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Effect of Duzhong Butiansu Capsule on improving spermatogenesis obstacle in
mice induced by cyclophosphamide

WANG Meng-meng, KE Ying-ying, LI Ya-ge, YANG Cui-lan, ZHAO Chen-xu, SI Wen-ya, YUAN Pei-pei,
FENG Wei-sheng, ZHENG Xiao-ke
Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China

Abstract: Objective To investigate the reproductive protective effect of Duzhong Butiansu Capsule (DBC) by using
cyclophosphamide induced spermatogenic disorder model, and explore its mechanism. Methods The model of spermatogenic
disorder was established by intraperitoneal injection of cyclophosphamide (60 mg/kg) for 5 d. Drug intervention at high and low
doses (1.388 g/kg and 0.694 g/kg) was given for 4 weeks from the 8th day. The body weight and organ index of each group were
measured. The pathological structure of testis was detected by HE staining. ELISA method was used to detect the levels of T, FSH,
LH, MDA, SOD, GSH-Px. Western blotting and immunohistochemistry were used to analyze the expression of Nrf2/ARE signaling
pathway related factors Nrf2, HO-1, NQO1, HDAC?2, and p-PKC in testicular tissue. Results Compared with the model group,
DBC significantly reduced the weight of mice, increased the index of testis, epididymis and kidney, improved the pathological
morphology of testis, increased the number of spermatozoa, increased the motility of sperm, decreased the rate of abnormal sperm,
increased the level of T and decreasd the level of LH and FSH, increased the content of MDA, decreased the content of SOD and
GSH-Px, increased the expression of Nrf2, HO-1, NQO1, HDAC?2, and p-PKC protein, and increased the area of positive expression
of Nrf2, HO-1 protein (P < 0.05 or P < 0.01). Conclusion DBC can obviously improve the spermatogenic disorder induced by
cyclophosphamide, and the mechanism may be related to the regulation of Nrf2/ARE signal pathway associated with oxidative stress.
Key words: Duzhong Butiansu Capsule; cyclophosphamide; dyszoospermia; reproductive protection; Nrf2/ARE signal pathway;
HO-1; NQOl
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L5, OMERE . MRAMAZEAEIEF  AF)D: Nrf2 $ifk (Abcam A W]); B-actin HLiA

RN NRAERE 3 Rl datth it TLAEZH 1
(WHO) 4tit, 4 20%M B RAZHAHAE
PR, REAGRER KRR 10%A4, HAH
I, Hr 40%~60% AN BIER R, SEE M
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DR 3R FE Rk 5K o 1 ) BB AS 55, (HiET 60%~
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SHHREARE . WP IIEE RS MTUA TR, B
TIEIFESNZR . KT BT 28 S FR b H 30 (] RS
AIREIE R B EAE B REIIK T B A E, A K FEAS
LRGN BHEAETMEZER R . B
(cyclophosphamide, CP) J&—2J iz H T AEIRTT
I Be kA, 76 CP HIIRIR BBy R,
T I T AR R T 208D . RIS IR
SRS, HTHILBHEAE, #8 CP AR R
ZH A EENY, SR CP H & A K PR g sh R A,
HAEEAYR. B, 8, AEHAE
S FRTIEE PR A 78 52 i 20 4 S 56 St

I, MERE O 5 B BHAS 2 B
SRR, WEARRICNERER . TR PHE R
W HEER. RBIEAEIEIE. KL, Kk
HE AR RTRESEE RS, B46HhE
ZIHRIE S IR VAR SR VR T A R B, 7 R
AP %MK ZE K% (Duzhong Butiansu Capsule, DBC)
AR TR, S AL B LT AR
filiz & W IA% 20 2Ry, HAREFRO. 0
JEZ ST, IR B TR ERIR . "%
IMEL AT BWAEESER . ARSLI0iERE
CP il AL KGR, $R5T DBC MIARFE RS S 3L
YERIMLE], DA DBC X AE RS BEAS I R IG T T it
SEEGAKH -
1wt
1.1 SKIEEm4)

ERNR, bt 4E@ R i s AR IR
AT, YFAJIES SCXK (&) 2016-0011, 7E IVC it
7 3% KRR B 8 B oy e R, IREEHIE (20
2) C, ISR, FHEaEK.
1.2 RF

DBC (#t'5 2558002, 52 M T 2 kA PR A 7D
TS CP (S 18062625, VL7518 Bt it [22 245 F
FBRAFD; AEARIGAAI&. BCA EHWKRENE
A& (Solarbio A F]); T4 s [ Marker (Thermo

(ABclonal A 7)); WHif 1gG =t (Licor A F]);
N8 (MDA). HEMYEALEE (SOD). A MH
kit Ak Y (GSH-Px) W& (i st@ ey T
FEREFCRT: S (T). fEUMEEER (FSH). {23
A (LH). #3535 KF NF-E2 AR 2 (Nrf2).
ML FREAE-1 (HO-1). EREMEFEEE (NQO1).
HIE AR OB B 2 (HDAC2) . BB 1L 2R (I C
(p-PKC) & (LI RRSEMHARFRAFD.,
1.3 {43

Aria B TAEE (BD A#]); Trans-Blot® Plus
ECENRE. HIKIX (Bio-Rad A#]); Odyssey CLx XX
O T AN LS £ 4 (Li-Cor 24 ] ) ; Multiskan MK3
BgbR1C (Thermo Fisher A#]); 5840R fHid A% &
L (Eppendorf 4] ); AdvantageA10 #E4E/K 3
BT25S 173932 — k5% 3 i K>F (Sartorius A ] );
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HZh %L (Thermo AF]); TMC [HIRFF 4 (&
JESEA SRR EA A RAF]D; IFX-B K T 17
I CARETHEAREST HMARARD; VC MLk
RFGEER GRS IR/ EIRAFD;
BCD-206TAS {KiEVKH (E/RATD; MEBRS
(Gilson A7)); DZF-6050B M B 45 1848 (Jbai1E
ZERLBREHARAF]D.,
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2.1 EIR. DERKKRTE

ANBRIERIPETFE 5 d S MR A5 4 1l )
HLAr st R ARG AR AL . MR 4% SCHR R I 1O Tk
IReE R, s /NERI%ESE S dip CP (60 mg/kg) il
SRS BERGRAR, AE R A RN AR R
ERMERE T, FSH. LH /K BLE 12 78R
BRI o B 5 I AT /N BRBE AL 20 B 4H
J DBC i+ fK75& (1.388. 0.694 g/kg) #H. %8
KL HNRA 0 ig 524, E8: 4 F, SRR
U/ T FIARFR I 288K . R AE /N B
B REYOKEFMINAR . . KRG 25, IRIER:
Jik MBI JBE S5AfE AR BB/ INBR 3000 r/min B0 10
min _EZ M5, BT-80 C&H.
2.2 EFEFEIRBEN
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2.3 BTFSEEN

BN SR A B 52, n 500 uL PBS BY#%, JEIE
B E 8 LS 15 min, 857800, H 70 um
JEREIE LTS LiEW, hn 500 uL PBS, HX 500 uL iR
BRI AR NaHCOs [ 52 , U S5 es N s,
TR THG A 20 pL JBAWEEE A, AR TR
B AGIAEG Fi6 1. R Fi R,
2.4 ZRALFEZRM

BN BRI A I 52 AL 229, T 10% 0 S VAT
[, FBE MK, A, 5 um UK,
HE Jutt, WS RHET N 2 ALH RS
2.5 MEEKFE. SURBEAKEREN

AR R & Ul B AT i R T FSH. LH.
MDA. SOD. GSH-Px /K*F-.
2.6 ELISA %A% Nrf2/ARE 5 S B EHEXEF

ELISA 2 Gk 2 F.5) 2% HH ) N2, p-PKC.
HDAC2. HO-1. NQO1 /K.,
2.7 Western blotting ;%ME Nrf2/ARE {5S&%
EHA=E S

BN AL, Fia7m) S i i e 2D
ESHEALEA, H BCA RAEERFI&ENE
HBEWSE, Wil SDS-PAGE WLk & G H# &2
PVDF /i, F 5%MWille @k 4 2 h, IIAN—4Ht Nrf2
(1:500), PB-actin (1:1 000) 4 CHHEITK, 7>
SN AIE —HT (120000 T 37 CHEE 1h, X
MERBZ RGN REED Z W, HH
Quantity One F{4X 8 [ 4% #EAT 04T
2.8 fRIEENWENE Nrf2/ARE 52 BBEARIA

NI IS K, mEBE,
3% KIRHL 20 min, FHK PBS 3 3 K, FHK 1S
min; JIASPT Nrf2 (11 500). B-actin (1 :1000),
4 CHWEE IR, PBST ¥E 5 I ISR —41(1/2 000)
37 ‘CH¥ & 30 min, PBST ¥t 5 ¥X; DAB T (0
10 min, HZAAKEE G, HME R, £ 58NS 0
%, SRR, 5 DAB B AT AT
JEXT LI, R R D) BBk IE 2> 3 AN EIRE
PLEF AT R 40 R R SR 2 70 AT
PRUERETK R A (7S 52— 3. M. H Image-Pro Plus 6.0
A B [ A 2 1 D R W i TR R BE PR 2
—hrite, O E XA K, Bk R A
BT A RSk R B B SRARRO BB (4D (A LA
KAALRGRTI (Area). FER TP 4 18, T 4
fE=A/Area, V35 A {EBR B PAPERIE KBRS o

2.9 BitESH

K SPSS 18.0 Hf Xt skl 4 R ikAT HLIA Z Ty
Z T (One-Way ANOVA), #411A)2% ] LSD 5,
BHELLX £5 KR
3 GFR
3.1 DBC XEHEMER/NR—ARIF AT

TEARERT, /NBCRES RAF, WA 1, RVHEE,
WAEIEE, REARE. EHRE, SXRANE,
by EARAN W B T R UIE 30 SN 1T AN RTINS SN
REBTOCEE. ARG, SRER. R POKE
MEIR . SEBALLE, DBC 424H/NRIRSZ
PEILG AT . WEBIHEIN. B A PRIRE
TR, SREARSHIKE, H DBC &
FIEBCR RNV &
3.2 DBC XE#EREHG /RS FRE R

H& 1 ATLUEH, SXEAE, BREAN R
(R B 5 PG (P<<0.01). SEAL4 LU, DBC
RENS 235 DI/ R R IR (P<<0.01)
1 DBC MEMER/NRERENFN (X £5,n=10)
Table 1 Effect of DBC on body weight in spermatogenic
dysfunction mice (X s, n =10)

2H 7 & /(mg-kg™") PRI B/g
PagiGe — 43.11£3.50
T — 34.91+6.23*
DBC 0.694 40.50+2.76"
1.388 40.70+2.22%

SxfEA . *P<0.01; SHEAALE. #P<0.01
**P <0.01 vs control group; #P < 0.01 vs model group
3.3 DBC 4R /R AERS R H AR I
xR b, BRA/NRE L. M2, B
JIRE 24 B 35 PR (P<<0.01)., SRR L, DBC
Refy 25 m /N U 2 L B IEFE % (P<<0.05.0.01),
W 2.
3.4 DBC 4R /NRIE FIEFRAR I
ExiA g, BMANRIE T BT
JIv BRTIERERIC (P<0.0D), FrHiEER
BEFE (P<0.0D. SHEAHLILE, DBC fef i
E UGG N RS TR . TR BEER
FHE IS (P<0.01), W% 3.
3.5 DBC X4 HERERS /R MR R R0
xR, A/ NR R ZE LH. FSH
KFEZETE (P<0.01), T RFHMFEK (P<0.01).
ERIAH L, DBC e E 8 /R T K, FEIK
LH. FSH/KF (P<<0.05. 0.01), W3 4.
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# 2 DBC MAIFER/NRIESIEHME (X L5, n=10)
Table 2 Effect of DBC on organ indexes in spermatogenic dysfunction mice (X *s, n = 10)
4H 5 FE/(mg-kg™) SEHIEE% B 2 F5 %% B AR HU %
of HEL — 0.9440.32 0.21+0.04 1.4240.13
e — 0.55+0.13" 0.13+£0.04™ 1.23+0.11"
DBC 0.694 0.95+0.18" 0.20+0.02% 1.4640.13%
1.388 0.8540.22% 0.19+0.04% 1.4140.15"

Sx@atbss: P<0.01; SEMALE: #P<0.05 #P<0.01, F[H

**P < 0.01 vs control group; *P <0.05 #P <0.01 vs model group, same as below

&3 DBC XEHBERNRBEFIERIFN (X £s,n=10)

Table 3 Effect of DBC on sperm parameters in spermatogenic dysfunction mice (X *s, n = 10)

45 FlEAmgkeg") FETFHE/(X10omL™Y)  FEPREFIE 1% SHE T 11/% KT R 1%
X — 1.55+0.16 0.370.02 0.58+0.05 0.050.04
TR — 1.16+0.08" 0.1240.05™ 0.27+0.07" 0.18+0.04"
DBC 0.694 1.5740.09% 0.36+0.05" 0.56-0.10% 0.02+0.02%
1.388 1.72+0.25% 0.38+0.05" 0.600.06™ 0.05+0.02%

&4 DBC MERBRER/NRMEHFKEHEM (X 5, n=10)

Table 4 Effect of DBC on serum sex hormone in spermatogenic dysfunction mice (X *s, n =10)

2 5l &/(mg-kg™) T/(pg-mL™") FSH/(U-mL™) LH/(U-mL™)
it — 693.84+77.70 33.59+0.52 4474024
A — 586.09+23.43" 42.91+4.80" 5.10£0.19™
DBC 0.694 697.69+61.38% 39.16+£2.47 5.0140.33
1.388 7441049327 38.69+0.76" 4.5040.14"

3.6 DBC X4 FERER/ MR EMNKFEIF M
xR b, BIAYZH/N R SOD. GSH-Px %%
PLEAL TR AR KT 2 2 B (P<<0.01), MDA /K712
ETtE (P<0.01). H5ERALE, DBCKFIEL
/B, MDA 7K 2 3[4, DBC =77l =41/ i SOD
KRR, DBC &L K5FIE 4/ GSH-Px 13
BETE (P<0.01), W5,
3.7 DBC X4 HERER/NRENBLRIBEF A
K1 SRR, SxIRAthig, RN R 2
FUALE R, ARG SR R, AR
HEITEAL, RGN E IR, 40 AR SR

T4k, dApalE]pEg K. SHERAELE, DBC
TG, N ARG HES RS B B,
BN T, MAEAERE RL, MakEE s
HEF R %, AR LR EHA RN Z, A ES
KA N, A0pRAEERG K. DBC & . EAEY
A3 DMK E SR .

3.8 DBC sT4E#5[ERS/R Nrf2/ARE ESiBEEHE
KEFHIR M

3.8.1 ELISA fuillgi R & 6 nJLUEH, S5XiE
A E, BN, Nrf2. HO-1. NQOI . p-PKC.
HDAC2 4§ Nrf2/ARE 15 51l B AH S P 5 A 7K

&5 DBC XEHBERNRENKFEHFNE (X ts,n=10)
Table 5 Effect of DBC on serum oxidation reaction in spermatogenic dysfunction mice (X *s, n = 10)

2H ) HE/(mg-kg™) MDA/(nmol-mL™) SOD/(ng-mL™") GSH-Px/(nmol-mL™)
X iR — 5.83+1.67 70.72+3.59 1948.9+117.78
et — 13.46+2.50*" 62.41+0.89* 1432.6+139.98"
DBC 0.694 5.83+1.59" 64.79+1.33 1951.94160.51%
1.388 11.94+231 70.44+2.57" 2091.0+182.31%
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DBC/(mg-kg™)
1 DBC 45/ NREZAFSEMIFNG (HE, X
400)
Fig. 1 Effect of DBC on testicular morphology in model
mice (HE, x 400)

FRK (P<0.01). S5EEBIALLE:, DBC &+ (K7
I RE T F /N B 22 L 2 Nief2 . HO-1.
NQOI1. p-PKC. HDAC2 HHNFHEIEKF (P<
0.01).

3.8.2 Western blotting YAt &5 HE 2 /LA
G L, BRI N Nrf2 & E R A 7K
BEFK (P<0.01). S5HAAE, DBC &, ik
AR /N R 2 A Nrf2 5 ARk B350
& (P<0.01).

% 6 DBC 3TEHERERS/NR Nrf2/ARE {55 BEHEXEFHFMW (X £s,n=10)
Table 6 Effect of DBC on Nrf2/ARE signaling pathway in spermatogenic dysfunction mice (X £s, n = 10)

51 T/ Nrf2/ HO-1/ NQO1/ p-PKC/ HDAC2/
(mg-kg™) (pg'mL™) (UL (ng-mL™") (pg-mL™") (pmol-mL™)

it R — 610.67£18.15 42.81+£1.63  9.49+0.45 1569.07+£168.26 3.88+0.27
it — 536.201+37.90"  38.85+£2.60" 845%0.38™  1100.55+ 70.92  3.23+0.10™
DBC 0.694 643.324+47.85%  4546+3.16% 9.7010.42%  1662.77+ 75.09%  3.38+0.20%
1.388 648.15154.09%  4337+£2.44% 92740.59%  1632.50£107.76"  3.61+£0.20%

Nrf2 m—J= —t

B-actin  —

o HE R 0.694  1.388
DBC/(mg-kg™)

14 4 4
1.2

g 10 -
08 -
06 -
04 |
02 |

papict R 0.694 1.388
DBC/(mg-kg™")

E 2 DBC X4HEMER/NR Nrf2 ERFRIEKFEHFMN
(X £s,n=10)
Fig. 2 Effect of DBC on Nrf2 expression in spermatogenic

dysfunction mice (X *s, n = 10)

3.83 EAMERAML R mE3WLLER, 1E
IEW /NS ALY, Nrf2. HO-1 25 A7E & A R 4
HE RIS (BHPESAL 24 ). SRR LU,
BRI /NER 2t Nrf2. HO-1 A ERE D (P<
0.01). SHAIHLLE:, DBC . IKHEH /DR 2
FLF Nrf2 \HO-1 & AR IA/K TR E R E(P<0.01),

4 g

CP 33k N\ AA A7 JHJE Hh 28 A0 Rl P ol I e , e ok 7k
JEAFasE, TEMIBAMA 5 5 i BB IE AT T
Wil , BEBEICE ST T30 DNA M RNA Thig, tHE
DNA KA Xk, Il DNA & /. Z5ERRT
R, CP AR =N Iis A s, X AR AR
AN A B S SIRIER, S8
MDA /K81, SOD. GSH-Px 7K°F- Ff%. CP
ATEESEERD, MERTAS, SRR
TR WINEER LR, FERTE
NFEs BOAARE I, IR IR E EAT, i
FRAERENE RS T IO D s TR A RS A0, 358
FOREREMR AR T, RS PRI A, R T
HORBE. A, CP SEmER /K, SHMEH T
KPR F%, FSH. LH /KF-F &, AR RS & B
1E CP HERE 70 R, it ig 2 ip 424,
CP X MU 5 75— e Ve [ Y, S e A7) &2 2
FHOCUSY, DRI, FEARSEIGH, 45 & R ITHA IR 45 5,
PR T/NR ip CP 60 mg/(g-d) #%ES: 5 d, #I%4E
FEREAGARL A

E 2R HEHORT DL B 32 IR B2 R 4 B AR 4R G
Lo 5556 R AL LA, A5 2 /) B P 4 I 2 0 52 AL
P 52 S5 AR B F G O I I T AR B 2 2 BRI
ERAAE, DBC X/NRAAIRERME N, E,
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Nrf2

HO-1

it e R
200
160
120
80 7

40

Nrf2 A RIS &

0.694

1.388
DBC/(mg-kg™)

0.694 1.388

DBC/(mg-kg™)
250+

200 - iiid

150 -

;%
*
%

100

50—

HO-1 EEAMXTRIL &

.

0

Z
=
-
i3

0.694 1.388
DBC/(mg-kg™)

3 DBC X4 /R Nrf2. HO-1 EHFRIANEMN (X £s5,n=10)
Fig. 3 Effect of DBC on protein expression of Nrf2 and HO-1 in spermatogenic dysfunction mice (X xs, n = 10)

B EA R ER .

CP 5| ARG B0 nT @R T FR b kI, L 45
RFEL KT R TRERSE. CP RERCIA AN
YA AR R R 1 AL, 5 S R i
B FA SE R BRI, S maks 1T ROt B IR v
e, SRS IR R R AT, SER TS
K TR BB SEI 45 BB IR, CP S 8UN RS FEL
WTE I RERK, BTmpeiErts. 588
HELE, DBC X/NEFE T KT I% I 2 A
BEWEME, W] DBC R R CP S84
KRG .

IEFIEOT, AEIGEZ T - E RS
o MAKE TIERT F et IR R &=
(GnRH) #£:50, N GnRH #4706 It 2 3
GnRH; GnRH i A Fi i~ k-2 1k
RN LH. FSH, HA LH 554 Leyding 41/
(I RZ AR LS A L E StAR FiE; StAR H5 BH [ EE 4 11
YA T 2R R P B P450scc, T P450sce K fH [ 5 %
P ZA IR TR s -G R0 2520 B e 4 7 e 22 0 THD
TR, EA NS R, A AGR T IR b, T
Sih/b F 3 AT RE RIS SR R TS BIORE T R A S A1
IR, spag ek BB OR, SxtiRatbi, Cp
ZFEUNRIMES T KFEE K, FSH. LH /K

FRFET . SEAALE, DBC AT & FIE /N
3% T 7KF, DBC il & n] 23 AR M5+ FSH
5 LH /KF, i8] DBC fef1 34k CP FEU i
SRR AR, SRR ME R I AR
HIRE

CP AR =0 N M 8 e T B =26 3 =1 v
P (ROS) 25 H ML, 7 SHURA SRR
1% N7 NS T, AL TR R 52 4%
(115 5 A 2 ML DA 4 RF 40 B S 108 5P 1 .
Nrf2/ARE #fi s o — 25 BB A8 B . IR 15 Ol
N, Nrf2 5 Keapl &54, PR, 1R R4y
BURACT s M 251 FH B A R, Nrf2 A Keapl
EREORENGIMEZ, 583 F ARE 44, #EE R
JEAE S MR EF NQOI1 . Hi (LB HO-1 25 A
WG Rk, IR B J I 25 R 4 R 4 i 9 B R AR
AUCS gt RBIR, SR E, DBC #¢
W 2 F /N RS2 AL 2 Nief2. HO-1. NQO1 & H
FIEKF. U DBC AI{E N T 51 30E Nrf2/ARE
{5518, Bi% NQO1 & HO-1 HERAMFKIL, #2
B Nrf2 RILKF, SEEbUAHEae /), AN
WA, el SR AR RS .

W R, 24 HADC2 $fil5I477ER), Nrf2 4
BEALFEEER N, AR MRk ES!™, i8] HADC?2 il it
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T Nrf2 % CF A/ F4ERE Nef2 FRoE . S g R
7r, DBC Af[alifl HDAC2 #Fik/K ¥, i8] DBC
A LB N B SR AL 2R HDAC2 Rk /KT,
I3k Nrf2 1925 4861k, 358 Nef2 FoEtE, AFT
RIE Nrf2 TiRg.

PUEALF 51 Nrf2 5 Nrf2 0157 (OINrf2) 1)
RS, Nrf2 S EIdf% )G, 5 ARE 456 I0E0E
B3 R 223k, AR 4l . Bré ki) PKC A4
5 Nrf2 #iEeth, e Nif2 5 INef2 FIRE,
Nrf2 A&k, fF Nrf2 AHXS R e Mk N 40 iz i ok
S ThEeR0, seit e REoR, SxTHRAIE,
CP MR /N p-PKC RIEAFREE. SR
L, DBC BeREFE /D p-PKC FRik/KF, Wi
B DBC A8iEid 0% p-PKC, H# Nrf2 Bifgtk, ff
H Keapl FREFSUHK, faE it NAI%, 5 ARE
i, JA IR R I RIA .

2% b, DBC HAAHERIVER, HXT AR G
(B35 AT e S5 P AL BN O 4% Nrf2/ARE {5 53
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