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an animal model study
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Abstract 

Purpose: Several cytokines and growth factors start and progress the destruction process of joint hyaline cartilage 
and fibrosis formation. Captopril is classified as an Angiotensin-converting enzyme inhibitor in which several studies 
revealed that captopril significantly decreases fibrosis formation in some organs like the liver, heart, and kidney. This 
study aimed to evaluate the use of captopril in reducing the possibility of arthrofibrosis and osteoarthritis in an animal 
model.

Method: In this in-vivo animal model study, the anterior cruciate ligament of 24 rabbits was transected to induce 
osteoarthritis and arthrofibrosis. The control group contained 11 rabbits and the second group consisted of 13 rabbits. 
The second group was treated with 10 mg/ kilogram/day captopril through a nasogastric tube. The control group 
was treated with normal saline in the same way. Cartilage damage and osteoarthritis were evaluated by Osteoarthritis 
Research Society International (OARSI) scoring system. After 30 days, animals were sacrificed, and arthrofibrosis and 
cartilage damage were evaluated microscopically and macroscopically.

Results: According to macroscopic and microscopic evaluation, captopril dramatically reduced arthrofibrosis forma-
tion based on visual scoring and the Masson trichrome staining system. Cartilage damage was lower in the interven-
tion group compared to the control group.

Conclusions: Captopril is an angiotensin-converting enzyme inhibitor that demonstrated to significantly decreases 
the possibility of arthrofibrosis. Although the beneficial preventive effect of captopril on osteoarthritis was not proved 
statistically, better results may be obtained if the route of administration or drug dosage is changed.

Keywords: Captopril, Arthrofibrosis, Animal modeling, Osteoarthritis

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Background
Arthrofibrosis is one of the main problems of post-joint 
trauma or surgery that causes a decrease in a patient’s 
function due to loss of joint mobility [13]. It is defined 
as scarring, fibrotic response, and cellular hyperplasia in 
the joint space [22, 30]. The most effective treatment of 
arthrofibrosis is surgical release. Some authors suggested 

pharmacological treatments to prevent scar and fibrous 
tissue formation, such as corticosteroid administration, 
intraarticular chitosan injection, local administration of 
Fibroblast growth factors (FGF) antibodies, and a hyalu-
ronan derivative gel. The results of such treatments are 
not yet evident in clinical trials [2, 8, 19].

Osteoarthritis (OA) is a joint degenerative process 
that decreases patients’ daily functions by the mecha-
nism of a gradual loss of joint cartilage matrix [25]. 
Several cytokines and growth factors progress the 
destruction process of the joints’ hyaline cartilage. 
Angiogenesis and inflammation play an important role 
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in the beginning and facilitating the joint degenera-
tive process through various mediators [25]. The most 
important cytokines are interleukin 1 (IL1) and tumor 
necrosis factor (TNF), produced by the chondrocyte 
and synovium. Matrix metalloproteinase (MMP) medi-
ates and facilitates the destructive effect of IL1 and 
TNF on the joint surface. This destructive process can 
be stopped by the blockage of MMP function in several 
routes [25].

Angiotensin II is produced and secreted by endothe-
lial cells by the converting effect of the angiotensin-
converting enzyme (ACE) and facilitates fibrosis 
formation by induction of transforming growth factor 
(TGF), which is also a fibrous forming factor. Angio-
tensin-converting enzyme inhibitor (ACEI) decreases 
the production of angiotensin II, subsequently decreas-
ing the production of IL1, TNF, MMP, TGF, and vascu-
lar endothelial growth factor (VEGF). Several studies 
revealed that ACEI significantly reduces fibrosis for-
mation in some organs, including the liver, heart, and 
kidneys [3, 28, 31, 33, 38]. Studies suggest that this 
drug family may affect the renin angiotensin system by 
inhibiting angiotensin II, stimulating prostaglandin and 
bradykinin, and showing antioxidant effect through the 
free radical scavenger action [5].

Captopril, classified as an ACEI, has been proven to act 
as a potent anti-fibrotic and anti-inflammatory drug in 
several studies by decreasing the production and induc-
tion of TGF and FGF [3, 10, 16, 17, 31, 33, 40]. Studies 
have demonstrated that captopril is effective in prevent-
ing colonic fibrosis in TNBS-induced colitis due to the 
blockade of TGFβ-1 overexpression and a direct down-
regulation of TGFβ-1 transcript [35]. Also, captopril has 
been showed to be effective against liver fibrosis [17].

This study aimed to evaluate the use of captopril in 
decreasing the possibility of arthrofibrosis and OA in an 
animal model. The study’s proposed animal model was 
rabbits, which is widely validated in investigating OA dis-
ease since it determines pathological and biomechanical 
changes similar to those seen in humans [34, 39].

Materials and methods
Study design
This study was an in-vivo animal model study. All experi-
mental protocols were approved by the Institutional Ani-
mal Care and the Ethics Committee of Shiraz University 
of Medical Sciences, Shiraz, Iran (Ethical code: IR.SUMS.
MED.REC.1391.4014). All procedures conformed to the 
guidelines for the care and handling of animals prepared 
by the Iranian ministry of health and medical education 
and in accordance with the international conventions on 
animal experimentation.

Animals
Twenty-four male Dutch rabbits weighing between 1.7 
and 2.3 kg were obtained. Rabbits were placed in sepa-
rated cages at room temperature ranging from 25 ± 2° c 
with a dark and light cycle of 12:12 hours. Animals had 
free access to food and water throughout the experiment. 
The rabbits were caged together in specific and separated 
groups. The cages were large enough in order not to limit 
the activity of rabbits.

Surgery
To induce OA and arthrofibrosis according to standard 
models, all animals were anesthetized by intramuscu-
lar injection of 2% xylazine hydrochloride in a dose of 
8 mg/kilogram (mg/kg) and 5% ketamine hydrochloride 
in a dose of 10 mg/kg. Before incision, 50 mg/kg of cefa-
zolin sodium was injected intramuscularly to prevent 
infection. The operation site was shaved. Surgery was 
performed through an anterior midline longitudinal inci-
sion on the right knee. After opening the fascia, the joint 
was opened through the medial parapatellar approach, 
the patella and the patellar tendon were reflected later-
ally, and the anterior cruciate ligament was explored and 
cut with a scalpel number 11. A partial synovectomy was 
done. After joint irrigation with normal saline, the medial 
patellar retinaculum and the skin were closed by 3–0 vic-
ryl and 3–0 nylon sutures, respectively [15, 19, 21, 24, 42].

Grouping and intervention
After applying the sterile dressing, rabbits were catego-
rized into two main groups; the first group consisted 
of 11 rabbits as a control group that was being treated 
with normal saline through a nasogastric tube, and the 
second group consisted of 13 rabbits that were treated 
with 10 mg/kg/day captopril [12]. Captopril with a dose 
of 10 mg/kg/d was dissolved in 20 ccs of drinking water 
and was transfused into the nasogastric tube every morn-
ing at 8 o’clock. Since arthrofibrosis formation takes 4 
weeks after transection of the anterior cruciate ligament 
and partial synovectomy, treatment continued for 30 days 
with no sign of septic arthritis, cellulitis, or any other 
wound problem during the study.

Then rabbits were sacrificed with high doses of Pento-
thal (200 mg/kg) 30 days after treatment.

After euthanization, joints were opened through the 
previous incision and observed by the same surgeon who 
operated on the rabbits, in a double-blinded fashion.

Macroscopic evaluation
A visual scoring system ranged from zero to three [19], 
including Score Zero: No Adhesions, Score One: Weak, 
mild, filmy adhesions that can be eliminated by minimal 
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manual traction, Score Two: Moderate adhesion that can 
be eliminated by manual traction, Score Three: Dense 
fibrous adhesions that must be surgically removed. This 
scoring method was initially described by Rothkopf et al. 
[29] and has been used in various animal studies [4, 9, 11, 
18, 24, 41].

Microscopic evaluation
Tibias and femurs were fixed in 10% formalin for 7 days, 
then transferred to a decalcifier (Nitric acid 5%) for 2 
days. The tibias and femurs were disarticulated, trimmed 
in the frontal plane, and embedded in paraffin for sec-
tioning at 8 μm. Sections were stained with hematoxylin 
and eosin, safranin red-O, and Masson’s trichrome (for 
evaluation of fibrosis). Stained sections were evaluated 
microscopically by a specialized pathologist blinded from 
the groups and cases. Detection of the fibrous adhesion 
band was considered positive if the pathologist could 
microscopically detect the Masson trichrome blue fibers 
on the joint surface [19].

The Osteoarthritis Research Society International 
(OARSI) scoring system was utilized in this study [27]. 
This scoring system is a pathology assessment system 
based on six grades, which reflect the depth of the lesion 
and four stages reflecting the extent of OA over the joint 
surface. The tibial and femoral bone, as well as frontal tis-
sue for evaluating arthrofibrosis and OA. In this study, 
the medial compartment containing the medial tibial and 
femoral condyles was evaluated.

The section was extended horizontally from one edge 
of the joint to the other and in-depth from the articu-
lar surface to below the articular bone plate. The grade 
is defined as the depth of cartilage damage. The grade 
is indicative of the severity of the destruction process. 
The stage is defined as the horizontal extent of cartilage 
involvement within one side of a joint compartment. 
To examine microscopic changes, the OARSI cartilage 

histopathology assessment system was used, in which 
grading ranged from zero to six (Table  1) and staging 
from zero to four (Fig. 1) [27]. Stage one represents less 
than 10% involvement. Stage two represents 10–25% 
involvement. Stage three represents 25–50% involve-
ment. Stage four represents more than 50% involvement 
(Fig. 1).

Statistical analysis
Collected data were analyzed by SPSS Ver. 22 (SPSS Inc., 
Chicago, IL, USA). After applying chi-square and Fisher’s 
exact test was used to evaluate the significant association 
among categorical variables. A P-value of under 0.05 was 
considered significant.

Results
Surgical observations
In this experimental model of OA and fibrosis, marked 
synovial thickening as a result of diffuse fibrous tissue 
proliferation in both medial, lateral, and patellar syn-
ovium is obvious. There are large cartilage lesions on the 
anterior femur where the tibia is sliding forward, and 
finally, osteophytes, especially around the patellar groove 
is developed. The treatment with captopril has resulted in 
visually less thickening of the overall synovium, as dem-
onstrated in Fig.  1. Also, in gross evaluation, after dis-
section of the joints, there was macroscopic evidence of 
joint and cartilage fibrosis in the case group. These joints 
were stiffer and required more manual traction to gain 
access to the joint surfaces, and adhesion bands covering 
cartilage were primarily noticed in this group.

Macroscopic evaluation
Macroscopic evaluation of the fibrosis formation after 
applying the visual scoring system is shown in Table  2. 
According to the visual scoring system, more than half of 
the rabbits (9 out of 11) in the control group had stage 

Table 1 Key feature of different grades based on the Osteoarthritis Research Society International scoring system

Grade Key feature Associated criteria (tissue reaction)

Zero Surface intact, cartilage morphology intact Matrix: normal architecture
Cells: intact, appropriate orientation

One Surface intact Matrix: superficial zone intact, edema and/or superficial fibrillation (abrasion)
Cells: death, proliferation (clusters), hypertrophy

Two Surface discontinuity Matrix: discontinuity at superficial zone
Cells: death, proliferation (clusters), hypertrophy

Three Vertical fissures (clefts) Matrix: vertical fissures into the mid zone
Cells: death, regeneration (clusters), hypertrophy

Four Erosion Matrix: matrix loss of superficial layer and mid zone

Five Denudation Surface: sclerotic bone or reparative tissue including fibrocartilage within the 
denuded surface. Microfracture with repair limited to the bone surface

Six Deformation Bone remodeling more than osteophyte formation only
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two and three fibrosis macroscopically compared to the 
group treated by captopril, and less than half of the rab-
bits having higher stages. A significant difference was 
found statistically in the macroscopic evaluation of adhe-
sion band formation (P-value< 0.05).

Microscopic evaluation
As demonstrated in Table  2, all rabbits in the control 
group were Masson’s trichrome stain positive except 
one rabbit. In the case group, eight rabbits without 

arthrofibrosis were included. All of the results’ differ-
ences were statistically significant (P-value = 0.013).

Eleven rabbits in the second group were categorized in 
grade four of destruction, and there were only two rabbits 
with high grades of destruction (grade five), but in the 
control group, there were four rabbits with high grades 
of destruction (grade five). According to the results, the 
staging and grading scores of OA were better in the case 
group, however, there was no significant difference sta-
tistically, except in the grading of femoral sections which 
worsened in the case group (P-value = 0.001). There was 
no statistical difference among the two groups regarding 
the staging of femoral sections, grading, and staging of 
tibial sections (P-value = 0.066, 0.058, and 0.458, respec-
tively). Microscopic evaluation of the fibrosis formation 
and OA after applying the visual scoring system is shown 
in Tables 2 and 3. Also, Fig. 2 shows negative and posi-
tive results for arthrofibrosis. Also, Fig.  3 shows differ-
ent grades of OA microscopically in the intervention and 
control groups.

Discussion
The most important findings of the present study were 
that captopril as an angiotensin-converting enzyme 
inhibitor attenuates arthrofibrosis by interfering in the 
fibrosis formation process and decreasing the production 
of some important cytokines. Although the method of 

Fig. 1 A Stage Zero of adhesion band formation with visual score system assessment, note that there is no adhesion band seen, Also no synovium 
proliferation is observed. B Stage one of adhesion band formation with visual score system assessment, note that there is minimal adhesion band 
formed. C Stage two of adhesion band formation with visual score system assessment, note that there is moderate adhesion band formation needs 
manual traction for releasing. D Stage three of adhesion band formation with visual score system assessment, note that joint is completely stiff and 
needs surgical release, while also synovium proliferation is observed; (Black arrow indicator of the femoral articular surface; Blue arrow indicator of 
the tibial articular surface; Yellow arrow indicator of dense adhesion band)

Table 2 Comparison of macroscopic and microscopic findings 
of subjects treated with captopril (case group) and subjects 
treated with normal saline (control group) based on arthrofibrosis

*Chi-square/Fisher’s Exact test

Variables Case group; n = 13 Control group; n = 11 P-value*

Macroscopic
 Score Zero 1 (7.7%) 0 (0%) 0.003

 Score One 6 (46.2%) 2 (18.2%)

 Score Two 6 (46.2%) 2 (18.2%)

 Score Three 0 (0%) 7 (63.6%)

Microscopic
 Positive 5 (38.5%) 10 (90.9%) 0.013

 Negative 8 (61.5%) 1 (9.1%)



Page 5 of 8Hashemi et al. Journal of Experimental Orthopaedics            (2022) 9:72  

evaluation of the arthrofibrosis that was applied was one 
of the standard methods, further studies must be done to 
evaluate the fibrosis formation in detail according to the 
cellular aspect like fibroblast proliferation and collagen 

synthesis with other ACEIs and different dosage or route 
of administrations. Furthermore, although the beneficial 
preventive effect of captopril on OA was not proved sta-
tistically, it seems that it may decrease the possibility of 
cartilage damage if the drug is applied through another 
route of administration or with a higher dosage.

Captopril demonstrated macroscopical and microscop-
ically improved the attenuation of fibrosis formation in 
joints. This mechanism is mainly through decreasing the 
production of IL1, TNF, MMP, TGF, FGF, and VEGF [7, 
18, 26, 36]. Several studies revealed the potent effect of 
captopril as an anti-fibrotic agent. Jonson et al. reported 
that captopril significantly attenuates the progression of 
hepatic fibrosis and decreases fibrosis formation of the 
liver in rats, and there is a strong relationship between 
the level of TGF, angiogenesis, and progression of fibro-
sis formation [16]. Another study by Karimian et al. also 
confirmed that enalapril decreases the progression of 
fibrosis in the liver with its significant antioxidant effect 
while also reporting 10 mg/kg/day of captopril as the 
minimum effective dose [17]. Although our results dem-
onstrated captopril’s potential for decreasing OA and 
arthrofibrosis, further studies regarding its molecular 
pathway are required to provide a better understanding 
and administration properties of this medication.

Captopril interferes with some degenerative processes 
and prevents them. A study by Yang et al. demonstrated 
that captopril exerted chondroprotection in a rat model 
of OA and inhibited cartilaginous degeneration [32]. 
Tang et al. [32] observations of elevated RAS component 
expression and suppressed Angiotensin II expression 
in the proximal tibia of OA rats. They also showed that 

Table 3 Comparison of microscopic findings of subjects treated 
with captopril (case group) and subjects treated with normal 
saline (control group) based on osteoarthritis

*Chi-square/Fisher exact test

Variables Case group; n = 13 Control group; 
n = 11

P-value*

Femoral
 Grade

  Three 0 (0%) 5 (45.5%) 0.001

  Four 11 (84.6%) 2 (18.2%)

  Five 2 (15.4%) 4 (36.4%)

 Stage

  Two 4 (30.8%) 0 (0%) 0.066

  Three 9 (69.2%) 9 (81.8%)

  Four 0 (0%) 2 (18.2%)

Tibial
 Grade

  Three 1 (7.7%) 1 (9.1%) 0.058

  Four 10 (76.9%) 3 (27.3%)

  Five 2 (15.4%) 6 (54.5%)

  Six 0 (0%) 1 (9.1%)

 Stage

  Two 4 (30.8%) 0 (0%) 0.066

  Three 9 (69.2%) 9 (81.8%)

  Four 0 (0%) 2 (18.2%)

Fig. 2 A Control group with marked arthrofibrosis and deposition of collagen bundles in articular surface (yellow arrow); B Treatment group with 
captopril, the collagen deposition is less obvious (× 40)
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taking captopril reduced osteoarthritic lesions by boost-
ing Angiotensin II transcription. Similarly, Aliskiren 
(a renin inhibitor)-modified local RAS of the knee in 
OA was similarly followed by a decrease in renin, ACE, 
Angiotensin II and its type I receptor expression and 
an increase in angiotensin type II receptor [37]. These 
in vivo and in vitro studies suggest that enhanced expres-
sion of the Angiotensin II receptor may be involved in the 
chondroprotection linked to RAS inhibition. This sup-
ports the idea that this receptor is involved in the protec-
tion brought on by ACE inhibition in OA [6]. A recent 
study also supported the role of local RAS in all knee joint 
tissues, including cartilage, synovium, and bone, along 
with Angiotensin II harmful effects on chondrocytes and 
joint tissues. The idea that Ang II plays a substantial role 
in the pathogenesis of OA is supported by the fact that 
intra-articular injections of the substance cause joint 
edema, joint hyperalgesia, and an increase in the number 
of leukocytes in the joint cavity. These findings confirmed 
the favorable effects of ACE inhibition with captopril in 
chondrocyte culture in an OA model, showing that local 
RAS regulation can influence the development of OA [6]. 
As predicted, in our study, the degenerative process of 
the captopril group was milder than the control group, 
except for the femoral sections’ OA, however not sig-
nificant. Based on the staging, captopril had a beneficial 
effect on the extent of femoral condyle destruction. There 
were four rabbits with stage two and no rabbits with stage 
four in the second group, while in the control group, two 
rabbits with a higher stage of destruction were observed. 
Therefore, captopril decreases the degenerative process 

in the femoral condyle, although no statistical signifi-
cance was achieved; However, the clinical importance 
cannot be underestimated and requires further human 
and more extensive populational studies. The medial tib-
ial condyle microscopically was assessed while applying 
a grading and staging system similar to the femoral con-
dyle. The overall results of the captopril group were bet-
ter than the control group, however, without achieving 
statistical significance. Eleven rabbits with lower grades 
three and four were in the second group compared with 
only four in the control group. Similar results are con-
cluded while evaluating the depth of destruction in the 
medial tibial condyle.

The most suitable method for diagnosing and treating 
joint disorders is still a matter of debate [1, 8, 14]. Sev-
eral studies supported permitting the administration 
of captopril in normotensive patients without signifi-
cant complications [20, 23]. In our study, captopril was 
administered through a nasogastric tube. This may cause 
a decrease in the availability of the drug in the rabbit’s 
circulation system. It is predictable that administration 
of the medication intravenously or intra articular would 
provide more improved results.

Limitations
Among the limitations is the evaluation of the possibil-
ity of arthrofibrosis and OA during an early postoperative 
period which might not correlate with the disease degree 
that perseveres after longer intervals. However, the point 
of evaluating the possibility of arthrofibrosis and OA in 
an early postoperative term was related to animal care 

Fig. 3 Control group: A Grade Four; B Grade Five; C Grade Six; Intervention group: D Grade Three; E Grade Four; F Grade Five. Articular surface 
damage is obvious in both the control and intervention groups; however, the severity of damage is more severe in the control group. After the 
intervention, the severity of fibrosis is decreased with less articular damage (×40) (yellow arrow indicator of articular surface)
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and the limitations of the used model. Hence further 
studies are demanded to investigate the influence of cap-
topril on arthrofibrosis and OA after longer intervals 
associated with the clinical practice. Also, the systemic 
side effects of the studied drugs should be evaluated, and 
their arthrofibrosis and OA prevention properties should 
be weighed against their consequences. Furthermore, 
further studies in human subjects and larger popula-
tions are needed to confirm captopril’s efficacy in treating 
arthrofibrosis and OA. Finally, our study did not assess 
the cellular immune pathway and related cytokines and 
chemokines and their direct role in arthrofibrosis and 
OA formation, which warrants further molecular and 
immunocytological studies.

Conclusion
Captopril showed promising results in reducing arthrofi-
brosis and cartilage damage. Further larger sample stud-
ies and human studies are warranted to evaluate the 
fibrosis formation in detail according to the cellular 
aspect, along with alternative dosages and application 
methods.
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