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Effects of sodium alginate combined with chitosan on glucose and lipid
metabolism in mice fed a high-fat diet

NIU Wen-Hua', FAN Ying

(Liaoning Vocational College of Medicine, Shenyang 110000, China)

ABSTRACT: Objective To investigate the effects of the combination of sodium alginate and chitosan on glucose
and lipid metabolism disorders in mice subjected to a high-fat diet. Methods The 6-week-old SPF-grade mice were
divided into 5 groups. All mice, except for those in the control group, were fed a high-fat diet and administered
sodium alginate and chitosan via gavage. Throughout the feeding period, body weight, fasting blood glucose levels,
results from glucose tolerance tests and insulin tolerance tests were recorded. Mice were euthanised after 16 weeks
and blood and tissue samples were collected, followed by sequential testing of relevant indicators. Results
Compared to the high-fat model group, the weight gain rates in the chitosan group, sodium alginate group and

combined treatment group were significantly reduced (P<0.05). Additionally, blood glucose levels showed a

Yk BER: 2025-10-17
EEWE: UTHYUFITEARIN H(TYTQN2023428)
F—EEBIEEE: F301990—), L&, Wi, YR, LG5I mAASE B4, E-mail: niuwenhua@lnvem.edu.cn



555

IO, AR TR B T BEOPHIR G B AT v A /N RO A 2 249

significant decrease, while serum levels of triacylglycerol, total cholesterol and low-density lipoprotein cholesterol

were also significantly lower. Conversely, the level of high-density lipoprotein cholesterol increased; however, this

change was not statistically significant (P>0.05). Furthermore, the content of malondialdehyde in the liver decreased

significantly, whereas superoxide dismutase levels exhibited a significant increase. The content of catalase and total

antioxidant capacity also increased to varying extents; nonetheless, these differences did not reach statistical

significance (P>0.05). Both sodium alginate and chitosan demonstrated a notable ability to inhibit hepatic fat

accumulation, with sodium alginate exhibiting superior efficacy compared to chitosan. Conclusion The impact of

sodium alginate on the regulation of glycolipid metabolism disorders in mice subjected to a high-fat diet is more

pronounced than that of chitosan. Furthermore, the combined effect of both agents surpasses their individual effects.

KEY WORDS: glucose and lipid metabolism; sodium alginate; chitosan; high-fat diet; antioxidant capacity
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JRE B S Bl AE TG KT 3R S R A T B RS, Hg i
AN, SRRIEE S R MR . SILbE . &g &
JoE 5 ZEHCHU SRR O AL B O O 2Rk AL T
AR, B B IR 25 ORI, T2 E B AL,
(Rl FH T e A 15 i 1 B Rz T B Re A 4 55 A A,
HEFRMEARE. B, ¥T2 27300 KR E M5
TR Al 2 AR 8 25 &1 (metabolic syndrome, MetS), B2
RFGE IS . ¥ T R £ (sodium  alginate, SA) K 57 3 BE
(chitosan, CTS)¥JhKIRZME, R H AR 10 A= 3 P A
IR A AEA M, TR E RN G I . PR 2 IESE SA
R ILTER A e A ZE AL A B ROR, REA S =
B 15 S A BB R /N OB AR SR s S e G o e,
e B AR AELAN R G AR AKCEE T, 43 Skt AR 2k
LY M NFETSE, RGBT SA RIREILIETS 71 KA FL
B0 5 2 M, CTS M HAT A WrAE Va1 BEAS 1 QI i
YER R 2 0F5, IESCRE I B el m IR s /N R A ik
PSR R AR, X R K AR 1 2 G
S0y AT R MetS 5 RS RS KA AU 4R
i, B 28T SA K CTS B—sr /A, XFHRR
TEAERENR PO T TR XS LEOR, R LR R IE A ER
BT A AE D R S G5 A5, A58 FRR A RGN FE o

ST, APFFEIRTS SA R CTS BEA X = IR IK /N
SUREIR AR AL i, WFoT & e B 2w B
PIp IR) Bl SN, A TR R B B B AR ZE L B YA
FRALHRRE, NI RRR . WA AR REE RN 2EE
BlF IRl

1 MR5ERZE

1.1 5
SPF Z/INRIT TR AEEYFEAR KD A RA R L TH
SEE YRR )R, VAT UES SCXK(IL)2020-0001

JL-T1386-48 i Pr AL AE J(total antioxidant capacity,
T-AOC), JL-T0761-48 A [ (malondialdehyde, MDA),
JL-T0900-48 3:f 45 1. A i (catalase, CAT). JL-T0780-48 # 4
A6 5 AL il (superoxide dismutase, SOD)R 7] & ( b1k
YRR A R D), A110-1-1 H il =8 (triacylglycerol,
TG). Alll-1-1 G AH[EE(total cholesterol, TC), Al112-1-1
155 %% J& g #5 1 H [& % (high-density lipoprotein cholesterol,
HDL-C) . Al13-1-1 ik % B ig 25 1 JIH [i5 5 (low-density
lipoprotein cholesterol, LDL-C)iz7l& (g mt @ik 4 TR
FEII7); SA (100 g, FHXT43F i 27000~33000). CTS (50 g,
AN 4rFJFi i 50000)(_L V27 se bR AR AL BB By A BR 2 7)),
G1101 35 Y 4 2 [ o v (e T 28 4 R AR R A BR A DD
1.2 UFE5E&

Accu-Chek Active % FG{iE 7 Y UM (B R Al b £t B
B4 /3 w)); EIx800 R4 (3¢ [E Biotek 23 w); Eclipse Ci-L
1EE FGTH I B (H A Nikon A H]); TGL-20M AR5
A U B0 L OO A S B wE A AR T R A R HD ),
FA1104N S Hr RO 0.1 mg,  H I ALEAT PR A A)).
1.3 WA
13.1 &34

6 JEl% SPF /Nl 60 R 15286, WilRgE 7 d A,
HRYAA TR Je 2 R IMLBERENL YN 5 4 XTHAZH(NF), st
ZH(HF). E5+CTS ZH(HF+CTS). ifl§+SA ZH(HF+SA). &

E+CTS+SA ZH(HF+CTS+SA), X FRLHAME R IRk,
[FEF SA. CTS $#%45 H 100 mg/kg (F|EHE H (HF+CTS+SA
#H, CTS 5 SAIRIBER L 1:1 B k), X IR (NF) R & s
RUZ (HF) LA 46 550 1 28 080K . /NRE R ROk B i, ie
SERTE, I EE S R W3R 16 A, 25 12 h AbSE, Xt
L 0 R ZH 2P A TR AR IR I S HE R o
1.3.2 digtfoe RERA

/NEVIAEIFE 16 JEJS, 256 12 h, FERRERIBUL, 3000 r/min.
4 °CES.L> 10 min B, —20 CRAEARRI . J52E 2 d INFRIRIR
Fl el BHRSER M TG, TC, HDL-C, LDL-C JlE,
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FH1TE

133 AL HREALE

/NERABSE S 7 BV A S L I S 2 2, 0.9% A Bl K
YRR AR A MR, S5 VRN T 3R, FREICSE. BUA
RN ST A U W, 4 °CYed, JR kAT
A HRANE LI (hematoxylin and eosin, HE)%¥
ok, FRML-80 CIRAE, Jasde il & it i 5k ik
SEMUIFHE TC. TG, T-AOC. MDA, CAT, SOD Wi’
1.3.4  FEARAHAE X 38 AFA M

RN, & 4 AR, 6 O SO /N B ZS
JE MBEACE AT — U 58 7 J8 . 15 JRIEA T 4 A s o
{58 (oral glucose tolerance test, OGTT), 25 12 h, JEFHL
MIARD 4G MpE, S RAEE 2 oke AEMEHAFET,
ZJE AR 30 min PN EEMUBIREE . 55 8 JA L 16 JAMEATI S
KTt 5215 (insulin tolerance test, ITT), 256 4 h, FEHFHUM
MARIGA IR, R4S 2 0.75 Uke PRE R EHRFIE
VRS, Z 53R 30 min WL MR
1.4 BEALIE

A Excel 2016 SEATHR V)2 B BE, 7] SPSS 27.0
Xt B G IR AT 7 72437 (analysis of variance, ANOVA)4tit4>
Br, difA tbdcfH F Tukey K36, SCOGES SR LIPS 5hr i
T2z, KgwE K N P<0.05.

2 HRED

2.1 CTS 5 SA xiEBERER/DRAEE KSR
AR K SRS I BRI Qg S 3 A O il
TAFEHATR], Bix BRZE Ry i AR ), A2 Yk e B T,
AN FREFE K, RN R R T — R R
FiR, SA/NRPIRIRE IO, FrEaiEE 16 MG, £4
REZ R . HF 20T 88 0 B3 4 20 & 1 Al 41
(P<0.05); 5 NF Z#f X, HF. HF+CTS ZHiREI4m M ik
& g 2 1N (P<0.05); 5 HF+CTS 41 #H Lk, HF+SA .
HF+CTS+SA ZH R 1 K 3R i 2 &I (P<0.05) . Hitknl L,
CTS Y SA nligsmpgm s, Wk aihmslka —a
FOIRIAE T, BR8] I A o AR IR B 3 AU A E A 2,

H SA Hu{EF & T CTS, BLT CTS 5 SA MEKGAEM .
2.2 CTS 5 SA XiEfERER /R ER IR
M 1 O, 25 4L/ BT i IR KO T B 2 5,
16 JAAF5 HBR NF 4LiipRFL R e I sh o, HF 4Lk iR
Ham, FEAE 16 RS 44A B #4225 (P<0.05); HF+CTS.
HF+SA . HF+CTS+SA £ IUf# NF 4 FF, (HIG i
BEL HF 20/, 55 7 JAAISE 15 K OGTT kg4 R 1
iR, AALMBEAE 30 min 35 3% 5, 120 min B AR E 2=
WIHEIKFE . 7E 30 min, 60 min I, HF Z0 085 5 HiAth 4% 28 4H
Eb & 2 iN(P<0.05); £ 15 J&, 5 HF ML, &4 npHE
B4 B B TR (P<0.05), HAth&-4lRJCH 8255 . AUC 45
WK, & 7 FAM 15 A HF 4 AUC 35 FHAM 4,
HF+CTS. HF+SA . HF+CTS+SA H¥H — &M F e,
55 8 IR 16 AL 4LIMEE ITT 55, 30 min B RIE
R, 120 min B} IEAYKSE R BE 70%~90%I1 /K F-; HF
ZH /N BUIBRTE 30 min B [BI 950 BF f ik AUC 25 R 2R, 26
8 J&F1 16 J& HF . HF+CTS ., HF+SA . HF+CTS+SA 41 AUC
BT NF 4, i s m AR R & 5 1 /s BUPLAA R 2 2
5%, H HF+CTS. HF+ SA. HF+CTS+SA #HigH —F
HIPRSEAE o AT L, CTS 55 SA it v fig £ MU 47 1 1
YRR, P 4 I IR I A T — 8 B R, T ks
P R 5 R A B I e 2 AL AL S 5 R 78, 7
— BRI AT DL S I, PEE G R X B, Hopoh
YERRCR IR TERATEH .
23 CTS 5 SA &SRR/ RN MR
Hil 2 fis, 5 NF 4, HF /DR TG,
TC . LDL-C % & 1 % 1 & (P<0.05), i K T H 4 ;
HF+CTS. HF+SA F HF+CTS+SA 41, [& TG & & i A%
HNP<0.05), HAbFEFR S EAER B —E R A S . 5 HF
R, A 4Bk HDL-C 4b, HAbdEFR & 3 W] KA. aT LA
EH, B8k &S+ TG, TC. LDL-C & &34hn, CTS
5 SA IR [FIFR I = B KBS R A e TR DL, X
TG. TC. LDL-C # KA — @ M fE A . EBIE kA,
SA il Bk 5 R AR T+ =R AR 28 F CTS.

®1 CTS 5 SA A=EER/NRAEENFM(N=12)
Table 1 Effects of CTS and SA on the body weight in mice fed a high-fat diet (n=12)

A HE B () e PR g TR 1%
I 2k
NF 100 36.71+1.28 52.35+2.24 15.64+2.09 42.69+5.94
HF 100 36.54+1.24 75.71£6.84" 39.17+6.58" 107.26+18.15"
HF+CTS 100 36.53+1.43 59.15+5.36™ 22.62+5.097 67.51+16.42"
HF+SA 100 36.66=1.11 55.04+2.79% 18.39+2.69" 50.23+£7.71%
HF+CTS+SA 100 36.17+1.07 53.71+3.56"~ 17.55+3.28% 48.53+9.03%2

H: "FRS NF 4 HE, A8 FHE2ERP<0.05); RS HF 414, A BE 25 (P<0.05); 2%/R5 HF+CTS 4, AEErzER

(P<0.05). T
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Es6 E 6} i <
& &
g4 = 4t 5t
5 2| . ‘
] 1 1 1 1 1 1 1 1 1 0
ol 0 30 60 90 120 ol 0 30 60 90 120 HF HF+CTS HF+SA HF+CTS+SA
i 1) /min it [ /min 4340

A. ZEIRILKE; B. OGTT 26 7 JA 5L 5648 1k; C. OGTT 4 15 A3 548 fk; D. OGTT L85 7 A 555 15 & AUC Xf kb B. ITT 4 8 B SLie

ARAk; FOITT 25 16 JASEB A2k, G ITT SE8a2R 8 Ji 5%

16 J&l AUC XfLH

HH£& T TR # (area under curve, AUC), *#/~5 NF 4104, A T

FHEZE T (P<0.05); #3085 HF 4 LA, A 8512 5(P<0.05); Yo#/85 HF+SA 4l b, A P2 5 (P<0.05); AFK/R 5 HF+CTS+SA
AR, A 25 (P<0.05), K 2 [,

2.4
HI%

B 1

Fig.1

CTS 5 SA MEkEER/NERHREXEFERKES
ALEEES

MDA Rt A Loy, SrE, kAR R
T E AT KRR CAT AL o Ak i 45 Ak S i
P A AR I R A, T R R U BT I 2 2 R A R
MR8 T AOC IMHUALE S PUEILAE 1. & 2 TR
FH, 5 HF g, 4+ MDA & 235946 8RR
F#A%(P<0.05), CAT ., T-AOC & ¥4 ANRIFLEERIF . B
H 1ok A, CTS 5 SABKAE IR S A T HLIADT AL AR 4
T AT B AR

SOD i PEAE— e FL S b ] s e AT 40 835 B ) Pl

CTS 5 SA IR ME £/ BUIFAGHHEAR RO i (n=12)
Effects of CTS and SA on glucose metabolism in mice fed a high-fat diet (n=12)

FERBE T R 2 BR, 5 NF 4UHIH, #5400 BRUFIE
H SOD 7 B P& (P<0.05), i HF 41 F IR 3 A K
5 HF 48, 4540 SOD &34 0 4 = (P<0.05), AT,
CTS 5 SA m[#¥a% SOD ik, WHBR A ML, Wb, A
SAMEFILT CTS, METHA1EA .

2.5 CTS 5 SA i@ fsfE R/ NRATAER R A LE R
FERESE NG B A 254, IER TR, AP
A%%H??HEIE@H'E’Tﬁﬁ/a‘ﬁiﬁﬁk‘?ﬁiﬁ?&?—@i, I S IE
PRI, A2 TP EAR et . AR BRI,
HHEHH@E'E’TJ%/\#% R, AR R0, IR 3 T LA H,
NF L FFEAN A b JCAR DG 22245 HE A0 bl WA KT
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0
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il paxiil
B 2 CTS 5 SA XJ i fehs & /NG /9 &2 (n=12)
Fig.2 Effects of CTS and SA on blood lipids in mice fed a high-fat diet (n=12)
=2 CTS 5 SA MEfEER RIS UERERSHENE(n=12)
Table 2 Effects of CTS and SA on hepatic redox state in mice fed a high-fat diet (n=12)

2151 MDA/(nmol/g) CAT/(mmol * min™ « g™) SOD/(U/g) T-AOC/(umol Trolox/g)
NF 3.54+1.05" 1499.95+172.33 1372.29+88.862 10.06+0.92
HF 9.26+2.73" 1460.32+217.52 76.25+15.74" 9.19+1.56

HF+CTS 5.51+2.50* 1498.28+479.76 235.14+£19.97" 9.2542.62
HF+SA 6.01+2.38* 1854.42+451.46" 575.71+23.64™ 11.06+2.44
HF+CTS+SA 4.12+1.75"* 1621.01+164.75 746.94+69.80 2 10.42+1.01

MRS M AS M, A 2B RN — 12
KEREEAR

1 AL NF 4 HFIF HE Z45; B. HF 2HIFIF HE 4 5; C. HF+CTS 41 JIFIE HE Yt €4; D. HF+SA 41 )/FJJF HE 464,
E. HF+CTS+SA 41JiF/IE HE 4o,

K3 CTS 5 SA X RiMERE B/ U IERZ IR ¥ HE 4 (4]
Fig.3 HE staining graphs of the effects of CTS and SA on liver in mice fed a high-fat die

I, 20 A ik
S, KR An MR 2, MM BOR Y, HF+CTS .

HF+SA . HF+CTS+SA ZH#; HF 20 JiF ik 25 27 FF'EHHJE’*“T&FH@

JF2m AR R b, R

g/, AL A HF+SA 411

YERZCR I HF+CTS AW . "I, CTS 5 SA ¥ya] B
AN py s AR R B S R A SRR W HERR, HL SA MEFHACR

7S MR W LT
BUEZ .

it F CTS,
3 Wit 54it

KU IR R 2 S EOULAR T BB P AU e, SR
SR UG SRR LR P R

ZSMEMAE. OGTT. ITT J&iEAL mobE 5 shie i
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KERAE AR, AT LABEAR AL AT R 2 R A AL BERE L DL R
i 5 R AU 2T CTS 5 SA it IR IR £ B 1<
AIEIVER, A —E R LR AR I | s B i
AR AR R 5 2 UR T, IR 2R B AR B A 5 G 2
RIEAR—FTH H R R AR A SR X, X AT RE S /N
S it At 7K S B /N BB R AT DG o B ARG
FHAVE R PT R & 8 VR F ™ A D [ s 2 507

TG. TC. HDL-C 5 LDL-C J& Ifil BE 4R 50 FEAS 04 3% T,
FEHRP25) 7E ML AAS I, HDL-C 384 &5 A% F o b8 b i
WM SR B R R, AR T R A i s Y m
JE&/NRAE CTS 5 SA MfEAF, IiigH TG, TC.LDL-C
PrEFEIL, HDL-C a3, n 0L EA 845 i A8 8 5 2
fie, SOAMRALGERIEA -5 {3 HDL-C & it AE
A5 AR 22 S ANEA i, 3X AT AR S A = BE e IR [ R
IR 2B A ) HDL-C A&, SR IFA iR
[ Wit [ A 7 4 e A A 581,

JHF I 4R A 17 38 55 4 g A 3 35 L =2 (9] 9 7 FH 2 A AR
HE, 15 e R 2 f R INE o 2 R B e TR Y £, Ui
R TR AS BB 58 4 Bl 0 BR AR, 278 4 v % B 5
M RS B v e R ) i O O R o 5 R BB A
5RO St gy [R] A 23 0 08 AR AR SRR B P
Hi MDA, CAT. T-AOC F1 SOD J2& J Bl i S AL i 3otk
PR TE AR AR G5 EOR, CTS 5 SA Al 3 3 i 35 AL
URPUAARE ST, DD HEIE & A SR 3, 5k S s U i
FEAE IR —F, [H AR A DT BN SA 7E R IR IE & T g
AAER, AR — WA . RHFE R B R, CTS
5 SA fEHF, MFAERRIIMERIED, X 5EAUa R —
S, ] Y A R R /N BRI A 5 5 B A R 1 A
JHFRE A 5 5 AU B . 2 ZRO8E PR S5 Ak 27 ) B 2
Bz —, FPURE B AT R e I 2 AU B i AR A
CTS 5 SA EH T W& B> 5 e 2 8 e v b B
BOEM, X5 TG, TC, LDL-C 5 F4fE, HDL-C
ORI ARSE; SA FERIRCRILT CTS mIAgS HA
B B T P R K A 5B

AHIFFE T L = AR RS B/ B4 T SA I CTS 1B T
FB, oM EE I A G LA M g MW e 52 A, 42
FHH, SA FI CTS REXT R R IR BRI KA MSIMEH, F0T
FE—E R IR HLAKE IR AC I ZEEL, BRAC MW M Ag,
HINe Wi EFFIEERR, H SA fERIZURMLTF CTS, &S
YRR T3 AE ] . SA B CTS 4] #74 i i
5 2 14 R 5 B LA B ool S8k B s i o vl ad el — o
BCATER R E SRR E S R B . Bg Rt A k. g Wi
JHE BB AR SR AL TS B0, DU 5Tl e 21 S 1O AR
R AL BRI A DB, hohRet: & F T kKB E R
LR

SE
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