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NTx 1¥, t FBIUA XD OEFICE T, &b ILHHICHIEE N, I
2HEPIN~—H—D125TH2 (27, 28, 29), WHEMNIIC X > THMEI N2 BITE D LK
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7 AEEEE 1T, B2 I3 EE T o772 b DD WE~DREE & BRI X - TF

TEHAClL 72\ LRI L 72,

3) Iy E2 BEEEHE

IMEE 2 I OMlE 1L, SMFRERE (FH7 41 a% 7 ) 28kR&4, Ft, HA) «©
THE L. 7— 2 WEERIT o 720 ¥ v 7 id, BERTUAGIZNIE R (ELISA) ¥ » b (Canine
Estradiol ELISA kit, Endocrine Technologies, Inc., Newark, CA, USA) Z i L. Hikit,

e ELISA TH - 72,
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Vv IiE, RO A XIS 7 7+ v K#lE ELISA ¥ » b [Dog cathepsin K (CTSK)
ELISA kit, MBS937482, MyBioSource Inc., San Diego, USA] Z R\, o5k, €8
{4~ K4 v F ELISA Z 7z, FIEOMEEIZLLTF 0@ Y , CTK FFEMPUEL 7L a—F
AVILTHBE-A 707 L —FDEY o VITEERIE L v T i AN, 37°CT 2 KB
AvFax—1 L, REEAGWEEZREL 2%, CTK Ff 2R A F Vv #EATikE v = L
L, 37°CC LIREfEIA v ¥ 2 _— b L7z, 3EPEHE. Ty v Fs—2 774 v v
2Vt FoL—+ (HRP) &7V = VICRIIL, 37°CT 1 R4 v ¥ ax— 1+ L7, H
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B E 7 VISl L, 37°7CT 15~30 04 v Fax—F L7=0b, EiFEEE2 Mz, W

HHEEEF T (450nm I X O 540nm DPFER) W ZEIE L, EdEMERR % v < CTK

JE % BUEIL L 720 HAAZ 1T pg/mL TR L7z, & v + OJIEHPHIT 6.25~400pg/mL, R

iZ 1.56pg/mL TH -7z, F v PNHAIERZEIT 8% T, F v MIIEHAEIZ 10%U T THh -

7'5»
Co

5) IiE NTx 941

MY Y Z it 4 XM NTx & REZRZGERICHE 2 A3 2 FaME S hTw 5 ifiliko

v hI§E NTx ELISA ¥ v + (Osteomark, 7Y —7 X5 4 AARR S, HHE) 2w

L 7= (28), M liiklE. BiAHy ELISA % v 7=,

FIEDOEEGIILAT D@ Y TH 5, NTx VAV FxEMELLAz~vA4 2707 L —F kDY x

LIZY Y IABFAL, ZDHE, VA F X —FEEE ) 70 —FAHiEZH/MLZ, 7

L— 1+ % 905 DREEL. V= V&L, R, fRLEZEE 2% Y = VICEHN

L. 30E20A v F ax—F L7, RIBICEERAEZFML, 5 2F A v Fax—1F L%

%, FL—F ) —X—TRKHE (JEE 450 nm/630 nm) % HEIE L CESITEO KA E %

E L7z, NTx BE IEHEREMREZHCCEH L2, Ty AEIZ. 1)y b2 D)

ENFaT—7 vER (nM BCE/L) T/RL 72, HIZEHiPH X 3.2~40.0 nM BCE/L T» -

7oo ¥ v PNHEIERAZ T 4.6%. F v FEHAIERAZIL 6.9% TH o 72,
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6) HEEtIEIT

Mg E2 B X O NTx i2/Z 1%, Shapiro-Wilk & Z FH W CIERMEZBE L 728 & A,
BT & ARBHTEHEIL I T — 2 BERS L CE o, £ FREZACTHRELZL S
R BEECTH o722 L 25, Mann-Whitney @ U BUiE % Fi v CRETIE & AREHT D B
THHEL 72, 4FEp. 1MiE B2 B, i NTx 2. OHE 2> & OFGHIER], X 0w o
DI AL EIfE (ALP, Ca, P) & OBI% ., BETME & KMo IcoOWwTRE T~
v DR AHBIRECE I CRUE L 72, #EaHIAHT I3 Statcel 3 (OMS HiRHE. BiEER) %2 HwC

T2z TXTOMHTICE T P<0.05 THEHVER & L 7.

1-3 &R

1) M0 E2 ¥R GBS n=56 vs. FBEFHE n=43)

fERiE, FHLFEERE (SD) cRLZ (R 1-2), PG E2 IRE ILEHEME & KRBT
MO TCHEEE X o7 (13.14£19.96 pg/mLvs. 11.31+16.77 pg/mL) (K 1-1a, b),
WEAEME 32 BHEs X OREHIENE 24 BRIZ. F v T+ OFHERAR (<5pg/mL) % THE- Twiz, I
I B2 R 2R © b AR © b A & AHBE I 7R <L F 22 REIEEC I3 OHE 20 & D f%i#

] EAHBE T 22 o 72 (K 1-1 ¢),
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2) My CTK BE GEIEHE n=12 vs. FBHTHE n=12)

e CTK AL T, MEATME 11/12 58 & ASREAEME 11/12 SHC* v + OERHIH (6.25~

400 pg/mL) AT CTH o7z, 1 SHOEHTME (1%, F7 7 :36.95 pg/mL) & 1 SHD AT

M 3%, I=F 2T Xy 27 A7vF :13.66pg/mL) IZEBRETH >725, Wb

fE, OIRE, RS 2 & OIRE DI EZ IR L T rdo 7z,

3) ¥ NTx BE G #E n=44 vs. KB n=31)

M NTx B A & KRBT oRI cHEEEX d > 72 (22.68 £ 17.85 vs.

33.16£57.28), IMiFF NTx 13 BT & RBITHE D FHi. 33 X 8 OHE 2 & O FeEIFFR] & 1%

MBI L 2o 72 (K 1-2),

4) IiE E2 ¢ NTx BE. MREMARERE & OHE

BEREMEC IR MYE E2 & NTx BEICHB IR O e - 72 (K 1-3), REEEMOIME E 2

& NTx BEORICIE, A7 v OJEMMHEBEREIC X VIEFICHEELZED b Lz

(1':0.36)0

5) Ifi# E2. NTx & MaK4{v2EEs o HHE

I3 E2 35 X O NTx JRIZ I3, i3 X OOREEME (2 L) Dwdnics T ALP,
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D4DODT RO 57, DIl E2 & X U8 NTx R IR & ARHT M oA =k

ANTRD N o 7z, 2) M CTK JREEIIFA &3~ C Db & ARBEAT M ©E & T IRIREL

UTTHoz, M E2 & NTx JJL & OB IZRHEME T3R80 b g, RBHLHEC135

WHHBA L 2588 b e 02 o 7z, DI E2 5 X O NTx B IX, wEAME < b RbHTMCTD |

iEfins° OHE 72 & D ffdRef] & 1ZHHB L 72 22 o 72,

BWEDOHITE TR, EHEME & REHEHE & EB IS X OREZRME T, E2 RESELL T»

ZEMELTEHD (30). FFEEHEDORNDOHIZE T L EEAFME & EBfECIIIME B2 ICEBEAREN

KRNI ERRINTVS 31, SEDERIZTING DR L FEET . OHE i34 X ol

EE2 oBRFCHELZBEZ R WI L ERBLTWS, b FTld, BRETO/EELETIE.

Wl ZAEBEICECTHIMF E2 BESEREZ IV OERICE WY (32), SR

REIVCHEEOHE T Id, b F THEINIHE LA X IcB T 2 A ETFHRORK

BEL DRKEEVNEERLTWE LEZ 3,

A X CIE E2 2 OHE O G T2 L 7 dr o 72 Bl & LT, IS o #fkD &
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DIRPBT Y FWBEZLND A XTRERIE2ORPEENIVL I hTEL T,

P W AR (IR IRRAE I, BRI, B, IR L) »omian s

W T T BRI E2 Ico T, HICHEEZ T BEBDH L L HE 25 (29, 33),

7o, AR OKIRD O AT Y LA OBIRIZA X L OB CH R E  Fx

Zu[REE PRI Nz, 4 XOMWR E2 o B~ . =X b ulr v RZIREICHE >

2RI EE RN I R 2 8WE, $7bbe b, 7 X, Iy b, U FhELI

L CHETEZL_ALTHEEELLNS,

oD E2 Off % oiEVICIE, RIEV A 7 v O@YEAESBE T 2 iREE D 5, 4 X

DFAIGREIHIE 6~10 » HTH 2 » AR ORI & RIEW 2 H b . 2 offlid E2 REHE»

B Z DR 4~8 y ARIZIERETH V. 2 DflIF B2 JREAME <L INGHIC ITHRER 72 D1

fadEEDFEEL R 34, WL T, =727y LIz Y BRI TELe R ETERE

HZE-oTH Y, BEHEZRWTWE2D, E2 LRIAREICEL  hoTnwbd, 7H XL,

HICINER N ICHBER 2O P E S 2. REPHINEMIEN 5 2= — 27 R FIEVRETH

(35), MWD EIEREAICHE S E2 b DRI, BT L IcE Lo T3,

F72. e P CRHERICELoTE2 LRUVDETICHT 2 BRHHORICICEDLD 5 Z L

HINT WD, 7R X —¥RZIES L OCMEIREREE MEZ A3 2 ki3, Il o 4

2l U COMWMRE2 DR ZICER L 72 BHEOMT & BinfPABEL 2R L7z i T hC

w3 (36, 37), MHBEIC. BARRTOZIEIC BT 2 WHEINICEE 5 K E2 (REBIZ. BEB L O
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HR#~—7— (B8 ALP, JRhe vy /)y, FAF IS ) )y, XN IR

—TVEECTRRTFF) OLSABIEHELIELFARTH -7 (38), LA L. BEHD

HWLME, BL Lo HER B X MR AL X —IREEICIEA 3K E2 JREEIC X > TH

BREOET2RLE (39),

AWFGEClE. A BTN & BT 4 X Ic BT 2 ER Mo RH~—H—L D

BAfR D A L 720 MEA X DI E2 & NTx I3, 4 » He2 5 17 i COHFPIT, hfim

S BERZLIER N o7z, ZOFRIZ. EitD v F OMFjln & OfK E2 REE~D

BB KIEOLAL & IZHTTH 5. Fx OMBIED TR, 4 X T B2 £ NTx L~

DOIMESICEE L 22 I RE I Ty, i, 4 RICEHBER R WEHEABBREL T\»w 3

AJREMEDS D 2o A X ICIEPHREDMEC . & D X 9 IS (LU D IH A 72D | T

BB IcfE-> TR T 200, ElTh o THIEE (ZH) 12AREch 2 (34), 4 X

CEBIEMNIGEZGETHEAA N I E-FAREMEINTELT, 11 EE I kb EisT

DHFEDFER D FET 5.

YL oY, ABIERE B ko TR DM R S EFF L r\v, BEAEMFUE TR L T D%

RAOEEHRI 28T, b b LRIy, BEHALEO—F [+ ¥ F (¥4

Orcinusorca) 2L IV ¥ v 2 Y5 (4% Globicephala macrorhynchus), <\ —7 (v 1

Anh &b, ¥4 Delphinapterus leucas), # % = ¥ v (“#% Pseudorca crassidens). A

v 2 (%4 Monodon monoceros)] TDH, MR L TZF DB L EFET AR I N
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T3 25, MERERIE R ' v L BB OBEIE IR TH 5 (40, 41), HAmGFLAEL

FICHEOF R, v P4 X EIFRR Y FEE LR ESIER I 70 < B T iR

B4 2 div s (42), KPTOERIFEICH S 2 BB 72D | W EFLIHO FR

HHE. PRAEMFS L 3R R o T2 Ex TINS5, FEllIRAHTH B,

%720 b PPN OBEANFUEIZFEHEIHA S <. 10 5 bR o N zWiEic o &5 E2 1K

BETHhoTZDMOMAMIIEKE2REE A2 EE 26N, b LY. L DEAALE L

P =y 2Ty b, v F EFRRIC E2 2SBCE MRS R ER L w2 546, F
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* 2-2

I FEE HRgEE RAfHE w=/ME RE
REBIME IS 38 54.29 77.58 364.62 11.87 33.64
<27% 6 185.50 138.93 364.62 52.42 138.78
>2 % 32 26.69 10.70 49.69 11.87 30.00
E Vi IS 32 30.36 18.42 87.04 5.88 25.78
<2 % 7 50.33 23.34 87.04 19.50 51.15
>2 % 25 24.77 12.37 63.88 5.88 25.23
AREAT: e KIS 31 33.16 57.28 271.48 7.69 15.98
<2 % 6 104.21 109.51 271.48 15.92 49.34
>2 % 25 16.11 6.22 28.99 7.69 15.83
puig/ad i XIS 44 22.68 17.85 105.03 9.03 18.89
<2 )% 4 66.68 34.91 105.03 27.71 66.98
>2 % 40 18.28 6.25 38.35 9.03 17.73

Mg NTx i (O, <2, >2%)

Note : H{7(% nmol BCE/L, W NDHETDH 2%U T2 2/ & 0V EofEKRINE NTx RE

L0 b EH» o7z, HaTi<iE Mann-Whitney © U #E # A7z, BEEMORECTIZ, 2 UT

DEEEDS ABETH o722 &0 6., FHEHIIT > Tniny,
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(Summary)

A basic study on the mechanism of serum bone metabolism in healthy dogs—

relationships between individual factors and bone metabolic markers

By

Fumi YAMAGUCHI

Osteoporosis is a systemic disease characterized by decreased bone mass and changes in

the microstructure of bone. It can be divided into primary and secondary osteoporosis, and is

caused by a range of diseases, nutritional problems, and some drugs.

Postmenopausal osteoporosis in women is one of the primary forms of osteoporosis, and is

associated with a decrease in estradiol (E2) due to menopause, which weakens osteoclast

inhibition and increases bone metabolic turnover, leading to a decrease in bone density and

quality. Rats and rabbits have been used as animal models of postmenopausal osteoporosis

because they exhibit a state of high bone metabolic turnover and reduced bone mass or bone

mineral density after ovariectomy.

Dogs have been considered a useful animal model in bone research because of their

similarity to humans in terms of bone composition and their dependence on remodeling for
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bone metabolism after the growth phase. However, clinically, there are no reports of loss of

bone mass or bone density, in neutered or elderly dogs. Furthermore, difficulties in obtaining

samples from healthy male and female dogs may explain the current lack of knowledge about

canine bone metabolism. In order to elucidate whether and how bone metabolism is affected

by sterilization and aging, it is essential to obtain basic data from healthy dogs of a wide age

range, free from the effects of diseases and medication.

Accordingly, as the primary objective of this study, we set out to investigate the effects of

sex, age, and sterilization on bone metabolism in healthy dogs. We used serum from 169

clinically healthy dogs (99 females and 70 males) to compare the relationship between

individual factors such as age, and serum sex hormone concentrations and markers of bone

metabolism. My research comprised two chapters, one that focused on serum E2 levels and

bone resorption markers in female dogs (Chapter I), and another that focused on factors

affecting marker a bone resorption marker in male and female dogs (Chapter II).

In Chapter I, T targeted E2, type I collagen cross-linked N-telopeptide (NTx; a bone

resorption marker), and cathepsin K (CTK; a cysteine protease secreted by osteoclasts) for

quantification in sera from 43 intact females and 56 neutered female. Each item was compared

between intact and neutered female dogs, and the relationships with age and time since

ovariohysterectomy were analyzed.
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I found that neither serum E2 nor NTx concentration differed significantly between intact

and neutered females, and CTK was below the lower limit of measurement in most of the

samples from both intact and neutered female dogs.

Neither serum E2 nor NTx concentration correlated with age or time since sterilization.

Serum E2 concentration and NTx concentration were weakly correlated in sterilized females.

These results suggest that sterilization has no effect on serum E2 or NTx concentrations in

female dogs, and may reflect what appears to be a natural phenomenon in the canine

reproductive cycle. This cycle lasts about six to 10 months, and E2 concentrations are high

only during the early estrus and estrus phases, which account for two months of the cycle.

Thus, female dogs experience prolonged periods of low E2 levels; if these low E2 levels caused

higher bone metabolic turnover, as is the case in women, female dogs would then develop

forms of osteopenia detrimental to their survival. Furthermore, since female dogs do not

experience a menopause (humans are one of the few terrestrial mammals that do), I consider

that species differences in the relationship between sex hormones and bone metabolism are

an important area for future studies.

In Chapter 2, I discuss the effect of sex hormones on serum NTx concentrations as shown

in comparisons of serum NTx concentration in four groups of dogs of various ages: intact

males, neutered males, intact females, and neutered females. I also analyzed the relationship
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between NTx and age, body weight, and blood biochemical parameters.

I found that the serum NTx concentrations in all four groups followed a similar pattern.

This pattern for serum NTx consisted of an early peak followed by a steep, age-related decline

which bottomed out by the age of two years, and subsequently constant levels through the

maximum age in this study population. Therefore, I divided the study population into two age

cohorts for statistical analysis comparing intact and neutered dogs: the juvenile-to-infant

cohort (< 2 years of age) and the adult-to-geriatric cohort (> 2 years of age).

In the adult-to-geriatric cohort, serum NTx concentrations were highest in intact males,

followed by neutered males, intact females, and neutered females, and there was no significant

difference between intact and neutered females. Furthermore, serum NTx showed no

correlation with age in this cohort, and the only correlation observed between serum ALP and

NTx concentration was a weak one, in the neutered female dogs.

These results suggest that canine bone metabolism changes during the growth period up to

about two years of age, after which it stabilizes. The effect of sterilization on bone metabolism

during growth in the juvenile dogs remains unclear and is a subject for future study.

Furthermore, serum NTx significantly differed between intact and neutered males, but not

females, which may suggest that male sex hormones may affect bone metabolism, unlike E2.

Female dogs may not be a suitable animal model for bone research associated with E2
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deficiency states in women, whereas male dogs may be a potential animal model for bone loss

associated with hypogonadism in men.

The present study, with its unprecedentedly wide age range and large number of samples,

has created a unique opportunity to investigate the relationship between bone metabolism

and sex hormone variation in dogs.
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