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ABSTRACT

In order to determine the toxic effects of anastrazol and its relationship to the
incidence of osteoporosis, this study was conducted (56 females laboratory rats ) aged
(3-4 month) divided into (7 groups) each group composed 8 female rats as follows:
The first group was treated with a anastrazol (0.02 mg/1 kg body weight) for a 60
days. The second group was treated with anstrazol (0.02 mg/1 kg body weight) and
fish oil (3750 mg/1 kg of body weight) for 60 days. The third group was treated with
anstrazol (0.02 mg/1 kg body weight), and phytoestrogen (genstien) (20 mg/1 kg of
body weight) for 60 days. The fourth group was treated with anstrazol (0.02 mg/1 kg
body weight) , fish oil (3750 mg/1 kg of body weight) and phytoestrogen (genstien)
(20 mg/1 kg of body weight) for a 60 Day. The fifth group is treated with a drug
phytoestrogen (genstien) (20 mg/1 kg of body weight) for a 60-day. The sixth group
were treated with fish oil (3750 mg/1 kg of body weight) for a 60-day. The seventh

group is a group control are not treated by any drugs for a 60 days.

The biochemical results showed a significant decline in value of estrogen in the GI
(43.92542.895) compared with GII, GIII and GIV while significant improvement
observed in the estrogen level of GII, GIII and GIV respectively (70.308+2.140),
(67.42+£3.812) and (74.15+ 3.603) compared with the first group (43.925+2.895). Also
the GIV showed the optimal improvement in estrogen level (74.15+£3.603), as well,

the biochemical results showed significant increase in the level of the alkaline
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phosphatase in the GI which showed (190.02+3.98) compared with GII, GIII and GIV
while showed significant improvement of alkaline phosphatase values in the GII, GIII
and GIV respectively (180.57+1. 89), (181.37£5. 03), (176. 8+2, 41).In Real-Time
PCR RANK in the first group showed up-regulation (12.157+1.59) compared with the
second, third and fourth groups (5.50+£90.601), (6.903+0.130) and (3.018+0.027)
respectively. The results also showed an up-regulation RANKL in Group I
(8.458+0.766) compared with the second, third and fourth groups respectively
(6.071+0.53), (4.970+0.228) and (3.398+0.114). While the results showed an up-
regulation OPG in the second, third and fourth respectively (1.924+0.08),
(1.014£0.064) and (5.567+1.419) compared in the first group (0.009+0.0076).We
concluded that the derivatives like genestein and fish oil lead to ameliorate the toxic
effect of anastrazole, also these derivatives may minimized the risk of osteoporosis

caused by estrogen deficiency.
INTRODUCTION

Osteoporosis is a disease characterized by low bone mass and deterioration of the
bone architecture leading to increase fragility and fractures, these fractures can result
from minimal trauma such as fall from standing height or less, and can occur at any
area but most commonly in hips, spine and wrist, primary osteoporosis related to

aging and menopause while secondary type results from specific diseases or drugs (1).

The relationship of estrogen depletion and bone loss has been well established and it
is estimated that estrogen deficiency is responsible for 75% of bone loss that occurs in
postmenopausal women, immediately after the menopause, bone mass decreases by 3
to 5% per year and increased bone turnover is associated with increased bone loss and

the risk of fractures (2).

The bone stromal cells include the osteoblasts that formed from pluripotent
mesenchymal stem cells and are responsible for the mineralization of bone, and
osteoclasts that formed from hematopoietic stem cells, differentiate into
multinucleated giant cells and occur in the bone absorption zone, the interaction
between these cells is controlled by the bone metabolism mediators RANK, RANKL
and OPG (3).
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The tumor necrosis factor family molecule RANKL (RANKL, TRANCE, ODF) and
its receptor RANK are key regulators of bone remodelling and regulate T cell/
dendritic cell communications, and lymph node formation, moreover, RANKL and
RANK are expressed in mammary gland epithelial cells and control the development
of a lactating mammary gland during pregnancy and the propagation of mammalian
species, importantly, RANKL and RANK are essential for the development and
activation of osteoclasts and bone loss (4).While, OPG has an antiosteoclastogenic
property due to its ability to act as a decoy by binding to RANK-ligand and blocking
the RANK-ligand/RANK interaction (5).

In addition, Aromatase (cytochrome P-450) catalyzes the rate-limiting step
(conversion of steroidal C-19 androgens to C-18 estrogens) in estrogen biosynthesis,
aromatization is the final step in steroid biosynthesis and, therefore, aromatase is an

attractive target for selective inhibition; aromatase is expressed primarily in the ovary

(6).

Aromatase inhibitors (Als) such as anastrozole is currently part of the standard
endocrine therapy in postmenopausal women with hormone-receptor positive early
breast cancer, the Als inhibit the conversion of androgen to estrogen in peripheral fat

tissues and tumor cells, which leads to a marked reduction in plasma estrogen (7).
MATERIALS AND METHODS

Fifty-six laboratory Females rats (Rattusnorvegicus) approximately 3-4 months of
age and weight ranged 200+10 gram (which bought from consultant office of
veterinary medicine college at Basra university) were randomly allocated to seven
groups. These 7 groups were: Group A,B,C,D,E,F and G. At first, the animals were
left two weeks before the beginning of experiment under controlled condition for
adaptation at animal's house, where they fed on special feed pellets and given ad-
libitum water as well as controlled temperature (25+2 °C). All ratswere treatedfor two
months by daily oral gavage as the following:

1- Group (I) : Treated orally with anastrazole 1 ml containing (0.02mg/ 1kg BW)

for 60 days according to (8).
2- Group (II): Treated orally with combination of anastrazole and fish oil in

(0.02mg/ 1kg BW) ,(3750mg/ 1kg BW) respectively for 60 days daily.
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3- Group (III): Treated orally with combination of anastrazole and genestein in
(0.02mg/ 1kg BW) and (20mg/ 1kg BW ) respectively for 60 days daily.

4- Group (IV): Treated orally with combination of anastrazole and genestein and
Fish oil in (0.02mg/ 1kg BW), (20mg/ kg BW ) and (3750mg/ 1kg BW)
respectively for 60 days daily.

5- Group (V): Treated orally with Genestein 1 ml containing (20mg/ 1kg BW )
for 60 days daily according to (9)

6- Group (VI): Treated orally with fish oil 1 ml containing (3750mg/ 1kg BW)
for 60 days daily according to (9).

7- Group (VII): Treated orally with normal saline daily for 60 days and served as
control group.

At the end of experiment, all of experimental groups was estimatedthe estrogen and
alkaline phosphatase concentrations,in whichthe estrogen concentration considered to
be the most reliable tool to evaluate the activity of ovarian follicles,the kit was used
(E2(Estradiol) ELISA Kit. USA,product Catalogue No.:EU0390, Range:0.703-
45ng/ml) and the procedure was done according to (10).The serum alkaline
phosphatase concentrationwas assessed according to(11).

The RT-PCR done by using the following materials:

1. Total RNA Extraction Kit AccuZolTM (Bioneer, Korea).
2. DNase I enzyme kit (Promega, USA).

3. M-MLV Reverse Transcriptase kit  (Bioneer, Korea).

4. NEXpro™ gPCR Master Mix (Genes Laboratories,Korea).

The primers for target genes and housekeeping gene were designed by pervious

study (12) and provided by Macrogencompany, Korea as following:

l. RANK primers F 3- GGGAAAACGCTGACAGCTAATC -5, RS-
GGTCCCCTGAGGACTCCTTATT-3.

2. RANKL primers F 3- CCGTGCAAAGGGAATTACAAC-5, RS-
GAGCCACGAACCTTACATCA-3.

3. OPG primers F 3 — CACAGCTCGCAAGAGCAAACT - 5, R 5-
ATATCGCGTTGCACACTGCTT-3.

4. CYC-A primers F 3- GAGCTGTTTGCAGACAAAGTTTC 5- R 5 —
CCCTGGCACATGAATCCTGG-3.
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The total RNA were extracted from frozen blood by using (TRIzol® reagent kit)
and done according to company instructions, while the total RNA were extracted
from frozen blood by using (TRIzol® reagent kit) and done according to company
instructions. The extracted total RNA was assessed and measurement by Nanodrop
spectrophotometer (THERMO. USA), There are two quality controls were performed
on extracted RNA. The genomic RNA extraction was done by using the following: 10
ul of total RNA (100ng/ul), 1ul of DNase I enzyme, 4ul of 10X buffer and 5 pl of
DEPC water. After that, the mixture was incubated at 37C° for 30 minutes. Then, 1pl
stop reaction was added and incubated at 65C° for 10 minutes for inactivation of
DNase enzyme action.

The DNase-I treated RNA samples were also used in cDNA synthesis step for Pten
and GAPDH gene by using M-MLV Reverse Transcriptase kit and done according to
company instructions as following: 8 pl of total RNA 100ng/ul , 1ul of random
hexamer primer, 1ul of DEPC water in which the total concentration was 10 pl. Then
RNA and primer was denatured for 10 min at 65 °C, after that immediately cool on
ice as the following: 10 pul of the step 1 RT master mix, lul of M-MLV RTase (200u),
4 ul of 5X M-MLYV RTase reaction buffer, 2 pl of 100 mM DTT, 2ul of DNTPs, 1ul

of RNase inhibitor, in which the total amount was 20 pl.

Then the tubes were placed in vortex and briefly spinning down. The RNA converted
into cDNA in thermocycler under the following thermocycler conditions: 42 °C of

cDNA synthesis (RT step) for 1 hour, then 95 °C of Heat inactivation for 5 min.

The quantitative Real-Time PCR used in quantificationoftarget genes expression
analysis that normalized by housekeeping gene in treatment and control group by
using Real-Time PCR technique and this method was carried out according to method
described by (9) and include the following steps: the qPCR master mix composed
2.5uL of cDNA templet (100ng), 1 pL of forward primer (10 pmol), 1 pL of reverse
primer (10pmol), 10 pl of gPCR Master Mix, then 5.5 pl of DEPC water in which the
total volume was 20 pl.After that, these qQPCR master mix component that mentioned
above placed in qPCR plate strip tubes and mixed by Exispin vortex centrifuge for 3
minutes, then placed in Miniopticon Real-Time PCR system.The qPCR plate was

loaded and the following thermocycler protocol in table (1).
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The data results of qRT-PCR for target and housekeeping gene were analyzed by the
relative quantification gene expression levels (fold change) (The ACT Method Using
a reference gene) that described by (12).

Table (1): The thermocycler protocol.

as following equation:

qPCR step Temp. Time Repeat cycle
Initial Denaturation 95 °C Smin 1

Denaturation 95 °C 20 sec 45
Annealing\Extention 60 °C 30 sec

Ratio (reference/target) = 2¢1(eference) - Cl(targey

The other statistical analysis was performed using Chi-Square test and the ORs (odds
ratios) and 95% ClIs (95% confidence intervals) were calculated and p<0.05 were

considered significant (13).

RESULTS

I. Biochemical results:

There are a significant (P<0.05) difference in the level of estrogen and alkaline
phosphatase among groups. In the estrogen level there are a significant (P<0.05)
decrease of all treated groups when comparing to control group, which showed GI
(43.925+2.895), GII (70.308+2.140), GIII (67.42 + 3.812), GIV (74.15 +3.603) and
control group GVII (77.92 +2.001), GI showed the highestsignificant (P<0.05)
decrease when compared to GII, GIII, GIV and other control groups (table.2).

The ALP level showed significant (P<0.05) increased in GI, GII, GIII and GIV groups
when comparing to control group, which showed GI (190.02 +3.98), GII (180.57
+1.89), GII (181.37 + 5.03), GIV (176.8+2.41) and control group GVII
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(153.12+2.47). The GI showed the highest significant (P<0.05) increased when
compared to GII, GIII, GIV and control groups (table.2).

Table (2): Biochemical evaluation after 60 days of the experiment.

Estrogen (pg/ml) ALP (U/L)
Group
Mean + SE Mean + SE
190.02 +3.98 a
G.I (Anas.) 43.925+2.895 ¢

G.II (Anas. +Gn)

70.308+2.140 ¢

180.57 +1.89 b

181.37 +5.03 b

G.III (Anas.tFo.) 67.42 +3.812d
176.8+2.41 ¢

G.IV (Anas.+Gn+Fo) 74.15 +3.603 b
G.V(Gn.) 153.06+3.78 d

77.75 £3.736 a
154.71+1.91d

G. VI (Fo.) 77.85 +1.947 a

G. VII (control)

77.92 +2.001 a

153.1242.47d

P-value

0.0004

0.0002

LSD

3.628

3.980

Different letters vertically means significant differences between groups.

II1. Molecular results:

The molecular results of RANK, RANKL and OPG gene expressions were details as

the following:

Group I : (Which received Anastrazole 1 ml (0.02mg/ 1kg BW) alone), it showed
that RANK mRNA levels up-regulation significantly (P < 0.05) 12.157 fold change
in 60 days exposure (12.157 = 1.59) in comparison with the control group (Group
VII) (1.842+ 0.0278) as in table (3) and Fig. (1).In addition, it showed that RANKL
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mRNA levels up-regulation significantly (P < 0.05) 8.456 fold change in 60 days
exposure (8.458+ 0.766) in comparison with the control group (Group VII) (2.072+
0.207) as in table (3) and Fig. (2). Also, it showed that OPG mRNA levels down-
regulation significantly (P < 0.05) was 0.076 fold change in 60 days of exposure
(0.076% 0.009) in comparison with the control group (Group VII) (7.146+ 0.0562) as
in table (3) and Fig. (3).

Group II : (Which received anastrazole and fish oil in (0.02mg/ 1kg BW) ,(3750mg/
lkg BW)), it showed that RANK mRNA levels up-regulation significantly (P<0.05)
5.509 fold change in 60 days exposure (5.509 +0.601) in comparison with the control
group (Group VII) (1.842+ 0.0278) as in table (3) and Fig. (1). In addition, it showed
that RANKL mRNA levels up-regulation significantly (P < 0.05) was 6.071 fold
change in 60 days exposure (6.071+ 0.53) in comparison with the control group
(Group VII) (2.072+ 0.207) as in table (2) and Fig. (2). Also, it showed that OPG
mRNA levels down-regulation significantly (P < 0.05) was 1.014 fold change in 60
days exposure (1.924+ 0.08) in comparison with the control group (Group VII)
(7.146+ 0.0562) as in table (3) and Fig. (3).

Table (3): The RANK, RANKL and OPG gene mRNA expression.

Group RANK RANKL OPG
GI (Anas.) 12.157+1.59 a 8.458+ 0.766 a 0.076+ 0.009 d
GII (Anas.+Gn.) 5.509 +0.601 ¢ 6.071+ 0.53 b 1.924+ 0.08 ¢
GIII (Anas.t+Fo.) 6.903 £0.130 b 4.970+ 0.228 ¢ 1.014+ 0.064c¢
GIV (Anas.+Gn+Fo) 3.018+0.027 d 3.398+ 0.114d 5.567+1.419b
GV (Gn.) 1.646 + 0.046 e 2.003+ 0.186 ¢ 7.154+ 0.836 a
GVI (Fo.) 1.735+ 0.0394 ¢ 2.026= 0.079 ¢ 7.135+ 0.698 a
GVII (control) 1.842+ 0.0278 e 2.072+ 0.207 e 7.146= 0.0562 a
P value 0.0004 0.0004 0.0002
LSD 3.980 3.980 3.628

o Different letters vertically refers to presence significant differences between group
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Group III : (Which received Anastrazole and Genestein in 0.02mg/ 1kg BWand
20mg/ 1kg BW, it showed that RANK mRNA levels up-regulation significantly (P <
0.05) was 6.903 fold change in 60 days exposure (6.903 £ 0.130) in comparison with
the control group (Group VII) (1.842+ 0.0278) as in table (3) and Fig. (1). In addition,
it showed that RANKL mRNA levels up-regulation significantly (P < 0.05) was
4.970 fold change in 60 days exposure (4.970+ 0.228) in comparison with the control
group (Group VII) (2.072+ 0.207) as in table (3) and Fig. (2). Also, it showed that
OPG mRNA levels down-regulation significantly (P < 0.05) was 1.924 fold change
in 60 days exposure (1.014+ 0.064) in comparison with the control group (Group VII)
(7.146% 0.0562) as in table (3) and Fig. (3).

Group IV : (Which received Anastrazole and Genestein and fish oil), it showed that
RANK mRNA levels up-regulation significantly (P < 0.05) was 3.018 fold change in
60 days exposure (3.018+ 0.027) in comparison with the control group (Group VII)
was (1.842+ 0.0278) as in table (3) and Fig. (1). While there were non- significant
(P<0.05) difference in RANK mRNA in groups GV, GVI and GVII which showed
1.646, 1.842 and 1.842 fold changes respectively in the same period exposure at
(1.646 £ 0.046), (1.735+ 0.0394) and (1.842+ 0.0278) respectively as in table (3) and
Fig. (1). In addition, it showed that RANKL mRNA levels up-regulation significantly
(P < 0.05) was 3.398 fold change in 60 days of exposure (3.398+ 0.114) in
comparison with the control group (Group VII) (2.072+ 0.207) as in table (3) and
Fig. (2). While, there was non- significant (P<0.05) difference in level of RANKL
mRNA in groups GV, GVI and GVII which showed 2.003, 2.072 and 2.072 fold
changes respectively in the same period exposure at (2.003+ 0.186), (2.026+ 0.079)
and (2.072+ 0.207) respectively as in table (3) and Fig. (2).Also, it showed that OPG
mRNA levels down-regulation significantly (P<0.05) was 5.567 fold change in 60
days of exposure (5.567+ 1.419) in comparison with the control group (Group VII)
was (7.146+ 0.0562) as in table (3) and Fig. (3). While, there was non- significant
(P<0.05) difference in level of OPG mRNA in groups GV, GVI and GVII which
showed 7.154, 7.146 and 7.146 fold changes respectively in the same period of
exposure (7.154+ 0.836), (7.135% 0.698) and (7.146+ 0.0562) respectively as in table
(3) and Fig. (3).
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Figure (1):Relative mRNA levels of RANK in the marrow of rats in all groups were
determined by quantitative RT-PCR. Two-month of exposure in all groups showed
significant up-regulation expression of RANK (GI,GILGIII and GIV). While the
(GV,GVLGVII) showed significant (P<0.05) decreased in the expression of RANK.
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Figure (2):Relative mRNA levels of RANKL in the marrow of rats in all groups were
determined by quantitative RT-PCR. Two-month of exposure in all groups showed
significant upregulation expression of RANK (GLGILGIII and GIV). while the
(GV,GVLGVII) caused significant (P<0.05) decreased in the expression of RANKL.
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Figure (3):Relative mRNA levels of OPG in the marrow of rats in all groups were
determined by quantitative RT-PCR. Two-month of exposure in all groups showed
significant down-regulation expression of OPG (GLGILGIII and GIV). while the
(GV,GVLGVII) caused significant (P<0.05) increase in the expression of OPG.

DISCUSSION

The current results showed that the estrogen level was significantly (P< 0.05)
decreased in GI when comparing to other groups, these may due to anastrazole can
inhibit the action of aromatase in which the aromatase is the final enzymatic step in
catalyzing the biosynthesis of estrogens, as a result the current study showed the
decrease estrogen level in group I, theses idea may agree with the report of (14)
which documented that all Als are similar in that action in which inhibit estrogen
synthesis by blocking aromatase activity, thereby reducing endogenously synthesized
estrogen. In addition, the current results showed significant (P< 0.05) improvement of
estrogen level in group II, group III and group VI, these may due to beneficial action
of both genistein and fish oil in decreasing the harmful effect of anastrazole in
estrogen biosynthesis and release in which the genistein regarded a phytoestrogen that
leading to synergic effect to ameliorate the effect of anastazole in estrogen synthesis
also the fish oil showed improved estrogen level by increases converting of estrogen
precaurser to final active form of estrogen, thses results as similar to the results that

mentionted by (15) who reported that increased 2-hydroxylation of estradiol occurs in
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MCF-7 cells grown with omega-3-fatty acids, which results in more estradiol

converted in to estrogens.

The other biochemical results showed significant (P < 0.05) increase in ALP level in
group I when comparing to other groups, these may due to release of this enzyme
from activated osteoclast in status of estrogen deficiency and osteoporosis induced by
anastrazole, these idea agree with (16) which documented that the estrogen deficiency
status initiated and increased the rate of bone resorption by increasing osteoclastic
activity and the serum alkaline phosphatase levels elevated significantly (P < 0.05)
both in osteoporotic female as well as elderly against normal healthy individuals,
Because osteoporotic bone was more porous due to increased number of osteoclast
cells . In addition the results of this study showed significant (P<0.05) improvement
of ALP level in group II, group III and group VI, these occur due to beneficial action
of genistein and fish oil in decreasing the harmful effect of anastrazole due to the
ability of these supplements to not only suppress osteoclastogenesis/osteoclast
numbers but also to preserve the bone marrow osteogenesis/bone surface osteoblast
numbers which agreed with(17). In addition our biochemical result showed that
significant (P<0.05)decreased in ALP levels in G II, GIII and G IV are may due to the
action of genistein and /or fish oil in increasing the estrogen level that leading to

suppress the action of osteoclast cells.

The current molecular study showed significant (P<0.05) up-regulation in RANK and
RANKL mRNA levels in GI comparing to other groups that’s may due to the harmful
effect of anastrazole leading to decreased of estrogen level that causing activation of
osteoclast and that mean as a risk factor for osteoporosis, these facts agreed with (18)
who mentioned that estrogen is a well-known regulator of bone metabolism and that's
also involved in immune function. Seventy-five years ago, Fuller-Albright noted that
estrogen deficiency after menopause is associated with a decline in bone mineral
density (BMD) and osteoporosis. Also theresultshowed significant (P<0.05)
downregulation in RANK and RANKL mRNA levels in G Il and G IV when
comparing to GI that’s may due to the beneficial effect of geneistein leading to
improvement of estrogen level that causing activation of osteoblast and its mean as a
bone support, these fact agreed with (19) which reported that geneistein has been
shown to anabolically modulate bone cells and benefit bone by stimulating protein

synthesis, alkaline phosphatase release, differentiation of osteoblasts. In addition the
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current molecular study showed significant (P<0.05) down-regulation in OPG mRNA
levels in GI comparing to other groups that’s may due to harmful effect of anastrazole
leading to decreased of estrogen level that causing inactivation of osteoblast cells and
its mean as a risk factor for osteoporosis, these facts agreed with (20) which
demonstrated that chemotherapy may decreases trabecular bone volume, which is
associated with increased adipogenesis, enhanced osteoclastogenesis, and decreased
osteogenesis potential within the bone marrow, and thus a lower osteoblast number
but a higher osteoclast density on the bone surface as well as a higher adipocyte

density in the bone marrow.

Also theresultshowed significant (P<0.05) upregulation in OPG mRNA levels in GII,
GIIT and GIV comparing to GI that’s may due to the beneficial effect of genestein
and/ or fish oil the leading to improvement of estrogen level that causing activation of
osteoblast and its mean as a bone support, these may inconsistence with (21) that
mentioned the Genistein has also been shown to suppress the activation of protein
phosphatases and nuclear factor-kappa B (NF-kappa B) and Akt signaling pathways,
which are known to maintain a homeostatic balance between cell survival and
apoptosis, to inhibit osteoclast formation, induce their apoptosis and to suppress bone
resorption. In other hand, the n-3 PUFA eicosapentaecnoic acid (EPA) and
docosahexaenoic acid (DHA) abundant in fatty fish such as salmon, menhaden and
tuna or in their oils are known to have significant anti-inflammatory properties and
positive effects on bone metabolism, possibly via suppressing pro-inflammatory
mediators like prostaglandin E2 (PGE2), IL-1, IL-6 and TNF-a, which are known to
promote osteoclastogenesis and increase bone loss (22). The current molecular results
also agreed with our biochemical results in which the anastrazole significantly lead to
increases in bone resorption and decrease in bone formation, in addition that the
genestein and or fish oil leaded to significant improvement in bone formation and

decreases in bone resorption.
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