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Establishment of Benign Prostate Hyperplasia Model of Rhesus Monkey

( Laboratory Animal Center, Fujian University of Traditional Chinese Medicine, Fuzhou 350122; @ Fujian Province Institute of Science and
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FE: FIHBME (Macaca mulatta) FE AT SR AN, FERVT AR B (TP) i SAMERTS1
IR 8 A TR (1 B 79 B S s 2 T o REMERRAEE 12 L, BEALAY A 3 ANFIE M SLI AU R AL 4 41, 49
M3 R, £H8RHE, KTFENEGH. ERAHC. B, SiES NS THEKER (TP) 0.8, 25,
7.5 mg/(kg-d), HTHELLLE TSR, EELE 8 . B BBARIMZEAR . £HU5 8 A TP T-7i 4 /4.
8 JEB B AT S BRI, FERAEN B A LI B M % . 4524 8 JAJS4stshdn, BURiSIAR, K
R, WEAR, TSR E R RS RTRE, HE Ry ST SRS AR B, SR
W2 R R T AR S g b e i B . AR, SRA ELISA J7v2: 52 iy K a5 AR gl 23 — &2/ (DHT)
K. BAHRARER, X% 8 N, ARSI RN T X3HE0 (P<0.05). TP FH
4 Ji J% 8 JAwt, BB RAATR Y B2 KT XA (P <0.05), HAETH 4 TP il =ARE
Bl AR (P<0.0D), 1ff TP T7 4 85 8 ML, SAmHALEEEER (P>0.05). MHI4RE
Ny B SERHBRERT S BRI RR IR R RO K TR (P < 0.05), HTEH &L i
KA - RGBT R, SEIRH BRI TSI R b R A A, xR b, &R AR AT
FIR I AR (P < 0.00), MR bR s EiEfe (P <0.01). “550 (DHT) AK-Fi
MEEFEoR, SXERAM, 29T W5 % L8 AR ILE - DHT & & EE (P <0.0D), HAEF
FIRAUAER L. TP TH 4 5 8 ML, HAHMIFLEEMEER (P>0.05). [, %5545
BRI DHT &2 T AW B m, HEAE- SN RRARS, hrEAm T, K&
Yo TP Z3WnF 102 AR AT BREH G ST BRAGE B 1 s AR AR, A1 ) 5 B s L PR A 2 A A TR TR 2 i
4245705 2.5 mgl(kg-d), Z5ZiNtIA 4 .
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Abstract: Rhesus Monkeys (Macaca mulatta) were used to provide a better benign prostate hyperplasia
(BPH) model, and to explore the optimal conditions. A total of 12 male rhesus monkeys were divided into
treatment and control groups at random and were administrated testosterone propionate (TP) through
hypodermic injection for eight weeks after castration. Three treatment groups were given 0.8, 2.5, 7.5 mg/(kg-d)
TP respectively, and the control group was given the same volume of vehicle. The prostate volumes of rhesus
monkeys were measured with ultrasonic diagnosis instrument before castration, at eight weeks after
castration, at four weeks and eight weeks after being given TP. Then, the serum of monkeys at all these
experimental stages were separated and collected. Eight weeks later of being given TP, the rhesus monkeys
were killed and the prostates were prepared. After the wet weight and volume of prostate were measured,
paraffine section of BPH was stained by the H.E methods. Pictures were taken by digital camera under
microscope, and all the pictures were analyzed by computer for epithelial cell height and acinar luminal area
of prostate with micro image analysis soft ware. And then, the dihydrotestosterone (DHT) level of serum and
prostate were detected with ELISA kit. The comparison of difference between groups was analyzed with
independent-samples T test method using SPSS 13.0. The ultrasonic results showed that the prostate volumes
of all the rhesus monkeys at eight weeks after castration were smaller than before castration (P < 0.05). After
having been administrated TP for four weeks and for eight weeks, the prostate volumes of all treatment
groups were larger than the control group (P < 0.05), and the best was mid-dose group (P < 0.01). But with
TP administration for four weeks and for eight weeks, there were no significant differences between treatment
groups (P > 0.05) (Table 1). The wet weights and volumes of the prostate of all treatment groups were higher
than those of the control group (P < 0.05), and the maximum was mid-dose group (Table 3). The results of
micro image analysis showed that the acinar luminal area and the epithelial cell height of prostate of all
treatment groups were increased than the control group (P < 0.01) (Table 4, Fig. 2). The DHT level of serum
(P < 0.01) and prostate (P < 0.05) of the rhesus monkeys of all treatment groups were increased than the
control group, and the maximum was mid-dose group. But with TP administration for four weeks and for
eight weeks, there were no significant differences between treatment groups (P > 0.05) (Table 2 and 4 ). It is
practicable to establish BPH model in rhesus monkeys with TP administration. It is initially determined that
the suitable conditions for the TP dose of 2.5 mg/(kg-d), and for the delivery time of 4 weeks.

Key word: Rhesus monkeys, Macaca mulatta; Benign prostate hyperplasia; Testosterone propionate;

Dihydrotestosterone; Type-B ultrasonic
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R M 87 40 g 3 4 ( benign prostatic
hyperplasia, BPH) & &4 5 M —Ffri WL,
FURP A BRI Iy T, 51 ~ 60 % 5344
W2 50%R I R R RTA ARa A, B
ANFEFRFEIRAL RS HERA 55 JRE R
FHIRI— R AN RESREARRE, MHE N
SN PEREFRE N O et in ], S

WA % (Xia et al. 2002, fiiR%
2006) . RPHERATHIIREG A R E A, EX
GhEEE N HAT T OREM L, HATR AT R
AT SRR AR BOW R 2 B AL S 25805 e IR
RIS FE IR S AL 3 A TR IR <2 1 5 |2 K
5 (Rattus norvegicus). /MR (Mus musculus).
R (Canis lupus familiaris) FIZ# 5 R E & 1
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RAPERTZ RS AR (PR 55 2011, REE
& 2013) o (HKRAVNR S AR RBIRGLAH
ZRt, MM AT g AR 1 o, T
RITHTFIIRIE AL AR A . IEANRKHES)
VITERRRIZEAE . . AR5 N
AL CEHEHBASE 2009) , AT LA ST BUR 8 K
TR NI, H A SreeE i
o R B9 S 9035 5 S8 30 4 A AR ARk JEE )
AW IE 5 NoR Gk R IR R K28
—— R (Macaca mulatta), 7 B VRT3 g
WA Eh YRR (Bonsall etal. 1986) , JE7EIHA
RN — R I 5256 % 2 SR e B,

PR R TS AR I R AR AR A

1 MHS5FE

1.1 SEREh#

SCIOE 12 R, HEtE, R 8~12 %, 1K
#H7~12kg, HAEEE LI ERZER AR AR
FT[VFAES: SCXK (&) 2015-0002]#2 4t .
NPV RIFEAEAR R TR B R R 5T sk
= [VFAES: SYXK (J#) 2015-0007],
1R, IEHEESE, BlUoK, SERERIE 18
~26 C, HMXEE 40% ~ 70%, FIE R HGE R
PRI — i J5 AR S .

12 =Wk
121 HAS5FHRH 12 HBRREEHLS RIER
if 1 ZH 11 P % 52 [ ( testosterone propionate, TP)

(47 98%, fit'5 C10040171, bl sathAik
BHEARARD K. . mAELGH, 4
MNH, A3 A NRERIG. T, mfEd
(RVE S 7520 51 0.84 2.5 Al 7.5 mgl(kg ).

Z R FNEI NI RRIE f5 . B Y 75 IE SRR
EHRTRATHIMRARFR; SR 10 ml 7355 i,

K BB A 9% W B 2 C enzyme-linked
immunosorbent assay, ELISA) J7 ikl — & 52
il C dihydrotestosterone , DHT ) ( f& 5
MD121937, b5 BUERHEYIER FH A A R
AT Ko TEBIEFMET ZHFR, %
LRSS B AU 52 AL, AR5 8 PTG — A

28R JE, B RS ERIERE T 5 R AE,
R 10 ml 3 B IE, Al & 28 (DHT)
7K.
122 ZWTW X% 8 A)E, 3 ANsLIedlms
W MR BE K. By mRE R FESA
FREWE (TP) i, TP DABIMIM VMR, XHg
Y DT RIS e E 5, B RS 13k, &
it 8 . VES 4 JE % 8 JEINE, B HHRIIFT
AR, RIS SRS BRI, A — S 2
(DHT) /KF. RiZIAR B#EBAR (V) HHE AR
V= (w6) x fijafe x £A1E x LT,
1.2.3 FFIRALEM LRSI HRE, #
B0 A AR R B ZH 2R (R 1), BURG AR AR B,
FIFHHE AL = /T AR SE bR AR, EaT 41
R BRI BOAARE S, A5 IR E B IR BCN AT
GIRREE SR E 2 Ly AT BRSOy AT A1
NP AR 5 2 Lo 8 ERREGH 2 BT A IR A2,
ZH ALK E L ELISA J5 sUA I — & 2
(DHT) KFo HEGHRARIFIRALAS 4%%
R EE, AEaE, YR, JRAK-
e ety (hematoxylin-eosin staining, H.E)
et @ BHIEE TR Motic 6.0 (F25
B S AR A PR A R 05 A 50 A R s T AR
KM bR A R, R R sk T A
MR 5 Sk T, ERAEEE = 4
FMH %06 (pm), BRIEEIA = FF{E <0.36
(pm?),
1.3 Gitair

J%; FH SPSS13.0 B AFAbBE, SEE6 AT S £t LA
S + FRdEZE (Mean +£SD) Fox, &2
YA A A B R 3R 7 2 08T, LA P < 0.05 K
EREE, P<0.01l NERINEE.

2 g3

2.1 BENERFIRER

HEARTHEL, £ 8 IR & AU AT
H I AR B B 45 /N (P < 0.05). TR SE
fiil (TP T4 Ji e 8 FNF, &5 &4 hn
HARARFA IS B2 K0 4l (P <0.05), HAE
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B 1 BRI B By
Fig. 1 The picture of orchiectomy for the Rhesus Monkey

T 4 TR 2R (TP rhyE ik R AL
R (P<0.0D. HHNEREN (TP F4 4
L5 8 JE ZH TR AH ELIRE, AN ) s %57 B 2H 1 i
IRRAR A I R R E 2R (P> 0.05) (H
2, 1.
22 MBS EFHKF

i ~S 28 (DHT) KF, S5EHFIM
bt, £%4 8 A & B Mg — S S0 (DHT)
SERFE TR (P<0.05). HERER (TP) T
04 J& &% 8 A, 277 4 i — A 2 FH(DHT)
ACER X REZH B &1 i (P < 0.01), &
HIKB I KAE. 4254 5 8 AL, WA
[) SRR LIS A (DHT) /KFIER
HILEEMEZESR (P>0.05) (£2).
2.3 HIFRREE R SERRETR IR E

X HRAAHEL, AT NRRER (TP) T
8 Ji Bf %77 B 2B PR T 1 i e B A AR AR B
¥hn (P<0.05); [FI, K. HiflEHEER
AT B R 2 i BRI R R Fe Bt B R K (P <
0.05). 1 AN 71l & 41 2 18] [ iy 41 i 2 & A% 45
. AT A AR KR e B3 %= R (P> 0.05),
IR (TP) il EHEE R (K 3.

24 WIFRHEL—SEWMEERARRER

Eixt LA b, RABES N R 28 (TP)
7 8 G, RIAIIRIRAR B, BEIE
THE R 45 % 70 B AR T A0 b e 4 i v P
AR R AR B E I (P < 0.0 (E3). A
i, BRBERT IR A28 (DHT) &&
WEHI (P <0.05). MAjsIRA SN S22/
(DHT ) B i 51 Ji Ji e T AR [ B 75 74 IR =2 il
(TP) HFFIEHABIRESR GR 4.

3 Wig

BRI IR AL (BPHD i R AHLE 2%,
E ] A2 E e A BURN LB S AR, $R T
225U, AR ER - P oA U A T2
SRR UL AR bR A A
HOEAE R Ul DL R AR . R
(Huggins 1947, X|4H 845 2011, Wu et al. 2011)
o XYM FE TR 1% KA K R
BRI RENLE], (EBF A E A, HEEER K
7R YERT ARG A (BPH) RAEKREHERE
2, AR (DHT) & HEARmAE R
GIRZIS2 N i & i N ) ok Ry
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Table 1 Effects of testosterone propionate on prostate volume of Rhesus Monkey (Mean £SD, n = 3)

HIFIRAFL Prostate volume (cm?®)

434 Group il (k) o S 8 %4 4758 i
Weight A - T - S
. Eight weeks Four weeks after hypodermic injection Eight weeks after hypodermic injection
Before castration . . .
after castration testosterone propionate testosterone propionate
IEH % 4H Control group 9.05 +0.46 5.65 +1.03 3.18 +0.48" 2.84 +£0.46" 3.03 +0.54"

0.8 7.93 £2.54 5.36 +0.32 3.37 £0.50™ 9.14 +2,59™" 8.29 1.01%"
PIF [mg/(kg'd)] 25 7.70 £0.35 4.26 +0.98 2.76 £0.13" 11.00 £2.99"#54 9.74 £3.81""
Testosterone propionate .

75 8.28 +0.10 5.29 £1.15 3.21 +0.55" 10.11 +4.04™#" 9.72 £2.89%"

5XRBAIHLL, » FRP<0.05, *+ KR P<001; 5%%HJ5 8 FML, # £RP<0.05 # FnP<00L; 424 FA54Z8 AMIL, SAMMLREE®ER (P>005); HEE,
SIALG X LML, A RRP<0.05, AA FRP<0.0L.
Compared with before castration, * P < 0.05, ** P < 0.01; Compared with two months after castration, # P < 0.05, ## P < 0.01; Compared with dosing for eight weeks, each group of dosing for 4

weeks had no significant difference (P > 0.05); Compared with control group, A P <0.05, AA P<0.01.

F2 PEIE_SEWNSERME CPYME £ fEZE, n=3)

Table 2  Effects of testosterone propionate on serum dihydrotestosterone (DHT) level of Rhesus Monkey (Mean +=SD, n = 3)

1f3E — S S HIKE The dihydrotestosterone level of serum (ng/L)

4340 Group . x5 8 JH Y4 525 8 &
F B . L . L
. Eight weeks Four weeks after hypodermic injection Eight weeks after hypodermic injection
Before castration . . .
after castration testosterone propionate testosterone propionate
1E# &2 Control group 145.45 +7.06 106.51 +6.88™ 103.32 £2.59™ 102.71 £0.82™
0.8 135.56 +6.17 99.99 +1.78" 217.50 £15.11"#4% 213.82 £29.39"#44
TR S E N YN
WIS [mo/(kg-d)] 25 153.57 £25.74 104.64 +11.60° 242,71 +£8.47"#" 254.47 £10.72°#
Testosterone propionate .
75 135.56 +6.17 97.97 +6.50" 236.76 £17.14™#" 250.20 13,52 #44

HEPBHIME, « FRP<0.05, = R P<001; 5XEAJ58 ML, # £/RP<005, ## FRP<0.01; 4254 5428 MM, SAMMERENER (P>005); 254
PWASSHIRALMIEL, A FoRP<005, AA FRP<0.0L.
Compared with before castration, * P < 0.05, ** P < 0.01; Compared with two months after castration, # P < 0.05, ## P < 0.01; Compared with dosing for eight weeks, each group of dosing for 4

weeks had no significant difference (P > 0.05); Compared with control group, A P <0.05, AA P<0.01.
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B2 WIRER 2.5 mg/(kg-d)A A FSH H = B R RER

Fig. 2 Results of ultrasound detection of the prostate in the group of testosterone propionate 2.5 mg/(kg-d)

a. EHET: b BBE A ¢ 444 4 F[NIREE] 2.5 mg/(kg-d)]; d. 452 8 FH[NER%E 2.5 mg/(kg-d)].

a. Before castration; b. Eight weeks after castration; c. Four weeks after hypodermic injection testosterone propionate 2.5 mg/(kg-d); d: Eight

weeks after hypodermic injection testosterone propionate 2.5 mg/(kg-d).

K3 BRASIREEN LR R NL CPIE £ R, n=3)

Table 3 Effects of testosterone propionate on prostate weight and actual volume (Mean £SD, n = 3)

RSB E (@)

HIZIRRAAFL (em®)

MYIRE RS (%) AR (%)

2H Grol i
s up Prostate weight Prostate volume Prostatg vye|ght Prostate. V.O lume
coefficient coefficient
IEH XHHEZH Control group 2.67 £0.65 3.0+0.5 0.277 +0.054 0.313 +0.035
0.8 6.20 +£1.56" 6.2 +0.8" 0.652 +0.132" 0.659 +0.151"
i 2 i .
it [mg/(lfg dl 25 7.40 £2.39" 7.2420" 0.747 £0.284" 0.705 +0.238"
Testosterone propionate
7.5 5.80 +£1.51" 6.0 +£1.3" 0.489 +0.140 0.508 +0.137

ExHRAMLL, * /R P<0.05. Compared with control group, * P < 0.05.

REE S, 0 AT A R A U T T A
2014) . [H, e =SS (DHT) KFHE
A EEE S @ FERARFEAE R T A TR
Wiz, ATRLERRIMI AR KX AT 51 iR 2
ZUFZIR ,  F/T 5 IR IZ T 248 (Sharpiro et al.
2001) . Hxk, REEFTHIREAEE—RE 4
], R R ARG K (R

2008) o [Alt, FIIRRAARFRR A R/ A2 T 5
AR AARIE, HlE RYERTS RS A (BPH)
(e R bR A T A IR AR AR SRR TR 5. AT 4
IRA S A BhAh, BN VSR A R
LA R BRI SR b R 4
FfL i B R IR AR SE CREMESE 2013)
AT B @R A Won, 294 8 BN, %4
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R4 HEAFIRARAPERER. ERAREERERROZN CPIE £ i5EE, n=3)
Table 4 Effects of testosterone propionate on dihydrotestosterone, epithelial cell height and acinar luminal area of

prostate (Mean +SD, n = 3)

S £ SR 1 A1 iR ZH 23R T
The detection of prostate at the end of the experiment

pax!
Group SRR (ng/L) WU LR () WAL ()
Dihydrotestosterone of - . . .
Epithelial cell height of prostate Acinar luminal area of prostate
prostate
IEH X4 Control group 102.29 +10.50 9.71 +£0.56 5844.8 +3 356.83
0.8 176.26 +26.24" 24.08 £2.17" 17 906.95 +6 612.19"
PR [mg/(kg-d)] 25 200.55 +2.20" 21.08 £3.94" 20876.71 +2 939.19"
Testosterone propionate
75 250.35 +41.14" 16.71 £0.79" 12 825.74 £1 545.70"

A EbR s &R S XA, *+ RIR P<0.05, *+ K P<0.0L,

Compared with control group, * P < 0.05, #* P < 0.01.

Bl 3 BREEIEF AR B AERTSI BRI A R A T S ARA R AT (HE B, 200 fiH)
Fig. 3 Comparison of prostate histology of the control group and benign prostatic hyperplasia (BPH) model
group of Rhesus Monkey (H.E staining, 200 %)
a. IEFXIRAL: b, THERSEEE 0.8 mg/(kg-d): c. FIFRSEHER 2.5 mg/(kg-d); d. FMREER 7.5 mg/(kg-d).
a. The control group; b. The treatment group of 0.8 mg/(kg-d) testosterone propionate; c. The treatment group of 2.5 mg/(kg-d) testosterone
propionate; d. The treatment group of 7.5 mg/(kg-d) testosterone propionate.
ALA. fiFI R HPE. RIZIAR LY . ALA. Acinar luminal area; HPE. Height of prostatic epithelium.
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BRI A IR AR SS L 2 3T BN, AR
BTHIRER (TP) 4 AR, SrlEdpiEs
ARMITT AR BT IGOR, IR AT, 4
TNRR 2T 8 JEIT, &35S A B AT 51 iR AR
RO WAk, HWNEREN (TP) T4 &
PR E AR B . B RSN, 4k
BR75% 8 JH, PRERT TIIRATRE B 4N, X
5 REMS (2003) IR AT AR A AR (1 4
EA—E, XReSIIFIRZERA K. H
KR, BFPHRER (TP J&, &rE48
BRI E S R AUS RN S R
FREII LU A B 23K, (Erp AR AR S
AL AR ELTE B T BN R R - ARG
REIR, BTNERER (TP) J5RI5IRA LG
Az, TR R A R S, R TR R R
BRI K. HhAh, AW T IR TN R 52
(TP) J&, BrfEfRN A28 (DHT) S &EE
B LR AT ARG K, fE— e
AT AR S S 220 (DHT) /K7 2 IEMSK,
KBS IR SR N A28 (DHT) &=
O] 3¢ 7 A BRIG A R R T AT T . (HERERA
B AT B 45 24 ) S o 2 T ) R 2
D ARSEE K, FEL5 25578 R 2.5 mg/(kg €)% 2
IFE) 4 F IS, i =S8 (DHT) &FaikA
IR B

AT TR T 4 R A AR () A T A
WRZE, IESHEETNER SR (TP) 29T Tl
BT BRI %% R RS IRIE A (BPHD A54Y,
HAPPANNH ARSI 25715 2.5 mgl(kg €),
LRI AR 4 F . T % TR AT A1 R A
FINLENLHI A SR KR ADNREEAR R
BT A B 3G A= 5 THI R 22 e 0 A g 0t —
BT

Z % X MW
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