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An Experimental Study of Osteoporosis Produced by
Oophorectomy and/or Immobilization in Rats‘

Seok Hyun Lee, M.D., Eung Nam Cha, M.D.*, Chang Sung Cho, M.D.*

Department of Orthopaedic Surgery, College of Medicine, Korea University, Seoul, Korea
Department of Orthopaedic Surgery, College of medicine, Dongguk University, Kyungju, Korea*

Previous studies implied association of osteoporosis with estrogen deficiency, immobilization and
low calcium absorption only through epidemiological studies. There have been only a few experi-
mental studies verifying the etiologic factors of osteoporosis in vivo condition. Authors conducted an
experimental study using white rats(Sprague Dawley) in order to find out what the endocrinological
and biochemical changes of experimentally induced osteoporosis are and how they behave with or
against each other. - _

White rats, eighty five in number of 3 to 6 months females and weighing 220+ 12.7gm were divid-
ed into four groups. They consisted of Group I(n=10) for control, Group II(n=25) for bilateral
oophorectomy, Group III(n=25) for bilateral division of sciatic nerve and hip spica cast immobiliza-
tion, and Group IV(n=25) for bilateral oophorectomy and bilateral division of sciatic nerve plus hip
spica cast immobilization.

Blood samples were taken preoperatively and postoperatively at six weeks to check Estradiol and
Osteocalcin levels there of. And then, rats were sacrified immediately after the second sampling to
retrieve femora for bone mineral density measurement and torsional stress test.

Estradiol levels before operation were 21.4+13.3pg/ml for Group I, 31.6+3.1pg/ml for Group II,
25.6+4.5pg/ml for Group III and 33.7 +4.5pg/ml for Group IV, respectively. There were no signifi-
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cant differences observable among the groups. Estradiol levels at six weeks postoperatively were
42.3+18.8pg/ml for Group I, 5.4+2.7pg/ml for Group II, 40.8 +5pg/ml for Group Il and 6.2+2.3
pg/ml for Group IV, respectively. Apparent reductions in group II and IV were proved of statistical
significance.

Osteocalcin levels preoperatively were 1.2 +0.6ng/ml for Group 1, 1.7+0.4ng/ml for Group II, 1.5
+0.1ng/ml for Group III and 1.5+0.1ng/ml for Group IV, respectively. At six weeks postoperatively
they were 1.6+0.1ng/ml for Group I, 1.7 +0.3ng/mt for Group II, 1.8 +0.3ng/ml for Group III and
1.2+0.1ng/ml for Group IV, respectively. The differences and changes among the groups and mea-
surements were not of statistical significance.

Bone mineral contents at six weeks postoperatively were 0.248+0.03g for Group I, 0.177+0.03g
for Group II, 0.226+0.04g for Group III and 0.092+0.01g in Group IV, respectively. Low values of
Group II and IV compared to those of Group I and III were of statistical significance.(P=0.0001)

Torsional strength of bones at six weeks postoperatively were 4.0+0.2N/m for Group I, 1.5%
0.1N/m for Group II, 1.5+0.1N/m for Group III and 1.4+ 0.1N/m for Group IV, respectively.
Decreases of experimental groups(ll, III, IV) compared to that of control group(I) were of statistical
significance, but differences among the experimental groups were not of significance(p>0.05). .

For above observations, it was possible to conclude that osteoporosis measurable by bone mineral
content and torsional stress test was caused by oophorectomy and immobilization in vivo, the former
of which was more rapid and profound than the latter during early phase. When both factors, i.e.,
oophorectomy and immobilization are exerated simultaneously. the resultant osteoporosis was found

in higher degree than either factor only, but not at incremental degree as one may expect.
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B AMFo] 220gm, o] 3-6719 AFe] 71g)
7] 4% oA (Sprague Dawley, rat)¥jA 85ute]
£ 7oz UrAd A 12100E) L 2T
(contro), Al 2¢(259l2])& U4&F FAE AAT
Ya AAZ(ovx), A 3F25eHD S & FF A
7 Ad ¢ 294 A1 23S 3 23T (immobi-
lization), Al 47 (25v918)) & ¥&F dAE AAEH
A0 #E 4173 Ada 2 354 N 23 E ¢
A& B3 (combined) 2 242 /313, 4
2 BLP Als @, W) 3% AMSR
Ay AME APAEZ AT

2 4y

APAT dgo]l B 6550 WA FAE
Al AFdst AR niXe 4L WA
A1, A A¥A7} 65 Fo estradiol? osteo-
calcin® Z33Ath Estradiol® estrogene) ¥
Fo2 i AAE GAF G2 AHA RE ¥
317] $15k] =AU T, osteocalcin® A¥ HZE
9] FolMEel &AL viudr] st FFIA
o). ¥dL WMol meEley HH s

A 229 P2 AATL ketamin lccE ¥R
o Fsld oia s en, 2% wed g4
2 2E% BRE A% FAnsta, oM £ 71FE
ol g3t} GAE IQIsl EF F, d2E No.
4 Dexon2 2 A#33 AAsACh

A 32 ¥ H2FUA e ¢ aFd Ha ¥
o 23 & AP FoAME 94 ketamin lecE ¥
Aol BE7 FYo R oiHE ERE 95 sy
HIAAE BAs 22 F & 10mmtEE 3
Az, HF Bgstn, £@HEL 120° 247
3, W 90° ST, B IFF A E XH
3l A3 B 23 E Al

A 47 BTN e dSdi AAeY G2
FHIZ AAE EF HAFE A 3T iR 2
e N3 2 33 g APsdY 65F WNE
F2U 37 FYeE PN F &5 A
A&, +5& 2HE H9%EE 20x20mme
EA M E (Methylmethacrylate) 2 23331 =%
¥ 20mmZAele] HEEHH-o] digte] Axial-Tor-
sional Load Transducer MTS 662. 10B-07)&
o] &3to] JA 7% (torsion strength)E &334
2, FEZ2L FAyA A FF ASE7) (dual
energy X-ray absorptimoetry, Hologic QDR
2000) & °l&3ld %713 Fx(Bone mineral
content, BMC) & ZA3H(Fig. 2). °l/dolA
B ARE t-testE o83l BAANUE HAIEATh

9
==

Ay 4

1. Estradiol®} Osteocalcin2] gi%}

HAEPAF estradiold] F=E HE AgAA
£ HZFL 21.4+13.3pg/ml, B2 AAZL 316
+5,4pg/ml, A TL 25.6%3.1pg/ml, BT
33.7+4.5pg/ml2 2z #3te] EAHoz 9olE
atol 7t gidlct. 48 6FFole dxFS 423
18.8pg/ml, AT 40.8+5pg/ml2 Z7H8H
3, %a AATY 2FEL 5,442 Tpg/ml R 6.2+

Table 1. Estradial and osteocalcin levels before and after experiment in each group

Measure group Weight (gm) E2(pg/ml) Osteocalcin(ng/m)
Before At 6 weeks Before At 6 weeks
Group 1 225+6 21.4+133 423+18.8 1.2+0.6 1.6+0.1
Group 2 21913 31654 54+2.7 1.7+04 1.7+03
Group 3 229+3 25.6+3.1 40.8+5 1.5+0.1 1.8+03
Group 4 222+3 33.7+45 6.2+23 1.5+0.1 1.2+£0.1

All data are expressed as Mean+S.D.
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Fig. 1. Estradiol level measured before and at six weeks

* OVX : Oophorectomy group

** Immob : Immobilization group
*#%% OVX + Immob : Oophorectomy and immobilization group

2.3pg/mlE #AsHA 2Asch(Table 1, Fig. 1).

HZ osteocalcinFEv A¥A tiRTe] 1.2x
0.6ng/ml, ¥4 AAFe] 1.7£0.4ng/ml, YT
o] 1.5+0.1ng/ml, E&Fe] 1.5+0.1ng/mlM e
o, 4% 65F tzz°] 1.6+0.1ng/ml, & A
Aol 1.7+0.3ng/ml, 2Tl 1.8+0.3ng/ml,
B3hro] 1.2+0. 1ng/ml2 48 AF #&9 9
o3l Aol glddoh

2, M35 So|1-sTY gt

dd AAZe] AFF7he 78.2+2.9g0 2 U=
o] MFZE7} 20.5+4. 5gl vlst] HFo] Bol F
743 (p<0.001) FHFIIAEEE W& AATO|
0.177+0.03go. 2 hzT9] 0.248+0.03gcl ¥t
o EAAcz o9E AHEE YERIATHP0.0001).

Table 2. Body weight and BMC* in each group

Group Weight Change(g) BMC(g)
Group 1 20.5+43 0.248+0.03
Group 2 78.2+29 0.177+0.03
Group 3 48.1+1.7 0.226+0.04
Group 4 60.2+24 0.092+0.01

All data are expressed as Mean+S.D.
*BMC : Bone mineral content

Gz HIAZ AG 2 348 Hu Fny S Al
3 2N THIAFEE 0,.22610.04g2.2 o
Z7d Hlatd ojuigle Wile i (p0.05). &
FFANE AFZF77F 60.2+2.4g2 2 Be) F7t
5o (p=0.0001) ZF7|FF=e 0.092+0.01g
o2 714 A9tk (p=0.0001) (Table 2).

3. &d dx dAt

g4 2= FAAME d2FE 4.0+£0.2N/m, ¢4
AAZEL 1.5+0,IN/m, 23T 1.5+0. 1N/m,
EEIEL 1.440. IN/mE d2Fd) Hl3ld BE &
A BAEA FaE FAE EQov 4 AETE
e F2% Aole AT (p<0.05).

43 7 FAAME 23 24 AAAR e ZErt
2 2 me FAxrt e HoEM dE2FEE 51+
0.5°9 WX ZHo| dojut - o &
Wyo] 7b Agton Wi AAFANME 9,.0+0.7
2 #A3) 719 278 B9ed, nyeH B3
FAAE 747 7.2+0.4°, 8.9+£0.5F F7IH,
i AATH B23eol TR A F7t
®H 273& 2AHp0.05). '

4 LAl 229 oYX (area under curve)
£ d2PAME 9.620.8N/mold o™ ¥4 A
F& 7.5+0.9N/mZ Zx3¥1n, 2Tl 5.6+
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Fig. 2. No Correlation between BMC and strength is observable.

Table 3. Torsion strength in each group

Group Torsinstrength(N/m)*  Torsion angle to breakage(dgree) Area under Curve(N/m)*  Time(sec.)

Group 1 4.0+0.2% 5.1+05* 9.6+0.8* 25.1£2.6*
Group 2 1.5+0.1 9.0+0.7 7.5+09 45.0+34
Group 3 1.5+0.1 72404 5.6+0.5 36.4+1.8*
Group 4 1.4+0.1 8.9+0.5 6.5+04 447423

All data are expressed as Mean+S.D.

* N/m : Newton per meter

* p<0.05 Group 1 vs Group 2,3 or 4

* p<0.05 Group 3 vs Group 1 or Group 4

0.5, B§To] 6.5£0.42 HA] 2 ToAA 27| Table 4. Correlation between torsion test and other vari-
A

= A A7 BYo(p0.05). ¢ AR 2L ous parameters.

Fol Z AL NS W B VAN A Loms Rvaloe  Pusie
e g xF +2.6% A #den, &

Z\:t’ RS B 25.1%2.6 iﬂ&f&i o ¢ TBmc 0037 09035

& AATAA 45'~0i3' 422 S7Hd 242 5“?" Osteocalcin 0.049 0.8621

A, 3BT EFTIME 94 36.4+1.8%%  Torsion angle(Dgree) 0.314 0.1272

44.7+2. 522 nFFAAMe F7Pl dAa AATH Time 0.314 0.1270

Bl Hjg) e AL 2 2 AAH Table 3). Area under curve 0.552 0.0042
RPN che AZse) 4@ wAE 4w Ve 0.862 0.0049

B, F2713 = 2 osteocalcinX &t & &
At gz, 2F T 289 oA (area
under curve)9= 49 ATIAAE BYct EJF AFe Ut JAB/AE 2HcH(Table 4, Fig. 2).
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HA7F MmE &9 FPAE estrogend] FE
o o3 Aoz gl o), estrogend] FE71HA
sl & otz F4x g, ot shed 2871
° 2% estrogen® FFFE JASHE calcitoning
AAYE 2R33, 1,25-dihydroxy vitamin D3¢
AL /A AN Bee 58 =90, ot
AZe] EH receptors 7HA L 2ol AP A4
ol #dso] gk Bag v AT, A2ede
ZESA et LT Lo 382 dAge 7|
o} estrogenel 9J3l8, estrogenc]l AF=F, ]
ol AAzgol oA ILF Lol 98 E&FF
7} Z71dchn @k AW estrogend] ¥ wE
2273 58 W3S A¥F dF2 FHE B
e =B 23 HA7E 5% estrogen ¥F F=
9] Wyl FUxd viNe Gy F/APE Hol
A7 v 7} glok olol B A7 WA AAe
2 g2 AAEE Agsid gA7NNF A3 Hop
A 8% estrogenXE ¥ T estrogend] EF7]
Ars L X% e 9B 4gHeE Y
sAA s 2 AAE vimEch

AYA estrogend] FEE WEFNA 21.4pg/ml,
@i A AZA 31 6pg/miieyt 48 65F U2
Z& 42 3pg/ml, @4 AATE 5.5pg/mlE2 A
§ e )8 Bk FA 3P dEE2e 2
271355 Rl 0.248+0.03gelAx, F&
AMATo] 0.177+0.03ge.2 BAZ 2 oogle
Aste 1Yo 944 A= HAME dE2EL 4.0%
0.2N/m ¢4 AAFEL 1.5+0.IN/mZ 8AF 2
o3l #Ato]l WAANUT. YA A=E FH%e
AgetAQl Wyel 2 osteocalcinAE & T
9lom, osteocalcin® ZoA EolA AYAdslol &
¥% bone matrixol #&3sle] EAsled A2 ¥
¥ osteocalcin® YFe AF <8=HA =
3, ol &3 FYPAHE v BEFTF #
=34 o|Fo% Bone turn over rate’t F7t5o]
osteocalcin®] Z7Hgcta dHACH?.

E dFME b2 AAT 2 FT EFlA
osteocalcin®] ¥&7} giich. ol 2 Aol ¥
Q& AR, oF 6579 4grIzte] BotH TN ¥

H)5]& osteocalcin®l HEE ZAldle WF &
& . 7FsAdo]l 9, osteocalcine] €7t 2F
429} ZAAo] #UE A $olE Bone turn overd
A#7 HAD, SAAS F5Ub QAEA ¥ 7
2o 2 2 ARG AL 1AL W 6
Z7tolgte ARP7N Ftode ZEFT FPs]
ZAXS) NEQ osteocalcin® BE7F AR Aol
ohdrtetn AR, &R, AlEe osteocalcindll
W PAE 29 osteocalcindl WA= WA ¥
£& JeERA T w9 osteocalcinell Wt e o}
2% mAwrgol glo] AAAH e Z osteocalcin®] &
g3 Z40] AU 7HsAel UAT osteocalcin
& Fo @2 2 Aole gloeng? oz U IF
g o}F AL Ao AR,

AAZ 29333 nydAMe 29335 F¥9
7 dgolA &3 B ¢ e SUFFoE HMad
2y TE shklolE] Fo2 By T AFHE
& F3le §AEAA B £ ok ol &AM E
29 o] Futale FzA 7Bl E A &8
o] gloixA "t} AyreSUol <3 oF 14Uzt
242 A4S Y 1.3% WA 5.5%2 239
okslE Zaain, old uwE FPAL wiF 0.9%%
Agdrin Fop?, S| o7 L EF
4R e e Atz W P AT (piezoelec-
tric effect) ] W3jol osted TYPEG?, Az
Aol o] mjAe Pl tlF AL YPAREH
dolged, 1 FAH FA AT ¥ A+%
AR, B dFdye WMd aedHany S
Algsted Mo Fol| X Gl Y 48
A AF7E Iuct. 6523 AWF TN AFEE
t2Fo] 0.248+0.03g01 2, ZA Tl 0.226+
0.04g2 2 tizFol i3l Qegle #Fie NS
U, A= 9ol dE2Fe 4.0+0.2N/m, 1%
Z€ 5+0.IN/mZ #AA ZFrE $INE BHAY
t} 23 dd 289 oA (Area under curve)
£ dzTAdA 9.6+80191em, nATFNA 5.6+
0.52 golle #a £7E B

da AARY nFFE viad BYE 25712 F
TE ¢4 AADe] 0.177+0.03g, 2 T°) 0.226
+0.04g o2 ¢a AA Tl nFFET e A
38 Hyen, SAHH Aole ARy 4ol
doj717x e AEE td AAFe] 9.0+0.7,
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FAFO] 7.2+0.4°, FH T £88 oy
(area under curve)® d& AATl 7.5%0.9
N/m, ATl 5.6+0.5N/m, 22 LA 74A
9] AIre da AMATol 45.0%3.4%, nFTo|
36.4+1.8%2 Fa AAZAN =T uglA 57}
¥ AL BAFEY ol Zo FANEY uYdd
3 2713 F dd AATNN SH7)F L4l 4
) meAe) o] Aoz FrieR 2o @
4o vl WEY Aoz e,

2 B qAEA ga TeAE AR AR
7} @A oz Agsld Byt EuE H e
™, Riggs £7& Z#42E A9 WE IoHIE
A e T S Fad AT G4 3l
o] estrogen@aol We A A 29 A
o] ksl 9@ FULA adte] FaFe 4
o] 2B g3l @A} 71EEH TR B
naPo}®, B Ao di AAS 2F& FA
o AlPste] YA7IFE 2R0] ol PAE I¥E
BA3- A3 estrogend WERFolA 42,3+18.8
pg/ml, di AAZNA 5.4+2.7pg/ml, LAT
oA 40.8+5pg/ml, B&FNA 6.2+2.3pg/miz
da AAZTH BFFM BAEA AstE 2AE
By, FErAEEE ERT 0.248+0.03g, ¢
2 AAZE 0.177+0.03g, 2A T 0.22610. 04g,
EHF 0.092+0.01g22 22 3T Hl8
da AAZH BTN e A4AE HIUL
U 3 AAZE BTt Aole fldth €A
AEe gzl 4.0+0.2N/m, F& AAZE] L5
+0.1N/m, ZAFol 5+£0.1N/m, B&Te| 1.4%
0.IN/mZ tiZze) vl 2% #4ad &7& EX
o APFEERY 4% Aol gt FHLA
A dxe @i AAT] 9.0£0.7, HILol
8.9+0.5, =4 o] 289 oA (area under
curve) & ¢& AAFl 7.510.9N/m, EHFTol
6.5+0.4N/m, 23 SPA7A L] AL da A
AFo] 45.0+3.4%, BYFTo] 4.7£2.328 dx
AAZH g0 FAHLE {FAFT Aol7t 9
Act ole ¥a AAY nFE FA A=
Ao 2o "AE G¥L FEEY JFHAE &
E Aoz wardn) a2y estrogen 2R 2@
e we dejum, A4 3 YA Aste
AA3] o) FolAE AL mIHHE, AL F

o 2498 T 79 E3}FEo] /IEHE RE &
g & e 7Hedel Ut

AAGE AR AAF 9A Zx AV daE
AAG estrogend BT ¥ TAT, BFTAA iz
Zo| HlEtd FolaA e £XE veho] Ede]
A dodg £ ke A& ¢ £ Atk zEd
dAd Zx= AAe %713 FE, osteocalcin®H
E fog BEAo] glon, FAL L£8€ o
YA 2 (area under curve) @ #Ho] SUth ole
YEZ TP 77 Fxovt #dsie ¢y
& Zo| oplg 2] F29 AL FAHo] e AL
ou|gtl, & dEZ R SHE HUIEe AF
Zo] Qg Wwe Aoz AAAY, FGFFA
EAANEE 3¥F, 2I3Y9E 2 dE AR 2
& FHHZoMe] FHE FF old Ui PP L
AFEt] FAFo] B A@IFe ¥ 2EH W
Fo] B FIre] FAL vwdle] Hojol & A
oz Yz

et Y HE

AREL FoFFe HHE odstna HAME
o] 83 FEAYL APt AF 220mg, 4ol
3-671Y AFe) 719l 4% 4AH 9A 85vleE 4
AEeg U¥len, o 43 8L 65
#HEE 53l APAAF Y4E AH, Estradiol®
Osteocalcin® 2333, #AV|Zto] AAY F 4
PFozrny dEHIS A dolvA] WA
&4 AZ7)1(Dual energy X-ray absorptimetry)
& o]g3led 2F7]4% % (bone mineal content)
& Z&333 Axial-torsion Material Stress
System® °l43le] W= (trosion strength),
Zdo oy pAgYE, 2 G 289
U7 (area under curve) & 44 E3&H 1 &
85 t-test® ol &3t BAAtL, ZTe A
EL A5 v BNl ey gL ZEL 4%
c},

1. 4% 6F% ¥F estradioldle @2 A
93 estradiol HAE AT F IRy EF
osteocalcin®9) Wzle #AE A gkt

2. ERASEE 4¥ 657F Ud AATH §
gzolM BAMeZ golgle Has BT,
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o 93] §48 F vke A& Lo o|EF

estrogen@¥el 713 2% 9 HAWL 7] A
JAAE HIANAE A4 wEe FohFFo| FE3I}
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-

7EEAE Fethe 2 ¢ F AAWH. 2 A7
HAZo] FAEA tEHZ 7 d@ 43F

A7aA dggtEoz oerir] HeA Aol &
AEg Ad AT uiF TUF APFH AT}
Hlw o] Pag Heg Algdr}
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