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ABSTRACT 
Aromatase inhibitors (AIs)-induced arthralgia (AIA) is the most common adverse event associated with low 
compliance with treatment in postmenopausal women with hormone receptor–positive breast cancer. The aim of this 
study was to investigate the relationship among estrogen deficiency, letrozole (Lt) therapy and inflammation severity 
with arthralgia. Total number of 30 adult female rats were divided into 3 groups (n=10), including 
ovariectomized(OVX) rats, OVX rats  that received intra-articular injection of carrageenan (OVX+Car), carrageenan 
injected OVX rats that received Lt (OVX+Car+Lt). Inflammatory pain was evaluated by Von Frey filament (VFF) test 
pre- and post-surgery, every 4 days. Joint diameter was measured pre- and post-Car injection.  
To investigate the effect of each intervention on development of inflammation or osteoporosis, bone histology and 
intraarticular fluid levels of TNF (tumor necrosis factor)-α, Cyclooxygenase (COX) and interleukin (IL)-1β were 
evaluated. The highest levels of TNF-α, COX-2, and IL-1β in synovial fluid were detected in OVX+Car+Lt group. 
The highest and lowest thicknesses of knee joint diameter were observed in the OVX+Car+Ltand OVX rats, 
respectively. Histopathologically, mild, moderate and severe progression of bone damage was observed in OVX, 
OVX+Car and OVX+Car+Lt groups, respectively.  
The results of the present study indicated the role of inflammation generated by inflammatory mediators, including 
COX-2, TNF-α and IL-1β in underlying mechanism of letrozole-induced arthralgia in ovariectomized rat model. We 
also demonstrated the osteoporosis and losing bone mass which can result in knee pain or arthralgia. These findings 
suggest that inflammatory pain and osteoporosis raising following AIs treatment should be further considered and 
treated in women with breast cancer. 
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[1] INTRODUCTION 
Aromatase inhibitors are widely used as an 
adjuvant therapy in postmenopausal women with 
hormone receptor–positive breast cancer [1]. AIs-
induced arthralgia (AIA) is the most common 
adverse event associated with low compliance 
with treatmentin these patients [2]. AIA can be 
discomforting enough to lead to drug 
discontinuation [3]. Post-menopausal decrease in 
circulating estrogen levels can have a serious 
impact on the progression or development of 
arthralgia; therefore, the AIs administration may 
results in greater symptom experience. It has been 
recently reported that estrogen deprivation 
resulted from AIs administration could be a 
potential mechanism for this clinical phenomenon 
[4, 5]. The decrease in estrogen may results in 
cytokines to be released in high levels, which may 
hasten bone loss and aging, leading to pain. Joint 
inflammation is one of the main factors associated 
with initiation of cartilage degeneration causing 
osteoporosis and osteoarthritis [6]. Although 
osteoarthritis has not been traditionally 
characterized as an inflammatory disease, multiple 
biochemical pathways are activated within joint 
tissues during progression of osteoarthritis and 
prominent are those for inflammatory mediators 
classically associated with inflammation [7]. Joint 
inflammation mostly can be mediated by 
cytokines such as interleukins (ILs) (IL-1b and IL-
6) and tumor necrosis factors (TNF). These 
cytokines cause activation of immune cells such 
as macrophages, neutrophils and mast cells to 
produce more proinflammatory cytokines [8, 9]. 
Although non-steroidal anti-inflammatory drugs 
(NSAIDs), such as Ipobrouphen, are clinically 
administrated for treatment of AIA, these drugs 
cannot control and treat arthralgia due to the fact 
that precise mechanism of AIA is unknown. 
Letrozole is a new third-generation non-steroidal 
AIs [10] is currently administrated for breast 
cancer treatment [11]. Letrozole administration 
often results in arthralgia. AIA can be 
discomforting enough to results in drug 
discontinuation and decreased adoption among 

patients [5]. Since various aspects of patients' 
lives are affected by AIA, further investigation is 
required for better understanding whether 
letrozole increase inflammation and inflammatory 
mediators in joint tissues leading to osteoporosis. 
Therefore, the aim of this study was to investigate 
the relationship among estrogen deficiency, 
letrozole therapy and inflammation severity with 
arthralgia.   
 
[II] MATERIALS AND METHODS  
2.1. Experimental animals 
Thirty female Wistar rats at estrous cycle, weight 
range of 200-300g, were purchased and divided 
into three groups (n=10), ovariectomized rats 
(OVX), OVX rats which received intra-articular 
injection of Car 0.1%, 0.1mL), OVX control 
group(Car + hydroxypropyl cellulose as solvent of 
letrozole), rats letrozole (Lt) treated OVX rats 
with Car. In order to induce inflammation in the 
rats, Car which is an inflammatory compound was 
used [12]. Rats were housed in separate cages 
based on their experimental groups with free 
access to water and food in a controlled 
temperature of 24±2 ˚C and a 12 hr light/dark 
cycle [13]. The rats were allowed to habituate to 
the housing facilities prior to being randomly 
assigned to behavioral studies. All experiments 
were carried out according to the animal care 
guidelines and based on the protocols of Medical 
School of Shahid Beheshti University.  
2.3. Ovariectomy 
The rats were anesthetized with an intra peritoneal 
(IP) injection of a mixture of xylazine 10mg/kg 
and ketamine 75 mg/kg [14]. The rats were then 
fixed and a 25 mm incision was created in the 
abdominal medial area. Catgut absorbable suture 
was used to stitch both ovaries 1 cm lower than 
their location. Both ovaries were then completely 
excised by using a pair of scissors and the incision 
was sutured after excising the ovaries and the rats 
were treated with cefazolin for a period of four 
days [14]. 
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2.4. Letrozole therapy  
Letrozole was diluted by hydroxypropyl cellulose 
with a dilution of 3.0% in water and first gavage 
feeding of Lt, 100 mg/kg, was done two months 
post ovariectomy [15]. Gavage feeding was 
performed on a daily basis at a certain time of the 
day and was continued for two months. 

 
2.5. Measurement of knee joint diameter 
The knee joint diameter of the rats was measured 
before the Car injection, prior Lt Therapy and 
before sampling the synovial fluid using a 
calibrated caliper digital.  

 
2.6. Behavioral assessment  
Inflammatory pain was evaluated by Von Frey 
filament (VFF) test pre- and post-surgery in all 
experimental groups.VFF tests was first 
performed immediately before injection of Car 
and repeated 24 hrs after Car. injection. The knee 
joint diameter was measured pre and post-
Carinjection.VFF test was done immediately 
before and repeated 24 and 48 hrs after receiving 
Lt, at the end of VFF check in 15, 30, 60 days 
post- receiving Lt and all the data were carefully 
recorded. To perform allodyniatest, calibrated 
VFF was used to evaluate the skin sensitivity to 
touch stimulations [16]. In order to adapt to the 
environment, the rats were placed in a transparent 
chamber 15 minutes before the experiment and 
were allowed to move and explore the 
environment. When pressure was induced, these 
filaments were calibrated based on the 
characteristics of the bending forces. To increase 
the diameter of the filaments, the VFF filaments 
with an importer force of 6, 8, 10, 15, 26, 60, 100 
and 180 g were respectively used. A mild pressure 
was induced, using these filaments, on the back of 
the legs and the interspaces between the second 
and the third fingers. Paw withdrawal threshold 
(PWT) was considered as the minimum gram of 
the load on the under pressure was foot which, in 
other words, is the minimum pressure that is 
required for foot dragging reflex. Each of the 
filaments was used five times and the frequency of 

PWT was measured for various filaments in 
different groups and time interval. Therefore, the 
pain process test was achieved.  
 
2.7. Sampling of the knee joint fluid  
After anesthesia, the knee joint was fixed and the 
designated connections for sampling the joint 
fluid, including polyethylene tube was attached to 
the tips of No. 23 and 25 needles. Then a micro-
dialysis pump with an exact flow rate of 50 µl in 
normal saline was used for a constant flow of fluid 
through the joint. The needle (No. 23) was 
interred into the anterior knee for collecting the 
joint fluid. After needling, 0.2 ml of liquid in 
synovial space entrance needle for extract sample. 
In this case, the liquid, 0.9 ml, was extracted into a 
1.5 ml eppendorf tube using a needle and 
polyethylene tube as the result of the capillary 
action. All collected samples were stored at -70 ˚C 
and were used for ELISA tests [17]. 

 
2.8. Measurement of inflammatory mediators 
The synovial contents of TNF-α (LEGEND 
MAX™ Kits, Bio Legend), COX-2 (Rat COX-2 
Assay Kit IBL, Japan), and IL –1beta (Abcam, IL-
1 beta Rat ELISA kit) was measured using 
commercially made kits and in accordance with 
the protocols of the manufactures. 
 
2.9. Histopathological examination 
After 60 days of treatment, the rats were 
euthanized with intravenous injection of sodium 
pentobarbital (100 mg/kg). Tissues were collected 
and analyzed histopathologically following 
hematoxylin and eosin (H&E) (Leica, Wetzlar, 
Germany) staining. For this purpose, the bone 
samples (upper and lower part of joint) were fixed 
in 10% neutral buffered formalin (Sigma, USA), 
dehydrated in increasing concentrations of ethanol 
(70, 85, 90 and 100%) for 30 minutes and 
immersed twice in xylene for 30 minutes followed 
by a 30 minutes immersion in liquid paraffin for 
impregnation. The paraffin embedded specimens 
were sectioned at 5µm thickness and were 
subsequently stained using H&E stain and blindly 
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assessed by a pathologist using a light microscope 
(Olympus, Tokyo, Japan). 
2.10. Data analysis 
Data analyses were done using the Prism 6 
software package (SPSS Inc., Chicago, IL, USA). 
All values are expressed as mean ± standard errors 
of mean (SEM) and were analyzed by one-way 
ANOVA followed by Tukey. Statistical test was 
used to analyze the behavioral tests. P value 
smaller than 0.05 was considered as statistically 
significant. 
 
[III] RESULTS  
3.1. Measurement of knee joint diameter 
Administration of Car (0.1%, 0.1mL) to OVX rats 
induced a significant increase in diameter of both 
left and right knee joints. Letrozole treatment 
increased significantly the diameter of the 
inflamed knee joint with Car. The joint diameter 
was significantly lower in OVX group (P<0.01) 
compared to those measured in OVX+Car+Lt and 
OVX+Car (Fig. 1). Furthermore, the knee joint 
diameter was higher in OVX+Car+Lt rats 
compared to that measured in OVX+Car group 
(P<0.05). 

 
Fig.1: Measurement of knee joint diameter 

3.2. Evaluation of allodynia using VFF 
Intra-articular injection of Car to the 
ovariectomized rats resulted in significant tactile 
allodynia in the right (A) and left (B) hind paw (n 
= 10) at days 1, 2, 15, 30 and 60 compared to the 
OVX group (P<0.001) (Fig. 2, 3).There was no 
significant difference in the right and left hind 
paw between OVX+ Car and the OVX+Car+Lt 

respected to tactile allodynia24, 48 hrs.Post-
administration (Fig. 2A, B). 

 
Fig. 2A: Evaluation of allodynia using VFF in right hind paw 

 
Fig. 2B: Evaluation of allodynia using VFF in left hind paw 

 
3.3. Change of inflammatory agent's levels in 
knee joint 
The highest level of COX2 was detected in 
OVX+Car+Lt. The COX-2 level, in right and left 
knee joint, was significantly higher in OVX+Car 
compared to OVX group (p<0.001). The level of 
COX2 in knee joint was significantly increased in 
OVX+Car +Lt group compared to both OVX and 
OVX+Car groups (p<0.05) (Fig. 3A). 

 
Fig. 3A: Change of COX-2 levels in synovial fluid knee joint 
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The highest level of IL-1β was detected in 
OVX+Car+Lt. The level of IL-1β, in right and 
left knee joint, was significantly higher in OVX 
+Car(p<0.01) compared to OVX group.  The 
level of IL-1βin knee joint was significantly 
higher in OVX+Car +Lt group (compared to 
both OVX and OVX+Car groups p<0.05) (Fig. 
3B). 

 
Fig. 3B: Change of IL-1β levels in synovial fluid knee joint 
The level of TNF-α after 2 months letrozole 
therapy was significantly increased, in the 
synovial fluid of both left and right knee joints, 
in OVX+Car+Lt rats compared to OVX +Car 
(p<0.05). The level of TNF-α, in left knee joint, 
was significantly higher in OVX +Car (p<0.01) 
group compared to OVX group as well as right 
knee joint (Fig. 3C).  

 
Fig. 3C: Change of TNF-α levels in synovial fluid knee joint 

3.4. Histopathological findings 
Histopathological evaluation of the upper and 
lower bone part of the knee joint showed the 
severe osteoporosis and osteonecrosis with the 
area of bone resorption associated with 
osteoclastic-like cells infiltration as detected in 
OVX+Lt+Car group (Fig. 4a). In this group, the 
bone marrow spaces between the trabeculae 
were relatively large and trabeculae often 
exposed free ends in addition to the enlarging 
the inter-trabecular spaces (Fig. 4b). Numerous 
growth arrest line were also observed which 
indicated cartilage disruption (Fig. 4c).  Mild 
reduction of the bone trabecular area and the 
thickness of the cortex as well as the decrease in 
the number of osteoblasts and osteocytes were 
detected in the bone of OVX rats (Fig. 4d).  

 
Fig. 4d: Histopathological evaluation of the upper and lower 
bone part of the knee joint showed 

 
[IV] DISCUSSION 
Most of the patients with breast cancer who 
treated with AIs suffer from joint pain or 
arthralgia [18]. This experimental study was 
conducted to investigate the relationship among 
estrogen deficiency, letrozole therapy and 
inflammation with arthralgia. We investigated the 
involvement of inflammatory mediators levels in 
synovial fluid of knee joint, including IL-6, COX-
2, and IL-1β, in mechanisms underlying 
inflammation-induced arthralgia in an OVX rat 
model.  
One of the most frequent side effects of hormonal 
therapy is AIA. It is yet to be known whether 
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arthralgia is associated with osteoporosis. Rat was 
chosen as animal model the because 
ovariectomized rats are one of the best models to 
study the pathogenesis of postmenopausal 
osteoporosis [19]. 
The results of the present study indicated that the 
highest and lowest levels of COX-2, TNF-α, and 
IL-1β in knee joint was detected in OVX+Car+Lt 
OVX groups. The levels of COX-2, IL-1β ,and 
TNF-α  levels were also significantly lower in 
OVX+ Car group compared to that in 
OVX+Car+Lt. The levels of COX2, IL-1β,and 
TNF-α was higher in both experimental groups 
that received Car compared to those that did not 
receive this treatment. Edema induced by Car is 
highly reproducible and can be used as a model of 
acute inflammation [20]. This model of knee joint 
inflammatory pain was characterized in the 
present study, by injection of Car and Lt intake. In 
the other hand, the levels of COX2and TNF-α 
were higher in both experimental groups that 
received Car compared to the group that did not 
receive this treatment. Induction of COX-2 by 
inflammation leads to the prostanoids release, 
which activate peripheral nociceptor terminals and 
results in production of localized pain 
hypersensitivity [21]. Moreover, secondary hyper 
algesia is created by peripheral inflammation, 
because of the augmented neuronal excitability in 
the spinal cord and joint pain [21, 22]. In 
OVX+Car group, COX-2 and TNF-α levels were 
higher than that of OVX rats while it was lower 
than that in OVX+Car+Lt. This finding suggests 
that Lt induce the severity of inflammation grade 
created by Car. Low grade inflammatory response 
in treating the rats with Lt for a course of seven 
days has been shown [23]. Conversion of 
arachidonic acid to prostaglandins (PGs) such as 
PGE2, prostacyclin and thromboxane 
A2,iscatalyzed by COX [24]. The 
pathophysiological role of COX-2 to the 
development of inflammatory pain resulted from 
over-production of inflammatory PGs is well-
established [25]. It has been recently reported that 
Car injection results in a edema in hind paw, 3 hrs 

post-injection. It has been shown that Car-
treatment up-regulates IL-1β, IL-6 and TNF-α in 
the treated tissue of rats [20]. However, the results 
of the present study have shown that the highest 
levels of IL-1β and COX-2 in the knee joint were 
detected in Car+Lt-treated group. Similarly, it has 
been also recently reported that Lt-treatment 
progressively increased the tubal cytokines level, 
such as IL-1β and TNF-α, compared to the control 
group [26]. 
Data obtained from thickness of the knee joint 
diameter showed that in the OVX group knee joint 
was significantly lower than those in either of the 
OVX+Car+Lt or OVX+Lt-treated groups. 
Measurements of the knee joint diameter 60 days 
post-administration indicated that injection of Car 
resulted in acute inflammation of the joint, an 
effect which was intensified by letrozole treatment 
[12] have reported that knee joint transverse 
diameter was increased at day 1 post- injection 
which indicated the role of Car in inducing acute 
inflammation and primary hyperalgesia in the 
affected joint [12]. 
We found that OVX+Car+Lt resulted in 
significant tactile allodynia in the hindpaws 24 
hrsto 60 days post-treatment compared to the 
OVX group. The function of delta opioid 
receptors (DOR) expressed by peripheral pain-
sensing neurons (nociceptors) is regulated by both 
the COX- and lipoxygenase (LOX)-dependent 
arachidonic acid (AA) metabolites [27]. 
Furthermore, it has been reported that the 
nonresponsive state of the DOR system, that 
follows injection of AA or Car, is regulated by the 
LOX-dependent AA metabolites [28]. 
Considering the results of COX-2 levels in 
OVX+Car+letrozole and OVX+Car-treated rats, it 
can be suggested that not only LOX-dependent 
AA but also COX-dependent AA metabolites may 
are responsible for the non-responsive state of the 
DOR system.  
Histopathologically, in OVX+Lt+Car group, the 
bone marrow spaces between the trabeculaewere 
relatively large and trabeculae often exposed free 
ends in addition to the enlarging the 
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intertrabecular spaces. Sever infiltration of 
osteoclast was seen in this group. The results 
showed that letrozole-treatment in combination 
with Car in ovariectomized rats resulted in 
disruption of the microstructure of the trabecular 
bone and enhanced the osteoporosis. Moderate 
and mild osteoporosis associated with partly 
osteoclast infiltration was observed in the 
Car+OVX and OVX rats, respectively. Both the 
inflammation and osteoclast activation, which 
may be induced by soluble factors from the 
rheumatoid synovium, affect the bone damage 
progression [29].  
Binding of the receptor activator of nuclear factor 
κB ligand (RANKL) to RANK which is expressed 
on the surface of osteoblasts considerably 
activates osteoclasts. Pro-inflammatory cytokines, 
such as TNFα, IL-1β, and IL-6 by bver-expression 
of RANKL contributes to bone loss [30]. Up-
regulation of IL-6 or IL-1β induced by Car 
injection combined with Lt or Lt gavages alone in 
association with estrogen deficiency resulted in 
post-treatment severe to moderate progression of 
bone damage in ovariectomized rats. The findings 
of the present study suggested that AIs can down-
regulate the osteoblastic capacity and up-regulate 
the osteoclastic capacity of bone.  
 

[V] CONCLUSION  
The results of the present study indicated the role 
of inflammation generated by inflammatory 
mediators, including COX-2, TNF-αand IL-1β in 
underlying mechanism of letrozole-induced 
arthralgia in ovariectomized rat model. Wealso 
demonstrated that increasing levels of these 
cytokines in overiectomized rats induced 
osteoporosis and losing bone mass which can 
result in knee pain or arthralgia. This finding 
suggests that osteoporosis which occurs in women 
with breast cancer who are under AIs treatment 
should be further considered and treated. 
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