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Abstract

A study on the establishment of artificial breeding
strategy on the Asiatic black bear (Ursus thibetanus)

Jeong-Jin Yang

(Supervised by Professor Yoon-Kyu Lim)

Department of Veterinary Medicine
Graduate School

Jeju National University

This study is to investigate the estrus pattern and ovulation time in female
Asiatic black bear (Ursus thibetanus) during the breeding period based on the
concentration of estrogen and progesterone metabolites in urine, and to
investigate the characteristics of various biological indicators that can
estimate the best timing for artificial insemination. In addition, it is a report
on the establishment of artificial insemination technique using the
ureteroscope under ultrasound guidance.

The purpose of this study is to investigate whether analysis of sex
hormones in urine and observation of various biological indicators is useful
for determining the breeding status and the time for artificial insemination in
Asiatic black bears, to establish an effective artificial insemination technique
in Asiatic black bears.

During the breeding period from May to August, the concentrations of 173



—estradiol and estrone-3-glucuronide in urine from 4 female bears showed
similar patterns of change over time, and the concentrations of progesterone
and pregnandiol-3-glucuronide also similarly changed over time. However,
there were differences among the bears in increasing or decreasing period, the
highest concentration, the number of peak days and the interval between peak
days of each sex hormone and its metabolite, and did not show a constant
pattern. In a pregnant female bear that was confirmed by ultrasound
examination in December, the concentration of progesterone in urine gradually
increased from May to July, and increased rapidly after artificial insemination
in August. While, non—pregnant bears did not show this rapid increasing of
progesterone in August.

During the breeding period, from 1 to 4 dominant follicles were formed in
size of 7.3 - 19.6 mm, and it took about 2 weeks or more for the dominant
follicle over 6 mm to reach the maximum diameter. In addition, the size of
the corpus luteum varied from 7.0 to 106 mm. In the vaginal cytology,
superficial epithelial cells increased and those colors were mostly red or
orange when estrus signs were shown. In addition, when the appearance rate
of superficial cells was at maximum (82.3 + 7.8%), the electrical resistance
value of vaginal mucus was also at maximum (360 + 56.9 Q). When the
swelling of the vulva, which is one of the indicators for female's estrus state,
increased, the level of redness in the vulva, mucus secretion, the rate of
superficial cell appearance and the electrical resistance of vaginal mucus also
increased.

As a result, it was confirmed that dominant follicles of 6.3 - 10 mm, the
appearance of over 70% of superficial epithelial cells, the wvaginal mucus
electrical resistance of 340 - 400 & and maximum size of vulva on the day
of artificial insemination were appropriate conditions for female bears Iin
giving birth the cubs. In addition, the concentration of 17B-estradiol in a

female urine was 8.26 ng/mg Cr and 1.45 ng/mg Cr on the day before and the



day of artificial insemination respectively.

The quality of collected fresh semen was excellent in sperm concentration,
sperm count, survival rate, motility, and sperm morphology, and the semen
was put in the uterus through the cervix using the ureteroscope under the
ultrasound guide. The average length from the vulva to the cervix was 14.2
+ 15 cm. 7 fetuses were identified from 4 pregnant female bears by
ultrasound pregnancy test conducted at the end of December. All fetuses
were born in mid- and late January and it was confirmed that 6 cubs were
born through the artificial insemination except for one cub (it was originated
from natural mating) by genetic paternity tests. Thus, the total gestation
period from the date of artificial insemination to the birth of cubs was 199.3
+ 134 days (range, 184 - 216 days).

This study is the first report of success in giving birth through artificial
insemination in the Asiatic black bear, and it would be very useful data to
establish artificial breeding technique in this species. Furthermore, the
methodology and results in this study would be greatly helpful for the

restoration of the Asiatic black bear.

Key words: Asiatic black bear, Ursus thibetanus, urinary hormone, dominant
follicle, corpus luteum, vaginal cytology, vaginal mucus electrical resistance,

vulva swelling, ureteroscope, artificial insemination, pregnancy, giving birth
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A AAHoR WIlEH(Ursus  thibetanus: Asiatic  black bear) &

TotE o R FFEHH, FHA ofrof A HE FA SR oo} AF Erke] 91X %
ofZ7IU AT S| 2B ARE FHOR QL HF T, dRdAol R
gajol FH, =, agla dE SAC AA AgHoew WA EEE st

AtH(Servheen 1990). L & Fh=ol]l AAste= wtEVlEaS 53, gAlof &
agal T owEF A AAstE wavtEHY $Y olFoRE EREHIL
A THGarshelis and Steinmetz, 2016).

W rtEES EEATI AR oRAAE T FAAHAd #g Fof
(Convention on International Trade in Endangered Species of Wild Fauna and
Flora, CITES) #<&A4 T A" =4 HE97] B EFTA FA,
TAAARAAYTUCN)ol  AAg A EZ(Red list) WFE FF F
(Vulnerable) 2.2  #F%o] At} (Garshelis and Steinmetz, 2016). 53t
Syl = HAA7IEE #13295(19824d), BE 7R AE 1 F(1998d) 2

A A HAHoR BEE 33 duf

WETlEEe W) 190000 AW SlE et WENE FAOow
Furs e AgPAge] Qe RE
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Al dEstE # 3 (Ursidae)®] $&52> F 8F, °o T wWEtEFHS 7
ofFo R WLHEHW AgFolrol Fx FHF iAol g dE S Ao ZAA
Aoz YA ®BFs drk(Servheen, 1990). =t Ao A A d=
ot 2] 7} S (Ursus americanus)® ©FA ot S (Ursus thibetanus)> <
oA ZoAEZA oF 2-3 MY 7 Wy E 2t AE B3 Alo]FS zton
(Ballard et al, 1982; Okano et al, 2003), o}Alo} ZFo] o}Fcl JE
W7V &3 (Ursus  thibetanus japonicus)s 69 Fs=olA 8Y Z7HA] uw|7]&
Zka Fwv)el 19 wo A 29 % Apold] EFAMe T ¥ 1% tH(Yamamoto et
al, 1998; Sato et al, 2000). o] ¢}= th=2A D o] Ao} A A9 e g (Helarctos
malayanus)S $-7] A& 8Y, 9¥o] A HMAS 1 (Onuma et al, 2002),
E3] Ao|AE WU (Ailuropoda melanoleuca)= ©E 9 HEF}E =4
A3 59 Afole] 2-39 EeWh uwn §E7]E ZbeE @ (mono estrus)?

AAd HAF7|E YeEbdT L B s vH(Czekala et al, 2003).

>

ady W2 IvEH(Ursus  thibetanus)S X3k tjB-59]  F3H(Ursidae) 2

&S A" %A (Seasonal estrus), F% wlH(Induced ovulation), F&
vl 2k(Sequential ovulation), #|¢¥1  Z/d(Delayed implantation), 7Fd Al
(Pseudo-pregnancy) 52 tdsla =53 e 5L ZHa Q7] w9

HAZ 2 F v, 4, 2 o Ags A7) gt A7) ke o
A 5= HA7Fst=d AoAM BE oS A2 JH(Craighead et al, 1995;

Schenk and Kovacs, 1995; Rosing—Asvid et al, 2002; Boone et al, 2004,

2

Okano et al, 2006, Chang et al, 2011, Roellig et al, 2011; Frederick et al,
2012; Gonzales et al., 2013).



AbS #E e A o SAES FAIA $uk(Schwarzenberger and Brown,
2013). 53]y A S = (Carnivora) °oFAs =59 4% ®sto] g A,
Telan lA et whe-S oldist=dl o] = e BWI 22 AlEA
Wl AE FHE T ZE2E gAEAEY vRE HUMgeEA TJhesixt
(Brown and Wildt, 1997; Brown et al, 2001). &3 72 8 947/ W2

dE g g s BAS feiME E¥olu &k Almek o] HHFAH LS

g Fol WA gHel d# Adem AAT ARE AL & Ave Bl

2t (Dehnhard et al, 2006; Schwarzenberger and Brown, 2013).

H = FTolA sdE WA

)

Al U AzaE FA4 o] #g A
Ao = Ae]AE A (Hodges et al, 1984; Dehnhard et al, 2006; Durrant et
al, 2006, Hama et al, 2008; Kersey et al, 2010)914 X AlSZHH
estrogen, estrone sulfate, estrone-3-glucuronide, pregnanediol-3-glucuronide,
a8 B Als W progesteroneS 3 WA 79l A7) EUEH w3k
o] Bavh QA oV H F(Tremarctos ornatus)ol X9 e W AR U
progesterones 3%+ A7) EYHH #3k A5 B7F A THDehnhard et
al, 2006). T3k B % (Schwarzenberger et al, 2004)S Ao s W A8
epi—androsterone®  pregnanediol-3-glucuronides %3k ®H2] Ag AT,
E#(Ursus arctos)olA19] 1 Ul estrogen?} progesterones F3+ A 7]e}
34 7] A (Goeritz et al, 2001; Ishikawa et al, 2003; Dehnhard et al, 2006),
a8 3l 53 (Ursus maritimus)ol <12l ¥ W pregnanediol-3-glucuronide 2}
androgens S3% d% 28 B4 A4 e Ay BRurt AU (Curry et
al, 2014). vwpAEro R wkdrlEgol ofFQl uiwh bA R IbEH(Ursus
thibetanus ormosanus)S W74o=2 ¥ U estrogen?} progesterone &%

AT AZ2E ZUEH A3 A3y Hud v v (Chang ef

i

o
Ng 5

o

al., 2011).
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Table 1. Bears used in daily monitoring of urinary steroid hormone concentrations

during breeding seasons in 2018

ID No. Year of birth Age (year) Weight (kg) Remarks
Bear 1 2014 4 88.0 Pregnant
Bear 2 2014 4 87.0

Bear 3 2012 6 95.0 Non-pregnant
Bear 4° 2003 15 136.0

* two cubs were born in January, 2019 by artificial insemination and one of them died within a few days.

® Loaned from the Cheong-ju Zoo in South Korea, 2017.
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EAHA=AY 93] & = 17B-estradiol (Ey), estrone-3-glucuronide (E1G),
progesterone  (P;), 18|31  pregnanediol-3-glucuronide (PDG)e] 47}
ofgf &} ol FHAstAvh(Fig. 1). =gk zH7bo] =
T2 HE FEE =F6h7] dl sld 9AY = creatinine FEE HFo

= % ng/mg Cre2 x7|st9 tH(Kersey et al, 2010; Knott et al, 2017).

oX,
}01,
il
ri
-3
N
_?L
off
ki
i

(1) 17B-Estradiol (Ez)

= % 17B-estradiold A A1 multispecies DetectX® 17B-estradiol
Enzyme Immunoassay kit (K030-H5, Arbor Assays Ann Arbor, Michigan,
USA) Alz=ALS] 7hel=gQle] whe} =afstqivt. 71E9] W=+ 39.6 pg/mle] il
A= A= 265 pg/ml, estroned}o] izl WESA2 0.73%, estrone sulfate,
progesterone, testosterone, 5a-dihydroprogesterone, cortisol, corticosterone®l
thet wxp WA S 0.10% m| 9ottt Q. oFslAHA | goat anti-rabbit IgG A 7F
A A= 96 well molAEREHClEd w AHE A} A AT
standard &< (39.06-10,000 pg/ml)S &= 2709 welldl ZH2F 50 w &=
B33} aL, horseradish peroxidase’} &% DetectX® estradiol (Ey) conjugate$}
DetectX® estradiol (E;) antibody (anti-E2 antibody)Z 2z+z+e] wellol 25 w0
A7bgk 3 2713wt EEWA A2olA gttt o Fel A ZAFe] wash
bufferE o]l-&3st 2zt well F 300 wA &<, &3t 4GS 48] W5l
AAE AAskaL, 100 109 tetramethyl benzidine substrateE 2z} wellol] 53¢
T 3087 AoA wigstgh vhAg o2 50 e stop solution (1M
hydrochloric acid)& 53t HHgS FTEAIZ ¥, 450 nm  IFol A
FHE0D)E SAHSAY. BT FA(standard curve)®] TFEF} 747 =

AZe E, %9 AAiS 4-PLC (four-parameter logistic curve fit)

T

AZE Yo (DS-Matrix'™ Software ver. 1.345, Dynex Technology Inc.,
Vaginia, USA)E Al&38dtt. &4 7Fo] W E Al S=(coefficients of variation)&
10% #m|gko] T},
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(2) Estrone-3-glucuronide (E1G)
& % Estrone? #241& multispecies DetectX® Estrone-3-Glucuronide (E1G)
Enzyme Immunoassay kit (K036-H5, Arbor Assays Ann Arbor, Michigan,
USA) AlzALS] 7hel=gQlo] whe} =afstgiet. 7| E9] Wite+= 7.38 pg/mle] il
AZE A= 876 pg/ml, estrone-3-sulfate®}?] Lz WFEA L 66.6%, estrone
238%, 17B-estradiol 7.8%, estradiol-3-sulfate 3.8%6, estradiol-3-sulfate 3.3%,
estradiol-17-sulfate 0.1%6, 7]E} progesterone, testosterone, estriol, cortisol,
testosterone®} o] Wz} HESA]S 0.1% vjwko]lt}. Q°F&} A goat anti-rabbit
IgG &A7F 2ol = 96 well mlelazEdolEd n AE A4 A
8148k standard 8 9H(15.625-1,000 pg/mb)s AEHE = 2719 welldl 72} 50
WA =  BF3t3,  horseradish  peroxidase’t  H&¥  DetectX®
estrone-3-glucuronide (E1G) conjugate$} DetectX® estrone-3-glucuronide
(E1G) antibody (anti-E1G antibody)E Z}ZFe] welldll 25 w2 H7Fsk 3 2A]3F
71 %o A FAMe] wash bufferE o] 83}
7k well & 300 w0 &<, wFste BAES 43 WHESte] AAlska, 100 w09
tetramethyl benzidine substrate® 27} welloll 53 3 30837F A2l A

st w9t o 2 50 w9 stop solution (1M hydrochloric acid)<

B3t WeS FTEAIZ % 450 nm IEOA FHE=0D)E =AY
¥+ FA(standard curve)®] T zZtzhe]l AlE e EIG sXe Ak 99

o

Eool Wiy Fdsh wHo g st on A 7ke] WA S (coefficients of

variation)+= 10% 7] who] it}

(3) Progesterone (Py)

% % Progesterone® A# ®AS  multispecies DetectX® Progesterone
Enzyme Immunoassay kit (K025-H5, Arbor Assays Ann Arbor, Michigan,
USA) AlxzAbe] Zhel=eelell 7] x&to] Fdedtt. 7|EQ] RIZE== 479
pg/mielx, HEF A= 529 pg/ml, 3B-hydroxy-progesterone¥2] Lz}
Wk A8 172%, 3a-hydroxyprogesterone 188%, 11B-hydroxy-progesterone

2.7%, 1la-hydroxyprogesterone 147%, 5a-dihydroprogesterone 7.0%,
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pregnandiol 5.9%, corticosterone, androstenedione 0.1% v ®Wro]it}. Q@ oFa} x|
goat anti-mouse IgG A7} FHEO Q= 96 well vlo]|ZZZYolE =
AE At Ad AT standard &4 (50-3200 pg/m)E AEHE 2709
wellell z}zF 50 R F# EF3}31, horseradish peroxidase’} 3% DetectX®
progesterone (P,) conjugate$} DetectX® progesterone (P,) antibody (anti-P4

antibody) 2 7}7te] wellol]l 25 w# H7 sk 5 2A17F Bl BEHA] A 2o A]

w stk 1 Fo A ZAFY] wash bufferE ©]-83Fo] ZF well & 300 w4
&2, &3t BAH S 43 wbESto] A A]skaL, 100 409] tetramethyl benzidine
substrateE 7} welld] &3 % 3023 A-2oA] wjFetdet wpxH o2 50

109 stop solution (1M hydrochloric acid)S #F3te] WhgS A7l &

450nm FHNA FFE(0D)E 43U ¥+ FA(standard curve)

4
Og‘:,‘l
ol
ol
2
o
H
M
1%
)
o,
g
offl
X
N
a
o
D
=
Q
D
j=)
=
wn
@]
o,
<
Q
=
1Y)
=
Q
2
r
—
X
2
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(4) Pregnanediol-3-glucuronide (PDG)

% % Pregnanediol glucuronide® A#F ®AS  multispecies DetectX®
Pregnandiol-3-Glucuronide (PDG) Enzyme Immunoassay kit (K037-H5, Arbor
Assays Ann Arbor, Michigan, USA) A|ZA}e] 7hol=glle] 7] %3}
Tt 7IE9 W#AEE 018 ng/mlola, #HZEF A= 032 ng/ml,
20a-hydroxyprogesterone¥2] .z} WHS-A-S 44.8%, 20B8-hydroxyprogesterone
3.16%6, progesterone 0.2%, testosterone 0.2%, cortisol 0.06%, 17B-estradiol
0.04% o]At}. L 9FslxH, goat anti-rabbit IgG A7 ZEH O] A= 96 well
mtol AR EHolEe & AME AR} AT A3 standard & (0.391-50
ng/ml)S AEH= 2719 wellel 22 50 W = B33, horseradish
peroxidase’} A3 DetectX® Pregnanediol-3-glucuronide (PDG) conjugate 2}
DetectX® Pregnanediol-3-glucuronide (PDG) antibody (anti-PDG antibody)Z
zkzkol wellell 25 w® H7bgh 3 2413 &) SEHA AZoA kst L
Sof A=A wash bufferg ol&3te] 7 well & 300 w21, &F3t+

S 43] wrEEe] A AEar, 100 ple] tetramethyl benzidine substrateE 7+
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welloll #F3 3 3087 Aol wjdstct. mixlgroe g 50 9] stop

WE PDG wEe  Ade s FdsA  FPSAw, B

279w ASS 79 SE FPe mE dols ngds] 98 n &

creatinine®] %2 =A3 A HKersey et al, 2010; Willis et al, 2011). = =

i

creatinine®] A% AL multispecies NCal™ International Standard DetectX®
urinary creatinine detection kit (K002-H5, Arbor Assays Ann Arbor,
Michigan, USA) #lZARS] Zhol=ghele] wet st 71EQ wiZh:
0.019 mg/dee]ar, = A= 0.037 mg/de oAtk Q.oksiA A sixtd, 7| s
JEfe] 96 well mlolAREYolE| W FTHFE 200 3Aste] 4|3
AME T} blank &HBA /), 28 Ald 343k standard -8 94(0.3125-20

ng/dl)S AEHE 2709 wellel Zzb 50 A H EF3a, DetectX®

rr

kr

Creatinine (Cr) Reagent &9(0.75 N NaOH, 0.04 N picric acid)= 100 2
A7 ek & oF 3037 A2olA wgstd Tt &3 % (Optical Density)d =42
=3 ELISA Al Z~®(Dynex DS2®, Dynex Technology, Inc., VA, USA)<
o] &3t 490 nm IFolA FAsFF o, x+ FXH(standard curve)d T}
Zkzkel AE ol Cr sxo AL o AW sdsiA Fdstd. 4

7He]l W A4 (coefficients of variation)+ 10% m]wko] 9t}

w
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Fig. 1. The molecular structure of 4 reproductive hormones used in urinary hormone
analysis. (a) 17B-Estradiol (Ey; CisH40,), (b) Estrone-3-glucuronide (E1G; Cp4H30Os),
(c) Progesterone (P4; C,1H300,), (d) Pregnanediol-3-glucuronide (PDG; Cy;H44Os).
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LER LTt

dx Hd g4 2 adds F45E 4 AxE F83 = F E¢ EIGE
HEtE 220 wk oghel wet 37kA e WFR FHEEte] YER AT Table 3).
4ntg] o] A FHAA z-scoreZ WIE E, 3% @9 v 7x FH(z < 07
AA AR 755 + 46% = S AA AL, W FX0 < z < DE 146
+ 25%, 2da B FX(z > D 72 + 46%= YeERAAT A7 E1GY
H &2 7|2 X (z < 0)7F DA 729 + 36%, 2 FA(0 < z < D 215 =+
6.3%, L83l E& FX(z > DE 56 £ 23%S AATFI o, ol E.9 4
FrAbeRsith gk ZHo] o 2ERA diAMEAY] FAas HA VI Ed Exe
2-63], Z28]l3 E1GE 2-437bA #2725 A vh(Fig. 3).
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Table 2. Profiles of urinary steroid hormone concentrations and reproductive cycles in each female bear throughout the breeding seasons,

2018
E; E1G P, PDG
E, peak
Status Bear intervals
N Mean = SD N Mean £ SD N Mean = SD N Mean £ SD (days)”
(Range) (Range) (Range) (Range)
2.90 + 4.30 2.42 + 3.60 11.79 + 26.88 31.31 £ 77.50
Pregnant Bear 1 80 85 82 60 2 - 26
(0.26 - 28.13) (0.37 - 19.58) (1.12 - 240) (2.82 - 560.76)
5.07 £ 6.79 1.75 £ 2.36 6.08 £ 7.22 33.49 + 37.84
Bear 2 84 87 82 60 3 - 35
(0.52 - 42.45) (041 - 18.71) (140 - 36.32) (475 - 203.46)
2.78 + 6.49 0.91 + 0.65 2.57 £ 3.74 17.18 + 40.48
non-pregnant Bear 3 79 92 83 72 6 - 19
(0.03 - 49.15) (0.21 - 4.96) (042 - 25.25) (1.55 - 272.23)
3.96 = 5.60 1.82 + 2.14 527 £ 493 35.84 + 48.79
Bear 4 79 96 80 64 2 - 47
(0.01 - 40.91) (0.24 - 14.69) (1.52 - 30.72) (434 - 241.51)

Urinary steroid hormone concentrations were shown in means = SD (Range) ng/mg Cr.

a) Range (min. - max.) of E, peak intervals in each female bear.
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Fig. 2. Comparisons of longitudinal changes in four urinary hormone concentrations in four female bears during breeding seasons, 2018.

Bear 1 (—+-) gave birth the following January in 2019.
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Table 3. Urinary 17(B-estradiol (E,) and estrone-3-glucuronide (E1G) concentrations (ng/mg Cr) by z-score transformation

Hormones Bear

Basal values (z < 0)*

Low values (0 < z < 1)

High values (z > 1)°

N Mean £ SD (Min. - Max.) N Mean £ SD (Min. - Max.) Mean £ SD (Min. - Max.)

Bear 1° 62 1.37 + 0.64 (0.26 - 2.85) 14 4.16 + 1.47 (3.22 -7.04) 16.72 £ 8.50 (8.26 - 28.13)

Bear 2 64 2.55 + 1.01 (0.84 - 4.97) 12 7.60 £ 1.88 (5.71 -11.72) 24.02 £ 10.89 (11.95 - 42.45)
E,

Bear 3 67 1.25 £ 0.57 (0.03 - 2.64) 9 446 £ 1.66 (2.83 -8.41) 31.89 £ 16.04 (17.44 - 49.15)

Bear 4 58 1.82 +£ 0.88 (0.01 - 3.69) 12 6.18 £ 1.78 (4.12 - 9.35) 16.12 + 11.06 (9.64 - 40.91)

Bear 1© 62 1.23 £ 0.54 (0.37 - 3.27) 19 352 £ 096 (246 - 5.19) 13.11 + 4.24 (9.24 - 19.58)

Bear 2 66 0.98 + 0.29 (041 - 1.57) 15 2.63 £ 0.69 (1.81 - 3.89) 932 +£ 5.72 (456 - 18.71)
E1G

Bear 3 62 0.62 £ 0.17 (0.21 - 0.90) 22 1.13 £ 0.14 (0.95 - 1.45) 272 £ 1.11 (1.78 - 4.96)

Bear 4 70 1.11 £ 0.36 (0.24 - 1.74) 21 230 £ 042 (1.84 - 3.38) 8.49 £ 3.54 (397 - 11.79)

*. pregnant bear.

a, b

c

: urinary 17[B-estradiol (Ey) and estrone-3-glucuronide (E1G) values below 1 by z-score transformation.
: urinary 17fB-estradiol (E») and estrone-3-glucuronide (E1G) values above 1 by z-score transformation that are associated with pre-ovulatory E, surge.
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Fig. 3. Estrus states and z-score transformed urinary 17pB-estradiol (E,) and estrone-3-glucuronide (E1G) data in (a) pregnant (Bear 1)
and (b), (c), (d) non-pregnant female bears (Bear 2, Bear 3, Bear 4). The point that E; (*) and E1G (@) values (z-score) above 1 and

rapidly decrease to the basal values below 0 the next day except for missing value intervals.
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(1) 17B-estradiol (Eg)
A A 25 59RE 8¥71A] €4 E

oA ekt
2 TOE A7 HAgdos =& E

off
k1
Lo
Jo
Lo
)
_>‘~l_4

X

(Table 4, Fig. 5). 18} 779 452
FLo sl #EHNT gy dAlgk A F(Bear 1) Exo] TEE T
AUdde=z Eokd ¥ Al A] @22 4 FolA Bear 2% 5¢Y, Bear 3

74, 123l Bear 4+ 8€o] A ow Ekt

d

(2) Estrone-3-glucuronide (E1G)
dAlg A F(Bear )& LAYl st € EIG @9 Fomg Aol&
e A e gkeh. g lAlehA] 2 bFl Foll A Bear 2% 59(n = 8, 243 <+
2.24 ng/mg Cr)¥ 6¥(n = 30, 1.91 + 3.66 ng/mg Cr) 7ol E1G H%9 Fon]st
Zol(p = 0.033)E YENA L, Bear 4= 899 EIG Hit $X(n = 24, 327 +
3.82 ng/mg Cr)¢t 5¢ (n = 13, 141 + 096 ng/mg Cr, p = 0.039), 6¥(n = 29,
1.14 + 045 ng/mg Cr, p < 0.01), 28131 7¥9(n = 30, 1.50 + 0.67 ng/mg Cr, p <
0.0D)¢] EIG vt skt wov|dt zpe]E Yetlth(Table 5). =3k B
A ANA EIG 5= E, 5529 €8 F3F3 FARE sido] #zH I th(Fig. 5).

-+

~~
w
SN—
g

rogesterone (Py)

olAl3t oFl F(Bear 1) 6¥9(n = 24, 465 + 515 ng/mg Cr)¥ 8¥(n =
2691 + 5173 ng/mg Cr) Afolell P, ®x9 fFongt Zol(p = 0.028)5
YEt A AL, 58 5E 7E7hA] MM 38 Py sTF dedte A4S Kottt 8¢

343 gt dlHe UL EH QAsA Fe 4 BelAE

(4) Pregnandiol-3—glucuronide (PDG)
olalelA] oA = 72 d Bear 29 PDG 5%+ 5¥9(n=7, 64.09 + 70.38 ng/mg
Cr)¥ 69 (n=21, 19.74 + 1641 ng/mg Cr) Atololl EAH o E Folu|gt Z}o](p =
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Table 4. Comparison of mean urinary E, (ng/mg Cr) concentrations in each female bear during breeding seasons

May June July August
Status Bear
N Mean £ SD N Mean £ SD N Mean = SD N Mean = SD
Pregnant Bear 1 10 292 £ 1.52 27 2.83 + 4.87 29 3.34 £ 5.20 14 2.11 £ 1.96
Bear 2 8 9.19 + 9.33 30 4.88 + 5.50 29 3.80 + 4.87 17 5.64 £ 9.64
non-pregnant  Bear 3 13 1.83 + 0.87 23 1.46 = 0.89 26 4.69 £ 11.05 15 237 £ 1.84
Bear 4 10 4.16 + 3.34 21 1.90 + 0.98 28 3.94 £+ 7.66 20 6.04 £ 5.45

1) Statistical significances (p < 0.05) were tested by One way analysis and Tukey HSD multiple comparison test of variances among months within each animal.

There were no significant differences among the monthly E, concentrations in all bears.
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Table 5. Comparison of mean urinary E1G (ng/mg Cr) concentrations in each female bear during breeding seasons

May June July August
Status
N Mean + SD N Mean + SD N Mean + SD N Mean + SD
Pregnant 10 1.61 £ 0.61 26 1.99 + 3.66 29 3.31 £ 3.02 20 1.95 £ 2.80
8 243 + 2.24 30 1.91 £ 3.66 28 1.19 + 0.88 21 2.00 £ 1.02
non-pregnant 14 0.75 + 0.24 29 0.83 + 0.59 26 0.97 = 0.92 23 1.05 + 0.53
13 1.41 + 0.96 29 1.14 £ 0.45 30 1.50 £ 0.67 24 3.27 £ 3.82

1) Statistical significances (p < 0.05) were tested by One way analysis and Tukey HSD multiple comparison test of variances among months within each animal.

*Significant difference (p < 0.05) between May and June.

“Significant difference (p < 0.05) between May and August.

“Significant difference (p < 0.05) between June and August.

dSignificant difference (p < 0.05) between July and August.
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Table 6. Comparison of mean urinary P4 (ng/mg Cr) concentrations in each female bear during breeding seasons

May June July August
Status Bear
N Mean = SD N Mean £+ SD N Mean = SD N Mean = SD
Pregnant Bear 1° 10 4.16 + 2.18 24 4.65 + 5.15 28 9.84 + 4.51 20 2691 + 51.73
Bear 2 8 11.59 + 12.09 29 5.12 £ 7.17 28 545 + 4.02 17 6.17 £ 8.08
non-pregnant Bear 3 13 2.35 + 1.12 23 1.65 + 091 25 3.50 + 6.40 22 2.60 £ 2.05
Bear 4 10 524 + 3.12 20 2.95 + 1.38 28 5.63 = 5.16 22 6.95 £ 6.56

1) Statistical significances (p < 0.05) were tested by One way analysis and Tukey HSD multiple comparison test of variances among months within each animal.

"Significant difference (p < 0.05) between June and August.
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Table 7. Comparison of mean urinary PDG (ng/mg Cr) concentrations in each female bear between during breeding seasons

May June July August
Status Bear
N Mean + SD N Mean + SD N Mean + SD N Mean + SD
Pregnant Bear 1 6 14.52 + 7.46 12 24.53 + 21.36 24 3490 + 112.25 18 36.64 = 57.48
Bear 2" 7 64.09 £ 70.38 21 19.74 + 16.41 19 32.14 + 18.19 13 41.18 + 51.72
non-pregnant Bear 3 12 8.34 £ 6.53 23 6.90 + 3.69 20 35.31 £73.27 17 16.01 + 15.03
Bear 4 10 29.02 + 32.10 15 12.36 + 6.27 20 45.01 £ 55.80 19 48.31 + 61.29

1) Statistical significances (p < 0.05) were tested by One way analysis and Tukey HSD multiple comparison test of variances among months within each animal.

"Significant difference (p < 0.05) between May and June.
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Fig. 5. Urinary steroid hormone concentrations of captive female bears (E,, E1G). (a)
urinary 17-estradiol (E,) concentrations and (b) urinary estrone-3-glucuronide (E1G)

concentrations during breeding seasons.
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HA 77 Bt w AT EE 7Ho] AdAA = Table 8olA ® = vbel Z2vh(Fig.

7, Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12).

(1) AA

= F B %+ Py (r = 0581, p < 001, n = 307), EIG(r = 0517, p < 0.01,
n = 319), g3 PDG ( = 0715, p < 001, n = 2399 F=¢ %9
FHBAE YA 3 & T Pyol &=+ EIG (r = 0710, p < 0.01, n =
326), PDG (r = 0.734, p < 001, n = 248)9] &% %} 7181 = F EIGY
TE+ PDG (r = 0721, p < 001, n = 256)9 F=° &9 AJAAAE

LHER AT

(2) ¥4l (Bear 1)

x T B 5= Py (r = 0164, p = 0157, n = 76)E At EIG (r =
0.736, p < 001, n = 79), 28]3L PDG (r = 0.717, p < 001, n = 54)¢] Fx9}
ol AHAAAE HERSITE 3 = F P9 %+ EIG (r = 0498, p < 0.01,
n = 82), PDG (r = 0934, p < 001, n = 59)¢ % %} 2831 = T EIGY
TE= PDG (r = 0593, p < 001, n = 602 Fx o AAAAE

(3) ¥ YAl (Bear 2, 3, 4)

E e B %% Py (r = 0871, n = 231, p < 0.01), E1G (r = 0.547, n=240,
p < 0.01) 28] PDG (r = 0.863, n=185, p < 0.01)9] sx9 4o FAAAE
e AL, = 5 Pyo %+ EIG (r = 0732, n = 244, p < 0.01), PDG (r =
0.832, n=189, p < 0.01) 7, 283 = F EIGY F%+ PDG (r = 0467, n =
196, p < 0.01)9] =9} ¢o FHAAE HEFHAT
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Table 8. Correlation between steroid hormone concentrations in urine during breeding

seasons (May 2018 — August 2018)

E; (ng/mg Cr) P, (ng/mg Cr) E1G (ng/mg Cr) PDG (ng/mg Cr)

All
E, - 0.581* 0.517* 0.715%*
P, - 0.710%* 0.734%*
E1G - 0.721*
PDG -
Pregnant
E, - 0.164 0.736* 0.717*
P, - 0.498* 0.934*
E1G - 0.593*
PDG -
Non-pregnant
E, - 0.871* 0.547* 0.863*
P, - 0.732%* 0.832*
E1G - 0.467*
PDG -

E,, 17B-estradiol; P4, progesterone; E1G, estrone-3-glucuronide; PDG, pregnanediol-3-glucuronide

* Statistical significances (p < 0.01) were tested by Pearson correlation analysis.
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Fig. 7. Correlation between urinary 17B-estradiol (E,) and progesterone (Pi)
concentrations in (a) pregnant bear (n=1) and (b) non-pregnant bears (n=3) measured

by EIA.
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Parturition: pregnant
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Fig. 8. Correlation between urinary 17f-estradiol (E,) and estrone-3-glucuronide (E1G)
concentrations in (a) pregnant bear (n=1) and (b) non-pregnant bears (n=3) measured

by EIA.
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Fig. 9. Correlation between urinary 17B-estradiol (E,) and pregnanediol-3-glucuronide

(PDG) concentrations in (a) pregnant bear (n=1) and (b) non-pregnant bears (n=3)

measured by EIA.
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Fig. 10. Correlation between urinary progesterone (Ps) and estrone-3-glucuronide
(E1G) concentrations in (a) pregnant bear (n=1) and (b) non-pregnant bears (n=3)

measured by EIA.
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Fig. 11. Correlation between urinary progesterone (Ps) and pregnanediol-3-glucuronide
(PDG) concentrations in (a) pregnant bear (n=1) and (b) non-pregnant bears (n=3)

measured by EIA.
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bears (n=3) measured by EIA.
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(Dehnhard et al, 2006; Okano et al, 2006).
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ol da Ao LR o

b 22 2719 S 2R dAMES AdAste]l ARR &8l (Sato et al,
2000; Onuma et al, 2002). ¥ Aol wrdriEFe]l HA e wjgA]7]
oS 93] Algd d2E=Z7 dAEA(E, E1G)2 AolAE I (Czekala et
al, 2003; Willson et al, 2019)¢} o}vlg]7} S+ (Tsubota et al, 1998)¢] 413
Aol A B mp 9t

oA Bd mE WY 93 w4 398 oY W9 dre=i

2 7R A 2EZAY Z2AAHE UAEE

AFEZ(E, El®Y I3 s&E& vbarisadAe Ada A (Seasonal
polyestrus) =¥ <214 ¥l @ (Sequential ovulation)e] ¥AS oujst = Q&
Aol tH(Spady et al, 2007; Steyaert et al, 2011; Himelright et al, 2014).
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Table 9. Bears used observation of estrus status during breeding seasons in 2017 and 2018

ID No. Age (Y) BW (kg) Parity Year Date of observations Remarks
Bear 1° 13 182 2 2017 June 22/ July 5, 18, 19 1 cub was born
Bear 2° 7 110 2 2017 June 21/ July 6, 13 2 cubs were born
Bear 3° 8 132 2 2018 June 13, 19, 20, 21, 29, 30/ July 1, 6, 19/ August 1 2 cubs were born
Bear 4% 4 88 0 2018 May 16/ June 12, 21, 27/ July 4, 5, 6, 18, 26 2 cubs were born
Bear 5° 6 95 0 2018 May 16/ June 13, 21, 27/ July 9, 10, 14/ August 2 -

Bear 6 12 170 0 2018 June 15, 19, 26, 27, 28/ July 11, 12, 17, 26/ August 9 -
Bear 7° 4 87 0 2018 May 16/ June 12, 13, 14, 19/ July 4, 14/ August 2 -

All bears were commonly tested for transrectal ultrasonography, vaginal cytology and vaginal mucous electrical resistance (VER).

* The individual was accompanied by urinary estrogen metabolites monitoring.

° Bear gave birth the following year by natural mating or artificial insemination (AI).
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Table 10. Ultrasound observations of ovaries, dominant follicles and corpus Iuteums in each female Asiatic black bears

Ovaries (mm)

Dominant Follicles (mm)

CL (mm)
Bear Lt.O Rt.O Lt.DF Rt.DF
n Mean £ SD Mean = SD No. Mean = SD No. Mean = SD max.
Bear 3 20.67 £ 2.08 21.70 £ 2.18 1 7.83 + 1.05 1 9.20 + 0.57 Not found
Bear 2 22.65 £ 0.07 20.35 + 0.78 1 7.30 £ 0.65 1 7.80 £ 0.75 Not found
Bear 10 24.56 + 3.92 22.02 £ 1.38 2 9.38 £ 1.86 0 Small’ 9.90
Bear 8 2570 + 5.44 24.04 £ 391 4 9.86 + 5.29 3 9.16 + 3.91 9.50
Bear 7 19.16 £ 1.61 17.67 £ 1.50 1 6.93 + 1.04 1 7.57 = 0.91 7.50
Bear 10 2532 £ 246 19.24 + 3.76 4 8.69 = 1.86 4 8.57 £ 0.96 10.60
Bear 6 20.08 £ 1.48 19.01 £ 0.80 0 Small® 2 8.83 + 0.70 7.20

Lt.O, Left Ovary; Rt.O, Right Ovary; Lt.DF, Left dominant follicles; Rt.DF, Right dominant follicles; CL, Corpus luteums; SD, Standard deviation

*Small follicles < 6mm
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Fig. 13. The follicle growth profiles in 7 bears in 2017 and 2018. In Bear 1 and
Bear 2, the largest follicle remained without decreasing. In Bear 3 to Bear 7, the
corpus luteum (CL) was observed after the largest follicles decrease rapidly. (RtF;

right follicles, LtF; left follicles).
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Fig. 14. Ultrasound images of the ovaries in Bear 4 using a transrectal 7.5 MHz

transducer. a) A left ovary with several small follicles (< 3 mm) was observed on
June 12th in Bear 4. b) Same ovary 15 days after panel a (June 27th). ¢) Same
ovary 7 days after panel b (July 4th), dominant follicles (> 6 mm) were observed
(white arrows). d) Same ovary 16 days after panel ¢ (July 18th). The dominant
follicle (white arrow) in panel d had developed to maximum size (19.1 mm). e)
Same ovary 8 days after panel d (July 26th). The corpus luteums (CL; white arrows,
9.5 mm) with a cavity inside, were observed. f) Same image as panel e. The blood

flow is shown in red and blue colors. a), b) A dotted line indicated ovarian border.
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Table 11. Comparisons of vaginal epithelial cell types based on superficial cells ratio

Superficial epithelial cells (%)

Cells (%) <50 % = 50 % p - value"

n Mean £ SD n Mean = SD

Basophilic 27 8243 £ 1845 30 18.13 + 1431 < 0.001
Color Acidophilic 27 1456 £ 16.02 30 63.00 £ 13.27 < 0.001
Keratinized 27  3.01 £4.07 30 18.87 £ 12.22 < 0.001
Parabasal 27 2348 + 31.38 30 0.96 + 2.89 < 0.001
Type Intermediate 27 64.02 £ 29.46 30 23.71 + 10.67 < 0.001
Superficial 27 1251 £ 13.13 30 7533 £ 11.24 < 0.001

SD, Standard deviation

1) Statistical significances (p < 0.05) were tested by Mann-whitney U test of variances among groups.
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Fig. 15. Vaginal epithelial cell cytology stained by the Papanicolaou (PAP) method

during the breeding season. a) anoestrus; parabasal basophilic cells (arrow) and a few
remnant superficial cells (broken arrow) can be seen. b) early proestrus; small and
large Intermediate cells are predominated in the image. c¢) mid-late proestrus;
increased anuclear acidopilic superficial cells (arrow) are observed in the image. d)
estrus; clumps (arrows) of anuclear keratinized superficial cells are increased rapidly.
e) late estrus; decreased keratinized superficial cells are observed. f) diestrus; small
and large Intermediate basophilic cells are predominated and a high number of

leukocytes (arrows) can be seen in the image. Scale bar represents 100 micrometers.

_82_



BEAR 1 BEAR 2

100 qe.
e

80 A

100

80 qe... o
60 4 tee.,, o 60 4 "(‘m .

40 A NI 40 A et g R

Percentage of cells
Ld
Percentage of cells
b4

20 o eennenntt o 20 A et S
0 ik T ﬁ . ... 99 0 e-\‘.'.-.-........................

2017-06-22 2017-07-02 2017-07-12 2017-06-21 2017-07-01 2017-07-11

BEAR 3 BEAR 4

100 A 100 -
) »
© 3 o
T 80 3 80 A -9
fout . o A
. o
o 60 . o 60 1
g g
S 40 S 40
= . L ] =
& 20 ( d 20 A
)H-wé? ’.....::.-tt"“""'
0 “eu, B... . ant® '._,.I..-..-.-. 0 s ® :

2018-06-13 2018-07-03 2018-07-23 2018-05-16 2018-06-16 2018-07-16

" .p . 3 ..__¢ IPUTRRY LTI Y
£ g9 LTI 3 .. 2 gp 4 -.__..-- . .C
g oo 3 Poe.. -
= = .. ) .. K - . P L
o 0 . e o 601%: e
g X g H {
T 40 A T o404 o
g RS .- . g B I
2 ., . ..o . Z s 0., s
& 209 oo, £ 20 ¥ B 3oL TEIUN R Y8
._.....%»....' L ] B .- @ % Trreree.g
0 r " 0 . :

2018-06-13 2018-07-03 2018-07-23 2018-06-15 2018-07-05 2018-07-25

BEAR 7

100 -
@ecsscsanes

. 2 : ‘
3 80 - R R
% 60 - .“
£ 40 Lo
o o 0
& 04 - D

:_' ----- ..-----ah:o PYSTTTTTTTTY |

0 - v

2018-05-16 2018-06-16 2018-07-16

| ++®.-Superficial - ® . Intermediated ++® -+ Parabasal |
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Table 12. Comparison of vaginal mucus electrical resistance based on superficial cells

ratio

Superficial cells < 50 %  Superficial cells > 50 %
9]
Item Mean + SD Mean + SD p - value

n n
(Range) (Range)

120.38 + 33.76 238.97 + 108.64

VER (L) 26 29 < 0.001
(60 - 240) (90 - 420)

VER, Vaginal mucus electrical resistance; SD, Standard deviation
1) Statistical significances (p < 0.05) were tested by Mann-whitney U test of variances among groups.
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superficial cells during breeding seasons in seven female bears.
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Table 13. Correlation between vaginal cytology and VER during breeding seasons

Basophilic (%) Acidophilic (%) Keratinized (%) Parabasal (%) Intermediate (%)  Superficial (%) VER (R)

Basophilic (%) 1 - 0.985 - 0.742° 0.535° 0.651" - 0.952° - 0.667
Acidophilic (%) 1 0.518" - 0.520° - 0.646 0.937" 0.642"
Keratinized (%) 1 - 0.742" 0.518" 0.646" 0.484"
Parabasal (%) 1 - 0.221 - 0.525" - 0327
Intermediate (%) 1 - 0.715" - 0.496°
Superficial (%) 1 0.672"
VER (Q) 1

Basophilic, blue-coloured cells; Acidophilic, red-coloured cells; Keratinized, orange-coloured cells; Parabasal, parabasal cells; Intermediate, Intermediate cells; superficial,
superficial cells; VER, vaginal mucus electrical resistance

" Statistical significances (p < 0.05) were tested by Pearson correlation analysis.
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Table 14. Changes of vulva size and the scores of vulva swelling, rubefaction and

mucus
unit n Mean = SD Min. - Max.
Vulva (W) mm 53 3438 + 2.94 25.29 - 41.00
Vulva (L) mm 53 46.72 £ 5.13 3640 - 56.30
Swelling’ score 53 1.70 £ 1.10 0 -3
Rubefaction” score 53 1.47 £ 0.89 0 -3
Mucus’ score 53 1.40 + 1.01 0 -3

SD, Standard deviation

* The vulva score was determined by the criteria of previous study (Durrant et al, 2003).
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Fig. 19. Vulva shapes classified by vulva score (0 - 3) during breeding seasons. a),
b), ¢) images are represented the vulva swelling and d), e), f) images are represented
the vulva rubefaction and mucus status. a) Vulva scores were 0, 0, 0 on 16" of
May in Bear 4. b) Vulva scores were 1, 2, 1 on 19" of June in Bear 3. ¢) Vulva
scores were 2, 3, 1 on 20" of June in Bear 3. d) Vulva scores were 1, 2, 2 on 120
of July in Bear 6. e) Vulva scores were 2, 2, 1 on 19" of June in Bear 3. f) Vulva
scores were 3, 2, 3 on 12"™ of June in Bear 4. All vulva scores were presented in

order of rubefaction, swelling, and mucus status.
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Table 15. Correlation between the vulva size and the other factors associated with estrus during breeding seasons

Vulva (mm) RtF (mm) LtF (mm) Swelling Rubefaction Mucus Superficial (%)  VER (&)
Vulva (mm) 1 0.341" 0.431" 0.547" 0.481" 0.465" 0.495" 0.418"
RtF (mm) 1 0.364" 0.530" 0.259 0.162 0.418" 0.384"
LtF (mm) 1 0.338" 0.111 0.152 0.257 0.199
Swelling (0-3) 1 0.775" 0.630" 0.627" 0.640"
Rubefaction (0-3) 1 0.753° 0.481° 0.458"
Mucus (0-3) 1 0.702° 0.528"
Superficial (%) 1 0.702"
VER (Q) 1

Vulva, Vulva width size; RtF, Right Follicles size; LtF, Left Follicles size; Superficial, superficial cells ratio; VER, Vaginal mucus electrical resistance

"Statistical significances (P < 0.05) were tested by Pearson correlation analysis.
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3 A +3 2 P

Wb 75 (Jeong et al, 2019), AFAF(Lueders et al, 2012), 11%o](Zambelli et

al, 2008) GolAel A AT wWid we A AAS AHEA

Q oF3FAH 2 mg/kge] tiletamine/zolazepam (Zoletil 50%®, Virbac, Carros,

France)™ 0.04 mg/kge] medetomidine (Dormitor®™, Pfizer, Helsinki, Filand)<

23] A4l vt 3 jsoflurane (Ifran®, Hana Pharm. Co., Ltd.,, Seoul, Korea)<]

T 8 A AEHE FA s

o] Foll &2l WA F #FS Fskar 75 MHze A (EE £5) wde

A% g3 EZZH(Aloka UST-678, Hitachi Aloka Medical, Ltd., Tokyo,

Japan)E o]-&3tol Ayl f1A¢t o= JtelE e AY zlol& wg] &3 F
=

e =TYE 58 %2&u Jlel= o] 8 Fr EE 10 Fr 2719 &

o]

7}el ¥ (Foley catheter, Smiths Medical ASD, Inc., Minnesota, USA)Z 2 YA #
Aas FHsAHFIg. 20, Fig. 21). F#3¥ AL £3 Fw)d AR
FE100/m), F AR F(x109, B £E48(%), B2 AEL(%), pH, ¥
o] et o)A u&(%), AR A HA vg So Ax gE
Ao 2 Ak AAS Husth Adal A (Jeong et al, 2019914 AFdAd
npol zro] AAEA I 2 T7W(CASA; FSA sperm analyzer, Medical Supply,
Wonju, Korea)oll &} Azto] 5SS A, Ao dHsty &4 &
93] Spermac® (Minutitbe GmbH, Tiefenbach, Germany) &< A3}ttt

9 R gl B A AA oL Table 16914 Wi vhe} 2,
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Table 16. Records of semen collection of male bears for artificial insemination (Al)

to female bears

ID No. Origin ~ Age (y) Weight (kg) D"‘c‘:)lfefcgg‘;‘e“ reiei‘v';fllges \l
Male-01 Russia 14 130 6/20/2018 Bear 3
Male-02 Russia 14 153 6/30/2018 Bear 3
Male-03 Russia 14 130 6/13/2018 Bear 7
7/01/2018 Bear 3
7/06/2018 Bear 4
7/14/2018 Bear 5
Male-04 Russia 12 190 7/13/2017 Bear 2
7/19/2017 Bear 1
13 200 6/14/2018 Bear 7
6/27/2018 Bear 6
6/29/2018 Bear 3
7/04/2018 Bear 4
7/10/2018 Bear 5
Male-05 North Korea 14 143 6/12/2018 Bear 7
6/21/2018 Bear 3
6/28/2018 Bear 6
7/05/2018 Bear 4
7/09/2018 Bear 5
Male-06 North Korea 15 150 7/06/2018 Bear 3
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Table 17. Records of male bears for natural matings (NM)

ID No. Origin  Age (yr) Weight (kg) Date of NM recfievl;:laglesNM
Male-03 Russia 14 130 7/18/2017 Bear 1
7/19/2017 Bear 1
Male-06 China 7 133 7/11/2017 Bear 2
7/16/2017 Bear 2
8 110 7/02/2018 Bear 3
7/03/2018 Bear 3
7/05/2018 Bear 3
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Fig. 20. Semen collection by urethral catheterization. a) Semen collection by urethral

catheterization under ultrasound guidance in the Asiatic black bear. The white arrow
is urethral catheter (8 Fr), b) The collected semen in micro centrifuge tube (white

arrow).
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Fig. 21. Transrectal ultrasound scanning of the prostate gland in the male Asiatic

black bear. a) The image before semen collection; the semen within seminal
colliculus (large arrow) in prostate (small arrows), b) Urethral catheter (large arrow)

advanced up to seminal colliculus in prostate (small arrows) for semen collection.
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3ol AA(Dorsal recumbency)® w31 HEE So] & 594 BAS
AlZAT 28 & F d5FE F3 2lem ZAold AE AHEY YA A&
Shunt 7}elE (Replacement catheter, Minititb GmbH, Tiefenbach, Germany)Z
2 el Ade & 7] FYS FI @] agsta JtEEe] AES F
L7 (8/9.8 F rigid ureteroscope, Richard Wolf GmbH, Knittlingen, Germany)<
st A B F-(Cervix) 479 Aloks FHEIGT o F, a4 M
Z3] &3 7lol=71 9+ TC =& (Transcervical cannular; Dual port, 2] 7: 5
Fr, 4de]: 70 cm)E A4 F7HA] IJAIZ1 & vzt -7 (External uterine
ostium)= &3 Az W= Aods FAstddrh o9t #dd e AP 259
7Fol= &l WAl A]2~®(FENCER, MGB Endoskopische Gerate GmbH,

Berlin, Germany)< ©]-83}o] 433} th(Fig. 22).
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Fig. 22. Intrauterine artificial insemination using a ureteroscope under ultrasound

guidance in the female bear. a) Materials for Asiatic black bear artificial
insemination, b) Ureteroscope inserted into vaginal lumen through a shunt catheter for

intrauterine artificial insemination.
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sH A AIAEQ 129 45 Aol JAFFAEES AN 7vkge] A HS
o= =53 FH(ProSound Alpha 7

Tokyo, Japan)2} 75 MHzeo] AH(E= EF) ajde Hd 253 ZZH(Aloka
UST-678, Hitachi Aloka Medical, Ltd., Tokyo, Japan)Z o]&3dle] A S

A A sEA
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(GeneMapper® Software Version 4.0, Applied Biosystems, California, USA)
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2017350 A 20183 =7k 2o AA F 7uigel dF $E dide=
JAETFES AAI A= Table 16614 B wpel o 2 A5 3 A7
o] & F kel A (57%)0l A, o T 2vhE 9

M71E Faker 2l ol 4ukE] F 3vhE](75%), 1¥ar oA 1nkEle] Aj7|wkE
2 e 1 (25%) Ak 2ntE] o] A7IE EAe E F T IvhEle

Al wvel JAFFAHE Fd FAG AR e A7 F& 47 1A

=hkedth dadHem by Al w2 derAds Fd ovielel A7E

1) 94353 3d &4 A AETH AE AA
e el A Fo AESHA AR HAN A= Table 17004 H=
vk} 2o gokelatd, E4kgE Al 5L JAFTA ddd 44 dE(Dominant

follicle)o] =717} #2A 63-FHW 10 mmelew, Bear 3 A19)3 ymA
3nte) o] oA F9 FA A FE(Superficial cel)e] vl &S 70(%) o], z#a A
Aot A7IAZ(VER)S HA 3400l A Ao 400(Q)e] A5 YEbWd. =3
o] g9 AVE HAMIE Fet HAdl XS e AT

Eo 018U Ee = HIEE HALE 7R HALE S F 4ukE] 9
dA F Tl FdEA ATE EFAE GAH FBear 49 = N AEHUEI =

ZRAZEEY w5k Wsto] w3 S Fig. 239 2 ZolA B npeh o

o

2

Lo

o ~EgH &9 FEE 145(ng/mg Cr=A, AA(-1¥9) %= 826(ng/mg Cr)ol

el FA8 71z sEom gastdec] HAHNAT. £ o] URHEH u
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Table 18. Records of natural mating and artificial insemination (Al with fresh semen) for 7 female bears during breeding seasons in

2017 and 2018

Age BW Breeding Breeding Male (n) Al M Cub born festation

Female ) (kg) Origin  Parity nethod W) attempt  Induction (AUTotal) Length (days)

Al NM (n) (n) Al NM
Bear 1 13 182 Russia 2 NM/AI 2017 1 1 1 2 1/1 184 -
Bear 2 7 110 China 2 NM/AI 2017 1 1 1 2 1/2* 202 199 or 204°
Bear 3 8 132 China 2 NM/AI 2018 6 1 6 3 2/2 216 -
Bear 4 4 88 Korea 0 Al 2018 3 0 3 0 2/2° 195 -
Bear 5 6 95 Russia 0 Al 2018 3 0 3 0 - - -
Bear 6 12 170 Korea 0 Al 2018 2 0 2 0 - - -
Bear 7 4 87 Korea 0 Al 2018 3 0 3 0 - - -

BW, Body weight; NM, Natural mating; Al, Artificial insemination
Females were received Al of fresh semen from other male bears and the cub born by Al confirmed their father and gestation length by paternity test.

* Two cubs were born in January, 2018. It was confirmed by paternity test that one was born by artificial insemination and the other by natural mating.
® Two cubs were born in January, 2019 by artificial insemination and one of them died within a few days.

¢ The gestation length based on twice natural mating dates of same male bear.
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Table 19. Profile of biological factors on the day of artificial insemination (AI) in female Asiatic black bears

Cell type (%) Ovary Vulva Urinary E,
Female «

(Mean = SD) VER max. (mm) (mm) (mm) (ng/mg Cr)
code no.

()
N superficial basophil acidophil keratinized W L A\ L A\ L 0 day / -1 day

Bear 1 6 932 £ 2.8 6.4 + 026 732 £53 204 £ 52 340 16 227 76 9.6 356 532 -
Bear 2 7 719 £ 6.5 174 + 14 587 £ 11.5 239 + 10.2 390 163 227 6.6 72 373 510 -
Bear 3 7 548 £ 82 280+ 049 51.7+53 203 £ 4.9 100 174 230 6.8 10 388 513 -
Bear 4 5 835 +29 6.0 £ 25 77.0 £ 4.2 17.0 £ 3.8 400 17.1 253 63 63 36.7 477 1.45 / 8.26

* VER, Vaginal mucus electrical resistance; SD, Standard deviation; W, Width; L, Length
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Fig. 23. Profile of urinary E, and P; concentrations in the Bear 4 during 2018
mating season. Artificial insemination (AI) is denoted by black arrows and day 0

was determined by retrospective paternity test.
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2) 53 A 37t

Z53 7hol= st duAozRE FHE Ad Adhm = 199 HAAF A=

Table 183} Zkvh. 13] At AHo 3 ¢ 160 + 90(ue), Ao Fe=

a1
o
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(0}e]
(@)
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w
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N
~
—~
X
—_
<
~.
=
Is=)
\.\./
o
o2l
2

F= 8109 + 7445(x 10%me), 18]x 2 3A
ARl SEAL 914 + T7(%)oldrt. w3 A WEEES 943 + 53(%)

o

=

HAAA FEE zhe ARk HES 212 £ 45(%), 18al B HAE e

A2 v &2 934 + 85(%)°] Atk (Fig. 24, Fig. 25).
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Table 20. Semen qualities of the male asiatic black bear at artificial insemination

time (2017 ~2018)

N Mean £ SD Min Max
Age (yrs) 19 13.6 + 0.8 12 15
Weight (kg) 19 160.9 + 30.1 130 218
Semen volume (u0) 19 160 = 90 40 380
Sperm concentration (x10%ml) 19 5068.6 + 3122.4 2015.0 14000
Total sperm count (x10%m{) 19 810.9 + 744.5 159.7 2856.3
Sperm viability (%) 19 943 £ 53 83.1 99.8
Progressive sperm motility (%) 19 914 + 7.7 75.5 99.8
pH 19 8.0 + 0.1 7.7 8.3
Abnormal morphology (%) 19 212 + 4.5 18.2 30.7
Intact acrosome (%) 19 934 + 85 82.0 95.7

SD, Standard deviation; Min, Minimum; Max, Maximum
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Fig. 24. Morphological assessment of spermatozoa using a Spermac® staining in the
Asiatic black bear. a) normal. b) proximal droplet (arrow). c¢) double neck (arrow). d)
knobbed acrosome. e) detached acrosome (arrow) & detached head (arrow head). f)

dag defect. g) coiled tale (arrow). h) kinked midpiece (arrow). Scale bar is 10 um.
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Fig. 25. Viability assessment of spermatozoa using the eosin-nigrosin staining in the

Asiatic black bear. Scale bar is 50 gm.
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Fig. 26. Observation of the vaginal cavity using a ureteroscope in Asiatic black bear.
a), b) The Vagina at a site about 14 cm from the vulva. ¢) Cervix in uterovaginal

region. d) Transcervical artificial insemination (AI) using a cannula.
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Fig. 27. Transrectal ultrasound image of the urogenital tract in the female Asiatic

black bear. a), b) U; uterine, V; Vagina, UB; Urinary bladder, Cervix (arrow). c)
The image of the uterine (arrows). d) Intrauterine artificial insemination (Al) via

cervix using a TC cannula (arrow).
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Fig. 28. The fetus confirmed in uterine by ultrasound diagnosis on the - 19™ day

(26™ of December, 2018) before cub parturition (Bear 4). a) The fetal head (arrows)
and forelimb (broken arrows) are identified. b) The heart (arrow), lung (broken

arrows), liver (L), and gastrointestinal tract (GI) are identified.
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Fig. 29. The cub born by artificial insemination in the Asiatic black bear (white
arrow). a) The cub with placenta observed on the day of birth (yellow arrow; 14" of
January, 0 day). b) 1* of Feburary (18 days). ¢) 24™ of Feburay(41l day). d) 24" of
March (69 day).
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Fig. 30. The results of paternity test using a GeneMapper” software ver. 4.0 in two
cubs born from Bear 2. a), b) Allelotype of Bear 2. ¢) Allelotype of the cub-1 born
by artificial insemination (AI). d) Allelotype of the cub-2 born by natural mating
(NM). e), f) Allelotype of the male bear given semen by NM. g), h) Allelotype of
the male bear given semen by Al Two different microsatellite markers were

represented by blue and red color.
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