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Abstract: This study aimed to investigate the hypoglycemic effects and underlying mechanisms of metabolites of /rpex
lacteus (MIL) on type 2 diabetic mice. T2DM mice model was induced by intraperitoneal injection of streptozotocin (STZ),
and the mice were divided into normal group, model group, metformin group, and MIL high, medium, and low dose groups.
After 5 weeks of administration, fasting blood glucose (FBG), oral glucose tolerance test (OGTT), liver glycogen, serum
creatinine (SCR), blood urea nitrogen (BUN), insulin (INS), and glucose transporter 4 (GLUT4) levels were measured, and
pathological observations of the kidneys were conducted. Network pharmacology was used to predict pathways and targets.
RT-qPCR and Western blot were employed to detect the mRNA and protein expression levels of related genes of T2DM
mice. The results indicated that MIL could significantly reduce the levels of FBG, BUN, SCR, INS, and OGTT-AUC in
T2DM mice (P<0.01), and significantly increase the levels of GLUT4 and liver glycogen (P<0.01). Renal pathological
observations showed that MIL could improve the inflammatory state of cells in renal tissue and effectively alleviate
nephritis symptoms caused by hyperglycemia. Additionally, MIL significantly upregulated the mRNA expression levels of
protein kinase B (AKT), GLUT4, and phosphatidylinositol 3-kinase (PI3K), while downregulating INS expression
(P<0.05), significantly increased the protein expression levels of p-PI3K and p-AKT (P<0.05). These findings suggest that
MIL may regulate blood glucose disorders by activating the PI3K/AKT signaling pathway.
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PR . A=W S 17 Fhad FERREE, A W T35 hn M ke
B/ INER I I AR AR R, (HIHSC TR E 1
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VEFH, AR SZBG 38 3 % AT PR 218 LTRSS (3 1254 T3 14
Wy B B, WF5T MIL %F T2DM/)S B 25 i 14 (Fas-
ting Blood Glucose, FBG) . H Jlk 4 %4 ¥ i £ ( Oral
Glucose Tolerance Test, OGTT) . A#HH#E (Liver Glyco-
gen) ., ILEF(SCR) . JRAZFE(BUN) ., RS EANS) . &
IR R 1 4(GLUTA) KAy, 3% A RT-
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HKle REGERAEYEFH AR F; BUN, SCR.
Liver glycogen & m Il iXf & ®REMREY T
RO DR AR R ALY RINFRYE IR AR
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R EE 2GR A RN F; PI3K .. AKT. p-PI3K. p-AKT
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1.2.1 PR (MIL) 9H 4 TERE K

T TIT 1) S VBCRARIARS B A ity vl 2 0 158 3 B A5 3 1) —

FhEE, £ HEAE %% (Internal Transcribed Spacer,
ITS) A AR UG B P, K B Rl 7E PDA W AA 1% 37 ik
(300 mL/ff, 28 °C, 180 r/min ¥&H#R) P37 7 d. f#
FHRUZLUAT 35 DR PR 22 R R, 1593 PR 22 5% 1 M P55 6

W, FHZEIR K VR ol 2248, B 224 TR IS FH 2R &

PR AU — IR, ZEMORIR A e e BN 21] MIL .

1.2.2 T2DM /NEARBIMEE I 452 1/ NERAETR
JE 60%£5%. TR 25+1 °C, BAOCIR 12 h BRI 4%
R IE R SR 7 d, R ROk IR . /NS

ALK 16 h JGBENLAT4H, 1EH 4 10 H(NC), Fj4y
ANERIESE 2 d E TR ST STZ(90 mgkg'-d™!), 72 h
JEI FBG 7K, I sk 8Y 23 B4, 00 25 i I,
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RN INERBENL N 5 20, 53 B RERIZH(MD) | £
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kg '-d") . MILH 41 (#5741, 400 mg-kg '-d "),
4% 10 H, 2 OEE 425 35 d, BB AR 10 mL-kg ',
A ISR EA T S5 AR A BEER /K, SR a2y

PR B L6 s A PR Y EA T, shitm FlAe F

FEFHE S 202410608031

1.2.3 /NEAFEFEBA R T & . ROK 8 XK EmE &
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T2 1 WE gl 28~ FH 49 1 A ( Area Under the Curve,
AUC).

1.2.4 SEhbsACRSE HEE S EE/DEZEAER
25K 16 h, HRHE S # ik B L, Bifi PR S5i4b 58, 7 R
I, BUER Ay B NELH AT 4% 2R PrEEE R, 1T
g BRI A ), Hi Ay gl R 57 B it A —80 °C PR A7 %%

JH. MEEE 1~2 h J5 4 °C 25.0>(10 min, 3500 r/min),
3B )2 MIE I T4, IRAFT7-80 °C 25

1.2.5  IMUIE M AEACFEPRRGIN B 1.2.4 Fhore et
PRI YR, e PR ) S e B A5, I M ¥& - BUN. SCR.
INS. GLUT4 iy & 5 LA X A H Liver glycogen FY
T,

1.2.6 'FARHLUREEY) T EE  HrEf AT 4% £
I P [E E 24 h, T 70%~100% 2B 0 5T B
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AEFRAAEERE 1 min, 7R ARZR YR G, 3~5 min, IHGES
TSI AL . IR RGR I, WSS T LI e
guth, e e AT K B R TR ROES

1.2.7 3ok [ 205 22 B 5 356 O SR F A A Az 30 %
FJF PubChem. Swiss ADME. Pharm Mapper LR
P ZEZRE MIL B30 5 A5 S F2E1 T8 5, L) “Diabetes
Mellitus” . “Hyperglycemia” . “ Glucose metabolism
disorders” &% 55 Il B 55 B AH G B 95005 Sl SCEETR], M
Gene Cards. OMIM, Dis Ge NET 244 &2 3k 15
o VS E A A5, R 24 I R e B R AT SR AR
i e, NINMIAS3] MIL XPHEACIHEAE e 2, JF T
Venn. String. DAVID %445 )% & Cytoscape 3.7.2 %K
PEFHAT AT IR 2,

1.2.8 MIL X} #H &L K mRNA FikpgsZm B
50 mgIFAEZH LU A 1 mL TRIzol 5] M 4N ER, fi
JHWIF s ACWE B, 1R 20 5 2520 (4 °C, 13000 1/min,
15 min), B INA 200 pL 58405, RIZIHESE 15 s,
SYIEE B, BUEJZ/KARIA 500 pL SN EE, 1R 5I9F
B, MULREP A 1 mL 75% Z0E, B0, FFE
W, MPLTENIA 20 nL = Z&/Kf# RNA # g Ri4E3] /N
BURFJUE 5. RNA, B 2uL RNA B b {5 FH A8 £ & 4%
S5 B 31 (Nanodrop One) £6 il H: 4 B 55 9k B, 2
OD 601280 nm I T 1.9~2.1, LB RNA BOLlRER =, Kl
o R IR 30 5 s iatR) B0k A% Sl cDNA, TR 48 Blas
Taq 2X qPCR Master Mix Kit iz 7| &5 (9 4 12F gE 47
RT-qPCR, JZ W AP E Sy : FAEYE 95 °C 3 min, 72
P 95°C 15 s, iR K /ZEAH 60°C 1 min, 1F R IR EL
40 YK, NI GAPDH, BIE51 103 1 i,

x1 519Fs
Table 1 Primer sequence
519 FF3(5°-3")
GAPDH F GCCTTCCGTGTTCCTA
GAPDH R AGACAACCTGGTCCTCA
AKTF ACGTGGTGAATACATCAAGACC
AKTR GCTACAGAGAAATTGTTCAGGGG
PI3K F ACACCACGGTTTGGACTATGG
PI3K R GGCTACAGTAGTGGGCTTGG
INSF GCTTCTTCTACACACCCATGTC
INSR AGCACTGATCTACAATGCCAC
GLUT4 F GTGACTGGAACACTGGTCCTA
GLUT4 R CCAGCCACGTTGCATTGTAG

1.2.9 MIL XfAHICIE R FHRIR 52 B FeHRE
B, FREL 50 mg ITIEZHZE, A 1 mL %) RIPA 2
S, AR T B AT B )i, SE BV ES .0 (12000 r/min,
4 °C, 10 min), B VW, 5735 -80 °C {R1F, RH
BCA A HE, IHgi—E =S 5 mg/mL, FE)5
% JH Western blot $7 A AG ] 4% 26 /) B IR 25 1 3%
RTEM, £&®BE . A YK (80 v 30 min, 120 v
60 min) . F%H5 (400 mA), Bl #8171 (0.5% AR
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Yy FEIRYRY 2 h) . —HiFE (4 C IFE IR . Zht
AN (EIRBIRESIEE 2 h), WA TR,
IR OWEE, IS5 NS S AT HUAR, ST
FAAH RS FEIR AR FEHES ) BRZH )3 — b b3,
1.3 HUEAIE

K SPSS 27.0.1 #f4 & GraphPad Prism 10.1.2
A BEAT B R Be it 2 A i 4 D, A5 dH TRl SR
ANOVA 5387, Fi A7 526 45 SR L Mean+SD KR,
Lh P<0.05 FR22 5 W3, P<0.01 FoR25 50 B3
2 HERESHh
2.1 MIL %} T2DM /NEERE . &
20

TR AR SR B, IEH A/ RB A B A
SEPE, AR, IR A, TS AL ) s AR ZH /)N
BB AR, VA R, R s, HAE N H BB ek
BAIEE, IR, 28 ZIRNEI= 25, &
PIRYT a, W g BA W] W2 i, /N RUA T .
oK B MR B AR L LR 1, NI 1 Hh AT DR
H, BEE 429 Al RS, /N RS BT i B S s, oK
SRR U WA TR, FEE B AT RlaA E] 35 d
B, SARAUZHAR L, /N BUA T b w5 T, oK A
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Fig.1 Effects of MIL on body mass (A), water intake (B) and
food intake (C) of T2DM mice during gastric perfusion (n=8)
TE: NC: IE¥ 21, MD: BRI, MF: £8/8 — HXUIRZH, MILL .,
MILM, MILH 435|378 MIL Ik, v, @il i 25 5 15 % A
I, "P<0.01, "P<0.05, SELRIZLAA L, 7P<0.01, “P<0.05, [ 2.

P 5~I8 7 [l

IRE R R (P<0.01) .
2.2 MIL %} T2DM /iR FBG RIS/

FBG EPEM 255 T2DM /)N & A 18P 7
JH 4 AR AR, MIL %F T2DM /) BB 2 FBG &
HRE S SaNER 2 PR, 5IEH A b, 7ERIE AR
JEIET, 2405 FBG & 539 3 F 5 (P<0.01), Bl
HEE 5 25 R RN, SASIRIZH A b, 25145 24
FBG & ¥ il F AR (P<0.01), IF7ELA 2556 35 d
Asf ik 2 R ARG, He AR MITL 7 591 4 4 i A 3] o 2 XoF
T2DM /M FBG 7 5 I FFARSOCR 5 B 25300 AH
4, HE/NF 11.1 mmol/L, i B 2H A — E R,
Ui MIL GEAE A 24 B T2DM /Nl FBG & 1, 4%
AR RRER, B R R IMUBETG P, B8/ NeT 457
WA T RIS, Ll TR -1 SRR BE R iG
J7)5, T2DM /N FBG &5 BH B A .

2 SRME/NE FBG #YZE 1L
Table 2 Changes of FBG in mice during the experiment

- FBG(mmol/L)
0d 14d 28d 35d

NC 5.78+0.42% 5.68+0.15% 6.56+0.12* 6.44+0.75%

MD 16.85£0.99™  20.54+1.217  20.61+1.18"  21.20+1.57"

MF 16.60+0.57"  12.40+1.09" 9.41+0.38" 8.29+0.72%
MILL 16.99+0.38" 15.65+1.52"  12.28+0.41"  11.08+0.77%
MILM  15.65+0.35%  14.29+1.09" 9.64+0.40" 8.39+1.51%
MILH 16.13+£0.57%  12.16+0.54" 8.63+0.36™ 8.11+0.54"

TF: NC: IEH 41, MD: #82, MF: $h82_ HOBUIRAL, MILL, MILM, MILH
SPAIFRMILAR, H L 0 B4 514U L, T P<0.01, "P<0.05, S5
R, #P<0.01, *P<0.05(n=8), %3[rl.

2.3 MIL X} T2DM /MR OGTT B9
MIL %} T2DM /]» R, OGTT K452 il 25 SR a2 3
PN o E/NERVE B A EIIAR S, 2540/ NI Ik
SETFE, FEAE 30 min B IR RIIEAE, B 52 T REAIR, 2%
A5 252 AR AL R A S AR R 2 AH [R]H 25 245 2H 0% iU
BRI S R TR R4 B BRI 3 . X AUC 45
RPAT T R B, SIEE AL, BERIZH AUC (B
0 PETH(P<0.01); SAIRIZH AR EL, 452540 AUC 18
Py B B E R R (P<0.01), H MIL &= e,
MR BERR BT BRI 2G4, | IR gl g — 2 R
il . UL MIL BB 48 A 2 K&K T2DM /) B 1Y
OGTT-AUC 1H, REWEHH BT T2DM /N #1250
itz 71, BAT RAr g Reins .
3 MIL %I T2DM /B 4 it 2t s el
Table 3 Effects of MIL on Glucose Tolerance in T2DM Mice

A (mmol/L)

0 min 30 min

OGTT-AUC

4]
2051 (mmol/L)

60 min 120 min

NC  6.44+0.75" 8.24+1.47" 7.67+1.55" 4.90+0.66" 13.93+0.67*
MD 21.20+1.57" 30.59+1.15™ 28.69+2.10™ 22.99+1.71" 53.60+2.35™
MF  8.29+0.72% 27.80£2.48 23.76£1.95" 17.35+1.24" 42.47+1.17*
MILL 11.08+0.77% 28.03+1.16 24.73£2.79% 19.49+1.59* 45.07+2.94*
MILM 8.39+1.51% 27.91+1.99 24.35+2.54* 18.03+1.53* 43.33+1.83"
MILH 8.11+0.54" 27.49+2.50 22.71+1.14% 14.95+1.45" 40.28+1.56"
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Kl 2 MIL X} T2DM /M Liver Glycogen(A) , BUN(B),
SCR(C) & H M (n=8)
Fig.2 Effects of MIL on the contents of Liver Glycogen(A),
BUN(B) and SCR(C) in T2DM mice (n=8)

2.5 MIL %f T2DM /& BUN, SCR & =R

MIL X} 138 B A PR s £ it 5 2B~&] 2C
PRI, 515 4HAH Eb, AR ZH /N FRIMLYE BUN
SCR /K- i 25 TH(P<0.01), BEAAEIIZH /)N BR,
B W ELA ™ R ARG, 2556 e IR N RO T2 B
FARFIE, SACARUZHAH LY, 452540/ NFR BUNL SCR & i
PR TR AT (P<0.01), H MIL & . #5)
HZHXT BUN. SCR BRI AR S — FH SUIRZE ANAH
R, BEBH MIL GEAEA 24s /b iy OB 5 |2 4 B A3
i, HAT R B I VR

2.6 MIL X} T2DM B fRIEY] F B9

MIL X T2DM /U I ERU1 F- s an il 3
Fise ek HE Jefh, 1R A/ NEUBF A2 B 7 Nekeh
FILRIREEHE, B/ INER R BEIE T A UL n, AH L2 T, 458
HUZH /N BB AR ZH 235457 30 5%, P DRSS A AN T8 3K, 257
FeAs bt 2, Bita 0 AL, TEZ9MiG v, —H
RUIREE /)N BB I A2 R AR Sk 22, B IS Ak T o0 4,
HE—2EUEE MIL 21/ B S AEZH 4, & BRHD 1/ NBR
AL TR R 00U TR SR, 2 MR AR At S Ea/ )
S, B B AU RS A i . X E
SRR TR AR, RV 45 225 TR AN, A0 A8
RE Sy B, RRBIUEFE MILH th, MIL i 2GERIUCR
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Fig.4 Key targets and pathways of MIL in treating T2DM
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Fig.5 Effects of MIL on the contents of GLUT4(A) and
INS(B) in serum of T2DM mice (n=6)
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Fig.7 Effects of MIL on the expression of p-AKT and p-PI3K
protein in liver tissue of T2DM mice (n=3)
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