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ABSTRACT

The role of nitric oxide (NO) in inflammation regents one of the most studied yet controversigestdin ri/
physiology. A number of reports have been demotestrahat NO possesses potent anti-inflammato
properties, whereas an equally impressive numbestoflies suggest that NO induces cell and tissue
dysfunction thereby promoting inflammation. It iadwn for a long time that inflammatory processes ar
associated with enhanced production of a numbsubs$tances, such as Bradykinin,fiILTNF-a, Substance
P, PGE2, Interferon-gamma (INf;; Nerve growth factor (NGF), Serotonin and HistaeiPractically all of
these substances, some of which are produced bymguhave shown to be associated with enhanced
production of NO. Inhibitors of NO biosynthesis mpyovide a novel therapeutic approach for variou
diseases. In addition, design of selective inhibitof NOS may act as useful tools for investigataiger
biological functions of NO.

n

KEYWORDS
Nitric oxide, Bradykinin, IL$, TNF-a, Nerve growth factor, Serotonin and Histamine.

Author for Correspondence: INTRODUCTION *#

NO is a key inter and intra molecular messenger
Garlapati Usha kiran, synthesized by NOS from L-arginine and molecular
Nova College of Pharmaceutical Education and oxygen, which is involved in a number of
Research, Ibrahimpatnam, physiological and pathological process in
Vijayawada, Andhra Pradesh, India. mammalians i.e., maintenance of vascular tone,

neuronal signaling and host response to infection.
Ema" Surendrapharma3@gmai|_Com Thl‘ee Stl‘uctura”y d|St|nCt ISOfOI’mS Of NOS have

been identified:

Available online: www.uptodateresearchpublicatiomc September - October 418



Garlapati Usha Kiran and Chinta Srikanth. / International Journal of Research in Pharmaceutical and Nano Sciences. 3(5), 2014, 418 - 428.

Neuronal (nNOS)-Type-| Formation

Endothelial (eNOS)-Type-IlI L-arginine nNOS, eNOS and iINOS—»
Inducible (iNOS)-Type-II L-Citrulline + NO.
NO is synthesized enzymatically from L-arginine Decomposition
via a five electron transfer process in numerous NO - Degrades rapidiy—» NONG; .

tissues and cell types by these three distincbisus The objectives of the present work is

of the enzymes, NOS. Two of these isoforms are « To evaluate anti inflammatory activity of the
constitutive, predominant in the vascular novel L-arginine analogs by Rat paw oedema
endothelium (eNOS Type-lll) and in the nervous method.

system (NNOS Type-1). Under normal physiological « To evaluate the analgesic activity by writhing
conditions, these constitutive forms of NOS gereerat test in mice.

low transient levels of NO (picomolar to nanomolar « To evaluate the antipyretic activity by using
concentrations) in response to increase in intra antipyretic testing in rats.

cellular concentration. These low levels of NOtact « To evaluate thén vitro anti-oxidant activity of
regulate  blood pressure, platelet adhesion,  those compounds that exhibited high % activity.
gastrointestinal motility, bronchomotor tone and

neurotransmission MATERIAL AND METHODS 56

The expression of the third isoform (iNOS Type-Il) Lijst of chemicals:

is induced by endotoxin and /or cytokines and . Carrageenan-Sigma

generates high sustained levels of NO (up to. pgrewers yeast-local market

micromolar concentrations). These elevated levels 0 ,  |acial acetic acid-Sd fine

N(ﬁ Iam: r_es_tjltingd FO de(;iVEd metactl)(_)lit;s uca;:se  Ibuprofen, Paracetamol-Dr.Reddy’s laboratories
cefiuiar foxicily and tissue damage and 1S thoug Thiobarbituric acid (TBA)-Sd fine

contribute to the pathophysiology of a number of . . , .
human diseases viz., inflammation, rheumatoid Trlcr_lloro gcetlc ac_ld (TCA.)-Sd fine
Sodium nitroprusside-Sd fine

arthritis and septic shock). Although nNOS mediates * e _ _

several physiological functions, over production of * N-napthyl ethylenediamine dihydrochloride-Sd

NO by nNOS has also been reported in a number of ~ fINe , '

clinical disorders including convulsions, pain, ° 1-1-diphenyl 1-2-picrylhydrazyl (DPPH)-Sigma.

schizophrenia and neurodegenerative disorders like Gress reagent

Alzheimer's and Parkinsorf's * Sulphanilamide:4 g

Lipids are the most susceptible targets for the fre * N-napthyl ethylene diamine:0.2 g

radical attack. NO because of its free radicalmatu * 10% orthophosphoric acid: 10 ml

though not too reactive, reacts rapidly with  Diluted up to 100 ml with distilled water.

superoxide and damages cell by producing Instruments

extremely reactive peroxynitrite and its conjugate « Systronic UV-VIS-spectrophotometer.

acid (ONOOH-) which are the major sources for « REMI centrifuge machine.

lipid peroxidation and cellular damage. In biolagic  « pH meter.

membranes extensive lipid peroxidations causes Experimental animals’

alteration in fluidity, fall in membrane potential, Male albino rats weighing (120-150 g) and male

increases permeability to ions and eventually ngtu albino mice weighing (18-25 g) were used for the

leading to release of cell organelles such as evaluation of pharmacological activities. They were

lysosomal hydrolytic enzymes (Figure No.1). kept in polypropylene cages at 25+ 20 C, with
relative humidity of 45-55% under 12 hours light
and dark cycles. All the animals were acclimatized
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to the laboratory conditions for a week before use. Analgesic activity

They were fed with standard animal feed (Lipton Writhing test in mice

India) and water ad libitum. Pain is induced by injecting irritants into the
Acute toxicity studie$ peritoneal cavity of mice. 0.1 ml of a 0.6% soluatio
Acute oral toxicity study was performed as per of glacial acetic acid is injected intraperitongatib
OECD-423 guide lines (acute toxic class method), mice with a weight between 18-25 g.

(Ecobichon, 1997). Male albino rats (n=6) were Test animals were divided into groups of 6 animals
selected by random sampling techniques were usedeach and subjected to fasting over night. Test or
for acute toxicity study. The animals were subjdcte standard drugs were administered at various
to fasting overnight providing only water, after pretreatment times prior to acetic acid
which the drugs were administered orally at dose of administration. The mice are placed individuallyain
5mg/kg body weight by gastric intubation and glass beaker and five minutes are allowed to elapse
observed for 14 days. If mortality was observe@ in The mice were then observed for a period of ten
out of 3 animals, then the dose administered was minutes and the numbers of wriths were recorded for
assigned as toxic dose. If mortality was not each animal. For scoring purposes, a writh is
observed, the procedure was repeated for furtherindicated by stretching of the abdomen with
higher doses such as 50, 300 and 2000mg/kg bodysimultaneous stretching of at least one hind limb.

weight. The formula for computing % inhibition is as
Anti inflammatory activity follows:
Paw edema method*° % inhibition = avg., writhes in control — avg.,

Paw edema was induced by injecting 0.1 ml of 1% writhes intest X 100

carrageenan in physiological saline into the Writhes in control

subplantar tissues of the left hind paw of each rat Those drugs which inhibit writhing more than 70%
1% carrageenan solutions were prepared 24 hourswere considered to be good activity and those with
before the experiment. Male albino rats weighing less than 70% inhibition were considered to have
150-180 g were divided into groups of 6 animals minimal activity.

each and subjected to fasting over night. The Antipyretic activity 1113

control, standard and the test drugs at a dose ofTesting in rats

100mg/kg body weight were administered to the The subcutaneous injection of Brewer's yeast
animals 1 hour before carrageenan could be injectedsuspension is known to produce fever in rats.

into the hind paw of the animals. One hour afted or A 15% suspension of Brewer’s yeast in 0.9% saline
administration the rats were challenged by an was prepared. Groups of 6 rats each were used. The
intraplantar injection of 0.05 ml of 1% solution of temperatures were recorded by insertion of a
carrageenan into the plantar side of the left hind thermocouple to a depth of 2cm into the rectum. The
paw. The paw was marked with ink at the level of initial temperatures were recorded. The animals
the lateral malleous and immersed into the were fevered by injection of 10 ml/kg of Brewer's
instrument i.e., the plethysmometer the paw volume yeast suspension simultaneously in the back below
was measured immediately after intraplantar the nape of the neck. Immediately after
injection of carrageenan. administration food is withdrawn 18 hours post
From then on graded increase in the paw volume challenge. The rise in temperature was recorded the
was noted at regular intervals of 30, 60, 120 &8@ 1 animals with a body temperature of at least 380 C
minutes. The increase in paw volume in the test were taken into the test. The test and control were
group is compared to that of the standard and administered orally. Rectal temperatures were
control. recorded at 30, 60, 120 and 180 minutes post dosing
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In vitro Antioxidant studies vitro using DPPH radical. Solutions of various drugs
Assay for NO scavenging activity at different concentrations of 25, 50, 75, 100 and
Sodium Nitroprusside (10 uM) in phosphate buffer 125 uM were added to 100 uM DPPH in ethanol
pH 7.7 was incubated with 25, 50, 75, 100 and 125 and tubes were kept at an ambient temperatures for
KM concentrations of drug dissolved in a suitable 20 minutes and absorbance was measured at 517
solvent (Dixon/methanol) and tubes were incubated nm. Positive control was used. Results were
at 25 o C for 120 minutes. At intervals, 0.5ml of expressed as means of triplicates.

incubation solution was removed and diluted with Statistical analysis

0.5ml of Griess reagent. The absorbance of the All the data were represented as means =SEM.
chromophore formed during diazotization of nitrite Statistical analysis was performed by ANOVA test
with sulphanilamide and subsequent N-napthyl for multiple comparisons followed by Bonferroni’s
ethylenediamine was measured at 546nm. test. The statistical significance was set accgglin
Interaction with stable free radical DPPH

This assay is based on the measurement of theRESULTS

scavenging ability of antioxidant test substances All results are showed in Table No-1-5 and Figure
towards the stable radical. The free radical No.2-9.

scavenging activity of the drugs was examined

Table No.1: Anti inflammatory activity of L-arginin e analogs (peptides)

Dose Time paw volume (ml) % L

S-No Compound (mg/kg) ) mean+SEM inhibition | S'gnificance
1 0.31+0.077

1 Control - 2 0.51+0.065 - -
3 0.74+0.041
1 0.125+0.004 59.6

2 Ibuprofen 100 2 0.10+£0.013 86.23 p<0.001
3 0.06+0.013. 88.48
1 0.20+0.023 35.48

3 2 100 2 0.32+0.037 37.25 NS
3 0.49+0.068 23.78
1 0.39+0.065 23.52

4 3 100 2 0.19+0.041 38.7 p<0.001
3 0.30+0.120 59.45
1 0.27+0.053 59.6

5 4 100 2 0.42+0.054 86.23 p<0.001
3 0.52+0.053 88.48
1 0.29+.060 6.4

6 5 100 2 0.38+.058 25.4 NS
3 0.52+.050 29.7
1 0.1940.056 38.7

7 7 100 2 0.32+0.072 37.25 p<0.001
3 0.51+0.029 31.08
1 0.32+.039 37.25

8 9 100 2 0.19+.048 38.7 p<0.001
3 0.38+.043 48.65
1 0.29+.005 63.14

9 11 100 2 0.125+.05 75.4 p<0.001
3 0.07+.031 77.4

NS: Not significant
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Table No.2: Anti inflammatory activity of L-arginin e analogs (imidazoles)

S.No Compound (rr?g;)lskZ) TELn)e pamg;rlliggl\(ﬂml) % inhibition Significance
1 0.31+0.077
1 Control 2 0.51+0.065 - --
3 0.74+0.041
1 0.125+0.004 59.6
2 Ibuprofen 100 2 0.10+0.013 86.23 p<0.001
3 0.06+0.013. 88.48
14 1 0.06+.013 79
3 100 2 0.26+.101 48.03 NS
3 0.46+.087 37.8
15 1 0.39+.092 47.29
4 100 2 0.115+.032 77.45 p<0.001
3 0.08+.034 725
16 1 0.047+.020 84.83
5 100 2 0.15+.031 70.58 NS
3 0.45+.094 39.18
17 1 0.09+.005 70.96
6 100 2 0.25+.050 50.98 p<0.001
3 0.46+.025 37.8
1 0.09+.021 70.96
7 20 100 2 0.20+.016 60.78 p<0.001
3 0.36+.069 51.35
1 0.017+.008 945
8 21 100 2 0.07+.014 86.27 p<0.001
3 0.16+.025 78.37
NS: Not significant
Table No.3: Analgesic activity of L-arginine analog
S.No Compound Dose (mg/kg)| No. of wriths (meantSEM) % lhibition | Significance
1 Control 66.33+2.29
2 Ibuprofen 100 37.33+x2.41 43.72 p<0.001
3 3 100 29.33+1.82 55.78 p<0.001
4 9 100 38.33+£1.86 41.4 p<.001
5 11 100 52.33+3.93 21.1 NS
6 15 100 42+2.29 36.68 p<.001
7 20 100 48.51£1.74 26.8 p<.001
8 21 100 45.16+3.63 31.9 NS
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Table No.4:1n vitro free radical scavenging effect of L-arginine analgs by nitric oxide scavenging

method
Concentration (LM)
S.No Compounds % scavenging (Meant SEM) of triplicates
25 50 75 100 125
1 Standard 79.11+0.246*| 82.45+0.103t 84.67+0.262'91.95+0.108*| 96.49+0.088}
2 3 13.82+0.352% 15.54+0.456* 24.65+0.41083.44+0.080*| 44.69+0.205}
3 9 12.66+0.669% 22.69+0.726* 34.36+0.04685.94+0.456*| 39.18+0.563}
4 11 66.26+0.7867 69.64+0.372* 85.86+0.46287.48+0.163*| 92.9+0.317%
5 15 24.3+0.104*| 36.0+0.489% 49.87+0.220%70.99+0.752*| 72.26+0.182F
6 20 2.17+0.430*| 19.36+0.363* 21.47+0.27029.54+0.078*| 39.13+0.285}
7 21 19.12+0.390% 28.75+0.155* 38.19x+0.17741.48+0.275*| 43.13+0.158¢
* (P<0.001) when compared to control
Table No.5:In vitro free radical scavenging effect of L-arginine analgs by DPPH method
Concentration (UM)
S.No Compound % scavenging (Mean+ SEM) of triplicates
25 50 75 100 125
1 Standard 78.40+0.246 81.06+0.208* 85.15+0.205%9.68+0.192*| 93.35+0.198F
2 3 1.6+0.209* 4.4+0.061* 11.4+0.1867 20.55+0.09635.09+0.225*
3 9 7.58+0.309* 13.84+0.153% 18.07+0.061* 24.488K0 | 39.65+0.225*
4 11 31.04+0.052* 42.4+0.148* 44.6+£0.145* 59.398%0 | 66.7+0.242*
5 15 39.9+0.245* 44.43+0.081% 63.10+0.081* 68.3%EV* | 77.84+0.083*
6 20 15.23+0.376*| 21.33+0.0.131* 29.57+0.001* 336H86* | 42.83+0.044*
7 21 32.84+0.0.2921 44.54+0.1441 53.54+0.196* 6*6H65* | 64.9+0.068*
* (P<0.001) when compared to control
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Figure No.1: Formation, decomposition and reactify of NO
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Figure No.2: Anti inflammatory activity of L-argini ne analogs (peptides)

100

20 4 -

&0 4

0 4
5
= O Saries
£ B S
£ O sanesi
5 50 4 O Sanasd
2 B Saness

. O Sarisss

B SarizeT

30 4

x 4

10 4

a : -

1 2 3
Tims {Hours]

Seriesl: Standard; Series2: Compound-14; Series3: Compound-15;
Seriesd: Compouns-16; Series5: Compound-17; Series6: Compound-20;

Series7: Compound-21.

Figure No.3: Anti inflammatory activity of L-argini ne analogs (imidazoles)

Available online: www.uptodateresearchpublicatiomc September - October 424



Garlapati Usha Kiran and Chinta Srikanth. / International Journal of Research in Pharmaceutical and Nano Sciences. 3(5), 2014, 418 - 428.

&0
508
El
OSeries1
Series2
g 30 ;Seriesa
= OSeriesd
=
20
108
O
seres
Series]: Standard; Series2: Compound-3; Series3: Compound-9;
Seriesd: Compound-11.
Figure No.4: Analgesic activity of L-arginine anal@s (peptides)
&0
504
404
lSeries‘1
£ s B=eriess
= OSeriesd
==
204
104
u_
compBpounds

Seriesl: Standard; Series2: Compound-3; Series3: Compound-9;
Seriesd: Compound-11.

Figure No.5: Analgesic activity of L-arginine anal@s (imidazoles)

Available online: www.uptodateresearchpublicatiomc September - October 425



Garlapati Usha Kiran and Chinta Srikanth. / International Journal of Research in Pharmaceutical and Nano Sciences. 3(5), 2014, 418 - 428.

100 4

—E B Sanasi
W Sanas?
OSaniasd
O5anasd

% inhibition
a

LA

25 50 75 100 125
Concentration (micro molar)

Seriesl: Standard; Series2: Compound-3; Series3: @gpound-9; Series4:. Compound-11

Figure No.6: In vitro free radical scavenging effect of L-arginine analgs by nitric oxide scavenging
method (peptides)

100

& Sankast
W sanes?
0O Sankasd
0O Saniasd

% inhibition

25 =] 75 100 125
Concentration (micro molar)

Sriesl: Standard; Series2: Compound-15; Series3: @gound-20; Series4: Compound-21

Figure No.7:1n vitro free radical scavenging effect of L-arginine analgs by nitric oxide scavenging
method (imidazoles)

Available online: www.uptodateresearchpublicatiomc September - October 426



Garlapati Usha Kiran and Chinta Srikanth. / International Journal of Research in Pharmaceutical and Nano Sciences. 3(5), 2014, 418 - 428.

100 -

204 =

20 4 =

70 A

E Sarias1
B Sarlas2
O Sarlas3

% inhibition

Sl

2B 50 75 100 125
Concentration (micro molar)

Seriesl: Standard; Series2: Compound-3; Series3: @gpound-9; Series4. Compound-11
Figure No.8:1n vitro free radical scavenging effect of L-arginine analgs by DPPH method (peptides)

100

@ Sanas
W Sarkasl
O Sariac3
= 0O Sariasd

% inhibition

25 50 75 100 125
Concentration (micro mokar)

Sriesl: Standard; Series2: Compound-15; Series3: @Ggpound-20; Series4: Compound-21
Figure No0.9:1n vitro free radical scavenging effect of L-arginine analgs by DPPH method (imidazoles)

CONCLUSION other models of acute and chronic inflammation, the
In conclusion, the present work was carried out to ulcerogenic potential of these compounds can also
evaluate the L-arginine analogues as potent anti-be studied. Enzyme specificity of these compounds
inflammatory and analgesic agents with antioxidant can be studied by employing radio ligand binding

properties by inhibiting NOS. Effects of these studies.

compounds could be further studied by employing

Available online: www.uptodateresearchpublicatiomc September - October 427



Garlapati Usha Kiran and Chinta Srikanth. / International Journal of Research in Pharmaceutical and Nano Sciences. 3(5), 2014, 418 - 428.

ACKNOWLEDGEMENT 6. Loscazole J and Welch G. Nitric oxide and its
| thank to Prof. K.V.S.R.G. Prasad, Institute of role in the cardiovascular systemProg.
Pharmaceutical Technology, Sri Padmavathi Mahila Cardiovasc. Dls, 38(2), 1995, 87-104.
Vidyalayam for giving support for doing this 7. Nathan C. Inducible nitric oxide synthase: what

research work. difference does it makeR Clin. Invest, 100(10),
1997, 2417-2423.
CONFLICT OF INTEREST 8. Wink D A and Mitchell J B. The chemical
We declare that we have no conflict of interest. biology of nitric oxide: insights into regulatory,
cytotoxic and cytoprotective mechanisms of
REFERENCES nitric oxide, Free Radic. Biol., 25(4-5), 1998,
1. Grisham M B, David Jourd Heuil and David A. 434-456.
Wink, Physiological chemistry of nitric oxide 9. Wu C C. Nitric oxide and inflammation, 113(4),
and its metabolitesAm. J. Physiol. Gastrointest 2004, 427-437.
Liver Physiol, 276(2Pt1), 1999, 315-321. 10.Francois Feihl, Mauro Oddo, Bernard Waeber
2. Ignarro L J. Biosynthesis and metabolism of and Lucas liaudit. Inhibitors of nitrogen oxide
endothelium derived nitric oxideAnnu. Rev. species production in animal models of
Pharmacol. Toxicol, 30, 1990, 535-560. inflammation and future directions for therapy in
3. Moncada S, Palmer R M J and Higgs E A. inflammatory disorders, 3(3), 2004, 239-259.
Pathophysiology and Pharmacolo§armacol. 11.Salvatore Cuzzocrea. Effects of inhibitors of
Rev, 43(2), 1991, 109-142. nitric oxide in animal models and future
4. Grisham M B, Ceranger D N, Neil D and Lefer directions for therapy in inflammatory disorders,
D J. Modulation of leukocyte-endothelial 141(6), 2004, 979-987.

interactions by reactive metabolites of oxygen 12.Furchgott R F, Zawadzki J V. The obligatory
and nitrogen: relevance to ischemic heart role of endothelial cells in the relaxation of

diseaseFree Radic. Biol, 25(4-5), 1998, 404- arterial smooth muscleNature, 288(5789),
433. 1980, 373-376.

5. Hierholzer C, Harbrecht B, Menezes J M, Kane 13.Pfeiffer S, Mayer B, Hemmens B. Nitric oxide
J, Mac Micking J, Nathan C F, Peitzman A B, chemical puzzles posed by a biological
Billiar T R and Tweardy D J. Essential role of messengerAngew. Chem., Int. Ed, 38, 1999,
induced nitric oxide in the initiation of the 1714-1731.

inflammatory response after hemorrhagic shock,
J. Exp. Med, 187(6), 1998, 917-928.

D

Please cite this article in press asGarlapati Usha Kiran and Chinta SrikantBvaluation of novel I-argingn
analogs for anti-inflammatory and related actigtieternational Journal of Research in Pharmaceutical and Nano
Sciences, 3(5), 2014, 418-428.

Available online: www.uptodateresearchpublicatiomc September - October 428



