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EFFECTS OF TAMOXIFEN AND NAF ON
SERUM AND HEPATIC ENZYMES

Bogustaw Czerny,? Zygmunt Juzyszyn, Zofia Mysliwiec, Anna Put
Szczecin, Poland

SUMMARY: Male Wistar rats were given tamoxifen (2 or 4 mg/kg bw/day) and
sodium fluoride (20 mg/kg bw/day), five days a week, for six months. Signifi-
cant adverse changes were observed in the activities of the serum enzymes
alanine and aspartate aminotransferase (AIAT and AspAT) and gamma-
glutamyl transpeptidase (y-GT), the liver content of cytochrome P-450, and the
activity of hepatic NADPH-cytochrome c reductase.
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INTRODUCTION

Antagonists of steroid hormones are increasingly used for pharmacother-
apy of estrogen-dependent tumors. The use of tamoxifen (a nonsteroidal es-
trogen antagonist) for this purpose is associated with a serious risk of
stimulating estrogen receptors, thereby leading to hypertrophy of the endo-
metrium and induction of neoplastic transformations in the uterine body.'*

Osteoporosis is a chronic disease of bone tissue with an unclear etiology.
This disease is usually managed with hormones, calcium and vitamin D
preparations, and occasionally with sodium fluoride which is incorporated
into the apatite structure of the bone. However, the effects of sodium fluo-
ride are subject to much controversy owing to the inherent toxicity of NaF
and its adverse effects on mineralization of bone tissue.”’ Like tamoxifen,
sodium fluoride is chronically administered, whereby the toxic action of
NaF on the organism may be potentiated.

The aim of this research was to examine the chronic effects of tamoxifen
and sodium fluoride by measuring changes in the biochemical marker serum
activities of alanine and aspartate transaminotransferase (AspAT and AIAT)
and gamma-glutamyl transpeptidase (y-GT), the liver content of cytochrome
P-450, and the activity of hepatic NADPH-cytochrome ¢ reductase.

MATERIALS AND METHODS

The study was performed in 60 randomly selected young adult male
Wistar rats weighing 260-360 g (mean 292 g). Both the control and study
groups participated concurrently in the experiment. Rats were divided into
six groups of ten animals each. Group I served as control, while the remain-
ing groups received tamoxifen (Zemide, Wyeth, D) and/or NaF mixed with
standard chow in the form of globules. Complete consumption of globules
was ascertained before the animals were granted access to normal chow. The
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drugs were administered during six months, five days per week, at doses
indicated in the table below.

Table. Protocol for drug ingestion (5 days per week) by rats for six months

Group | Control (n = 10)

Group Il Tamoxifen 2 mg/kg bw orally (n = 10)

Group IlI Tamoxifen 4 mg/kg bw orally (n = 10)

Group IV NaF 20 mg/kg bw orally (n = 10)

Group V Tamoxifen 2 mg + NaF 20 mg/kg bw orally (n = 10)
Group VI Tamoxifen 4 mg + NaF 20 mg/kg bw orally (n = 10)

Animals were weighed every four weeks. Autopsy was performed after
lethal ether anesthesia. Livers were excised, weighed, and examined visu-
ally. Blood for biochemical determinations was obtained by cardiac punc-
ture. The hepatic microsomal fraction was prepared by ultracentrifugation of
the post-mitochondrial supernatant (100,000 x g, 1 hr), frozen in liquid ni-
trogen, and stored for up to 5 weeks at —70°C until assayed.

The activities of alanine (AIAT) and aspartate aminotransferase (AspAT)®
and gamma-glutamyl transpeptidase (y-GT)’ in the serum, the liver content
of cytochrome P-450,'"" and the activity of NADPH-cytochrome c reducase'’
in the hepatic microsomal fraction were determined.

Statistical analysis was performed with Student’s t-test taking the level of
significance as p<0.05.

RESULTS

The highest mean body weight (bw) at the end of the experiment was ob-
served in the control group (321 g) with an average weight gain of 29 g.
Significantly lower weight gains (p<0.05) occurred in group II (17 g) and
group III (15 g). Weight gain was lowest in group VI (8.8 g; p<0.01).
Weight gain in groups IV and V was 26 g and 23 g, respectively (not sig-
nificant).

The liver in the control group weighed 3.14+0.9 g per 100 g bw. Liver
weight was lowest in group IV (2.74+0.45) but the difference was not sig-
nificant.

At the end of the experiment, biochemical parameters in group II did not
differ significantly from the control group I.

In contrast to the absence of significant differences in group II, group III
had a significant 16% reduction in the activity of hepatic NADPH-
cytochrome ¢ reductase and a 24% increase in y-GT activity in the serum
(p<0.05).
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In group IV the activity of hepatic NADPH-cytochrome ¢ reductase was
significantly reduced by 28%. The liver content of cytochrome P-450 was
reduced by 19%, although not significantly. Serum activities of AIAT and y-
GT in this group increased by 40% and 39%, respectively.

In group V, the liver showed a 14% decrease in cytochrome P-450 content
and a 12% decrease in NADHP-cytochrome ¢ reductase activity. Serum As-
pAT and AIAT activities in this group increased by 30% and 18%, respec-
tively, which were not significant. The serum y-GT activity, however, in-
creased significantly by 65%.

In group VI the liver cytochrome P-450 content and NADPH-cytochrome
c reductase activity decreased by 29% and 36%, respectively. Serum As-
pAT, AIAT and y-GT activities increased by 38%, 25%, and 52% as com-
pared with controls.

All these results are displayed in Figures 1 and 2.
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Figure 1. Content of hepatic microsomal cytochrome P-450 and activity
of NADPH-cytochrome c reductase (control = 100%).
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Figure 2. Activities of serum AspAT, AIAT, and y-GT (control = 100%).

DISCUSSION
The aim of this study was to examine the chronic toxicity of tamoxifen (2
or 4 mg/kg bw/day) and sodium fluoride (20 mg/kg bw/day). After six
months, significant changes in the activities of some serum enzymes, the
liver content of cytochrome P-450, and the activity of hepatic NADPH-
cytochrome c¢ reductase were noted. Additional information on toxicity was
obtained by weighing the animals and inspecting the liver at autopsy.

The lowest weight gain was noted in animals given 4 mg tamoxifen and
20 mg NaF. Animals given tamoxifen only (2 or 4 mg) also demonstrated
lower weight gain as compared with controls. These findings suggest that
tamoxifen and NaF exerted a toxic effect on the rats. Fluoride is known to
inhibit weight gain in experimental animals.'>"> A similar reaction to tam-
oxifen does not appear to have been reported.
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Among known toxic effects of fluorides in the living organism are sup-
pression of basic reactions of the energy metabolism, including inhibitory
action on components of the respiratory chain, as well as interference with
mineralization processes in hard tissues.'*'® The hepatotoxicity and neph-
rotoxicity of fluorides were investigated by us previously.'”*

Osteoporosis is a chronic disease of bone tissue with an unclear etiology.
Risk factors of osteoporosis include hormonal disorders, estrogen deficiency
related to menopause, calcium and vitamin D deficiencies, sedentary life
style, and unhealthy diets.

The use of sodium fluoride for the management of osteoporosis has fre-
quently been questioned owing to its toxicity, as well as associated disorders
of mineralization in the form of increased bone fragility. The present results
corroborate the toxicity of sodium fluoride.>”** As noted in the Results, rats
administered NaF at a dose of 20 mg/kg bw/day exhibited significantly
higher activities of AIAT and y-GT, while the activity of NADPH-
cytochrome c reductase was significantly reduced in this group.

Tamoxifen, a derivative of triphenylethylene, is a synthetic non-steroid
drug used for the management of estrogen-dependent tumors, especially
breast cancer. The drug is metabolized in the liver with the involvement of
cytochrome P-450 to N-oxide, N-desmethyl, and 4-hydroxy metabolites.**
Adverse effects of tamoxifen have been demonstrated, the most serious one
being risk of fatal endometrial cancer.” In experimental animals, tamoxifen
has been shown to induce hepatic cancer, raising the specter of the same ef-
fect in women.'*>®® The present work provides further evidence for the
toxicity of tamoxifen. Changes were most pronounced in animals given
tamoxifen (4 mg) in combination with NaF (20 mg) (group VI), indicating
an additive effect for the toxicity of tamoxifen and NaF.

The present findings point to the possibility of similar action of both sub-
stances in women treated with tamoxifen and in patients given fluoride
preparations for osteoporosis.

REFERENCES

1 Carthew PC, Edwards RE, Nolan BM, Martin EA, Smith LL. Tamoxifen asso-
ciated uterine pathology in rodents: relevance to women. Carcinogenesis
1996;17:1577-82.

2 Gusberg SB. Tamoxifen for breast cancer associated endometrial cancer. Can-
cer 1990;65:1463-4.

3 Magriples U, Naftolin F, Schwartz P, Carcangiu M. High-grade endometrial
carcinoma in tamoxifen treated breast cancer patients. J Clin Oncol 1993;
11:485-90.

4  Willen R, Willen H, Lindahe B. Similarity of uterine mucosa changes in pa-
tients treated by raloxifen and tamoxifen. Anticancer Res 2002;22(2B):1121-5.

Fluoride 36 (3) 2003



10

11

12

13

14

15

16

17

18

19

20

Effects of tamoxifen and NaF on serum and hepatic enzymes 175

Blank RD, Bockman RS. A review of clinical trials of therapies for osteoporo-
sis using fracture as an end point. J Clin Densitom 1999; 2(4):435-52.
Kleerekoper M. The role of fluoride in the prevention of osteoporosis. Endo-
crinol Metab Cin North Am 1998;27(2):441-52.

Balena R, Kleerekoper M, Foldes 1A, Shih MS, Rao DS, Schober HC, Parfitt
AM. Effects of different regimens of sodium fluoride treatment for osteoporo-
sis on the structure, remodeling and mineralization of bone. Osteoporos Int
1998:8(5):428-35.

Zilva JF, Pannall PR, editors. Clinical chemistry in diagnosis and treatment.
London: A Lloyd-Luke Publication; 1979.

Tietz N, editor. Fundamentals of clinical chemistry. Philadelphia: W.B. Saun-
ders; 1986.

Omura T, Sato R. The carbon monoxide-binding pigment of liver microsomes.
II. Solubilization, purification and properties. J Biol Chem 1964;239:2379-85.
Williams GH, Kamin M. Microsomal triphosphopyridine nucleotide cyto-
chrome c reduktase of liver. J Biol Chem 1962;237:587-95.

Guminska M.Biochemical mechanism of influence of fluorine on the living
organism. Folia Med Cracov 1981;23:305-21.

Guminska M. Wplyw fluorkow na gospodarke energetyczna in vitro i in vivo
oraz zwiazane z tym efekty biologiczne. [Influence of fluorides on in vitro and
in vivo metabolism and related biological effects]. In: Machoy Z, editor. Me-
tabolism of Fluorine *94. Proceedings of the 6™ Symposium on the Metabolism
of Fluorine; 1994 Sept. 15, Szczecin, Poland. Szczecin: Polskie Towarzystwo
Biochemiczne & Szczecinskie Towarzystwo naukowe; 1994. p 9-11.

Singh M, Kanwar KS. Effect of fluoride on tissue enzyme activities in rat.
Biochemical and histochemical studies. Fluoride 1981;14:132-41.

Machoy Z. Wptyw zwiazkéw fluoru na tancuch oddechowy [The influence of
fluorine compounds on the respiratory chain]. In: Machoy Z, editor. Metabo-
lism of Fluorine. Warsaw, Poznan: PWN; 1982. p 3-5.

Kessabi M, Hamliri A, Braun JP, Rico AG. Experimental acute sodium fluo-
ride poisoning in sheep: renal, hepatic and metabolic effects. Fundam Appl
Toxicol 1989;5(6 Ptl):1025-33.

Put A, Mysliwiec A. Die Wirkung von Pollenextracten auf Experimenten mit
Ammonium Fluoride hervorgerufene Lebeveranderungen bei Ratten [The ac-
tion of pollen extracts in experimental changes induced in rat liver by ammo-
nium fluoride]. Arztezeitschrift fiir Naturheilverfahren 1993;34:680-6.
Juzyszyn A, Put A, Mysliwec Z, Ceglecka M, Ogonski T, Galka G. Influence
of standardized pollen extracts (Cemitin) on the respiratory activity of some
tissues of rats subchronically exposed to ammonium fluoride. Phytomedicine
1997;4(4):315-7.

Czerny B, Put A, Mysliwiec M, Juzyszyn Z. The influence of quercetin on
some parameters of lipid metabolism in rats chronically exposed to ammonium
fluoride. Fluoride 2000;33:27-32.

Czerny B, Put A, Mysliec Z, Juzyszyn Z. The influence of quercetin on some
biochemical parameters in rats exposed to environmental contamination with
fluorine compounds. Polish Journal of Environmental Studies 2000;9(3):157-
61.

Fluoride 36 (3) 2003



176 Czerny, Juzyszyn, Mysliwiec, Put

21

22

23

24

25

26

27
28

Juzyszyn Z, Czerny B, Mysliwiec Z, Put A. Enhancement of kidney and liver
respiratory activity by quercetin sulfonates in rats chronically exposed to am-
monium fluoride. Fluoride 2002;35(3):161-7.

Mysliwiec Z, Machoy-Mokrzynska A, Juzyszyn Z, Czerny B, Put A. Effects of
selenium on serum lipids and enzyme activities in fluoride-intoxicated rats.
Fluoride 2002;35(3):168-75.

Gutteridge DH, Stewart GO, Price RL, Price RJ, Rettallack RW. A random-
ized trial of sodium fluoride (60mg) +/-estrogen in postmenopausal osteopo-
rotic vertebral fractures: increased vertebral fractures and peripheral bone loss
with sodium fluoride; concurrent estrogen prevents peripheral loss, but not
vertebral fractures. Osteoporsis Int 2002;13(2):158-70.

Mandlekar S, Hebbar V, Christor K, Kong AN. Pharmacodynamics of tamoxi-
fen and its 4-hydroxy and N-desmethyl metabolites: activation of caspases and
induction of apoptosis in rat mammary tumors and in human breast cancer cell
lines. Cancer Res 2000;60(23):6601-6.

Ching CK, Smith PG, Long RL. Tamoxifen associated hepatocellular damage
and agranulocytosis. Lancet 1992;339:940-8.

De-Matteis F, White IN, Smith LL. Species differences in the metabolic acti-
vation of tamoxifen into genotoxic derivatives: risk assessment in women. Eur
J Drug Metab Pharmacokinet 1998;23:425-8.

White IN. The tamoxifen dilema. Carcinogenesis 1999;20:1153-60.

Morello KC, Wurz GT, De Gregorio MW. Serms: current status and future
trends. Crit Rev Oncol Hematol 2002;43(1):63-76.

Published by the International Society for Fluoride Research
Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand

Fluoride 36 (3) 2003



