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Abstract

Inflammation is the most common problem among the human population where
age-related or physical challenges contribute to pain, edema, and discomfort. Schiff
base containing molecules are in general referred to a group of compounds having
an azomethine (C=N) component which is formed chemically by the condensation
reaction of the primary amines (-NH,) and active carbonyl group (C=0) have potential
anti-inflammatory activity. In the current research, Schiff’s base derivatives (3 and
5) of murrayanine were rationally fabricated and the anti-inflammatory potential
was explored by utilizing carrageenan-induced paw edema method. The compound
(3) expressed the highest activity utilizing carrageenan-induced paw edema method
with % edema reduction of 29.74, 41.33, and 56.28, respectively at lhr, 2hrs, and
3hrs. However, the anti-inflammatory potential of compound (5) was nearly the same
with % edema reduction of 17.91, 35.86, and 48.67, respectively at 3 different time
intervals. But, both the compounds can be regarded as the potential candidates, since
the compounds have a very less difference in biological activity. Clear structure-
activity-relationships (SAR) cannot be predicted from the study. The current research
will definitely provide clues to the medicinal chemists in developing better anti-
inflammatory agents in the upcoming future and will open new perspectives of
research in this direction.
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synthesis

Introduction

Murrayanine is the most active and popular phytoconstituent
present in the Indian curry plant, also known as Murraya koenigii L.
(family: Rutaceae).! Till date, the ethnopharmacological importance
of the root, stem bark, and leaves are known successfully such as
purgative, anthelminthic, febrifuge, carminative, astringent, and
stomachic.? In our previous research done so far, benzothiazepine,’
oxadiazole,  3,4-methylenedioxy,” thiazole,® benzoxazepine,’
thiadiazole,® isoxazole,” hydantoin,'” phthalimide," pyrimidine,'
benzodiazepine,'® pyrazole,'* chalcone,”” and methylsulfone'
derivatives of murryanine have been rationally synthesized as hybrids
in our laboratory, characterized comprehensively, and biologically
screened in various animal models to explore their pharmacological
potentials such as anti-convulsant, anti-inflammatory, anti-anxiety,
anti-diabetic, anti-oxidant, anti-fungal, and anti-bacterial.

Inflammation is the most common problem among the human
population where age-related or physical challenges contribute to pain,
edema, and discomfort."” The area of drug discovery is never ending
since each of the drugs has some or the other disadvantages such as
GIT side-effects.'® Schiff base containing molecules are in general
referred to the group of compounds having an azomethine (C=N)
component which is formed chemically by the condensation reaction
of the primary amines (-NH,) and active carbonyl group (C=0)." The
molecules with Schiff’s bases component have been known to exhibit
potential anti-cancer, anti-inflammatory, anti-bacterial, anti-fungal,
anthelmintic, anti-depressant, anti-convulsant, etc.” In this line of
experiment, our research group had already explored the heterocyclic
moieties such as thiazole, oxadiazole, and thiadiazole from the Schiff’s

base of murrayanine where anti-inflammatory potentials have been
determined. In the current research, Schiff’s base derivatives (3 and 5)
of murrayanine were rationally fabricated and the anti-inflammatory
potential was explored by utilizing carrageenan-induced paw edema
method.

Materials and methods
Chemicals and instrumentation

The chemical synthesis involved murrayanine, the starting
material which was obtained from the powdered M. koenigii stem
bark by employing the soxhlation method as per the protocol
described previously in the report. The chemical reactants and
solvents were of analytical grade and obtained a local chemical
vendor of Sigma Aldrich, Germany franchisee. The progress of the
chemical reactions was monitored by using Merck® silica gel-G
pre-coated TLC plates. The chemical structures were elucidated
through sophisticated techniques. Fourier Transformed Infrared (FT-
IR) Spectroscopy (Shimadzu® IRAffinity-1 instrument; expressed
in cm?), tetramethylsilane assisted calibrated 'H (proton)-NMR
(Bruker Avance-II instrument; expressed in ppm), Mass Spectroscopy
(MICROMASS Q-TOF instrument), and CHN analyses (PerkinElmer
Elemental Analyzer 2400 instrument).

Animals

Based on our previous anti-inflammatory protocol, albino rats
of age 5 to 6 weeks age, 150-230g body weight was utilized. After
obtaining permission from the Department Ethical Committee
and with compliance with the CPCSEA (1389/a/10/CPCSEA), the
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experiment was performed on the rats kept in the animal house under
the conditions of 25-26°C temperature, humidity 50-65%, 12hr light
and dark. The rats were kept in polypropylene cage (two animals per
cage), standard rodent pellets were fed, and given free access to water.

Synthesis of target compounds

The two new molecules were fabricated from the murrayanine
(1), an active carbazole derivative. To develop the Schiff’s base
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compounds, the active aldehydes portion of the murrayanine (1)
was utilized and made to react with the carbonyl function which
results in the formation of azomethine components (3 and 5). The
mechanism entailed an electrophilic attack of the aldehyde carbon (of
murrayanine) with the nucleophilic amine of the reactant (2 and 4).
The final compounds and their synthesis pathway are mentioned in
Figure 1.

H
NH;
T = /"-\-LH_F_,N “CH, x . \.g N
o N -
f, H:N 4 LA HaM ) ;l'
n-CHa H OCH, OCH, NH;
5 H 1 5 :
Figure | Synthesis outline of Schiff’s bases molecules of murrayanine.
Synthetic protocol for (2)-4-(2- (amino)/ involved the following segments, where at first, the rats were fasted

(methylamino)-ethyl)-N-((1-methoxy-9H-carbazol-3-
yl)methylene)aniline

Equal molar concentrations of murrayanine (1) and
4-(2-aminoethyl)aniline (2) or 4-(2-(methylamino)ethyl)aniline (4)
were made to react in a round bottom flask in the presence of ethanol
to form the solution. Both the reaction mixtures were made to reflux
for the duration of 6 hr in the presence of 7 to 8 drops of glacial acetic
acid. The reaction contents were subsequently cooled to obtain the
product. The procured compounds were thoroughly washed with ice-
cold water, properly dried, and recrystallized with an aqueous ethanol
solution.

(2)-4-(2-aminoethyl)-N-((1-methoxy-9H-carbazol-3-yl)
methylene)aniline (3)

44% yield; FTIR (KBr) v (cm™): 3287 (-NH,, stretching), 3146
(-NH, stretching), 3021 (C-H, aromatic), 1689 (C=N, azomethine),
1624(C=C, aromatic), 1555(-NH, bending), 1472 (-CH,, bending),
1261(C-N, stretching), 1203(C-O); 'H NMR (8, ppm, CDCI,): 10.24
(9, 1H), 8.25 (10, 1H, azomethine), 7.3-8.3 (Aromatic, 10H), 5.07 (18,
2H), 3.95 (1, 3H), 3.08 (17, 2H), 2.91 (16, 2H). MS: M*343. Anal.
Calcd. for C,;H, N,O: C, 76.94; H, 6.16; N, 12.24. Found: C, 76.15;

237721

H, 5.66; N, 11.78

(2)-N-((1-methoxy-9H-carbazol-3-yl)methylene)-4-(2-
(methylamino)ethyl)aniline (5)

59% yield; FTIR (KBr) v (cm™): 3159 (-NH, stretching), 3077
(C-H, aromatic), 1701 (C=N, azomethine), 1618 (C=C, aromatic),
1637(-NH, bending), 1482 (-CH,, bending), 1296 (C-N, stretching),
1244 (C-O); 'H NMR (8, ppm, CDCI,): 10.17 (9, 1H), 8.34 (10, 1H,
azomethine), 7.1-8.6 (Aromatic, 10H), 3.86 (1, 3H), 3.37 (19, 3H),
3.11(17,2H), 2.83 (16, 2H). MS: M* 357. Anal. Calcd. for C,,H,,NO:

227723

C, 77.28; H, 6.49; N, 11.76. Found: C, 76.94; H, 6.16; N, 11.23

Acute toxicity studies

Accordance to the OECD protocol, the in vivo safety limit of the
molecules was estimated in the increasing dose in the range 25mg/kg
to 500mg/kg. The safe dose of the molecules was computed based on
the LD, values to determine the point at which maximum therapeutic
effect can be achieved without any possible toxic symptoms.?!

Anti-inflammatory screening

The carrageenan-induced paw edema method was utilized for
the determination of in vivo anti-inflammatory activity. The protocol

throughout the night to minimize the disparities duration of the edema
data collection. Secondly, before initiating the exploration of the
edema reducing potential of the molecules, SmL distilled water was
administered through the oral route to the experimental animals. The
control group of'the rats received 0.9% saline solution containing a few
drops of solubilizer Tween 80. The experimental groups were given
1% carrageenan solution via injection route at the subplanter region
of the right hind paw. At penultimate stage, the rats orally received
100mg/kg b.w. of the compounds (suspended in 0.9% saline solution)
an hour before the commencement of the study. Finally, the thickness
of'the rat paw was determined by using mercury digital micrometer for
the duration of 3hrs with 1hr interval. The edema reduction potential
was estimated by computing the differences between the width of the
injected paws and the non-injected paws.*

Statistical treatment

The obtained anti-inflammatory data were statistically analyzed
by ANOVA method (one-way) followed by the Dunnett’s multiple
comparisons test. The P-value of less than 0.01 was regarded as
statistically significant.

Results and discussion

Chemistry

The structural elucidation of the murrayanine based Schiff’s base
compounds by utilizing the spectroscopic characterization revealed
that the compounds were formed completely. The compound (3)
demonstrated the appearance of the Schiff’s base (noticed at 1689cm-
'in FT-IR spectra; and 8.25ppm) which confirmed the formation
of the proposed template. The disappearance of the carbonyl group
(1729cm™) at the spectra of murrayanine, additionally confirmed the
formation of the desired molecule. The FT-IR spectra of murrayanine
part represented the presence of C=C stretching, C-H stretching,
N-H stretching, N-H bending, C-N stretching, and C-O stretching at
1624cm™, 3146cm, 1555¢cm™, 1261cm™ and 1203cm™, respectively.
Similarly, the "H-NMR spectra presented the appearance of peaks
of -NH and ~OCH, at 10.24ppm and 3.95ppm, respectively. The
amine-containing portion was characterized by the presence of -NH,
stretching at 3146cm™ and —CH, stretching at 1472cm™ at FT-IR
spectra. Quite similarly, the 'H-NMR spectra expressed peaks of —
NH, and the two alkane portions at 5.07ppm, 3.08ppm and 2.91ppm,
respectively.

The compound (5) presented the emergence of the Schiff’s
base (noticed at 170lcm” in FT-IR spectra; and 8.34ppm)
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which substantiates the fabrication of the proposed template. The
disappearance of the carbonyl group (1729cm™) at the spectra of
murrayanine, additionally confirmed the development of required
molecule. The FT-IR spectra of murrayanine part signified the
existence of C=C stretching, C-H stretching, N-H stretching, N-H
bending, C-N stretching, and C-O stretching at 1618cm™, 3159cm
!, 1637cm’!, 1296cm’!, and 1244cm’!, respectively. Similarly, the
"H-NMR spectra presented the appearance of peaks of -NH and —
OCH, at 10.17 ppm and 3.86ppm, respectively. The methylamine
containing portion was exemplified by the presence of ~-CH, stretching
at 1482cm! at FT-IR spectra. Quite similarly, the 'H-NMR spectra
exhibited peaks of methyl group protons and two alkane portions at
3.37ppm, 3.11ppm and 2.83ppm, respectively. A marked variation
between both the molecules was the disappearance of amine (-NH,)
peak in the proton-NMR spectra of compounds (5).

The mass spectra revealed the existence of base peaks
corresponding exactly with that of the theoretical molecular mass of
both the compounds. In addition to it, several fragment peaks (m/z
range: 100-200) appeared as well in the mass spectra. The CHN
analyses further supported the fabricated as suggested from the
observed % values.

Acute toxicity study

Both the derivatives (3) and (5) demonstrated no such toxic effects
over the accelerated tested dose range of 25mg/kg to 500mg/kg. The
in vivo anti-inflammatory potential of the molecules were tested at
150mg/kg b.w.

Anti-inflammatory activity

The compound (3) expressed the highest in vivo anti-inflammatory
activity utilizing carrageenan-induced paw edema method with %
edema reduction of 29.74, 41.33, and 56.28, respectively at lhr, 2hrs,
and 3hrs. However, the anti-inflammatory potential of compound (5)
was nearly the same with % edema reduction of 17.91, 35.86, and
48.67, respectively at 3 different time intervals. The compound (3)
expressed better activity than that of the molecule (5) since it consists
of an additional —-NH, group which may provide supplementary
hydrogen bond formation with the inflammatory targets like
cyclooxygenase-1/2 (COX-1/2) and lipoxygenase (LOX). However,
no structure-activity-relationships (SARs) cannot be predicted from
this study. A comparable or somewhat better anti-inflammatory
has been perceived for the fabricated molecules (3) and (5) when
compared with the previously synthesized murrayanine hybrid
derivatives (Table 1).

Table | Exploring in vivo anti-inflammatory activity of the murrayanine
Schiff’s base erivatives

Group Percentage (%) inhibition of edema

lhr 2hr 3hr
5 17.911.66 35.86%1.43 48.67+1.39
3 29.74+1.57 41.33%1.16 56.28+1.23
Indomethacin 46.56x1.18 59.81£1.33 73.94+1.74

n = 6;ED, of 150mg/kg b.w.in male adult albino mice; P < 0.01.

Conclusion

The present investigation emphasized on the importance of two
prominent Schiff’s base molecules (3) and (5) as anti-inflammatory
agents. Murrayanine, itself is having a very low anti-inflammatory
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potential, finds application in edema reduction as a semi-synthetic
Schiff’s base component. On comparison with the previously
synthesized — murrayaine-heterocyclic ~ hybrids  (pyrimidine,
oxadiazole,* thiadiazole,® and 3,4-methylenedioxy®), it has been
observed that the Schiff’s base analogs displayed noteworthy activity.
Moreover, a comparable anti-inflammatory activity has been observed
than the standard drug (indomethacin). However, a clear SAR cannot
be predicted from this study but the edema reducing potentials of both
the Schiff’s bases were found to be better than the parent compound
(murrayanine). The current research will definitely provide clues to the
(medicinal)-chemists across the globe in rationally developing better
Schiff’s bases based anti-inflammatory agents having pronounced
activity than that of the parent molecules in the upcoming future
and will also open new opportunities for research in utilizing semi-
synthetic approaches.
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