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Design and synthesis of tryptophan
containing peptides as potential analgesic
and anti-inflammatory agents
R. Suhas and D. Channe Gowda*
A new series of smaller peptides with tryptophan at C-terminal and varying N-protected amino acids/peptides were designed,
synthesized and characterized by analytical and spectroscopic techniques. Analgesic and anti-inflammatory properties of
these peptides were carried out in vivo using tail-flick method and carrageenan-induced paw edema method, respectively,
at different doses and different time intervals. Most of the peptides synthesized displayed enhanced activity, and particularly
tetra and hexapeptides 29–31 were found to be even more potent than the reference standards used. Moreover, some peptides
have exhibited promising activity even after 24h of administration, whereas the reference standards were active only up to 3h.
Further, the compounds did not present any ulcerogenic liability. Copyright © 2012 European Peptide Society and John
Wiley & Sons, Ltd.
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Introduction

Inflammation is a reaction of a part of the body to injury or infec-
tion, characterized by swelling, heat, redness and pain. Non-
steroidal anti-inflammatory drugs are among the most widely
prescribed drugs worldwide [1]. Through their anti-inflammatory,
antipyretic and analgesic activities, they represent a choice of
treatment in various inflammatory diseases such as arthritis,
rheumatisms as well as to relieve the aches and pain of everyday
life [2]. However, their use is often limited by the side effects they
produce, particularly in the gastrointestinal tract and the kidney
[3]. Hence, the search for new therapeutic agents with high
degree of safety and freedom from normally associated gastrointes-
tinal toxic effects such as ulceration, hemorrhage and perforation
has been a priority of chemists and pharmacologists [4].

The discovery of indomethacin [5] as a successful agent for
clinical treatment on anti-inflammatory disorders has led to the
exploration of indole moiety to obtain better anti-inflammatory
agents. In particular, tryptophan (Trp) is an essential amino acid
and as such is a constituent of most proteins; it also serves as a
biosynthetic precursor for a wide variety of indole-containing
metabolites, which are involved in a large and essential number
of physiological functions [6]. Furthermore, the indole nucleus
has been reported as a common dominator of psychotropism
and is of great value in the field of medicine and biochemistry
[7,8]. This nitrogen heterocycle and its derivatives have occupied
a unique place in chemistry because of its varied biodynamic
properties such as anti-inflammatory [9,10], anticancer [11,12],
antidepressant [13], antimicrobial [14,15], antidiabetic [16] and
antimalarial [17].

Several researchers have shown that N-Fmoc amino acids exert
anti-inflammatory activity by recruitment of neutrophils into the
inflammatory site [18–20]. In addition, these compounds also
increased intracellular Ca2+ concentrations in Madin Darby
535–540
canine kidney renal tubular cells [21]. These agents do not act
by inhibiting lipid metabolic enzymes. They are not steroids,
nor do they increase the circulating levels of endogenous gluco-
corticoids. Instead, they block recruitment of neutrophils into
inflammatory lesions and, when studied in vitro, inhibited T-cell
activation [19].

Led by the previous facts and coupled with our ongoing
project aimed at investigating new bioactive molecules derived
from amino acid/peptide conjugates [22–26], the present work
involves the synthesis of a series of smaller peptides with Trp at
the C-terminal as common entity and varying different protected
amino acids/peptides at the N-terminal (Figure 1).
Materials and Methods

General

All the amino acids used except glycine were of L-configuration
unless otherwise mentioned. All amino acids, EDCI, HOBt and
TFA were purchased from Advanced Chem. Tech. (Louisville,
Kentucky, USA). IBCF and NMM were purchased from Sigma
Chemical Co. (St. Louis, MO). All solvents and reagents used for
the synthesis were of analytical grade. Silica gel (60–120mesh) for
column chromatography was purchased from Sisco Research
Copyright © 2012 European Peptide Society and John Wiley & Sons, Ltd.
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Figure 1. Design of C-terminal indole moiety containing peptides.
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Laboratories Pvt. Ltd., (Mumbai, India). The progress of the reac-
tion was monitored by TLC using silica gel coated on glass plates
with the solvent system comprising chloroform/methanol/acetic
acid in the ratio 95 : 5 : 3 (Rf

a)/90 : 10 : 3 (Rf
b). The compounds on

TLC plates were detected by iodine vapors. Melting points were
determined on a Thomas Hoover melting point apparatus and
are uncorrected. All the HPLC analyses were performed with
Lachrom-2000 (USA) Merck-Hitachi L7100 pump with a column
of RP18.250–4mm and UV detector-UV-VISL 7400. 1H NMR spec-
tra were obtained on 400MHz instrument using CDCl3, and

13C
NMR spectra were recorded in DMSO-d6 using Varian 100MHz
instrument (Palo Alto, CA, USA). The chemical shifts are reported
as parts per million (d ppm) using TMS as an internal standard.
Electrospray ionization mass spectrometry was performed on a
Bruker electrospray mass spectrometer. Elemental analysis was
performed using Vario EL III Elementar (Germany) and the values
are within �0.4% of the calculated ones.

Chemistry

General procedure for the coupling of Y-NH-Xaa-OH where Y= Fmoc,
Z, Boc; Xaa=Gly, Pro, Phe, Lys(Boc), His(Trt), Glu(OBut), GFG, GVGVP
and GFGFP with HCl�H-Trp-OMe (7)

To Y-NH-Xaa-OH (0.005mol) and HOBt (0.765 g, 0.005mol)
dissolved in DMF (10ml/g of compound) and cooled to 0 �C was
added NMM (0.55ml, 0.005mol). EDCI (0.956 g, 0.005mol) was
added under stirring while maintaining the temperature at 0 �C.
The reaction mixture was stirred for 10min, and a pre-cooled solu-
tion of HCl�H-Trp-OMe (1.274 g, 0.005mol) and NMM (0.55ml,
0.005mol) in DMF (13ml) was added slowly. After 20min, pH of
the solution was adjusted to 8 by the addition of NMM, and the
reaction mixture was stirred over night at room temperature.
DMF was removed under reduced pressure, and the residue was
poured into about 200-ml ice-cold 90% saturated KHCO3 solution
and stirred for 30min. The precipitated peptide was taken into
CHCl3 and washed with 5% NaHCO3 solution (2� 30ml), water
(2� 30ml), 0.1N cold HCl solution (2� 30ml) and finally brine
solution (2� 30ml). The CHCl3 layer was dried over anhydrous
Na2SO4, and the solvent was removed under reduced pressure.
The products (8–19) so obtained were recrystallized from ether/
petroleum ether.

General procedure for the hydrolysis of methyl esters of 8–19

Each peptide (8–19) (0.003mol) was hydrolysed in methanol
(10ml/g of peptide) using cold solution of 1N NaOH (15ml) for
2 h. The completion of the reaction was monitored by TLC, solvent
was evaporated, cooled, neutralized with cold 1N HCl, extracted
with CHCl3, washed with 1N HCl followed by water and dried over
anhydrous Na2SO4. The solvent was removed under pressure and
wileyonlinelibrary.com/journal/jpepsci Copyright © 2012 European Pe
triturated with ether, filtered, washed with ether and dried to
obtain carboxyl free peptides as hygroscopic foam (20–31).

Pharmacology

For analgesic activity, healthy adult Swiss albino mice of either
sex weighing 25–30 g were used. For anti-inflammatory activity,
healthy adult wistar rats of either sex weighing between 75–125g
were used. Ibuprofen and indomethacin served as reference
standards for analgesic and anti-inflammatory activities, respec-
tively. All the animals were maintained as per the norms of the
Committee for the Purpose of Control and Supervision of Experi-
ments on Animal (CPCSEA), and the study protocols were
approved by CPCSEA and Institutional Animal Ethics Committee
constituted for the purpose. The significant difference between
groups was statistically analyzed by one-way ANOVA followed by
Dunnett’s t-test.

Analgesic activity

The analgesic activity of the synthesized compounds was deter-
mined by the standard tail immersion method in mouse [27,28].
Albino mice of either sex weighing 25–30 g were divided into
groups of five animals each. At intervals, the mouse was held
so that its tail was totally immersed in a bath at the temperature
of 55� 5 �C. The time until the typical reaction – a violent jerk of
the tail was recorded and noted as the basal reaction time. The
animals were administered orally with control (DMSO), test
compounds (20–31, 24a, 29a) and ibuprofen (standard) at a dose
of 100mg/kg body weight. The compounds that showed potent
activity at 100mg/kg body weight were treated with low dosage
such as 25mg/kg and 50mg/kg body weight. Time taken for tail
withdrawal response was recorded at 30min, 1, 2, 3, 4 and 24 h
after administering the compounds. Increase in reaction time
(interval for withdrawal of tail by the animal) was considered
as an analgesic activity. The percentage analgesic activity was
calculated by using the formula,

%Analgesic activity ¼ T2 � T1
80� T1

� �
� 100

where T1 is reaction time before treatment, T2 is reaction time
after treatment and 80 is the cut-off time.

Potency of the tested compounds was calculated relative to
ibuprofen ‘reference standard’ treated group according to the
following equation.

Potency ¼ %analgesic activity of test compound treated group

%analgesic activity of ibuprofen treated group

� �

Anti-inflammatory activity

The anti-inflammatory activity was evaluated using carrageenan-
induced rat hind paw edema method [29]. The animals fasted for
24 h were divided into control, standard and test groups each
consisting of five rats. The first group of rats was treated with
DMSO (control), second group was administered orally with a
dose of 100mg/kg of indomethacin (standard), and test groups
(20–31, 24a, 29a) were treated with 100mg/kg of test
compounds orally. The compounds that showed potent activity
at 100mg/kg body weight were treated with low dosage such
as 25mg/kg and 50mg/kg body weight. After 30min, the animals
were injected subcutaneously with 0.1ml of freshly prepared
suspension of carrageenan solution (1% in 0.9% saline) into the
ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2012; 18: 535–540



i. IBCF/ HOBt, NMM

ii. HCl/ dioxane 

iii. IBCF, NMM

iv. HCOONH4/ 10% Pd-C

Scheme 1. Schematic representation of the synthesis of Boc-GFG-OH,
Boc-GVGVP-OH and Boc-GFGFP-OH.

Scheme 2. Coupling of N-protected amino acids/peptides to 7 and
saponification where Y= Boc, Fmoc, Z; Xaa =Gly, Pro, Phe, Lys(Boc), His
(Trt), Glu(OBut), GFG, GFGFP, GVGVP. Include the reagents and conditions
here which is found below.

SYNTHESIS OF TRYPTOPHAN CONTAINING PEPTIDES
subplantar region of the right hind paw of rats. The volume of
hind paw was measured using vernier calipers both in control
and in animals treated with standard and test compounds at
30min, 1, 2, 3, 4 and 24 h after carrageenan challenge. The initial
paw volume was measured within 30 s of the injection. The anti-
inflammatory activity was expressed as a percentage inhibition
of the inflammation in treated animals in comparison with the
control group [30].

%inhibition of edema ¼ 1� Vt
Vc

� �
� 100

where Vc and Vt are the mean relative changes in the volume of
paw edema in the control and test-treated groups, respectively.

Potency of the tested compounds was calculated relative to
indomethacin ‘reference standard’ treated group according to the
following equation.

Protency ¼ %edema inhibition of test compound-treated group

%edema inhibition of indomethacin-treated group

� �

Ulcerogenic activity

Adult albino rats of either sex were fasted 24h prior to the admin-
istration of compounds. Water was allowed ad libitum to the
animals. The compounds (which have shown promising anti-
inflammatory activity) and indomethacin were given orally and
the animals sacrificed 8h after treatment. The stomach, duodenum
and jejunumwere removed and examined with a hand lens for any
evidence of (i) shedding of epithelium (ii) red spots below skin and
bleeding and (iii) erosion or discrete ulceration with or without
perforation. The presence of any one of these was considered to
be an evidence of ulcerogenic activity [31].

Results and Discussion

Chemistry

The peptides Boc-GFG-OBzl, Boc-GVGVP-OBzl and Boc-GFGFP-OBzl
were synthesized by solution phase approach using inexpensive
IBCF/HOBt as coupling agent and NMM as base (Scheme 1). Trp
was converted to its methyl ester using SOCl2/MeOH, and its forma-
tion was confirmed by 1H NMR, which showed absence of�COOH
peak and the presence of a methyl ester peak at d 3.52. Further, this
compound was used for coupling with various N-protected amino
acids/peptides using EDCI/HOBt as coupling agent and NMM as
base (Scheme 2). All the products obtained presented characteristic
1H NMR signals for COOMe, aCH, NH and indole-NH at ~ d 3.50, 4.00,
8.00 and 10.90, respectively. The analytical and spectroscopic data
of the peptides (1–3/8–19) are provided in the supporting informa-
tion. Further, all the peptides synthesized were confirmed by mass
Comp. No. Sequence

8/20 Fmoc-Gly-Trp-OMe/OH

9/21 Fmoc-Pro-Trp-OMe/OH

10/22 Fmoc-Phe-Trp-OMe/OH

11/23 Fmoc-Lys(Boc)-Trp-OMe/OH

12/24 Fmoc-His(Trt)-Trp-OMe/OH

13/25 Z-Gly-Trp-OMe/OH

J. Pept. Sci. 2012; 18: 535–540 Copyright © 2012 European Peptide Society a
spectra and elemental analysis, which are in good agreement with
their structure.

Reagents and conditions: (a) SOCl2/MeOH, reflux, 4–5 h (b)
EDCI/HOBt/NMM, 0 �C, overnight at rt (c) 1 N NaOH/MeOH, 0 �C,
2 h at rt.
Comp. No. Sequence

14/26 Z-His(Trt)-Trp-OMe/OH

15/27 Boc-Gly-Trp-OMe/OH

16/28 Boc-Glu(OBut)-Trp-OMe/OH

17/29 Boc-Gly-Phe-Gly-Trp-OMe/OH

18/30 Boc-Gly-Phe-Gly-Phe-Pro-Trp-OMe/OH

19/31 Boc-Gly-Val-Gly-Val-Pro-Trp-OMe/OH

nd John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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Pharmacology

Analgesic and anti-inflammatory activities

Analgesic and anti-inflammatory activities of the synthesized
compounds were determined in vivo by tail-flick method in mice
and acute carrageenan-induced paw edema method in rats,
respectively, at a dose of 100mg/kg body weight (Figures 2 and
3). The analgesic and anti-inflammatory properties were recorded
at successive time intervals of 30min, 1, 2, 3, 4 and 24h and
compared with that of ibuprofen and indomethacin, respectively,
which were used as reference standards. When N-protected amino
acids/peptides alone (without Trp-OMe) were subjected to analge-
sic and anti-inflammatory activities, they showed ~10% and 20%
activity at 3-h interval, respectively. Hence, we intended to include
different amino acids/peptides at Xaa region of the designed
analogs (Figure 1). It was noted that the presence of methyl ester
at the C-terminal of the peptides did not present significant results.
Hence, methyl ester of the peptides was removed to obtain
corresponding free acid, which were used for the activity. From
the results, it was observed that the test compounds revealed
significant analgesic and anti-inflammatory properties.
Among the N-Fmoc containing dipeptides such as Gly (20), Pro

(21), Phe (22), Lys(Boc) (23) and His(Trt) (24), compound 24 has
shown high activity, which could be due to aromaticity of His
as well as trityl group, acid–base character and H-binding affinity
of His. This is followed by Lys(Boc). This observation suggested
Figure 2. Diagramatic representation of the analgesic activity of the compo

Figure 3. Diagramatic representation of the anti-inflammatory activity of th

wileyonlinelibrary.com/journal/jpepsci Copyright © 2012 European Pe
that basic amino acids have pronounced effects on the activity
[18], whereas the other Fmoc amino acids have shown moderate
results. In contrast, when an acidic amino acid, i.e. Glu(OBut) (28)
was present, it resulted in lower activity.

In this context, we thought of replacing Fmoc by Z and Boc
groups, which are also important in peptide synthesis. It was
observed that there was a slight loss in the activity when Fmoc
was replaced by Z. This could be due to the presence of strong
aromatic fluorene ring in Fmoc when compared with the
presence of benzene in Z. Further decrease in the activity was
observed when Fmoc was replaced by aliphatic Boc. This observa-
tion was supported by His(Trt) (24> 26) and Gly (20> 25> 27)
containing peptides, i.e. Fmoc> Z> Boc. This fact revealed that
aromatic groups at the N-terminus play a major role. Further, to
obtain insight into the essentiality of protecting group at the N-
terminus, Boc of compound 29 was treated with TFA to obtain
29a, which resulted in decreased activity. This fact revealed that
substitution at the N-terminal is essential. Thus, structure–activity
relationships based on the observed data explain that the sub-
stitution at N-terminus has a significant role in developing the
pharmacological activities.

In this perspective, our next goal was to extend the length of
the peptide chain. It was noticed that increasing the peptide
chain length increased the pharmacological profile of the synthe-
sized peptides [23,24]. This fact is substantiated by the evidence
that the tetrapeptide GFGW (29) has exhibited 65% activity,
unds.

e compounds.

ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2012; 18: 535–540



Figure 6. Comparative diagramatic representation of analgesic activity
of the compounds at different time intervals.

SYNTHESIS OF TRYPTOPHAN CONTAINING PEPTIDES
whereas the hexapeptides have shown 71–73% activity. Further-
more, among the hexapeptides, GVGVPW (31) has demonstrated
better therapeutic activity over GFGFPW (30), although the latter
contains more hydrophobic Phe units. Subsequently, we focused
our attention on the importance of side-chain protecting groups.
When trityl group of compound 24 was removed, it resulted
in the decreased activity (24a). This highlighted the necessity
of the side-chain protecting group in exerting better pharma-
cological properties.

The activity of the most potent compounds was further
challenged through reduced doses such as 25 and 50-mg/kg body
weight, which is in accordance with the literature [6]. It was
observed that 100-mg/kg body weight is required to exhibit potent
activity (Figures 4 and 5). The synthesized peptides have exhibited
maximum reduction in the paw volume at 3-h interval and
decreased further (from 4h). This implies that the peptides can
act against the inflammatory lesions produced and render protec-
tion up to 3 h from the time of administration. On the other hand,
an additional impetus to the present investigation is that some of
the synthesized peptides showed better results than the reference
standards even after 24 h of administration (Figures 6 and 7), i.e.
peptides have the ability to provide protection and act as better
pharmacological agents compared with the available compounds
in the market. A possible explanation for this observation would
Figure 4. Diagramatic representation of the analgesic activity of the
potent compounds at different doses at 3-h interval.

Figure 5. Diagramatic representation of the anti-inflammatory activity of
the potent compounds at different doses at 3-h interval.

Figure 7. Comparative diagramatic representation of anti-inflammatory
activity of the compounds at different time intervals.

J. Pept. Sci. 2012; 18: 535–540 Copyright © 2012 European Peptide Society a
be a better biocompatibility and bioavailability in the case of the
peptides and also amino acids [32,33].

Ulcerogenic activity

Considering the potent compounds of the series, they were
studied for ulcerogenic activity. The result clearly showed that the
compounds were less ulcerogenic and devoid of any evidences of
shedding of epithelium/red spots below skin/bleeding/erosion
and so on.
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Conclusion

In short, for the first time, we have developed a novel series of
peptides, which demonstrated significant pharmacological
properties. It was found that Fmoc group is essential for exerting
potent activity. Also, presence of bulky protecting groups at the
side-chain of the amino acids has a role in exhibiting the activity.
This study revealed that the activity is dose as well as time depen-
dent. The compounds showed highest activity at 3-h interval and
gradually decreased, which is in correlation with the standards
used. On the other hand, some peptides have exhibited promis-
ing activity even after 24 h of treatment, whereas the reference
standards were active only up to 3 h. Further, as the length of
the peptide chain increases, activity also increases. This article
also reports that peptides containing Z/Boc groups at the
nd John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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N-terminus have shown moderate activity. Several peptides viz.,
24, 29, 30 and 31 exhibited excellent therapeutic profile with
no ulcerogenic liability. Hence, these may serve as lead pharma-
cophores for further studies.

Acknowledgements

One of the authors, R. S., gratefully acknowledges Lady Tata
Memorial Trust, Mumbai for the award of Research Scholarship.
Also, the authors would like to thank Central Animal Facility,
University of Mysore, Mysore for extending the support to carry
out the pharmacology experiments.

References
1 Fiorucci S, Meli R, Bucci M, Cirino G. Dual inhibitors of cyclooxygenase

and 5-lipoxygenase. A new avenue in anti-inflammatory therapy?
Biochem. Pharmacol. 2001; 62: 1433–1438.

2 Garavito RM. The cyclooxygenase-2 structure: new drugs for an old
target? Nat. Struct. Biol. 1996; 3: 897–901.

3 Fosslien E. Adverse effects of non-steroidal anti-inflammatory drugs
on the gastrointestinal system. Ann. Clin. Lab. Sci. 1998; 28: 67–81.

4 Mattison N, Trimple AG, Lasagna I. New drug development in the
United States, 1963 through 1984. Clin. Pharmacol. Ther. 1988; 43:
290–301.

5 Rani P, Srivastava VK, Kumar A. Synthesis and anti-inflammatory
activity of heterocyclic indole derivatives. Eur. J. Med. Chem. 2004;
39: 449–452.

6 Munn DH, Zhou M, Attwood JT. Prevention of allogeneic fetal
rejection by tryptophan catabolism. Science 1998; 281: 1191–1193.

7 Girgis AS. Regioselective synthesis and stereochemical structure of
anti-tumor active dispiro[3H-indole-3,20-prrrolidine-30,300-piperidine]-
2(1H),400-diones. Eur. J. Med. Chem. 2009; 44: 1257–1264.

8 Radwan MAA, Ragab EA, Sabry NM, El-Shenawy SM. Synthesis and
biological evaluation of new 3-substituted indole derivatives as
potential anti-inflammatory and analgesic agents. Bioorg. Med. Chem.
2007; 15: 3832–3841.

9 Shen TY, Windholz TB, Rosegay A, Witzel BE, Wilson AN, Willett JD,
Holtz WJ, Ellis RL, Matzuk AR, Lucas S, Stammer CH, Holly FW, Sarett
LH, Risley EA, Nuss GW, Winter CA. Non-steroidal anti-inflammatory
agents. J. Am. Chem. Soc. 1963; 85: 488–489.

10 Olgen S, Akaho E, Nebioglu D. Synthesis and receptor docking studies
of N-substituted indole-2-carboxylic acid esters as a search for COX-2
selective enzyme inhibitors. Eur. J. Med. Chem. 2001; 36: 474–770.

11 Owa T, Okauchi T, Yoshimatsu K, Sugi NH, Ozawa Y, Nagasu T,
Koyanagi N, Okabe T, Kitoh K, Yoshino H. A focused compound library
of novel N-(7-indolyl)benzene sulfonamides for the discovery of potent
cell cycle inhibitors. Bioorg. Med. Chem. Lett. 2000; 10: 1223–1226.

12 Skibo EB, Xing C, Robert T. Aziridinyl quinone antitumor agents based on
indoles and cyclopent[b]indoles: structure�activity relationships for
cytotoxicity and antitumor activity. J. Med. Chem. 2001; 44: 3545–3562.

13 Matzen L, van Amsterdam C, Rautenberg W, Greiner HE, Harting J,
Seyfried CA, Bottcher H. 5-HT reuptake inhibitors with 5-HT1B/1D
antagonistic activity: a new approach toward efficient antidepressants.
J. Med. Chem. 2000; 43: 1149–1157.

14 Khan RH, Rastogi RC. Condensed heterocycles: synthesis and antifungal
activity of pi-deficient pyrimidines linked with pi-rich heterocycles.
J. Agri. Food Chem. 1991; 39: 2300–2303.

15 Gil C, Schwogler A, Brase S. The synthesis of 3-substituted 6-aryl-3
H-benzo[a][1,2,3]triazinones using polymer-bound triazenes. J. Comb.
Chem. 2004; 6: 38–42.
wileyonlinelibrary.com/journal/jpepsci Copyright © 2012 European Pe
16 Wang Z, Yuan Y, Chen Y, Sun G, Wu X, Zhang S, Han C, Wang G, Li L,
Liu G. Parallel solution-phase synthesis of 4H-benzo[1,4]thiazin-3-one
and 1,1-dioxo-1,4-dihydro-2H-1l6-benzo[1,4]thiazin-3-one derivatives
from 1,5-difluoro-2,4-dinitrobenzene. J. Comb. Chem. 2007; 9: 652–660.

17 Ta S, Li C, Li G, Cao L, Shao Q, Zhou D, Jiang B, Zhou J, Xia M. Microwave-
assisted combinatorial synthesis of polysubstituent imidazo[1,2-a]
quinoline, pyrimido[1,2-a]quinoline and quinolino[1,2-a]quinazoline
derivatives. J. Comb. Chem. 2007; 9: 1144–1148.

18 Yen CT, Hwang TL, Wu YC, Hsieh PW. Design and synthesis of new N-
(fluorenyl-9-methoxycarbonyl) (Fmoc)-dipeptides as anti-inflammatory
agents. Eur. J. Med. Chem. 2009; 44: 1933–1940.

19 Burch RM, Weitzberg M, Blok N, Muhlhauser R, Martin D, Farmer SG,
Bator JM, Connor JR, Green M, Ko C, Kuhn W, McMillan BA, Raynor
M, Shearer BG. Tiffany C, N-(Fluorenyl-9-methoxycarbonyl) amino
acids, a class of anti-inflammatory agents with a different mechanism
of action. Proc. Natl. Acad. Sci. U.S.A. 1991; 88: 355–359.

20 Hamilton GS, Mewshaw RE, Bryant CM, Feng Y, Endemann G, Madden
KS, Janczak JE, Perumattam J, Stanton LW, Yang X. Fluorenylalkanoic
and benzoic acids as novel inhibitors of cell adhesion processes in
leukocytes. J. Med. Chem. 1995; 38: 1650–1656.

21 Jan CR, Wang JL, Chou KJ, Cheng JS, Lee KC, Tseng LL, Wang SP, Tang
KY, Huang JK. NPC-14686, a novel anti-inflammatory agent, increased
intracellular Ca2+ concentrations in MDCK renal tubular cells. Int. J.
Immunopharmacol. 2000; 22: 915–921.

22 Suhas R, Chandrashekar S, Gowda DC. A new family of highly
potent inhibitors of microbes: synthesis and conjugation of elastin
based peptides to piperazine derivative. Int. J. Pept. Res. Ther. 2012;
18, 89–98.

23 Suresha GP, Prakasha KC, Shivakumara KN, Wethroe K, Gowda DC.
Design and synthesis of heterocyclic conjugated peptides as novel
antimicrobial agents. Int. J. Pept. Res. Ther. 2009; 15: 25–30.

24 Suhas R, Chandrashekar S, Gowda DC. Synthesis of elastin based
peptides conjugated to benzisoxazole as a new class of potent
antimicrobials – a novel approach to enhance biocompatibility. Eur.
J. Med. Chem. 2011; 46: 704–711.

25 Suresha GP, Suhas R, Wethroe K, Gowda D.C. Urea/thiourea derivatives
of quinazolinone–lysine conjugates: Synthesis and structure–activity
relationships of a new series of antimicrobials. Eur. J. Med. Chem. 2011;
46: 2530–2540.

26 Suhas R, Chandrashekar S, Gowda DC. Synthesis of ureido and thioureido
derivatives of peptide conjugated heterocycles – a new class of promis-
ing antimicrobials. Eur. J. Med. Chem. 2012; 48: 179–191.

27 Vogel GH, Vogel WH. Drug Discovery and Evaluation. Springer Verlag:
Berlin, 1998; 413.

28 Ghosh MN. Fundamentals of Experimental Pharmacology. 2nd edn,
Scientific Book Agency: Calcutta, 1984; 145.

29 Winter CA, Risley EA, Nuss GW. Carrageenan-induced edema in hind
paw of the rat as an assay for anti-inflammatory drugs. Proc. Soc.
Exp. Biol. Med. 1962; 111: 544–547.

30 Kulkarni SK. Handbook of Experimental Pharmacology. 3rd edn, Vallabh
Prakashan: New Delhi, 1999; 149.

31 Djahanjuiri B. Effect of a single dose of phentolamine and mj 1999 on
aspirin-induced gastric ulceration in rats. J. Pharma. Pharmacol. 1969;
21: 341–345.

32 Gowda DC, Parker TM, Harris RD, Urry DW. Synthesis, characteriza-
tions, and medical applications of bioelastic materials. In Peptides.
C Basava, GM Ananthramaiah (eds.). Birkhauser: Boston, 1994;
81–111.

33 Urry DW, Nicol A, Gowda DC, Hoban LD, Mckee A, Williams T, Olsen
DB, Cox BA. Medical application of bioelastic materials. In Biotech-
nological Polymers: Medical, Pharmaceutical and Industrial Applica-
tions. CG Gebelein (ed.). Technomic Publishing: Atlanta, Georgia,
1993; 82–103.
ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2012; 18: 535–540


