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Abstract: Selective serot o n in reuptake inhibitors  (SSRIs) are a widely used class  of drugs . Although
SSRIs  are known to b e  o f c o n s iderable safety, a number of clinical reports  have recently linked their use

to some reduction of bone mineral dens ity. This  work aims to verify the effect of two SSRIs  (fluoxetine
and sertraline) on bone s tructure and turnover, to compare those e ffe c t s  in  in tact and ovariectomized

female albino rats , and to try to correlate such effects  with serum prolactin concentration. The s tudy
included 120 adult female albino rats  that were divided into two groups: intact a n d  o v a riectomized. After

ovariectomy (OVX) each large s tudy group was  further divided into three sub-groups  (of 20 rats  each)
to receive either no  t re a t me n t , once daily oral fluoxetine 10 mg/Kg, or twice daily oral sertraline 10

mg/Kg. Treatment was  continued for 6 weeks  for ten rats  in  e a c h  sub-group and for 12 weeks  for the
remaining ten. At the end of treatment all rats  were sacrificed and the follo win g  p arameters  were

measured: b o n e  a lkaline phosphatase (B-ALP), serum os teocalcin (OCN) and serum prolactin (PRL)
concentrations , as  well as  tryptophan hydroxylase mRNA in bone.  Femora from sa c rificed rats  were also
sent for his topathological examination. The results  showed s ignificantly higher conc e n t ra tions  of B-ALP,

OCN and PRL and s ig n ific antly less  femoral mid-diaphyseal thickness  in all SSRI treated groups . Bone
marker values  we re  s ig n ificantly higher and bone thickness  values  were lower for sertraline as  compared

to fluoxetine. Tryptophan hydroxylase mRNA showed s ignific a n t  up-regulation in both treated groups ,
more s ignificantly higher for sertraline . The findings  were s imilar in the intact and the OVX groups  and

were more intense with 12 we e ks  treatment. Neither PRL concentration nor mRNA express ion were
affected by treatment duration. This  s tudy supports  previous  reports  of unfa v o ra b le  effects  of SSRIs  on

bone turnover and provides  evidence for the presence of a direct mechanism for such effects . The impact
of SSRI drugs  on s ke letal s tructure may potentially expose high-risk patients  to an increased risk of

fractures . T h is  ma y  be of particular concern in elderly patients , especially with multiple factors  -like
disease and drugs- interplaying to compromise their bone s tructure. This  calls  for the need to conduct well

des igned prospective clinical s tudies  to verify the impact of therapy with SSRIs  on the skeletal sys tem.
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INTRODUCTION

Selective serotonin reuptake inhibitors  (SSRIs) are
among the mos t widely consumed d ru g s  a ll over the
world (http://www.rxlis t.com/script/main/hp.asp). They

have expanding indications  that currently include: major
depress ion, panic disorder, obsess ive compuls iv e
disord e r a n d others  Artigas et al., . Members  of the[1]

SSRI family are considered to have a more favorable
safety profile as  compared to other anti-depressant drug
c lasses  Potter &  Hollister . A number of clinica l[2]

reports , however, have recently linked the use of SSRIs
to some reduction of bone min e ral dens ity (BMD). In
a cross -sectional analys is  of data from g eriatric male

patients , BMD was  lower among those reporting

current SSRI use, but not among users  of o ther
antidepressants  Haney  et al., . In a cohort of 2722[3]

o ld  wo men, the use of SSRIs  but not tricyclic anti-

depressants  was  associated with an increased ra t e of
bone lo s s  at the hip  Diem et al., . At the experimental[4]

level, on the othe r hand, interactions  between the

serotonergic and skeletal sys tems  seem conflicting and
are poorly unders tood. SSRIs  elevate serotonin levels
at the synapse through reuptake blockade of the

serotonin transporter (5-HTT) Hyttel  . In a s tudy by[5]

Bliziotes et al.,  on mic e  5-HTT blockade resulted in[6]

diminished cancellous  bone volume in t he lumbar

vertebrae. In another s tudy by Battaglino et al.,[7]

however, t re a tment of mice with fluoxetine (flx) in
vivo was  reported to increase bone mass , but it did not
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prevent bone loss  a ssociated with es trogen deficiency.
Thus ,  research  is   needed  t o   s e t t le  conflicts  about
skeletal effects  of SSRIs , especially in light of their

widespread use  and important clinical applications  in
old men and women who are particula rly more
vulnerable to any deleterious  skeletal effects .

Some reviews  have linked the skelet a l effects  of
SSRIs  to their influence on prolactin secretion Emiliano
&  Fudge, . Yet, SSRIs  may differ fro m each other in[8]

th is  respect. It has  been claimed, for ins tance that

s e rtraline (sert), has  a unique profile in blocking  re -
upta ke of dopamine, and so would be less  prone to
cause hyperprolactinemia Goodnick  et al., .[9]

This  work aims  to verify the effect of two  SSRIs
(fluoxetine and sertraline) on bone s tructure an d
turnover, to compare t h o s e  effects  in intact and

ovariectomized female albino rats , an d  to try to
correlate s u c h  e ffe c t s  wit h  s e ru m p ro la c tin
concentration.

MATERIALS AND METHODS

Drugs  used: Fluoxetine[PROSAC] was  obtain e d
fro m Eli Lilly, USA. Sertraline[ZOLOFT] was  obtaine d
from Roerig., Divis ion of Pfizer Inc, USA.

Ani mal s  Us e d & Experimental De s i g n:  T h e
experiments  were conducted according to th e local

Guidelines  for Animal Care and Tre a t ment in the
Faculty of Medicine, Cairo Univers it y . The s tudy
included 120 adult female albino rats , wh ich were

obtained from the animal house o f the “National
Ins titute of Op hthalmological Research, Giza, Egypt”.
Female rats  were 150-180 grams in weight each. The
anima ls  were housed individually and were maintained

under conditions  of 12 h  light/dark cycles  with free
access  to s tandard rat chow and tap water. The animals
were divided into two main groups :

Group A (Non-ovariectomized group): This  group
was  des igned to tes t the effect of drugs  on intact adult

female rats . This  group was  further d iv id ed into 3
subgroups :

contGroup A  (n =20): This  group received daily oral

dis t illed water in the same amounts  given for drug
therapy.

flxGroup A  (n=20): This  group received once daily

oral fluoxetine 10 mg/ Kg Haduch et al., .[10]

sertGroup A  (n =20): This  group received twic e -
daily oral sertraline 10 mg/Kg Maj &  Moryl, .[11]

Group B (Ovarie c tomized group): This  group was
des igned to tes t the effe c t  of drugs  on ovariectomized

adult female rats . After rats  were subjected to
ovariectomy (OVX) the group was  furth e r d ivided into
3 subgroups :

contGroup B  (n=20): This  group received daily oral
dis tilled water.

flxGroup B  (n=20): T his  group received once daily
oral fluoxetine in a dose of 10 mg/ Kg.

sertGroup B  (n=20): This  group receiv e d  t wice-
daily oral sertraline in a dose of 10 mg/ Kg.

Drug therapy was  s tart e d  7 days  following OVX.
For all the sub-group s  (fro m Groups  A & B), half of
the animals  received tre atment for 6 weeks  while the

o t h e r half continued daily for another 6 weeks  to a
total o f 12 weeks  treatment. After completion of

treatment, rats  from all groups  were sacrificed by
pentobarbital overd o se. At the time of rat sacrifice,

venous  blood was  colle cted from retro-orbital vein and
was  centrifuged at 10,000 rpm for se ru m separation for

assay of bone alkaline  p h o s p h a t a s e  (B-ALP),
o s teocalcin (OCN) and prolactin (PRL). Following

sacrifice, right femora were fixed immedia t e ly in 10%
buffered formalin for his topathological examination.

Bo n e tis sue from left femora was  s tored at -80 C ino

lys is  buffer that contained guanidium thiocyanate and

â-mercaptoethanol for RNA extraction.

Experimental Methods:
Ovariectomy :  Ra t s  we re  g iven intramuscular[12 ]

oxy t e t racycline 50 mg/Kg then were anes thetized by
intramuscular inje c t ion of 46 mg/kg ketamine and 5

mg/kg xylazine. Two horizontal in c is ions  were made
beneath the c o s tal margin in the right and left flanks .

The ovaries  were exteriorize d , ligated and excised then
the abdomen was  closed.

Measurement of Bone Alkaline Phosphatas e  and
Osteocalcin: Se rum level of bone alkaline phosphatase

was  determined us ing alkaline phosphatase detection kit
(Sigma, St. Louis , MO, USA)  and os teocalcin[13]

synthes is  was  assayed us ing os teocalcin radioactivity
kit  (Bio s ource, Ge rma n y ) a c c o rd in g  t o  t h e

ma n u f a c t u re r’s  re c o mme n d a t io n  A g ra wa l &
Athanas iou, .[14]

Serum Prolactin Level Measurement: Pro lactin was

measured by an ELISA kit, whic h was  supplied by
USCN Life Sc ience & Technology Company, USA

according to manufacturer’s  ins tructions .

De te c ti on  of Tryptophan Hydr oxyl as e  Ge ne
Express ion by Rt-PCR: RNA extraction: Total RNA

wa s  extracted from bone tis sue us ing RNeasy
Purification Reagent  (Qiagen, Valencia, CA), according

to manufacturer's  ins tructions  the concentration of
extracted RNA was  measured by spectrophoto me t er at

260 nm.
Reverse transcription and polymerase chain reaction

(RT-PCR): Fo r a mplification of the targets , reverse
transcription and PCR were ru n  in  two separate s teps .

Briefly, equal a mo unts  of total RNA (6 µg) were heat
denatured and reverse transcribed by incubation at 42 Co
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for 90 min with 12.5 U avian myeloblas t os is  virus
reverse transcriptase (AMV) (Promega Corp ., Madison,
W I), 20 U ribonuclease in h ib itor RNas in (Promega

Co rp.), 200 nM deoxy-nucleos ide 5'-triphosph a t e
mixture, and 1 nM oligo-dT primer in a final volume

of 30 µl of 1x a v ia n  myeloblas tos is  virus  reverse
transcriptase buffer. The reactions  were terminated b y
heating at 97 C for 5 min and cooling on ice. theo

cDNA samples  were amplified in 50 µl of 1x PCR
buffer in the pres e n ce of 2.5 U Taq DNA polymerase

(Promega Corp.), 200 nM deoxy-n u c le o s id e  5'-
triphosphate mixture , and the appropriate primer pairs
(1 nM of each primer. These s e t s  of primers  were

synthes ized according to th e  p u blished sequence at
gene bank ac cess ion number Gene ID: 317675:

F o r w a r d  p r i m e r :  5 ' -
GGGCA A GT T T CT GT T T A T T GA GA -3';  Re v e rs e
primer: 5'-TTAGGTCTGTTGACTTGTGCTGC-3' PCR

cons is ted in a firs t denaturing cycle at 97 C for 5 min,o

followed by a  v a ria b le  number of cycles  of

amplification defined by denaturation at 96 C fo r 1.5o

min, a n n ealing for 1.5 min, and extens ion at 72 C foro

3 min. A final extens ion cycle  o f 72 C for 15 min waso

included. Annealing temperature was  adjus ted at 55 C.o

Agarose gel electrophores is : All PCR pro d u c t s  were

electrophoresed on 2% agarose s tained with e t h idium
bromide and visualized by UV trans illuminator.

Semi-quantitative Determination of  PCR Products:
Semi-quantitation  wa s  performed us ing the gel

documentation sys tem (BioDO, Analyser) supplied by
Biometra  a ccording to the following amplification
proc e d u re . Re la t iv e  e xp re s s ion of tryptophan

hydroxylase gene (R) was  calculated fo llowing the
formula: R= Dens itometrical Units  o f tryptophan

hydroxylase gene/ Dens itometrical Units  of -actin.

Pcr Detection of â-actin: The “h o use-keeping” gene

b-actin was  assessed by PCR for t he presence of RNA
in all sample s  and for semi-quantitation of PCR

products . cDNA was  generate d  from 1µg of total RNA
extracted with AMV reverse tran s c riptase for 60 min at
37°C. Fo r PCR, 4µl cDNA was  incubated with 30.5 µl

2water, 4 µl 25 mM MgCl , 1 µl dNTPs  (10 mM ), 5 µl
10× PCR buffer, 0.5 µl (2.5U) Taq polymerase and 2.5

µl of each primer containing 10 pmol. b-actin  primers
(forward 5-TGTTGTCCCTGTATGCCTCT-3. reverse 5-
TAATGTCACGCACGATTTCC-3) were des igned from

GenBank (a c c ess ion no. J00691). The reaction mixture
was  subjected to 40 cycles  of PCR amplification as

follo ws : denaturation at 95 °C for 1 min, annealing at
57 °C for 1 min and extens ion at 72 °C for 2 min. The
PCR product yielded 206 b p  fra g ments . PCR

amplification as  follows: denat u ra t ion at 95°C for 1
min, annealing at 57°C for 1 min and extens ion  a t  72

°C for 2 min. The PCR product yielded  206 bp
fragments .

Bone histomorphometry : Aft e r sacrifice, the right[15]

femora were removed from the animals . The femo ra

were fixed immediately in 10%  buffered formalin for

24 hours . The bones  were then  d e c alcified in 10%
nitric acid for 6 hours . Once decalcification was

complete, the bones  were carefully bisected in the

coronal plane. The halves  were dehydrat e d , embedded
in paraffin wax and sectioned at 4ìm.  Sec t io n s  from

each animal were s tained with (hematoxylin and  e o s in)

and were examined his tologically for os teoporotic
changes  including wide n ed Havers ian canals  and

p resence of excess  os teoclas ts  and pathological bone

remodeling features  including new bone formation with
presence of cartilaginous  matrix, abnormal c ement lines

(normal cement lin es  are long s traight- an indented or

mosaic pattern indicates  a pathologically accelerated
remodeling process ), abnormal perios teal thickness

(normal perios teum is  thin and adherent but upon

intermittent s timulation re s ults  in multiple partially

separated s treams o f perios teal new bone that are
parallel to the bone surface) Yang &  Damron , . Then,[16]

the sections  were subjected to image analys is  us ing an

Olympus  BX60 microscope attached to a Leica Qwin
500 image analyzer computer sy s tem (England). The

image analyzer was  firs t calibrated automat ically to

convert the measurement units  (pixels ) produced by the
image analyzer program in to actual micrometer units .

Us ing magnification of (4x10),  the  interactive

measuring menu cortical bone thickness  of both s ides
(thick and thin ) in  coronal section in mid-diaphys is  as

well as  perios teal thickness  (indicative of perio s teal

new bone formation) were measured (Figure1). Ten
readings  were obtained for each specimen five on each

s ide. Mean values  for the fiv e readings  and s tandard

deviations  were calcu lated automatically by the image
analyzer.

S tatis tical Analys is : Sample s ize was  des igned to
show an intergroup difference of at le a s t  50% in

tryptophan hydroxylase mRNA level. Assuming a

s tandard deviation of around 30% of the mean, a
sample s ize of ten animals  per group was  exp e cted to

give  a  90% power to detect the 50% difference in

mRNA level. Data were analyzed us ing SPSS s tatis tical

package (Vers ion 9). Da ta of B-ALP, OCN, bone
thickness , perios teal thic kn ess , PRL and tryptophan

hydroxylase mRNA was  represented as  mean ± SD as

well as  the range and the median. The ANOVA tes t
was  used to compare mean values  grouped by the type

of treatment, the treatment duration and the presence or

absence of OVX. A p value o f < 0.05 was  cons idered
s tatis tically s ignificant. Pos t hoc comparis ons  were

made u s in g Bonferoni tes t. Pearson’s  correlation was

used to detect s ignificant associations  between  t he
different measured parameters .
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RESULTS AND DISCUSSION

A) The Effect of SSRI Therapy on Bone  Markers ,

Bone Measurements , Prolactin Serum Concentration

and Bone Tryptophan Hydroxylase Gene Express ion
in Intact Adult Female Rats  (Table 1):

Bone Markers: In non-ovariectomize d  rats , therapy

with fluoxetine as  well a s  s e rtraline was  accompanied

by s ignificantly higher levels  of B-ALP and OCN as
compared to values  of the non-treated control group

(P< 0.05). T h e  re c o rd e d  concentrations  were

s ignificantly higher for rats  treated for 12 weeks  as

compared to those obt a ined from rats  treated for 6
weeks  (P< 0.05). Als o  for both treatment periods , B-

ALP and OCN concentrations  were s ign ificantly higher

for rats  treated with sertra line than for those treated

with fluoxetine (P< 0.05).

B one Histomorphometry (Figure 3): For rats  wit h

intact ovaries  s ignificantly smaller mean values  of

femoral mid-diaphyseal thickness  were fo und in

a s s o c ia tion with both fluoxetine and sertralin e
treatment. The h is tological changes  of os teoporos is

inclu ding (widened Havers ian canals , os teoporotic

cavities ) showed the same association in absen ce of

his tological evidence of excess  os teoclas ts  (no excess
bone resorption). This  was  true for rats  tre a t e d  for 6

weeks  a s  well as  those treated for 12 weeks . Values  of

perios teal thickness  showed oppos ite findings . Figure

(5) shows  a  s ignificant negative correlation between
fe mo ral mid-diaphyseal thickness  and perio s t e a l

thickness . Rats  treated with fluoxetine or sertraline also

showed the presence of pathological remod e ling

features  (indented cement lines , thickened partially
separated perios teum).

Serum Prolactin Concentration:  The mean serum

p rolactin concentration in non-ovariectomized rats  wa s
s ignificantly higher for those treated with fluoxetine

and those treated with sertraline as  compared to values

from rats  of the negative control group (P<0.05). Mean

prolactin concentration was  s ignificantly higher with

sertraline therapy c o mpared to that with fluoxetine
tre atment. Prolactin concentrations  did not differ

s ignificantly between groups  treat e d  fo r 6 or for 12

weeks  (P> 0.05).

Tryptophan Hydroxyl as e  Ge ne  Express ion: The

mean values  of trypt ophan hydroxylase mRNA, were

s ignific a ntly higher under fluoxetine and sertraline

treatment a s  compared to values  of the non-treated
in t a c t rats  (P<0.05) (Figures  2a &.4). Gene express ion

as  reflected by mRNA level was  s ignificantly higher in

case of sertraline as  compared to that recorded after

fluoxetine treatment (P<0.05). The mRNA level did not
show any s ignificant differences  between groups  treated

for 6 or 12 weeks  (P> 0.05).

B) The Effect of Ovariectomy on Bone Markers ,
B one  Hi s tomor phome tr y, P r ol a c t i n  S e r um

Concentr ation, and Tryptophan Hydroxylase Gene

Express ion (Table 2): Six weeks  a fter OVX, the B-

ALP and OCN concentra t ions  of non-treated rats  were
s ignificantly higher than corresponding values  of intact

ones  (Figure 4, P < 0.01). At 12 weeks , B-A LP

showed an additional increase. The differences  between

B-ALP and OCN values  were s tatis t ic ally s ignificant
when compared to those ob t ained 6 weeks  after OVX

(P<0.05). His topathological examination s h o we d

evidence of s ignificant reduction of bone thickness  and

increas e  in the os teoporotic changes  in absence of

his tological e v idence of excess  os teoclas ts . There was
also an increase in perios teal thickness  and pathological

bone remodeling features  with OVX (Fig u re 3). Serum

prolactin concentration was  s ignificantly lower at 6 and

12 weeks  after OVX, a s  c o mp ared to those of non-
treated intact animals . There was  no difference between

prolactin concentrations  measured at 6 and at 12 weeks

after OVX. Tryptophan hydroxylase gene express ion

showed no differences  among n o n-treated groups  with
and without OVX (Figure 4).

C) The Effect of SSRI Therapy on Bone Markers ,

Bone Measurements , Prolactin S e rum Concentration,
and Tryptophan Hydroxylase Gene Expr ess ion in

Ovariectomized Rats  (Table 2):

Bone markers: In ovariectomized rats , therapy with

fluoxetine as  well as  sertraline was  accompanied by
s ignificantly higher levels  of B-ALP and OCN as

compared t o  values  of the non-treated ovariectomized

control group (Table 2, P< 0.05). The recorded

concentrations  were s ignificantly higher for rats  treated
for 12 we e ks  as  compared to those obtained from rats

treated for 6 weeks  (P< 0.05). Also for both treatment

perio d s , B-A LP and OCN concentrations  were

s ignificantly higher for rats  treat e d  with sertraline than

for those treated with fluoxetine (P< 0.05).

Bone Histomorphome tr y (Figure 3): Table (2) shows

s ignificantly smaller mean value s  of femoral mid-

diaphyseal thickness  in association with both fluoxetine
and sertraline treatment of ovariectomized rats . As  with

the intact rats , bone thickness  was  s ignificantly less  (P<

0.05) with more morphological os teoporotic changes  for

those treated for 12 weeks . Bone thickness  was  also
s ignificantly less  for those t re a t e d for s ix weeks  with

sertraline compared to those treated with fluoxetine (P<

0.05). Values    of   perios teal  thickness   showed
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oppos ite findings . A s ig nificant negative correlation
between bone thickness  and perios teal thickness  could

s till be demons trated, (Figure 5), yet this  co rre lation

was  weaker t h a n  that found in intact animals .

His tological examination also showed features  of
pathological bone remodeling.

Serum Prolactin Concentration:  The mean serum

prolactin  c oncentration in ovariectomized rats  was
s ignificantly higher for those treated with fluoxe tine

and those treated with sertraline as  compared to values

from rats  of the ovariectomized co n t ro l group (Figure

4, P < 0.05). M e a n  prolactin concentration was  also
higher with sertralin e  therapy compared to that with

fluoxetine t re atment for any given treatment. Prolactin

concentrations  did not differ s ignificantly between

groups  treated for 6 or for 12 weeks  (P> 0.05).

Tr yptophan Hydroxylase Gene Express ion: T h e

me an values  of tryptophan hydroxylase mRNA, were

s ignificantly higher under flu o xe tine and under

sertraline treatment as  compared to that o f the non-
treated ovariectomized rats  (P<0.05) F ig ure 2b&4.

Gene express ion as  reflected by mRNA lev e l wa s

s ignificantly higher in case of sertraline as  compared to

that recorded after fluoxetine treatment (P< 0.05).
Average mRNA level did not s h o w any s ignificant

differences  between groups  tre a t e d for 6 or 12 weeks

(P> 0.05).

D) Cor r e l ati ons  B e tween Pairs  of Measured

Parameters: Correlation between bone thickness  and

bone marker concentration: s ig n ific a n t  pos itive

correlations  could be demons trated between  b o ne
thickness  and concentrations  of B-ALP and OCN

(Figure 6). T h is  wa s  true for OVX as  well as  intact

rats .

Correlation Between Prol actin Level and Measured

Bone Parameters: Significant pos itive correlations

could be demons trated b e tween prolactin level and the

conce n t rations  of the bone markers , B-ALP and OCN
(Figure 7), while s ignificant negative correlat ions  could

be demo ns trated between prolactin level and bone

thickness .

Correlation Between Tryptophan Hydroxylase Mrna

Level and Measured Bone Parameters: Significant

pos itive correlations  could  be demons trated between

t ry ptophan hydroxylase mRNA  le v e l a n d  t h e
concentrations  of the bone  markers , B-ALP and OCN,

while s ignificant negative correla t io ns  could be

demons trated with bone thickness  (Figure 8).

Discuss ion: In the present s t udy, both fluoxetine and
sertraline were associated with s lightly but s ignificantly

larger values  of bone turnover markers  in  non-

o v a riectomized rats . The values  were also s ignificantly
larger for both drugs  after 12 weeks  of treatment than

a ft e r 6 weeks . For each given treatment period, B-ALP
an d  OCN were s ignificantly higher with sertraline than

with fluoxetine. Those findin g s  indicate a higher

influence of sertraline on bone turnover. This  was
confirmed by his topathological examination which

showed s ignificantly diminished femoral mid diaphyseal

thickness  as  well as  more mo rp hological changes  of
os teoporos is .

The present results  confirm pervious  clinical and

experimental findings  about skeletal effects  o f SSRI
drugs . In a s tudy by Wa rd en et al.,  s ignificant[17]

imp a irment of bone accrual was  detected in growing
mic e  t re ated with an SSRI. The bony changes  were

attributed to a reductio n  in  bone formation without an

increase in bone resorption. A s lightly diminished bone
quality was  also previous ly found in growing female

rats  treat e d  with fluoxetine Westbroek  et al., . Also a[18]

s tudy by Bonn e t  e t  al.,  on female mice showed[19]

deleterio us  effects  for SSRIs , both on trabecular and

cortical bone.

Hy perprolactinemia has  been previous ly reported
with the use of SSRIs  and was  implicated by some[2 0]

authors  in the ca u sation of skeletal effects  of SSRIs

Emiliano &  Fudge, . Sertraline is  c ons idered unique[8]

amo n g  other SSRI drugs  due to the fact that it can

b lo ck neuronal dopamine uptake Go o d n i c k  &
Goldstein., . Because dopamine has  an inhibitory[21]

influence on prolactin secretion, sertra lin e was  claimed

to produce no or less  hyperprolact in e mia Hauser &
Zesiewicz  & Sagud et al., .[22] [23]

In the prese nt s tudy, serum prolactin level was

found to be s ignificantly hig h e r in non-ovariectomized
rats  treated with either fluoxetine or sertraline.

Interes tingly, it was  also found that the mean serum

prolactin level was  s ignificantly  h igher in animals
treated with sertraline. Although this  seems to

c o n tradict prev io u s  b e lie fs  a b o u t  s e rt ra lin e ,
hyperprolact in e mia with sertraline has  been previous ly

reported in experimental as  well as  in clinical s tudies

Petit et al., , Laek eman et al., . In an expe rimental[24] [25]

s tudy by DiRocco et al., , sertraline was  shown to[26 ]

decrease dopamine level in the brain of anes thetized

rats , which can explain hyperprolac t inemia observed in
the present work.

Stimulation  o f PRL by SSRI drugs  likely involves

serotonergic mechanisms . It has  long been recognized
that acute injections  of 5-HT or its  precu rs o r, 5-HTP,

s timu late PRL release Kamberi et al., . Conversely,[27]

blocking either serotonin synthes is  or tran s miss ion
results  in a blunted PRL release Gil-ad et al., .[28]
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Fig. 1: Cortical bone thickness  (thick s ide and thin s ide) and pe rios teal thickness  measurements  us ing image
analyzer (Blended image X40).

Fig. 2a: Agarose gel electrophores is  showing PCR product of tryptophan hydroxylase gene express ion by RT-PCR
in non-ovariectomized female alb in o  rats ; Lane M: PCR marker with 100 bp; Lane 1: PCR product of

TPH in control group (6 weeks); La n e  2: PCR p roduct of TPH in control group (12 weeks); Lane 3: PCR
product of TPH in Fluoxetine group (6 weeks) ; Lane 4: PCR p ro d u c t  o f TPH in Fluoxetine group (12

weeks); Lane 5: PCR product of TPH in Sertraline group (6 weeks); Lane 6: PCR produ c t  of TPH in

Sertraline group (12 weeks)

Fig. 2b: Agarose gel electrophores is  showing PCR product of tryptophan hydroxylase gene express ion by RT-PCR

in -ovariectomized female albino rats . Lane M: PCR marker with 100 bp; Lane 1: PCR p ro d u c t  o f T PH
in control grou p  (6 weeks); Lane 2: PCR product of TPH in control group (12 weeks); Lane 3: PCR

product of TPH in Fluoxetine group (6 weeks); Lane 4: PCR product of TPH in Fluoxetine group (12

weeks); Lane 5: PCR product of TPH in Sertralin e  group (6 weeks); Lane 6: PCR product of TPH in
Sertraline group (12 weeks).

Fig. 3: Stained  s e c t io n s  s h o wing:   (a) normal cortical bone thickness  with normal Havers ian canals  and thin
perios teum (negative control); (b) cortical bone from a non OVX rat, t re a t e d  wit h fluoxetine  for 12

weeks , showing mildly thickened perios teum, new bone format io n , and cement line; (c) cortical bone from

a  non OVX rat, treated with sertraline for 12 weeks , showing markedly thickened perios teum, new bone
formation, and cement line  a nd separated cement line ; (d) cortical bone from a non-treated OVX rat

showing thickened perios teum an d  wid e n e d  Havers ian canals ; (e) cortical bone from an OVX rat treated

with fluoxetine for 12 weeks , showing  new bone formation cartilaginous  matrix; (f) cortical bone from
an OVX rat, treated with sertraline for 12 weeks , showing marked os teopo rotic changes  (os teoporotic

cavities , cement lines  and widened Havers ian canals  (All H&E. X200).

[Perios teum (P), Havers ian canals  (*), cement lines  (arrow), new bone formation (marked areas),
os teoporotic cavities  (O), Cartilaginous  matrix (C)]



Res. J. Medicine & Med. Sci., 4(2): 136-150, 2009

142

Table 1: V al u es of Bone Markers, Prolactin Concentration, Bone T hickness, and T ryptophan Hydroxylase mRNA in Non-Ovariectom i zed

Female Albino Rats

Parameters 6 Weeks T reatments 12 W eeks T reatments 

----------------------------------------------------------------- -----------------------------------------------------------------

Control (n=10) Fluoxetine (n=10) Sertraline (n=10) Control (n=10) Fluoxetine (n=10) Sertraline (n=10)

Serum Bone alkaline Mean ± SD 15.48±0.92 18.16±0.82* 20.05±0.89*£ 15.1±0.93 20.4±1.3*‡ 22.06±1.1*£‡

phosphatase ----------------------------------------------------------------------------------------------------------------------------------------------------

(in U/L) Range 14.0-16.7 17.0-19.0 19.1-21.5 14.1-16.1 18.0-22.0 20.0-23.0

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 15.3 18.2 20.05 15.1 19.7 21.0

Serum Osteocalcin Mean ± SD 21.63±1.04 24.55±2.37* 30.2±0.98*£ 21.01±1.7 28.9±1.37*‡ 33.12±2.52*£‡

(in ng/ml) ----------------------------------------------------------------------------------------------------------------------------------------------------

Range 19.8-22.6 22.3-26.8 29.2-31.4 18.0-22.6 27.6-30.2 30.1-36.5

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 21.9 24.55 30.1 21.9 28.9 32.7

Prolactin (in ng/ml) Mean ± SD 21.5±1.14 26.49±3.46* 34.8±1.69*£ 21.5±0.9 27.95±0.13* 35.5±2.12*£

----------------------------------------------------------------------------------------------------------------------------------------------------

Range 19.0-23.0 20.87-32.0 32.0-37.0 19.86-22.1 27.83-28.07 32.0-39.0

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 21.7 26.5 35.0 22.02 27.95 35.0

T ryptophan Mean ± SD 0.59±0.11 0.98±0.19* 1.36±0.43*£ 0.56±0.11 0.91±0.19* 1.44±0.46*£

hydroxylase mRNA ----------------------------------------------------------------------------------------------------------------------------------------------------

(in µg/ml) Range 0.4-0.72 0.78-1.3 0.89-2.3 0.4-0.72 0.72-1.3 0.95-2.01

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 0.61 0.9 1.33 0.57 0.87 1.35

Bone thickness Mean ± SD 1489.6±63.5 1177.6±61.3* 925.5±35.5*£ 1488.3±68.2 1055±110.5*‡ 873.8±28.0*£‡

(in µm) ----------------------------------------------------------------------------------------------------------------------------------------------------

Range 1402-1574 1055-1252 879-989 1422-1602 897-1180 824-923

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 1501.4 1178.1 910.1 1476.2 1065.3 871.9

Periosteal Mean ± SD 65.6±8.0 76.0±10 144.5±23.8*£ 64.2±10.0 92.8±16.4*‡ 136.9±17.2*£

thickness(in µm) ----------------------------------------------------------------------------------------------------------------------------------------------------

Range 57.1-76.2 56.1-85.8 115.5-188.4 52.0-7.0 71.3-121.5 114.0-173.6

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 62.5 78.8 136.0 62.5 90.6 136.7

* = significantly different from control group, p<0.05; £ = significantly different from fluoxetine group, p<0.05; 

‡ = significantly different from the corresponding value at 6 weeks, p<0.05

Table 2: Values of Bone Markers, Prolactin Concentration, Bone T hickness, and T ryptophan Hydroxylase mRN A  i n  O v ari ectomized Female

Albino Rats

Parameters 6 Weeks T reatments 12 W eeks Treatments 

----------------------------------------------------------------- -----------------------------------------------------------------

Control (n=10) Fluoxetine (n=10) Sertraline (n=10) Control (n=10) Fluoxetine (n=10) Sertraline (n=10)

Serum Bone alkaline Mean ± SD 25±1.25 29.22±2.93* 32.2±2.97*£ 29.4±2.22‡ 35.3±2.21*‡ 38.7±1.83*£‡

phosphatase ----------------------------------------------------------------------------------------------------------------------------------------------------

(in U/L) Range 23.0-27.0 26.0-33.1 27.0-36.0 27.0-33.0 33.0-39.0 36.0-42.0

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 25.0 28.5 33.0 28.5 34.5 39.0

Serum Osteocalcin Mean ± SD 32.45±1.56 36.83±3.56* 45.3±1.47*£ 31.52±2.55 43.35±2.06*‡ 49.68±3.78*£‡

(in ng/ml) ----------------------------------------------------------------------------------------------------------------------------------------------------

Range 29.7-33.9 33.45-40.20 43.8-47.1 27.0-33.9 41.4-45.3 45.15-54.75

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 32.85 36.83 45.75 32.85 43.35 49.05

Prolactin (in ng/ml) Mean ± SD 2.15±0.11 12.6±0.35* 13.95±0.89*£ 2.15±0.9 12.8±1.3* 14.1±0.93*£

----------------------------------------------------------------------------------------------------------------------------------------------------

Range 1.9-2.3 12.09-13.2 13.2-16.0 1.99-2.21 12.78-12.81 13.2-16.0

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 2.19 12.7 13.6 2.2 12.8 13.8

T ryptophan Mean ± SD 0.54±0.078 0.95±0.19* 1.26±0.36*£ 0.57±0.09 0.93±0.26* 1.44±0.46*£

hydroxylase mRNA ----------------------------------------------------------------------------------------------------------------------------------------------------

(in µg/ml) Range 0.4-0.61 0.7-1.3 0.89-1.8 0.4-0.72 0.72-1.4 1.0-2.0

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 0.55 0.9 1.25 0.58 0.98 1.35

Bone thickness Mean ± SD 1204±54.7 1018.0±56.8* 931.5±40.8*£ 1188.3±101.3 804.4±87.1*‡ 722.8±14.9*‡

(in µm) ----------------------------------------------------------------------------------------------------------------------------------------------------

Range 1102-1271 940-1092 876-988 1048-1326 721-933 698-740

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 1205.5 1116.7 914.0 1178.5 757.5 725.7
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Table 2: Continued

Periosteal thickness Mean ± SD 100.3±20.7 111.7±25.4 155.2±27.3*£ 99.2±14.5 110.5±19.6 223.1±22.6*£‡

(in µm) ----------------------------------------------------------------------------------------------------------------------------------------------------

Range 66.3-123.9 82.5-145.5 101.6-186.23 77.0-122.2 87.5-146.0 188.0-255.0

----------------------------------------------------------------------------------------------------------------------------------------------------

Median 106.5 108.3 161.0 98.6 105.4 223.5

* = significantly different from control group, p<0.05; £ = significantly different from fluoxetine group, p<0.05; 

‡ = significantly different from the corresponding value at 6 weeks, p<0.05.

 (a)         (b)

(c)            (d)

         (e)             (f)

Fig. 4: The effect of OVX on the B-ALP (a), OCN (b), total bone thickness  (c),  p e rio s t e a l t h ickness  (d), PRL (e),

a n d  tryptophan hydroxylase mRNA (f), under different types  of treatment. Except for the try p t o p h a n
hydroxylase mRNA, all values  are s ignificantly different between t h e  intact and OVX groups  at p <0.01.

Error bars  represent the 90% confidence interval.
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Fig. 5: Scatter plots  showing the degree of correlation between total bone thickness  a nd perios teal thickness  in

intact and OVX rats . For both correlation p<0.01.

Fig. 6: Sc atter plots  showing the degree of correlation between total bone thickness  and (a) B-ALP, (b) OCN in
intact rats ; (c) & (d) show corresponding relations  in OVX rats ; respective correlation coefficients  are typed

beneath each tracing; all correlations  were found s tatis tically s ignificant at p< 0.01.
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Fig. 7: Scatter plots  showing the degree of correlation between serum prolactin conc e n t ra t ion and: (a) B-ALP, (b)
OCN, (c) femoral mid-diaphys e a l t h ic kness  in intact rats ; (d), (e), & (f) show corresponding relations  in

OVX rats ; respective correlation co-efficients  are typed beneath each tracing; all correlations  were found
s tatis tically s ignificant at p< 0.01.
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Fig. 8: Scatter plots  sh o win g  the degree of correlation between tryptophan hydroxylase mRNA and: (a) B-ALP,

(b) OCN, (c) femoral sh a ft  t h ic kn e ss  in intact rats ; (d), (e), & (f) show corresponding relations  in OVX
rats ; respective correlations  co-efficients  are typed bene a t h  e a c h tracing; all correlation were found

s tatis tically s ignificant at p< 0.01.
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These effe cts  depend on one or more prolactin
releas ing factors , making serotonin an ind irect, yet

p o t e n t, modulator of PRL release Freeman et al., .[29]

Be c a u s e  a ll SSRIs  have been implica t e d  in
hyperprolactinemia, regardless  of their effects  on these

other transmitter sys tems , it seems logic that the effect
on  p rolactin is  through inhibition of serotonin uptake

Cowen &  Sargent . Higher prolactin level with[30]

sertraline can be explained o n the grounds  that
sertraline is  known to be a mo re potent SSRI than

fluoxetine Baldessarini, .[31]

The skeletal change s  and increased bone turnover
observed in the pre s e n t  s tudy may be attributed to

hyperprolactinemia but may also be a result of some

direct e ffect of SSRIs  on bone. Some s tudies  have
indicated that 5-HT is  among the s ignaling molec u le s

that play  a n important role in bone remodeling.
Osteoblas ts  and os teoclas ts  have receptors  for serotonin

and both cells  expre s s  5-HTT Lerner . In fact,[32]

fluoxetine has  been previous ly shown  to influence
os teoclas t differentiation Battaglino et al., .[33]

In the present s t udy it was  shown that tryptophan

hydroxylase enzyme is  expressed in bone as  evidence d
by the detection of it s  mRNA  in bone specimens .

Tryptophan hydroxylase express ion was  s ig n ificantly

higher in non-ovariectomized rats  t re a ted with either
fluoxetin e  o r s ertraline. Tryptophan hydroxylase

enzyme catalyzes  the firs t and t h e  ra te-limiting s tep of

serotonin synthes is  Wang et al., . Tryptophan[34]

hyd ro xy la s e  u p -regulation in brain tis sue was

previous ly reported with fluoxetine  as  well as  with[35]

sertra lin e   Kim et al., . This  is  however the firs t[36]

report of such up-regu la t io n in osseous  tis sue. At the

synapse, SSRIs  block the reuptake o f 5-HT by
interfering with the action of the 5-HTT Tatsumi et

al., . This  leads  to an accumulation of 5-HT at the[37]

synapse. It also interrupts  the negative feedback control
of presynaptic serotonin Dubovsky . Thus , the[38]

observed trypto p h an hydroxylase up-regulation mos t

probably represents  a compensat ory response to the
inhibition of neuronal serotonin uptake.

In the present s tudy, up-regulation of mRNA in the
sertralin e group s ignificantly exceeded that of the

fluoxetine group. Greater potency of sertralin e  as  an

SSRI may be the reason behind the observed difference
be t we en the two drugs . The level of tryptophan

hydroxylase mRNA up-regulation was  not  affected by

t reatment duration. This  may be explained by the fac t
that the full therapeutic action of t h e  known and

marketed SSRIs  is  achieved within the firs t four weeks

of therapy .[2]

In  the present work, the non-treated OVX group

showed s ignificantly higher levels  of B-ALP and

os teocalcin when compared  to the non-treated intact
one. The magnitude of difference from in t a c t  animal

v a lu e s  was  larger at 12 weeks  following OVX than it
was  at 6 weeks . These fin d ings  coincide with those

s h own in several previous  s tudies  like those of X i e  e t

al.,  and Wang et al.,  B-ALP and os teocalcin levels[39] [40]

are the two major bone markers  for assessment of bone

formation rate  and their s ignificantly higher levels[41]

indicate the induction of high bone turnover rate in rats

as  a compensatory es trogenic response to the decreased

es trogen level by OVX (Yok ose et al., ) . Prolactin, on[42]

the other hand was  s ignificantly lower after OVX. This

was  expected due to t h e  sudden drop of ovarian

hormone s  and was  previous ly shown in previous
experimental s tudies  on female rats  Pinilla et al., .[43]

Fluoxetine and sertraline t herapy after OVX

resulted in even high e r le v els  of B-ALP and OCN
which s ignificantly exceeded those of the non-t reated

OVX g ro u p . As  with the non-OVX groups , the bone
turnover markers  were s ignificantly higher at 12 than

a t  6 weeks  of treatment and were also higher with

sertraline than with flu o xetine. These findings  confirm
t h e  results  of the non-OVX groups  and indicate t h a t

SSRI therapy has  t he potential of augmenting the

skeletal effects  of menopause. His t o pathological
findings  of the OVX groups  rep resent another

confirmation of the bone  ma rker findings  as  it showed

t h in ner femoral shafts  in OVX rats  treated with
fluo xe t in e and serteraline. There was  also a s ignificant

increase in perios teal thickness  as  a n  indication of

reactionary new bone formation.
All OVX groups  showed s ignificantly lower

prolactin values  when compared with c orresponding
intact groups . Yet, ovariectomized animals  under SSRI

treatment showe d  s ig n ific a ntly higher prolactin

concentrations  when compared to the non treated OVX
group. The same mechanism of hyperprolactinemia

e xp la ined in case of the intact animal groups  may be

applie d  h e re. It should, however be noted that
fluoxetine a n d sertraline treatment of ovariectomized

animals  resulted in prolactin concentrations  which were

s till s ignificantly lower than those of co rresponding
intact animals . It can be concluded thus  that the e ffect

of SSRIs  on prolactin secretion is  influenced by other
factors  related to ovarian function, mos t likely, es trogen

production.

In the  g roups  with OVX, the results  of tryptophan
hydroxylase express ion were identical to the findings  of

the intact group. This  may indicate th a t  t h e direct

effect of SSRIs  on bone is  in d e p endent of influences
from ovarian hormones . The s ignificant correlations

found b e tween prolactin concentration and tryptophan

hydroxylase express ion on one hand and the res t of the
biochemical and s tructural bone parameters  on the other

hand, may indicate the exis t e n c e  of a common factor

for both phenomena, supposedly inhibition of serotonin
uptake.
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This  s tudy supports  previous  reports  of unfavorable
effects  of SSRIs  on b o n e turnover and provides

evidence fo r the presence of a direct mechanism for
that effect.  The bone marker le v e ls  in this  s tudy

pos itively and s ignifican t ly correlated with prolactin
levels . This  may support th e  common belief that
hyperprolactinemia is  the cause of bone effects  of

SSRIs . In OVX groups , however, hyperprolactin emia
was  le s s  while bone changes  were more s ignificant.

The detection of tryptophan hydroxylase mRNA and its
up-regulation by SSRI therapy supports  the presence of

direct skeletal effects . Alt h o u g h  believed by some to
cause less  hyperprolactinemia, sertraline was  shown

here to produce more intense prolactin rise as  well as
more intense  b one changes . More potent serotonin

u p -t a ke  inhibition by sertraline is  a propose d
explanation for both findings . In other words , it may be

the intens ity of 5-HT up-take  inhibition which
determines  both of the effe c ts  on bone and prolactin.

T his  assumption is  supported by the higher extent o f
tryptophan hydroxylase up-regulation with sertraline as

observed in the present s tudy. 
Findings  in the current s tudy may have important

clinical implications . SSRIs  are being u s e d  for a wide
variet y  o f indications  in elderly male and female

patients . Very frequently those patients  have co-morbid
conditions  that may adversely affect their BMD. Those

pat ients  may be on several other drugs , some of which
may also possess  unfavorable skeletal effects . A very

famous  example is  that of anti-psychotic drugs  working
on dopaminergic receptors  and known to cause varying
degrees  of hyperprolactinemia and reduced BMD  and[44]

m a y  b e  fre q u e n t ly  c o mb in e d  wi t h  S S R I
anti-depressan ts . Even with a s light impact of SSRI

drugs  on  s keletal s tructure, such patients  may be
exposed to an inc reased risk of fractures . This  calls  for

the need to condu c t  well des igned prospective clinical
s tudies  to verify the impact of therapy with SSRIs  on

eld e rly patients , especially with multiple factors
interplaying to compromise their bone s tructure.
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