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ABSTRACT. The purpose of this study was to assess the single and 5 week oral dose toxicity of
calcitriol and alendronate combination (1 : 10,000) treatment for osteoporosis or Paget's disease in
male and female rats. In single dose oral toxicity study, the values of LD, of calcitriol and alendr-
onate mixture were 750.075 mg/kg in male rats and 775.0775 mg/kg in female rats, respectively.
Body weight and food consumption were continuously increased after adminstration of calcitriol and
alendronate mixtures, and there was no significant changes in body weight and food consumption in
all groups. In five-week oral toxicity study of calcitriol and alendronate mixture at a dose of 0.2 ug +
2mg, 1 ug + 10 mg, 5 ug + 50 mg and 25 pg + 250 mg, respectively, there was no mortality,
abnormal behavior and appearance in all groups throughout the administration period (5 weeks) and
recovery period (2 weeks). Dose-dependent changes in parameters of urinalysis and hematological
analysis were not observed in male and female rats treated with calcitriol and alendronate mixtures.
All the values of the parameters appeared to be in the normal range. These data indicate that both
calcitriol and alendronate are drugs having low toxicity in rats. NOAEL of calcitriol and alendronate

mixtures were 50.005 mg/kg in 5-week oral toxicity.

Keywords:

INTRODUCTION

Calcitriol, 1,25-dihydroxy cholecalciferol, 1,25-(OH),-
vitamine D, (Kiriyama et al, 1989; Nakatsuka ef al,
1992; Caniggia and Vattimo, 1979; Need et al., 1985;
Caniggia et al, 1996; Gallagher, 1990) and alendr-
onate, 4-amino-1-hydroxy butylidene-1,1-bisphosphonic
acid (Azuma ef al., 1995; Sahni et al., 1993; James and
Reynolds, 1993; Boonekamp et al., 1986; Nagao et al.,
1990; Carano et al, 1990; Lowic et al, 1988) have
been used for therapeutic agents of osteoporosis. Re-
cently many studies showed that alendronate and cal-
cium or calcitriol combination treatment for osteoporo-
sis and Paget's disease are clearly greater than those
achieved by calcium monotherapy. Malavolta et al.
(1999} reported that continuous treatment for 9 months
with calcitriol or calcium in combination with alendr-
onate significantly increases both vertebral and femoral
neck density (from 3.8% to 4.5% and from 0.61% to
2.36%, respectively) in osteopenic postmenopausal
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women. The effects of both combinations on bone
mass are clearly greater than those achieved by cal-
cium monotherapy. In addition, Wendlova et al. (1999)
showed that Paget's disease treated with alendronate,
calcium and calcitriol combination treatment reduced the
number of osteoplastic foci on the x-ray image of verte-
brae and pelvis, regression of the vertebrogenic algic
syndrome and improved mobility of the patient. Fredi-
ani et al. (1998) recently reported that combined treat-
ment with calcitriol and alendronate was more effective
than therapy with alendronate alone. The toxicity of
combined treatment with calcitriol and alendronate for
osteoporosis remains unclear.

Therefore, in this study, we investigated single dose
and five-week oral toxicity of calcitriol and alendronate
combination (1 : 10,000) in male and female rats.

MATERIALS AND METHODS

Animals

The Sprague-Dawley rats with 5-week old were pur-
chased from Han-Lym Laboratory Animal Ltd. Co. and
acclimated for one week in environmentally controlled
rooms (temperature: 23 +2°C, relative humidity: 60 +
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Table 1. Mortality and LD, of calcitriol and alendronate
mixture (1 : 10,000) in rats

Doses LDg,"
Calcitriol  Alendronate  Mortality ASI; akgtnol +
(ngkg)  (mghkg) endronate
(mg/kg)

0.2 2.0 0/10

1.0 10.0 0/10

5.0 50.0 0/10

25.0 250.0 0/10

Male 50.0 500.0 oo 72007

75.0 750.0 6/10

100.0 1,000.0 9/10

125.0 1,250.0 10/10

0.2 2.0 0/10

10 10.0 0/10

5.0 50.0 0/10

25.0 250.0 0/10

Female 500 500.0 0/10 775.0775

75.0 750.0 5/10

100.0 1,000.0 9/10

125.0 1,250.0 10/10

LD, were calculated by Behrens-Karber method.

2%, air ventilation: 13~15 times/hr, artificial light: 300
Lux from 7 am to 7 pm) and were fed with sterilized
regular laboratory chow and water ad libitum in animal
SPF center in Chung-Ang University.

Preparation of test compounds

Calcitriol and alendronate were obtained from YuYu
Industrial Co., Seoul. Calcitriol and alendronate were
mixed in various ratios (as described in Tables 1 and 2)
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in 0.5% carboxylmethylcellulose (CMC). The mixture
was prepared every week in brown bottle and stored in
a refrigerator until use. The volume of administration
was adjusted to 5 ml/kg body weight.

Acute single oral toxicity

All experiments were conducted according to “Guide-
lines for Toxicity Testing of Pharmaceuticals” (KFDA,
1999-61). To investigate single dose oral toxicity and
LD., both sex animals were randomly divided into 9
groups, respectively (male: 10 rats/group, female: 10
rats/group), and orally administered with calcitriol +
alendronate mixtures at the ratio (1 : 10,000) : 0.2 ug +
2mg, 1 ug + 10 mg, 5 ug + 50 mg, 25 ug + 250 mg,
50 pug + 500 pg, 75 pg + 750 mg, 100 pg + 1000 mg,
125 ug + 1250 mg, respectively. The value of LD, for 2
weeks was calculated by Brehrens-Karber method.
Clinical signs, food and water consumption, and body
weight change were observed everyday after adminis-
tration. After 2 weeks, major organs and tissues includ-
ing brain, liver, kidney, heart, spleen, adrenal gland,
testis, ovary and femoral bone were fixed in 10% neu-
tral buffered formalin solution, and processed for micro-
scopic examination.

5-Week oral dose toxicity

To investigate 5-week oral dose toxicity of calcitirol +
alendronate mixtures, both sex animals were randomly
divided into 5 groups, respectively (male: 20 rats/group,
female: 20 rats/group) and orally administered with cal-
citirol + alendronate mixtures at the ratio (1 . 10,000) for

Table 2-1. Urinalysis in male and female rats treated orally with test drugs for 5 weeks

Urine sediment

] Ketone  Glu-  Occult  Bili- Urobili- o
H Protein" X Color”  Nitrite®
Sex  Dose n P l body”  cose” blood” ubin® nogen® ' WBC SEC SREC Cast
60 65 70 7580 -  + - =+ + - x4+ + + Y - + - * x E
Contol 10 0 O O 1 9 9 1 0 9 1 0 10 9 1 0 10 10 O 10 10 9 1 10 0 10 10 0 10
25+250 10 0 0 O 2 8 8 11 9 0 1 10 8 11 10 10 0 10 10 10 0 9 1 10 10 0 10
Male 5460 10 0 0 0O 2 8 9101000 10 9 01 10 100 10 10 9 1 10 0 10 9 1 10
i+10 10 0 0 1 2 7 100 0 10 OO 10 9 1+ 0 10 10 O 10 10 9 110 0 10 9 1 10
02«2 10 0 0 3 3 4 910 9 1 0 10 10 0 0 10 9 1 10 10 10 0 10 0 10 9 1 10
Control 10 0 O O 1 9 10 0 0 10 O O 10 100 O 10 9 1 10 10 10 0 9 1 10 10 0 10
25+250 10 0 0O O 2 8 9 1 0 9 1 0 10 10 0 O 10 9 1 10 10 i0 0 10 0 10 9 1 10
Female 5+50 10 0 4 4 2 0 10 0 0 10 0 0 10 100 0O 10 10 O 10 10 9 1 10 0 10 10 0 10
t+410 10 2 5 3 0 0 910 9 10 10 9 10 10 100 10 10 10 0 10 0 10 10 0 10
0242 10 3 4 3 0 0 100 0 10 OO0 10 1OO0CO0C 10 10O 10 10 10 0 10 0 10 10 O 10

Y_: 0 mg/dl, +: 10~20 mg/dl, + : 30~70 mg/dl.
A_: 0 mgd, +:5 mg/d, +: 10~20 mg/dl.

I_: 0~10 mg/dl.

Y—: 0 mg/d, +:0.03 mg/dl, + : 0.06~0.1 mg/dl.
®_: 0 mg/dl.

8+ : 0.2~1.0 mg/dl, + : 30~70 mg/dl.

: yellow.

8_ : below 10° bacteria/ml. SEC : Squamous epithelial cell, SREC : Small round epithelial cell, PS : Phosphate salts, CO : Calcium

oxalate.



Toxicological Evaluation of Calcitriol and Alendronate Mixtures 283
Table 2-1. Continued
Urine sediment
Sex Dose n Crystallization  water intake ~ Urine volume Sp.G Leucocyte Na K cl
PS co (mi/24 hr) (ml/24 hr) (mEg/24 hr) (mEg/24 hr) (mEg/24 hr)
-+ o+ - 101 102 103 - +
Control 10 1 8 1 10 174 £3.47 7821 8 2 0 10 0 1.51+021 267035 220+044
254250 10 0 9 1 10 205+2.1 84+15 6 3 1 9 1 157024 270+£0.36 2.31+032
Male 5460 10 1 9 0 10 16.7+£38 73+17 5 5 0 10 0 162+032 281+028 218=+0.35
1410 10 0 9 1 10 17.3+23 82+23 5 5 0 10 0 157027 277x038 226x+027
02+2 10 1 8 1 10 195162 84+17 6 4 0 10 0 149+033 272041 232+0.19
Control 10 1 9 0 10 16212 6.2+15 9 1 0 9 1 1.54+019 185024 1.44+024
25+250 10 0 9 1 10 17526 59+14 3 7 0 10 0 1.56+0.31 1.94+0.31 1.51 £0.22
Female 5+50 10 1 9 0 10 18.1x23 69x14 2 8 0 10 0 147028 1.92x032 143031
1+10 10 1 9 0 10 173+15 6.6+2.1 3 7 0 10 0 1.51+035 189+024 1.37+021
02+2 10 0 9 1 10 17.3x£53 64+23 5 5 0 10 0 154+£034 187037 1.48+026

IMean + S.E. All of data were not significantly different from control.

Table 2-2. Urinalysis in male and female rats after 2-week recovery period following 5-week treatment with test drugs

Urine sediment

’ Ketone  Glu-  Occult  Bilir- Urobili- o
H Protein” i Color”  Nitrite®
Sex  Dose n P body?  cose” blood” ubin® nogen® BC WBC SEC SREC Cast
60 65 70 7580 - + + - =+ + - -+ - EE Y - - - % - % -

Contoh 10 0 2 8 O O 9 1 0 9 1 0 10 9 1 0 9 10 0 10 10 100 9 1t 10 9 1 10

25+250 10 0 4 6 O 0O 9 01 9 0O {1 10 9 1 0 10 10 O 10 10 9 1 9 1 10 10 0 10

Male 560 10 4 6 0 0O 0 910 9 10 10 9 0 1 9 9 1 10 10 10 0 9 1 10 10 0 10
i+10 10 6 3 1 0 0 91010 0 0 10 101 0O 10 10 O 10 10 10 0 10 0 10 10 0 10

02+2 10 9 1 0o 0 01000 1O OO0 10 101 0 10 10 O 10 10 9 1 10 0 10 9 1 10

Controt 10 3 7 O O O 100 O 10 O O 10 101 0 10 10 O 10 10 9 1 10 0 10 10 0 10

25+250 10 2 8 O O O 9 1 0 10 00 10 9 1 0 10 10 O 10 10 10 0 9 1 10 9 1 10

Femae 5+50 10 7 3 0 0 O 100 0 9 1 0 10 10 0 O 9 10 0 10 10 9 110 0 10 9 1 10
i+10 10 3 4 2 0 1 100 0 10 0 0 10 100 0O 10 10 O 10 10 91 9 1 10 9 1 10

0242 10 10 0 0 0 0 100 O 10 O 0O 10 9 1 0 9 10 0 10 10 9 1 10 0 10 10 0 10

_: 0 mg/dl, +: 10~20 mg/dl, + : 30~70 mg/dl.
A_: 0 mg/dl, £ : 5 mg/dl, +: 10~20 mg/dl.

¥_: 0~10 mg/dl.

“_: 0 mg/d, +: 0.03 mg/dl, + : 0.06~0.1 mg/dl.

5_: 0 mg/dl.
Y : yellow.

oxalate.

Table 2-2. Continued

+:0.2~1.0 mg/dl, + : 30~70 mg/dl.

— : below 10° bacteria/ml. SEC : Squamous epithelial cell, SREC : Small round epithelial cell, PS

: Phosphate salts, CO : Calcium

Urine sediment

Crystallization

Sex Dose Water intake  Urine volume Sp.G Leucocyte Na K Cl
PS co (ml/24 hr) (mi724 hr) (mEg/24 hr) (mEq/24 hr) (mEg/24 hr)
- + - 101 102 103 - *
Control 10 0 9 1 10 17.0£0.8% 101 2,57 8 2 0 10 0 1.49x028" 257+032° 2241024
254250 10 1 9 0 10 175+13 12+18 6 3 1 10 0 154+£031 2644021 225+0.35
Male 5450 10 0 9 1 10  19.0+1.1 132+14 6 4 0 9 1 152+024 272023 221+0.31
1410 10 0 9 1 10 205=x21 9821 7 3 0 10 0 147+£020 270+0.31 2.31+022
02+42 10 1 9 0 10 151 +£3.2 92+13 8 2 0 10 0 159032 269+024 2241025
Control 10 0 9 1 10 156 +2.1 52+07 9 1 0 9 1 148023 191031 152021
25+250 10 0 9 1 10 16814 84+14 2 8 0 10 0 156+024 1.90+022 1.55+027
Female 5+0 10 0 9 1 10 175+1.4 73x2.1 3 7 0 10 0 151+030 1.89+024 156+0.30
1410 10 1 9 0 10 183x22 11.1+32 3 7 0 10 0 1542032 193+022 1431026
02+2 10 1 9 0 10 152+25 87+18 5 5 0 10 0 150+032 192+024 152:022

@Mean = S.E. All of data were not significantly different from control.
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35 consecutive days : 0.2 ug+2mg, 1 ug + 10 mg, 5
ug + 50 mg, 25 ug + 250 mg, respectively. Clinical
signs were observed everyday after administration and
further observed for 2 weeks as recovery period. Food
and water consumption, and body weight were ob-
served twice per week for 7 weeks. Urine was col-
lected for 4 hr and 20 hr at the time of 35th day (5
weeks) and 49th day (2 weeks recovery), respectively.
In the urinalysis, contents of glucose, protein, ketone
body, leukocytes, urobilinogen, pH, specific gravity, nitrite
and bilirubin in 4 hr-urine were determined by N-Multi-
stix™ SG-L and contents of Na*, K* and CI' concentra-
tion in 20 hr-urine were determined by spectrophoto-
meter using Stanbio Lab. kit.

Blood was collected in Vacutainer™ (Becfon Dickin-
son Vacutainer Systems Europe, England) from abdom-
inal aorta under light ether anesthesia at the time of
35th day (5 weeks) and 49th day (2 weeks recovery),
respectively. For hematological examination, white blood
cells, red blood cells, hematocrit, hemoglobin, platelet,
mean corpuscular hemoglobin (MCH), and mean cor-
puscular hemoglobin concentration (MCHC), prothrom-
bin time (PT) and differential leucocyte count were
determined by electric resistance change method. The
serum chemistry parameters included total protein, total
bilirubin (azobarbin method), glucose (Hexokinase PD
method), transaminases (UV rate method), alkaline
phosphatase (Bessey-Lowry method), total cholesterol
(CEH-COD-POD method), blood urea nitrogen (Urease-
GLDH method), creatinine and electrolytes, Na*, K*, CI
(ion-selective electrode method), Ca?* (OCPC method),
POJ (molybdenic acid method) using reagents (Stan-
bio Laboratory, Inc., U.S.A., Texas). All major organs
and tissues including brain, liver, kidney, heart, spleen,
adrenal gland, testis, ovary, and stermum were exam-
ined grossly and the weight was measured. The organs
and tissues were fixed in 10% neutral buffered formalin
solution, and processed for microscopic examination by
hematoxylin-eosin (H&E) staining.

Statistical analysis

All data were expressed as mean + SE and analyzed
statistically by analysis of variance (ANOVA) and differ-
ences between groups were determined with Newmann-
Keuls test. The level of significance was set at 5%.

RESULTS

Single dose oral toxicity of calcitriol and alendr-
onate mixture

Mortality and clinical signs. In male rats, mortality
of calcitriol + alendronate mixture were 6/10 at a dose

of 750.075 mg/kg, 9/10 at a dose of 1,000.1 mg/kg, and
10/10 at a dose of 1,250.125 mg/kg. In female rats,
motarity of calcitriol + alendronate mixture were 5/10 at
a dose of 750.075 mgkg, 9/10 at a dose of 1,000.1
mg/kg, and 10/10 at a dose of 1,250.125 mg/kg. The
values of LD, of calcitriol + alendronate mixture were
750.075 mg/kg in male rats and 775.0775 mg/kg in
female rats, respectively (Table 1). The groups treated
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Fig. 1. Increase of body weight in female rats treated orally
with calcitriol and alendronate. 1, calcitriol 125 ug/kg + alen-
dronate 1250 mg/kg; 2, calcitriol 100 pg/kg + alendronate
1000 mg/kg; 3, calcitriol 75 ug/kg + alendronate 750 mg/kg;
4, calcitriol 50 pg/kg + alendronate 500 mg/kg; 5, calcitriol
25 ug/kg + alendronate 250 mg/kg; 6, calcitriol 5 pg/kg +
alendronate 50 mg/kg; 7, calcitriol 1 ng/kg + alendronate 10
mg/kg; 8, calcitriol 0.2 ug/kg + alendronate 2 mg/kg. All of
data were not significantly diferrent from control.
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Fig. 2. Increase of body weight in male rats treated orally
with calcitriol and alendronate. 1, calcitriol 125 ug/kg + alen-
dronate 1250 mg/kg; 2, calcitriol 100 ug/kg + alendronate
1000 mg/kg; 3, calcitriol 75 ug/kg + alendronate 750 mg/kg;
4: calcitriol 50 pg/kg + alendronate 500 mg/kg; 5, calcitriol

" 25 ug/kg + alendronate 250 mg/kg; 6, calcitriol 5 ug/kg +

alendronate 50 mg/kg; 7, calcitriol 1 ug/kg + alendronate 10
mg/kg; 8, calcitriol 0.2 ug/kg + alendronate 2 mg/kg. All of
data were not significantly diferrent from control.
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with more than LD, values showed clinical symptoms
like scratched head, convulsion and dyspnea, and died
within 24 hr. The group treated with calcitriol (50 ug/kg)
+ alendronate (500 mg/kg) mixture showed a similar
symptom like scratched head in 3 rats/group but such
symptom was disappeared 1 day after administration.

Body weight and food consumption. Body weight
and food consumption were continuously increased
after adminstration of calcitriol + alendronate mixtures,
but there was no significant changes in body weight
and food consumption in all groups except dead rats
(Fig. 1 and Fig. 2).

Autopsy and organ weight. The dead rats treated
with calcitriol + alendronate mixtures at a dose of more
than LD, showed marked congestion and hemorrhage
in spleen, but any pathological changes in other organs
were not observed (Table 2). Also there were no
changes in gross/istological examination and organ
weight 2 weeks after treatment with calcitriol + alendr-
onate mixtures at a dose of less than LDyg,.

Five-week oral dose toxicity of calcitriol and alendr-
onate mixture

Mortality and clinical signs. Mortality and abnormal
clinical signs were observed for 5 weeks during adminis-
tration of calcitriol + alendronate mixtures and for 2
weeks after cessation of administration. There was no
dead rat for 7 weeks. Abnormal behavior such as
scratched head was observed for 3 days starting from
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Fig. 3. Food consumption in female rats treated orally with
calcitriol and alendronate. 1, calcitriol 125 pg/kg + alendr-
onate 1250 mg/kg; 2, calcitriol 100 pgkg + alendronate
1000 mg/kg; 3, calcitriol 75 pg/kg -+ alendronate 750 mg/kg;
4, calcitriol 50 pg/kg + alendronate 500 mg/kg; 5, calcitriol
25 ug/kg + alendronate 250 mg/kg; 6, calcitriol 5 pg/kg +
alendronate 50 mg/kg; 7, calcitriol 1 ug/kg + alendronate 10
mg/kg; 8, calcitriol 0.2 pgkg + alendronate 2 mg/kg. All of
data were not significantly diferrent from control.
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Fig. 4. Food consumption in male rats treated orally with
calcitriol and alendronate. 1, calcitriol 125 pg/kg + alendr-
onate 1250 mg/kg; 2, calcitriol 100 ng/kg + alendronate
1000 mg/kg; 3, calcitriol 75 ng/kg + alendronate 750 mg/kg;
4, calcitriol 50 ng/kg + alendronate 500 mg/kg; 5, calcitriol
25 ng/kg + alendronate 250 mg/kg; 6, calcitriol 5 pg/kg +
alendronate 50 mg/kg; 7, calcitriol 1 pg/kg + alendronate 10
mg/kg; 8, calcitriol 0.2 ng/kg + alendronate 2 mg/kg. All of
data were not significantly diferrent from control.

administration of calcitriol + alendronate mixtures but dis-
appeared 5th day after administration. NOAEL (no ob-
served adversed effects level) of calcitriol + alendronate
mixtures were 50.005 mg/kg in 5-week oral dose toxicity.

Body weight and food consumption. Body weight
in male and female rats treated with calcitriol + alendr-
onate mixtures was continuously increased from 90 g to
290 g for 7 weeks and food consumption was also
gradually increased. However, there were no significant
changes in body weight and food consumption between
control group and the groups treated with calcitriol +
alendronate mixtures (Fig. 3 and Fig. 4).

Urinalysis. There were no significant changes in
urinalysis parameters between control group and the
groups treated with calcitriol + alendronate mixtures
(Table 2-1 and Table 2-2).

Hematology. There were no significant changes in
hematological examination between control group and
the groups treated with calcitriol + alendronate mixtures
{Table 3-1 and Table 3-2).

Serum chemistry. Among the parameters mea-
sured in the serum biochemical analysis at the time of
5th week, the value of GPT in male rats treated with
calcitriol + alendronate mixtures at a dose of more than
5 pgkg + 50 mgkg was slightly increased as com-
pared with the control group. iIn all experimental groups
including control, the value of GOT was slightly higher
than the reference value, which was not dose-depen-
dent. All other parameters were within the normal
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Fig. 5. Body weight in female rats treated orally with cal-
citriol and alendronate for 7 weeks. 1, calcitriol 25 pug/kg +
alendronate 250 mg/kg; 2, calcitriol 5 ug/kg + alendronate
50 mg/kg; 3, calcitriol 1 ug/kg + alendronate 10 mg/kg; 4,
calcitriol 0.2 ug/kg + alendronate 2 mg/kg. All of data were
not significantly different from control.
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Fig. 6. Body weight in male rats treated orally with cal-
citriol and alendronate for 7 weeks. 1, calcitriol 25 ugkg +
alendronate 250 mg/kg; 2, calcitriol 5 ng/kg + alendronate
50 mg/kg; 3, calcitriol 1 ug/kg + alendronate 10 mg/kg; 4,
calcitriol 0.2 ng/kg + alendronate 2mg/kg. All of data were
not significantly different from control.

ranges. After recovery period of 2 weeks, all parame-
ters of serum biochemical analysis did not shown any
significant changes between control group and the
groups treated with calcitriol + alendronate mixtures
(Table 4-1 and Table 4-2).

Autopsy and organ weight. In the rats treated with
calcitriol + alendronate mixtures, no lesions in all organs
were observed at the doses tested. In both male and
female rats treated with calcitriol (25 pg/kg) + alendr-
onate (250 mg/kg) mixtures, spleen exhibited slight
hypertrophy, but other organs did not show any
changes (Table 5-1.1, Table 5-1.2, Table 5-2.1, and
Table 5-2.2).

Histopathology. In both male and female rats treated
with calcitriol (25 ug/kg) + alendronate (250 mg/kg) mix-
tures at the time of 5th-week and 7th-week, slight
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Fig. 7. Food constmption in female rats treated orally with
calcitriol and alendronate for 7 weeks. 1, calcitriol 25 ng/kg
+ alendronate 250 mg/kg; 2, calcitriol 5 ug/kg + alendr-
onate 50 mg/kg; 3, calcitriol 1 pg/kg + alendronate 10 mg/
kg; 4, calcitriol 0.2 ng/kg + alendronate 2 mg/kg. All of data
were not significantly different from control.
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Fig. 8. Food consumption in male rats treated orally with
calcitriol and alendronate for 7 weeks. 1, calcitriol 25 ug/kg
+ alendronate 250 mg/kg; 2, calcitriol 5 ug/kg + alendr-
onate 50 mg/kg; 3, calcitriol 1 ug/kg + alendronate 10 mg/
kg; 4, calcitriol 0.2 ug/kg + alendronate 2mg/kg. All of data
were not significantly different from control.

hypertrophy, edema and congestion were observed in
lung, spleen, liver, kidney and stomach (Table 6), but
these pathological changes could be also observed in
the control group. There were not dependent on the
doses of calcitriol + alendronate mixtures. Other organs
including brain, endocrine glands (thyroid, thymus, adre-
nal gland, pancreas, testis and ovary), gastrointestinal
tract (salivary gland, small intestine and large intestine)
and bone marrow did not show any changes.

DISCUSSION

In this study, single oral dose and five-week oral dose
toxicity of calcitriol + alendronate mixtures were exam-
ined in male and female rats. In single oral toxicity
study, the values of LDs, of calcitriol + alendronate mix-
ture were 750.075 mgkg in male rats and 775.0775
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Table 5-1.1. Absolute and relative organ weight in male rats treated orally with test drugs for 5 weeks
Spleen Thymus Adrenal {mg,mg%) Liver Brain Heart
Drug” Body wt.
9 A ) (0.9%) Fight Lot (0.9%) (0.9%) (9.9%)
Control 25823 +1.72 0.93+0.81 0.36 +0.24 27.7+1.02 264+1.02 971121 219+0.12 1.0t £0.07
25+250  252.11 £2.81 121+171 0312012 225+1.00 240+031 977+087 207+008 0.96:0.02
Absolute  5+50 25423+1.09  081=x124 038016 236:1.03 227:054 102074 021:004 1.04=0.10
1+10 25392356 079187 0.36x024 259:087 246:074 83x032 206x012 1.07=008
02+2  25524+216 071012 033034 281:074 26.1+065 102+041 012+0.01 094+005
Control - 036+051 0.14+059 1072:025 1022+042 3.76+101 085:004 0.39+005
25+250 - 048+037* 012+028 892+0.17 951+021 3.87+021 082+001 0.38+004
Relative 5+50 - 0.32+0.64 0.15+0.12 9.27 £0.36 8.94+0.34 4.02x+031 0.79 £0.06 0.41 +£0.01
1+10 - 035+1.02 014+089 1021+052 967+074 327+074 081:018 042002
0.2+2 - 028+047  0.13+051 11.02x041 1024+064 3.98+041 083+007 0,37 +0.01
Calcitriol (ug/kg) + Alendronate (mg/kg).
Data are shown mean + S.E.
Significant difference from control : *p<0.05.
Table 5-1.1. Continued
brug” Thyroid (mg,mg%) Lung Kidney (g.9%) Stomach  Salivary gland (9,9%) Testis (9,9%)
rug
Right Left (9.9%) Right Left (9.9%) Right Left Right Left
Control 7.72+0.14 7.18+041 1.01+£004 101+024 0.75+001 1.91+004 124+0.12 139+0.14 0.80+0.04 0.93+0.04
25+250 749031 761+031 1.03+0.01 093+0.01 0.76+0.02 1.36+0.01 1.56+0.08 1.18+0.21 1.18+0.14 1.06+0.05
Absolute 5+50 9.69+0.24 951+0.16 099+0.03 097+0.05 079012 155+0.14 1.45+0.13 158+0.16 155+0.16 1.47+0.12
1410 729025 881+021 089=005 1.02x0.12 0.81:0.05 146x0.09 1.24x012 1.19x0.18 0.99£0.11 1.04:£0.04
02+2 804+021 932+031 094+0.01 097+0.11 079+0.07 1.81+0.15 0.89+0.04 145x0.17 1.33x0.05 1.45x0.18
Control 2.99+0.10 2.78+0.11 0.39+0.01 039+0.04 029:0.01 0.74+0.05 0.48+0.07 054+0.02 0.96+0.01 0.36x0.01
254250 2.97+0.12 3.02+0.12 041002 0.37+001 0.30=003 0.60=0.04 062=004 047:004 111015 042=0.02
Relative  5+50 3.81+0.13 3.74+0.31 0.39:+0.04 038+0.02 0.31+0.02 0.61+0.07 057+0.02 062+0.05 150+0.24 0.58+0.01
1410 2.87+021 347+045 035x0.05 040:0.01 0.32:001 057=0.01 049+0.01 047+0.04 0.99+0.18 0.41:0.03
0.2+2 315024 365+0.14 037+002 0.38+0.02 0.31+002 0.71+0.12 0.35x0.03 057011 1.33+0.06 0.57+0.04

mg/kg in female rats, respectively. These LD, of cal-
citriol and alendronate were as about 2,000 and 75
times greater that the orally common dose of human
adult (Fawcett et al, 1999: Frediani et al, 1998),
respectively. Although group treated with calcitriol (50
ug/kg) + alendronate (500 mg/kg) mixture showed a
similar symptom like scratched head in 3 rats/group,
such symptom disappeared 24 hr after administration of

drugs. There was no significant changes in body weight
and food consumption in all groups.

In subchronic toxicity study, five-week oral dose toxic-
ity of calcitriol + alendronate mixture was examined.
There were no mortality, abnormal behavior and ap-
pearance in all groups throughout the administration
period (5 weeks) and recovery period (2 weeks). There
were no significant changes in body weight and food

Table 5-1.2. Absolute and relative organ weight in female rats treated orally with test drugs for 5 weeks

Drug” Body wt. (q) Spleoen Thyrgus Adrenal (mg,mg%) Livsr Brain Heaort
(9.9%) (9.9%) Right Left (9.9%) (9.9%) {9.9%)
Control 260.21 £ 1.56 0.81£0.02 0.29 +0.01 25.7 +3.21 28.7+2.54 9.29 £ 1.04 1951024 0.88+0.14
25+250 253.27 £ 354 0.99 +0.11 0.30 +0.02 235+2.18 269+214 1020+1.24 2.05+045 2.05+0.10
Absolute 5+50 258.15+2.58 0.75+0.24 0.39 £0.01 259+217 240211 10.30 +0.87 1.91+0.17 1.91 £0.07
1+10 253.02 +3.24 0.79+0.14 0.33+£0.03 24.8+1.54 20.7 £2.15 8.63 +0.67 225+0.15 2.25+0.07
0.2+42 256.26 +4.12 0.77 £ 0.05 0.31 £0.02 25.8+2.65 239+125 8.41+1.78 2.13+0.16 2.13+0.10
Control - 0.31 +0.01 0.11 £0.01 9.87+1.25 10.28 +1.02 3.57 £0.27 0.75+0.08 0.34 +£0.02
25+250 - 0.39 £ 0.03* 0.11 £ 0.02 9.28+2.14 10.64 £2.12 401 +£045 0.81 £0.15 0.38 +0.04
Relative 5+50 - 0.29 £ 0.05 0.15+0.01 10.02 + 1.54 9.28+1.25 3.98 +0.35 0.74 + 0.01 0.39+0.01
1+10 - 0.31 £0.02 0.13 £0.01 9.81x1.64 8.18+1.24 3.39+0.14 0.891x0.02 0.41 +0.07
0.2+2 - 0.31 +0.10 0.12£0.02 10.08 +2.08 9.34 +0.89 3.28 + 047 0.83+0.03 0.38 +0.03

"Calcitriol (ug/kg) + Alendronate (mg/kg).
Data are shown mean + S.E.
Significant difference from control : *p<0.05.
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Table 5-1.2. Continued

brug” Thyroid {mg,mg%) Lung Kidney (g,g%) Stomach Salivary gland (9,9%) (3 ‘?,Z)
g% 9%
Right Left (0.9%) Right Left (9.9%) Right Left Right
Control 7.83:x021 7.18+0.45 109+001 1.04+001 107+003 213% 010 1.35+0.13 096+003 039£002
254250 7.19x031 755+121 086+002 096:002 089+001 1802009 1 24011 1112011 043x005
Absolute 5+50 764+1.02 B8.44x132 096:002 1.01+002 098004 217x013 132:005 115024 0.39x0.01
1+10 7445205 920x245 091:001 104+001 099x004 170x0141 1442008 1 19031 046+0.05
02+2 992+178 7.35:024 105:006 097+003 095:002 169+009 123004 1 31024 054=0.01
Control 3.01+047 276+004 042:004 040:001 041004 082:0.04 052+002 037002 0.15x0.02
254250 2.84+0.15 298+011 034+001 0.38+002 039007 071+0.N 0.49+0.07 044+003 0.17+0.02
Relative 5+50 288+024 327+0.12* 037£002 039:004 038x006 084x008 051004 044004 0.15+0.01
1+10 313+042 2672006 036:001 0412001 039:001 067x001 0572001 047 £0.01 0.18x0.03
02+2 B326+0.034 287+003 0411003 038:005 037002 066x0.02 0.48+0.02 051002 021x0.01*

consumption between control group and the groups
treated with calcitriol + alendronate mixtures.

The parameters of urinalysis and hematological analy-
sis were no changed in male and female rats treated
with calcitriol + alendronate mixtures. All the values of
the parameters were within the normal range. In bio-
chemical analysis of serum, however, the value of GPT
in male rats treated with calcitriol + alendronate mix-
tures at a dose of more than 5 pgkg + 50 mg/kg was

slightly increased as compared with the control group,
and the value of GOT was slightly higher than the refer-
ence value in all experimental groups including control.
But such a result was not dependent on doses of cal-
citriol + alendronate mixtures, which may be due to the
hemolysis in the process of blood sampling. At autopsy,
although spleen slightly increased in both male and
female rats treated with calcitriol (25 pg/kg) + alendr-
onate (250 mg/kg) mixtures, no significant lesions in

Table 5-2.1. Absolute and relative organ weight in male rats after 2-week recovery period foliowing 5-week treatment with test

drugs
Spleen Thymus Adrenal (mg,mg%) Liver Brain Heart
Drug" Body wt.

9 Y@ ggw 6.9%) Fight Lot (9.9%) (0.0%) (0.0%)
Control 29024421  000:0.12  035:002 281:214 281302 120102 2152006 1.19£017
551050 28451 £398  117+008 030001 281:187 2822211 107111 225004 119008
Absoltte 5450  287.34+257  098+004 040+005 258+108 260156 11.3:203 233011  109x0.17
1410 279.05+246  081+002 047+001 286+311 245:212 915:057 232+003 1.03+006
0042  28634+324  094:001 034:005 283+215 265210 107:079 226:005 1.20:005
Control - 0312003 012:001 968+154 9684107 412+102 074:001 041001
254250 - 0415002 011+001 987+144 1025+145 376:084 079:002 042003
Relatve  5+50 - 0345001 014£003 899:211 905%122 392:071 081:001 038002
1+10 - 029:002 017002 1024+1.09 879+089 328+054 0.83:005 037001
0.2+2 - 0331001 012:001 989+105 926%123 375:009 078+004 042003

Calcitriol {ug/kg) + Alendronate (mg/kg).
Data are shown mean = S.E.
Significant difference from control : *p<0.05.

Table 5-2.1. Continued

Thyroid (mg.mg%) Lung

Kidney (g.9%)

Stomach Salivary gland (9,9%) Testis (g,9%)

Drug"” o
9 Right Left (9.9%) Right

Left (9.9%) Right Left Right Left

Control  9.03+0.17 8.07+0.14 1.10x0.11 1.19x002

254250 9.30+0.42 848x0.16 117+021 108012

Absolute 5+50 856+0.54 8.99+005 109+0.05 1.03x0.31
1+10  8.01+043 851£009 061001 117+0.05

02+2 891+028 856x021 117042 1.12z04

0.98+0.01 1.65+001 1.51+021 1.19+0.04 1.13=z01
083+005 193+024 165013 1.11+£0.14 117:012 115£0.12
081001 2.13+0.15 1.75+0.18 1.58+0.06 1.09:x022 1.10+0.08
0.86+0.02 153+£021 1.87+0.08 1.14x0.12 1.09+0.11
0.95+0.02 1.98+019 1.68+0.09 1.35+0.17 1.20+0.09 1.19x0.03

1.12+£0.11

1.07 £ 0.04

Control 3.11+0.08 2.78+0.08 0.38+0.03 0.41+0.01

254250 3.27+0.12 2.98x0.09 041001 038005

Relative 5+50 2.98+0.06 3.13+0.12 0.38+0.05 0.36x0.02
1+10 2.87+0.11 3.05x0.11 0.22+0.01 0.42+0.01

0.2+42 311003 299x021 041x0.03 0.39+0.03

0.34+0.03 057008 052+0.05 041005 0.39£0.01 038+0.02
029001 068x0.04 058x0.01 039001 041+0.06 04020.01
028002 0.74%0.02 0.61+0.02 055+0.02 0.38+0.05 0.39+003
0.31+0.04 0554001 0.67+003 041+003 0.39+0.01 038002
0.3320.11 0.6920.03 0.59+0.04 0.47x0.01 D.42:0.03 041x0.D1
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Table 5-2.2. Absolute and relative organ weight in female rats after 2-week recovery period following 5-week treatment with

test drugs
Spleen Thymus Adrenal (mg,mg°%) Liver Brain Heart
Drug" Body wt.
9 YWl ggw) (0.9%) Right Lot (0.9%) (9.9%) (0.0%)
Control 287.81 +4.01 1.01 +0.24 0.35+0.01 295+2.11 28.4+1.54 11.6+1.02 2.50+0.08 0.83+0.05
25+250  285.14 +3.11 1.08+022  0.30£002 27.8+1.04  292=:211 11.0+0.71 2.20+0.11 1.08 £0.06
Absolute 5+50 290.18 +2.41 0.96 +0.11 0.36 £0.03 28.0+2.03 32.0+1.65 10.0 £+ 0.64 258+0.15 0.99 +0.01
1+10 281.12+£3.45 0.82+023  0.31+001 249+102 274:x098 101+087 222+007 1.10+0.02
0.2+2 280.64 £1.24 0.95 £ 0.08 0.38 +0.02 25.6+2.01 271+2.11 9.2+0.54 2.27 £0.10 1.01+0.03
Control - 0.35 £0.02 0.12+004 10242071 9.87 +1.08 402 +0.12 0.87 +0.05 0.29 +0.01
25+250 - 0.38+0.01* 014x002 974:051 1024+203 387022 077004 038002
Relative 5+50 - 033+003 0.12:008 964+073 11.02+089 346+009 089x0.09 0.34:003
1+10 - 0.29 +0.01 0.11 £ 0.02 8.87 +1.02 9.74+1.24 3.59+0.05 0.79+0.10 0.39£0.02
0.2+2 - 0.34 +0.02 0.14 +0.02 9.12+0.95 9.67 £0.89 3.28 +£0.04 0.81 +0.04 0.36 £0.03
Calcitriol (ug/kg) + Alendronate (mg/kg).
Data are shown mean + S.E.
Significant difference from control : *p<0.05.
Table 5-2.2. Continued
) o . o . o, Ovary
Drug” Thyroid (mg,mg%) Lung Kidney (g.9%) Stomach Salivary gland (g,9%) (9,9%)
9% ,9%
Right Left ©.9%) Right Left 0.0%) Right Left Right
Control 869+1.02 745+098 098+0.068 1.09x024 1.09+0.02 167:021 1.93+004 1.18:0.15 0.49x0.10
25+250 850+122 818+1.02 125x012 1.06:x004 1.05+0.01 188+007 165+012 1.23+023 0.60x0.11
Absolute  5+50 7.20+0.98 873+084 1.10x0.13 1.04+006 1.19+0.03 1.98+031 192:+024 151+0.04 0.64+004
1+10 846+054 877+054 090+0.08 1.18+0.11 1.18+0.12 196+005 163+018 124+005 053+0.03
02+2 811074 783+043 1.09+021 098007 1.09:021 199:022 1.88+0.08 149+011 0.51x0.02
Control 3.02+021 259+025 034004 038x0.02 038+002 058+004 067+005 041+0.07 0.17x0.02
254250 298+064 287+034 0442002 037:004 037+001 066+003 058x001 043:001 021:+0.05
Relatve  5+50 2.48+024 3.01+005 038x0.01 0.36:003 041002 068+007 066+002 052+0.05 022002
1+10 3.01+031 312+017 032+0.02 042+0.02 042+005 070+004 058+003 044+0.03 0.19x0.01
02+2 289+025 279+023 0.39+005 035004 039+0.01 071+001 067002 053+0.02 0.18+0.03

Table 6. Summary of toxicological findings in rats given the
mixture of calcitriol and alendronate for 5-week

Observation Items

Calcitriol (ng/kg) +

Alendronate (mg/kg)

02+2 1+10 5+50 25+ 250

Sign
Mortality -
Insomnia -
Irritation of esophagus-stomach -
Biochemistry
Increased GOT -
Increased in glucose -
Histopathological findings
Lung
Thickeness of alveolar wall -
Infiltration of inflammatory cells -
Spleen
Congestion in red pulp -
Liver
Congestion in central vein -
Kupffer cell mobilization -
Kidney
Congestion in meduilary ray -
Esophagus and Stomach
Edema -

+ o

H

H H

H+

+

14

— : no changed, + : minimal change, + : mild change.

other organs were grossly observed. The changes in
spleen weight might not be related to doses of calcitriof
+ alendronate mixtures. Histopathological examination
did not indicate any abnormal findings associated with
doses of calcitriol + alendronate mixtures in major
organs and tissues at the time of 35th day (5th-week)
and 49th day (7th-week). In both male and female rats
treated with calcitriol (25 pg/kg) + alendronate (250 mg/
kg) mixtures, slight hypertrophy, edema and congestion
were observed in lung, spleen, liver, stomach and kid-
ney. Considering that these changes were also ob-
served in the control group, these changes was not due
to the administration of calcitriol + alendronate mixtures.
In conclusion, combined treatment of calcitriol + alendr-
onate mixtures at the doses of less than 250.025 mg/kg
showed no signs in the acute toxicity and 5-week oral
dose toxicity, and NOAEL of calcitriol + alendronate mix-
tures were 50.005 mg/kg in 5-week oral dose toxicity.
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