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Tamoxifen, protactedly used, can cause disadvantageous changes in the
bones and in the hard teeth tissues. The aim of this paper was to define to
what extent tamoxifen given to the animals influences the structure of the
mandible bone and the hard teeth tissues.
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INTRODUCTION

Years of clinical observation, described in li-
terature, show that the changes of dystrophic cha-
racter in the stomatognathic system are noted to be
expressed more strongly among women under-
going hormonal replacement therapy. Pharmaco-
logical prophylaxis of metastasis of hormone-
dependent tumors resolves into the use of antiestro-
gen drugs, e.g. tamoxifen. This drug, which has
been largely used in recent years, causes morpho-
logical changes in bones, e.g. aplasia and fibroma-
tosis in marrow cavity [6]. As opposed to biospho-
nians, which are the antagonists of endogenous
estrogens, tamoxifen blocks estrogen receptor.
Moreover, it obstructs the transport of calcium
through the cell membranes [7]. During the ta-
moxifen treatment, the amount of cell-type estro-
gen receptors decreases. Weak effectiveness of es-
trogen is probably responsible for the occurance of
cell receptors for progestins, which is observed
during the tamoxifen treatment [1]. This drug stops
mitosis of cells, which have receptors for estradiol
[receptor plus: ER (+)]. The susceptibility of the
breast cancer to the drug is strictly dependent on
the number of ER in the tissue and it increases
when the tumor cells also cointain receptors for
progestins [2–4]. The direct anti-cancer effect and
the possibility of the increase of tumor by the influ-
ence on the action of hypothalamo-ovarion system
have also been considered [8, 9]. After oral intake,
tamoxifen is quickly absorbed from the digestive
system, attaining maximum concentration in serum
after 4–7 h. Constant therapeutic concentration of
the drug in plasma can be reached after the period
of saturation lasting for 4 weeks at the 40 mg of the
daily drug dosage. Necessary time in order to reach
therapeutic effect is approximately 10 months, but
the result of treatment can last for many years.
Higher efficiency can be observed among elderly
women, while among premenopausal women the
results are worse [5].

Tamoxifen is the drug whose efficiency in cur-
ing breast cancer has been proven. Although if used
protractedly it has adverse effects, the benefits of
therapy with this drug are higher than the draw-
backs. That is why we would like to know the
range and the level of these drawbacks. For a doc-
tor, prosthetics bone base of mandible and jaw is of
basic significance for the transportation of chewing
forces, both – in the case of patients with dentition

and those who are toothless, being under traditional
treatment and using implant systems.

The aim of this paper was to answer the follow-
ing questions.

1. To what extent tamoxifen taken by animals
influences the level of calcium, magnesium and
phosphorus in the mandible bone and hard teeth tis-
sues?

2. In what way does the radiological picture of
mandible and teeth change after taking this drug in
animals?

3. Does tamoxifen cause morphological changes
in the mandible bone and in the hard teeth tissues?

MATERIALS and METHODS

Tests have been carried out on 30 white, full-
grown, female Wistar rats from the Toxicology De-
partment of Medical Academy in Poznañ. The ani-
mals were 12 months old, their initial weight was
280–290 g. During the experiment, the rats were
placed in cages – 5 rats in each cage. The animals
included in the experiment undergone one-month
adaptation period in animal rooms of the Toxicol-
ogy and Pharmacology Department of Pomeranian
Medical University in Szczecin. The temperature in
the rooms was 20–22°C and the average humidity
was 60%. Those rooms were darkened and illumi-
nated by glow-light that was switching itself off
automaticaly every 12 h. The animals were fed with
standard laboratory fodder LSM granulatum. Thirty
three animals were divided into 3 groups of the
same size: group I – control one for groups B1 and
B2. Group B1 – tamoxifen was given at the dose of
2 mg/kg for the period of three months; group B2 –
tamoxifen was given at the dose of 4 mg/kg also for
3 months. The drug dissolved in small amount of
water and mixed with fodder was given to the rats
every day. The animals were observed and weighed
every week. After this time, the animals were anes-
thetized with ether. During the dissection, mandible
bone together with teeth was skeletonized. Then
the tests of mineral composition of the mandible
bone and teeth were carried out at the Institute of
Chemistry and Biochemistry of our university and
the levels of calcium, magnesium and phosphorus
were determined. Calcium and magnesium were
assessed by the atomic spectometer absorption
method, using the Pu 9100X Philips apparatus.
Calcium was determined at the wavelength of
422.7 nm, magnesium at 258.2 nm. The measure-
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ment was carried out in the oxacetylene flame in
the presence of ionizing buffer in the form of 0.5%
lanthanum solution. Concentration values were cal-
culated on the basis of standardization curve, with
correction for the weighed amount and dilution.
Phosphorus was determined spectrometrically with
Analco test based on the reaction yielding florid
phosphoric-molbydic complex, using the Lambda
40 Perkin-Elmder apparatus. In order to detect
pathological changes in mandibles and in hard
teeth tissues, the radiodensitometric test in the
Digora system was done and the average optical
consistency was estimated in the examined groups.
X-ray pictures were taken using the X-ray Satalec
X mind apparatus. Mandible bone with teeth was
photographed in the front-back position, then the
pictures were analyzed in the Digora single-color
option. In order to estimate mean consistency of
teeth hard structures, the enamel saturation in inci-
sors and premolars was measured radiodensitomet-
rically in particular groups. The mean consistency
of mandible bone saturation was tested and esti-
mated in 5 reference points on the particular bones.
During the dissection, the rats mandible bones with
teeth were taken and skeletonized. The segments
taken were put in the 4% solution of formalin neu-
tralized by calcium carbonate. Next, at the Depart-
ment of Pathomorphology histological specimens
of the mandible bone and teeth were prepared,
which were later tested under the light microscope
and compared with the control group. Fragment of
the mandible was decalcified in 3% nitric acid dur-
ing the period of 12 h at room temperature. The tis-
sue segment 4.5 mm thick, was always taken from

the same place of the mandible cross-section. His-
tological specimens were made using the paraffine
method, then they were cut into fragments 5 mi-
crons thick. The specimens were stained with he-
matoxicin and eosin. In total, 90 specimens were
made and compared. Because not all variables had
normal distribution, non-parametric methods were
used in statistical estimates. The comparisons of
mean values of incoherent tests were made using
the U Mann-Whitney test. In the case of mutual
comparisons of more than two mean values the
Kruskal-Wallis test was employed. The values dif-
fering at p � 0.05 were considered significant.

RESULTS and DISCUSSION

Mean levels of calcium, phosphorus and mag-
nesium in the mandible bone and in teeth have been
presented in Tables 1, 2 and 3.

As the estimates in group B1 show only the
level of phosphorus in bone differed significantly
from the level in the control group. However, in
group B2 (higher dose of tamoxifen) magnesium
level in the bone and calcium content in the mandi-
ble bone, in the incisors and premolars differed sig-
nificantly.

In group B2 after tamoxifen treatment at the
dose of 4 mg/kg, only the correlation between the
phosphorus in bone and the calcium in incisors was
found. However, there was a lack of correlation be-
tween other elements composing hydroxyapatites.

After analyzing the mean values of optical con-
sistency, no differences were detected between the
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values in the examined groups and in the control
group (Fig. 1–3).

Also, in the histological specimens, no morpho-
logical changes were observed. Great number of
publication is devoted to optimization of the early
osteoporosis detection in people with low bone
mass in the early stage of the disease. What is em-
phasized is the significance of the mandible radio-
graphic studies for the early detection of the osteo-
porotic changes. In the presented work, the mandible
and teeth were studied with biochemical, radioden-
sitometrical and histomorphological methods, in
order to estimate the changes caused pharmaco-
logically by tamoxifen in these tissues. The results
of the biochemical studies show that tamoxifen,
given at the dose of 4 mg/kg, causes distempers in
the transport or the exchange of the elements com-

posing hydroxyapatites. Similar estimation of cal-
cium, phosphorus and magnesium levels in the
mandible and hard teeth tissues (after tamoxifen)
has not been reported so far. However, the histo-
logical studies of mandible and teeth in rats did not
reveal (after 3 months of tamoxifen treatment) any
morphological differences in comparison to the
control group. The result of our study differs from
the results of other authors [6]. They obtained the
increase in the number of empty antrums (necroti-
cly changed osteocits) in the mandible bone after
giving tamoxifen at both doses in comparison with
the control group. Because the histological speci-
mens of dense bone are never identical, the quanti-
tative estimate of the changes in these specimens
cannot be carried out, and the estimate of the
number of osteocits changed necrotically is subjec-
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tive and inaccurate. The results of these morpho-
logical studies cannot prove the change in the animal
bone structure receiving tamoxifen.

Summing up, one can conclude that tamoxifen
given to animals during the period of 3 months
does not cause any perceptible changes in the ra-
diological and morphological picture of the mandi-
ble and teeth. This drug given at higher dose caused
only the lack of correlation between the elements
composing hydroxyapatites. Tamoxifen given for
the period longer would probably change the radio-
logical and the morphological picture. The bio-
chemical changes constituting often the beginning
of all the distempers may serve as a proof.

CONCLUSIONS

1. Tamoxifen taken by the animals at the dose of
4 mg/kg probably causes distempers in the
transportation and the exchange of elements
which are the constituents of hydroxyapatite. It
was evidenced by the lack of correlation be-
tween calcium, magnesium and phosphorus.

2. No radical changes in the mean values of opti-
cal consistency of the mandible bone and teeth
have been found.

3. After three-month intake of tamoxifen, no de-
tectable morphological changes in the mandible
and in teeth occured in the examined animals.

&��' %!(#$)##! 629

*+�,-&./' +'� �0+'1/� &' *0/ 2/�&�*+'�/ *&���/�

��$
 !
 �����
 �# ���&���� 	��� ����� �� *� ����
2
��� � ����
����  ��!� 5 ���� ����� ����
 ������� ���
�
����2 	��� ��� 
���
���������
6

��$
 "
 �����
 �# ���&���� 	��� ����� �� *� ����
2
��� �
3-  ��!�



REFERENCES

1. Berry M., Metzger D., Chambon P.: Role of the two
activating domains of the oestrogen receptor in the
cell-type and promoter-context dependent agonistic
activity of the anti-oestrogen 4-hydroxytamoxifen.
EMBO J., 1990, 9, 2811–2818.

2. Cauley J.A., Seeley D.G., Ensrud K., Ettinger B.,
Black D., Cummings S.R.: Estrogen replacement ther-
apy and fractures in older women. Ann. Int. Med.,
1995, 122, 9–16.

3. Colditz G.A., Hankinson S.E., Hunter D.J., Willett W.C.,
Manson J.E., Stampfer M.J., Hennekens C., Rosner B.,
Speizer F.E.: The use of estrogen and progestins and
the risk of breast cancer in postmenopausal women.
N. Eng. J. Med., 1995, 332, 1589–1593.

4. Cummings S.R., Rubin S.M., Black D.: The future of
hip fractures in the United States: number, costs, and
potential effects of postmenopausal estrogen. Clin.
Orthop., 1990, 252, 163–166.

5. Kalu D.N., Salerno E., Liu C.C., Echon R., Ray M.,
Garza-Zapata M., Hollis B.W.A.: Comparative study of
the actions of tamoxifen, estrogen and progesterone on
the ovariectomized rat. Bone Miner., 1991, 15, 109–124.

6. Mielcarek-Samachowiec K.: Effect of pharmacologi-
cally induced estrogen deficit and fluorine compounds
on changes in oral cavity. Doctors thesis, Szczecin,
Pomeranian Medical University, 1998, 19–20.

7. Robinson E., Kimmick G., Muss H.B.: Tamoxifen in
postmenopausal women. Drugs Aging, 1996, 8, 329–337.

8. Williams G.M., Iatropolus M.J., Djordjevic M.V., Kal-
tenberg O.P.: The triphenylethylene drug tamoxifen is
a strong liver carcinogen in the rat. Carcinogenesis,
1993, 14, 315–317.

9. Wright C.D.P., Garrahan N.J., Stanton M., Gazet J.C.,
Mansell R.E., Compston J.E.: Effect of long-term ta-
moxifen therapy on cancellous bone remodeling and
structure in women with breast cancer. J. Bone Miner.
Res., 1994, 9, 153–159.

Received: March 26, 2003; in revised form: July 3, 2003.

630 ���� �� ����������� ����� ��� �������

	
 ���������� �
 �������� �
 ������� �
 ����������� �
 �����

��$
 #
 �����
 �# ���&���� 	��� ����� � 3�  ��!�


	CONTENTS
	REVIEW Œ Progress in pharmacotherapy of thrombosis.
	Krzysztof Labuzek, Robert Krysiak, Bogus³aw Okopien, Zbigniew S. Herman	523

	REVIEW Œ Is nitric oxide involved in the anticonvulsant action of antiepileptic drugs?
	Katarzyna Wojtal, Anna Gniatkowska-Nowakowska, Stanis³aw J. Czuczwar	535
	Novel 4-alkyl-1-arylpiperazines and 1,2,3,4-tetrahydroisoquinolines containing diphenylmethylamino or diphenylmethoxy fragment with differentiated 5-HT1A/5-HT2A/D2 receptor activity.
	Maria H. Paluchowska,  Maria J. Mokrosz , Sijka Charakchieva-Minol, Beata Duszyñska, Aneta Kozio³, Anna Weso³owska, Katarzyna Stachowicz, Ewa Chojnacka-Wójcik	543

	Synthesis and 5-HT1A/5-HT2A receptor activity of new N-[3-(4-phenylpiperazin-1-yl)-propyl] derivatives of 3-spiro-cyclohexanepyrrolidine-2,5-dione and 3-spiro-b-tetralonepyrrolidine-2,5-dione.
	Jolanta Obniska, Maciej Paw³owski, Marcin Ko³aczkowski, Anna Czopek, Beata Duszyñska, Aleksandra K³odziñska, Ewa Tatarczyñska, Ewa Chojnacka-Wójcik	553

	Individual and combined effects of N6-cyclopentyladenosine, flunarizine and diazepam on aminophylline-induced recurrent generalized seizures in mice.
	Juliet Jaishree, Subramanyam Kumaresan, Suresh Sudha, Joy David, Chanda Kulkarni	559

	Synthesis and anticonvulsant activities of 4-N-substituted arylsemicarbazones.
	Surendra N. Pandeya, Sonia Kohli, Nadeem Siddique, James P. Stables	565

	Pharmacological evidence that methylene blue inhibits noradrenaline neuronal uptake in the rat vas deferens.
	Agnaldo B. Chies, Ricardo C. Custódio, Gregório L. de Souza, Fernando M.A. Corrêa, Oduvaldo C.M. Pereira	573

	Effect of the vascular endothelium on contractions induced by noradrenaline and phenylephrine in perforating branch of the human internal mammary artery.
	Srðan Peıiæ, Leposava Grboviæ, Aleksandar Jovanoviæ, Miroslav Radenkoviæ, 
Dragica Stojiæ	581

	Ethanol induced delayed cellular protection in mouse cardiac myocytes: role of inducible nitric oxide synthase.
	Mohammed A. Nayeem	595

	Glycine modulates hepatic lipid accumulation in alcohol-induced liver injury.
	Rajagopal Senthilkumar, Periyasamy Viswanathan, Namasivayam Nalini	603

	Evaluation of ofloxacin penetration into the skin after a single oral dose assessed by cutaneous microdialysis.
	Stanis³awa Bielecka-Grzela, Adam Klimowicz	613

	Effect of experimental diabetes on pharmacokinetic parameters of lidocaine and MEGX in rats.
	Barbara Gawroñska-Szklarz, David H. Musia³, Andrzej Pawlik, Bartosz Paprota	619

	Influence of tamoxifen on the mandible bone and hard teeth tissues of animals.
	Ewa Sobolewska, Bogumi³a Fr¹czak, Janusz Kubrak, Joanna Zió³kowska, 
Iwona Noceñ	625

	Proximal tubule damage in patients treated with gentamicin or amikacin.
	
Piotr Wiland, Jacek Szechiñski	631

	Gender differences in the pharmacokinetics of ethanol in saliva and blood after oral ingestion.
	Wojciech Guba³a , Dariusz Zuba	639


	SHORT COMMUNICATION
	Effect of nimesulide, rofecoxib and celecoxib on gastric tissue glutathione level in rats with indomethacin-induced gastric ulcerations.
	Konca Altinkaynak, 
Halis Süleyman, Fatih Akçay	645
	PRELIMINARY COMMUNICATIONS
	Influence of some convulsant agents on the protective activity of a novel antiepileptic drug, felbamate, against maximal electroshock in mice.
	
Mariusz „wi¹der, Maciej G¹sior, Marian Wielosz, Stanis³aw J. Czuczwar	649


	Effects of cytochrome P-450 inducers on the perazine metabolism in a primary culture of human hepatocytes.
	Jacek Wójcikowski, Lydiane Pichard-Garcia, Patrick Maurel, W³adys³awa A. Daniel	655

	Comparative effect of physiological levels of leptin and insulin on cyclic AMP-induced stimulation of hepatic glycogen breakdown.
	Márcia Vardanega-Peicher, Rui Curi, Helenir M. Souza, Glaucia R. Borba-Murad, V.L.D. Siqueira, Sharize B. Galende, Roberto B. Bazotte	659

	Note to contributors	663





