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¥ 30 R 4 B #-E B C57BL/6J Ak ) ALY A 3T RLR ., AR ZIANE F KA =40 (fKAE4 ), &
MANE FSA 2E (HAFTHE ), Z—FRINGE, 416 R, TRALTLdma, a8 as T 5
RIA16 B, FEAERE 2 BB KR RAEER K, S AL T REANE S 2, 49/ (kg-d), =F UK
T FRIN200 mg/ (kg -d) #EH, ERAFTRAETF T ALK, F4EF 30 R, FTHAT
J& #HAT B R A B AR X (OGTT) felk & w55 (ITT), HHE W& FTEMR (AUC) ; WEEFHLE
A, MDA ESHHFENEARIL; HE £ ENREHLBE T, BNl FARAR T H 4 (FBG) ;
ELISA ik o ik 28 (T) KF; & kiem ik b A8 ALY i (T-SOD ), & =& (MDA ),
A pkat BB ( GSH-Px ) # Z 4t ; Western Blot & B BLLEE -3- gt Bs ( PI3K ), & & %8 B( Akt ).
BB it -2( Bel-2) kik, BR  TBADREHLALERFEW, A4 E AR B AR mInHET) 5
AR REHAL MR, BB AN MR, ARFTEERY, BEARAKXERER; FTRa
BILRRIAZE &, Srrmaki, #EAMKE, k& AUC, FBG, OGTT-AUC, ITT-AUC. #-F % % |
£k MDA K-F3gm (P<0.05, P<0.01), £H A%, WMEAK, HERAK HTHZ. HTFEH. H
FER, F T, £iF T-SOD., GSH-Px K-F. #4 PI3K, p-Akt, Bcl-2 & & %k iz %1% (P<0.05), 5
BA R A ks, TR E AUC, k€. OGTT-AUC. ITT-AUC. # T %7 % . ik MDA K-F T &
(P<0.05, P<0.01), ¥H A%, WEZH. HERZH HTH8ZF. HTFH. o T-SOD. GSH-Px
KF-. I Bel-2 &G kA m (P<0.05); =P SN F & &, iF T, F4 PI3K ka3 m (P<0.05);
& F 4L p-Akt & & £k % (P<0.05); Al 24 FEFR, oF T, £ PI3K, p-Akt & &3 m
(P<0.05), 5 =—wWaN4LRE Hrbix, KA L FEHRE AUC, HhEHh (P<0.05); A48T s
hE AUC., #FEA. fik THI (P<0.05), ITT-AUC K4k (P<0.05), £ #4575 Tkid it A
F PI3K/AKY/BCI-2 i 3538 7 A R B & AEFE 2 AV M SR % ) R AEAG T AE
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ABSTRACT Objective To observe the effect of Yipi Bushen Formula ( YBF ) on improving the spermatogenic
dysfunction in obese type 2 diabetic mice, and explore its mechanism. Methods Totally 30 healthy 4-week-old
C57BL/6J male mice were randomly divided into 5 groups, control group, model group, low-dose YBF group, high-
dose YBF group, and metformin group, 6 mice in each group. The control group was given normal feed, and the
other groups were fed high-fat feed for 16 weeks to establish obese type 2 diabetic mouse model. The low-dose and
high-dose YBF group were given YBF 2 and 4 g - kg" - d", respectively, the metformin group was given metformin
200 mg - kg” - d” by gavage, the model and control group were given the same amount of normal saline by gavage for
30 consecutive days. Oral glucose tolerance test ( OGTT ) and insulin tolerance test (ITT ) were performed before and
after intervention, and the area under the curve ( AUC ) was calculated. Testicular morphology was observed, mouse
weight and testis visceral ratio were measured. Testicular morphology was observed by HE staining. Sperm parameters
and fasting blood glucose ( FBG ) were detected. ELISA was used to detect serum testosterone ( T ) level. Colorimetry
was used to detect serum total superoxide dismutase ( T-SOD ), malondialdehyde ( MDA ), and glutathione peroxidase
( GSH-Px ) level. Western Blot was used to detect the expression of phosphatidylinositide 3-kinases ( PI3K ), protein
kinase B ( Akt), B-cell lymphoma-2 (Bcl-2 ) . Results The testicular tissue structure of the control group mice was
clear, with orderly arranged germ cells at all levels in the seminiferous tubules, while the testicular tissue structure of
the model group mice was chaotic, with disordered arrangement of germ cells at all levels with significantly reduced
in number, and large areas of cavities appearing in the tubules. The intervention group showed varying degrees of
improvement. Compared with the control group, body weight, body weight AUC, FBG, OGTT-AUC, ITT-AUC,
sperm deformity rate, and serum MDA level increased ( P<0.05, P<0.01), while the testicular coefficient, epididymal
coefficient, seminal vesicle coefficient, sperm count, sperm motility, sperm viability, serum T, T-SOD, GSH-Px
level, and testicular PI3K, p-Akt, and Bcl-2 protein expression decreased in model group ( P<0.05) . Compared
with model group at the same time, body weight AUC, body weight, OGTT-AUC, ITT-AUC, sperm deformity rate,
and serum MDA level decreased (P<0.05, P<0.01), testicular coefficient, epididymal coefficient, seminal vesicle
coefficient, sperm count, sperm motility, serum T-SOD, GSH-Px level, and testicular Bcl-2 protein expression
increased in intervention groups after intervention ( P<0.05) . Sperm viability, serum T, and testicular PI3K expression
increased in metformin group( P<0.05 ). Testicular p-Akt protein expression increased in low-dose YBF group( P<0.05 ).
Sperm viability, serum T, testicular PI3K, and p-Akt protein expression increased in high-dose YBF group ( P<0.05) .
Compared with the metformin group at the same time, body weight AUC and body weight increased in low-dose YBF
group after intervention ( £<0.05) . Body weight AUC, sperm motility, and serum T increased (P<0.05), ITT-AUC
decreased in high-dose YBF group after intervention (P<0.05) . Conclusion YBF may improve the reproductive
function of obese type 2 diabetic mice by regulating the PI3K/Akt/Bcl-2 pathway to adjust glucose metabolism.

KEYWORDS type 2 diabetes; spermatogenic dysfunction; semen parameters; testicular function; Yipi
Bushen Formula; Chinese herbal medicine

BEPR S AR — 1, 4R B RE PR K

NG T R AR TR IEEARI R 28T, S, B

G R s 2021 4F 2 ERRRE B 48 5.3712,
KERMA DR RE REZMEZR, Hrh 90% N
2 BUBEGR 2 % AR ThBE RS B R PO TR
K76 A TR SH Y DIos R IR 2 KUt R
5 FHOE TR S Y, A 50% LB rE R
FHARBREMAT ), LIKERELN S BUEAT
ARER 75% ", EIRTHACIE 2 B R0 190 H bR DL R
Hoy, TR 2 A RN TR 2 A i [ s S A
PARISTY © . REJME 2 BOBERIG K D RE ReRT i B =45
BT FB, WFsiEssh 2 A — 2y %8 3

B, igh, AR, X900k, LS, PR
H, G PR T FRUIE e 2 FHE b A b Dy e b i £ 2
JrR R, (B EARAE IR AN B . ASSOWEE 2 1
AMNEEITXTHERE 2 BOBE PR /N ERLRE | SEAUIEZS . RS
WRAMER, PR SR BRI S %

R P
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T T HEERRESL Y b SPF LR E, R
J&F 22~23C, JBJF 50%~60%, 12 h B4, Al
BEPOK, LR, LRSI I R
TR . AW T Sl T E R RS S SR A
EPEZE i 23t (No.JACUC-NYLAC-2021-040 ),

2 2 wANE eSS (Hi5:2009008C ),
B (k% : 2106020C ), 112 (45 20110018 ),
HAR (Jit5: 2011002C ). Z5L (Hit5: 2008002S ).
M9 (Hit45: 2008013S ), I (45 : 2010001S )
5L 4: 3: 40 2: 1: 6: 3 HBIALEL, SRIRUURL
R AT HER R R BE B, &R R T 3
[¥] Research Diets 7~ ], #lt %5:D12492, &R —
OB R (35 1 it ot 2 i 25 A7 PR |, AR
059/ /v, #it*=: ACC8550 ),

3 WA WIS -3- i ( phosphatid-
ylinositide 3-kinases, PI3K, Hlt5: #4249), 7 [ i
B (protein kinase B, Akt, lt%5: #4685), ik 1k
% ( phosphorylated Akt protein, p-Akt, #t5.
#4060 ) Lk T 3% [H Cell Signaling Technology
Nl B- LB ( B-acting b5 : sc-47778) 1
T-3EE SANTA CRUZ A+ ; B kL4019 -2 ( B-cell
lymphoma-2, Bcl-2) I F i [E 7 KA YA wl; 2
fiil (testosterone, T, #it%5: qXdjVg8HJH ), B
b9 B L T ( total superoxide dismutase, T-SOD,
fit 5. 6LWUIDU944 ), § — % ( malondialdehyde,
MDA, #t5: 58X7HGT8LY ). & Mt H ki & 1k Wy i
( glutathione peroxidase, GSH-Px, it 5. IP95ZH-
VZ22 ) ifH &390 A T RIS EE YR A IR A
Ao WRIER G Ay (AERIE LR R A A PR A H, WH-
861) ; X IAAL/ N E .0 ( Eppendorf Hr [ FR
INHE], B417R) 5 EBAZKAHL (U1 fL8 68 2B A FR
3], UPR-II-5/10T ); ChemiDoc XRS+ {4 &40 ( £
Bio-Rad /A ], XRS+ 1708265 ).

4 ZhYsrdl . BT R 30 HU/NECR A BHL
B R AR R BRI | g5 ANE O R i
A (ERlEd ), fANE IR A (KR ).
TG, Al 6 Ho mN SR 1R R, X
5T AR AR AL T 60% & A i ki 3=
16 J&, WAMEI4E 7 Kicst 1 ik, @S IERE 2 AUk
P/ NERAE R B AR R AR 10 RERIZE /N R HR f
ZOm, BEPLIMAEE >11.1 mmol/L7'OGTT 1 ITT #
D i ESR = v TR IR, RS PR . K FIE . M
TR I BT HR AL, T R 00 3 T XL AR
At i E ORI Al #TO ) RO % TN B

P ss ), ser-0 B, @B, A4S TN T
SIS Y NE AN T AE T = MR i o
HIHA: fRIANE P ERGNE RN 2 g/ (kg-d), 455
TS 00 25 R g AN B ORI 2 g/ (kg - d) &
R, K4 g/ (kg-d) FERERIE. 250N
Ty BT 2 LR B FE S 1 of mL IRER, KR
A H/NRIES 100 L IREW, Sflm s L
B 200 pL RS, SHMRE . —H AR 0.5 g,
FEOMEE G, WEf#AE 5 mL 0.9% NaCl %, il iR
B, BHH/AEREE 100 wl, BHHE, —H UK
25T XK 200 mg/ (kg - d ). X B84 FAsE A 4
BT RENAIEIK . LT 30 K.

5 WEARE ST EET . RIS /N R
A, FEZ R (area under the curve, AUC ).

6 [k # 4 mt & B0 5% (oral glucose
tolerance test, OGTT ) Flk S ZHLHTIXK: (insulin
tolerance test, ITT) = % ik [12]. T Wi 5
¥ 23 1 1fi B (fasting blood glucose, FBG ). 1&
TS 27 K 18:00 25 & (( AREEJK ), 55 28 KRR
RE AR R/NR TR A B = (3 gkg),
9: 00 FFihifF4T OGTT Lk, WISERIts S, J3
25 /NEUHE B W ARG, kel 15, 30, 60, 120 min
B IR, {1 10 om RBL5Y 77 AU/ B i KR A
(25 0.5 mm KJE) B, &K—#, 3d5ul 245, H
% TG4 R I {SCRN & T AR A T B S
W, Gl s. TS 29 K 6:00 25, FREREG
iR FU NI RS R E S, 5 h R T ITT
SER, MR S, R TR S & (1 1U/kg)
HE A SR, 43 O R 0 G R S 15, 30, 60,
120 min B IIRE, RSE R OGTT, iH4 AUC,

7 RSB, NESRTE B0 A Ky T
B P 30 K, M TSR HZ BRI
B, FTIRRRE, SEFTONEEUAL, i 7 RV IR R B AE
WAL, MRUCGRGERIR T 5200 . BifS2 | ORGZEAR, Pudtlt
— R} 2 FEFREE JS B T3 500 p L KA HER K
(37 CHitA) 1y 12 fLtkrh, KA T8 0E, #25,
WA 37 C HIRAME 10 min J5, 200 Hifidug,
1.5 mL .0 WEEIER, 210hPk. 20 wL 38T
HMMETTHER |, 7E x 400 SUEE N EeiH-a itk bk
FAGTEE, VTR T S R TR, AR TSR
Sla, MENSTFERE TG . SRR E =P
I, BAEEARH 20 wl JEW, 20 9ldE x 400
DG LB T WEE 200 MK T I SRS THER T
T THAA] . BE20 LSS A A AR B RLT R e TR e
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(1.67% 4L, 10% AR ) 182, FEEEF 2 min,
16 x 400 S48 T WEL 4 200 M4 T ( FEKS T 1% e 1
W, TERTARRES), IHHER TR (%) = 16
TFH I ENEFEH x 100%., ks FRITE ] 48 ik |
FHE. OIS IR TN AGE & Diff-Quick R,
1E x 400 A5 T WEE4) 200 M T, GiitmiEZ, &
THIER (%) = WA T4/ AR T4 x 100%.
IEAAR LG SEAL /B S2 RS SR R A = (5200 / B2 /A
PEPRFE R ) /1RE x100%. ELISA B Ly T
(7K, AR G 5 A

8 IfiL# T-SOD. MDA, GSH-Px. T 7K F# il
Fb o 2K 1 75 T-SOD. MDA, GSH-Px. T ik
-, AR UL AR

9 Western Blot kil 2 ALH PI3K ., p-Akt. Bcl-2
Fik BRI L 30 mg, AR HE I AUl B A5 4 H
SAMNLEA, WEEATEE, H 10% RN
WeBERE LYK (120 V, 28 mA) 1.5 h, 4% 70 min,
5% BSA £ 4] 1.5 h, 435l Jin A PI3K. Akt. p-Akt,
B-actin, Bcl-2 —#it (WkEEH R 1:1 000), 4 CrkF
%, KH, H10.5% TBST ¥efE, Wi =4t ( Bt
1: 4 000, %di: 1: 2000) F&EIRET 1.5 h, B,
X R, H Image J #BAFGE 50T B IR R (R

10 %iit2¢J5 Rl GraphPad Prism 8.4 4¢
TR EAT o0 8T, SCHR 25 TR LR [ H v
(%) FoR, HRER X x5 F5, #5002 ESME
FJ7 25 55V 1Y) 22 4 6] W A E R FH S R 2600 2500 #0r
AN e, WISk A Dunnett's T3 ¥:5;, P<0.05 hZR
BT EE L.

s R

1 BAUVNRT IR G AR E AUC FfRE A (1)
5% 841 e gy, AR 4] Rk B R FAUC 3
(P<0.01), SR e, T W4T W5 RE
AUC KAREE R (P<0.01), 5 H XU A He s,
FEn A 4 T US R # AUC B4 (P<0.05), i34+
MR E AUC KARER N (P<0.05 ),

F1 FUH/NEUAE AUC FERE LA (Xxs)

415 n THRETAE AUC THUSAE AUC THURAE (g)

Xif 1R 6 31522 1027.0+13.4 31315
Y 6 51.7+2.0%  1629.0+9.2" 57.4+25"
ZHXAL 6 50.2+4.1 1243.0+12.0° 37.9+22%
mRlE 6 53723 1335.0+11.5%*  415:14"
il 6 50.7+27 1343.0+21.9%* 424+15"*

TE: SXHRA A, "P<0.01; SHEI4 HE, “P<0.01; 5
MU He#s, * P<0.05

2 HA/RTWET, G (R2) 5
TR FLd, #ERULFHiRT . J5 FBG & OGTT-AUC,
ITT-AUC 3 fin (P<0.05), SHIAIZH thir, T
OGTT-AUC. ITT-AUC F#fIX (P<0.05), —HXUIA
FlEH TS FBG R, 5 H XU thie, &
FlHE4 ITT-AUC A% (P<0.05 ).

3 HU/NREMEIEERTE R RRCE A T
P (3) SXPIRAi s, Mimg s2du R 8. Mg
REC ORSRIRRE MR KIS RTER
Mg T FEAL (P<0.05), K5 miIERHE i (P<0.05),
LRI g, TSRS, MR KR
RE K THUE . WIS (P<0.05), A7 I
TR (P<0.05) 5 — HRUNCLH Al 351 e ALK 1176
R T8N (P<0.05), 5 HIWARL Feds, &
FIEARE 16 . s T 3#9m (P<0.05 ),

4 FA/NREIAZYRE LR (K1) XA
INERER USSR TE T, AERE/INE A GRS 2 e HE

oz

e AR, B REEIZL, C oy HIBUIRZL, D Jmiiilia,
E ARG AL 5 18] rp i Sk i 4 Ry LA AR kb
1 BY4UNREIUESE (HE, x200)

*x2 K4H/NE OGTT-AUC. ITT-AUC. FBG t# (X+s)

51 n  TTiET FBG (mmoliL) OGTT-AUC ITT-AUC FHJF FBG (mmol/L )
papie 6 48:0.2 1828.0+103.3 607.7 £42.2 55+0.6
R 6 9.6+2.1" 2416.0 + 147.8" 1172.0 + 103.6” 8.0+0.6"
TR 6 10.0£1.] 1660.0 703" 760.7 + 495 55+0.97
il 6 10.2408 1847.0£758"° 689845594 54410

6 9.:8+05 21560+ 303.2° 787.9+52.7° 6.0+ 1.0

(iS5

W SR LA, TP<0.05; SR [LE, © P<0.05; 5 HI XU Lk, * P<0.05
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R 3 SH/NRIERIES SR RO RN T I (x+s)

415 n EILEE (%) BHEERE (%) FHEMAE (%) BT80E (10%0) KTl (%) KTimR (%) KTPmIER (%) T (ng/mbL)
ot e 6 0.71+0.05 0.32+0.03 1.26+0.09 86.17 +10.02 52.26+3.30 63.44+859 39.44+261 579+1.11
FEAEY 6 0.49+0.07° 0.20+0.03* 0.85+0.14* 58.60+6.16" 21.01x1.59" 27.49:4.28° 82.01+868" 1.39:0.37"
ZXIK 6 0.65+0.04° 0.33+0.03° 1.21+0.06" 85.02+10.55" 34.55+0.37" 43.84+3.59" 68.18+4.12" 506+1.42"
B4 6 0.64+0.03° 0.33+0.02° 1.13:0.14" 83.53+4.44° 40.29+3.20°* 48.71+1.96° 66.22+2.14“ 10.33+0.86°*
f&#lH# 6 0.64+0.09" 0.31+0.04" 1.09+0.06" 80.43+266" 32.95+1.81" 3887+572 68.06+6.12" 2.08+1.27

TE: XTI IAR, *P<0.05; SIAIAT AL, © P<0.05; S HIXUIMAL e, * P<0.05

L3 - el T TR - 5) B - e
L. URCBOKS BEAH M. RS T4 M AR, B P9 AT I AR
PORE T BRI /N RS L U IR L, Sk
K M HEZ R AL, Ho8E B, BBk
MR ZS . SRR AL A e, T H WUIR4L, &R R
HAEF A /DREIESH R E, S0t
2 M A% = B B, AR A NAR A s 45 B
st

5 £ 41/h s T-SOD. MDA, GSH-Px
b (£ 4) SXFRE4 i, BRI T-SOD
GSH-Px 7k F- T K& (P<0.05), Ifi i MDA 7K “F F+
m (P<0.05), SR i, T mdlig T-SOD
GSH-Px 7K V- Ft & (P<0.05), IfiLi MDA 7K F- T %
(P<0.05),

T4 H4/NEIMEH T-SOD, MDA, GSH-Px i (X+s)

2H 3 n T-SOD (U/mgprot ) MDA ( wmol/L ) GSH-Px( p.mollL )
poyiisl 6 186.0+19.8 50+15 4196.0 + 265.8

FEEAE 6 124.0+11.5* 9.5+ 1.4* 1309.0 = 121.3*
THXWI 6 168.4+34.7% 56+15% 2206.0 +535.6°
EXE 6 179.0+266" 6.8+12% 2706.0+583.6"
{E57H 6 170.0x11.6" 6.4+2.0°% 2287.0+154.2"

e GXPHRE LER, *P<0.05; SHIEIZ LA, “P<0.05

6 454/l JL PIBK, p-Akt, Bel-2 & H
FaRM LR (K2, £5) S5XHEARK, #A4
2 JLPI3K, p-Akt, Bcl-2 #E 4 #£ A& (P<0.05),
R e, AR i 4l 52 L p-Akt B 1 R AT
(P<0.05), &4l % L PI3K, p-Akt, Bcl-2 [
Fik i (P<0.05), —H WKL % )L PI3K. Bcl-2
FEALKTHE (P<0.05),

& & y &
& § P S

Akt |- - — - - | 60 kD
B-actin | s S—-——— | 42 kD

B 2 #4/hE AT PIBK, p-Akt, Bcl-2 &£k

K5 KE/NEEALT PIBK, p-Akt, Bel-2 &M
TR (X+xs)

41 n PI3K p-Akt Bcl-2
it R 6 0.880+0.061  0.924+0.143  0.926 +0.037
HAY 6 0.598+0.107" 0.581+0.177° 0.687 +0.019*
TN 6 0.945+0.056“° 0.635+0.141  1.020+0.076"
[l 6 0.899:0.088" 0.924=+0.237“ 0.862+0.108"
4 6 0.827+0.046  0.836+0.196" 0.623 +0.064
T SR, "P<0.05; S, “© P<0.05
1S RS

FIE B 2 TRUHRE FR g 2B G 2 RE B sk 45 5 He i PR R 31
BT B IR CTHEET JOF T SEIEEE, %
P HUE WL S 2%, LU PR AR, A R
ML R AE, (R e AP ) H: S RILRA L -
JE R Z AT HAG S, RN B O e (R .
EHRER) B SRR RS SRR T
LT H7 (BT % « B ) = LN 2 -
B Z B R IE AR ", AR A
JRBH, Ok Tk, R ke A e, U A R Ak A ik
BIZAR, F=rE BB " AL OiEFem, B ER
Wi, FoEIE T B KRS, S BUE RS e
ZAR T IR AR EUIE B 2 RS PR A R 2 RE R
To ARG PR S0 2 1 B5Y, A RIS B A
G, DM o, DR, WS fent, EAE
VIR RBEIER, LGB PR A AE HE o i JEL A
B S BEEEAMTAE IR " s 1L 2GRN
Z, A FORAEIR B R 2 S AN B
ML IENG s 04T MG O, B AR, IO AR RS )
fE 205 AVERBRIRE BYBH, ZEBSERE, Ssham O
WG, s URBIARHE, TR, ARIEARST,
JERF ML HRAS A, g, WA GRS A AR 2

HEJHE 2 BB PR 2 DA AR 8 35 T v, B B 4K
DL B A AR . AT R s AR
V5 AL RE 2 BUREPRGAE K T RERRAT AL, P AR
il P A B BEDIR S o IR R ISR BB I A 1 [
By RARPL, SRS I 00U, AR O
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B B RS, HACR S T AT, 4R
718 2 AN 1B D T LR o A B R, R B T
TR

W PRI 2% 2 MR A B 1 1 A RE 0 AR T R
Wi, FERMEAGEAE T, SEALIREREAT I B R
AW EEIERAE. W R, 1R IRIR B A o)
Yy a4 BLHORS T8O . TR TS 715 1 R R 2 2,
SEALANMAET 1A Y, NI E LR hAE 20 FEA
Mg, R /N SR ILH B Sl i, 46T
FEMEANE 7 T T AR/ B S HLZH 2 A K /N HE B B
55, A YERG AN HEST N, A P B K SRS
T, RS FECEANE I BT, WA, R
REA R BE PR /N R AE T DD BB, =Rl Al
BRI SR MR R T BRI v T Ak
-2 OARHF SN T B R, &S AN
FFHE, TKFRETFE, RSN 5w LT
AR 2 BB /NERL T K, sk S

PI3K/AKt 7E i i Z 55 . Al T, W5, o
A AT A QT 55 22 Fh AR 1) 2 2ok R B IR 4 b R A G A
YER . PIBKIAKE E 0 48 B () Ji 5 25 5l i, )2
s T T A F BT 2T AR IR PISK/AK 38
B 2 WA 2 U6 T 4R (reactive oxygen species,
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