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(CGSXyU) on lowering blood glucose and lipid levels in type II diabetic mice and enhancing immunomodulatory
functions in immunosuppressed mice, and anti-fatigue effects in normal mice. Methods: Mice were randomly assigned to a
blank control group, a model control group, a positive control group (200 mg/kg metformin), a low-dose sample group
(CGS/CGSXyU-L, 50 mg/kg), and a high-dose sample group (CGS/CGSXyU-H, 200 mg/kg). Following the successful
induction of diabetes with 100 mg/kg alloxan, the mice underwent gavage treatment for 3 weeks, after which their fasting
blood glucose levels, serum total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C) levels were measured. Mice were randomly assigned to a blank control group,
a model control group, a positive control group (50 mg/kg levamisole), a low-dose sample group (CGS/CGSXyU-L,
50 mg/kg), and a high-dose sample group (CGS/CGSXyU-H, 200 mg/kg). Following successful modeling with 100 mg/kg
cyclophosphamide, the mice underwent gavage for three weeks, during which their body weights were recorded, and
changes in organ indices and cytokine levels were assessed. Similarly, mice were randomly divided into a blank control
group, a positive control group (200 mg/kg taurine), a low-dose sample group (CGS/CGSXyU-L, 50 mg/kg), and a high-
dose sample group (CGS/CGSXyU-H, 200 mg/kg). They were subjected to gavage for four weeks, after which the mice's
weight-bearing swimming time, urea nitrogen levels, creatine kinase activity, serum lactate levels, and antioxidant enzyme
activity were measured. Results: The CGS/CGSXyU-L/H treated group of mice exhibited reduced fasting blood glucose
concentration, serum total cholesterol (TC), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C), along with
elevated high-density lipoprotein cholesterol (HDL-C) levels. CGSXyU-H significantly enhanced the body weight
(P<0.05), organ index, and levels of immune cytokines (IL-6, IL-10, TNF-a, IFN-y) in immunocompromised mice. The
CGS/CGSXyU-L/H treatment group demonstrated increased time in weight-bearing swimming, reduced creatine kinase
activity and serum lactate levels, the BUN level in the CGS-H and CGSXyU-L/H groups decreased, while the GSH-Px
activity significantly increased in the CGSXyU-H group (P<0.05), the SOD activity in the CGS-H and CGSXyU-L/H
groups also increased. Conclusion: The protein peptides from Andrias davidianus and their Maillard reaction products
regulate blood glucose and lipid metabolism in type Il diabetes mice, bolster immune function in immunocompromised

mice, and effectively improve the anti-fatigue capacity in normal mice.
Key words: andrias davidianus protein peptide; Maillard reaction product; type Il diabetes; immune function; anti-fatigue
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A A AL AR . A R S e i
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1.2.1 REEEEAKRHIE  KREE AR HSES%
Li 259 (IR E I M . BRI E T 4 °C i
IR, 2BRSkER . FBHR . R FINIE, /£ 4 € 5]
WAL A ES, B IR T E iR T8, fif
120 °C vKFE DA B REA T4 1:100 19
el (w/v) 8T pH7 BUZERE/K P, FHAEE W R Esn
AT B (1:0.06, KEGIR T8 A RNE 1, w/w),
P ROK S B R FALERE 1 h(55 °C, 360 W) JF & TE
1R/K (55 °COYEE# 4 h, IFAE 95 °C T KB 15 min,
K25 12000 r/min B.0> 10 min, FIEW LT 1 um 3E
HAAE L 8 S5 V%R T4 (0.001 MPa, —40 °C) BiF5k
SR PR A o
1.2.2 K B AL 3L &5 % 7 ( Natural deep eutectic
solvents, NADES) K J i 85 1 K JE 7 75 52 N 7= )
e =P Fu S50 0 IR e ek, B 7 s
R, AR S D-AKELL 1:1 AYEEZR BT & LL 5T
SYIRA, TR P E 5 h(85 C), FHiRA Wil
A1 375 WA W AA B B NADES, 4 & T 4 °C vk48
A DA — 2

KA1 B A KR A (0.15 ) I i AF 3 mL 2848 7/K
1, -5 KM NADES (15 @) iIR& 5, BB /KiE
(80 °C,960 W) 1 h 20 min, 2%/ 300 Da i#&HT485E
HT 36 h 5K TS r= v Uk T I AEE—80 °C VK
Fr AR, BV A RESTEE FH ARSERIAE S N =) o
1.2.3  K#EE K H ISR 18 B r= Y b | K
A DIEENRG T/ FR 56
1.2.3.1 /RS2 e Ab B B HUARER (18~20) g B
SPF g fEPE ICR /N 70 I, BEMLATM 7 21, 3E
ISR 1 JE, SR ATREREAEEIK 24 h, Il £52H/INER

VIR ARG, 25 IS e g AR FER K, HAY 6 4/
JH s 1 B DU AR E T TR (ALX, 100 mg/kg my,) , FEB#
1d AFS—w, gt 4 Wk, IER A 3 d A, 28RN
£87K 12 h J5 FH OB SGHEAT R FBR M. GE T MUOBE R 2,
LA ZS B B AT 11.1 mmol/L 4 T 506 bR ¥ps
Y DR

25 2555 2 IR SCIRE R A5 7 ik, L) s 4y
21 K HEE A2 AN - RS IR R B 45 25 40
(CGS-H, 200 mg/kg my) . KRB ARG i 45 24520
(CGS-L, 50 mg/kg my) . KB P IRSERAE SN )
R 254H (CGSXyU-H, 200 mg/kg m, ) . K
P K 5 7 48 S 7 7 ARG 9 2 45 24 4H ( CGSXyU-L,
50 mg/kg my,) . AT RELH (M, S A BER7K) | BH
PEXTEEZH (PC, 200 mg/kg my, £hFE —H XUIARD |« 25
FIXTRRZE (C, S REFRERK) o B H 1 8:30 xEfth
2, FEFHABTLL 0.1 mL/10 g my WARHEDIEATRE S, FK
—IK, L E %525 3 JA.
1.2.3.2 /NRAEMAFRENE 30 T 4255 1.
2.3 JA, F4/NRES ALK 12 h Js REFREUm, FH i
RS 22 IR AR 12
1.2.3.3 /NEUMARFEPRAGIN S 5625 o s >R FH A R
AR Bk BC/)N BRI, SR FH ELTS A 1551 S Al 1 375 .
AH [# P ( Total cholesterol, TC) . H #h = Mg ( Tri-
glyceride, TG) . 15 %% )& i 45 11 I [ % (Highdensity
liptein cholesterol, HDL-C) . 1% B g &5 (1 10 [ i
(Low-density liptein cholesterol, LDL-C)7K3,
1.2.4  KEGER IR G281 IR/ N RS 6
1.2.4.1 /RS IAREE /NS S BE X 250
IR AR B, e B R (18~20) g B4 SPF 2 Mk 1k
Balb/c /NEL 70 H, BEVL D 7 4H . /NERATEH Z S,
/NEGE MR SE 7 d, 45 T/NEUE R RDEHRIZK . DA
25 8 d JFUf, XFBRZS AN T /N B S BB e e
(CTX, 100 mg/kg m,), ELL 5 do A/DERS2S A4/
FRURH FURS PR ZEBE | ACEE R R S, B Sy (I A4Sy
ALY o

AL ) )5 5340 S 5 29 AN T s R AR
1K i I 44 25 2H (CGS-H) (200 mg/kg m,) . KA
IR 45 2541 (CGS-L) (50 mg/kg my) . Kf5
B IRSERLAE R N = e A i 45 25 40 (CGSXyU-H)
(200 mg/kg my, ) . KEGER 11K SEHLAE S N = I
254 (CGSXyU-L) (50 mg/kg my) . BEAUXHREZH
(M) (B A3 ER7K) . BAMEXT R ZH (PC) (50 mg/kg
my, ZC EPRIEIE ) « 25 IR BRAE (C) (A5 2B Fdh
7K) o H 5. | 8:30 & A 45 2%, #E H AF LA 0.1 mL/
10 g my IARUESEATHE B, FE R —IK, BEELHE B 452
3 A,
1.2.4.2 /NERGPENEARFR R E e IEAR e 5L
FOII 5 2 B8 Ademiluyi 2529 Y57 I FE RIS, 16
REPEMESE 7 d 5, X/ NRURRER, 10 W in A, shiat
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B AR AR ZH 2, FEAR BRER K H i UE 2B a9 i, B84
W 2R /K 4y, FREE I 0 s s, # F XOHEEAR
S
i i 2 £ (g)
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JEE E & (g)
/NERAR E ()
1.2.4.3 ELISA MR F& & A& &
R 2 B ARG AER Y | 224 550 IRV RIE ek, HAAR DT
R X/ BUHR FE 0 KO AR 4 1M, 2578 R i s 2~
3 h J5, B5.00(25 °C, 3000 r/min, 10 min), B 7§15
| IM ¥ . ELISA A #5240 /N BRI IL-6. IL-10,
TNF-a. IFN-y 43K P, BARERAEAR P20 Grid
W T RSB RSIN A5, {8, THEA I
Y8 H PR R0 B

1.2.5 KEGEE KD 55 Bhhe/ N RS

1.2.5.1 /NS AH K AR T BEHUAREE (18~20) g
SPF Mt ICR /N 72 H, BEMLSN 6 4H, /MBS
Hz e, /NEEE N PEME SR 7 d, AT/ BUE Bk
F7K o

25255 7 =0 R : RS AR S R 45 245 2H (CGS-

H) (200 mg/kg my) . K85 25 4 KA 57 22 45 25 41
(CGS-L) (50 mg/kg my) . KB IR SEH AR v ™
s 45 25 2H (CGSXyU-H) (200 mg/kg m,) . K
15 26 1 AR SE A I g - IR i 45 245 2H (CGS Xy U-
L) (50 mg/kg m,) . BHHEXTREZH (PC) (200 mg/kg m,,
REPRE ) « a5 FHXTREZH (C) (B A HER /K, FFek
%525 4 JH.

1.2.52 /NEROAFEIFIKSLE  AEIFK SR RS
PSR A5 IR AUIE L, TRIRGA 2945/ NRRZ
J& 30 min, FEFLEEEL 6 H/INER, BN BRI A K Hriieik
(FK¥%E 30 cm, 7K 254+0.5 °C), £E/N Bk E], A
TORIE N AN SN, Fedw s P oK . 78 BURARER
ffar 5% MAREE AR, iS5/ N A Rk IR = 1381
B TA], Sz A] B SRy 6 EE DK v R Ta]

i fi 5 450 (%) = x 100

JEAEFE 20 (%) = x 100

1.2.5.3 Afkigbriile Sy %2505k L, ile
IrEZ IR I REE M. RKIKZ 255 30 min,
Bt/ BRI K PRk OKER 30 em, 7KIEL 25+0.5 °C),
90 min B, 15 min J5 H N ALEIKCR 1L, 25.0(4 °C,
3000 r/min, 10min) . BUMERH4 A S2ERSHTY
KL PR 22 A (BUN) 19 & S AR IR (CKO 1 Bl
7o BRI >R GRS A 2 LR (LD) & & L 4R
WAL (SOD) . A e H ikt &4k 1 (GSH-Px)
RIS

1.3 R

>R JH SPSS Hl Origin XRS50 X125
SRS, B SR R R R Ty 2253401, P<0.05 B
INNZERHEAGRE X
2 RS9
2.1 KBEEBRRESRNER N~ NRIFE, 1
BERYSZN
2.1.1 /NEMUOPE SR B AR S 25 I b 2 2 W
T BOBE PRI 1 1 IR FE AR, 5 UTE e 5 23R e hrAn gt
B RESARBEALAT OB PR BB 11, 4] [ B
[E] 9 52 /)N BRas i o, CGS M CGSXyU Xif/) Bl A
PRI LU 1 s,

e 1 iR, 3R 1 S, AERIZH /)N BLAs U Inop
3 E T 11.1 mmol/L (P<0.05), JERAASSZEG P FRivs
/NERBY A B o AR H /)N B A5 RE I R AR A R B
H i KOPARES, AT 1 JE S IOPE U 3 = ik 23,70+
3.4 mmol/L H. 3 J& )5 JCBH B AR 1k BHPA:XT BE 2 M A
it v A B ZH ORI /N BRZETEE 5 1 S 25 I IOk
FHRRE(P<0.05), I HE = 3 JA—H 2 TRt
P GGS K CGSXyU HIREMS R /N BLAY MU
X—45 59 5 Sasaoka ZEP WFgT 4 B —2k, HFRH
D1 Rt ) 7= ol B 1A g S A 1 PR TP v ) I AR K
SEFEAIMGIVER . L4255 3 8, 5 CGS A L,
CGSXyU £H-F#ir /N, 25 I AR ) 5 R, 156 HH
&P N AT LR TF CGS i B LB 2k . X ]
Ademiluyi 58P0 F57 & B — 2, 5 19 0% A LE, 194
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Table 1 Effect of giant salamander protein peptide and its Maillard reaction product on blood glucose levels in mice
-~ IR B (mmol/L)
LG e V| 1 HE2JH 23
C 5.20+0.20" 5.500.65™ 4.97+0.47% 5.17+0.21™ 5.30+0.46™
M 5.10£0.26*" 23.70+3.40% 24.10+4.90* 24.50+3.16* 24.37+2.08*
PC 4.80+0.30"% 23.30+0.10% 19.63+1.46% 16.73£0.93% 14.37+0.42™
CGS-L 4.37£0.21% 23.80+2.61% 22.77+0.15% 20.57+0.255° 17.90:£0.20%¢
CGS-H 4.97£0.058"5 24.00+£1.314 21.33+0.15%%° 18.57+0.255¢ 15.63+0.31°™
CGSXyU-L 4.8+0.614 23.67+1.62% 22.43£0.214% 19.53+0.15"% 16.53+0.35%¢
CGSXyU-H 5.440.8545 23.73+0.74* 20.5£0.30% 17.07+£0.15 14.8+£0.17™

TE: C, 25 X RRAL; M, BURIX RAE s PC, R X B4 s ANT) K5 - 370 [l — B (B AN [ 2300 2 ) F) 35 P22 5, P<0.055 A Rl/INE 58RI [F] — LA )

s i) 22 Ji] /0N BR 23 MR AU A% M 25 57, P<0.05,
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2.1.2 /NEUMAEH ARSI AT PRI ) A R A i
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U JIRT LA 5005 1) 4 A B T 5 AW DR 18 3 B T2
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Fig.1 Effect of giant salamander protein peptide and its
Maillard reaction product on blood lipids of mice

TE: ANRING T RE R R AN R 200 2 18] ) . 35 1 28 5, P<0.05;
[g 2"‘[5] 8 Iajo

A T RO PRI, & WL A Ly A A dEhR B, B A
BE(TC) . Hih —HR(TG) . I EE AR 1 (LDL-C) 43
H B = A (B A O, 1T v 5 B IR R A (HDL-C)
ERIN ST IERHEP). CGS K& CGSXyU X 11 #4
RIS BUNIBAH SCHRARIASsZ I an izl 1 PR

FH & 1 AT, 5523 Pt BRZERA b, AR ZH /)N Bt
i TC. TG. LDL-C &) 2T (P<0.05), HDL-
C R (P<0.05), VLHANE IR N B T ™
HAIIMAEI I o . SRRVAR L, & BE T R A
s E /N BRULYE TC. TG, LDL-C & &3F
AS A 72 B 1Y 4R ( P<0.05) , HDL-C & & W35 12 v
(P<0.05), i BH £ 8 — W 12 IN F1 CGS/CGSXyU
PIREMS VAT HEPRG /DR S H g . X Es R 52
LA I gE 2 I — 3, AR AR AR I R AR I KT LA
S RS A /N BRI yE H TC. TG, LDL-C % &,
#F+ HDL-C & &, MAh, =% E N8R H & gr 1k
“UPAREEE, e 5T BB AR IR e 17, M R
b AT R EE O BLATE ZE | B ik i AR R A i XU Y, 5
CGS-/CGSXyU-L A Lk, CGS-/CGSXyU-H ZH /]
Bl HDL-C &4 875, TC il TG &1 1K (P<0.05),
X [E] Ye ZEP7 [ AIF o 45 I — 2, ) s A K AE U
1 IMAB K5 T 5 AT 2K o
2.2 KEEAKEEERER N /NR R ET
IhRERIR M
2.2.1 /MEAEEZMMSST  /DEAAREZE L
=2, HEs 4L, CTX 4B/ NRAAE Y 23
ASTR] R BE R B, D0 B G e IR /) BRUASE 78U 3t A5 ol
T8 AL /N & BRI . ARTE /N R
ZEJE H N IR, U TR ) SR SE
B 3 JHE, NN 1IRT BE R KH B R T
FEAHAED G R, /N BUA S B s AR TR] () A E5 g
7 L TH(P<0.05), (EATRIFIEH/NRAE L IE T
KLU ZH (P<0.05), BiHH CGS F1 CGSXyU X CTX it
AR E T RREAT — s K AE A, i) AskE CTX
FEGRERE SN T 5 A R M.

F 2 KRB R B HSERLAE S W% 7N B T 5 )
Table 2 Effect of giant salamander protein peptide and its
Maillard reaction product on body weight of mice

215 WlhaAE (g) HEASATE (g) AR (g)

c 23.53+1.05 24.96+1.13" 25.60+£0.74°

M 23.07£0.26 17.79+0.57° 19.06£0.74°

PC 23.52+1.28° 18.33+0.45° 20.69+0.78°
CGS-L 22.69+1.12° 18.36+1.47° 20.77+0.15
CGS-H 22.10£0.91° 17.61£1.20° 20.33+0.38"
CGSXyU-L 22.40+0.43° 19.01£1.08° 21.43+0.77*
CGSXyU-H 21.62+1.52° 18.68+0.45 23.99+1.78*

T C, 25 A IR M, BERUHIR A ; PC, BN IRZH; AR/ ING FhE R
(7] —ZHL 1A ) e T =z [ /0N BRUPA B 9 B8 2 M 22 5, P<0.05,

2.2.2 /NERRPENEARFEEA AT IR AR R 2
MU B e B, MR Gy e 5 H AR 248
B YIRS AP IS E0TT I WA Se i DI RE,
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Fig.2 Effect of giant salamander protein peptide and its
Maillard reaction product on the immune organ index of mice
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Fig.3 Effect of giant salamander protein peptide and its
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Maillard reaction product on cytokines of mice
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138 H ) G e IR -5 SRR ZH A L, CGSXyU-H H
IL-6. IL-10. IFN-y }% TNF-a 7K 3] & 3 F| & (P<
0.05), 2 CGSXyU-H 7] LJ i F e kN By H 4
PER T 57k, Fas/ NEROEDIE . B2 5/ R
TSNS FE LS R—3. 5 CGS-H #HLk, CGSXyU-
H ¥ IL-10 & TNF-a 7K °F 2 2 75 (P<0.05) , T
CGS-L/CGSXyU-L TG 3 25 5% (P>0.05), iX &5 R
2, /NP SRAE DR T 7KV 32 i R B SE M AR
23 KEEBREEERER NIRRT S
BERISZM
2.3.1 /NERAFEWFEIKIZE AT AU B TR
J& , AR PR R PO A, SEUNBE KSR, GEE
s, DAL AT A3 38/ BRI RS TR 9 28 A 2] /IS B
TN AZ 2% 57 RE 1 /R WA BHE T, 4RI Pik
SFDIR IR FE bR 22—, /INFRIFEK B AT ] DU 2
BRASE S B TR 55 R8CR, it (a] FRA R/ N R
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FHIE 4 7751, 525 A4 A B, CGS & CGSXyU
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Fig.4 Effect of giant salamander protein peptide and its
Maillard reaction product on the weight-bearing
swimming time of mice
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5 BR P XT RELH 22 AU i 22 57 (P>0.05) . iX
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Fig.5 Effect of giant salamander protein peptide
and its Maillard reaction product on the urea nitrogen
content in mice
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Fig.6 Effect of giant salamander protein peptide and its
Maillard reaction product on serum creatine kinase
activity in mice
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Fig.7 Effect of giant salamander protein peptide and its
Maillard reaction product on the urea nitrogen
content in mice
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Fig.8 Effect of giant salamander protein peptide and its
Maillard reaction product on antioxidant activity in mice
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