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Abstract

Estradiol-1P (Ey) increases creatine kinase (CK) specific activity in aorta (Ao) and left ventricle of the heart (Lv) from rat females. In
the present study, we analyzed the effects of pretreatment with the non calcemic analog of vitamin D, JK 1624 F2-2 (JKF) on the response
to E; (either 0.5 or jug/rat) of Ao and Lv from prepubertal female rats. JKF did not affect CK in either organ. However, pretreatment with
JKF (0.1 ng/g body weight for 1 or 2 weeks) increased the CK responsg(@®dgug/rat) by 50+ 10% in Ao and by 15& 12% in Lv. The
CK response to pug/rat of B in intact female rats, was increased by #185% and 99t 11% in the Ao and by 89 6% and 112+ 13%
in the Lv, in animals treated daily with JKF for 1 or 2 weeks, respectively, before administration KE also increased the response
to 500wg/rat raloxifene (Ral) by 47 8% in Ao and by 56+ 12% in Lv. Preliminary experiments showed that JKF treatment induced a
~50% increase in estradiol receptor & both organs. The results indicate that the vitamin D analog JKF upregulates the response and
sensitivity of vascular tissues t@ Hn association with increased expression of theinERhese results should prompt examination of the
possibility that the effects estrogen therapy in postmenopausal women can be augmented by vitamin D or its analogs.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction The specific activity of creatine kinase (CK) is known
to be induced by estrogens in vivo and in vitt0,11],

Despite the recent Women’s’ Health Initiative study and, therefore, can be used as an estrogen receptor (ER)

report that continuous treatment with conjugated equine response marker. In previous reports, we showed that the

estrogens and medroxyprogesterone acetate may adverselgon hypercalcemic analog of vitamin D, JK 1624 F2-2

affect cardiovascular disease in older wonjéh a large  (JKF) [12] increased the effects of,En terms of both

body of evidence suggests that estrogen has multiple di-the absolute response and sensitivity toifE skeletal cells

rect beneficial effects in the vasculat&-4]. The lower and skeletal tissuefL3] and in vascular cells in culture

incidence of heart diseases among pre-menopausal wome14].

compared with males or with postmenopausal women is We now address the possibility that the effects efil

likely related to protracted effects of estrogen during re- the cardiovascular system [Aorta (Ao) and left ventricle of

productive years. This protective effect of estrogen appearsthe heart (Lv)] can be modulated in vivo by JKF.

related to multiple effects such as favorable decrease in the

ratio between LDL and HDL5] and on lipid peroxidation .

[6] and vascular reactivitj7]. Overall, most studies in ex- 2 Materials and methods

perimentally controlled conditions in the laboratory support )

the concept that estrogens are protective against coronanf-1- Animals

atherosclerosif2—4,7-9
e ] Prepubertal female Wistar rats were used at the age of

25 days. Rats were housed in air-conditioned quarters with

— ) ) light from 05.00 to 19.00h and received food and water
" Presented at the 12th Workshop on Vitamin D (Maastricht, The Nether-

lands, 6-10 July 2003) ad libidum. Experiments were carried out according to the
* Corresponding author. Tekt972-3-6973306; fax:-972-3-6974473.  regulations of the Committee on Experimental Animals of
E-mail address: dalias@tasmc.health.gov.il (D. Somjen). the Tel-Aviv Sourasky Medical Center.

0960-0760/$ — see front matter © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jsbmb.2004.03.022



340
2.2. Hormonal treatments

Rats were injected i.p. with vehicle (0.05% ethanol in
saline) or JKF (0.1 ng/g body weight) daily for 4 days. On
day 4, each of the rats above received an additional i.p. in-
jection of either vehicle or £(0.5 or 5ug/rat), or raloxifene
(Ral 500u.g/rat) or the combination of Ral anoBn some
experiment the treatment was extended for another week.
Animals were sacrificed 24 h after the vehicle, & Ral
injection.

2.3. Creatine kinase extraction and assay

Rat organs: aorta (Ao) and left ventricle of the heart (Lv),
were collected in isotonic buffer, homogenized and tissue
extracts were obtained as described befbbe-17] Enzyme
activity was assayed as described previo(isb-17]

2.4. Satistical analysis

Differences between the mean values obtained from the
experimental and the control groups were evaluated by anal-
ysis of variance (ANOVA).

3. Results

Treatment with JKF for 1 or 2 weeks did not affect signif-
icantly the specific activity of CK in Ao and Lv of prepuber-
tal female rats. However, pretreatment with JKF (0.1 ng/g
body weight) increased-Edependent CK stimulation: after

1 or 2 weeks of pretreatment with JKF. The induction by |

0.5png E; of CK in Ao was increased by 5& 10%, and
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Fig. 1. Modulation by JKF, of CK specific activity in Ao and Lv from
prepubertal female rats. Rats were injected as describeSleation 2

Results are expressed as percentage increase of CK specific activity

after JKF compared to Ealone. Results are the meanS.E.M. of
three experiments each performed in triplicateB.< 0.05, ** P < 0.01
for the comparison treatment withyEafter vehicle alone. # < 0.05,
## P < 0.01, ### P < 0.005 for the comparison treatment with JKF
alone. Data were assessed by ANOVA.
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in Lv by 150+ 12%. After 1 week of daily treatment with
JKF, the induction by k(5 wng) of CK in Ao was increased

by 118+ 15%. Two weeks of daily treatment with JKF in-
creased the response tg By 99+ 11%. Similarly, 1 week

of daily JKF treatment, increased the CK response ji@ 5

of E in Lv by 89+ 6% and 2 weeks of pretreatment with
JKF increased the CK response tp&of E; by 112+ 13%
(Fig. 1. Using an identical pretreatment protocol we found
that JKF administered for 1 or 2 weeks also increased the
CK response to 50Qg raloxifene in both Ao and Lv. How-
ever, JKF abolished the blockade exerted by the estrogen
receptor antagonist raloxifene on Effects: such that in Ao
the net increase was by 4£8% and in Lv by 56t 12%, sig-
nificantly more than with raloxifene/Ewithout JKF (P <
0.05). Treatment with JKF for 2 weeks also stimulated the
level of estrogen receptor BRNn both Ao and Lv by about
50%, measured by Western blot analysis.

4, Discussion

The present in vivo study in intact prepubertal female
rats, demonstrate thap Btimulates CK (an early “estrogen
induced protein” in vivo and in vitro) which is a known
estrogen response markirl] in Ao and in Lv. Pretreat-
ment with the vitamin D analog JKF alone, had only slight
effects on CK specific activity in both Ao and Lv. More
importantly, however, JKF upregulated CK response in Ao
and Lv to B and to raloxifene. Further, JKF blocked the
inhibition of E, activity by raloxifene in vivo. The changes
in the aortic and myocardial responses todnd to ralox-
ifene after vitamin D analog, probably reflects changes
in ERe and ER as suggested by previous observations
that JKF induces such effects on ER in the skeletal and
vascular cell§13,14] Indeed JKF treatment increased the
level of ERx in Ao and in Lv as measured by Western blot
analysis.

Although the recently published WHI repdftf] seriously
challenges beliefs that estrogens exert protective cardio-
vascular effects, multiple vascular influences of estrogen
do appear to offer potential advantadés3,5,10] Hence,
there is a growing challenge to better understand all vas-
cular effects of estrogenic compounds, such that selective
activation of beneficial effects, with avoidance of poten-
tially deleterious effects can be sought in the future. In this
context our results not only define new metabolic targets
for E2 and raloxifene in the cardiovascular system, but also
identify a novel pathway, that is, activation of vitamin D
receptors, by which these effects can be modulated.
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