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ABSTRACT 
Background and the purpose of the study: Angiotensin II (Ang II) other than acting as a 
vasopressor hormone has pro-inflammatory properties. Since angiotensin-converting 
enzyme (ACE), is present in inflamed synovial membrane, in this study the effect of 
enalapril in modulation of inflammation and cytokine production in experimental induced 
chronic arthritis was investigated.  
Methods: Chronic joint inflammation was induced by antigen-induced arthritis method in 
rabbits and enalapril was given orally (7.5mg/kg/day) two weeks before (prophylaxis group) 
or two weeks after (treatment group) induction. Serum of arthritis's ACE activity was 
measured by HPLC, pro-inflammatory cytokines, IL-1β & IL-8 were measured in synovial 
fluid, and histology of knee joints was assessed in both groups. 
Results: Results revealed that enalapril reduced ACE activity in serum significantly 
(P=0.004), had no effect on IL-8 of synovial fluid and reduced the IL-1β production 
(P<0.05). Histological results revealed a significant reduction in villous hyperplasia and 
pannus formation (P<0.05 in both groups). While in prophylaxis group no bone erosion 
was observed and the cartilage was either intact or slightly invaded by synoviocytes, in 
non-treated group the cartilage was mostly invaded.  
Conclusion: Enalapril reduces production of pro-inflammatory cytokine IL-1β and severity 
of joint damage in chronic arthritis and may have therapeutics benefits in inflammatory 
joint diseases  
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INTRODUCTION 

Angiotensin converting enzyme (ACE) is a halide 
activated peptidase which converts angiotensin I 
to angiotensin II, and catalyses degradation of 
bradykinin and substance P. Angiotensin II, the 
main hormone of rennin-angiotensin system (RAS) 
has also the autocrine and paracrine pro-
inflammatory properties(1). Ang II acts not only 
as a cytokine (2) but also activates the 
transcription nuclear factor κB (NF-κB) (3).The 
subsequent production of pro inflammatory 
cytokines, chemokines and adhesion molecules, 
recruits inflammatory cells into the tissue. These 
cells in turn activate the RAS and increase the 
generation of Ang II locally, thus creating a cycle 
of tissue injury (4). These inflammatory pathways 
are critical in maintenance of disease in 
rheumatoid arthritis (RA), an autoimmune disease 
with chronic inflammation of synovial lining cells 
(5). Furthermore, the wide distribution of all 
components of RAS system in RA (6, 7), 
indicates that locally formed Ang II in inflamed 

knee joints has a pathophysiological and 
therapeutic implication in RA. It has been 
hypothesized that ACE inhibitors may have anti-
inflammatory properties and can be used in 
treatment of arthritis. The results of previous trials 
using different ACE inhibitors in RA disease were 
variable (8-11). While the benefits of captopril 
have been attributed to its thiol residue, the 
advantage of using non-thiol ACE inhibitors in 
treatment of arthritis is yet uncertain. In this study 
the effect of a non-thiol and commonly used ACE 
inhibitor, enalapril, in treatment of antigen-
induced arthritis in rabbits was investigated. 
 

MATERIALS AND METHODS 
 
Animals and study design 
All experimental procedures of this study were in 
accordance with protocols set by the ethic 
committee of Kerman university of medical 
sciences (EC 85/40). Forty eight male New 
Zealand white rabbits weighting between 2-2.5 kg 
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were used. All animals had free access to water 
and standard rabbit chow. Animals were randomly 
divided into 8 groups as follows (n=6 in each 
group): 
1- Control group to measure normal level of 
cytokines: 2- Control group to assess histological 
parameters: 3- Inflamed group to measure 
cytokines: 4- Inflamed group to measure 
histological parameters: 5- Prophylaxis enalapril 
group to measure cytokines: 6- Prophylaxis 
enalapril group to assess histological parameters: 
7- Treatment enalapril group to measure 
cytokines: 8- Treatment enalapril group to assess 
histological parameters 
The dose of enalapril was 7.5 mg/kg once daily, 
which was dissolved in 2 ml of tap water (12). To 
ascertain that animals receive all drugs, solution 
was dropped by a dropping tube in their mouths.  
Control animals received tap water only. In 
prophylaxis group, enalapril was given for 6 
weeks, starting two weeks prior to induction of 
arthritis. In the treatment group, enalapril was 
administered two weeks after the induction of 
arthritis and continued to the end of the study. 
On the day of 28 of arthritis induction, rabbits 
were killed by cutting the neck vessels under deep 
anesthesia with sodium thiopental. 
 
Induction of arthritis 
Rabbits were first sensitized by intradermal 
injection. For this purpose, 1ml of methylated 
bovine serum albumin (MBSA, 4mg/ml in 
distilled water) homogenized with complete 
Freund’s adjuvant (FCA, 1:1) was injected at five 
sites of the back neck of the animal (0.2 ml in 
each site) which shaved. For making this solution, 
MBSA solution was added drop- by- drop to FCA 
and vigorously shacked until a semi-viscous 
homogenized solution was made. To test the 
stability of antigen, a drop of the solution was 
added to the surface of a beaker containing 
distilled water. In the case that the drop was 
spread on water, a few drops of FCA was added to 
the solution and the mixture was shaked again 
until the drop did not spread over the water. The 
injection of antigen was repeated at the day of 14 
(second booster), and then at the day of 21, and 
sensitization of the animal was confirmed by 
subcutaneous injection of MBSA solution (0.2 
mg/ml) in a shaved area of leg skin. The skin 
thickness was measured before and 24 hours after 
injection using a caliper. An increase in skin 
thickness of at least 100% was a criterion for 
sensitization to antigen. Sensitized animals at the 
day of 28 received intra-articular injection of 0.5 
ml solution of MBSA (2mg/ml) using a 1 ml 
syringe. The needle (28 G) was inserted through 
the mid-patellar tendon into the joint cavity. Half 

of the solution was injected deeper into the 
posterior space and the other half into anterior 
space.  Control groups received 0.5 ml of sterile 
saline. 
 
Measurement of knee-joint diameter 
The knee-joint diameter was regularly measured 
during the next four weeks post intraarticular 
antigen injection, where chronic inflammation had 
developed (13). For this purpose, the medio-
lateral diameter of the joint in the maximum 
diameter point was measured by a caliper. 
 
Detection of synovial fluid cytokines 
At the day of 28 post intra-articular injection of 
MBSA, the synovial fluid was lavaged from each 
knee of cytokine groups using 1 ml of heparinized 
buffered saline. The samples were centrifuged and 
supernatants were stored at -70 °C prior to assay. 
Synovial fluid IL-1β and IL-8 were detected by 
enzyme-linked immunosorbent assay (Elisa). 
Briefly, in coating stage the samples were leaved 
overnight in micro plates in which a special anti-
rabbit antibody had been covered the surface of 
the wells. After blocking stage which took 2 
hours, the tracer (biotin Conjugated antibody) and 
samples were added. In the next stage 
Streptoavidin Peroxoidase was added to wells and 
they were left for 30 minutes at room temperature. 
Tetramethylbenzedine (TMB) was added then as 
Chromogen. The stop solution was 1 M H2SO4. 
The reaction produced a color which was read in 
Elisa reader at 450 nm. The dilution ratio was 
1:10 for IL-8 and 1:5 for IL-1β. 
 
Measurement of plasma ACE activity 
Under deep anesthesia, blood samples were 
collected directly from the heart of the animals 
before killing. Serum ACE activity was 
determined by high performance liquid 
chromatography (HPLC) (Waters, UV visible, 
model 486) (14).  
 
Histological evaluation 
Knee joints of the histology groups were 
harvested post mortem, fixed in 10% formalin, 
decalcified in 10% nitric acid for up to 24 h, then 
processed and embedded in paraffin wax. Sections 
of 5µm thick were stained with haematoxylin-
eosin (H & E) for light microscope study. Slide 
preparations were investigated by two 
pathologists blinded to animal groups by Olympus 
and Seitz microscopes. The histopathological 
findings  were scored according to the following 
arbitrary scores (13): synovial  hyperplasia: 0; one 
to three layers of cells (synoviocytes), 1; four-six 
layers of cells, 2; seven or more layers of cells; 
villous hyperplasia: 0; absence , 1; few, dispersed 
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Statistical analysis 
Results were expressed as mean ± S.E.M. The 
data were analyzed by student t test or by using 
one way analysis of variance (ANOVA) followed 
by Tukey's post hoc test. P<0.05 was considered 
statistically significant. 
    

RESULTS 
 
Effect of enalapril on knee joint diameter 
Fig 1 shows the time course of changes in joint 
diameter in four groups of animals. A sharp rise in 
joint diameter was observed in inflamed groups 
with the peak at the day of 2. Enalapril treatment 
reduced the rise in diameter, where in prophylaxis 
group, this reduction was significant between the 
days 1 and 4 (Fig. 1). In all inflamed groups, the 
joint diameter gradually returned to normal level 
towards the day of 28. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The effect of enalapril on knee joint diameter 
in the rabbit. Joint diameter was increased significantly 
in all antigen induced inflammatory groups compared to 
control (saline) group, however the increase in diameter 
in Prophylaxis group was significantly lower than non-
treated (MBSA) group between the days of 2-4. 
 
Effect of enalapril on plasma ACE activity  
Animals receiving enalapril showed significant 
lower serum ACE activity compared to control 
group (P=0.004) (Fig. 2). As the ACE activity 
was not different between the prophylaxis and 
treatment groups, the data of these two groups 
were pooled. 
 
Effect of enalapril on synovial fluid cytokines  
In order to establish whether reduction in 
inflammation after enalapril administration was 
due to reduction in cytokine production, IL-1β 
and IL-8 concentrations were measured in 

synovial fluid. A significant reduction in IL-1 β 
synovial fluid was observed in both prophylaxis 
and treatment groups (P<0.05). Enalapril did not 
affect IL-8 production. (Fig. 3) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Effect of enalapril administration (7.5mg/kg 
/day through drinking water for two weeks) on serum 
ACE activity. Control animals received tap water only, 
n=12 for enalapril group, n=6 for control group 
(Student unpaired t test). ** = P<0.01  
 
Histological findings 
The severity of inflammation was ameliorated by 
administration of enalapril (Figs 4 & 5). While 
there was a reduction in all four histological 
parameters (Fig 4), it was only statistically 
significant for villous hyperplasia (P<0.05 for 
both prophylaxis and treatment groups) and 
pannus formation (P<0.01 in prophylaxis and 
P<0.05 in treatment groups).  

S
CUSSIONِDIS 

The results of this study indicate that, non thiol 
ACE inhibitors, enalapril, have significant anti- 
inflammatory properties and can reduce the 
severity of arthritis. This effect is more 
pronounced when it is used for prophylaxis. These 
findings are in agreement with previous reports on 
the benefits of captopril in treatment of arthritis in 
human (8) or rabbit (13). 
The clinical anti-inflammatory effects of captopril 
have been attributed to its thiol residue (8).To test 
this hypothesis, other investigators used non- thiol 
pentopril and in a clinical trial in 15 patients with 
RA it did not show any beneficial effect on 
disease (9). However, the number of cases in that 
reported study was small and in order to confirm 
the efficacy of a drug, at least 100 RA patients is 
required for a placebo- controlled double blind 
study. Surprisingly, in another study, in which a 
co-treatment of enalapril with L-NAME was used, 
enalapril reversed the anti-inflammatory action of 
L-NAME (11). The dose of enalapril in this study 
(0.12 mg/kg/day for two weeks prior to the 
induction of arthritis) was several times lower 
than the dose which is used in human and it is 
doubtful, whether at this dose of enalapril inhibits 
the ACE activity.  However, the authors did not
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Figure 3. The effect of enalapril as prophylaxis or treatment on Il-1beta (A) and IL-8 (B) concentrations. Enalapril 
significantly reduced IL-1 beta production (P<0.05) but had no effects on IL-8 production. (n=6 in each group) 
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Figure 4. The effect of enalapril on histological parameters of inflammation in chronic arthritis. (n=6 for each group) 
 
attribute the reversal of inflammation to ACE 
inhibition, but to bradykinin (BK) accumulation at 
the site of injury because the effect was 
completely blocked by administration of BK 
antagonists. A recent study has revealed 
significant anti-inflammatory effect for Quinapril 
on antigen-induced arthritis in rabbits (10). 
In the present study it was shown that enalapril 
attenuates the severity of inflammation in rabbits 
(Fig 1, 4 and 5). The dose of enalapril used in this 
study was 7.5 mg/kg, which is 10 times higher 
than the usual dose of this drug in human. 
However, this dose did not alter rabbit physical 
activities, and only caused significant hypotension 
in animals. This dose of enalapril induced a 
significant reduction in plasma ACE activity 
(64%, Fig 2), suggesting that angiotensin II 
production has also been inhibited in joints. In 
order to establish clinical efficacy of enalapril in 
human arthritis, further studies are required. The 
results imply that Ang II production has pro- 
inflammatory properties, where this concept has 
been confirmed by several studies revealing that 
Ang II promotes the activation of the transcription 
factor NF-κB which in turn activates the 
inflammatory pathways (3,15-17). 

In the present study, pre- treatment with enalapril 
significantly reduced the production of Il-1β but 
had no effect on 1L-8 productions (Fig 3). It is 
well established that, IL-8 is the most proximal 
cytokines, which is detected only during the acute 
stage of arthritis (18). IL-8 plays a causative role 
in PMN infiltration during early phase of arthritis 
(19,20). Apparently IL-8 has no effect on 
breakdown of proteoglycan of articular cartilage 
(21). In contrast, IL-1β which is a prominent 
inflammatory cytokine in RA plays an important 
role in bone destruction (22). Based on these 
findings, our histological results are in accordance 
with ineffectiveness of enalapril on 1L-8 as the 
infiltration rate of PMNs was not affected (Fig 4). 
Enalapril also reduced pannus formation 
significantly probably by reduction of IL-1β in 
synovial fluid (Figs 4 and 5). 
Although suppression of inflammation in this 
study was significant, it was not complete even in 
the prophylaxis group in which enalapril was 
administered two weeks before induction of 
arthritis. One possibility is that other pro-
inflammatory pathways also take part in joint 
inflammation. Another possible explanation is 
incomplete blockade of Ang II formation that may 
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Figure 5. The effect of enalapril on Knee joint histology. The invasion of synoviocytes to bone (A) and long villous 
(B) were observed in chronically inflamed joints, Intact bone (C) and short and scattered villous (D) were the 
characteristics of prophylaxis group. In some cases of treatment group, invasion of synoviocytes was just limited to 
surface of cartilage (E). F: Intact surface of synovium in normal joint. 
Each slide belongs to one separate animal. The arrow in A and E shows the invasion of synoviocytes to bone and 
cartilage respectively. 
 
occur via chymase pathway. It is possible that 
during long term blockade of ACE pathway, there 
is an up regulation in Ang II production through 
chymase pathway (ACE independent Ang II 
production pathway). In accordance with this 
hypothesis, in ACE- knock out mice, local 
formation of Ang II remained unchanged due to 
the increase in chymase activity (23). 
The up-regulation of chymase expression also 
occurs during diabetic nephropathy (24). 
Chymase can be synthesized and stored in mast, 
endothelial and mesenchymal cells (25). 
Activated synovial mast cells can also produce 
chymase (26). Therefore, a combination of ACE 
inhibitors, Ang II receptor blockers and chymase 
inhibitors are suggested in RA patients for a 
complete anti-inflammatory action. This 
combination therapy may have potential 
therapeutic effect on arthritis. 

Although in this study the duration of enalapril 
administration was different in prophylaxis and 
treatment groups and one may concludes that the 
better results in prophylaxis group are due to the 
longer duration of treatment in this group, this 
may not be the case because the half life of Ang II 
in circulation is 30 seconds and in tissues is 
around 15-30 minutes (27). This means that after 
the first day of drug administration the level of 
Ang II approaches to minimum and drug 
administration in treatment group for 2 week is 
also sufficient.  
In conclusion, this study showed that enalapril 
reduces the severity of inflammation and joint 
damages in chronic arthritis. 
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