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Estimation of Ovulation and Optimal Breeding Time
Based on Vaginal Cytology and Determination of
Reproductive Hormones in Shih-tzu Bitches

B. S. Kim, K. S. Oh, J. P. Kim, C. S. Bae, S. H. Kim, J. T. Kim, L. C. Park', S. G. Park® and C. H. Son"
College of Veterinary Medicine, Chonnam National University

SUMMARY

Vaginal cytology was examined in 12 Shih-tzu bitches to establish the accurate basic data
for estimate to the optimal mating time and ovulation time. The mean duration of proestrus and
estrus were 9.09+0.83 (mean+SD) days and 7.36+0.47 days in pregnant bitches. The gestational
length in the 12 pregnant bitches was 65.2£0.5 days in pregnant bitches when Day 0 was timed
from the first day of male acceptance. Characteristic features of vaginal cytology during the
estrous cycle were the high proportion of large intermediate cell, superficial cell, anuclear cell
and erythrocyte in proestrus, superficial cell, anuclear cell and erythrocyte in estrus, and pa-
rabasal cell, small and large intermediate cell and leukocyte in diestrus, respectively. Cornifi-
cation index (CI) was the high proportion in proestrus and estrus, then it decreased in diestrus
and anestrus. When Day 0 was timed from the day of the first male acceptance, the CI peak was
Day 2 and maintained above 80% between Day —4 and Day 6 during 11 days, and above 90%
between Day —1 and Day S during 7 days. In relationship between CI and reproductive hor-
mones, CI showed peak at the first day after plasma estradiol-17 8 concentration peak and plas-
ma progesterone concentration was first increased above 4.0 ng/ml at Day 0 which was the first
day after CI peak. In conclusion, ovulation in Shih-tzu bitches occurred at the first day after
Cl peak. Vaginal cytology is the simple and reliable method for estimating estrous cycle,
optimal breeding time and ovulation time in Shih-tzu bitches.

(Key words : Shih-tzu bitches, vaginal cytology, cornification index)
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Table 1. The gestational length from each day in 12
Shih-tzu bitches

p . Gestational
arameter

length (days)
Day of first male acceptance 65.20+0.50
Day of first increased plasma pro-
gesterone concentration above 4.0  61.90+0.47

ng/ml
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Table 2. The percentages (mean+S.E.M) of vaginal epithelial cells and grades of blood cells in vaginal smears
during each phase of the estrous cycle in 12 Shih-tzu bitches

Cell types Proestrus Estrus Diestrus Anestrus
Parabasal cells 1.9+0.3 0.3£0.2 7.0£1.1 40.0+1.7
Small intermediate cells 4.4+0.6 2.1+0.5 30.7£2.0 43.6+1.3"
Large intermediate cells 14.9+1.3 11.4£1.5 37.6+1.8" 16.0£1.0
Superficial cells 29.6+1.2" 342414 18.6%1.6 1.4£0.2
Anuclear cells 50.0+1.8 51.9+2.4° 6.5+0.9 0.9+0.2
Erythrocytes 2.6+0.17 1.1£0.1 0.9£0.1 0.320.1
Leukocytes 0.4+0.1 0.3£0.1 1.1x0.17 1.4£0.1°
Cornification indexes 81.0+1.6 88.7+1.7 24.042.3 2.240.5

" Differences are significant between values indicated with an asterisk and each other values in the same

row (p<0.01).

2 A7)l 50.0+£1.8%, A 710 51.9£2.4%°]1
u, 2 FR 6= 6.520.9%, T2 7 o= 0.9
AR 5 WU - B AR - o DA B

A=A FERETHEp<0.01).

270
0.1, 03+0.12 7ZrAs=d 53] 24 A7) &
oA A =Hp<0.01). W= - A7) 9
WA 7ol zhz} 0.440.1, 0.320.10] 901} By FH]
AE LIH01Z, TR o= 142018 A
Z1ell f-214 IA e THp<0.01).

1
ol

)
N o oX

3 o
|o

718 BMELS| st

7ol 23 Aot £8 A2 T2 AY
6£1.2%, 50.0+1.8% 2 2.6£0.1%% F
o, B 7= 25 Az 79 A

M
&

%

rr

o 3 gz
\O

o

2

F7} 7k 34.2+1.4%, 51.982.4%2 FEL o|RE=
AZolth B FA e 28 T A= o
B 78 AT} Zb2) 30.712.0%, 37.6+1.8%E F&
5 o|RSom el B4 Azet &8 F
7 A E, W82 2hz) 40.0£1.7%, 43.6£1.3%, 1.4+

0.12 FF& o]F& AlEojrh

8) Comification Index
WA 7)ol = 81.0+1.6%, T 7)o = 88.7+1.7%

2 v m=A vEbdey B FA7l6E 240+
2.3%, T 7ol E 22505% % Aok 7t 7]
Zhd vl M g A71ek @l 4 A
ERATHp<0.01)

52
1o
w
EJ
Hd
ox
rlo
£Y
o]
™
iy ®
kY

1) 871K M=

i M 7] JiAY A5 Day -9 6.3+0.9%9]
A3, Day =60 L.6:0.4%E ZArstgon 24 F
27} NAY A3Z-2l Day 8] 1.8+1.1%2, Day 200
= 202455%2 Z7Fstg

og

2) 28 S ME

- 210 -



a0

I Parabasal call
40 F 4Q
r — g ®
gL® ""M%—O—O——’—O—“—O—H—O—‘-.—w . . ' . . . . > " i ¥ ) . . 2}
-0 -2 -B 4 -2 il 2 4 é 8 10 12 14 16 18 20
80 Small intermediate cell 780
! Wi 140
A~ o 4
p ok 40
ﬁ -10 2 -6 -4 2 0 2 4 4 3 10 12 14 16 18 20
E 30 Large interrediate cell 780
E ® I WMH :40
E U I~ r . , — - i . - . — v - T - . -5 D
E -10 8 -6 -4 2 g 2 4 4 3 12 12 14 18 18 20
E By Superficial cell ] 80
& 40 - 440
- i W ]
8 o e d
= 5 -8 6 4 2 0 2 4 6 8 10 12 14 16 138 10
& w0 80
= Anuclear cell
a 49 M 40
S 0| . ( e . o S RPN )
g -10 3 f -4 2 0 2 4 [ 3 10 12 14 16 18 20
% 4r RBC 74
Z ; 2
g 4
o
; 0 T T T L T T T T T T T T T T L = U
R 1 -8 -5 -4 -2 0 2 4 é 8 10 12 14 16 18 20
4r wee 74
7L 5 " 4 2
D r L) L A) Ll L T T T T T T T T U T - U
-10 8 -5 4 -2 ] 2 4 3 16 12 14 16 18 30
20 Cornification mndex Jgg
40 40
0 . 0

40 8 6 4 2 8 2

Days frem first male acceptance

Fig. 1. Profiles (meanxS.EM) of cell type on vaginal cylology from Day —9 to Day 20 in 12 Shih-tzu bitches. Day 0 is

the first day of male acceptance.

Day ~92)] 5.9+1.5%0°]121 37, Day —69]= 5.042.4%
2 722atg o Day 69 3.042.0%2 HAstEh

9y FA71 AL A5 Day 89 64+2.7%, Day

2000 53.5:6.0%F =713t th

- 211 ~



3 OE SU M=

Day —9o] 23.4+1.5%°]|%1%, Day —691% 17.2+
43%E ot en 247] /AL A5 Day 09l
3241 1%E 7HAst] o] T wg Fx7] A A
F<1 Day 89 264£6.2%, Day 119] 44.124.8%, Day
200l 53.5¢6.0%2 F7+at Ak

4y BE ME

Day —90ll+= 33.8+1.5%¢]% 2 Day -6 31.0+
27%2 9¥7¢ 7+AEbch7), Day 00 28.64+3.3%, Day
40 3904582 AZA R Z7a9 7, A FA)7)
MAY AF<l Day 8 34.6+4.2%, Day 209+
22404%2 7423 Hoh

5 P& M

Day -9+ 37.1£7.9%9°] %12, Day —69) 46.7+
3.9%, Day 09 68.6:4.8%= HIX =2 Z7}8tgo
o, A F27] AAY AZQ Day 8 33.1+ 6.5%
2 7443} Day 139 6.68+2.26%, Day 200 1.1+
03%= A A& A

6) HE oL WE TP

¥ = Day -9¢)] 3.0£0.00] 2%, Day —64] 3.0
£0.20] 4] Day 0ol = 2.0£04E8 PolAjthr} w4 &
7] AL AFQ Day 89 1.0+032. 2 WA Lyt
won W= I A7) fAY HF2) Day -9
o @A A Y A%<l Day 0ol BEHA Ak,
A5 7) AY AF Day 89 0.3+0.00. 2 #zg]
o], Day 159] 1.0:02E w7 A&

7) Comification Index

Day —9o| 72.4+2.9%, Day —6°] 73.8+6.2%, Day
—40]) 84.0+3.9%% 80% o]0 & Z7}atg o Day
0] 97.0+1.1%% Z7}5+e] Day 29| 98.2+ 0.5%2
H I A E JeERR QT Day 40l 93.8+3.6%, Day 79l
77.0£5.8%2 80% ©)5F2 7HA3he] Day 109 48.1x
7.6%, Day 130l 19.0£52%2 F43] Zistgon
I F& A% 20% °3Z ek

CI7} 80% ©]4+& vield 717k Day —4ofA Day
67FA (1197901203, 90% o] verd 71742
Day ~194] Day 57tX1(7€ 7)ol Aok

4. ¥ 7|2t & EZ Progesterone} Estradiol-17 8
sk Hat

4 progesterone F 7} 4.0 ng/ml ©]4Fo 2 =
7}t E(Day 0)L 71F2o % YAlA 1259 progeste-
rone, estradiol-17 8 183 Cl¢}e] #AAIE AEZ
A% Fig 29} 2o}

—_
=

S & Progesterone =2 #H3|

%7 progesterone T L7} 4.0 ng/ml ©|4} A5
7122 2A 8 MAYAE 0.1 ng/ml o]
Hojtprt A A3 A53ste] Day —7ol& 0.6+
02 ng/mlE ¥.¢ 3 Day -19] 2.9:03 ng/ml, Day 0
o= 52403 ng/mlE HZZ 4.0 ng/ml o]0 E =
Agon ol FAT A5tk Day 1590
426437 ngmlE HITAE JEMQAT T o]F A
N3 Zashr) AR

e

o af

e wo

2)

32 progesterone F =7} HZZ 4.0 ng/ml )4}
=3l G 71F0 2 Y estradiol-178 F= W3}
Fig. 29k Zro] &4 7] AN LR 717 2] o)
2 Z7}3}e] Day —29] 33.548.0 pg/ml= 7]

2t Estradiol-17 8 52 W3l
\
=2

o
)

ERN T} ©] & Day 0ol = 134483 pg/mlZ 7+
8171 A&ty g 438 gastRon wH FA17]
A 7)eE 7R o)3lE BA ALHE A

L Bodn o rr

a

3) % Progesterone % Estradiol-17 3 2} Comification
Index2t2| A

A} estradiol-17 8 7} Day —20f &1 XE Uehf
21, estradiol-17 8 peak & 24| <] Day 0o &3
progesterone ¥ =7} 52403 ng/ml2 HZZ 4.0 ng/
ml o]3o 2 Zy}&¢th 83 ClE estradiol-17 8
peak F 1A Q1 Day -19 97.6+0.8%% TS 1t
el o, Cl7t §X22 80% oA} 2 2718 ¢
& estradiol-17 8 peak 5S¢ %) Day —7°|21 7, Day
~7%-E Day 3714 119 5%t 80% ©] 422 X4 5
Ath CI7F 90% o)Ae =2 =713 42 estradiol-17
B peak 292l Day 4011 2. Day -4%E Day
271 79 F3F 90% o) F o2 A& P} EF CI
7b A3 AE vebd F 19#Q] Day 0] €7 pro-
gesterone =7} 5.2+0.3 ngmlE HZE 4.0 ng/ml

-212 -



— b '-2 £ Lh
(=) < (=) < =)
] 1 1 1 1

—=&— Plasma progesterone concentration (ng/ml)
—O0— Plasma estradiol-17p concentration (pg/ml)
o
1

120
[
L100

g
LSO u

=

5
60 E
F 40 E

8

(&)
- 20 +
- 0

10 8 6 4 -2 0 2 4

T T T T T T T T

6 8 10 12 14 16 18 20 22

Days of estrous cycle

Fig. 2. Profiles (mean+S.E.M} of plasma progesterone and estradiol-17 5 concentrations and Cl during the estrous cycle from
Day -8 to Day 21 in 12 Shih-zu bitches. Day 0 is the day that plasma progesterone concentration was first increased

above 4.0 ng/ml after the first day of vulvar bleeding.

oz Zrhach

et

a

Mol A A A7 B 7)o 2 A F
#H71E BAsed ol AAE AArE Hluy 7
@it Yo 2 o] 857 ¢ltiLinde 2} Karlsson, 1984:
Olson %, 1984). & AToA HZ wMd L 7&
O 2 34 F7) 54 AAEAH ClY HEle
Table 29} Fig. 10149} 7to] 2714 MEe} A
S AZE T A\ BN E A #EH

ggtom vy Fx7|dx WA Jehyrr) &
g7l 40%= FA vetston iy F2 X
WG AN FAsE BN E 6 7
ozl A FA) 7l SUtEdT 25 AEE
A A7) Z7)ste] WA o) 30% AEE Z7}
Ron 7 HxE B Arieh @A 7+
A ZstTrt &3 FA 7N A BAEA

o rlr e X

He

o HE7E 2 A7 353 F =4 AS5H
o7h 2 FACl @A 2a ERAQL
e @A e 27 AY dEhA sk
ou 2 FAZ) AL AFE Frte] Al
3l Cle 24 A7) AALFH F718k7] A2
st @A A7) FRkRe] LA E YER F 3F
7] SUR-EE LAk B F7EE 4R
Wy Arlde 25 AEs} 73 AX 22
HE3, 7 BE AE9 79 A%, €A
FA7N = _/l:ﬁé ol /‘11%9} B 4 AE 5
27 e B Aze 28 S0 AR, BET
b FEE o]FNLH o ZJ 5(2000)¢] R EN
g ez & ﬁ*?— oA Hid Aot Fdste
B F7 F AARA HEt FF
2pe)7h ghrol AlAME A TH

B 71ZY F MEASFE Fig 19148 2o A
T3 HE&YDay 00 71ELE UL o Cle
Day —9¢l 72.4+2.9%¢9l| ] Day —4¢l 84.0+3.9%Z. 80

=
=

NLL

it

Zhol me}

=213 -



% oo 7 Z7bstH om, Day —10] 90.543.5%2
90%= 71892y Cl A= Day 290 982+
0.5%= Veh 2Tt Day 74 77.0+5.8%% 80% n
wo 7raste] Day 130 19.0£52%2 FH3 2
28R ow 1 = Al 20% o3t JE ATh
CI7} 80% ©)/4& el 717k Day —491 A Day
677}1] 119 7ko) 9 0.1, 90% o] 4o 2 vehd 717}
& Day —19]A] Day 57k4] 747k0|At}. ol 135F
o] AXME o2 g & F(1996)el M A 7
HedE 7|22 2 39S W Day 20 CI HIZX &S
VERH AT 80% o4 vrERd 717k 1ol
= @-ﬂrg} FrARFA T A el A wj - £ 3
£ & [~3Yo] dojym(Renton &, 1992; Bouchard
=1991), o] w7t wulE 7jay 175 i Con-
cannon =, 1977). We&dA] Shih-tzu ZAolA CIZF A
F7 H 8 F2dR o) HIAE el 2L o of
7h Rl A9 HHrR FHHE.
w3 $A F7] & g7 progesterone F =7} 3
Z2 4.0 ng/ml o)A Z7}18 G(Day 0)2 7|&F
#Z7] % ¥4 progesterone FE 9 A
estradiol-17 8 =% ¢} CI9) A#AAA S ¥, FE
3 A 7= Fig 29 74t} Estradiol-17 8 71 Day —29]]
H2ANE Jeh QA 3, CI7} Day —14] HA1XE 1}
ehd ¥ Day 0o 87 progesterone 5 =7} 5.2+0.3
ng/mle H2F 40 ng/ml o] 402 Z7H89A. o
= 7 5(2000)] 3659 AEMNE UL R 3o
Cle} 87 progesterone 2 estradiol-17 8 F X 919
Ak A A o| A estradiol-17 85 == Day -3¢ i
A&, Cle Day -ld 1 A& Jelfigley Cl
peak & 1Udxjo] YA progesterone ¥ =7t FX 2
4.0 ng/ml ©)F 22 F7tet e B9 frAkeHl
th =5 B AP A= Cl/t HEE 80% o] de s
Z7}aled 243 Z2 estradiol-17 8 peak SY A
Day -7°1%l1, Day -7%¥ Day 3714 114 &<
80% olAto 2 ALtk CI7l ZE 90% °l4}
o2 Z713t @2 estradiol-17 8 peak 2 A<l Day
—40191 2§ Day ~45-F Day 27b4] 7 &2 90%
ojae 2 A&HAUL o 7t F CIt HIAE
Ueld Day -1 ¥l & Cle] 39 &2 gA5
2 okgkor} HA estradiol-17 8 peak 1dxfel CI
peak7} L ENGEO ™ T o] F 4U $7EA] 90% ol

o8 wA

S Yehi At o] A 3679 AEAE gL
Z 3 7 B(2000)0] CI7} 90% ©]44¢] ol estra-
diol-17 8 peak 34 A 0|9 2.0, Day —35E] Day 37}
A 7Y B 90% AEHATHE B9 o) FA
3 AaE el e, 3 estradiol-178 peak
F3~64el ANZES z2ha Rt FRE ol
£ H(Concannon %, 1977)9} 4AHe A& vt
WolTh w3 80% oo ® Frtet ERRH 7Y
F, 90% o1 It G2 H 42852 Day 0
of ¥ progesterone F=7F HEZ 4.0 ng/ml °]%
L8 Frrstd A 49 Axe 237t 80% o] 49l
G2 RH 699U Fol viHo] dojdrti= B (Chris-
tiansen, 1984)9}%= #4138 A& JeERATH

olae] AnE Z3sto] B Shih-tzu HoA
R 77 31§ Day 0)2 71FLE 3UE W C1 F
A& Day 29 Jepbgtes o] Wit &2te]
2712 A5 ¥ Y, Day 3¢) &3 progesterone F&
7F A E 40ng/ml o)} o2 =71ele] CI7F 90%
oo 2 A &E A7)7} F/4de) Wl #7)de] &
A= At

H 2

Shih-tzu Zol A WA 7], W) A7) 2 Wk Al
N1E A #4817 A% A AE PYAE 9

817] 918l Shihtzu 7 12F& WA= 34 F7]
Zot A M E ZA 2 estradiol-17 8 9} progesterone
= E 24%y i 722 A5E Ay 44
F718 A AEge] 5dA HeEA B A7)
ole 8 Aot AEE, YA NE 25 Ax
23 Ax @ APt FFE olFE AXRLH
] FA7e &8 ST N2 Eﬂz‘* F2 A
Z, FEA7 e FA AEY £F FUH AR
2 WYyt F5g o] F *ﬂiol%iﬁ} ®3 Cle
WA A7) 9} A 7o =A Ve, Wy F4
719 FrA7|d e Zasted zt 7170 H oA
g A1k 2Rzl el A =4 A
F71 & A £ S E&UDay 0)L 7€ 22 ALS
o Cle 24 A7) HAID AFQ] Day 99 724+

2.9%, Day —4ol| 84.0+3.9%% 80% o]4}o 2 Z7}at
Ao Day 00 97.0+£1.1%%2 Z7}5}e] Day 29 &=

-214 -



98.2+0.5% 2 HIXE vehldes CI7F 80% o]
‘& e 71752 Day 494 Day 67+A(119
ZHol AL, 90% °1’dS vEPd 7]17hE Day —194]
Day 57}A1(747hel ek E§ A4l Shih-tzu 2 12
Fol A EAF progesterone 27} HZZ 4.0 ng/ml
ol do 2 F3 B 71E(Day 002 W F7
%= g7 progesterone} estradiol-17 8 2 CI&] T4
E A B Y estradiol-17 87} Day —29] 1A &
UER A, CI7F Day —19] H3XE vepd &
Day 09] &3 progesterone 5= 7} 5.240.3 ng/mlZ
A2 2 40 ng/ml o]} 2 2718t Cl7F A%
2 80 % o)A R Z7}ate] &% E2 estradiol-
17 8 peak 547 <1 Day —7¢]% 3, Day —7%¥ Day
A 119§ 80% oo g A&EHGT CI7t
HAZZ 90% oo 7 =73l & estradiol-17 8
peak 24491 Day ~40] 2, Day —45¢] Day 2
A 79 B 90% ooz A%HLUth ol
A#E £¥ste] W Shib-tzu A)A 3 £ 3
£YDay 0)2 NF22 AL W C HAZAE
Day 29 JEltom o] wfrl &4k wel A=
AtEE ™, "4 progesterone =57} 4.0 ng/ml o}
o2 FI/h E(Day 05 7IFELE A HiH
Cl= 84 estradiol-17 8 peak T 1d#Q I XS
YERIAX, CI peak ¥ 12l Day 0o B4
progesterone E=7F HZF 4.0 ng/ml 0|40 E &
71aked CI7} 90% ©) A4 2 A&d A7]7F HA4Fe
aH) #7)del A=At wEr] #7g progeste-
tone 5 S0 Z A3 Wi A7) E wwl A7)
BwAY 5 Aoy, AME7E AFstL A F
o] 7tetd A ME A7} Shih-tzu Aol A A
7], Zu) A7 2 owig Al7]9] $he S ¢
€ AAbete AEelal AlRE T

Yo N rE o

1]

rox

b=

Bell ET and Christie DW. 1971. Erythrocytes and
leukocytes in the vaginal smears of the beagle
bitch. Vet. Rec., 88:546-549.

Bouchard GF, Solorzano N, Concannon PW, Youg-
quist RS and Bierschwal CJ. 1991. Determination

of ovulation time in bitches based on teasing,

vaginal cytology, and ELISA for progesterone.
Theriogenology, 35:603-611.

Christiansen IJ. 1984. Reproduction in the dog and
cat. 1st ed., Bailliere Tindall, London, pp. 41-45.

Concannon PW and Lein DH. 1989. Current vete-
rinary therapy. 10th ed., Saunders, Philadelphia,
pp. 1269-1282.

Concannon PW, Hansel W and McEntee K. 1977.
Changes in LH, progesterone and sexual behavior
associated with preovulatory luteinization in the
bitch. Bio. Reprod., 17:604-613.

Feldman EC and Nelson RW. 1996. Canine and feline
endocrinology and reproduction. 2nd ed., Saun-
ders, Philadelphia, pp. 526-546.

Guyant L. 1988. Canine vaginal cytology. Veterinary
Technician, 9:513-520.

Linde C and Karlsson 1. 1984. The correlation bet-
ween the cytology of the vaginal smear and the
time of ovulation in the bitch. J. Small. Anim.
Pract., 25:77-82.

Olson PN, Thrall MA, Wykes PW and Nett TM.
1984. Vaginal cytology. Part II. Its use in diag-
nosing canine reproductive disorders. Compend.
Contin. Educ. Pract. Vet., 6:385-390.

Post K. 1985. Canine vaginal cytology during the
estrous cycle. Can. Vet. J., 26:101-106.

Renton JP, Boyd JS, Harvey MJA, Ferguson JM,
Nickson DA and Eckersall PD. 1992. Comparison
of endocrine changes and ultrasound as means of
identifying ovulation in the bitch. Res. Vet. Sci.,
53:74-79.

Schutte AP. 1967a. Canine vaginal cytology. II. Cy-
clic changes. J. Small. Anim. Pract., 8:307-311.

Schutte AP. 1967b. Canine vaginal cytology. [ll. Com-
plication and evaluation of cellular indices. J. Small.
Anim. Pract., 8:313-317.

ZAQE, Aok, d, 2714, vld, s, &
A, £33 2000. AxAANA B F71 F
AAZAZ HASTEZY #A. =T
53] A], 17:225-233.

ERE, WY, ARE, HIA, A 1996 I =

o o

- 215 -



Al Al &g 71, w2 3 el s) a8y TEFY FA. FRF el eI, 21:109-

S AT AAE FAL oG4, BT 119,
3], 13:114-122.
ol 71, A, Adv], AL} 2006, HZ7) ol A (H4Y: 2006. 8. 30 / A= A: 2006. 9. 20)

Wy #7007 B AT U

- 216 -



