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Osteoarthritis (OA) is degenerative changes leading to 
serious disability in joints by affecting and areas around 
soft tissue and subchondral bone as well as hyaline carti-
lage. Risk factors of OA are age,1) gender,2) obesity,1) and 
malalignment3) of the lower limb. Additionally, estrogen 
deficiency is known to be related with the occurrence and 

Background: Estrogens act on estrogen receptors distributed in articular cartilages, synovial membrane, and ligaments, which 
are thought to be related with degenerative changes. Meanwhile, progesterone is known to have a weak anabolic action on bone 
formation This study evaluates the effects of estrogen and progesterone hormone on bone/cartilage turnover in ovariectomized 
(OVX) rats. 
Methods: Thirty-five 7-month-old female Sprague-Dawley rats were randomly divided into 5 groups and then ovariectomized 
bilaterally except the sham control group. The first and the second group acting as controls did not receive hormonal therapy, the 
third group received estrogen, the fourth group received progesterone, and the fifth group received combination of both hormones 
10 weeks after surgery. Evaluations were done using the serum levels of cartilage oligomeric matrix protein (COMP) for cartilage 
turnover, collagen type I C-telopeptide (CTX-1) and osteocalcin (OC) for bone turnover at 11, 15, 19 weeks after OVX and histology 
using the Osteoarthritis Research Society International (OARSI) osteoarthritis (OA) cartilage histopathology assessment system. 
Results: Significantly less cartilage degradation (decreased levels of COMP) was found in the combined hormone treated group in 
comparison with OVX group. Similarly, both hormonal treatment resulted in increased bone formation and decreased bone resorp-
tion i.e., a low overall bone turnover status (decrease in the serum OC and CTX-1 levels). 
Conclusions: Combined estrogen and progesterone therapy was found to be convincing in terms of reducing the severity of OA in 
this experimental model.
Keywords: Estrogen, Progesterone, Cartilage oligomeric matrix protein, Collagen type I C-telopeptide, Osteocalcin 

progress of OA. Under the age 50, male patients4,5) tend to 
have more OA than females. However, from the beginning 
of menopause stage, female patients suffering from OA 
dramatically increase.6,7)

The association between estrogen and OA had been 
verified in a murine model. Researches on deficiency 
and complement of estrogen in articular cartilages were 
conducted in some of animal model studies.8) In many 
experimental animal studies, ovariectomy (OVX) induced 
OA while, complement of estrogen delayed degenerations 
in cartilages.9-11) Estrogens act on estrogen receptors dis-
tributed in articular cartilages, synovial membrane, and 
ligaments,12-14) which are thought to be related with degen-
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erative changes.
The positive effect of injections of estrogen on the 

characteristics and changes in articular cartilages is widely 
recognized.15-17) Progesterone has its receptor in osteoblast 
in bone tissue and acts positively on the severity of OA 
directly.18) But, in contrast to estrogen, whose principle ac-
tion of increasing and preserving cancellous bone volume 
is clearly due to an inhibition of cartilage and bone resorp-
tion, progesterone had a weak anabolic action on bone 
formation.19) This study evaluated the association between 
the cartilage of the OA and bone changes affected by sex 
hormones using the biochemical markers and histologi-
cal findings of cartilage and bone turnover by performing 
OVX on the OA induced rats. The hypothesis was that 
combined estrogen and progesterone therapy would be 
more effective than administering estrogen alone in terms 
of suppressing the progression of OA. 

METHODS

Experimental Animals and Research Design
Thirty-five 7-month-old female Sprague-Dawley rats 
(Charles River Lab., Wilmington, MA, USA) were used 
in the experiment. The entire procedure of the experi-
ment was authorized by Institute for Experimental Ani-
mals of Konkuk University (KU09024). The animals were 
maintained at the Laboratory Animal Research Center of 
Konkuk University (KULARC) for 1 week before experi-
ments. They were housed, two per cage, in a room main-
tained at 23 ± 1oC with a 12-hour/12-hour light/dark cycle 
and given food (FOMULA-M07, E-Joeun Feed Co., Jeon-
geup, Korea) and Reverse Osmosis water ad libitum.

Experimental Groups
Sprague-Dawley rats were randomly divided into 5 groups, 
composed of seven rats in each group.

· Cluster I: The control group of female rats treated the 
same (F-sham control)

· Cluster II: Ovariectomized (OVX) group 
· Cluster III: β-estradiol administered group after ovari-

ectomy (OVX-E)
· Cluster IV: Progesterone administered group after 

ovariectomy (OVX-P)
· Cluster V: β-estradiol and progesterone combination 

group after ovariectomy (OVX-E-P)
· Cluster III, IV, V were administered with hormones ten 

weeks after OVX. 

Surgery: Ovariectomy 
Each Sprague-Dawley rat was anesthetized with 2% Fo-

rane (Isoflurane, Abbott Lab., Abbott Park, IL, USA) in 
N2O : 0.4 L/min and O2 : 1 L/min (Vaporizer V720100 & 
Tabletop/Wall Mopunt V701002, SurgiVet, Waukesha, WI, 
USA). The skin of rats was sterilized with Povidone Iodine 
Solution (10 g/100 mL, Hyundai Pharm Co. Ltd, Seoul, 
Korea). A 3 cm long incision was made at the center area 
of lower half of the body and tail end and bidirectional in-
cision was made in the muscle. Once the abdominal cavity 
was opened, ovaries surrounded by body fats were found. 
The points where the fallopian tubes and the uterine horns 
meet were incised and ovaries were removed. Muscle ap-
proximation and skin closure were performed with catgut 
sutures. Sham-control groups were operated using the 
same incision and approach, but without removing ova-
ries. Right after the surgery, gentamycin (6 mg/kg, Kukje 
Pharm., Seongnam, Korea) was administered by intra-
muscular injection. After the surgery, all of the rats were 
allowed to move freely inside the plastic cage.

Hormone Administration
Hormones were administered by using a method of os-
motic pump effect.20) Hormones were administered in 
groups III, IV, and V. A dose of 5.3 mg/kg β-estradiol 
(Sigma, St. Louis, MO, USA) was injected through silas-
tic tube (3 cm) while a dose of 133.3 mg/kg progesterone 
(Sigma) was injected through two silastic tubes (5 cm). 
Silastic tubes were cut into appropriate lengths and hor-
mones were injected. Afterwards, the other end of silastic 
tube was blocked (Silastic Medical Adhesive, Type A, Dow 
Corning Co., Midland, MI, USA) and it was left to dry. 
Subcutaneous insertion of silastic tubes containing hor-
mones were done in the lateral mid-dorsal region under 
2% Forane anesthesia. Insertion of silastic tubes were per-
formed 10 weeks after OVX and were changed every four 
weeks.

Biochemical Markers of Cartilage/Bone
Serum samples were collected in tail vein using needle 
catheter (IV catheter 24 GA 0.75IN, 0.7 × 19 mm, BD, 
Franklin Lakes, NJ, USA). The serum samples were col-
lected 11, 15, and 19 weeks after OVX and those samples 
were frozen at a temperature of −70oC until analyzed 
using an enzyme linked immunosorbent assay (ELISA) 
technique. Cartilage oligomeric matrix protein (COMP) 
was used as a marker for cartilage turnover. Serum levels 
of collagen type I C-telopeptide (CTX-1) and osteocalcin 
(OC) were assessed for bone turnover.

COMP low-polymer
Serum level was investigated using animal COMP (MD 
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Biosciences, St. Paul, MN, USA). Bovine COMP was 
used to coat the micro titer plates and serum from rats 
as calibrators. Polyclonal antisera were used as a primary 
antibody for the COMP of rats. The sample and calibrator 
were cultured together in microtiter plates and those were 
washed off to put in a secondary antibody. The cultured 
microtiter plates were assessed using a microtiter plate at 
450 nm. Blood samples were collected through venipunc-
ture and coagulated to separate serums using a centrifuge. 
After serums were eliminated, the assessment was im-
mediately performed. Samples were needed to be diluted 
at least 10 times the sample buffer. The level of serum 
samples were expressed in units per liter (U/L), based on 
the plotting of a fourth degree polynomial fit calibration 
curve, using the standard concentration samples.

CTX-1
Rat CTX-1 was analyzed according to manufacturer’s 
instructions. RatLaps (Immunodiagnostic Systems Nor-
dic A/S, Herlev, Denmark) ELISA assesses degradation 
products using a special monoclonal antibody in a com-
petitive ELISA (C-ELISA). This research evaluated serum 
samples. An investigation was performed by incubating a 
biotinylated form of a synthetic peptide representing the 
C-telopeptide epitope EKSQDGGR. This was followed by 
addition of sample and primary antibody. Concentration 
of samples was determined by the standard assessment of 
synthetic peptide based on calibration curve construction. 
Absorbance was measured at 450 nm with a 650 nm refer-
ence filter. Serum sample level used standard concentra-
tion samples and was expressed in a unit of ng/mL based 
on the 4th order polynomial fit calibration curve plotting. 

OC
The ELISA (Rat-MID Osteocalcin ELISA, Immunodiag-
nostic Systems Nordic A/S) kit having high specificity to 
rats was used to measure the serum OC level. All required 
reagents were included in the kit and the experimental 
procedure was performed according to the instructions of 
the manual. The absorbance was measured at 450 nm with 
a 650 nm filter as reference. The levels of serum samples 
were expressed in nanograms per milliliter (ng/mL), based 
on the plotting of a fourth degree polynomial fit calibra-
tion curve, using the standards concentration samples.

Autopsy
The rats in 5 groups were sacrificed under CO2 (30% to 
70%) at 10 weeks post commencement of hormonal thera-
py i.e., 20 weeks after OVX. Muscles and other soft tissues 
were removed by making incisions at the upper two-thirds 

of the thigh and the lower two-thirds of the tibia. Conse-
quently, medial femoral condyle was obtained to be used 
at a microscopic examination.

Histological Analysis
Histological assessment was conducted on the whole-layer 
of cartilage sagittal section in medial femoral condyle of 
weight-bearing site. Samples including articular cartilage 
and its lower bone were fixed in 50 volumes of 10% neutral 
buffered formalin for 72 hours. The samples were placed 
in formic acid solution inside a shaker which rotates at a 
frequency of 150 times per minute for decalcification. The 
formic acid solution was replaced every day until decalcifi-
cation process was completed (1 to 2 weeks). The samples 
were completely washed off until the neutral-pH state after 
the decalcification. Those tissues were dehydrated using 
alcohol with different concentration and cleared in a xy-
lene to make samples transparent. Afterwards, they were 
embedded into paraffin using a tissue processor with fixa-
tion period of 58 hours. Each paraffin tissue lump was cut 
into 5 μm and then dyed with Safranin O. Corresponding 
slides were recorded using a digital camera (original mag-
nification, ×400, Olympus DP71, Olympus, Tokyo, Japan). 
Histopathological classification of arthritic lesion pains 
was classified according to the Osteoarthritis Research So-
ciety International (OARSI) cartilage OA histopathology 
grading system.21) The OARSI grading system the semi-
quantitative methodology for evaluating the cartilage OA 
histopathology. The study used recommended OA grad-
ing scale (combined index of grades and stages, on a 0-24 
scale). Two independent and blinded observers, who were 
not informed on any of compositions or brand names, 
conducted histological assessment.

Statistical Analysis
The SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used 
in statistical analysis. Biochemical markers among differ-
ent groups were compared using the ANOVA test. When 
a significant difference was observed, repeated Duncan's 
multiple range analysis was carried on for comparison. A 
difference was considered significant when the p-value 
was less than 0.05.

RESULTS

Changes in Serum Levels of Biochemical Markers
Changes in serum COMP levels 
The sham operated and OVX group showed a fairly stable 
COMP levels throughout the study period (Fig. 1A). The 
OVX group had a higher absolute COMP levels than the 
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sham group, this was not statistically significant (p > 0.05). 
In case of the estrogen administered group (OVX-E), 
serum COMP level was decreased from the beginning 
after administering the estrogen. The level was drastically 
decreased 9 weeks after the hormone administration (p 
= 0.004). The OVX-P group also exhibited low level of 
COMP 9 weeks after the hormone administration (p = 
0.03). A combination of estrogen and progesterone (OVX-
E-P) was found to be more beneficial with significantly 
lowered levels early at 7 weeks post-hormone treatment (p 
= 0.02). A combination of estrogen and progesterone pro-
vided a more effective and early protection from cartilage 
degradation.

Changes in serum CTX-1 levels 
A similar trend was also seen in the levels of serum CTX-1 
levels of sham operated and OVX groups (Fig. 1B). Subse-
quent to hormonal administration, a fall in serum CTX-1 

levels in estrogen alone (OVX-E) and in combination with 
progesterone (OVX-E-P) suggest of reduced bone resorp-
tion in subchondral bone. A combination therapy was 
shown to provide an early protection with respect to low-
ering of the bone resorption marker levels (5 weeks post 
hormonal treatment, p = 0.02). At 9 weeks post-hormone 
treatment, estrogen (OVX-E) and in combination (OVX-
E-P) resulted in significant fall in serum levels of CTX-1 (p 
= 0.003).

Changes in serum OC levels 
A reduced bone turnover as suggested by lowering of lev-
els of OC in response to treatment with estrogen was seen 
as early as 1 week post-hormone administration (p = 0.006) 
(Fig. 1C). Similar effect was also shown by combination 
therapy, but at a later stage (5 weeks post-hormone, p = 
0.04). Thus in reducing the bone turnover rate, estrogen 
alone is potent than combination with progesterone. This 

Fig. 1. Changes in serum levels in biochemical markers of bone and 
cartilage turnover in the cohort study. Cartilage turnover was assessed 
using cartilage low polymer substrate (COMP) (A) as a marker. The 
serum levels of collagen type I C-telopeptide (CTX-1) (B) and osteocalcin 
(OC) (C) were measured for bone turnover. Assessments were made 11, 
15, and 19 weeks after OVX (equivalent to 1, 5, and 9 weeks after the 
hormone administration). Data show the average serum levels. F-sham: 
control group treated the same, OVX: ovariectomy, OVX-EL: estrogen 
group, OVX-P: progesterone group, OVX-E-P: estrogen and progesterone 
combination group. 
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effect was supported by a significant difference found 
in OVX-E and OVX-E-P groups at 1 and 9 weeks post-
hormonal treatment (p = 0.008 and 0.01, respectively).

Results of Histological Analysis
When the 20-week scarified groups were compared, the 
OVX group exhibited the most severe OA appearance (p 
= 0.0258). However, no statistical significance was found 
among the hormone administered groups. OA grades of 
each group are as follows: F-sham, 2; OVX, 13.00 ± 5.62 
(mean ± SD); OVX-E, 0.80 ± 0.45; OVX-P, 6; OVX-E-P, 
2.20 ± 0.84 (Fig. 2).

DISCUSSION

In this study, the effect of combined sex hormone therapy 
was observed in biological markers of cartilage and bone 
turnover and histological findings. Combined estrogen 
and progesterone therapy exhibited suppression of the OA 
progress in the COMP and CTX-1 factors similar to the 
F-sham control group. Moreover, the OC levels, the bone 
formation marker, showed highly statistically significant. 
As predicted by the hypothesis, combined estrogen and 

progesterone therapy was more effective in suppressing 
cartilage and bone turnover compare to the estrogen alone 
treatment. However, no significant difference was shown 
in terms of histological findings since all groups exhibited 
similar findings except for the OVX group.

The ovariectomized Sprague-Dawley rats are widely 
used in examining the OA diseases related to cartilage 
degeneration and changes in subchondral bone22) and also 
commonly used in determining treatment efficacy.15,23) 
Hormone replacement therapy (HRT) has shown sub-
stantial effect in preventing cartilage degeneration and 
bone turnover.24) This research used 7-month-old “re-
tired breeder rats”25) unlike generally used ten-weeks-
old Sprague-Dawley rats. Those “retired breeder rats” are 
Sprague-Dawley rats induced with hormone deficiency 
in bone metabolism accompanied with menopause after 
OVX.

Adverse effects of hormone deficiency on bone ho-
meostasis are experienced before and after menopause and 
those are more evidently shown when the menstrual peri-
ods have stopped. The estrogen alone or combined estro-
gen and progesterone therapies are known to be effective 
in treating osteoporosis after menopause.15,26,27) According 

Fig. 2. Findings on tissue examination. (A) The OVX group showed 
severe OA to a level of statistically significance (Safranin O stain, ×400). 
(B) Osteoarthritis Research Society International (OARSI) cartilage 
OA histopathology grading assessment graph of each group. OVX: 
ovariectomy, OA: osteoarthritis, F-sham: control group treated the same, 
OVX-E: estrogen group, OVX-P: progesterone group, OVX-E-P: estrogen 
and progesterone combination group. 
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to the data of HRT affecting knee cartilage volumes and 
bone compliance of subchondral bone, patients receiv-
ing long-term HRT exhibited 10% greater effectiveness 
compare to ordinary woman of the same age.28) Moreover, 
patients receiving long-term HRT are known to be less 
threatening from the risk of knee and hip OA according to 
X-rays compare to women who do not.29,30) Those results 
raised estrogen deficiency as one of the causes resulting 
the OA and invigorated more studies on the effect of estro-
gen on cartilage and bone.

Otterness et al.31) initially proposed a theory of 
complex analysis of biochemical markers representing 
synthesis and degradation that accuracy of diagnosing the 
degree of cartilage degeneration could be enhanced. Since 
then, many clinical studies were able to predict the conse-
quences of the OA progression the HRT by using the bio-
markers in more detail. Bio-markers are mainly classified 
into the following three groups according to a dual action 
of bone turnover: 1) markers that reflect bone resorption; 
2) markers that reflect osteoclast number, and 3) mark-
ers that reflect bone formation. Bone resorption markers 
are different matrix-derived fragments that are generated 
during the osteoclastic resorption activity, such as the C-
terminal cross-linked CTX-1 fragment and the N-terminal 
telopeptide of type I collagen fragment.32,33) Markers that 
reflect osteoclast number are tartrate-resistant acid phos-
phatase and, potentially, cathepsin K, which are enzymes 
produced and released into the circulation by the osteo-
clasts.34) The bone formation markers can be divided into 
two categories: 1) proteins, which reflect increased osteo-
blast differentiation, and thereby indicate increased bone 
formation, such as bone-specific alkaline phosphatase and 
OC,35) or 2) fragments of pro-collagen, which are released 
during collagen incorporation into the newly formed bone 
matrix, and thereby directly reflect bone formation, such 

as the N-terminal and C-terminal pro-fragments of type I 
collagen.36)

COMP is a non-collagenous protein isolated from 
articular cartilage.37) It is localized in articular cartilage and 
the proliferative and hypertrophic zones of the epiphyseal 
growth plate.38) COMP has been implicated in the mainte-
nance of chondrocyte phenotype, cell growth and matrix 
development.39) It has also been reported that elevated 
serum levels of COMP have been found in patients with 
knee OA.40) Therefore, it has been a potential biomarker 
for monitoring the progression of cartilage destruction 
and cartilage damage in arthritis.41) This study was based 
on COMP level evaluation for cartilage turnover evalua-
tion.

This research had limitations. Combined estrogen 
and progesterone therapy showed a statistically significant 
difference in cartilage turnover, bone formation and his-
tological findings. However, the synergic effect of estrogen 
and progesterone in bone resorption markers that could 
verify the probability was not shown in the OVX-E and 
OVX-E-P groups. More distinct effects could be proved by 
conducting additional studies by adjusting dosage of com-
bined hormones and performing bone mineral density 
and micro CT exams by increasing the size of samples.
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