RESEARCH ARTICLE
Effect of Captopril on Neoangiogenesis in Adjuvant Induced Arthritis
Assim O. Farooq'*, Nadia H. Mohammed?

'Ministry of Health, Baghdad, Iraq
2College of Pharmacy, Mustansiriyah University, Baghdad, Iraq

Received: 02nd January, 2022; Revised: 13th February, 2022; Accepted: 14th February, 2022; Available Online: 25th March, 2022

ABSTRACT

Background: Rheumatoid arthritis is an inflammatory disease with an autoimmune origin that affects joints and then progresses
to be a systemic disease. Angiogenesis plays an important role in the evolution and progression of this disease. Captopril is
an angiotensin enzyme inhibitor that is widely used to control elevation in blood pressure. This drug has anti-inflammatory
and antiangiogenic activities; for this reason, we try to investigate its action in RA.

Methods: Rheumatoid arthritis was induced by injection of Complete Freund’s Adjuvant inside the footpad of female albino
rats. The animals have grouped into four groups: group A considered a normal control group, group B was considered an
induction group, group C was treated with methotrexate (MTX) as standard treatment, group D was treated with 300 mg/kg
captopril. On day 14 of immunization, treatments began and lasted for 21 days; at the end of the experiment, all animals were
sacrificed, and serum was collected. The serum markers that had been evaluated were VEGF and TSP-1.

Results Captopril significantly (p-value < 0.05) decreased the serum level VEGF and significantly (p-value < 0.05) increased
serum level of TSP-1.

Conclusion: Captopril has a significantly beneficial role in suppressing serum pro-angiogenic factor VEGF and decreasing

serum antiangiogenic factor TSP-1 as a result of decreasing TGF- B1.
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INTRODUCTION
Rheumatoid Arthritis

Definition, Symptoms, and Prevalence

Rheumatoid arthritis (RA) is a chronic, inflammatory
disease with an autoimmune origin that affects joints in a
symmetrical pattern. Polyarthritis and tenosynovitis are the
main pathological pictures of the disease starting from small
joints and then ascending to the larger one. When the disease
progresses, it involves other organs tending to be a systemic
disease affecting heart, eyes, and skin, lungs, and kidneys.!?
The patients complained morning stiffness, malaise, fatigue,
and fever.>*

The global annual prevalence of RA is confined between
0.24 and 1% with the 2:1 female to male ratio, which is related to
hormonal factors. The prevalence of RA is more in urban than
in rural populations. RA incidence varies around the world in
different regions and countries; for example, in North Africa
and in the Middle East, it accounts 13%, and in Western Africa,
it affects 14% of the population, while there is a decrease in
the prevalence of RA in Central and Southern parts of Africa

and it is account only 4-12%.° In Iraq, the incidence of RA in
Babylon is about 3%.°

Pathogenesis of RA

Both innate and adaptive immune systems have a role in
the evolution and progression of RA. The innate effector
cells, including mast cells, macrophages and natural killer
cells, are found in the synovial membrane, while neutrophils
reside fundamentally in synovial fluid. Macrophage colony-
stimulating factor, granulocyte colony-stimulating factor,
and granulocyte-macrophage colony-stimulating factor
(GM-CSF) enhance these cells’ maturation and their efflux
from the bone marrow and accumulation in the synovium.’
Macrophages play a central role in synovitis; they act through
the release of cytokines (e.g., TNF-a interleukin-1, 6, 12,
15, 18, and 23), reactive oxygen species (ROS), and reactive
nitrogen species (RNS) (4). Furthermore, macrophages can
act through the production of prostanoids, VEGF, FGF,
GM-CSF, chemokines like CC and CXC, and matrix-degrading
enzymes like MMPs and through phagocytosis and antigen
presentation.” Macrophages, upon the activation, can also
produce thrombospondin-1, which is an antiangiogenic
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mediator.® After antigen presentation by antigen-presenting
cells APCs (macrophages, dendritic cells, and B cells), the
adaptive immunity started. APC will activate a special type
of T cells called T helper cells (Th); these cells will help B
cells to produce antibodies.” As RA is an autoimmune disease,
autoantibodies are essential in its development. B cells will
produce many autoantibodies while, RF and ACPA are the
most important among them.'?

Angiogenesis in RA

Definition

Angiogenesis is a multistage process of the formation of new
capillaries from preexisting blood vessels. Inflammation,
injury or hypoxia of the tissues can induce angiogenesis.
Angiogenesis occurs normally and continuously in many
tissues during life, and it is essential for proper functioning
of the body."!

As we mentioned, angiogenesis is a multistage process,
and specific factors control each stage. This process begins
when VEGF and/or FGF (fibroblast growth factor) binds to
their receptors VEGFR and FGFR, respectively, in endothelial
cells. After their binding, they stimulate them to release matrix
metalloproteinase enzymes (MMPs) that degrade the basement
membrane and enhance endothelial cell proliferation and
migration to the vascular tubules formed by integrins’ effect.!?

Finally, the newly formed blood vessel is stabilized by
angiopoietin 1 which facilitates the incorporation of pericytes
into the basement membrane to support the blood flow
process.'?

In RA, the inflammatory conditions shift the balance
between pro-angiogenic and antiangiogenic factors toward
angiogenesis. This will lead to further infiltration of
inflammatory cells such as macrophages, neutrophils, and
lymphocytes to the synovium and booster synovitis and joint
destruction.'*

Proangiogenic VEGF and Antiangiogenic TSP-1

Inflammatory mediators such as TNF, IL-1, IL-6, and IL-18 are
released from TLR- driven M1 macrophages. These cytokines,
combined with hypoxia, will activate macrophages and FLS
to secrete VEGF."> VEGF has a major role in the angiogenesis
process. It enhances endothelial cell proliferation, migration,
and vascular tube formation and inhibits endothelial cell
apoptosis. In RA the increasing rate of leukocytes infiltration
during inflammation will lead to hypoxia due to the increase
in metabolic demand of these cells. These hypoxic conditions
cause cytoplasmic accumulation of hypoxia-inducible factor-1a
(HIF-1a). Then, these HIF-1a will translocate in the nucleus
and associate with HIF-f leading to VEGF expression and
production from FLS and macrophages.'®

Thrombospondin-1 (TSP-1) is a glycoprotein released from
platelets in response to thrombin stimulation.'” TSP-1 binds
to integrins receptor and CD36 that expressed on endothelial
cells and inhibit their migration. TSP-1 promotes endothelial
cells apoptosis by caspase-dependent pathway and decreases
vascular permeability by inhibiting the nitric oxide pathway.'®

Transforming growth factor-f1 (TGF- Bl), an angiogenic
growth factor, upregulates TSP-1 expression.

Its effect on VEGF can see the obvious antiangiogenic effect
of TSP-1. TSP-1 inhibits VEGF release by inhibiting MMP9
activation also it can bind to VEGF directly and enhance VEGF
clearance from extracellular space.?’

Captopril

Captopril (D- 3- mercapto- 2- methylpropranoyl- L- proline)
is the first orally active angiotensin-converting enzyme (ACE)
inhibitor. ACE is the enzyme responsible for the conversion
of angiotensin I (Ang I) to angiotensin II (AnglI). It has been
used effectively for many years to control hypertension.
Besides its blood lowering capacity, Captopril has various
pharmacological properties. It has immune regulating and anti-
inflammatory properties. Also, it possesses anti-proliferative
and antiangiogenic effects.”! Recent study shows that Ang II
and ACE serum levels are higher in RA patients than in normal.
Ang II have proinflammatory action and when it binds to its
receptor AT1 expressed on inflammatory cells it will enhance
production of proinflammatory cytokines such as TNF, VEGF,
IL-1B, IL-6 and inhibit FLS apoptosis via the NF-kB pathway.
Furthermore, Ang Il enhances leukocytes infiltration to the joint
by increasing the production of chemokines. So, Ang II will
participate in articular destruction and joint damage.?>?3 Ang I
can induce upregulation of TGF- B1, which in turn induce TSP-1
production from FLS.!>?* Captopril can inhibit angiogenesis
by two pathway. Firstly, as we mentioned previously, its anti-
inflammatory action can decrease many proinflammatory
mediators such as TNF, IL-6, and VEGF that are essential for
angiogenesis. Secondly, the captopril thiol group makes it potent
inhibitor of metalloproteinases enzymes MMPs beside ACE.
This MMPs enzyme inhibitory effect will block endothelial
cell migration, an important step in angiogenesis.?> Evidence
shows that Captopril accelerates wound healing by its anti-
inflammatory effects.”® While in benign prostatic hypertrophy
(BPH), captopril show an important effect against prostate
enlargement by its anti-proliferative and antiangiogenic effects.
It acts by decreasing VEGF and TNF levels, and it can also
decrease the level of MMP, which is essential in angiogenesis.?!

MATERIALS AND METHODS

Captopril preparation

Captopril powder as row material is obtained from State
Company for Drugs Industry and Medical Appliance, Samarra
(SDI). Captopril solution for intraperitoneal IP injection is
prepared by dissolving a given amount of captopril powder in
distilled water.?” The solution was prepared prior to injection.
In our experiment, we used 300 mg/kg/day.?® So, each 200 g
rat should receive 60 mg of Captopril daily. We dissolve 1200 g
of Captopril in 8 mL DW. Then, each rat was injected with
0.4 mL, which contained 60 mg intraperitoneally.

Experimental Animal Selection, Housing, and Feeding

Thirty-five female albino rats weighing 200-230 g, aged 12
to 14 weeks, were obtained from the College of Veterinary
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Medicine, University of Duhok. These animals were positioned
under controlled conditions in well-ventilated environment of
25+5°C in a light/dark cycle by an artificial light system. They
freely reach to food and water in the animal house in College of
Pharmacy, Mustansiriyah University. This part of the study is
started in November 2020 and finished in January 2021. Before
starting this study, an ethical committee from the College of
Pharmacy, Mustansiriyah University was obtained.

Experimental Design

Animals was grouped in 5 groups, each group consisting
of 7 rats. Group A is the control group, rats in this group
are normal animals. Group B is the induction group. While
group C is the induced group receiving MTX, and group D is
the induced group receiving Captopril. Animal grouping are
detailed in Table 1.

Induction of RA

Freund’s Complete Adjuvant (FCA) is used to induce RA in
rat. FCA is obtained from Santa-Cruz Biotechnology, Inc.
The manufacturer leaflet states that it contains 1 mg of heat-
killed dried Mycobacterium tuberculosis and liquid paraffin
in each 1-mL of solution. Animals in group B, C, D, and E
were injected in the footpad by (0.2, 0.1, and 0.05) mL FCA on
the day (0, 5, and 10). This induction method was confirmed
by depending on CRP values and histopathological features.
These animals have been cared for, and at day 14, Captopril
and standard therapy MTX were used.?” At day 14, group A
(control group) and group B (induction group) were injected by
0.5 mL IP normal saline daily. Group C animals were treated
with 1 mg/kg/day MTX. It was prepared by taking 1 mL from
the vial containing 10 mg/mL and dilute it in 10 mL distilled
water. The diluted solution contained 1 mg/mL. Each 200 g
rat was injected by a daily dose of 0.2 mL of the diluted MTX
solution, which contained 0.2 mg MTX intraperitoneally.*’
While group D received 60 mg/ day (0.4 mL) IP of the captopril
solution. At the 35 day, Ketamine (50 mg/kg) IP was used to
anesthetize our rats.’ After that, blood was collected from the
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Figure 1: Changes in serum level of vascular endothelial growth factor
in different treatment strategies. VEGF: Vascular Endothelial Growth
Factor. Group A: negative control group, normal control. Group B:
induction group. Group C: Group treated with MTX. Group D: group
treated with Captopril. Data expressed as means + SEM.

heart, poured into a gel tube, and centrifuged at 1000 rpm/min.
For 15 minutes to separate serum. Then, serum was transferred
to Eppendorf tubes and kept in a freezer at (- 20° C) to be used
then to evaluate serum markers.>?

Serum Markers

When serum was collected, it was used to evaluate serum
markers, VEGF (Komabiotech, Inc. China) and TSP-1
(Elabscience, Inc. USA).

Statistical Analysis

All data analysis (which expressed as mean =+ standard error
of the mean) was performed using SPSS (V16.0), analysis of
variance (ANOVA) test, in which the P-value was less than 0.05,
and the statistical significance has been considered.

RESULTS

Serum VEGF

Animals in all treated groups showed a significant decrease
(p-value < 0.05) in VEGF levels (group C and D). Captopril-
treated animals (group D) showed a decrease in VEGF level
compared to the induction group animals (group B) which was
(62.16 = 1.4 pg/mL and 88.9 + 1.27 pg/mL) respectively. Results
obtained from animals that were treated with MTX (group C)
exhibit a strong decline in VEGF level (34.85 + 0.36 pg/mL)
as shown in Figure 1 and Table 2.

Serum TSP-1

The serum level of TSP-1 was significantly increased (P-value
< 0.05) in group B compared to group A which was (5.88 =
0.11 ng/mL and 1.27 + 0.11 ng/mL, respectively). There was
a significant decrease (p-value < 0.05) in all treated animals
in group C, and D, which was arisen up to (2.32 £ 0.2 ng/mL
and 3.44 £ 0.16 ng/mL, respectively). Tables 3 and Figure 2
show these findings.

Table 1: Animals grouping and study design.

Group Group specification Number of animals
GroupA  Control group (normal animals) 7
Group B Induction group 7
Group C  Methotrexate treated animals 7
Group D Captopril treated animals 7

Table 2: Serum level of vascular endothelial growth factor in all groups.

Serum VEGF (pg/mL)

Animals groups Number of animals

Group A 7 12.4 +0.55
Group B 7 88.9+1.27
Group C 7 34.85+0.36
Group D 7 62.16+1.4

Table 3: Serum level of thrombospondin-1 in all groups.

Animals groups ~ Number of animals Serum TSP-1 (ng/mL)

Group A 7 1.27+0.11
Group B 7 5.884+0.11
Group C 7 2.32+0.2

Group D 7 3.44+0.16
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Figure 2: Serum levels of TSP-1 in different animal groups. TSP-1:
Thrombospondin-1. Group A: negative control group, normal control.
Group B: control positive group. Group C: Group treated with MTX.

Group D: group treated with Captopril. Data expressed as means +

SEM.

DISCUSSION

Animal Model Selection and Induction Protocol

Rat is widely used in the case of RA study because of
homogeneity of genetic background with humans, low cost,
and easily to be handling.** There are many animal models for
rheumatoid arthritis such as collagen induced arthritis (CIA),
adjuvant induced arthritis (AIA), streptococcal cell wall induced
arthritis (SCWIA), and others.>* Here, in our experiment we
were use AIA as an animal model for RA induction and this
done by injecting Freund’s complete adjuvant (FCA) in the
lower paw as discussed in chapter two. AIA can cause joint
swelling, lymphocyte infiltration and cartilage degradation
similar to that occurs in human. During the early few days of
induction, we can notice an elevation of IL-17, IFN and TNF-a.
As the severity of inflammation progresses in the joint, levels
of IL-4, IL-6, and TGF-b elevation can be noticed. TNF-a,
IL-1b, IL-21 and IL-17 are all involved in the pathogenesis
of RA.** TNF-q, IL-1, and IL-2 and other proinflammatory
cytokine in articular tissues induce collagen production from
synovial cells leading to cartilage and bone destruction.®
This destructive effect is came from the role of these
proinflammatory cytokines in increasing production of MMPs
from FLS, monocytes, and endothelial cells.'® These cytokines
also induce the production of chemokines such as CC and CXC
responsible for inflammatory cells infiltration, upregulate
TLRs expression on macrophages, and support angiogenesis
through upregulation of angiogenic factors such as VEGF.!>-3¢
If someone ask how could FCA cause all of these things and
how it can induce inflammatory response, the answer is that
FCA contain dried heat killed Mycobacterium and the active
components that give mycobacteria immunogenic activity
is N-acetylmuramyl-L-alanine-D-isoglutamine (MDP), this
molecule activates macrophages and dendritic cells. Besides
stimulating inflammation, FCA can cause aggregation and
precipitation of soluble protein antigens to form particles that
enhance their uptake by APCs. After antigen presentation FCA
promotes Thl to induce B cell synthesis of IgG rather than IgM,

and follows delayed hypersensitivity reactions (type IV).” All
of these properties make AIA the most convenient model for
our study, since we try to investigate the antiangiogenic effect
and TLRs expression inhibitory action of Captopril.

Rat is widely used in case of RA study because of
homogeneity of genetic background with human, low cost,
and easily to be handling. There was no animal model that
similar to RA in human completely but we try to select the
least dissimilar model like Adjuvant Induced Arthritis (AIA)
in order to perform our study. This model is performed by
injecting Freund’s Complete Adjuvant (FCA) in the lower paw
as explained in chapter two. AIA is characterized by rapid
onset of the inflammation and it can progress to involve more
joint that distal from the site of the injection of FCA. After
about 10—14 days of induction the manifestation of RA can be
predicted such as T lymphocytes infiltration, joint swelling,
cartilage degradation, and bone resorption which are similar to
that occurs in human. In the early stages of inflammation we
can find many inflammatory mediators in the joint that involved
in the pathogenesis of RA such as IL-17, IFN and TNF-a and
in the later stages IL-4, IL-6, and TGF-b are also detected.®

Captopril Effects on VEGF and TSP-1 in RA

Angiogenesis is a multistage process of formation new
capillaries from preexisting blood vessels. Inflammation,
injury or hypoxia of the tissues can induce angiogenesis like
that occurs during RA.'" Many factors control this process
some of them are pro-angiogenic others are antiangiogenic, in
normal conditions these factors are in equilibrium state and
any disruption in this state will shift it toward angiogenesis.'*
VEGF and TSP-1 were used in our study to investigate the
effect of Captopril on the balance between them and its
effect on angiogenesis in general. Angiogenesis was occurs
during RA and play a major role in pathogenesis of this
disease.*® Inflammatory mediators such as TNF, IL-1, IL-6,
and IL-18 and hypoxic state in RA will induce macrophages
and FLS to secrete VEGF."” Increase leukocytes infiltration
during inflammation will cause hypoxic state due to increase
metabolic demand this will cause accumulation of HIF-la
in the cell cytoplasm which in turn will translocate in the
nucleus and enhance VEGF production from macrophages
and FLS. VEGF can increase angiogenesis by its ability to
enhance endothelial cell proliferation, migration and vascular
tube formation as well as inhibit endothelial cell apoptosis.'®
On the other hand when we talking about TSP-1, it binds to
integrins receptor and CD36 that expressed on endothelial cells
and inhibit their migration. TSP-1 promote endothelial cells
apoptosis by caspase dependent pathway and decrease vascular
permeability by inhibition of nitric oxide pathway.'® In addition
TSP-1 inhibit VEGF release by inhibiting MMP9 activation,
also it can bind to VEGF directly and enhance VEGF clearance
from extracellular space.?* TSP-1 level was increased during
RA as a response to the inflammatory conditions.* Captopril
have antiangiogenic effect since it can reduce the production
of VEGF and by inhibiting MMPs and this was noticed in our
experiment.?> Animals of the induction group (group B) shows
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the greatest elevation in serum VEGF levels and this is due
to the direct inflammatory effect of FCA due to the excessive
production VEGF from the inflammatory cells.**

We found Captopril had an inhibitory effect on serum
VEGEF levels in the group D, it significantly (p-value < 0.05)
decrease serum VEGF levels compared with the group B.
This finding it is completely agree with Rha et a/ which found
Captopril decrease VEGF levels.** MTX group (group C)
will exhibit a significant decrease in VEGF levels (p-value <
0.05) in comparison with group B. MTX inhibit production of
VEGF from the inflammatory cells and prevent VEGF from
binding to its receptor.*! Roekevisch et al. shows that MTX
have antiangiogenic effect and it can decrease VEGF and this
is agree with our results.*> When we talking about TSP-1, we
found that group B (induction group) show significant increase
(p-value < 0.05) in the serum level of TSP-1 and this is due to
the inflammatory condition occurs during RA. Macrophages
and endothelial cells enhance production of TSP-1 as a
compensatory mechanism in order to prevent excessive damage
during the immune response.® Captopril significantly decrease
the level of TSP-1 (p-value <0.05) and this reduction in serum
level is due to the suppression effect of Captopril on Ang I1
formation. Ang II induce production of TGF-B1 which in turn
induce production of TSP-1."%2* This finding was agree with
Lanz et al., they approved that TSP-1 elevated under the effect
of Ang Il during brain inflammation.*’

There was also significant decrease (p-value < 0.05) in
TSP-1 level in group C (MTX group) in comparison with group
B and this is due to the reducing effect of MTX on TGF-p1.*4
This results indicate that Captopril inhibit angiogenesis by its
inhibitory effect on VEGF and TGF- 1 and not by its effect
on TSP-1 since we notice that captopril decrease the serum
level in the animals receiving Captopril.
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