02+2. 11 *#¥H
FBG( mmoL/L) 5.44+0. 23 18.44x1.10" 14. 48+0. 83 ** 8. 050, 44 ¥ 7.350. 47 *#*H
HDL-C ( mmoL/L) 1.060. 13 0.42+0.05" 0.55+0.06** 0.85+0. 05 “** 0. 93+0. 08 ***H
LDL-C ( mmoL/L) 0.41+0. 04 0. 86+0. 04 0.75+0.04** 0.56+0. 04 *** 0. 490, 03 *#*H
TC( mmolL/L) 2.33x0. 12 6.1420.22" 5.37£0.20 "% 3.18£0. 16 *** 2.82+0. 14 *#*0
TG( mmoL/L) 0. 74+0. 04 1.74+0.08 1.52+0.06 " 0.98=0. 07 *#* 0. 86+0. 08 ***U
FINS( mIU/mL) 4.57£0.17 13.13+0.63" 10. 05+0. 51 ** 6. 11£0.29 *** 5.22+0, 23 *#*0
OMA-IRI 1.11=0. 06 10.77+0.95" 6.47+0.48"* 2.18+0. 13 *** 1.71x0. 17 ***0
HOMA-ISI 0.72+0. 01 0.42+0.01" 0.46+0.01 " 0.59+0. 01 *#* 0. 63£0. 02 ***H
T SR IEEE, " P<0. 05; SHIRIZL LA, *P<0.05;45 TRG A4 LLE:, * P<0.05;5 TRG m#lft4l ke, ©P<0.05,

Note. Compared with the control group, *P<0.05. Compared with the model group, *P<0.05. Compared with TRG low dose group, *P<0.05.
Compared with TRG high dose group, B p<0.05.
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Figure 1 HE staining of pancreatic tissue of rats in each group
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R 2 AAKREUBIRA L E AL AN T K LU (245 ,n=8)

Table 2 Comparison of levels of oxidative stress and inflammatory factors in pancreatic tissue of rats in each group

£ Xof B 24 BRI TRG i3 21 TRG il it 4H MH 21
Index Control group Model group TRG low dose group TRG high dose group MH group
SOD(U/mg) 18.63x1. 14 6.39+0.39" 8.78+0.71"" 15.17+1. 01 *** 17.09x0. 70 *#*0

CAT(U/g) 573.80£51.93  212.68+21.79" 318. 15+28. 02" 467.17+33.38 "% 512. 45439, 53 *PH
MDA (pmol./g) 1. 060. 12 5.19:0.21" 4.110. 14** 2.12+0. 14 7% 1.83+0. 09 ***0
TNF-( pg/mg) 32.38+4. 51 158. 14+14.63* 119. 08+10. 65 ** 62.98+7. 94 *#* 51.32+8. 28 *#*U

IL-6(pg/mg) 2. 620.21 9.93£0.72" 8.170.44 " 4.09+0.35" "% 3.75:0. 17 **0

SR R, P<0. 05 SR L3R, *P<0.05; 5 TRG &7 L3R,  P<0.05; 5 TRC &4l bk, P P<0.05,

Note. Compared with the control group, * P<0.05. Compared with the model group, *P<0.05. Compared with TRG low dose group, *P<0.05.

Compared with TRG high dose group, B p<0. 05.
3 i
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