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Changesin Scent Gland Morphology and Musk Compositions after
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Abstract: Castration surgery was accomplished on muskrats (Ondatra zibethicus) to observe the changes in
scent gland morphology and musk compositions after castration. Six adult male muskrats were randomly

divided into castrated and control groups (3 in each group). The musk in scent glands was drained, and then
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both testes were removed under general anesthesia. Thirty days after the castration, the muskrats were
anesthetized and killed, and the serum and the musk were collected. The testosterone (T) concentration in
serum and muskrat musk was detected by enzyme-linked immunosorbent assay (ELISA). The scent glands
were collected, and their lengths were measured. The paraffin sections of scent glands were stained by the H.E
method, and the diameters of glandular cells were measured. And then, the compositions of muskrat musk
were detected by gas chromatography-mass spectrometry (GC-MS). The comparison of differences between
the two groups was analyzed with independent-samples T test method using SPSS 20.0. The concentration of
testosterone in the serum of the castrated group was significantly lower than that of the control group (t =
5.270, P < 0.01), and the testosterone content of muskrat musk in the castrated group was also significantly
lower than that of the control group (t = 3.229, P < 0.05) (Table 1). Morphologically, the lengths of muskrat
scent glands in the castrated group and the control group were similar and there was no significant difference
(t =1.243, P > 0.05). Histologically, the Diameter of glandular cells of the castrated group was significantly
reduced compared with the control group (t =9.434, P < 0.01) (Fig. 2). The GC-MS analysis showed that both
groups contained three rich compositions: macrocyclics, steroids and fatty acids. Among them, the content of
macrocyclics in the castrated group was significantly higher (t = - 3.084, P < 0.05), while the content of
steroids was significantly reduced (t = 3.407, P < 0.05) (Table 2). Thus, the muskrat castration model was

established, in which the morphology of the muskrat scent gland cells and the compositions of muskrat musk
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changed.
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BEME RS (Liang et al. 2010, Du et al. 2018).
Rl R IT BB Sh 2r A LR 2 = B
Rl 85 7 = 2 A s B A 1 an ot B A E 2
MRS HETHE. SREREEER I X

REF A S, HIHEAMNE ., IEENAEY
RS BOUCE N O BT R A i A
WP, Rk, AU ETRE RN
AR B A M LR s e 2, xR
FEF TR A AR AL, REHTHRS
BRI B A A

HAraF e R0, B AT B & 20 il 2 e vk
PRBE AR BS RA R W (s B R (RIRE S
1986, Fan et al. 2018). ESREFA FEE W & 1L
SR A, AH 2P 32 B A B A3 AH [F) SROAH AL
LUK YR A B &I -+ Fobeld D A1
[l CanfEE R A3 (XIEHESE 2008, Jin
etal. 2009, VERZE 2011). [Fl;, X MRh
1 AR LA AL S50 AT SRR
HikfE (s 1985, RIS 2007) .
WG AR, AR B AR JBS B A LA A T R B RIS B PR
PREIVEAE. b, MESIAEI (5~7 A Kl
BRSPS TR B & IR A a3, T AREE
A P v R 2R R R D ) 5 LA A B ] R



+584 ¢ =24 Chinese Journal of Zoology 56 4%

TEASE GRUTFHSE 1981, FIREZE 2013) o 1
SMREAHLE, BRI K (3 ~ 10
O ARHERCR IR AE 42 85 B A IR A i 72
ik iE B EAER (Zhang et al. 2017a) - FHILTT
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B1 BREBHRE
Fig.1 Muskrat castration

a. ZHTRUCRA: b, BRAKMG: o SHOMERER: d FHRMER.

a. Musk collection before castration; b. Muskrat anesthesia; c. Ligation and removal of the testis; d. Testis.

R 1 XA ZHENE R LS ERE+
MEMEEE CPYE + brdEE, n=3)
Tablel Testosterone content of serum and muskrat
musk in control group and the castrated group
(Mean + SD, n= 3)

LiNGH B A
205 Serum Muskrat musk
Group =] =]
Testosterone (ng/L) Testosterone (ng/g)
X} 2H Control group 0.94 +0.170 0.62 + 0.067
28440 Castrated group ~ 0.37 £0.069™ 0.47 +0.045"

XA, *P<0.05, **P<0.01.
Compared with control group, * P <0.05, ** P<0.01.
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J3 210 160 R U 240 L D) DA B It 24 L A i 4 i 2
] o % FECZH R 2 95 2H ) R 40 PR A5 40 0
(17.55+2.61) um Al (10.23+1.49) pm. 5

XTHRZHAR LG, 2 352 R 40 P 2 i o 2545, R
M E AR EZ /N (1=9.434, P<0.01) (&
2e, )
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S AT - RE B VL (GC-MS) A& B
ARy, DAETAR o LSRR R oy
b B R 7 s R = 2R Lk 2,
H, KRR SEs, KERRE, R
JEWiR . SXTIAIMLEL, K355 B R A+
KAEY RS EEEWN (1 =-3.084, P <
0.05), KRS EBERIL (t = 3407, P <
0.05), B & & _FERFARE (t=- 1525,
P>0.05). KKV mFEQRHE R LEE. R
WEEEAIA G, R A R 1K
SR . I A B RERE [ R BEES 3, 5-
TARATE IR S g, b g E R R AR
J2 JH [
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Xif BB #H. Control group

Scent gland

- &l

o v RV

£$4H Castrated group

2 BREFROAELGHRAREEENE
Fig. 2 Anatomical structure and histomor phology of muskrat scent glands

aflb. BERERESMIME; o fld FIROTES;: e Ml f FIRIMAL AL,

a and b. Anatomical positions of scent glands in control and castrated groups. ¢ and d. Morphological result of scent glands in control and

castrated groups. e and f. Histological structure of muskrat scent glands in control and castrated groups.

EC. L4HMl: GC. IRéMf; IC. [AlFi4Hi
EC. Epithelial cells; GC. Glandular cells; IC. Interstitial cells

#2 WRASEHHBERERS
CHEME + frfEZE, n=3)
Table2 Compositions of muskrat musk in the
control group and the castrated group
(Mean £ SD, n= 3)

% XHHRZAL (%) FHA (%)
Composition Control group Castrated group
KH 2% Macrocycles 59.87 £3.97 69.06 +3.30"
5[ % Steroids 27.50 + 6.46 14.69 +0.86
B Wi BR Fatty acids 1.24+0.51 239+1.20

HxtiRAMLE, *P<0.05.

Compared with control group, * P <0.05.

3 W
ANFTAREE, B RSS2 AR A4 2 B
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al. 2019). IREEEZ{A (Zhangetal. 2016). &
FERRACUHER (Lietal. 2017b) R ERIEHRIB R
ZARAUR AR AL B R 24K (Zhang et al. 2017b)
TER IR A I R T R FEE S o b4, Lu %6



+ 588 ¢ =24 Chinese Journal of Zoology 56 %

(2014) Al Zhang % (2017a) [RFFLFRN, I
T HEER KT B B B S AU R F TR AR
th, HEBMEEE SHFRERR 2GS, T
W B R A IR AR A MG . A B B0 A
R ETER, BRI EAREEIEA
ERE. Ik, BB AE B R S0
B, WA EEE R E M E LR K
PRI BARAIEH

A 530 T B UM 52 H R 5 o B B ) 2%
#, EIERSLIE T 3 N R e R H It
AN T 30 do M SEEe 0T 3 LB R 5%,
EIITEARIE 5~7d WIET: . AT AN LT
3 /N5 TH R A = B BR 25 5 5 K (A £7 7 T g
o B—, RIGHURGLH Bl 4 #1701 F 14
Bt E R4 . A RTER RN L
TFR B R OA 30 248, (HEFRAIIE/AN 215, [H
AR S5 R ZUE B AT e p s D, Rk, R
JE I B RAR T HKE . F, SFBRFAR
F3 SR T MG BB A B 22 7 . AR LRI
BFRBA%E T EAYE, VISR 5 AL 4
AT EESLE AT E. B=, erHKAE R
5. B RARAE K A IE B AN K A HEAE Y 2] 4
KA TR B AT e SRR A 1 JO0E,  FE 2k
93 B 32E N IS A s 3 S0 A P90 R
NETEF 3 5 R 45 B R DK AHEE, I i ek
FOGT 8% BRI 8 T A, V8D B BRI R K 1
fE . BhAh, BFERRAH/AN. HUERE MoK IR A
TEIREE, RO BE ARG T (BT ERUK
HHE(E R IR & A o

AW, BEER %530 d B, AL
SEHE A AT BT X IR, 4G T A S UK
PRAS RAF, )78 i8S B 5 A B g H 2
Hodr, RERIRTE 535 5 B A IR Tl R SR
/D R LT IR IR % B B TR, ik 4%
ZHFAR 30 d WAL . 22 e A R EE A1)
FEIFT, B R ERYIBR S BN 2 A = R
FREE, X5 Allrich 25 (1982) XK x #t
AN (Sus domestica) 45 SR 5T — 3.
[FI, A TEE M E T B BRA ) 52 K

I 2 A IR B 1 S R R AT 0
WA, X5EPHEMEEREERK 2 [
FEU B BE L 355 S & 8 N .

AR b, BHRHAM TN B E R
T, MLV b, RBRHAM RN, A
BEAAREgE /N XRFMEBE IR K E
HAHRSER . 21§5% (2006) MIRTFREY],
FE AR WA ST B By S AT 2 S Il v 175 L A
KEMME, IR EN EFRAEE
DiRe I EEAER, WRVIERREHE, M
RO = FEEE IR A B R0 B D) RE sz 2R
il MAEARA ], BY RS2 A28, M52
SRLICTWMEY, FRAOERMRC NI RE
EYEAH TS (Zhang et al. 2017a). BbAb, iz
AN5E (1998) MIWTFLRN, FEL% )5 T4 iR
J0 L e A a2 R B A A T PRI, T
FO0T R AN P 1 R R TS B I A e —
HIRN .

AT, LB R A R S
B T EHEEOYIEERE, TR RS
BRETE. IR, BROEFRTRAES
HESER A AR S (Lietal. 2011). [FAIRBAHF
FURW, TERARIRN, So- WU E2 HH 5 1 R 52
RS, HEME Y 5 40 M A K AR BT A B 9%
FROFEERT, T B i fi i AR 2 B IR (2%
Iy NEEZEFIZEIEEE) (Barrault et al. 2015).
I, B AR RE B & R, IR
Ay So-XUE S BRAIR G 5 HERCR 2R 855
PR AT ML AR SR B, A L REAE 52 U4 Bk ) 4k
LBE B RE. BT RRAEPA SR
Y, DRGSR A b R IE R e 30T B B
B R AT RHER S E R, WTRER NS
TOUHE 53 A 11 JB% B2 i b B 440 B 25 43/ %o L]
BER) SR TR, 3 SO A AS 20 AH I e 67 s 45t
VAT, DURE G0 4 i P JE [ Pl s i R ) =
4 ( Espenshade et al. 2007, DeBose-Boyd
2008). ARG, B KA T HIAH R EY)
BRI E, XRYTHERE R RS O K
Pl R R A SRR . AR, B A I 2 B A



4 34 BTERLAE . SERUUIBROGE Y SR A JI TR 25 0B B A 12 FR 5

* 589

FEFE RS, PR IT B A RS ORI K 4L
B BB 0 R 7T B A B 1) AR S R
HERRKEX
,/?J:Fﬁﬂﬁ, EN IS R VAT Y Y
R, FFid ) B R A IR RS 2 2 5 e 0 B
AR, KIVIRERG, IRAREES
SRES FRA L ER AL, XU £
R HERCR Bk Z 500 [ 8% SR IR K B A .
T8 I T 2 BRI DUk B3 Bk A TR AR 1 H
(), TS ANEVERERCE, T O SRR T
BEMR K B MDRERAT N ] e 1,
Xﬁ%%ﬁ‘]ﬁgEﬁmﬁ:ﬁﬂlﬁl‘?ﬁﬁiﬁ‘iﬁ%, Hahi G itsx
« BAARETE, WRAEANFEBERZRR
)ET, FIRAERRIEKF KT WER
KFR. BLBFREH/ER, FREMEA ErT b
i — D TF R SEER R FUMEB R N A IR & A
FIR @B ALE] . IR, RES S R R R
WAENLIEARRL,  HEECR R R AR B A A i 72
MR EEAEH (KPP 2015, EfFSE
2020) , IXBEA SIHES BT B AR I A A LB
IARTT, FFEA R T8 5 57 BT BS BRUA AR BS
B

Z % X W

Allrich R D, Christenson R K, Ford J J, et al. 1982. Pubertal
development of the boar: testosterone, estradiol-17, cortisol
and LH concentrations before and after castration at various
ages. Journal of Animal Science, 55(5): 1139-1146.

Barrault C, Garnier J, Pedretti N, et al. 2015. Androgens induce
sebaceous differentiation in sebocyte cells expressing a stable
functional androgen receptor. The Journal of Steroid
Biochemistry and Molecular Biology, 152: 34-44.

DeBose-Boyd R A. 2008. Feedback regulation of cholesterol
synthesis: Sterol-accelerated ubiquitination and degradation of
HMG CoA reductase. Cell Research, 18(6): 609-621

Du Y, Gu X, Meng H, et al. 2018. Muscone improves cardiac
function in mice after myocardial infarction by alleviating
cardiac macrophage-mediated chronic inflammation through

inhibition of NF-xB and NLRP3 inflammasome. American

Journal of Translational Research, 10(12): 4235-4246.

Espenshade P J, Hughes A L. 2007. Regulation of sterol synthesis in
eukaryotes. Annual Review of Genetics, 41: 401-427.

Fan M, Zhang M, Shi M, et al. 2018. Sex hormones play roles in
determining musk composition during the early stages of musk
secretion by musk deer (Moschus berezovskii). Endocrine
Journal, 65(11): 1111-1120.

Jin Y X, Choi S J, Jung E J, et al. 2009. Analysis of volatile
components of the musk of Ondatra zbethicus by gas
chromatography-mass ~ spectrometry. Korean Journal of
Pharmacognosy, 40(4): 303-308.

Li Q, Weng J, Zhang H, et al. 2011. Immunohistochemical evidence:
testicular and scented glandular androgen synthesis in muskrats
(Ondatra zbethicus) during the breeding season. European
Journal of Histochemistry, 52: e32.

Li Y M, Zhang T X, Zhou J T, et al. 2017a. Transcriptome analysis of
muskrat scented glands degeneration mechanism. PLoS One,
12(5): e0176935.

Li Y M, Zhang T, Fan M, et al. 2017b. Comparison of amino acid
profiles and metabolic gene expression in muskrat scented
glands in secretion and non-secretion season. Scientific Reports,
7(1): 41158.

Liang Q Q, Zhang M, Zhou Q, et al. 2010. Muscone protects
vertebral end-plate degeneration by antiinfammatory property.
Clinical Orthopaedics and Related Research, 468(6): 1600—
1610.

Lu L, Liu S, Li Q, et al. 2014. Seasonal expression of androgen
receptor in scented gland of muskrat (Ondatra zbethicus).
General and Comparative Endocrinology, 204: 1-7.

Zhang H, Zhang F, Zhu M, et al. 2017b. Seasonal expressions of
follicle stimulating hormone receptor and luteinizing hormone
receptor in the scented gland of male muskrat (Ondatra
zibethicus). American Journal of Physiology: Regulatory,
Integrative and Comparative Physiology, 312(4): R569.

Zhang M, Yang S, Shi M, et al. 2019. Regulatory roles of
peroxisomal metabolic pathways involved in musk secretion in
muskrats. Journal of Membrane Biology, 252(1): 61-75.

Zhang T X, Li W X, Qi L, et al. 2016. Adiponectin plays a role in

energy metabolism for musk secretion in scent glands of



* 590 -

=24 Chinese Journal of Zoology 56 %

muskrats (Ondatra zbethicus). Endocrine Journal, 63(7):
633-641.

Zhang T X, Peng D, Qi L, et al. 2017a. Musk gland seasonal
development and musk secretion are regulated by the testis in
muskrat (Ondatra zibethicus). Biological Research, 50(1): 10.

FRE, fEEZE, Tk, % 2013, MREFE IR B0 LIS
WEFRMRR. P EEEZER, (6): 956-962.

e, TRER, RERF, % 1985, BRI RRIYIES A i A
B AT IL. $254R, 5(2): 81-85.

MR, BXERRL 5, 25 2007, B R A MW & AR % R,

S, 42(2): 91-95.
AR, FEME. 2004, BEAF 025 B AT SORE S, I RS I B [ 2,
15(4): 60—61.

WU, EEAR, WCH, S 1981 BB S RN EE
A BN RR V. SRR, (3): 17-19.

FU, dKZEW], R, 2 2006, B RAESEIRIL S SN LR b
PRI TR, BB AR, 22(11): 40-43.

ZEM, XSO, X%k B, S 2011, AN [FIE R A R A
GC-MS 73, K&HPELREEM, 27(3): 351-353.

XUEHGE, 2R, TREREN, S5, 2008. BF R E I AE RO K ZGERAE FH AT

gU. KFEPEA KR, 24(2): 157.

AR, AR RAMELR R, 19(7): 429-432.

BEAIRK, MR 2007, dE RS, L BEER2EROR AR
#t, 166-168.

AHR, £, %KM, % 2020, BIIRA B FRL KT
SEEF NN R, EBYR, 40024): 1-7.

TEW, XUBE, BRFEER, 25 2011 UM G-I E )5 % 8 AN F
BB, E MK, 30(1): 59-62.

T, AR, ORI, S 2020. P FRbREE S A 4 WA 1) T A
AR . B, 40(5): 485-492.

ERA, XIRTR, FRNY, S 2016, MBS IAE PR B R R
Bk, R EEFI AT CN104558084A. [P/OL]. [2020-12-
10]. http://www.zhuanlichaxun.net/p-5164177.html

IR, 4. 1986, B RAERAFOTIR. BREIMEFR, 303):
8-10.

TR, RIGFIE. 1999. R RG AW S S IR B0 IR 5 0R. TL
VI H Btk BARHE, 20(6): 54-56.

W], Ko, TR, S5 2015, FREFHAE IR 1% 1 37
SERMARL. PG, 38(2): 240-244.



