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(NAFLD)VNR S ER ., ik BERIBARXEERAMIRSO AL THEaHANERII A& 2 ALK 12
h AR S ARAR Bk R M g A PFEERAAREFLRE BARESE 2hEATHEERBERET %
0.075 g/kg. 44 3 d, i AEE A 11.1 mmol/L XA L, A EM mh, K DAR 2 h 6 A EF M BA, —F XA,
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kg,3d gl NRREAMK)E 2 h i, = TG, TC.LDL-C,HDL-C,ALT AST & F, 3 & Ml 4 41 AF Ji 41 41 9% 2 & b
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Study on the effect of Undaria pinnatifida polysaccharide on mice with type 2

diabetes mellitus combined with non-alcoholic fatty liver disease
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Abstract: Objective To investigate the effect of Undaria pinnatifida polysaccharide (PUP) on mice with
type 2 diabetes mellitus (T2DM) combined with non-alcoholic fatty liver disease (NAFLD). Methods Fifty
healthy 4-week-old male Kunming mice were fed a high-fat and high-sugar diet for 3 weeks. In the second
week, the mice were fasted for 12 hours with free access to water, and 5 mice were randomly selected for blood

collection from the ocular globe to measure blood lipid levels. Significant differences in blood lipid levels com-
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pared to a normal group were observed. Subsequently, the mice were fasted for 12 hours and then intraperito-
neally injected with streptozotocin at a dose of 0. 075 g/kg for 3 consecutive days. Mice with blood glucose lev-
els of 11. 1 mmol/L or above were considered to have successfully developed the model. The mice were divided
into 6 groups: normal control group, metformin group, PUP high-dose, medium-dose, and low-dose groups.,
and T2DM combined with NAFLD group. The drug-administered groups were gavaged with PUP at doses of
0.8 g/kg, 0.4 g/kg, and 0. 2 g/kg, respectively, and metformin at a dose of 0.5 g/kg. Three days later, fast-
ing and 2-hour postprandial blood glucose levels, as well as fasting TG, TC, LDL-C, HDL-C, ALT, and AST
Results

Fasting blood glucose results; Compared with the T2DM combined with NAFLD group. the blood glucose con-

levels were measured and histopathological changes in the liver tissue of each group were examined.

tent in each experimental group was decreased, and the difference was statistically significant ( P <Z0. 05).
However, for 2-hour postprandial blood glucose, no statistically significant differences were observed between
the experimental groups and the T2DM combined with NAFLD group. except for the normal group. Lipid re-
sults: There were no significant differences in TG levels among the groups ( P >>0.05). TC and HDL-C levels
were significantly reduced in all experimental groups compared to the T2DM combined with NAFLD group ( P
<C0.01). LDL-C levels showed significant differences between the metformin group, and the T2DM combined
with NAFLD group ( P <{0. 05). Transaminase results: ALT levels showed significant differences between
each experimental group and the T2DM combined with NAFLD group ( P <{0. 05). AST levels only showed
significant differences between the metformin group and the T2DM combined with NAFLD group ( P <{0. 05).

Conclusion PUP has certain hypoglycemic and hypolipidemic effects on mice with T2DM combined with
NAFLD, with the high-dose group showing the best effect. Its hypolipidemic effect is mainly targeted at TC

and HDL-C. The effect of reducing transaminase levels is consistent with the results of HE staining of liver tis-

sue. Therefore, PUP has a certain therapeutic effect on mice with T2DM combined with NAFLD.
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RS H 21 el IO A% Ge b IR 25 11 B B T
PEAE I LA A RO fa 7 BLRIF 5 IS 1 — &R 50 RY
FERUSCR I JUAR R A SCHRTE SE 3R SR h & A
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polysaccharide, PUP) J&# 45 3¢ () = Z3G i or 2 —
BRSBTS 22 R 2D
R AWEREERIT BRI X PUP [ 2R 3 R
RE 3 01 MW 05 1 B AT R 1 5 R W R AR A 1 g %
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PUP J2& 75 D [ 1 4 % 1 Jig 12 2136 97 T2DM 4 JF:
— 870 —

Undaria pinnatifida polysaccharide; diabetes mellitus, type 2; blood glucose; non-alcoholic

NAFLD BA/EHIJ5 1 2 UL 4 38, PR R 58 Hoxb T2DM
49 NAFLD (B AR , v] I R IG 97 $ HEAR 35

1 MRE5R®
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6916119041527) s FF A5 IR — #1468 R BN 2 1P i R e 4 141
H R LS PPB020)0. 1 mol/L,pH 4.5,0. 2 pm
. DU R O 38 % IR w) ) A A D e
WA & (A5 64725801) I g & AEL [ w0 3 & (TC.
fit5 67171601) . = Bt H wh W L & (TG, #t 5
64446101) | = % B g & (1 IH [ B I & (HDL-C, 41t
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1.2 BRI a8 T4 25 07 1 fl B A JE AR I P
EWAR/NER 60 H KT (20,042, 0) g, 338 1 B 1
PERRFE 1AL BHAIL 2 o0 1 5 4 IR AL 10 HURBL AL 4 50
o T 1 RJEARS TR 4w e ik, 5 2
KRESERERIK 12 h, BRI BE AL 5 H /N B, BOIR 2k
I M AR K S, TC KF S5 IE# H 22 5 A it v &
P <<0. 05) , td WY & 1A /)s B3 B B B, B JS DA AT
T T — A T NV O % o TR, A TR 4 T M A S A R
W E 0.075 g/kg, FELETEST 3 d, 1E #4118 i 1 5 4%
Rl IR — P RN vl . 72 h 25/ 12 h. @
VK SR I D0 I8 L (R AE 11, 1 mmol/L R VL E %
YDA R A BE WL DA T2DM 4 I NAFLD /iR
TR, B AR /NS 5 AL, A iR
ML CGFE S — B OWUIR, 0. 5 g/kg) , PUP @& & 4 (VE
) PUP 0.8 g/kg) Pl i 4 ({47 PUP 0.4 g/kg) .
R4 (35 PUP 0. 2 g/kg) - T2DM 4 3 NAFLD
H(FES 0. 9% NaCl W) » 73 A — 241 Ry 1 % X B2
CGES 0. 9% NaCl ) » B F R —HE, 5K 1
UK TE W X5t B 2 bk 6 DR DL R el A ), 4% 280 24 4k 5 RS LA
1o BE SRR B SR G25 3 .

1.3 MR Il A 55 W58 48 br

13,1 MBI E 45 25 1 0a), i W4 4% 4/ BRU
FCREARAS BBET G O s BB 18] B8 4R B, R FH afn A
A BEHL I . e )5 1 IRA 25 )5 .25 & 12 h i@ =8
M 4% 08 0.5 g/kg HEH 2. 78 mol/L % %5 05 % W )
ERIG 2 h b, 5250 S I E AR,

1.3.2 Afedsbr  ARHEF PR A , 4325 s 5 -2
4 H a3 AU E TG, TC,LDL-C,HDL-C,ALT,
AST,

1.3.3 JRERYIA R4 R e A BORT IE BT
10 % MR 2R S Ak b [ 22 . 48 b JE I E A0 B AL 3R, 1)
F 4 pm, 75 KK — 4 Chematoxylin-eosin, HE) 3¢
0 R R EETORS 0 KL R ARRS 5 s, A K
AR 1% HCL-Ale 430, JF L0 YL 5 s B BT RS
THIRBOK R B 3 Bk TS B TR N SR
JT I 20 2705 B AR A A5 O

1.4 Stk k0 SPSS 23. 0 itk k1748
M. SUUBIR (x5 Fon, LA Z A 2 5%
FHRA R Iy 225001, B4 2 1) H 3R LSD-¢ K 56,
DL P <C0.05 RoanZEm A= E L.

2 HR

2.1 F4/NRUMRE LA 25 25 1 4% S 56 410N B b
2R G F 2 L (P >0.05), 1 1, =51
WESE R . m A R4S T2DM 4 3F NAFLD 4 M %,
MBS & W PR (P <<0. 01) ., /L i 9 41 43 il &%
T2DM &7 NAFLD 41 F [ C P <<0. 05) 5 fa . 1 AR
EHES ZHIMAMIL Z S LHEIFE2E L (P >
0.0, SIEWXMMBMANMEERARITFEE L (P <
0. 05), LA 45 5 5 7R 4% FH 25 4 34 B 1 s A . L3k
W5 T BUIR—FE, Horh PUP = 70 4 4 B i BV 2%
RffE, &G 2 h BN 2. BRIEH HZ M LK
215 T2DM &3 NAFLD A, 2 R EFE ¥ E
X,

F1 FHEHNBRZEMHERBR B/ :mmol/L
25 3 n 45 25T 5N t P
1 H X R4 8 5.63+0.99 4.38%+0.55 2.520 0.128
T2DM 43 NAFLD 41 8 21.184+5.79 22.53+4. 71" —0.425 0.683
U AR 8 24.51+4.62 8.33+3. 65 4. 925 0.002
PUP &l 7 41 8 21.46+4.70 10. 3641, 84 5. 289 0.001
PUP #5541 8 19.0644. 98 12.4845. 484 3. 308 0.013
PUP i 71 & 41 8 21.96+3.17 12. 2445, 53 3.028 0.019

FOFNUHERHHE U GEOXRT; Q5 EH A EAMLEK a: P<<0.05,b: P <{0.01; 5 T2DM 4 3f NAFLD %4 4 b % , ¢

P <C0.05,d: P <C0.01,

X2 ZFHNMRER2hOEER BAfi :mmol/L
2H i n £l BG t P
1EH X Bl 8 4,3840.55 5.51+1. 23¢ —2.062 0.078
T2DM 4 3 NAFLD 4 8 16.68+1. 81 20.5943. 94 —2.480 0.042
IR 8 22.93+5.20 16.3344. 38" 4. 950 0.002
PUP E#I#4H 8 15.9144.58 18.46+£2.78" —1.379 0.210
PUP H5fla4l 8 17.11+3.59 18.01+£1.57° —0.648 0.537
PUP K5 = 41 8 7.66+2.51 19.9042. 09" —8.036 <0.001

HOEAHEXABREEUNEDRT;QF EF X EAMLE,a: P<<0.05,b: P<C0.01;5 T2DM 4 3 NAFLD 4 # t %K, c:

P <C0.05,d: P <C0.01,
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2.2 A/ AR FEE 2GS R R A4/ B
PR, W3 3, @I AR S5 5 . th T 2 25 R i, 45 41
TG F MR, HFHER LRI ¥E X, TC & &, 4%
JHZ54H 5 T2DM & 3 NAFLD 4 M L%, & 1 5 3%
FEARC P <<0.01) o gy Hp IR B 2 5 = H RO Lh ¢
2R IGIHF LCP >>0.05), %45 R 2R PUP 47
AR TC MEMNS B4 —# ;78 LDL-C &% =
o, THUARZ 5 T2DM 4 J3f NAFLD A Ak, 2 5%
Bt L (P <<0.01, P <T0.05), . K5 &
HE ZHWMAML, ZRAFHIT2E XL (P <
0.0, iZ45 R /R, HA mifl & PUP A F LDL-C fE
FH S RO an — WU 8 HDL-C & &, & 2541

5 T2DM 4 3f NAFLD 4l Hb 48, & & 3 0 3% B AR
(P <<0.0D), & AR 45 = OB A7 1, 22
FRHG T L CP >0, 05), %45 B WoR, 4 7 &
PUP 41F% HDL-C W 1EH 5 = H WIK—# ; @ ¥ 2 il
ZERLALT .8 445 T2DM 4 Jf NAFLD 4
. 22 R A G FESLCP <<0.05) . 445 H
AR AR, 2 R BTGB L (P >0.05, 7] I,
HHZIERE ALT WEHS Z W BUIG—# AST & &,
HAZH WA S T2DM 4 3 NAFLD 4% % H 5
B (P <0.05), HAKF =45 T2DM &I
NAFLD 4 b8 2 R TG i 2# 5 L (P >>0.05), Al W,
PUP JF%& AST f4EH .

x3 HSAMRMEERER {7 : mmol/L
21 51 n TC LDL-C HDL-C
1EH X R 8 2.8240.06 0.32+0.11 2.25+0. 37¢
T2DM & Jf NAFLD 44 8 7.67+2.81" 1.10£1. 04 5.6041. 05"
TR 8 3.8141. 484 0.2640.09¢ 3.1940. 60
PUP &l &2 8 4.62+0.71% 0.57 40. 18" 3.2640. 33"
PUP 15 4 8 4.60+0. 91" 0.57+0.19" 3.5640. 35"
PUP 5 & 21 8 3.774+0. 91" 0.5340. 23" 2.9540. 39
F 37.995 15. 371 31.085
P <0. 001 <0. 001 <0. 001

HAOXNHEXARHEBEUNCEDXRT;QFE¥ B AMLE a: P <<0.05,b: P<<0.01:5 T2DM 4 3 NAFLD 41 41 l %, c:
P <{0.05,d: P<{0.01; 5 — ¥ WALA A b4 ,e:. P <<0.05,f: P <C0.01,

x4 SAPMRESHEBR B U/L

21 51 n ALT AST

1EF X R 8 62.13+18.97 120.504+35. 36
T2DM 4 3 NAFLD 41 8 189. 88+ 71. 84" 259. 254172, 53"
XU 8 72.88421.63¢ 137. 63457, 28¢
PUP = 41 8 77.25423.47¢ 155.50+17. 34°
PUP 15 &4 8 87.13426.27¢ 158. 63479. 20
PUP L5 & 21 8 93.25+12. 36% 151.38466. 47
F 14. 208 8. 634

P <<0. 001 <0. 001

HOXANTEXARHBEUNCEDXRT;QFE¥ B AMLE ,a: P <0.05,b: P<<0.01; 5 T2DM 4 3 NAFLD 4 4t %, c:

P <<0.05,

2.3 JFME4H4 HE Yefn,  T2DM 4 JF NAFLD 41 /)
BT DL JFE B e e R R 05 S M AR Tz T 40 R K
TS 4 2 B 5 SO B R RORE IR B0 A B B I AR el R s
Hh R e 2H R OSUIC T 4 i R K v R DL g I A P
E AR IR0 5 2L JHF 240 B T3 K e, JHF 248 B 2 2 g s 7
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T2DM 5 NAFLD #8 2 5% I8 A 1
— RN A e MEBG . T2DM BB E IR H B AE7E A
W ELA R AR T A R AR L 2 B
W R 9 B AR AE MR AR 2550 L 1R N I B KO R 51 R
B0 E B A ML ™= A 51 B IILAE o A 17T 385 00 28 30 ik
o R B AL 5680 45 00 L A5 1 Y LR O s B B R
NAFLD Jf & AE B IE B . AR RS P B 0 I % 5 i
Jig I R g A5 s L A T o= B I OB PR v A5 S 5
K EBF AR YERR W I ) N & 22—

WFFE 2 B 40 =5 v 2 BRI 25 3 22 0 mT LA ok ol
T T 200 T R 5 AR ) A IBCRD R L K B2 RE R
SRR G A0 Y B B F AR BT, g PUP
FUAT DA AR BT BRI B Tk /0N BRI P B BT & R
Mg KT S i fg i TG TC J2 0 i i 55 52 9% K2 B i
JF B 2k 57 fE B 2, HDL # R A “ 4" IR & 1, Rl
B BT bR o bkORE L 9% % B B A IR [E B2 (LDL)
FH A B 25 00 O R, DT D8 /0 Bl ik o A B A 7 X
K L H i 5 () HDL-C 7K ] it 5 5 2.0 1 5 952 9 XL
Wr B4 TAE G . 3k 22 1 B I AU AT R o JH 200 Y S
B 1 TR s 7E S8 AR R 3 R e S AR VR R S BUR 4
ffl 3y BE S 4 BE = IR BENT . PUP R I g AL ) AT fig &
PUP /07 9 B ot 25 A DL R o ok 38 1A P9 bt 4801k 1
TR B s AILAAR 1) B AL PR T T D A 3 TR B
i A A B AR F R SRR R Bk A
%[18*20] .

AN AR DL RBE(ALT, WA BN
S ) RN R A& B R B i B W (AST, W FR o 45 B %
D ENEN IR AR5 E & . D) R A i L 3
Kl ALT A1 AST /K, 3 2 B Sk 3 79 4 i 14 7K SF mT
DR W T O A BRER O o 24 400 37 3 B8 52 3 R O R
M), ALT AT AST 2 A AR PN Rk 31 il v b, 380

oV R

| & 4; E. Z ¥ W4 ;F. T2DM 4 3 NAFLD 4,

TR K. B, 5 I3 ALT Fil AST K
A T B S R bR . X AT BB TR
JE 7 T 52 T R 3 9 5 | 2 1Y

A5 FH 15 B v W ) Rk R B BH RN R R
SPEEMRAR B2 5 TC /K 5 35 18 &5 25 16 1 W% /K OF &
F 11.1 mmol/L, iF4H4 HE 4t {0 2 7 BT 40 it o A 3
I 7 JHF A5 P A 2 40 K T 358 4 4 i 22 R R
IREESRBE AL 32 /T 42, % ] T2DM & 3f NAFLD 1 i
Y. PUP T Wl J5, =5 18 i b 45 & W /" PUP X
T2DM 49 NAFLD /) BUA — 22 1 BB AE T o i
) H 2H M EAE FH S5 A, S PUP B I8 52 it 52 30 4R
MAEZE R R . i TR as IR, &4 TG & mARK,
HHZES TSI E X, TC Ml HDL-C & .84 5
T2DM &I NAFLD 41 AH A, & i35 1 & BR A, Y00
HIEFE % 2% {E ; LDL-C & &, B4 PUP & Al &
HARKE LDL-C & &y fEM . JF# LDL-C {H 3 1E %
ZZWHE (0~7.22 mmol/L) ., LA I i BE 45 5 Al WL,
PUP % 238 & TC Ml HDL-C ik 2 F% B5 %08 s 5%
AWML R WIR . PUP AT FEAL ALT & &, 45 PUP 413y
¥ ALT & AST & &R IE# KV, A si 1S
RFE41 20 HE 3 25 5 —30, B PUP 7] Lg% T2DM
4G 9F NAFLD /MR JFFH0L 05, i 55 4518 5 2 A SCHk
ghR—,

25 LTk, PUP 3@ b B AIK i % A i fig o TC.HDL
a6 P O T A S A R T U R
JEIR I A 2 B 46 & A L X T2DM A 91 NAFLD 7
H—ERIRITIER .
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