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Abstract: Objective: To investigate the effect and potential mechanisms of soybean isoflavones (SIF) on the efficacy of
lowering blood glucose and repairing testes in rats with subacute aging diabetes mellitus. Methods: After 6 consecutive
weeks of administration of SIF by gavage on subacute aging diabetic rats, the fasting blood glucose, body weight, oral glu-
cose tolerance and insulin levels were measured in rats. Also, enzyme-linked immunosorbent assay kits were used to detect
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the levels of superoxide dismutase (SOD), malondialdehyde (MDA), catalase (CAT) and glutathione peroxidase (GSH-Px),

and the morphological changes. Moreover, expression of genes and proteins related to janus kinase (JAK)/signal transducer

and activator of transcription 3 (STAT3) signaling pathway was measured in testes. Results: SIF could significantly reduce

fasting blood glucose, oral glucose tolerance test-area under the curve (OGTT-AUC), insulin secretion, and increase body
mass in rats (P<0.01). All doses of SIF (low, medium, and high doses) reduced oxidative stress, with high-doses SIF had the
most significant effect (P<0.01). In addition, SIF significantly down-regulated P53, JAK, STAT3, and BAX at both gene and
protein levels, and significantly up-regulated Bc/-2 from both gene and protein levels, in which high-doses SIF showed the

most significant effect (P<0.01). Conclusion: SIF significantly ameliorated testicular damage in subacute aging diabetic rats

by synergistically regulating blood glucose, attenuating oxidative stress, and inhibiting the JAK/STAT3 pathway, providing

a new strategy for the development of functional foods for reproductive dysfunction.

Key words: soybean isoflavones; subacute aging diabetic rats; hypoglycemia; testicular injury; JAK/STATS3 signaling path-

way

W PRI e — P8k A B AR, R AL Fi
IR R KA A5 RN, AR A DB e
] 2& WA, BB AR BT S e £
Mo HETIAT 4.63 AZAFE N B PERIHD, PEAhit,
2045 EREIRIE R IR R 7125, 65 2 L EUBEIR
BRI R 2.76 2, HETKREVIFE R, =&
L PRIGATE B DI 2R, H S2 U5 i 3 X 4R 5
PERYAE IR BT R TR M sE, Ao R UL R | A 5
PEAEFAP MR M E I RAEZ — . BYRERR B3
23%~60% ERAFTEAEFERS , I 0 1 08 PRS2 LA RS
TRekEn, FARFRIEE M 5 ~10 5, i
BT —Len] DU HERE MUBEYE PR 2454, o X
ARG PR 67 2 BB ER S (T2D) iRt 2y
Bytol, SR I PRI HIBE SO AR B S, BT O IR %S
2T B miE . Bk, TR LA R Ger-=A: i

sZma, i HARSS 5 & R, ik, F-3REERI
VEFR/IN, MO/ N AR A= s P B T2 405 R
SRR TS FRY T A H RS s o

K5 5 (soybean isoflavones, SIF ) f& M &)
AR R B S i — AR AR AR ), DRI HZ ) 5 e
AR R I SE AR MERER S KRG R A,
JE— YRR Z 8, v ARSI T L B
ARSEAC R PR AT, TEVRT b . Pt . o, bk,
PO . B AE T i R FE TR, RSB UESE,
R B8 E ik A 9 R 5 5 B IR X V% 4 (reactive oxygen
species, ROS)iF5 21— RIS LA — 2 LR
YERM S, HOVAWRSEIER, KO R A
Bt SR AT HEBSIRAE i A s ST o I R
G A, SIF N 3 35 S8 40 28 J5 I 2 R R IR i BRI
BRI FNRE I, SR, BHRTEINAIAT R G 50
AR5 22 88 £ T Lo MR P E VA I B A AE B VT
A, TR ST BT W S e PRI 5 | A 52 AU
AR EARIEF AP LIS R b .

FTF I, AFgEiE T D22 G BRI T 2R
(STZ) 755 W 2 0B DR R BRASEARY, RGETTPA
SIF XJ K B As iE ok . Ao i . 1 IRA 2 Bl i A5 48
R EZE, W1 2E RS B B OB, 0
SIF XMV 2P s 2 s R BR 52 Ui e 2 AE

FEETHAE ML . RS SIF W H T30 2
PETE RN PRI SE AT B0 T T S AR, I T
R AMEELRERE S A AR D T BE RO B 25 W P i B e B
2R L
1 MRERE%
1.1 #RIEEE
SD Mt R B (10 JE#E, 20010 g) T [ P IRIE
R 2AM RS =B, AR VPRI IES: SCXK-(58)
2024-002; K& 55w (4iBE: 90%) PHLae4tW)
FEARARRAF REZg AR RKET 5830
AR D-2EFLRE IR AR A PR
B/ B 22 (Streptozotocin, STZ)  Jbat 22 ARl
PR T BElRELS% P (Phosphate Buffered Saline,
PBS) . FPEMRENSE AT Solarbio 23 Fl; #EALY)
B2 AL (Superoxide Dismutase, SOD)MiA & . 1344k
L HifF (Catalase, CAT) {57 & . T __Ji& (Malondialde-
hyde, MDA) = & . 45 Bk H Ak 4246 2 B ( Glu-
tathione peroxidase, GSH-PX)i\F & 75 A% 45 JE
YR FRA T 152 (Insulin, INS) & &
SRR E R A IR F] o
LRI =5 PG BBy A BR S 7

SPECTRO star Nano 4= % K B br{% 1% E BMG
LABTECH 2\ #); DGA-9080A HiHVE IR IEFRAE T
FRIG/NF); DK-8D RUKHN gy F A
PR ; 5424 W B O AL, LC-LX-LRF50D 755 38 55
WL 32 [E Eppendorf 23 ] ; VORTEX-5 il 7 ¥
I REAEE SR i A5 BRZS F] 5 SLK-O3000-S it
EFERIL  SCILOGEX 2\l SVE-2 A H L kY

Servicebio 2y T]; NanoVue Plus AR 43CCEE T

Cytiva A F]; ABI QuantStudio 1 Z&Y6xEH PCR 1Y

FERR RIHIRBHE 2 H] .
1.2 L7
1.2.1 SIS 540 SRyt \— KR B R248)
Yo ZE B SALHECFF LS. SPXY2024017), fFA K
BIESRF A GB 14925-2023 250 shi 25 B ke ifi b
HERY SPF 23 br (IR EE 25+1 C. B 55%+5%)
hml SR, SRR SRS EEIAEN] . 7 d SN PR
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FEIe, K EATTRENLSY S 1 H 2 (NMD FIOiE PR 2 .
NM 2H MR £ E AR, i R 20 B s AR AR &
42 d, IS D-2FFLEE (125 mg/kg) , #4222tk
FEEARA SRS EE R PR 2R (STZ) R (40 mg/
kg) @AV AP SRR . — S, 2518 10 h
ME =S E IMBE(FBG), FBG AT 16.7 mmol/L #3iAH
HHPRIGGASEI g TS FE R PRI ZH I — 2541434
21 PR (MD) 2H . —HI XL (MET) | SIF IG5
£ (L-SIF) ZH . SIF H5|5 (M-SIF ) 25 i1 SIF /&5 &
(H-SIF) 48 . NM F1 MDZH 4 K 45 T 4= i £k 7K,
MET £H 45 F 100 mg/kg — H SR, L-SIF, M-SIF,
H-SIF £H43-31%5F 100, 200, 300 mg/kg <57 5wl
HEH . 42 d 555 12 h, R BRI, XK S
i, WeAE v, B AL, — TR Ae T
—80 °C, —H’4rH 4% 25 WP 18] 2 &1 2 -

1.2.2 KEZESNE MU . AR E | A 2 B . e i 38
ErEE  SPEESIE 10 h I KEL FBG, MEEK
B A R I R BUA TR . SEIO S R A — R XK
BLE AT 11 AR 48 25 p R 5088 (oral glucose tolerance
test, OGTT) ., 7EZEEr 12 h )&, R BB B kR A 1M
W, £ 0 hME FBG. #EBH4 T 2 g/kgfWHFHAR,
£ 30, 60 A 120 min 43500 b, X525 R 511
B bt £ F A (Area under the curve, AUC)

(BGn + BGn+])
2

o AUC 3= 7 i #E il 26 10 L, mmol/L-h;
BG F/RAN RS S A MUBEE, mmol/L; t F2sEsfH], he

TE 4 °C K, MLAFEAS L 3000 r/min B> 10 min,
BB, F B A2 iR 2 A BH 5, P05 1 v b
5 2 (insulin, INS) & &,
1.2.3 SIPrEbsarriie PRI 1 g RE S L
41, A 10 mL PBS % % FH B/ EE AILBF %, 5000 1/
min., 4 °C Z.0» 10 min, B ISR . F2REEFEE 9
FEIRF B UL A A5, B9 WO R S2 L 4H 2 SOD,
MDA . CAT Fl GSH-Px By &1,
1.2.4 HEURH~Afads  BCEEALLH R, DL & 434K
4% Z2 5 FH I [0 e v I, A I A3, Bk 5 pm &
BEWY] R, g 2 oK s, T IR AR E P4 (HE) 4e (a,
TR NS EE I S B AR AL
1.2.5 qPCR ¥l P53, JAK. STAT3. Bcl-2. Bax %t
mRNA ik qPCR = HEEF K (386 7 92
FERIIMER, K 50 mg EEFLHLUA 2 mL JCHEIFEE
BRI ESTRE, B T WA 2~3 s, BUb fEimA
1 mL SRS BRI TS . SRS, 5 min, il
A 0.2 mL &5, YeFen LI PRGIRST 30 s, SR
B 2~3 min. T 12000 r/min, 4 °C 2.0 10 min, $R
JE WS B RNA 19 R E—HE.LE . A
0.5 mL 5 PN I, BRI B0R IR A, ZE IR UILHE 10 min.
12000 r/min, 4 °C 5.0 10 min, 13%] RNAJTLHE. 7+
= BIEW, A 1 mL 75% B, 3R miRiR s, LTS

AUC@mndﬂ,h)=§§[ Xty —t,)

Y& RNA JLHE . 12000 r/min, 4 °C 2.0 2 min, 2%
Wik, ZEIE BT 5~10 min, JIAGE & DEPC 4t
H/KAfE RNA UTTER A, 466 RE TN E RNA
e 55 F 4l B, e FH 390 5 SRR B L AL O cDNA,
42 °C W¥FHE 15 min, 85 °C JNFA 5 sPif. qPCR P 1Y
SRATUNT 25388: 95 °C TARTE 2 min, “2EAHI LN
(95 C 2P 2, 60 °C iR KIEAH30 ), 40 DGR, 15
F| P53, JAK . STAT3. Bcl-2 1 Bax W Ct 18, GAPDH
ShNZ, it RQ=2"""“ 314 mRNA F£ikm., HIY
FEE K5 1PN 1,

#£ 1 JIT qPCR 43HT RIS 9551

Table 1 Primer sequence for gPCR
R AR JF31(5'—3")
PDI 1Ef ACTCTACCCACGGCAAGTTC
G JZ i TGGGTTTCCCGTTGATGACC
3 EGGTTCGTGTTTGTGCCTGTC
P J%2 [5IGTGCTCTCTTTGCACTCCCT
1ENGGAATGTACTGGGCGTCTTGG
JAK i TGTCAGTGCATCAAATGAGGGC
AT EMAGGAGCACCCTGAAGCTGA
STATS 25l AGGTCGTTGGTGTCACACAG
» TEMCGACTTTGCAGATGTCCA
Bel- % i ATGCCGGTTCAGGTACTCAG
P 1EMATCGAGCAGAGAGGATGGCT
ax

XM ACTCGCTCAGCTTCTTGGTG

1.2.6 Western blot £zll] P53, JAK. STAT3. Bcl-2,
Bax &£ 131k Western blot =8 HE 45:2% ()i 56
TG, KREEIUH LU A BN S RE DT R
B2 R (RIPA) FIZR A BEFR(PMSF) . #R4lE BCA
T7 0 B BT RE, R DU S — AR B 1 BT A
R P, ARG TR 10 min, 155152
FAEEARTEH . 7E T eI mi R e 3R DI IR IS e
Uk (SDS-PAGE) 73 & )5, 5L FAR A . File—Pi (TB-
ST A0 5% MRARZEWS), 4 C W H L% . H TB-
ST fE= i PR EAFEIK L YE =K, #IK 5 min, ¥
HiH TBST #ikE 5000 1%, =il FFE 30 min J5, A
TBST #E= ik F B ERRIR vk =%, £K 5 min FH3Y
AL &R SG(ECL-A Fl1 ECL-B)X4E A By AT (kb
B, PGSO ER 25 5, FH Alpha b 2450
Western blot B JKEE{E .
1.3 HIEAIE

% SPSS 26.0 1 GraphPad Prism 8.0 &8 1%k
PEXF SE BRI A T oA . A ERFN L, SEER LS R
AN EHEA R EZE . SREARZR 7 225381 One-way
ANOVA Y Tukey's #9846 25 5 B4 4. 3514, P<0.05
FORZEF I, P<0.01 FIRZEFH 3.

2 HER55R
2.1 SIF X ARZEMPE. AFRE. OGTT MESE
AL

rh &l 1a AT, 2524501, STZ W5 SR 2w &
W PR Ivs K B 7R B2 @ ) FBG 7K, 5 NM ZHAH L,
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MD £H 1) FBG % & 3 $#2& &5 6.71 4% (P<0.01), E W]
T2D K ERIERHNII . 2 6 HZ254b 35, 5 MD 41
FH L, MET . L-SIF. M-SIF F1 H-SIF 2H FBG 7K 14
2 4 35 AR 63.88% . 38.61%. 42.51%. 59.11%(P<
0.01), FEPEFI B, Horh H-SIF ZHX I 2tk
PRI K B FBG BYREARSCR 5 MET ZHRCR A 24,
FEHH SIF AT LA B ARSI 2 o0 2 08 PR 9 R BRL A 1 4%,

a 40r ZZZ2 NM
sk wxHH 3 MD
3 300 EE
% " i :: EMET
g 1HH £ L-SIF
g 207 [1HH G S M-SIF
E 1HH it
@ |HH L @ H-SIF
& 107 HHE
pit 15
Oﬁi =
0

o

2 NM

*x

B SYM-SIF
B @ H-SIF

BT (2)

MTTTTTTTTTTTTTTTTTTT8 -
SNSNENNNNNNNENEENEEEE

V77777777 7777777777778
Ay

Fsf 1] ()

o

I~

=
]

——NM
—=—MD
—— MET
—— L-SIF
—— M-SIF

W
S
|

OGTT (mmol/L)
- )

o S

ol |

/\ — H-SIF
0 T T T 1
0 30 60 90 120
i [H] (min)
d 60 e
= 3
= E
=)
g E)
8 20 2
<

265 ZH 5
K1 SIF R A IR IME (a) | (A BT RE (b) | 11 IR TR (c) |
AUC(d) | BRI Z (o) HI52 IR
Fig.1 Effects of SIF on fasting blood glucose (a), body weight
(b), oral glucose tolerance (c), AUC (d), and insulin (e) in rats
TE: 5 NM ZHAH 1L, *P<0.05, **P<0.01; 5 MD 4 AH [L, #P<
0.05, ##P<0.01, [€] 2, 141 4, [ 5 [F].

BRI AR . FEUERAER BT R B, S R
WG IT S, T2DM /N A FBG 1] LLAH 2 B A1,
ARSI LE R

AR TR 1) AR DA Ay 2 PR 1 LR ARE TR, 5 4]
ZEPHEA UM R A AN ZH 28 e BE v OGP, EIE 1b
AIH, 452G RT (0 JE), MD 4R R & 35 75 T MET,
M-SIF FI H-SIF £H (P<0.05), iX 1] 85 A X 1 A5
259 (STZ/D--32U0H) iUt 22 2 A o6, J8 T HEHL Y
HIERIMESRENSE; 6 JEJS, 5 NM 2HAALL, MD 40K B
AR I T $5249.45%, 25 5 I 2 (P<0.01), FRHIP
BV RRE RS S B BUA S B S . £
XKD STF R & T HU5, 5 MD 444H kb, MET.
L-SIF ., M-SIF FlI H-SIF 0 K A 5T i 45 A b 253
fin 38.03%. 36.83%. 35.66%. 46.24%( P<0.01), H
o H-SIF AR NG £, HAFTERI ST, 07
SIF FI 2% fif V. 20tk 3 00 PRI 5 | A 19 44 5T 1 0l 5%
X AP AT BESE R S S R TS _Ei# GLUT-
4 TESHEF RN IR, (R SENL P FNNR T ZH %) 4 285
HEFEE, P EBEAIT, (a) 3220 b BVE DR IS 523K
BB R ER R REP), X — 45 R 5 MISTAKIEWICZ-
HAS %524 {9 % BARA o

1 Al e 28 A i AU R 8 AN AR 0 1l 7
AP RE I EZFERR. HE 1c WAL, MET 5
H-SIF 4K BRIy IR & e 1 8cls. RIEl 1d ATH, 5
NM ZHAHEE, MD 20 KB AUC B 35 T 3.86 1%
(P<0.01), FH] MD 2H K BRAEAE ™ & 1B 4G ) 5+
W S HRUIEN SIF KBTS, 5 MD ¢iAHEL,
MET #H#1 H-SIF 2H KBl OGTT-AUC {H4rHH 2.3
&A% 55.68% FH 29.34%(P<0.01); L-SIF 20 F1 M-SIF
ZH BT BIREAR 5.59% Fl 19.26%, 1B 22 7 ICSE 24
X (P>0.05), H-SIF 4119 T B B R MET
ZH, {H £ SIF 2H 2 3] 4K A1, H-SIF 2 AUC
B F K A s, 2B STF T H X W7 20t 5 R
R ER PP T B S5 A — G E T o 3PP
LR AT R R 5 S I3 L B R R B A e ) o
TR B, H O R O I R 2R S b, TR
£ AT, 5 XTAO %429 i i—2k

ML H BRI R HLPTRT, HLATCE R IEH
AR 2R B ARG i IR BSICR,, £5 43I T ZZ A iR
53R, AR Py e 5 F B, BRI I E R, B E e
AJ A, 5 NM ZHAH G, MD 2H K BRI 5 2K 32
FHE 2.52 f%5(P<0.01), BiH] MD 2H K B IJBR & ==
3. 5 MD ZH4HL, MET. L-SIF, M-SIF 1 H-SIF
H RS R B B E AL 67.27%. 36.64%.
55.19%. 63.55%(P<0.01), H SIF 21 5 55 &= K38
Pz, Hor H-SIF 21 % P 2P 5 22 0 PR s IS ERL INS &
EREISCRS MET BCRARML, 4B SIF vl LA
SRRV P T 22 PR R BRI S R, X —&
B 7 SRR HE A ) F R O R R B VR AR,
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H—2LUESE SIF Al 38 ik A R 1% 2R HCh T i bl Vo
2.2 SIF fRREAEMNFIABIFN

S BN SR T2D M HAH I e pY A
AFERLHI, WA S U B D REIS W I E L
il FE A U —, J R SR T D TR S R SN BB %
A R B PR e R R AR A T RERO Y, e KRR
291 SOD. CAT F1 GSH-Px Z[A]4H HAEM, Joikt
il ROS 7K, TS 208 )5 . IR A1 DNA
P4k, INER SN TR . SOD Fll CAT JZMfiFL
BrheEs WA, LRV AR Y SO T &
YER EEAERY, 1 MDA SRR A i 3EE T
HE B & A i AR A S R B AR A2 =), HeEr e aT AR
Jz e [ EH A4 72 AR A DO I LA ZH AR I NS B ik 4R
TEFREE . CAT 1 SOD 2 A LA AR H S EHE 1 41 i £
P, | AFAE RIS Tt

FHIE 2 A, 5 NM ZHAHEL, MD 20 RS AL

1 SOD. CAT #1 GSH-Px & M ik 2 &M% 64.55%.

67.08%. 47.14%, MDA & &l i T 72.93%(P<
0.01), FHHE 2 M 3 2 PRI 5 B 2 AL S AL N T
WaEg . 5 MD AL, MET 41k BlE2dLgi 4R SOD.,
CAT 1 GSH-Px i 4 43 5t i 25 $2 =5 149.84%.
129.85%. 145.92%, MDA & 4% 0.3 F % 38.33%
(P<0.01); L-SIF ZH K R 52 L 2H 4 SODFN GSH-
Px J& R4 9 21 8 61.45% A 51.36%(P<0.01,
P<0.05), MDA & 5% 03 T 30.74%(P<0.01);
M-SIF 20 KR EEALH LI SOD . CAT Fil GSH-Px 7%
AT A B2 82.10%. 79.42%. 100.91%, MDA

a 2.0

SOD (U/mg)
5
o
oo
*
3
3=

<
Wi
CAT (U/mg)

MDA (nmol/mg)
)
S

)
GSH-Px (nmol/min/mg) *

2H3
P12 SIF X KR SOD 1t (a)  CAT 1 (b) . MDA i
(c). GSH-Px 1 £(d) 5200
Fig.2 Effects of SIF on SOD activity (a), CAT activity (b),
MDA content (c), and GSH-Px activity (d) in rats

TR S TR 38.52%(P<0.01); H-SIF 4 K Fls2
FLLHLH SOD. CAT 1 GSH-Px 1 PR HiHY i 3542
25 160.65%. 132.95%. 286.40%, MDA & i) it 3%
TR 47.33%(P<0.01), HiHp H-SIFZHAUR FAT o

S5 R, SIF vl DL o #2 5 SOD. CAT #i1
GSH-Px 7S PELL B BRI MDA & &, SRER S PR I
KRB TEACRE T, BaATR s 2 FnEs B | S i A
B MEE AT SRS WS R, it D-2
FLBHFS S R BRUESEIUUTS, T ACBE RO R B 52
AT LR VE T, B0 T HIFCH ISR T SR AL AR
AR, MERH T AACOBE Rs e PR O 2 S 3 i R BR LS L
Wifh, X GAMFFEILERARL . KT S B sGE A Ak
I IR0 S R AT R L Y i o) EL RIS B ROS,
RSP AARA R S, AT SE AR
2.3 SIF SRREABALRSHIF M

AR E] 3 AT, NM 2H 52 U2l 23RS A IR,
A DLARE INE A I S A IR R, NSRS A RS A
&, RS, SRR AE RS AU AR IR SR, S5 AR I
BRI (BRI A RS A o T MD 2 5204
LUARLER FET, ] UL R AR/ INE PN _L e AR RS AT
HEFZEEL, RS D K Bk RS 40 IO PEBEAS R R B i AR
PEIRSE, AHRIAZZE4E, B UREEL; SRl s N al WIASE
AT AN SR B I B 1 2P 4R 3R (Ln sk ) . {H MET
Fi1 H-SIF 2H 7, 32 205 PRI R BRI 20 222 86 B i
52, R ks I Am i . A ORS B4R R Sertoli 2 A
B . ASHFgE b, il X SR AL SUR S YA A&
B, SV 2 R DR S S SR ALZH S0 AR, 1T STF 2
T KRR EEALHLIEL, Uil SIF nl fEEAT ZZ bk
Dgpa s | L 1 SE UL U AR RS, X 52 AL AT R4
5 FIER P EH o

K3 RESEALALUEE
Fig.3 Morphology of rat testicular tissue
2.4 SIF S KRREHLELR JAK/STAT3 @R X EE
REBFRIEHIFNT
WHFERW], D-2FFLHHA ST 2 E 2 R mR-
NA KA, P53 IYFRIK 5 BT B IEAH P
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Fig.4 Effect of SIF on the expression levels of P53, JAK2,
STAT3, Bax and Bcl-2 genes in rat testicles
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Fig.5 Effect of SIF on the expression levels of P53, JAK,
STATS3, Bcl-2 and Bax proteins in rat testicles
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