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ABSTRACT

Drugs used in the treatment of rheumatoid arthritis, have many serious side effects. This study investigated the potential
therapeutic effect of the combination of angiotensin receptor blocker (losartan) with low dose of glucocorticoid (dexamethasone) in
ameliorating joint dysfunction arising from adjuvant arthritis (AA) in comparison with the effects of that produced by losartan and
dexamethasone, and latter one at double dose, in purpose of achieving a new strategy in the treatment of rheumatoid arthritis with
lower side effects than that produced by glucocrticoides in the higher doses. Adjuvant arthritis was induced in male Wistar rats by
complete freund’s adjuvant injected in the right hind paw. Ankle joint width was assayed by calliper, serum C- reactive protein (CRP)
levels were detected by immunoassay method, and the ankle joint tissue sections were examined histopathologically. The efficacy of
combination of losartan with low dose of dexamethasone in reducing significantly the prominent ankle joint width, serum CRP
levels, synovial hyperplasia, synovial inflammatory cells infiltration and cartilage erosion was equi-effective to that produced by
high-dose of dexamethasone and even more effective than each of losartan or dexamethasone at low dose. This combination may
represent a novel approach in the management of rheumatoid arthritis.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory
disease characterized by infiltration of inflammatory cells
in the synovium, and hyperplasia of the synovial lining
cellular components, resulting in the formation of pannus
tissue, which invades and destroys adjacent cartilage and
bone'. Recent studies have shown that the prevalence of
the preclinical atherosclerosis is increased in RA patients’.
RA treatment usually consists of disease modifying
antirheumatic  drugs, cytokine modulators, and
glucocorticoids (GC5)3. GCs has had a special place in the
treatment of rheumatoid arthritis and it initially was
widely used for RA, however within several years the
classical adverse effects of GCs including an increased
prevalence of hypertension, insulin  resistance,
hyperlipidemia and osteoporosis were frequently noted
particularly at the high doses, which may limit its use in
spite of its efficacy®*. Recent studies have shown that GCs
also has disease modifying properties 58,

Interestingly, previous researches have demonstrated a
role of angiotensin Il in joint inflammation and
synoviocytes expansion in rheumatoid arthritis”® and it
has been approved that ARBs ameliorate arthritis in the
murine  collagen-induced  arthritis  (CIA) model®.
Furthermore, many researchers have demonstrated too
that angiotensin Il may play a significant role in the
development of insulin resistance and the use of
angiotensin receptor blockers (ARBs) may attenuate it
10111213 and other scientists established the role of
angiotensin Il in osteoporosis and the potential effects of
ARBs in the treatment of osteoporosis **.

In the present study we hypothesized that combined
treatment with losartan and dexamethasone may have
positive advantage in ameliorating arthritis in vivo. Our
study aimed to evaluate and compare the potential
effects of combined treatment with losartan and low
dose of dexamethasone beyond that produced by each
corresponding dexamethasone and losartan alone,
included the steroid at double dose, on the treatment of
RA in an animal model of RA (adjuvant arthritis), in
purpose of reducing the severity of the side effects of
GCs, through reducing its dose, and through the potential
effects of ARBs in counteracting these effects, in addition
to the advantage may be obtained by the use of ARBs in
preventing the development of RA associated
atherosclerosis. To characterize these changes and to test
our hypothesis, a rat model of adjuvant-induced arthritis
was used using complete Freund’s adjuvant (CFA). CFA-
induced arthritis is the most widely used chronic test
model and shares some features with human RA,
including swelling of the extremities, cartilage
degradation, loss of joint function and lymphocyte
infiltration to the joints">*°.

MATERIALS AND METHODS

Losartan potassium and dexamethasone sodium
phosphate were obtained as a gift from (Obarri Company
for pharmaceutical industries, Damascus, Syria).
Complete Freund’s adjuvant (CFA) was obtained from
(Sigma- Aldrich, St Louis, USA).

The experimental
Institutional Animal

protocol was approved by the
Care and Use Committee of
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Damascus University, School of Pharmacy, Damascus,
Syria.

Male Wistar rats (obtained from Leen institute for
experimental animals and animal Facility, Faculty of
Pharmacy, Damascus, Syria), 15 weeks old, weighing
242.52+4.41g were housed in a cage, at a constant room
temperature, relative humidity of 50-70% and an airflow
rate of 15 exchanges/h. In addition, a time controlled
system provided 07.00-21.00 h light and 21.00-07.00 h
dark cycles. All rats were given standard rat chow diet and
water ad libitum. At 16 weeks of age, the animals were
divided into six groups (all groups n = 15): | animals
injected with 0.5 ml saline in the right footpad (hind paw)
as a control group(C); the five subsequent arthritic groups
were injected with 0.5 ml of CFA in the right footpad
(hind paw ): Il drug untreated animals as adjuvant
arthritis group (AA); or treated from day 12 of CFA
injection for a 16 days as fallows, Ill losartan (AAL) (s.c.,
15mg/kg/48h); IV dexamethasone (AADy) (i.m., 0.05
mg/kg/12h); V both, losartan (s.c.,15mg/kg/48h) and
dexamethasone (i.m., 0.025 mg/kg/12 h) (AALD); VI
dexamethasone (AADI) (i.m., 0.025 mg/kg/12 h)

Arthritis was induced by the CFA inoculation in the rats.
Briefly, rats were injected with 0.5 ml of CFA (1 ml of CFA
contains 1 mg of heat killed mycobacterium tuberculosis)
in the right footpad (hind paw) under ether anesthesia.
The rats serving as controls were injected with 0.5 ml of
saline"’.

At the end of the treatment period, the animals (20-
weeks-old) were anesthetized with ether after overnight
fasting and killed. Blood was collected via heart puncture
into tubes and centrifuged, the plasma was freezed at -80
"€ for subsequent determinations.

Joint swelling measurement: Joint swelling was assessed
by measurement of right hind paw ankle joint width by
using Vernier calipers (Mitutoyo, Japan) prior to arthritis
induction and every 2 days after arthritis induction.

Histological ankles changes: Immediately after killing, the
joints of the ankles from the right hind paw were
removed, fixed in 10% formalin, then in HNO3 for
decalcification, and then were embedded in paraffin.
Sections at 5 microns were cut with a microtome (Leica
RM 2155, Germany). The slides were stained with
haematoxylin—eosin and submitted for histological
evaluation. Synovial hyperplasia, synovial inflammatory
cells infiltration, and cartilage erosion were
determined®"™®. The histopathological parameters in the
ankles were scored as following: synovial hyperplasia:
grade 0O; (1-3 layers of synoviocytes), grade 1; (4-5 layers),
and grade 2; (62 layers), Inflammatory cell infiltration to
the synovium: grade 0; ( no inflammatory cells infiltration
to the synovium), grade 1; (few), grade 2; (modest), and
grade 3; (severe), cartilage erosion: grade 0; (hormal),
grade 1; (minor erosion), grade 2; (modest) and grade 3;
(severe).

Serum C-Reactive Protein: Serum C-Reactive Protein
levels were measured by immunoassay method using Rat
CRP kit (ELISA), (Biovender company, Modfice, Czech
Republic).

Statistical analysis: Data are presented as meanst SD.
The significance of the differences between groups for
ankle joint width changes and serum CRP levels were
estimated by ANOVA test and Turkey’s Multiple
Comparison test. Histological results were estimated by
Kruskal-Wallis test and Multiple Comparison Dunn test.
The significance of the differences between control and
AA group were estimated by unpaired T-test (tow-tailed)
for ankle joint width changes and serum CRP levels, and
by Mann-Whitney test (tow-tailed) for histological study.
P<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Ankle joint width: Table 1 shows the changes in ankle
joint width of the experimental groups (ankle joint width
on day 28 of CFA injection — ankle joint width on day 0 of
CFA injection). The injection of CFA alone (AA) induced a
significant increase in ankle joint width, when compared
with control group (p<0.001). Losartan or dexamethasone
(0.025 mg/kg) treatment reduced significantly the
induced ankle joint width when compared with AA group
by 34% and 33% respectively (p<0.001). The efficacy of
combination of losartan with  dexamethasone
(0.025/mg/kg/24 h) in reducing significantly ankle joint
width (55%, P <0.001), was equal to the efficacy of high
dose dexamethasone (0.05 mg/kg/24 h) by 58%, and was
better than each of them alone.

Serum CRP levels: Table 1 shows the serum CRP levels of
the experimental groups. The injection of CFA induced a
significant increase in serum CRP levels, when compared
with  control group  (p<0.001). Losartan or
dexamethasone (0.025 mg/kg) treatment reduced
significantly the induced CRP levels when compared with
AA group by 25% and 27% respectively (p < 0.001). The
efficacy of combination of losartan with dexamethasone
(0.025 mg/kg/24 h) in reducing the induced CRP levels
was significantly equal to the efficacy of dexamethasone
(0.05 mg/kg/24 h) (54 vs 55%, P>0.05) respectively.

Histological study: Table (2) shows the results of
histological study, figure (1) shows sections from ankle
joints of the experimental groups.

The injection of CFA induced significantly hyperplasia of
the synovium, increased inflammatory cells infiltration to
the synovium and severe cartilage erosion (P<0.001).
While losartan alone did not significantly improve
cartilage erosion and synovial hyperplasis, it reduced
significantly the synovial inflammatory cells infiltration (P
<0.05), in this experimental animal model, the
combination of losartan with low dose of dexamethasone
reduced all these parameters by more than 52%
(p<0.001), and the efficacy of this combination was equal
to the efficacy obtained by high dose dexamethasone (P >
0.05).

®

R | International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 15



Volume 7, Issue 2, March — April 2011; Article-003

ISSN 0976 — 044X

To our knowledge, it’s the first study that investigates the
potential therapeutic effects of combination of losartan
with low dose of dexamethasone on; ankle width
changes, serum CRP levels, synovial inflammatory cells
infiltration, synovial hyperplasia and cartilage erosion in
adjuvant arthritis Wistar rats. The present study
demonstrates that this combination improves
significantly all these parameters. The higher significant
increase in ankle joint width, serum CRP levels, synovial
hyperplasia, synovial inflammatory cells infiltration, and
cartilage erosion of the adjuvant arthritis group than that

of control group are in agreement with previous reports
20,21,22,23

The determination of ankle joint width changes is an
apparently simple, sensitive and quick procedure for
evaluating the degree of inflammation and the
therapeutic efficacy of the drugs. Arthritic rats showed
soft tissue swelling that was noticeable around ankle
joints and was considered to be due to oedema of
periarticular tissues such as ligament and joint capsule.
Elevated levels of serum CRP have been found in the
blood during virtually all diseases associated with active
inflammation or tissue destruction, particularly in
patients with rheumatoid arthritis’?, and there is a
significant correlation between serum CRP levels and
rheumatoid arthritis disease activityze. In the present
study the efficacy of combination of losartan with low
dose of dexamethasone in reducing significantly the
prominent ankle joint width, and CRP levels was equi-
effective to that produced by high-dose of
dexamethasone and even more effective than each of
losartan or dexamethasone at low dose.

Furthermore, this combination reduced significantly
synovial hyperplasia (53 %, P<0.01), synovial
inflammatory cells infiltration and cartilage erosion (59
and 45%, P<0.001; respectively), and this combination
was equi-effective to that obtained by dexamethasone at
high dose (P > 0.05).

Figure 1: Representative histopathology of ankle joints of experimental
groups (C) Control rats, the note indicates the normal synovium (1), and
normal cartilage (2). (AA) Adjuvant arthritic rats non-treated rats, white
arrow indicates the severe inflammatory cells infiltration to the
synovium, black arrows indicate the severe expansion of the inflamed
synovium on the cartilage and severe cartilage injury. (AADL) Arthritic
rats treated with losartan (15 mg/Kg/48h) in combination with low dose
dexamethasone (0.025 mg/Kg/24h), the white arrow indicates the mild
synovial inflammatory cells infiltration and the black arrow indicates the
mild expansion of the synovium on the cartilage. (AADh) Arthritic rats
treated with dexamethasone (0.05 mg/Kg/24h), the arrow indicates a
mild injury in the cartilage surface in spite of the absence of synovial
expansion on it. (AAL) Arthritic rats treated with losartan (15
mg/Kg/48h) the black arrow indicates the moderate expansion of the
synovium on the cartilage; the white arrow indicates the hyperplasia of
the synovium. (AADI) Arthritic rats treated with dexamethasone (0.025
mg/Kg/24h), arrow indicates the severe expansion of the synovium on
the cartilage and the severe cartilage injury.

Table 1: Serum CRP levels and ankle joint width changes of experimental groups

Grou Serum CRP Ankle joint width changes
> (ng/ ml) (mm)

C Control 207.98+12.88 0.06+0.09

AA Arthritic 760.43+17.08"** 4.770.3"**
AAD; A (gzxs"" 23}:3;0”9 339.7+9.56"*# 2.00+0.29%## "

AA+ Losartan Bt eee P
AAL (15ma/kg) 570.3+21.64" %% ™ 3.13+0.19**% ™
papL | AATDexamethasone (0025 mo/kg) | 5os o) g 7gi 9.1540,251
+ Losartan (15mg/kg)
AAD AAt Dexamethasone 558.03+15.99"## "+ 3.18:0.26" 4"
! (0.025 mg/kg) R T

Serum CRP levels and ankle joint width of experimental groups. All results were expressed as the mean +SD.
with respect to control group, P <0.001.  Significant difference with respect to arthritic group, P<0.001.

##7 Significant difference

Significant difference with

respect to combination (dexamethasone and losartan) group, P<0.001.
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Table 2: Ankle histology results of experimental groups

Grou Synovial hyperplasia | Inflammatory cells | Cartilage erosion Total score
P (0-2) (0-3) (0-3) (0-8)
¢ Control 0.0£0.00 0.14+0.36 0.000.00 0.14+0.36
AA Avrthritic 1.67+0.49%*# 2.60£0.51%## 2.6+0.63"** 6.87+1.3"**
AA+ D h -
AAD;, examethasone 0.73+0.36 1.0+0.35"% 1.27+0.47% 3.0021.36"
(0.05 mg/kg)
AA+L . . . e
AAL (ISr:;Z:J ?n 1.53+0.54%## 1.73£0.59*## ™ 2.2+0.56"** 5.47+0.83"*#
AA+ Dexamethasone N . . -
AADL | (0.025 mg/kg) + Losartan 0.79+0.58 1.07+0.47" 1.43+0.52%% 3.29+0.91%
(15mg/kg)
AA+ D h . . . -
AAD, examethasone 1.53+0.74%## 1.67£0.627 %% ™ 2.13+0.44%## 5.33+0.9"**
(0.025 mg/kg)

Histological was measured at end of the experiments. Results were expressed as mean + SD. * Significant difference with respect to control group, P

<0.05. * Significant difference with respect to control group, P <0.01.

##t#

Significant difference with respect to control group, P <0.001. " Significant

difference with respect to arthritic group, P<0.05. " Significant difference with respect to arthritic group, P<0.01. " Significant difference with respect to
arthritic group, P<0.001. ~ Significant difference with respect to combination (dexamethasone and losartan) group P<0.05.""Significant difference with

respect to combination (dexamethasone and losartan)group, P<0.001.

It is noteworthy that histological improvement in the
present study was accompanied by improvement of ankle
width changes and serum CRP levels. These results lead to
suggestion of a synergistic effect between losartan and
low doses of dexamethasone, but the mechanism by
which the combined treatment of losartan and
dexamethasone attenuates these parameters in this
model need further studies.

In the inflamed RA joint the synovium is highly infiltrated
by inflammatory cells and the intimal lining becomes
hyperplastic owing to the increased number of
synoviocytes which invade cartilage and bone structures,
this process is mediated by number of cytokines,
chemokines, cell adhesion molecules, matrix
metalloproteinases, and free radicals released from
inflammatory cells'. The powerful anti-inflammatory
effects of GCs rest on their capacity to suppress the action
of many proinflammatory mediators (cytokines,
chemokines), and to increase the expression of many
anti-inflammatory  proteins  (lipocortinl), through
genomic actions (binding to GC receptors and interactions
with glucocorticoid response elements in DNA), and these
genomic effects are dose dependent %’ This can explain
the difference in the efficacy between low and high doses
of dexamethasone that was clear in our study.

Renin angiotensin system (RAS) is a major regulator of
blood pressure, but there is a great deal of evidence that
angiotensin Il plays a major role too in inflammation and
autoimmunity through the inducing of the production of
reactive  oxygen species, adhesion  molecules,
inflammatory cytokines and chemokines®®*. In our study
losartan reduced significantly the serum CRP levels and
the synovial inflammatory cells infiltration, and this
suggest the potential role of angiotensin 1l in
inflammatory process in this model.

Previous studies have shown that there is a significant
increase in AT1 receptor protein content in synovium
from chronically inflamed rat knee joints induced by CFA,
and that the administration of 15 mg/Kg/48 h of losartan
at 16-day time point, similar to our study, substantially
reduced knee joint swelling (51%, P<0.001) in rats, and
this high dose of losartan was well tolerated by the
animals and had negligible effects on arterial blood
pressure’.

The adverse effects of GCs including an increased
prevalence of hypertension, insulin resistance, and
osteoporosis were frequently noted particularly at the
high doses. The present combination which was
evaluated in our study and was equi-effective to the high
dose of dexamethasone, was associated with reducing
the dose of dexamethasone and this may lead to reduce
the severity of GCs side effects, in addition to the
potential effects of losartan in counteracting these side
effects depending on the previous finding about the
potential therapeutic effects of ARBs in the attenuation of

the development of insulin resistance and osteoporosis
10,11,14

Since the increased mortality in RA patients is mostly
associated with cardiovascular disease, this new
combination that we have suggested in this work will
carry additional benefits through the therapeutic effects
of ARBs in cardiovascular disease.

CONCLUSION

Our results indicate that combination of losartan with low
dose of dexamethasone may be a novel, safe,
inexpensive, and effective therapeutic strategy in the
treatment of rheumatoid arthritis.

®

R | International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 17



Volume 7, Issue 2, March — April 2011; Article-003

ISSN 0976 — 044X

REFERENCES

1.

10.

11.

12.

13.

14.

Kumar V, Abbas AK, Fausto N, Mitchell R, Robbins Basic
Pathology, Saunders Elsevier, Philadelphia, 2007, 145-47.

Sodergren A, Karp K, Boman K, Eriksson C, Lundstrém E,
Smedby T, Séderlund L, et al, Atherosclerosis in early
rheumatoid arthritis : very early endothelial activation and
rapid progression of initima media thickness, Arthritis Res
Ther, 12,2010, 1-9.

Schuna AA, Pharmacotherapy: a pathophysiologic
approach, Dipiro JT, Talbert RL, Yee GC, Matzke GR, Wells
BG, Posey LM (editors), McGraw- Hill, New York, 2008,
1505-19.

Townsend HB, Saag KB. Glucocorticoid use in rheumatoid
arthritis: Benefits, mechanisms, and risks , Clin Exp
Rheumatol,22,2004,77-82.

Bijlsma JW, van der Goes MC, Hoes JN, Jacobs JW,
Buttgereit F, Kirwan J, Low-dose glucocorticoid therapy in
rheumatoid arthritis: an obligatory therapy, Ann NY Acad
Sci ,1193,2010,123-26.

Gorter SL, Bijlsma JW, Cutolo M, Gomez-Reino J,
Kouloumas M, Smolen JS, et al, Current evidence for the
management of rheumatoid arthritis with glucocorticoids:
a systematic literature review informing the EULAR
recommendations for the management of rheumatoid
arthritis, Ann Rheum Dis, 69, 2010,1010-14.

Price A, Lockhart JC, Ferrell WR, Gsell W, McLean §,
Sturrock RD, Angiotensin Il type 1 receptor as a novel
therapeutic target in rheumatoid arthritis, Arthritis
Rheum, 56, 2007,441-47.

Pattacini L, Casali B, Boiardi L, Pipitone N, Albertazzi L,
Salvarani C, Angiotensin |l protects fibroblasts-like
synoviocytes from apoptosis via the AT1- NF kappa B
pathway, Rheumatology(Oxford), 46, 2007,1252-57.

Sagawa K, Nagatani K, Komagata Y, Yamamoto K,
Angiotensin receptor blockers suppress antigen- specific T
cell responses and ameliorate collagen-induced arthritis in
mice, Arthritis Rheum,52, 2005,1920-28.

Fuke Y, Fujita T, Satomura A, Wada Y, Matsumoto K,
Alterations of insulin resistance and the serum
adiponectin level in patients with type 2 diabetes mellitus
under the usual antihypertensive dosage of telmisartan
treatment, Diabetes Technol Ther, 12, 2010, 393-98.

Psherer S, Heemann U, Frank H, Effects of renin
angiotensin system blockade on insulin resistance and
inflammatory parameters in patient with impaired glucose
tolerance, Diabetes Care, 33, 2010,914-9.

Olivares-Reyes JA, Arellano-Plancarte A, Castillo-
Hernandez JR, Angiotensin Il and the development of
insulin resistance: implication for diabetes, Mol Cell
Endocrinol, 302, 2009,128-39.

Saiki A, Ohira M, Endo K, koide N, Oyama T, Murano T, et
al, Circulating angiotensin Il is associated with body fat
accumulation and insulin resistance in obese subjects with
type 2 diabetes mellitus, Metabolism, 58, 2009,708-13.

Shimizu H, Nakagami H, Osako MK, Hanayama R, Kunugiza
Y, Kizawa T, et al. Angiotensin Il accelerates osteoporosis
by activating osteoclasts, FASEB, 22, 2008, 2465-75.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Bendele A. Animal models of rheumatoid arthritis,
Musculoskelet Neuronal Interact, 1, 2001,377-85.

Hegen M, Keith Jc Jr, Nickerson-Nutter CL, Utility of
animal models for identification of potential therapeutics
for rheumatoid arthritis, Ann Rheum Dis, 67, 2008, 1505-
15.

Nagakura Y, Okada M, Kohara A, Kiso T, Toya T, iwai A, et
al, Allodynia and hyperalgesia in adjuvant-induced-
arthritis rats: time course of progression and efficacy of
analgesics, J pharmacol Exp Ther, 306, 2003,490-97.

Nikbacht F, Najafipour H, Dabiri Sh. The effect of enalapril
on inflammation and IL-1 B and IL-8 production in chronic
arthritis, DARU, 15, 2007,193-98.

Larsson E, Erlandsson Harris H, Larsson A, Mansson B,
Saxen T, Klareskog L. Corticosteroid treatment of
experimental arthritis retard cartilage destruction as
determined by histology and Serum COMP, Rheumatology
(oxford), 43,2004,428-34.

Shahrara S, Proudfoot AE, Woods JM, Ruth JH, Amin MA,
Park CC, et al, Amelioration of rat adjuvant induced
arthritis by Met-RANTES, Arthritis Rheum, 52, 2005, 1907
19.

Ratheesh M, Shyni GL, Sindhu G, Helen A, Protective
effects of isolated polyphenolic and alkaloid fractions of
ruta graveolens L. on acute and chronic inflammation,
Inflammation, 33, 2010,18-24.

Gomaa AA, Elshenawy MM, Afifi NA, Mohammed EA,
Thabit RH, Dual effect of nitric oxide donor on adjuvant
arthritis, Int Immunopharmacol, 9, 2009, 439-47.

Liu YL, Lin HM, Zou R, Wu Jc, Han R, Raymond LN, et al,
Suppression of complete Freund’s adjuvant -induced
adjuvant arthritis by carbotoxin, Acta Pharmacol Sin, 30,
2009, 219-27.

Kushner I, Samols D, Magrey M. A unifying biologic
explanation for "high-sensitivity" C-reactive protein and
"low-grade" inflammation, Arthritis Care Res, 64, 2010,
42-6.

Pepys MB, Hirschfield GM. C-reactive protein: a critical
update, J Clin Invest, 111, 2003,1805-12.

Simén-Campos JA, Padilla-Hernandez RO, Correlation
between C reactive protein and erythrosedimentation
rate with rheumatoid arthritis disease activity , Rev Med
Inst Mex Seguro Soc, 46, 2008, 591-6.

Buttgereit F, Straub RH, Wheling M, Burmester GR,
Glucocorticoids in the treatment of rheumatoid diseases,
Arthritis Rheum, 50, 2004,3408-17.

Benigni A, Cassis P, Remuzzi G. Angiotensin Il revisited:
new roles in inflammation, immunology and aging, EMBO
Mol Med, 2, 2010, 247-57.

Das UN, angiotensin Il behaves as an endogenous pro-
inflammatory molecule, J Assoc Physician India, 53, 2005,
472-76.

*khkkkkhkkkkikkkikkikkkikik

Ly

&

. International Journal of Pharmaceutical Sciences Review and Research
' Available online at www.globalresearchonline.net

Page 18



