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Abstract : The present study was designed to study the effects of pomegranate and tamoxifen on breast cancer
tumor marker (CA 15-3), aromatase enzyme, triglyceride (TG), cholesterol, and lactate dehydrogenase (LDH) in
mastectomy women. The results indicates that tumor marker level was increased significantly in women without
treatment while the tumor marker was significantly decreased in both pomegranate-tamoxifen combination and
tamoxifen group, in addition, the level of aromatase and cholesterol was significantly decreased in
pomegranate-tamoxifen combination group when compared with other two remaining groups. LDH level was
significantly decreased in both tamoxifen and pomegranate-tamoxifen combination groups when compared with
untreated group. However, the level of TG remains unchanged in all groups.

Keywords : Pomegranate, tamoxifen, breast cancer, aromatase

l. INTRODUCTION
Breast carcinoma is the most common malignancy-affecting women in the US and China, and it is the
most common cause of cancer mortality in their population [1]. Approximately 50% of all women diagnosed
with breast carcinoma develop metastatic disease and for these patients, the average survival time from the time
of diagnosis of metastatic breast carcinoma ranges from approximately 18-30 months [2].

Tamoxifen is a standard endocrine therapy for the prevention and treatment of steroid hormone
receptor—positive breast cancer. Tamoxifen requires enzymatic activation by cytochrome P450 (CYP) enzymes
for the formation of active metabolites 4-hydroxytamoxifen and endoxifen. As compared with the parent drug,
both metabolites have an approximately 100-fold greater affinity for the estrogen receptor and the ability to
inhibit cell proliferation [3].Aromatase is a cytochrome P450 enzyme complex responsible for estrogen
biosynthesis and converts androgens, such as testosterone and androstenedione, into the estrogens estradiol and
estrone. Aromatase is present in the ovary, placenta, uterus, testis, brain, and extraglandular adipose tissues.
Two proteins, cytochrome P450,,, and NADPH-cytochrome P450 reductase, are necessary for enzymatic
activity, and the enzyme complex is localized in the smooth endoplasmic reticulum. The aromatase gene,
designated CYP19, encodes the cytochrome P450,,,, and consists of 10 exons, with the exact size of the gene
exceeding 70 kilobases. Aromatase is found in breast tissue, and the importance of intratumoral aromatase and
local estrogen production is being unraveled. Effective aromatase inhibitors have been developed as therapeutic
agents for estrogen-dependent breast cancer to reduce the growth stimulatory effects of estrogens in breast
cancer. Investigations on the development of aromatase inhibitors began in the 1970's and have expanded
greatly in the past three decades [3].The polymorphic CYP2D6 is the key enzyme in this biotransformation, and
recent mechanistic, pharmacologic, and clinical evidence suggests that genetic variants and drug interaction by
CYP2D6 inhibitors influence the plasma concentrations of active tamoxifen metabolites and the outcomes of
tamoxifen-treated patients. In particular, nonfunctional (poor metabolizer) and severely impaired (intermediate
metabolizer) CYP2D6 alleles are associated with higher recurrence rates [4].

Treatment of hormone-dependent breast cancers has historically focused on manipulation of the level
and/or activity of estrogen. Typically, inhibition of estrogen activity is achievable through antagonism of the
estrogen receptor (ER) through selective estrogen receptor modulators (SERMs) [5 and 6] or estrogen
deprivation via inhibition of estrogen synthesis by the aromatase enzyme [7].Interest in a number of fruits high
in polyphenolic compounds has been raised due to their reported chemopreventive potential [8].

1.  MATERIALS AND METHODS
2.1. Design of the study:
Fifty mastectomy women were used in this study, in which they classified into three different groups.
First group (control group) consist of 30 mastectomy women, second group (tamoxifen group) consist of 20
mastectomy women and they treated with tamoxifen drug (AstraZeneca-Switzerland) (three tablets “10mg”/day)
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for three months, and third group (pomegranate “LifeExtension-USA”-tamoxifen combination) consist of 20
mastectomy women and they treated with tamoxifen drug (three tablets “10mg”/day) and pomegranate seed oil

(three tablets “1g”/day) for three months. The study was carried out during the period of time (May to July
2012)

2.2. Blood sampling
Blood samples were taken by 5 cc syringe and put into chilled tubes without ethylene diamine tetra
acetic acid (EDTA) and centrifuged at 3000rpm at 4°C for 15 minute; then the sera were stored at -40C°.

2.3. Estimation of Cal5-3 tumor marker
Estimation of Cal5-3 tumor marker was done by enzyme-linked immuno sorbent assay (ELISA)
technique, which obtained from AccuBind Company (USA).

2.4. Estimation of Aromatase enzyme
Estimation of aromatase enzyme was done by enzyme-linked immuno sorbent assay (ELISA)
technique, which obtained from Uscn (USA).

2.5. Estimation of cholesterol, triglyceride and LDH
The level of cholesterol, triglyceride and LDH were measured by using automated biochemistry
analyzer (Kenza 240TX- France).

2.6. Data Analysis

Results were expressed as mean + standard error of the mean (M+SEM). Statistical evaluation of the
differences between experimental treatments were determined by performing one-way analysis of variance
(ANOVA) in combination with Duncan post hoc analysis, by using statistically available software (SPSS
version 11.5). Differences between values were considered statistically significant at P values <0.05.

1. RESULTS
A significant decrease of breast tumor marker was observed in pomegranate- tamoxifen combination
with mean value (43.100+2.307) when compared with both tamoxifen alone and breast cancer groups with mean
values (55.286+3.713 and 69.375+3.520) respectively (Table 1 and Fig. 1).

Table (1): Meanz S.E of Effects of Pomegranate + Tamoxifen and Tamoxifen on breast tumor marker

Groups CA 15-3 U/ml
Breast cancer 69.375+3.520°
Pomegranate+ Tamoxifen 43.100+2.307°
Tamoxifen 55.28623.713"
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Figure (1): Effects of Pomegranate + Tamoxifen and Tamoxifen on breast tumor marker

The level of aromatase enzyme was significantly and clearly decreased in pomegranate and tamoxifen
combination with mean value (4.695 + 0.906) when compared with breast cancer group with mean value (8.706
+ 0.821), while the level of aromatase in tamoxifen group remains unchanged with mean value (8.512 + 0.737)
when compared with breast cancer group (Table 2 and Fig. 2). In addition, The level of cholesterol was
significantly decreased in pomegranate and tamoxifen combination with mean value (181.300 + 8.164) when
compared with breast cancer group with mean value (216.417 + 7.033), while the level of cholesterol in
tamoxifen group remains unchanged with mean value (212.500 + 6.350) when compared with breast cancer
group (Table 3 and Fig. 3).
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Table (2): Meanz S.E of Effects of Pomegranate + Tamoxifen and Tamoxifen on aromatase level

Groups Aromatase
Breast cancer 8.706 + 0.821°
Pomearanate+ Tamoxifen 4.695 + 0.906°
Tamoxifen 8.512 + 0.737"
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Figure (2): Effects of Effects of Pomegranate + Tamoxifen and Tamoxifen on aromatase

Table (3): Meanz S.E of Effects of Pomegranate + Tamoxifen and Tamoxifen on cholesterol, TG, and

LDH levels
Groups Cholesterol mg/dl TG mg/dl LDH IU/ml
Breast cancer 216.417 +7.033° 251.583 + 13.339° 951.083 + 67.516"
Pomegranate+ Tamoxifen 181.300 + 8.164° 232.400 + 22.504° 506.4 + 62.256%
Tamoxifen 212.500 * 6.350° 237.286 + 13.506° 705.5 +58.011%
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Figure (3): Effects of Effects of Pomegranate + Tamoxifen and Tamoxifen on cholesterol

The level of TG in both pomegranate and tamoxifen group and tamoxifen group does not show
significant change with mean value (232.400 + 22.504 and 237.286 + 13.506) respectively when compared with
the breast cancer group with mean value (251.583 + 13.339) (Table 3 and Fig. 4).
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Figure (4): Effects of Effects of Pomegranate + Tamoxifen and Tamoxifen on triglyceride
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In addition, the level of LDH in both pomegranate and tamoxifen group and tamoxifen group was
significantly decreased with mean value (506.4 + 62.256 and 705.5 + 58.011) respectively when compared with
the breast cancer group with mean value (951.083 + 67.516) (Table 3 and Fig. 5).
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Figure (5): Effects of Effects of Pomegranate + Tamoxifen and Tamoxifen on LDH

V. DISCUSSION

The result showed that CA15-3 decreased significantly in pomegranate- tamoxifen combination when
compared with both tamoxifen alone and breast cancer groups. Porika et al., (2010) [9] reported that the mean
serum levels of CA 15.3 dropped slightly 9 days after mastectomy, however, 27 days later the values were
significantly increased among Southern Indian breast cancer patients.Tamoxifen pharmacogenetics focuses on
enzymes transforming the prodrug tamoxifen to 30 to 100 times more active metabolites (4-hydroxy tamoxifen
and endoxifen). This creates the possibility to identify pharmacogenetic markers that can predict efficacy and
may be used in clinical practice [10].

Tamoxifen therapy for breast cancer has become more generally used and it remains a challenge to
predict which patients are at greatest risk of relapse and thus, may benefit most from tamoxifen therapy. In these
cases, measurement of serum tumors markers may be helpful in detecting the metastatic process, in the sub-
clinical phase itself and assess the response to the treatment in breast cancer patients. Several studies have
shown that, in approximately 90% of the metastatic patients, serum levels of CA 15-3 correlate directly with the
response of the disease to the treatment. Hence, elevations of tumor marker levels during the treatment phase
could be a promising indicative of disease progression or regression [11].

The antitumor activity of tamoxifen is due to its antiestrogenic activity, mediated by competitive
inhibition of estrogen binding to estrogen receptors of the target tissue and blocking the action of biologically
active estrogen and estradiol. Consequently, tamoxifen inhibits the expression of estrogen-regulated genes,
including growth factors and angiogenic factors secreted by the tumor that may stimulate growth by autocrine or
paracrine mechanisms [11].

In addition, the antiproliferative effects of tamoxifen may relate to its inhibition of protein kinase C and
it’s binding to calmodulin, a protein that plays a role in DNA synthesis [11].

Tamoxifen blocks estrogen binding to the estrogen receptor (ER), making patients with ER-positive
disease more likely to respond than those with ER-negative disease, tamoxifen prevents mammary cancer in rats
so the drug could reduce the incidence of primary breast cancer, and long-term treatment was better than short-
term treatment to prevent rat mammary carcinogenesis; therefore, longer adjuvant therapy with tamoxifen
should be superior to short-term adjuvant therapy [12].

The anti-estrogen tamoxifen was the first of a class of drugs, now referred to as selective estrogen
receptor modulators, to be used clinically. Originally developed as an oral contraceptive, tamoxifen was actually
found to induce ovulation in subfertile women and was marketed for this indication instead. In the early 1970s,
following promising preliminary results in post-menopausal breast cancer patients [13], tamoxifen was
reinvented as an anticancer drug and is now the most widely used adjuvant therapy in the treatment of breast
cancer. Randomized clinical trials have demonstrated that adjuvant tamoxifen results in increased disease-free
survival and a decrease in breast cancer recurrence rates saving thousands of lives each year [14].
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Pomegranate juice (Punica granatum L) has been shown to be high in antioxidant activity, which is
generally attributed to its high polyphenol content. Pomegranate juice is produced by squeezing of the whole
fruit, leading to a high content of polyphenols, among which ellagitannins (ETs) predominate [8]. Pomegranate
juice and its purified ETs have been shown to inhibit cancer cell proliferation [15] and inflammatory cell
signaling [16] in vitro. Previous work has shown that ETs from pomegranate juice are hydrolyzed to ellagic acid
(EA) which is then taken up intact and metabolized by human colonic microflora to 3,8-dihydroxy-6Hdibenzo[
b,d]pyran-6-one derivatives (urolithin A and B) [17, 18 and 19]. These compounds have been shown to inhibit
the growth of human prostate and breast cancer cell lines [20]. In vitro studies have demonstrated that urolithin
A (UA) and urolithin B (UB) are taken up intact in MCF-7 breast cancer cells and converted to sulfate and
glucuronate metabolites. In addition, it has been shown that UB is partially converted to UA in MCF-7 cells
[21]. Finally, in vivo studies have shown that pomegranate extract and UA both inhibited the growth of LAPC-4
derived tumors in SCID mice [20].

One of the most well-established signaling pathways mediating inflammatory responses relevant to
cancer is the nuclear factor-xB (NF-xB) pathway. NF-kB represents a family of transcription factors that
modulate expression of genes with diverse functions. The activity of NF-«kB is regulated by the inhibitor of kB
(IxB), the NF-kB-inhibitory protein that binds to and sequesters NF-kB family members in the cytoplasm. When
the NF-xB pathway is activated, IxB is phosphorylated by IxB kinase, which phosphorylates IkB at serine
residues 32 and 36 [22]. Phosphorylated IkB is subjected to ubiquitination and proteasome-mediated
degradation, which results in the translocation of NF-kB to the nucleus, where it functions as a transcription
factor.

Interestingly, pomegranate extract (PE) has been shown to inhibit NF-xB in normal human cells, [23].
The result showed that level of aromatase significantly decreased in pomegranate-tamoxifen combination when
compared with tamoxifen alone and breast cancer group, and there is no any significant change in level of
aromatase in breast cancer group and tamoxifen alone.As we mentioned in the introduction that aromatase is a
cytochrome P450 enzyme complex responsible for estrogen biosynthesis and converts androgens, such as
testosterone and androstenedione, into the estrogens estradiol and estrone. Because estrogen has an important
role in breast cancer production, so aromatase level increases in breast cancer.So if any mutation occurs in
aromatase gene, the level of breast cancer decreases. Study of 204 Japanese women has shown that the single
amino acid substitution in aromatase of tryptophan by arginine at codon 39 was significantly associated with a
decrease in breast cancer risk [24]. Those authors speculated that this polymorphism may reduce the activity of
the CYP19 enzyme, consequently resulting in a lower production of estrogens.

Two primary approaches have been developed to reduce the growth-stimulatory effects of estrogens in
breast cancer: 1) interfering with the ability of estrogen to bind to its receptor; and 2) decreasing circulating
levels of estrogen. Antiestrogens compete for binding to the estrogen receptors and reduce the number of
receptors available for binding to endogenous estrogen. This approach has proven effective as an anticancer
strategy [25, 26] and has led to the development of efficacious antiestrogens, such as the drug tamoxifen, that
exhibit minimal toxicity. Inhibition of aromatase is the second approach for reducing growth-stimulatory effects
of estrogens. Effective aromatase inhibitors have been developed as therapeutic agents for controlling estrogen-
dependent breast cancer. Investigations on the development of aromatase inhibitors began in the 1970s and have
expanded greatly in the past three decades. Research summaries of aromatase inhibitors have been presented at
international aromatase conferences [27, 28]. Inhibition of testosterone-induced cell proliferation was observed
with pomegranate treatment as would be expected from the aromatase assay results. This suggests that the
inhibition of aromatase, and therefore estrogen production in the cell, is one mechanism through which
pomegranate may inhibit breast cancer cell proliferation [8].

The result showed that the level of cholesterol significantly decreased in pomegranate-tamoxifen
combination when compared with other groups, and surprisingly the level of cholesterol didn’t change in
tamoxifen group when compared with breast cancer group.Studies suggest that cholesterol and cancer are
closely associated, where cholesterol tends to accumulate in the cells comprising solid tumors [29, 30, and 31].
The mechanisms of cholesterol homeostasis are often dysregulated in tumors so that cholesterol deposition is
favored [32]. These findings are particularly interesting in the context of developed countries such as the United
States where diets that are high in cholesterol and fatty acids are thought to be associated with a higher
incidence of breast cancer [32, 33].
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In normal nonmalignant tissues intracellular cholesterol is closely monitored and adjusted to maintain
appropriate cholesterol levels [34]. The accumulation of cholesterol that is often seen in breast cancer is most
likely due to alterations in cholesterol acquisition, efflux and/or transport within the breast cancer cells [35], also
Liu et al.,(2012) [36] reported that cholesterol level increased in breast cancer women.In our study the level of
cholesterol not altered in tamoxifen group, and we can explain this result which may be, in part, due to inherited
genetic differences in the cellular receptors [37]. Tamoxifen acts via binding and modulation of the ERs, which
are members of the nuclear steroid receptor superfamily.

Two subsets of human ERs have been identified: ER-o. and ER- B. These receptors are products of
different genes, designated ESR1 and ESR2, respectively [38]. The expression of these receptors is influenced
by genetic polymorphisms, as is the case for other members of the nuclear receptor superfamily [37]. Single-
nucleotide polymorphisms (SNPs) in the genes coding for the ERs may therefore explain some of the variability
seen in the response to tamoxifen, including changes in lipid profile. The interaction of the ERs with each other
may also be important, as studies have suggested that ER-p modulates some of the responses resulting from
activation of ER-a target [39]. Other studies suggest that tamoxifen decrease the level of cholesterol [40, 41]
Pomegranate juice consumption decreased LDL susceptibility to aggregation and retention and increased the
activity of serum paraoxonase (an HDL-associated esterase that can protect against lipid peroxidation) by 20%
[42].

Pomegranate flowers and fruit extracts exhibited high activity on lowering circulation lipid and
modifying heart disease risk factors in diabetic animals and humans with hyperlipidemia [43], but the
mechanism is still unknown. It has been found that the pomegranate leaf extract (PLE), containing abundant
tannins, had a strong lipid-lowering action, that is, decreased the plasma levels of total cholesterol in
hyperlipemic animals after a long-term of oral administration [44]. The level of triglyceride decreased in
pomegranate-tamoxifen combination and tamoxifen alone when compared with breast cancer group but this
decreasing is not significant. Same result was reported by Gupta et al., (2006) [40] when he studied the effects
of tamoxifen therapy on plasma lipid profile in patients of breast cancer.

Huang et al., (2005) [43] reported that oral administration of pomegranate leaf extract improves excess
cardiac  triglyceride accumulation, accompanied by improvement of hypertriglyceridemia and
hypercholesterolemia in rats. The level of LDH significantly decreased in pomegranate-tamoxifen combination
and tamoxifen alone when compared with breast cancer group.The accumulation of lactate in tumor cells was
first described by Warburg and is associated with aerobic glycolysis [45]. Clinical studies showed that high
lactate levels are associated with the subsequent development of metastases [46]. In cancer patients, serum total
LDH levels are often increased, and the gene for LDH-A protein is often upregulated in tumors [47].

Glucose and glutamine are the major carbon sources for rapidly proliferating tumors, providing
precursors for nucleic acids, proteins, and lipids, as well as metabolic-reducing capability (NADPH). Pyruvate is
largely derived from both glucose and glutamine metabolism; it can be converted to lactate by the LDH complex
and/or enter the TCA cycle for conversion to CO, and ATP. The conversion of pyruvate to lactate is also
catalyzed by LDH which is a reversible reaction that results in the formation of NAD*, which is necessary for
further glycolysis. LDH isoenzymes are found in almost all eukaryotic cells and tissues, reflecting the
importance of this metabolic step. As a consequence of increased glucose and glutamine metabolism, tumors
secrete lactate, alanine, and NH* *. When oxygen is available, the accumulated and exogenous lactate can be
reutilized and converted back to pyruvate, where it is further oxidized to CO, and H,O in the TCA cycle,
generating ATP and NAD" [48]. It was shown that LDH-A is required for the maintenance and progression of
many tumors [47, 49, and 50], but the mechanisms by which LDH-A facilitates tumor progression are poorly
understood [51]. The significant increase in serum LDH is associated with increased lipid peroxidation which
reflecting hepatic membrane damage [52]. Pomegranate rind aqueous extract exhibit strong antioxidant activity
[53], scavenging free radicals and ameliorate the damage and decrease the level of LDH. This result is in
agreement with other studies which was done and causes decrease in the level of LDH like [54, 55].

V.  CONCLUSION:
The study suggests that supplementation of pomegranate along with tamoxifen to breast cancer patients
reduces the serum tumor marker levels of CA 15-3, Aromatase and LDH thereby offering better cancer
prognosis by reducing the risk of developing cancer recurrence and metastasis.
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