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Changes of Bone Mineral Density and Levels of Cytokines in the Culture
Media of Bone Marrow Monocytes after Ovariectomy in Rats
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ABSTRACT

Background: Aithough the mechanism of the increase in bone resorption induced by estrogen
deficiency is still controversial, recent studies have suggested that estrogen may modulate the
secretion of bone resorption cytokines that are produced in the bone microenvironment and
influence bone remodeling. Among them, IL-1 and TNF-a promote bone resorption by stimulating
the activity of mature osteoclasts and the differentiation of osteoclast precursors and the production
of these cytokines are mediated by estrogen. We performed this study to evaluate the effect of
ovariectomy on bone mineral density and levels of cytokines in the culture media of bone marrow
monocytes.

Methods: The experimental animals were 23 female Sprague-Dawley rats that were 8 weeks of
age and weighed an average of 176.8 gm at the beginning of the study. Bilateral ovariectomy
(n=13) and sham-operation(n=10) were performed in all rats from a ventral approach.

Bone mineral density(BMD) of the total body and levels of IL-1 and TNF-a of culture media
of bone marrow monocytes were measured before and 8 weeks after operation with using DPX-L
and ELISA assay, respectively. Serum levels of LH, FSH, E, were measured by RIA assay.

Results: BMD of total body was lower after ovriectomy(0.24 +0.04g/cm’) than before ovariec-
tomy(0.27 £0.03g/cm?), but there was no statistically significant difference in sham-operation
group. Serum levels of LH, FSH were higher after ovariectomy(0.87+0.36 mIU/mL, 9.47+1.26
miU/mL) than before ovariectomy(0.10+0.06mIU/mL, 2.09+0.41mIU/mL)(p<0.01) and serum
level of E; was lower after ovariectomy(10.98+8.71pg/mL) than before ovariectomy(7350.77+
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417.29 pg/mL)(p <0.01), respectively.

Levels of IL-1 and TNF-a in culture media of bone marrow monocytes were higher after
ovariectomy(23.48 +3.98pg/mL, 52.64+531 pg/mL) than before ovariectomy(9.72+0.94pg/mL,
24.37+3.39pg/mL)(p<0.01), but there were no statistically significant differences in the sham-

operation group.

Conclusion: It is possible that increased production of IL-1 and TNF-q in estrogen deficiency

induced by ovariectomy occures in the bone microenvironment and these cytokines may play a
critical causal role in inducing bone loss. (J Kor Soc Endocrinol 12:215-221, 1997)
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Fig. 1. Changes of total body BMD between before and after ovariectomy and sham-operation.
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Fig. 2. Changes of serum levels of LH, FSH and E; between before and after ovariectomy and sham-operation.
*p<0.01 vs pre-operation
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Fig, 3. Changes of IL-1 levels in the culture media of bone mamow monocytes between before and
after ovariectomy and sham-operation.
*p<0.01 vs pre-operation

pg/mL
60 *

50 |

40 r

Cisham operation
M ovariectomy

30 r
20 r

10

0

pre—op post—op

Figiamwofmalwdsinﬁwmﬂmnwdiaofthcmmmwmmcymbﬂwm
before and after ovariectomy and sham-operation.
*p<0.01 vs pre-operation

- 218 —



— g iAol AAlE A EUEs} B4 AR Wil A AT -

A AA 24zF 0.0930.03mIU/mL, 2.12:0.73mIv/
mL, 7364.26+498.53pg/mLol] Al% Z}2} 0.80+
0.01mIU/mL, 2.01+0.69mIU/mL, 7401.93+504.68
py/mLE EARMY {248 HolA Ystai(p>0.05),
GAAASE AP FoliE A9 LK, FSH, Exx
Z}zt 0.1040.06miU/mL,  2.094£0.41mIU/mL,
7350.77+£417.29pg/mLollA] A% 247} 0.871+0.36
miU/mL, 9.47+1.26mIU/mL, 10.98+8.71pg/mL&
A E Fo% FA(p<0.0)E Hof A
7} ATHoZ o]FoFSE ¢ T UAeHFig. 2).

UElEs el B2 vildsled e IL-12
sham-operation-§& A|8§%t FollA] AlshA 9.83+1.33
pg/mLollAl AJS% 10.12+1.41pg/mLE EAHH &
9Ag BolA Ysta(p>0.05), ‘IS AP
FolAle AlA 9.72140.94pg/mLollA] Al 23.48
+3.98pgmL 2 FAINA o2 §oit F7Hp<0.0)E
HechFig. 3).

sl g4 DelTg el wioksle] 4% TNFax]
+ sham-operation-§ AJ3P¢ FollM Aj2H 2546+
3.18pg/mLollA] AJSF 24.52+3.29pg/mLE EAIEHH
FOE RolA Pka(p>005), FLREAEE AY
3 FollAE A 24.37+3.39pg/mLolld] A%
52.6445.31pgmLE. FAIGH 22 {4 F7Hp<
0.01)8 B clFig. 4).

b} &

Hze) 7ol i oliETA 2Bl AT TE
T FErol Befsl= A E719] paracrine produc-
tion] Z7loll o8 viZislE Ro2 ¢eiA U3,
10~12] oll=EZA] o3t FFT WAl Uit Y
8 71A-e oz Buwslct Pacifici {131 ol&E
ZHMo] IL-137} IL-1 receptor antagonistol] gt 5438
oAAAe] PulE 2Pl Easqict

IL-12 A% AL FEEet SFAE A
FAES) B8 AFsle] FEFE AT A=
gejxgli, IL-18) A3HE 723l IL-6, IL-11,
macrophage colony-stimulating factors} Z-& A|EZl
o] BulE FAEIN fehe 2o 98iA SUHHS,

7,14,15). Kimble §{16]2 F2A41&E A58 Holl
4] sham-operation& AJe§4} FHoll A K} 2585 I
AL wliekilly S4% IL- 12471 FARMH o gl
71 B GG AE ¥ 279 I Sadr o
T dokn Bassich =29 dFeE A
€8 A% oA sham-operation-§ A|3§%t FEr} 8
F¥ol| B¢ FgT FHY IL-1x7} Fois)o]
Kimble -#{16]3} A1 A& Hedvk a2 Stock
1712 P737) dAollA] olAEZA X g ¥l E 2k
Y ol IL-6434 2] Wi} gidivkn Bss}
%131, Zarrabeitia 5{11}3} Hustmyer ${18]% #H|74~]
FohEF WAeA d3A gl vlaesled g
ol chall oA 243 IL-19] 2718 HelA] ket
2 Basjel Azte] Qyel goldt AnkE Bt a8
1} olE9] dvolliie 5Tt obdat dxEy
chTollA] 4% A o2 A9} Kimble 5{16]9] <1
FAze} Holdk AL He AoE & o IL-10] 3
2] vl qggell Axdsle] A Hos Agsdct

IL-18]e}} TNF-0X osteoclastogenesis} A<-5l v}-&-
AEe] FEE AFAA 294L dAPle A
2 ¢844 sla, IL-13 o] IL-11, macrophage
colony-stimulating factor®} 7Zh& osteoclastogenesis&
27t thE AEF} IL-69] FHlE Fdsle A
2 92iA Sleq18~20). &L IL-13} TNFox B
AFEAA A2 45388 Uehlie, o] F7EA] XEQ
2] e QlAlel HollA ollAEZ A ool 245
© A2 9¥iA YrH22,23). AARL] Aol ¢
£7AEE A% Tl sham- operationg A|¥%F
TH} 85F00 4 ol F4% TNFaxrt
Z7}=lo] IL-13} Zro] Kimble E{16]2] 23} A}
pii=d

ol Ael|A & ulf FAAAlEo) 2% lAER
A APAeollA] IL-13 TNF-orl S3E48E Zadhe
Zo3h aclog A_Y Zog AFHY o]Fd oigt
Z33AP) o} AlEFle] 2% FEAS MY 5 3
24l digt 471 Yoy AeR Agdct

— 219 -



— Ui Al 12 A2 X 1997 -

2 of

HpUR: olaERa) ARl o8 oprisle EE4
off ok gHet 71AL 3 deiA UA govt dlre
2A0] Fe vlAEFelld FAE Ao sl AlB
Z1e] Bl Bedehs Ao deiA ot of2igt A
E7] FojlA IL-13} INFw} A<s #3430 =
=9} shEAX] ATAE B3E FANA ZHToN
Hojshe Aoz gdeid slew, ofE AIE] A§4e]
oflAE 2] ofs] 2A¥c= Bt Qi) olell A
e YA Al gt dlA~ERal Aol wir oA
FYES o]F AEZel| viX|= g UolR iz} o]
AF-E AleBsisich

oI 835 Sprague Dawley Y& R
147 Mg3 sham-operation AJ% ¥ olA DPX-L
€ olfsld FAFUEE ST, FaAAes
ABANE ¢7] Hislel ¥4 LH, FSH, K& $3%}
ek B A45} Sham-operation A|$jA ¥l sl
FrollA] g Felulioksle] ELISAY e 2 IL-13}
TNFo§ FA4v]2 3}gich

b GRS ANY oM s FFY
FUEE FANHeE folshl Uekap<0.05),
sham-operationg A|3§% FollMe FAGH LR §-o]
3 2jolE HolAl Ysichk €A LH ¥ FSHE 43
AEg AP Folli FAIGH 2 oA 2kap
<0.01), B FAAANEE A3 Folld] FAM Ao
2 ferbl 9l Jelgckp<0.01). 35 9T
ufokololla] Z8%F IL-13} TNFox AR AEE A
3P Folldl EAEHZ folR U BAAp<
0.05), sham-operation2 AJ§3} el EAEH
2§93 Aolg HelA asich

& A ASF oblslE IL-13} TNFa2
Z7e olAEeA o] o3 sl EEAN F
23 A2 24 Aoz Axdck

& n 2 8

1. Raisz LG: Local and systemic factors in the

10.

pathogenesis of osteoporosis. N Engl J Med
318:818-828, 1988

. Horowitz M: Cytokines and estrogen in bone:

anti-osteoporotic effects. Science 260:626-627,
1993

. Horowitz MC: Cytokines and estrogen in bone:

anti-osteoporotic effects. Science 260:626-627,
1993

. Gowen M, Wood DD, Ihrie EJ, McGuire MKB,

Russell RGG: An interleukin-like factor stimu-
lates bone resorption in vitro. Nature 306:
378-380, 1983

. Lorenzo JA, Sousa SL, Alander C, Raisz LG,

Dinarello CA: Comparison of the bone-resorbing
activity in the supermatants from phytohemaglu-
tinin-stimulated human peripheral blood mononu-
clear cells with that of cytokines through the use
of an antiserum to interleukin 1. Endocrinclogy
121:1164-1170, 1987

. Boyce BF, Aufdemorte TB, Garmett IR, Yates

AJP, Mundy GR: Effects of interleukin-1 on bone
turnover in normal mice. Endocrinology 125:
1142-1150, 1989

. Konig A, Muhlbauer RC, Fleisch H: Tumor

necrosis factor a and interleukin-1 stimulate bone
resorption in vivo as measured by urinary(’H)
tetracycline excretion from prelabeled mice. J
Bone Miner Res 3:621-627, 1988

. Ralston SH, Russell RGG, Gowen M: Estrogen

inhibits release of tumor necrosis factor from
peripheral blood mononuclear cells in postmeno-
pausal women. J bone Miner Res 5:983-988,
1990

. Rickard D, Russsell G, Gowen M: Oestradiol

inhibits the release of tumor necrosis factor but
not interleukin 6 from adult human osteoblasts in
vitro. Osteoporosis Int 2:94-102, 1992

Pacifici R, Vannice JL, Rifas L, Kimble RB:
Monocytic secretion of interleukin-1 receptor



1L

12.

13.

14,

15.

16.

17.

— 928 WMol GAHANE AR Fusst TG AR el B A7 -

antagonist in normal and osteoporotic women:
effects of menopause and estrogen/progesterone
therapy. J Clin Endocrinol Metab 77:1135-1141,
1993

Zarrabeitia MT, Riancho JA, Amado JA, Napal J,
Gonzalez-macias I: Cytokine production by peri-
pheral blood cells in postmenopausal osteoporo-
sis. Bone Miner 14:161-167, 1991

Khosla S, Peterson JM, Egan K, Jones JD, Riggs
BL: Circulating Cytokine Levels in Osteoporotic
and Normal Women. J Clin Endocrinol Metab
79:707-711, 1994

Pacifici R, Rifas L, McCracken R, et al: Ovarian
steroid treatment blocks a postmenopausal
increase in blood monycyte interleukin 1 release.
Proc Natl Acad Sci USA 86:2398-2402
Pfeilschifter J, Chenu C, Bird A, Mundy GR,
Roodman GD: Interleukin-1 and tumor necrosis
Jactor stimulate the formation of human osteo-
clast-like cells in vitro. J Bone Miner Res 4:113-
118, 1989

Felix R, Fleish H, Elford PR: Bone-resorbing
cytokines enhance release of macrophage colony-
stimulating activity by osteoblastic cell MC3T3-
El. Calcif Tissue Int 44:356-360, 1989

Kimble RB, Matayoshi AB, Vannice JL, Kung
VT, Williams C, Pacifici R: Simultaneous Block
of Interleukin-1 and Tumor Necrosis Factor Is
Required to Completely Prevent Bone Loss in the
Early Postovariectomy Period. Endocrinology
136:3054-3061, 1995

Stock JL, Coderre JA, McDonald B, Rosenwasser
LJ: Effects of estrogen in vivo and in vitro on

18.

19.

20.

21,

23,

spontaneous interleukin-1 release by monocytes
Jrom postmenopausal women. J Clin Endocrinol
Metab 68:364-368, 1989

Hustmyer FG, Walker E, Yu X-P, et al: Cytokine
production and surface antigen expression by
peripheral blood mononuclear cells in postmeno-
pausal osteoporosis. J bone Miner Res 8:51-59,
1993

van der Pluijm G, Most W, van der Wee-pals L,
de Groot H, Papapoulos S, Lowik C: Two distinct
effects of recombinant human tumor necrosis
Jactor-alpha on osteoclast development: and
subsequent resorption of mineralized matrix.
Endocrinology 129:1596-1604, 1991

Thomson BM, Mundy GR, Chambers TJ: Tumor
necrosis factor a and B induce osteoblastic cells
to stimulate osteoclastic bone resorption. J
Immunol 138:775-779, 1987

Bertolini DR, Nedwin GE, Bringman TS, Smith
DD, Mundy GR: Stimulation of bone resorption
and inhibition of bone formation in vitro by
human tumor necrosis factor. Nature 319:516-
518 1986

. Chaplin Dd, Hoggist K: Interactions between

TNF and interleukin-1. In: Beutler B(ed) Tumor
The Molecules and Their
Emerging Role in Medicine. Raven Press, New
York, pp 197-200, 1992

Kitazawa R, Kimble RB, Vannice JL, Kung VT,
Pacifici R: Interleukin-1 receptor antagonist and

Necrosis  Factors.

tumor necrosis factor binding protein decrease
osteoclast formation and bone resorption in
ovariectomized mice. J Clin Invest 94:2397-2406



