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Abstract. – Tamoxifen is a synthetic non
steroidal anti-estrogen used to treat patients
with breast cancer and healthy subjects with
high risk of breast cancer. It was aimed to study
the short term effects of tamoxifen on the plasma total antioxidant capacity (TAC), nitric oxide
(NO) and the adenosine deaminase activity
(ADA) in healthy rabbits. Sixteen healthy New
Zealand rabbits were allocated to 2 groups including controls and tamoxifen treated animals.
Controls received a single application of 0.9%
saline via oral route while the treated rabbits received orally tamoxifen (dissolved in 0.9%
saline, at a dose of 5 mg/kg). Blood samples
were collected at 6 and 24 hours following the
treatments. Plasma TAC and ADA were not affected by Tamoxifen treatment. However, NO level in tamoxifen treated group was increased at
24 hours following tamoxifen treatment as compared to controls.
In conclusion, acute tamoxifen treatment
may not affect the antioxidant status and cellular immunity, as evidenced by unaltered TAC
and ADA. However, NO level was increased as
early as 24 hours following tamoxifen treatment.
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Introduction
Tamoxifen (TAM) is a synthetic nonsteroidal
antiestrogen agent used clinically in the
chemotherapy of human breast cancer. It is the
early representative of selective estrogen receptor

modulators1. The therapeutic activity is considered to be due to its antiestrogenic effect on estrogen receptors leading to antiproliferative action on mammary glands. TAM shows antiestrogenic effect on mammary tissue, but it has an estrogenic activity on the serum lipids, bone and
endometrium. Due to its estrogenic effect on endometrium, tamoxifen increases the risk of the
endometrial hyperplasia2. In addition to breast
cancers, the selective estrogen receptors have
been increasingly utilized in healthy subjects
with an high risk of breast cancer or in the prevention of recurrence 3,4. Several studies have
demonstrated that the antitumor action of TAM
may not be solely depend on its antiestrogenic
effect. There are reports indicating that TAM activity could also be associated with several other
mechanisms including antioxidant, antinitrosative effects, radical scavenging activity5-7,
induction of antioxidant enzymes such as glutathione peroxidase (GSH-Px), superoxide dismutase (SOD) and catalase (CAT)8, induction of
apoptosis9, inhibition of protein kinase C10. Further, TAM could alter the formation of nitric oxide (NO) which is produced enzymatically from
L-arginine by nitric oxide synthase (NOS). However, results regarding the NO changes are controvertial. For example, TAM was reported to
inhibit the NOS activity and the nitrotyrosine
formation in brain ischemia-reperfusion
injury11, while it induces the NOS activity and
the NO synthesis in vitro12. Tamoxifen was also
reported to alter some immune parameters such
as the prevention of neutrophil infiltration and
the hydrogen peroxide formation by the human
neutrophils13.
Adenosine deaminase (ADA) is a purine catabolic enzyme involved in the lymphocyte prolif-
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eration, maturation and differentiation. It is an indicator of T cell activation and may be used to
evaluate the cellular immune response14. ADA is
also known to play an important role in the ischemia-reperfusion induced oxidative stress15,16.
Furthermore, total antioxidant capacity is used to
evaluate the cumulative antioxidants in plasma
and it has been inscreasingly utilized to assess
the antioxidant status in many pathological conditions17.
In this study, it is aimed to investigate alterations in blood TAC, NO and ADA activity
which is marker for altered immune response and
play an important role in oxidative damage in response to TAM treatment in healthy rabbits.

Materials and Methods
Experimental Animals
Study was conducted in New Zealand rabbits
(2100-2500 g). Animals were provided by the
Central Animal House Facility of Kafkas University, Kars, Turkey. Feed and water are provided
ad libitum. Sixteen animals were divided into 2
groups as control (group C) and TAM-treated
group (group TAM). Each group consisted of 8
animals and treated as follows: animals in group
C received a single oral administration of 0.9%
saline. Rabbits in group TAM were treated with a
single oral administration of tamoxifen citrate
(Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany) dissolved in 0.9% saline at a dose of 5
mg/kg body weight. Blood samples were collected from vena auricularis into heparinized tubes at
timed intervals at 6 and 24 hours after drug administration. Collected blood samples were centrifuged at 3000 rpm for 10 minutes to obtain
plasmas. Then, the plasma samples were stored
at –50ºC until the day of assay.
Biochemical Analysis
Determination of NO Level
NO levels in plasma were measured by the
method of Miranda et al.18. The samples were deproteinized with 10% zinc sulphate, and total NO
concentrations (via NO metabolites: nitrate and
nitrite) were determined colorimetrically by the
acidic Griess reaction (via reaction involving reduction of nitrate to nitrite by vanadium (III)
chloride).
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Determination of Total
Antioxidant Capacity
Antioxidants in the sample reduce dark bluegreen colored 2,2’-azino-bis (3-ethylbenz-thiazoline-6-sulfonic acid) ABTS radical to colorless
reduced ABTS form. The change of absorbance
at 660 nm is related with total antioxidant level
of the sample. The assay is calibrated with a stable antioxidant standard solution which is traditionally named as Trolox Equivalent that is a vitamin E analog19.
Determination of ADA Activity
ADA activity in plasma was determined at
37ºC according to the method of Giusti and
Galanti20 based on the Bertholet reaction, formation of coloured indophenol complex from ammonia liberated from adenosine, and quantified
colorimetrically with spectrophotometer (UV1201, Shimadzu, Japan). One unit of ADA is defined as the amount of enzyme required to release 1 mmol of ammonia/min from adenosine at
standard assay condition. Results were expressed
as international unit of enzyme activity.
Statistical Analysis
The data for biochemical parameters were analyzed by ANOVA which is followed by post hoc
Tukey test. All data were presented as mean ± SE
using SPSS Windows 10.0. Values were considered statistically significant if p value was less
than p<0.05.

Results
Plasma TAC, NO levels and ADA activity at 6
and 24 hours following the treatments were presented in Table I. Plasma TAC and ADA activity
were not statistically different between control
and TAM group at 6 and 24 hours. While blood
NO level was found to be significantly higher in
TAM treated group than in control at 24 hours,
no difference in NO level was observed between
control and TAM treated group at 6 hour following the treatments.

Discussion
Tamoxifen was reported to have antioxidant
and radical scavenging effects6,7. It undergoes he-

Acute tamoxifen effect on blood biochemistry
Table I. Plasma total antioxidant capacity (TAC), nitric oxide (NO) and adenosine deaminase (ADA) activity of healthy rabbits in the treatment group (n=8).
Groups
Parameters
TAC (mmolTrolox equivalent/L)
NO (µmol/L)
ADA (U/L)

Time

Control

Tamoxifen

6
24
6
24
6
24

0.322 ± 0.03a
0.319 ± 0.03a
6.87 ± 1.75a
6.47 ± 1.98a
5.42 ± 0.28a
6.72 ± 0.55a

0.373 ± 0.03a
0.367 ± 0.02a
8.94 ± 0.93a
10.90 ± 1.40b
6.09 ± 0.32a
6.17 ± 0.76a

Values with different superscripts in the same row are significantly different at p<0.05.

patic metabolism giving rise to 2 metabolites
namely 4-hydroxytamoxifen and N-desmethyltamoxifen. Tamoxifen and its metabolites were
shown to prevent lipid peroxidation induced by
Fe (III) and ascorbic acid system in vitro8,21. In
addition to the antilipid peroxidative action, it was
reported that TAM increases the components of
the enzymatic and non-enzymatic antioxidant system in humans with breast cancer following 3 and
6 months treatment. Serum glutathione and erythrocyte CAT, SOD, GSH-Px and glutathione-Stransferase enzyme activities were elevated in response to the TAM treatment at 3 and 6 weeks8.
Tamoxifen was also reported to inhibit the hydroxyl radical generation induced by the
phenelzine and 1-methylhy-4-phenylpyridine in
the rat striatum5,22. Measuring TAC provides a
broad spectrum of antioxidant activity of measurable antioxidants in response to the reactive oxygen and nitrogen species including endogenous
and exogenous antioxidant molecules17. In the
present study, plasma TAC was not altered in a
short term treatment with TAM. Although it was
shown that TAM is capable of inducing antioxidant system, the unaffected TAC could be due to
the short term treatment. The increases in the enzymatic and non-enzymatic antioxidant system
could take longer times with respect to the duration of TAM treatment. However, the results of
this study imply that TAM has no effect on the
TAC in a short term trial. Furthermore, it is
known that TAM could also act as an oxidant
leading to lipid peroxidation in the liver during
the biotransformation of parent molecule. Tabassum et al.23 reported that the TAM treatment resulted in an increased lipid peroxidation and an
inhibition of antioxidant enzymes in the liver of
mice. It is possible that the unaltered TAC in the
current study may also be associated with the

dual effect of TAM including both oxidant and
antioxidant effects which may counterbalance the
oxidant and antioxidant state as well as the elements of the antioxidant system.
In the present research, no alteration was observed in adenosine deaminase activity in response to acute effect of tamoxifen compared to
control at 6 and 24 hours. ADA is an important
enzyme in the purine metabolism and serves in
the catalytic deamination of adenosine to inosine
and ammonia. It is required for the lymphocyte
proliferation and differentiation. ADA is measured to assess the cell mediated immunity in
several diseases24. Elevation in the ADA activity
is attributed to the stimulated cell mediated immune response and could also be used as a marker of activated neutrophil functions during the
oxidative stress25. The results show that the acute
TAM treatment has no effect on the cell mediated
immune response which is one of the important
components utilized in the treatment of cancer.
Furthermore, it was reported that the ADA could
also be increased in the ischemia-reperfusion induced oxidative stress. Raised ADA activity results in the adenosine depletion leading to the increased free radical production since adenosine
inhibits the ROS formation15,16. The unaltered
ADA activity in the current study correlates with
unaffected TAC. Therefore, the results of the antioxidant status are in accordance with the results
of the ADA activity in response to a short term
TAM treatment.
Nitric oxide is a biologically active molecule
with diverse effects on many physiological and
pathological processes. It plays some important
roles in carcinogenesis including cancer initiation, promotion, metastasis and angiogenesis26.
However, role of NO in these processes is somewhat controversial. Some of the reports indicate
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that increased production of NO is protective
against tumorogenesis but some others claim opposite27. With respect to the effect of TAM on
NO production, it was reported that TAM treatment prevented the transformation of C3H
10T1/2 murine fibroblast cell line and increased
the NO production via induction of (inducible nitric oxide) iNOS at concentrations blocking the
cell transformation. Therefore, the increased NO
production by TAM could alter some cellular
processes involved in the anti-tumor action of
TAM12. In this study, TAM treatment increased
blood NO level at 24 hours but no alteration was
observed at 6 hours compared to controls. In a
long term study, TAM resulted in non-significant
increase in the plasma of patients with breast
cancer following 3 months of treatment28. On the
other hand, Osuka et al.11 reported that TAM is a
potent inhibitor of the NOS activity which was
shown by an inhibition of the nitrotyrosine production in the cerebral cortex of rat subjected to
the ischemia-reperfusion injury. Nitrotyrosine is
considered to be a footprint of peroxynitrite
formed by the reaction of superoxide radical and
NO. Indeed, NO may play a dual function depending on the environment where NO could be
mutagenic and harmful on DNA in the presence
of O2. Yet it may be beneficial as an antioxidant
molecule by reacting with superoxide radical
which is a powerful free radical considering the
various physiological role of NO. It was suggested that the modulation of NO production by
TAM could possibly be involved in its antitumor
action12.
In conclusion, plasma TAC and ADA activity
in acute treatment of TAM were found to be unaltered in healthy rabbits indicating that a short
term TAM treatment may not affect the antioxidant status and cellular immunity. However,
TAM could alter the blood NO level as early as
24 hours following the treatment.

References
1) JORDAN VC. Fourteenth Gaddum Memorial Lecture. A current view of tamoxifen for the treatment
and prevention of breast cancer. Br J Pharmacol
1993; 110: 507-517.
2) HASKELL SG. Selective estrogen receptor modulators. South Med J 2003; 96: 469-476.

242

3) C LARKE MJ. WITHDRAWN: Tamoxifen for early
breast cancer. Cochrane Database Syst Rev
2008; (4): CD000486.
4) WICKERHAM DL, COSTANTINO JP, VOGEL VG, CRONIN
WM, CECCHINI RS, FORD LG, WOLMARK N. The use
of tamoxifen and raloxifene for the prevention of
breast cancer. Recent Results Cancer Res 2009;
181: 113-119.
5) OBATA T. Tamoxifen protect against hydroxyl radical generation induced by phenelzine in rat striatum. Toxicology 2006; 222: 46-52.
6) CUSTODIO JB, DINIS TC, ALMEIDA LM, MADEIRA VM.
Tamoxifen and hydroxytamoxifen as intramembraneous inhibitors of lipid peroxidation. Evidence for
peroxyl radical scavenging activity. Biochem Pharmacol 1994; 47: 1989-1998.
7) MOREIRA PI, CUSTODIO JB, OLIVEIRA CR, SANTOS MS.
Brain mitochondrial injury induced by oxidative
stress-related events is prevented by tamoxifen.
Neuropharmacology 2005; 48: 435-447.
8) THANGARAJU M, VIJAYALAKSHMI T, SACHDANANDAM P. Effect of tamoxifen on lipid peroxide and antioxidative system in postmenopausal women with
breast cancer. Cancer 1994; 74: 78-82.
9) KIM JA, KANG YS, JUNG MW, LEE SH, LEE YS. Involvement of Ca2+ influx in the mechanism of tamoxifen-induced apoptosis in HepG2 human hepatoblastoma cells. Cancer Lett 1999; 147: 115-123.
10) O’BRIAN CA, LISKAMP RM, SOLOMON DH, WEINSTEIN
IB. Inhibition of protein kinase C by tamoxifen.
Cancer Res 1985; 45: 2462-2465.
11) OSUKA K, FEUSTEL PJ, MONGIN AA, TRANMER BI, KIMELBERG HK. Tamoxifen inhibits nitrotyrosine formation
after reversible middle cerebral artery occlusion in
the rat. J Neurochem 2001; 76: 1842-1850.
12) LOO SA, LESOON-WOOD LA, COONEY RV. Effects of
tamoxifen on nitric oxide synthesis and neoplastic
transformation in C3H 10T1/2 fibroblasts. Cancer
Lett 1998; 122: 67-75.
13) LIM JS, FRENKEL K, TROLL W. Tamoxifen suppresses
tumor promoter-induced hydrogen peroxide formation by human neutrophils. Cancer Res 1992;
52: 4969-4972.
14) SULLIVAN JL, OSBORNE WR, WEDGEWOOD RJ. Adenosine deaminase activity in lymphocytes. Br J
Haematol 1977; 37: 157-158.
15) KAUL A, CHANDRA M, MISRA MK. Erythrocyte adenosine deaminase as a marker of reperfusion injury
in patients with myocardial infarction. Int J Cardiol
2007; 115: 274-275.
16) KAUL A, MISRA MK, SETHI R. Evaluation of the roles
of adenosine deaminase and xanthine oxidase in
reperfusion injury in patients with myocardial infarction. Clin Chim Acta 2007; 380: 225-227.
17) SOMOGYI A, ROSTA K, PUSZTAI P, TULASSAY Z, NAGY G.
Antioxidant measurements. Physiol Meas 2007;
28: R41-55.

Acute tamoxifen effect on blood biochemistry
18) MIRANDA KM, ESPEY MG, WINK DA. A rapid, simple
spectrophotometric method for simultaneous detection of nitrate and nitrite. Nitric Oxide 2001; 5:
62-71.

24) TRIPATHI K, KUMAR R, BHARTI K, KUMAR P, SHRIVASTAV R,
SUNDAR S, PAI K. Adenosine deaminase activity in
sera of patients with visceral leishmaniasis in India. Clin Chim Acta 2008; 388: 135-138.

19) EREL O. A novel automated direct measurement
method for total antioxidant capacity using a new
generation, more stable ABTS radical cation. Clin
Biochem 2004; 37: 277-285.

25) E RKILIC K, E VEREKLIOGLU C, C EKMEN M, O ZKIRIS A,
DUYGULU F, DOGAN H. Adenosine deaminase enzyme activity is increased and negatively correlates with catalase, superoxide dismutase and
glutathione peroxidase in patients with Behcet's
disease: original contributions/clinical and laboratory investigations. Mediators Inflamm 2003; 12:
107-116.

20) GIUSTI B, GALANTI B. Methods of enzymatic analysis. In: Bergmeyer HU, eds. Adenosine deaminase: colorimetric method, Weinheim: Verlac
Chemie; 1984.
21) WISEMAN H, LAUGHTON MJ, ARNSTEIN HR, CANNON M,
HALLIWELL B. The antioxidant action of tamoxifen
and its metabolites. Inhibition of lipid peroxidation.
FEBS Lett 1990; 263: 192-194.
22) OBATA T, KUBOTA S. Protective effect of tamoxifen
on 1-methyl-4-phenylpyridine-induced hydroxyl
radical generation in the rat striatum. Neurosci
Lett 2001; 308: 87-90.
23) TABASSUM H, REHMAN H, BANERJEE BD, RAISUDDIN S,
PARVEZ S. Attenuation of tamoxifen-induced hepatotoxicity by taurine in mice. Clin Chim Acta 2006;
370: 129-136.

26) HOFSETH LJ, HUSSAIN SP, WOGAN GN, HARRIS CC. Nitric oxide in cancer and chemoprevention. Free
Radic Biol Med 2003; 34: 955-968.
27) HOFSETH LJ. Nitric oxide as a target of complementary and alternative medicines to prevent and
treat inflammation and cancer. Cancer Lett 2008;
268: 10-30.
28) COSKUN U, GUNEL N, SANCAK B, ONUK E, BAYRAM M,
CIHAN A. Effect of tamoxifen on serum IL-18, vascular endothelial growth factor and nitric oxide activities in breast carcinoma patients. Clin Exp Immunol 2004; 137: 546-551.

243

