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ABSTRACT

Background: Renin-angiotensin-aldosterone system produces the
hormone angiotensin Il (Ang II). Vascular tension is regulated,
pro-inflammatory cytokines are released, nuclear factor kappa B is
activated, oxidative stress is increased, and angiotensin-I1 serves
as an inflammatory mediator. Angiotensin-converted enzymes
(ACE) inhibitor lisinopril works by preventing ACE, which lowers
angiotensinogen 11 production. The purpose of the current study
was to assess lisinopril's anti-inflammatory effect in albino rats

Aim of the work: To assess Lisinopril’s anti-inflammatory effect in
albino rats at different hour in carrageenan induced paw oedema
using Vernier caliper as well as to evaluate the mean granuloma
weight in Lisinopril and diclophenac potassium as compared to
control group.

Materials and Methods: From a centralized animals’ facility, 21
Wistar albino rats of both sexes, weighed between 150 and 200 g,
were randomly chosen and categorized into three categories. The
experimental group obtained lisinopril (1.8 mg/kg) orally for a
period of six days, whereas the typical group got diclophenac
potassium 5 mg/kg and the control group obtained standard saline
25 mil/kg. The rats underwent an experiment of cotton pellets-
induced granuloma and carrageenan-induced paws oedema.

Results: As contrasted with controls and in cases of cotton pellets and
carrageenan-induced granuloma, Lisinopril dramatically reduced
the average paws oedema. Contrary to the control, Lisinopril
lowered the average granuloma weight.

Conclusion: When administered orally to albino rats for a period of
six days in a row, Lisinopril shown anti-inflammatory properties
in an experiment for granuloma and paws oedema caused by
cotton pellets and carrageenan.
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INTRODUCTION

The body's response to numerous assaults,
including infections, traumatic events, and
allergies, is inflammation. Because of
exogenous/endogenous  stimuli, vascularized
connective tissues undergo a complicated
response ™. Essentially, inflammation is a
protective reaction, and its main objective is to
clear the organism of both the original source of
cellular harm and its effects . Inflammation
and pain are frequently linked. A typical
reaction to any unpleasant stimuli that
endangers the host is inflammatory processes,
which can range from a localized to a
generalized responses Bl. A number of agents of
mediation, including prostaglandins, leuko-
trienes, and platelets activating variables, as
well as substances released from tissues and
migratory cells are all involved in the intricate
process ™. Following the production of pro-
inflammatory cytokines such tumors necrosis
factors (TNF-a), IL-B, IL-6, and IL-8, tissues
injury results in a cascade of inflammatory
responses [l Prostaglandins like PGE1 and
PGE2 are produced in greater amounts by
damaged cells in inflammatory diseases like
rheumatoid arthritis, which also increases local
blood flows and amplifies the effects of agents
like bradykinin which enhance vascular
permeability [©1,

One of the main byproducts of the renin-
angiotensin-aldosterone systems (RAAS) is
angiotensin Il (Ang Il). AT1 and AT2 terminals
allow Ang Il to trigger a physiological
responses [, The majority of Ang IlI's effects
are mediated via AT1 type. Ang Il works and
aids in the recruitments of inflammatory cells ©.
Monocyte chemoattractant protein-1 (MCP-1),
macrophage  colony  stimulating  factor,
endothelium selectin, intercellular adherence
molecule-1, vascular cells adhesions molecules-
1 (VCAM-1), inducible nitric oxides synthases,
and cyclooxygenase-2 are other genes whose
transcription is induced by Ang Il Pl In mice
lacking AT1, MCP-1 levels were reduced.
Nuclear regulator kappa B (NF-B) is activated
by angiotensin-l1l, which also modulates
vascular tones, promotes the production of pro-
inflammatory cytokines, enhances oxidative
stress, and serves as inflammatory molecules
[0 The synthesis of proinflammatory genes,
including nitric oxides synthesis, angiotensino-
gen, cells adhesion proteins, and other genes
related to inflammatory  processes, is
significantly regulated by NFxp 0Ot 12,
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Infiltration of inflammatory cells is caused by
tissue NF kB concentrations. Production of the
adhesion molecules MCP-1 and VCAM-1 was
linked with increased tissues NF kB levels. Ang
Il boosts the DNA bound function in human
neutrophils and increases the generation of
reactive oxygen species (ROS) via stimulating
NADPH oxidases * 14, The gene expression of
pro-inflammatory cytokines, adhesion molecule,
and NADPH mediators is increased as a result
of ROS activating the NF«kf3. TNF-q, interleukin
6 (IL-6), and chemokines monocytes chemo
attractant protein 1 are all produced in greater
amounts and concentrations when exposed to
Ang Il. PPAR-y and PPAR-a are suppressed by
Ang 11 1, Elevated levels of Ang Il are caused
by increased angiotensin converting enzyme
(ACE) activities. Nitric acid concentrations
dropped and ROS production was boosted as a
result of NADPH being stimulated by
substantial quantities of Ang I1 21,

Ang II's role in recruiting of inflammatory
cells is its function. Investigations in numerous
models have demonstrated that ACE inhibitors
limit the number of invading cells via a variety
of methods. As a result, Ang Il is recognized
as real cytokines that controls the inflammatory
responses 7],

Lisinopril, an ACE inhibitor, enhances
bradykinins and (met) enkaphalin levels while
decreasing  angiotensinogen Il function.
Management for heart failure, hypertension,
nephropathy due to diabetes, non-diabetic
kidney disorders, and post-myocardial infarction
frequently involves the administration of ACE-
inhibiting medications 8. There are numerous
pleotrophic  pharmaceutical reactions that
Lisinopril is believed to have. Numerous studies
demonstrate the strong connection between
localized vascular inflammation and RAAS
activation, which results in the generation of
Ang Il [6 19 201 There are various extra
advantages of Lisinopril in addition to the blood
pressure-lowering properties of anti-hyper-
tensive medications.

Thus, the goal of the current investigation is
to determine whether Lisinopril has any
potential to reduce inflammation in albino rats.

Hypothesis: Theoretically, Lisinopril could
regulate its anti-inflammatory effects by
inhibiting the function of antigenic factor 1l
(angiotensin 11).
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PATIENTS AND METHODS

Mature Wistar strains albino rats in either
sex, weighed 150-200 g, and maturing at 3-4
months were chosen from the animals’ center.
Given ideal dwellings, temperatures,
ventilations, and dietary circumstances, the rats
were inbred in the animal house, Faculty of
Medicine for Girls, Al-Azhar University, Egypt.
Within standard circumstances, rats were kept in
stainless cages at a ratio of two to three. They
were maintained under a 12-hour dark/light
cycles at a fixed temperature of 26 £2 °C and
relative humid of 30-70%. The rats were given
a regular food and unlimited access to water.
Before the experiment, the animals were given a
7-day acclimatization period to the laboratory
environment before being divided into the
treatment group. According to Barnes and
Karin 1 medication dosages which
established on human’s daily intake were
adapted to those for animals 24,

Drugs and Chemicals

Diclophenac potassium (Cataflam, Novartis
Egypt) lisinopril (Zesteril, Astra Zeneca Egypt),
and carrageenan (TCI Chemicals, India). Seven
rats (n = 7) were placed in each of the three
categories containing rats (controls, standard,
and experimental groups).

1.Group-1
mag/kg.

(experimental):  Lisinopril 1.8

2.Group-2 (Standard): Diclophenac 5 mg/kg.
3.Group-3 (Control): Normal saline 25 ml/kg.

Rats Paw oedema caused by Carrageenan >
14]-

Through injection of0.1 ml of 1%
carrageenan into the sub plantar tissues of the
right hind paws in every animal in every group
one hour after the medication was administered,
paw oedema was generated. The size of the
correct hind paw can be assessed both
immediately (0-h-volume) and after 4 hours.
Each group of rats given medication and the
control group's average paw oedema were
reported. When compared to the carrageenan
control group, the proportion of oedema that
was inhibited in the mice receiving Lisinopril
treatment was used to determine the anti-
inflammatory effects.
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Utilizing the following equation, the
percentages (%) inhibition of oedema is
computed:

Vi

Percentage inhibition = x 100

t

Vc stands for paw volumes for controls. Vt
is the experimental group drug's paw volumes.

Granulomas Caused by Cotton Wool Pellets
[15, 16]-

The autoclave sterilized 10 £ 1 mg of cotton
pellets at 120 °C for 30 minutes. With light
ether anesthesia, four incisions were performed
in the axilla and groynes 1 hour following the
medication was administered on the first day.
Two pellets on each side of the ventral area
were subcutaneously inserted. It was filled with
cotton woolen pellets and repaired with a dark
silk suture. Subsequently, medication will be
given orally once day for six straight days. The
rats were gently sedated with ether on the eighth
day, and the pellets and granuloma tissues were
extracted. The dried pellets were weighed to
estimate the constant dry weight after drying in
an incubation chamber at 60 °C for 18 hours
starting with the wet pellets, which were
assessed to calculate the wet weights.

Exudate quantity (mg) = pellet's wet weight
multiplied by its constant dry measurement.

Granulation tissues development (10 mg) =
constant dry weight - weight of the cotton pellet
(10 mg).

Ethical considerations

Upon receiving permission from the
institutional ethical committee, the research
project was carried out.

Statistical analysis

Following independent sample t-tests
comparing the two categories, the findings were
evaluated by computing the means, standard
deviations, t-test, and analysis of variance
(ANOVA) at various time intervals within a
single category. Multiple comparative analyses
were made using one-way ANOVA, and then
post-hoc Tukey's test was applied to determine
whether there was a statistically significant
difference between the groups. For the statistical
evaluation, IBM Corporation and Other(s) 1989,
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2012 software called IBM SPSS statistics was
employed. Significance was defined at P< 0.05.

RESULTS

Lisinopril and diclophenac's effects on
carrageenan-induced paws oedema are shown in
Table 1 employing vernier calipers. 1.8 mg/kg
of lisinopril reduced carrageenan-induced paws
oedema with a percentage reduction of 43.74%,

whereas 5 mg/kg of diclophenac resulted in
63.34% as opposed to controls [table 1].

Lisinopril and diclophenac's impact on a
model of granuloma caused by cotton pellets is
shown in table 2 in comparison to the controls.
Lisinopril's average weight of granuloma is
80.542 + 3.31 mg lower than the controls, while
the diclophenac group revealed 58.48+2.76 mg
lower than the controls [table 2].

Table [1]: Comparing the effects of lisinopril and diclophenac to the controls at various times in
carrageenan-induced paws oedema with a vernier caliper

Variation in paws oedema

Dosages

Mean paws Mean paws Difference in mean
oedema (cm) at0 h | oedema (cm) at4 h = paws oedema (cm)
Lisinopril 1.65+0.34 7.64+0.68 5.99 + 0.34* 1.8 mg/kg
diclophenac 1.47+0.04 5.19+0.26 3.72+0.22 5 mg/kg
Control 1.35+0.35 12.65+0.55 11.3+0.17 25 ml/kg

SD = Standard deviations. The outcomes are shown as mean + SD, with n equal to 6 animals, and *P< 0.05.

Table [2]: Compares the control group's average granuloma weight to that of the lisinopril and
diclophenac groups

Groups Means weight of granuloma (mg) Dosage
(mean £ SD)
Lisinopril 80.542+3.31* 1.8 mg/kg
Diclophenac 58.48+2.76 5 mg/kg
Controls 146.93+3.29 25 ml/kg

SD = Standard deviations. The outcomes are shown as mean + SD, with n equal to 6 animals, and *P< 0.05.

DISCUSSION

Since Carrageenan is known to trigger
inflammation, it is utilized to test the
effectiveness of nonsteroidal anti-inflammatory
drugs. According to the current study, the
difference between the Lisinopril sample's
proportion suppression of paws oedema and the
controls is  significant.  Lisinopril  and
diclophenac both show an overall reduction in
the production of granulation tissues in
comparison with controls. As contrasted to the
controls, there is a statistically substantial
reduction in the average granuloma weight of
Lisinopril (P< 0.05). These findings agreed with
another study which stated that Lisinopril has
been shown to possess anti-inflammatory
properties by suppressing the generation of pro-
inflammatory cytokines such TNF-o in an
investigation  that tested the  drug's
hepatoprotective benefits against liver ischemia
and injury caused by reperfusion in rats. Rats
exposed to hepatocellular ischemia/reperfusions
damage were protected by Lisinopril. The
beneficial effect results from a decrease in the
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level of lipids peroxidation caused by oxidative
stress and an increase in the accessibility of
nitric oxides 2.

Acute inflammation can be screened using
an animal model of paws oedema caused by
carrageenan. Paws oedema builds up in two
phases. The initial stage starts right away after
the carrageenan injection and fades within one
hour. Histamine and 5HT are the transmitters of
inflammation in the initial stage. The following
stage, which starts at the conclusion of the first
hour and lasts until the third, is associated to the
release  of prostaglandins. A different
investigation discovered that Lisinopril inhibits
humans peripheral blood mononuclear cells'
ability to produce interleukin-12  and
interferon vy, which contributes to the drug's
immunomodulatory influence and has a positive
impact on inflammatory or autoimmune
diseases that involve interleukin 12 31,

As a result, the aforementioned results of our
investigation show that Lisinopril has anti-
inflammatory effects in albino rats. The
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inflammatory properties of Lisinopril are
evaluated using rat paw oedema caused by
carrageenan and the cotton pellet generated
granuloma technique.

Limitation of the study

Our research is restricted to ACE blockade.
Additional investigations could examine various
approaches by simultaneously acting on the
ACE and AT1 receptors in order to strictly
analyze the impact of RAAS blockade on
inflammation. The study didn’t provide
sufficient data to support the effects of
Lisinopril  on  pro-inflammatory  cytokine
signaling. The pro-inflammatory cytokines
(especially MCP-1, IL-6, IL-12 and TNFa)
should be measured in further studies.

Conclusion

As opposed to the controls, the experimental
medication Lisinopril significantly reduced the
average paws oedema and average granuloma
weight. The idea indicated above is supported
by the anti-inflammatory effects. Lisinopril,
then, shown anti-inflammatory effect in albino
rats by reducing Ang Il, which in consequence
reduces ROS and NF «B.

Conflict  of
Disclosure: None.

Interest and Financial

REFERENCES
1. Amoghimath S, Suresha RN. Anti-
inflammatory activity of lisinopril in albino
rats. Nat J Physiol Pharm Pharmacol. 2018
Feb 4;8(4):493-96. doi: 10.5455/njppp.2018.
8.0934004112017.

2. Mohammed NE, Messiha BA, Abo-Saif AA.
Effect of amlodipine, lisinopril and
allopurinol on acetaminophen-induced
hepatotoxicity in rats. Saudi Pharm J. 2016
Nov;24(6):635-644. doi: 10.1016/j.jsps.2015.
04.004.

3. Komesli Y, Karasulu E. Evaluation of anti-
inflammatory, immunomodulatory effects and
celiac-like  side effect of olmesartan
medoxomil as a vitamin D receptor agonist
and angiotensin Il receptor blocker. J Res
Pharm. 2022;26(1):63-74.

4. Paliwal S, Tilak A, Sharma J, Dave V,
Sharma S, Yadav R, et al. Flurbiprofen loaded
ethosomes - transdermal delivery of anti-
inflammatory effect in rat model. Lipids

3117

Health Dis. 2019 Jun 7;18(1):133. doi: 10.
1186/512944-019-1064-X.

5. Vinothkumar G, Venkataraman P, Vinodhini
VM, Lavanya R, Sathishkumar D. Effect of
Coccinia indica leaf extract on angiotensin
converting enzyme (ACE) inhibitor induced
hepatotoxicity in wistar albino rats. Clin Nutr
Experiment. 2019 Apr 1;24:24-33. doi:
10.1016/j.yclnex.2019.01.004.

6. Arab HH, Abd El-Aal SA, Ashour AM, ElI-
Sheikh AAK, Al Khabbaz HJ, Arafa EA,
Mahmoud AM, Kabel AM. Targeting
inflammation and redox perturbations by
lisinopril mitigates Freund's adjuvant-induced
arthritis in rats: role of JAK-2/STAT-
3/RANKL axis, MMPs, and VEGF.
Inflammopharmacology. 2022;30(5):1909-26.
doi: 10.1007/s10787-022-00998-w.

7. Ranjbar R, Shafiee M, Hesari A, Ferns GA,
Ghasemi F, Avan A. The potential therapeutic
use of renin-angiotensin system inhibitors in
the treatment of inflammatory diseases. J Cell
Physiol. 2019 Mar;234(3):2277-2295. doi:
10.1002/jcp.27205.

8. Boskabadi J, Askari VR, Hosseini M,
Boskabady MH. Immunomodulatory
properties of captopril, an ACE inhibitor, on
LPS-induced lung inflammation and fibrosis
as well as oxidative stress. Inflammo-
pharmacology. 2019 Jun;27(3):639-647. doi:
10.1007/ s10787-018-0535-4.

9. Amoghimath S, Suresha RN, Jayanthi MK.
To evaluate the anti-inflammatory activity of
ramipril in albino rats. Int J Basic Clin
Pharmacol. 2018 Jan;7(1):16-19.  doi:
10.18203/2319-2003.ijbcp20175485.

10. Salmenkari H, Pasanen L, Linden J, Korpela
R, Vapaatalo H. Beneficial anti-inflammatory
effect of angiotensin-converting enzyme
inhibitor and angiotensin receptor blocker in
the treatment of dextran sulfate sodium-
induced colitis in mice. J Physiol Pharmacol.
2018;69(4). doi: 10.26402/jpp.2018.4.07.

11. Singh B, Sharma B, Jaggi AS, Singh N.
Attenuating effect of lisinopril and telmisartan

in intracerebro-ventricular  streptozotocin
induced experimental dementia of
Alzheimer's disease type: possible

involvement of PPAR-y agonistic property. J
Renin Angiotensin Aldosterone Syst. 2013
Jun;14(2):124-36. doi: 10.1177/14703203124-
59977.



Alfiky HAA.

IJMA 2023 March; 5 [3]: 3113-3118

12. Hajjar I, Okafor M, McDaniel D, Obideen
M, Dee E, Shokouhi M, et al. Effects of
Candesartan vs Lisinopril on Neurocognitive
Function in Older Adults With Executive
Mild Cognitive Impairment: A Randomized
Clinical Trial. JAMA Netw Open. 2020 Aug
3;3(8): €2012252. doi: 10.1001/
jamanetworkopen.2020.12252.

13. Onder G, Vedova CD, Pahor M. Effects of
ACE inhibitors on skeletal muscle. Curr
Pharm Des. 2006; 12(16):2057-64. doi:
10.2174/138161206777442137.

14. Sajid M, Khan MR, Shah SA, Majid M,
Ismail H, Maryam S, Batool R, Younis T.
Investigations on anti-inflammatory and
analgesic activities of Alnus nitida Spach
(Endl). stem bark in Sprague Dawley rats. J
Ethnopharmacol. 2017 Feb 23;198:407-416.
doi: 10.1016/j.jep.2017.01.041.

15. Ali BH, Karaca T, Al Suleimani Y, Al
Za'abi M, Al Kalbani J, Ashique M, Nemmar
A. The effect of swimming exercise on
adenine-induced kidney disease in rats, and
the influence of curcumin or lisinopril
thereon. PLoS One. 2017 Apr 26;
12(4):e0176316. doi: 10.1371/journal.pone.
0176316.

16. Badae NM, EI Naggar AS, El Sayed SM. Is
the cardioprotective effect of the ACE2
activator diminazene aceturate more potent
than the ACE inhibitor enalapril on acute
myocardial infarction in rats? Can J Physiol
Pharmacol. 2019 Jul;97(7):638-646. doi: 10.
1139/cjpp-2019-0078.

17. Khalifa MM, Khowailed AA, Ayad MJ,
Fouad H, EI-Ansari MRM. Thiamine
Supplementation is Beneficial as Adjunctive
Therapy to ACE Inhibitors to Improve the
Course of Nephrogenic Complications of
Type Il Diabetes Mellitus:  Possible
Involvement of the Inflammatory Cascade as

3118

a Mechanism of this Effect. Med J Cairo
Univ. 2019;87(March):1149-64. doi: 10.
21608/MJCU.2019.53295.

18. Ibrahim NA, Shamardl HA, Elsayed AM,
Ahmed EI, EI-Amir AM, Boshra EF, Morsy
EM, Mohammed RA. The Possible Protective
Effect of Chlorophyllin and Vitamin D3 on
Non-steroidal ~ Anti-Inflammatory ~ Drug
Induced Renal Injury in Adult Albino Rat.
Systematic Rev Pharm. 2021;12(7):2243-55.
doi: 10.31838/srp. 2021.2.94.

19. Shimazu H, Kinoshita K, Hino S, Yano T,
Kishimoto K, Nagare Y, et al. Effect of
combining ACE inhibitor and statin in lupus-
prone mice. Clin Immunol. 2010 Aug;136(2):
188-96. doi: 10.1016/j.clim.2010.03.008.

20. Uddin MZ, Rana MS, Hossain S, Ferdous S,
Dutta E, Dutta M, Emran TB. In vivo
neuroprotective, antinociceptive, anti-
inflammatory potential in Swiss albino mice
and in vitro antioxidant and clot lysis
activities of fractionated Holigarna longifolia
Roxb. bark extract. J Complement Integr
Med. 2019 Sep 17;17(1):/j/jcim.2019.
17.issue-1/jcim-2019-0102/jcim-2019-
0102.xml. doi: 10.1515/jcim-2019-0102.

21. Barnes PJ, Karin M. Nuclear factor-kappaB:
a pivotal transcription factor in chronic
inflammatory diseases. N Engl J Med. 1997
Apr  10;336(15):1066-71. doi:  10.1056/
NEJM199704103361506.

22. Morsy MA. Protective effect of lisinopril on
hepatic ischemia/reperfusion injury in rats.
Indian J Pharmacol. 2011 Nov;43(6):652-5.
doi: 10.4103/0253-7613.89820.

23. Constantinescu CS, Goodman DB, Ventura
ES. Captopril and lisinopril  suppress
production of interleukin-12 by human
peripheral blood mononuclear cells. Immunol
Lett. 1998 May;62(1):25-31. doi: 10.1016/
50165-2478(98)00025-x.





https://ijma.journals.ekb.eg/

