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Abstract: [Objectives] Menstrual cycle monitoring is an effective method for the breeding management in
ex-situ conservation of non-human primates. Based on analyses of fecal sex steroid hormone of a female
Yellow-cheeked Gibbon Nomascus gabriellae, the duration and regularity of its menstrual cycles were
determined, and attempts to assess whether females have reproductive disorders from a reproductive
endocrine perspective were made. Androgens were used as indicators to explore whether males have
reproductive physiological disorders. The study helps to provide data support for the natural breeding of
captive Yellow-cheeked Gibbons and the application of artificial assisted reproduction technology in the future.
[Methods] From April 2016 to April 2017, fecal samples from a pair of Yellow-cheeked Gibbon were
collected every 1 - 3 d non-invasively. These samples were further analyzed for estrone-3- glucuronide (E1G),
progesterone (P4) and testosterone (TEST) levels by ELISA. The coefficient of variation CV for hormone
determinations was < 5% within batches and < 10% between batches. The data were sorted by Excel and
analyzed by SPSS 22.0 with normal distribution and homogeneity of variance test. One-way ANOVA was
used for significance analysis for sampling that conformed to normal distribution, nonparametric tests
Mann-Whitney U test was used for those that did not conform to normal distribution. The correlation between
female estrogen and male testosterone was analyzed using the Pearson’s method of analysis (two-tailed test).
The significance level was set at 0.05. [Results] Estrogens and progesterones were synchronized during
menstrual cycles (Fig. 1). More precisely, at the start of oestrum, estrogen level began to increase from a
baseline, after reaching the first peak, dropped dramatically, and followed by ovulation, which signifying the
end of the follicular phase. Progesterones remained at a base level during the follicular phase. After ovulation,
both progesterones and estrogens shared an ascending pattern, and then decreased to base levels after reaching
the peak values simultaneously. A total of 11 complete menstrual cycles of the female “Vivi” were found
during the study period (Fig. 2), and the average length of menstrual cycles was 23.3 + 3.1 d (21 - 31 d)
(Table 1), which was not significantly different from that of the menstrual cycles based on the estrogen (E1G)
bimodal interval (21.3 + 3.8) d (Z=- 1.562, P = 0.133), nor from that of the progesterone (P4) pattern 20.9 +
2.2 d (Z=-1.693, P =0.101). The length of the follicular phase in females was 7.9 + 2.4 d, and the luteal
phase was 13.4 £ 2.8 d. TEST levels in male feces did not show significant cyclic variation (Fig. 3). The
correlation between male (TEST) and female (E1G) during the first 10 menstrual cycles was analyzed, and
there was no correlation between these two parameters (r = 0.139, P = 0.097). [Conclusion] The results
showed that the Yellow-cheeked Gibbon had a similar menstrual cycle to other primates, and the menstrual
cycle of this female individual was relatively obvious and regular. Based on the changing pattern of estrogen
during the follicular phase, it is possible to prejudge the climax of estrus in females and guide the mating of
Yellow-cheeked Gibbons. It is also possible to make a preliminary diagnosis of whether a female is pregnant
or not based on the level of progesterone during the luteal phase. The sex hormone index of menstrual
regularity can be an aid in the diagnosis of infertility in the Yellow-cheeked Gibbon and even in other
primates.

K ey words: Nomascus gabriellae; Menstrual cycle; Sex steroids
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WHIKE R (Nomascus gabriellae), N
KSR @ YF,  TUCN 51 N fG P Fh 41 (0 4
SEWfEK (Endangered, END, )41 I €.
HRE 40 (Geissmann et al. 2007) . B4R B 4
K S o A S b ARG A AT
A5 B sy, FREEECE SR NS, 7K
ZERKINERIES (Bachetal 2017). FKEH
AT 20 4F 15K R B IR 5T P s, (H R
HEE AR RERTEE 2018, F 20200,
TZARVUAR AT fi6 U1 BRT T B8 R e EL AR it ) 1
EEENE, WO Th AN, BEBUEFRC, £
HAT A NBHEA R E TRz —, FIAE
B AE D A 90T S R e ) P 7R T R4S &
KEE ( MERZE 2019, MK TIAREIK
BREANME, BFRMEMAEETE, B HEaR
BIMCR ORI, TEARBEIEIRG . PERCGHET ],
FEAFE BRANAE fp RS R PR A BN H (B
TrEE 2018). TN, B AERBKE R K
£ 6.5 ~ 8 HVERLEL, —FIUZ ] KI5 AL,
KR EEHIERE IR 10 H, H2~3 FEF
—% 1R AR GEATK 2012, BIgRREE
2019); TMEFRMEEFEL RN B0, KA
FE gy, WEIN 210 d A4 C Mgk
2019),

o B HEYESIY (NS RS ON
AR, HEOP. SEARTE ORI A0 R 2> 1 Bl ML
FON AR I W B R A s, RS2 A B A
FHEN S S AR SRR WA L5 K
FTEANBERPR . B, ZWUEHNHAE
(menstruation, M), T HZ I (menstrual
cycle, IMD fRHJRARHEKME TXHE
BRIV FGIS (] o 7E BB e A JEH A )2
T, B T AT N N LB EH 74 C B
WSS 2019, PMZEE 2019), HATHE AT T
M B H 28 R BRI AR A, B H 28 A
Xof P SR b B P BB A P LA A S R

KBRS A R KR — RGN
H 2 JE B, w7 3 2R A H 48 I (Pocock
1905, Carpenter 1941, FZ¥ 1989). #MEFH

25 % # (Breznock et al. 1977, Nadler et al. 1993,
Cheyne et al. 2006) F1 5 5V 25 (Czekala et al.
1985, Nadler et al. 1993, Lukas et al. 2002,
Maheshwari et al. 2005, Morikaku et al. 2006,
Geissmann et al. 2009, Rafacz et al. 2013, {HJK
KEE 2019, FHEE 2023) FIERIER IV
W H 2 IR . MERER AR nT HR s P L
AERE, EASE Y EEEREER
(Lukas et al. 2002). MHERER CEED BERlK
W1 R A R HEVE S B R B A R R I,
FEZ 5HEVE RS AT HC A TE 37 5 1) 5
(Wingfield et al. 1990, Wiley et al. 2003). It
A, BRSO A M R e 1 52 i 7K
PR EA, HREmMEESREST
HABRT ] (FR1iE&E 2018). ST t, AHFFE
T A S [ P P R T SRR AR )
A& AT HES AR 2 A, Sl A3
PN 73U AR P VA E I A2 A AE AT I ks
SEMRIETRNR, RV HEVE R 5 A7 AR S A H
15, DN RER BB B R r) B AR H LR
RN T B A B R B0 S FH 3R s S8

1 MEE5EFE
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— X BB SRR T R B I o
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12 AR 2 RS I SRETES T8 NG
RS, WHELEFTL.

£H 08:00 A1 15:00 I A, B
KRS BEkMagy &S, Bar NENET
MESNEIT, WIETHRZ 40m’, BB 5.
AR J SR80t = AMB T AR 60 m’,
WG WIZE. daBh RS IS5 3= 25 10t
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BIER, #EORM R .

B 8:00 B 72 4 ¥ 3 51 NN B A,
i — kMt PE FERBEFEEIEMT . FEEREM
N B3, FEEMIL RN R B IR . SR
A, 1h WET -20 CHfF. AME
FWH TR KT 5N Telstar
lyoquest-55) & TFEEME M BIEE, KMARMLE
PRI R A . FREL 0.09 ~ 0.10 g SEMEH A,
FIH 90% OTE A HUFEF MR, #IE P RSIE
FHE (2019) W75k SR FH i I0E G 228 TR BV
(enzyme-linked immunosorbent assay, ELISA)
D 5E A DA 5t o E W ER BRI E T -3- 7 ) B
% PR+ (estrone-3-glucuronide, E1G). Z2ff
(progesterone, P4) FI#EEI 2 52 i ( testosterone,
TEST) & & . B fEHE E1G Rsgs P Cras
J% TEST Ryse7 B Coralie Munro iff &, SRIET
[ I R 2 A S o RN Ve 5 A2 5 AR i
PR N 43 b2 S8 % (Kersey et al. 2010, 2011)
13 HmabE

BB A O SR A T 0 s SCn i 1
7N, UPYEHA (follicular phase, F, #.fi: d) A
HAREE R A0 FT R, H AR
AR TTAR BT, HEOR IS TR HE 5 55 — U
RS 2 K (FFM 1999). #{AH (luteal
phase, L, 4. d) RHPE R E FIXHAATT
G IAEINT R, A& (M, $47: &) IAS
TG 2 H AR AR, R4 Lukas 55
(2002) HIF 5285 FA M TOHHE F 1 H 205
1~4d. AT HER (D & XCRINE
AT G622 N IR P AT 4 2 TR] FR B 1] [T R
fr: d): PR WIIHLIATF G B MERR 5 — g
(IR TE]fEIBE CFRA: dD, Py RoRMERER S —1g
2 PP I R (RIRG CERAZ: dDs BRVEH (F)
PHERARNFE =P +2, BEHHNL=Iw-F
- M,

BERE e N A2 5 R CV < 5%, itfA]
AR5t 3 CV < 10%. FIHT Excel X £ #E47 %
B, ] SPSS 22.0 HEAT L&A [ Uy 25 1k
R, FFE A AT R R R 5 2o ik

1T B0 ATFE IR 70 A0 1 R
JESHAG K (Mann-Whitney U test); M IEL
FR 5 52 P AH S 1 R B Pearson 573 AT (AL
FRrs) . BEMEKTEN 0.05.

2 4R

21 HEMERAZRAM

WP A 28 R B PR 5 2R A A R AR
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AR, MR A R AR AN,
B 5 AR R0 R B 2 eIk

W T I L R BUMEE “Vivi” B9 11 AN5E
BAZEY (A 2), SGitkAHEALHK
FESFN (233+3.1) d (21 ~31d) (£ 1);
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P=0.097).



© 540 ¢ 242 & Chinese Journal of Zoology 59 &
—— ZHfii] Progesterone — MEEE Estrogen
Ia

900 - L 7180
) Py =
g 800 M Py _M 70 E
5 700 60 9
600 s &
g 500 10 8
£ 400 J?;“
$ 300 0 &
= 20
£ 200 %
B 100 10 3
& o0 0

-2-101 234567 8 91011121314151617 18192021 22232425
B /] Time (d)

H1 BHKBERAZEAAENHE UREE
Fig. 1 A schematicillustration of the definition of the periods of the menstrual cycle of Nomascus gabriellae
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Tablel Calculation of intermenstrual interval in a female Nomascus gabriellae based on three different methods

3 H 2% A Menstrual cycle, IMI (d) TG (d) SRS (0
Cycle . L] AN A% %‘ﬂ et Wolgizrg:slt::;:ee;réaks est1r<I)rr11tee—r3V zlizsfssiriitev;zaks
Follicular phase, F (P;) Luteal phase, L (P,) Menstruation, M Total
I 7(5) 13 (10) 2 22 21 21
II 5(3) 15 (10) 2 22 22 23
11 5(3) 15(9) 2 22 20 19
v 11(9) 9(6) 1 21 23 23
\4 12 (10) 11(14) 3 26 20 20
VI 8(6) 19 (-) 4 31 24 20
VI 9(7) 11(10) 2 22 22 16
Vil 21 22 21
IX 9(7) 14 (12) 3 26 19 24
X 6(4) 14 (8) 1 21 21 30
XI 7(5) 13(-) 2 22 16 17
T/ﬁf 79+24(59+24) 134£28(99+24) 2209 23331 209422 21.3%38

*ARE Lukas %5 (2002) WF 7045 L7440, * Estimation based on Lukas et al. (2002).

—— W& Estrogen, E1IG -0 E2i] Testosterone, TEST
i L1400 &
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Fig. 3 Changes of female estrogen and male testoster one of Nomascus gabriellae
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April 10, 2016 is marked as “0 d”. Cycles based on intervals of estrogen (E1G) peaks are represented by horizontal lines, and are labeled with

Roman numbers above.
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WK EE N (233+£3.1) d (n=11), MRHE X gk B 5 Geissmann %5 (2009) 73 Hi 1 (21.1
R (E16) #EEH L RN (21.3+£3.8) d, +1.2) d, PLRMIEKEE (2019 fHHE) (23
PZaE (P4) HEHA (209 +22) d, =FF £ 1.5) dAl (243 +£3.00 d HfF. AWM E
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(1) 3 28 8 B 55 DA A N 20 i 2 7 v A
MR A K LA F, andb Bk
%% (N. leucogenys) ] (21.9+2.9) d (Lukas
et al. 2002)5(23.1 + 1.5)d(Rafacz et al. 2013),
#IE KB % (Hylobates pileatus) HJ (21.1 +
0.8) d (Morikaku et al. 2006), 4R KB % (H.
moloch) 1] (25.4 + 8.4) d (Hodgkiss 2007)
A HEKE R (H. lar) # (20.7 £ 5.1) d (Barelli
etal. 2007) %%,

BETHEERSBKERH &SRS
FRante i 200 % A2 e 555145 1 H 28 JE AR
tf s (Barelli et al. 2007, Hodgkiss 2007,
Geissmann et al. 2009), IXFP I AT it 5 K 15
A 0 e DA A A AR A AN B A
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N H 2 IS RS R 8 PR (Geissmann et al.
2009, Heistermann 2010, fHJK/KEE 2019), B
SRR T HE R MEE S 1) 5P SLAE RS, A
DA Rt T R K A & IR 5 3
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FUREAT 1708, FRRIESE 7 3 K R A
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REFE CBFEANF B KR IE frid —F (X
HYEE 1981, GRI/ESE 2008), X/ ik i
ZMEE AR R W IR . A&
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PRIARG, S5 SRRV (7.9 £2.4)d (5~
13d) , #EAEMN (134+£28) d (9~19d) ,
KT ARIE R A EKERINEH (109 +
2.9) d 5¥AH (103+2.6) d (Czekala et al.
1985, Nadler et al. 1993, Barelli et al. 2007) #H
8L, (HERAKERMOIEE (184 £ 7.1) d
A (7.0 £ 1.9) d B8HE %R (Hodgkiss
2007), XFNZEREVFRIE T A 2R ME
ZESFEBONEZ T WA, AHIE 50 A P R A
B R AN R &S, BTt
(R AR ZS Gy W I 2], Mz s B R

BRI A (5.9+2.4) d (3~10d), A
DAHE b Sk T 5 2% VR 11 A N (] o R 3R 0
KA AT S YIRC A BN TH2RS 1 S
Efatr, BAHEBEMSERE L (MEE 2022).
AWFRE, HE AR RS
HRAR, IEEMRNEMFEELE RN
SPRKCEE T AEN AR, BAE A I 2
FACP AR N EES (HLA 2005).
FRAVR AR PR 2K B — VM i < e 22 2
WIS T TR (9.9 +£2.4) d (6~14d) , #
R I B A S 1 Z I g AL b ) B ARG, B
AR AP RE ST i HoR B R R R A,
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AR KA R S e IR A 12
W sz —-

KB IRAE B TR 56 T 23RBS B T
FHE A, HEREAS R RATEA T2 RT3 T
A e RUEZ R ) (e T55 2018, MRS
2019). Lukas %% (2002) &3 A HHKE SRt
AMATE I 22 I8 i W S I 5 P P+ E 2 PR B B
T, HEPE I B 2 1) e R L S o
AT N AHIE S 3 18] 52 0552 8138 0K R A i
FEAMR )G AR B A —EIE4T )y, MEME 4
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B 2023 FMEPEARA DD EE LS AR LA
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SrEi 2 (Mootnick et al. 1997); W[ [ 1537
TR 55 1) 240 e o 1 AT R 5E 423K E (Mootnick
etal. 1997, ZE%7 055 20200; HMEPEXT NS4
SREZVAHRNE, FRAR T MEALFEE  (Mootnick
etal. 1994, Lukas et al. 2002); R A77E
LA A T PR GRS YRR AN S AN HERE 1 O
ST, TR S A Pl 3R S A B
T RF LI R MR R, 7R R B TR A
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