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ABSTRACT 

 
The aim of the present study is to determine if saliva can be used as a marker of 
osteoporosis in overiectomized dogs and for the effect of hormone replacement 
therapy in this model. Eighteen female dogs were divided into three groups: Sham 
operated, ovariectomized (OVX) and ovariectomized treated with hormone 
replacement therapy (HRT). Unstimulated saliva was collected to measure flow rate 
ml/hour, outputs of α- amylase, total protein, bicarbonate and calcium. Bone turnover 
was estimated by measuring serum and salivary osteocalcin. The results of the 
present work showed that  ovariectomy (OVX)  produces a significant decrease in 
salivary flow rate and outputs of salivary constituents studied with significant 
negative correlation with both salivary and serum osteocalcin. While ovariectomy 
with hormone replacement therapy decrease salivary and serum osteocalcin and 
causes a significant increase in flow of saliva and outputs of all salivary parameters 
that show significant negative correlation with both osteocalcins, however the flow 
rate and outputs of all salivary constituents, serum and salivary osteocalcin does not 
return to sham operated level. In Conclusion the flow rate and output of these 
salivary parameters are improved by HRT and that whole saliva is considered as a 
valuable tool for assessing human   marker of bone turnover.  
Key words: Salivary secretion, osteocalcin. 

 
INTRODUCTION 

 
Menopause is a physiological 

process occurring in the fifth decade 
of life in women due to irreversible 
decrease in the hormonal and 
reproductive functions of the ovaries, 
some women enter the menopause 
after surgical removal of both 
ovaries.(1)  

Spontaneous or surgical 
menopause is usually associated with 
osteoporosis.(2)   
Osteoporosis is attributed to 
imbalance between bone formation 
and bone resorption followed by bone 

mass loss. Osteoporosis can be 
corrected by hormone replacement 
therapy. (3) 

Osteocalcin is a non collagenous 
protein found in bones .Yasui etal 
postulated that osteocalcin is a marker 
of inhibition of bone formation and 
bone turnover.(4)  In overiectomized 
animals there is an increase in bone 
turnover and osteocalcin is up 
regulated suggesting that bone 
turnover was accelerated in these 
animals.(2) 

The incidence of dry mouth are 
common in menopausal females and 
is affected by sex steroid. (5) Previous 
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report on the effects of sex steroid on 
salivary secretion are few and most of 
them only studied the effect of these 
hormones on the flow rate. (6)  
Saliva is a biological fluid, sample 
collection is invasive more convenient 
for the patient and health workers, it 
need no additional expertise or help 
particularly when the number 
sequential samples may be required. (7)  

The aim of this work is to 
determine if saliva can be used as a 
marker of osteoporosis in 
overiectomized dogs and for the effect 
of hormone replacement therapy in 
this model.  
 

MATERIAL & METHODS 
 

This study was carried out on 
eighteen female dogs weighing 
between 10-12 kg, they were kept on 
normal diet. The animals were 
randomly divided into three groups. (6 
dog each).  
Group I: sham operated group  

They underwent sham surgical 
procedure and subcutaneously 
injected with similar volume of 
solvent vehicle for four weeks.  
Group II ovariectomized OVX 
group  

They are subjected to bilateral 
ovariectomy through midline incision 
under general anesthesia with 
thiopentone sodium 15 mg/kg body 
weight and allowed to recover for 4 
weeks and then treated with similar 
volume of the solvent vehicle for four 
weeks.  
Group III OVX + hormone 
replacement therapy HRT group  

They are subjected to 
ovariectomy as in group II and then 
received a daily subcutaneous 

injection of estrogen 30 µg/kg and 
progesterone 1 mg/kg BW. for four 
weeks. (3)  

At the end of experimental 
period, unstimulated  parotid salivary 
secretion  is collected for one hour 
from dogs  of all groups studied  using 
special device formed of two plastic 
cups which were placed over the 
orifices of the parotid duct and held in 
place by peripheral suction chamber.  

The values of all salivary samples 
was measured. They were analyzed 
for α amylase by the method of 
Tietz,(8) total protein content using the 
method of Silvrman, (9)  Bicarbonate 
concentration using the procedure of 
(Gyory & Edwards),(10)  and calcium 
concentration by the method of atomic 
absorption spectroscopy. Salivary 
osteocalcin was measured using the 
technique described by (Bullon et 
al.,) (11) the outputs/hour of all these 
salivary parameters was calculated.  

Also a blood sample was 
collected from all these dogs at the 
end of the experimental period to 
measure the level of serum 
osteocalcin. (12)  
Statistical analysis  

Data were expressed as the mean 
+ SD statistical difference involving 
multiple group comparisons were 
determined by one way ANOVA 
(P<0.05), differences between 
individual groups were determined 
with Scheffe (f) test (P<0.05), Pearson 
correlation coefficient using SPSS 
computer program version 11. (13)  
 

RESULTS 
 

It is evident from the results of 
the present work table (1) that  in 
OVX dogs there is a significant 
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reduction in the salivary flow rate, 
outputs of α amylase, total protein 
bicarbonate and calcium levels, 
however it produces  a significant 
increase in both salivary and serum 
osteocalcin as compared to sham 
operated dogs (p<0.05).  

On the other hand HRT when 
given to OVX dog causes significant 
elevation of all these parameters when 
these results are compared with those 
of OVX dogs. But HRT causes 
significant reduction in both salivary 
and serum osteocalcin as compared to 
OVX dogs (p<0.05). 

However the flow rate and 
outputs of all salivary constituents, 
serum and salivary osteocalcin does 
not return to sham operated level. 

Table (2) shows the correlations 
between the studied parameters in 
ovariectomized group. There is a 

significant negative correlation 
between salivary osteocalcin and flow 
rate and output values of α-amylase, 
total protein, bicarbonate and calcium 
(r) values (-0.581,-0.616,-0.847,-
0.524,-0.687) respectively, also serum 
osteocalcin show significant negative 
correlation between them (r) values (-
0.541,-0.607,-0.689, -0.623,-0.512) 
respectively. 

Correlations between the studied 
parameters in OVX+ HRT group, 
reveal significant negative correlation 
between salivary osteocalcin and flow 
rate and output values of α-amylase, 
total protein, bicarbonate and calcium 
(r) values (-0.839-0.530,-0.520,-
0.863,-0.874 respectively, Also serum 
osteocalcin show significant negative 
correlation between them (r) values (-
0.524,-0.739,-0.599, -0.638,-0.731) 
respectively.

 
 
 
Table (1): Effect of OVX and with HRT on some salivary and serum parameters. 
(Mean values ±S.D) 

parameters 
 

Sham 
operated(n=6) 

OVX 
(n=6) 

OVX+HRT 
(n=6) 

F- test 

Salivary flow rate 
ml/hour 

37.68±6.29 21.16±2.52 27.06±4.60 19.204* 

Salivary α amylase  
IU/hour 

18.69±8.98 10.57±2.88 14.38±5.46 5.132* 

Salivary total protein 
mg/hour   

103.7±74.6 79.10±15.82 95.6±32.76 4.963* 

Salivary bicarbonate 
mEq/hour   

2.57±0.93 1.72±0.35 1.91±0.49 2.997* 

Salivary calcium mEq 
/hour 

0.196±0.037 0.105±0.018 0.138±0.031 13.707* 

Salivary osteocalcin 
ng/hour 

67.43±9.81 88.62±6.78 75.77±6.09 11.430* 

Serum ostoecalcin ng/ml   76.55+5.32 96.11±3.40 80.9±5.48 27.048* 
OVX: ovariectomy   HRT: Hormone replacement therapy    
* Denotes significant (p<0.05). 
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Table (2) Correlations between salivary and serum osteocalcin with the studied 
parameters in ovariectomized & hormonal replacement therapy groups 

 
 
parameters 
 

OVX OVX+HRT 
Salivary 

osteocalcin 
ng/h 

r 

Serum 
osteocalcin 

ng/ml 
r 

Salivary 
osteocalcin 

ng/h 
r 

Serum 
osteocalcin 

ng/ml 
r 

Salivary flow rate ml/h -0.581* - 0.541* -0.839* -0.524* 
Salivary α-amylase IU/h -0.616* -0.607* -0.530* -0.739* 
Salivary 
total protein mg/h 

-0.847* -0.689* -0.520* -0.599* 

Salivary bicarbonate 
mEq/h 

-0.524* -0.623* -0.863* -0.638* 

Salivary calcium mEq /h -0.687* -0.512* -0.874* -0.731* 
OVX: ovariectomy HRT: Hormone replacement therapy        
* Correlation is significant at the 0.05 level  
 

 
DISCUSSION 

 
It is evident from the present 

results that there is a significant 
lowering of parotid salivary flow rate, 
outputs of all parameters studied in 
ovariectomized dogs as compared to 
sham operated. But there is a 
significant increase in all these values 
in ovariectomized animals with 
hormone replacement therapy as 
compared to ovariectomy alone.  

Few published reports on the 
effect of menopause or ovariectomy 
and hormone replacement therapy on 
salivary secretion (13)  

The most significant oral sign 
found in menopause were the feeling 
of dry mouth which might be due to 
qualitative and quantitative changes in 
salivary secretion. (3)  

Data on the effect of menopause 
(natural or surgical) on salivary flow 
rate are confusing increase,(14) 
decrease(15) or no change.(16)  

Parotid salivary flow rate and 
composition show hormonal related 
changes suggesting that estrogen play 
an important role in salivary gland 
physiology.(4) Although many 
hormones are known to regulate 
salivary composition, the specific 
mechanism by which estrogen 
modulate salivary gland function is 
poorly understood,(17) and the precise 
mechanism by which estrogen 
mediate these effect is unclear.(18) 

Estrogen deprivation in 
ovariectomized dog or when given as 
replacement therapy, could affect 
salivary secretion directly and this 
effect may be mediated by estrogen 
receptor beta which in identified in 
both mucous and serous acinar and 
ductal cells of the parotid gland, (19) 
this distribution of sex hormone 
receptors might explain the effects of 
this hormone on salivary flow rate, 
organic and inorganic constituents. 
Secretion of protein and bicarbonate 
are sex hormone related. (20) However 
no information about the effect of 
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hormone replacement therapy on 
salivary electrolyte and on calcium in 
particular. (21) 

A second factor that also affect 
salivary secretion is the blood supply 
to the gland because secretion always 
require adequate nutrients from the 
blood which is needed by the 
secreting cells. (22) 

Estrogen has an essential role in 
mediating arterial vasodilatation 
increasing the blood flow, (23) this is 
achieved by stimulating endothelial 
prostacyclin synthesis (a potent 
vasodilator) and by inhibiting the 
vasoconstrictor effect of endothelin. 
(24) Estrogen also mediates vascular 
reactivity via nitric oxide synthesis. (25)    

It can be concluded that hormone 
replacement therapy causes qualitative 
and quantitative improvement of 
salivary secretion  

Bilateral ovariectomy is 
considered in this work as an 
experimental model of osteoporosis 
.This  model exhibit a progressive loss 
of bone matrix through process that is 
similar to what occur in 
postmenopausal osteoporosis 
secondary to estrogen deficiency.(2)   

Estrogen deficiency leads to 
dramatic increase in the activation of 
new remodeling unit of the surface of 
the bone (high bone turnover) which 
undergo bone resorption, in addition 
the amount of bone formed within the 
individual remodeling unit is less than 
resorbed (negative remodeling 
balance). (26)   

The state of high bone turnover in 
overiectomized group is partially 
corrected in this study by hormone 
replacement therapy; this suggestion 
was supported by the significant 
increase in serum and salivary 

osteocalcin in overictomized animals 
which is nearly reversed by hormone 
replacement therapy (table 1). 

Osteocalcin measurement provide 
a valid non invasive specific marker 
for bone turnover. (27) 

Table (2) reveal that there is a 
significant negative correlation 
between either serum osteocalcin or 
salivary osteocalcin and all salivary 
parameters studied  in  both  the 
overictomized and overictomized with 
hormone replacement therapy groups . 
So, it can be concluded that whole 
saliva may be a valuable tool for 
assessing human   marker of bone 
turnover 
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  وعالقته بإفراز اللعاب) أوستيوكالسين(للتحول العظمى العالمة الكيموحيوية 
  

  إيناس البندارى ـ سحر الصاوي ـ مائسة النحاس
  جامعة طنطا -كلية الطب - قسم الفسيولوجي

  
أجرى ھذا البحث  لدراسة  تاثير ھرمون الجنس بعد استئصال المبيض كنموذج معملي لھشاشة العظام 

المفرز فى ساعةمن بعض  مكونات اللعاب ومعرفة اذا كان عند سن اليأس على حجم اللعاب وكمية 
األوستيوكالسين في كل من اللعاب والسيرم  ھناك عالقة متبادلة بين ھذه القيم في اللعاب  ومستوى

مجموعة ضابطة اجرى لھا :اجرى البحث على ثمانية عشرة كلبا إناث قسموا إلى ثالث مجموعات.
المبيض ومجموعة استؤصل فيھا المبيض وتم عالجھا  عمليه كاذبة، ومجموعة استؤصل فيھا

من كل  كمية المفرز) ساعة/ مم(بالھرمون المعوض تم جمع اللعاب الغير مستثار لقياس حجم اللعاب 
وقد قدر التحول العظمى بواسطة قياس . من ألفا أميليز ، البروتين الكلى ، البيكربونات والكالسيوم 

أحدث استئصال المبيض نقص ذو داللة إحصائية في سرعة . األوستيوكالسين في السيرم واللعاب 
سريان اللعاب وكمية المفرز من مكونات اللعاب التي درست والتي ارتبطت ارتباط سلبي ذو داللة 

  . إحصائية مع كل من  أوستيوكالسين اللعاب والسيرم 
لمعوض نقص أوستيوكالسين في اللعاب والسيرم كدليل على استئصال المبيض مع العالج  بالھرمون ا

تحسن ھشاشة العظام وأحدث زيادة ذات داللة إحصائية في سرعة سريان اللعاب وكمية المفرز من 
ومن ذلك يمكن استنتاج أن .  مكونات اللعاب التي درست مع حدوث ارتباط سلبي مع أوستيوكالسين

اللعاب التى تم دراستھا قد تحسنت بعد العالج بالھرمون  سرعة سريان وكمية المفرز من  مكونات
المعوض كذلك اعتبار  حجم اللعاب وكمية المفرز من ھذة المكونات  كاداة   لتقييم عالمات التحول 

 .العظمى في اإلنسان


