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ABSTRACT: Colebrookea oppositifolia is a folkloric medicinal plant, well known for its
tremendous medicinal properties such as curing epilepsy, ulcers, and urinary problems. The
aim of the present study was to apply the dereplication strategy on the ethanol extract of C. / i
oppositifolia with potent anti-inflammatory activity for the rapid identification and isolation .
of novel bioactive molecules to aid the drug discovery process. An integrated approach 5'| £ et

using liquid chromatography—mass spectrometry (LCMS) followed by preparative high- b 1A .. ... I Rl

HPLCOr 1y Spect
Prep HPLC

1

performance liquid chromatography (HPLC) was used for the isolation of potent -~ e

molecules from the anti-inflammatory extract of C. oppositifolia. Purity of the compounds :n

(>98.5%) was established by HPLC, and identification was carried out by NMR and ESI- Substmcrs rroamentiers
MS. 5,6,7-Trihydroxyflavone-3-O-glucuronide methyl ester (compound III) isolated from S e

C. oppositifolia was extensively studied for anti-inflammatory potential in lipopolysaccharide 0
(LPS)-stimulated RAW 264.7 cells and the mice model. Compound III significantly P

New potent flavonoid

repressed various proinflammatory mediators and upregulated the release of anti-
inflammatory cytokine IL-10. Compound III reduced inflammation when studied for parameters such as the phagocytic index,
carrageenan-induced paw edema in mice, and effect on organ weight. It reduced inflammation in a dose-dependent manner both in
vitro and in vivo. Further molecular insights into the study revealed that compound III blocks the phosphorylation of I kappa b kinase
a/p (IKKa/p), IkBa, and nuclear factor kB p6S (NF-«kBp6S) which is a key controller of inflammation, thereby showing anti-
inflammatory potential. Hence, this study permits further investigation to develop compound III as an anti-inflammatory drug.

1. INTRODUCTION an ultimate tool which can be employed for the identification
of novel candidates in a much shorter time, which is neither
cost-effective nor labor-intensive unlike the conventional
methods of isolation which often end up with the trivial

Natural products have always been a major source of chemical
diversification and drug leads in the pharmaceutical industry.
Today, about 60% of antitumor, anticancer, and anti-infective

drugs commercially available or in the clinical trials are either molecules in hand.” The LCMS/MS-based dereplication
pure natural products or inspired by their scaffolds, but the strategy was employed to a well-known medicinal plant
drug-discovery process in the natural products has never been Colebrookea oppositifolia (Lamiaceae) commonly known as
a cakewalk.'~* The initial screening of the plant or microbial “Indian squirrel tail” which is a woolly shrub, distributed
extracts followed by bioguided fractionation for the isolation of mostly in subtropical regions of the world such as India,
pure compounds from solvents of varied polarities, it is very Pakistan, Nepal, Myanmar, Thailand, and Southwest China."?
laborious, resource-intensive, costly, and time-consuming affair It is a folkloric medicinal plant used in treating wounds,
which often ends up with the known or trivial molecules in bruises, and fractures; for its anti-inflammatory properties.'* "’

hands.”™” Multifaceted approaches are being applied through Roots of the plants are employed in curing epilepsy, peptic
hyphenated techniques to discover novel lead-like molecules to ulcers, and haemostasis and to relieve tonsillitis.''® Shoots of

scuffle various existing detriméntal diseases b‘.lt in 2 mgch C. oppositifolia are used in the treatment of urinary problems,”

speedy way rather than following the conventional isolation

protocols. Dereplication via liquid chromatography—mass

ot Received: April 6, 2021

spectrometry (LCMS/MS) has been dominating the charts )

of the latest analytical platforms for de novo isolation from the Accepted:  August 26, 2021

last few years 8—12 Published: November 2, 2021
Dereplication is the process of eliminating the already

known and the undesired molecules from the novel candidates

in the crude plant or microbial extracts. Mass spectrometry is
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Figure 1. LC-ESI-MS chromatogram of the ethanol extract of C. oppositifolia.
Table 1. MS and MS/MS Analysis Results of Different Isolated Compounds
retention calculated observed
compound time (in mass mass formula ppm collision energy
S.No code min) M + H)* M + H)* generated error MS/MS used (in volts)
1. I 189 625.2126 625.2132 CyoH3405 —0.85 144.10, 182.05,335.08, 498.35, 245.22, 104.10 20
2. II 20.2 463.0871 463.0864 C,Hi504, 1.56  390.30, 166.08, 144.10, 254.13, 86.06, 446.32, 40
404.31
3. 11 25.4 477.1027 477.1019 Cy,H,004, —0.74  390.30, 144.10,254.13, 70.06 40
v 29.8 313.1070 313.1071 CsH 405 1.02  283.05, 182.05, 98.05, 255.06, 153.01, 144.10, 40
269.08, 251.06, 297.07, 223.07, 172.13, 70.06,
81.07
S \% 30.4 343.1176 343.1179 CioH,304 —0.45 313.06, 285.07, 124.07, 153.01, 181.01, 299.09, 40
327.08, 256.07, 95.08, 55.05
6 VI 25.1 447.1285 447.1300 Cy,H,,04 —2.98  444.30, 390.30, 144.10, 100.11, 70.06, 166.08, 40
86.06, 12311, 210.14, 374.34
7 VII 329 329.1019 329.1026 CsH 404 —1.83  124.07, 313.07, 285.07, 153.01, 299.09, 40
98.09,327.08
8 VIII 334 359.1128 359.1092 CoH,50, 0.33  144.10, 95.08, 81.07, 69.07, 154.08, 283.0S, 301.07 40
9 X 233 447.0921 4470966  CyH;0, 03 475.32, 390.30, 144.10, 166.08, 460.34 40

whereas leaf juice relieves fever and headache and juice of the
young inflorescence is used to cure sinusitis.”" Oil of the plant
has fungitoxic properties.”” Wide pharmacological applications
of C. oppositifolia in the traditional medicines prompted us to
carry out the chemical investigation of this species via the
dereplication approach in the hope of obtaining novel bioactive
future drug candidates. To reveal the potential of C.
oppositifolia, as a part of our ongoing research, initially we
assayed the ability of the ethanol extract of C. oppositifolia to
decrease lipopolysaccharide (LPS)-induced tumor necrosis
factor-a (TNF-a) and interleukin-6 (IL-6) production in the
murine macrophage RAW 264.7 cell line. Proinflammatory
cytokines are crucial mediators in the regulation of immune
response and thus contribute to various inflammatory
disorders. Several cell types such as macrophages and T cells
together with extracellular mediators of the immune system are
key components in the regulation of the inflammatory process,
TNF-a and IL-6 being the important ones. They act as
proinflammatory mediators in a variety of diseases such as pain
and joint destruction, rheumatoid arthiritis.”* Nowadays, a big
effort has been made in terms of TNF-a inhibition, but no
small molecule has been approved as a reliable inhibitor of this
cytokine so far. TNF-a inhibitor drugs such as infliximab,
adalimumab, and etanercept in clinics are proteins having
undesirable side effects such as infections in the upper
respiratory tract, liver function test (LFT) abnormalities, and
hepatitis B virus reactivation. IL-6 inhibitors are found to be
effective for the treatment of Alzheimer’s disease, cancer,
psychiatric disorders, diabetes, and depression,”* ™" converting
the synthesis and isolation of IL-6 inhibitors into a major hope
for the anti-inflammatory drug development. Prostaglandins,
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eicosanoid lipid mediators, and leukotrienes play a major part
in inflammation.”” Leukotrienes are potent lipid mediators
associated with many allergic reactions and secreted in
response to cellular activation by immune complexes. They
are secreted by inflammatory cells such as polymorphonuclear
leukocytes, macrophages, and mast cells. The cellular
activation by immune complexes, bacterial peptides, and
other stimuli elicit the macrophage response.”” *> Mono-
cytes/macrophages play a vital role in expression of the
resistance molecules to remove foreign or infectious agents and
release of inflammatory mediators including TNF-q, IL-6, NO,
and prostaglandinE2 (PGE2).>>*” Extensive expressions of the
cytokines and other proinflammatory mediators have direct
relationship with the excessive inflammation events and the
pathogenesis of chronic diseases.”® For the inflammatory
progression, inducible NO synthase (iNOS) and cyclo-
oxygenase2 (COX-2) are significant regulators and these
enzymes when upregulated synthesize enzyme reaction
products of NO and PGE2, respectively. iNOS and COX-2
catalyze L-arginine into L-citrulline and synthesize prostaglan-
dins from arachidonic acid, respectively. The two enzymes are
believed to be imperative inflammatory mediators.””* The
state of inflammation in monocyte/macrophage-stimulated
LPS, nuclear factor-kB (NF-kB), and the mitogen-activated
protein kinase (MAPK) pathway are triggered. These
responses are to react in contradiction of the abnormal cellular
shock state. These two pathways induce inflammatory
mediators such as NO and PGE2. Generally, the aforesaid
two pathways activated by LPS are downstream of the toll-like
receptor (TLR) 4 signaling, as are known as the myeloid
differentiation factor 88 (MyD88)-dependent pathway and the

https://doi.org/10.1021/acsomega.1c01837
ACS Omega 2021, 6, 30241-30259
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Figure 2. Preparative HPLC chromatogram of the ethanol extract of C. oppositifolia.

MyD88-independent pathway. Therefore, MyD88-dependent
downstream is composed of the NF-kB and MAPK pathway. It
is reported that these two pathways induce inflammatory
mediators such as NO and PGE2.*' It is always necessary to
confirm the in vitro results in in vivo models. Hence, the in vivo
effect of compound III was also studied in LPS-induced
inflammatory mice.*” Thus, the present investigation aimed to
isolate novel drug candidates via the LCMS/MS-based
dereplication strategy and to investigate their detailed anti-
inflammatory potential.

2. RESULTS

2.1. Isolation and Characterization of the Isolated
Molecules. Although, in the previous phytochemical inves-
tigations, a number of flavones and their glycosides have been
reported from the bark, stem, and leaves of this plant,43_46 we
were successful in applying the LCMS/MS-based dereplication
approach to identify (Figure 1) new compounds from the
ethanol extract of the plant leaves, for which separation was
achieved in such a way so that each peak gets separated. This
reveals the retention time and molecular weight of each peak.
This information helped us to find out whether compounds are
known or unknown by searching different available chemical
search databases, viz., Scifinder and DNP (dictionary of natural
products). Results obtained by tandem mass spectrometry
experiments are presented in Table 1.

The method which was used for LCMS/MS was scaled up
on preparative high-performance liquid chromatography
(HPLC) with certain modifications (Figure 2) for the effective
isolation of nine molecules, viz., I, acteoside; II, 5,7,4'-
trihydroxyflavone-3-O-glucuronide; III, §,6,7-trihydroxyfla-
vone-3-O-glucuronide methyl ester; IV, 5,6,7-trimethoxyfla-
vone; V, 5,6,7,4'-tetramethoxyflavone; VI, S-hydroxy-7-me-
thoxy-flavone-6-O-glucopyranosyl; VII, 5-hydroxy-6,7,8-trime-
thoxy flavone; VIII, 5-hydroxy-6,7,8,4'-tetramethoxy flavone;
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and IX, $,6,7-trihydroxyflavone-7-O-glucuronide from the
ethanol extract of the plant (Figure 3). Out of the nine
isolated molecules, III came out to be a new and highly potent
anti-inflammatory molecule by both in vitro and in vivo studies.
II, III, and IV have been reported for the first time from this
plant. The identity of the isolated molecules was achieved on
the basis of NMR and mass spectrometry data and was further
confirmed by comparing their spectroscopic data with the ones
already reported in the literature.

2.1.1. Structure Elucidation of New Flavonoid, .
Compound III was obtained as a dark brown light-weight
solid. Analysis of the '*C NMR revealed 20 resonances (Figure
4) with two of them corresponding to two equivalent carbons
each, thereby making a total of 22 carbon atoms in the
structure which was verified in DEPT-135 spectra exhibiting
10 positive signals, indicating the presence of 10 primary and
tertiary carbons and no CH, group in the molecule (Figure $).
HR-ESI-MS analysis generated a molecular ion peak [M + H]*
at m/z 477 deducing a molecular formula of C,,H,,0,
(Figure 6). Its IR spectrum showed absorptions corresponding
to hydroxyl (3384 cm™) and carbonyl (1652 cm™)
functionalities in the structure. IR bands in the range of
1015 to 1750 cm™" reflected a typical flavonoid structure, and
the absorptions of 3384 and 3584 cm™" indicated the presence
of OH groups in the structure (Figure 7). The UV absorptions
at 281 and 303 nm supported the presence of benzoyl and the
cinnamoyl bands in flavonoid (Figure 8). On the basis of
chemical shifts (5) and integration, the "H NMR spectrum of
compound IIT (Figure 9) can be summarized as follows: § (in
ppm) 5.97 (s, 1H, H-8), 6.30 (br s, 2H, H-3' & §'), 7.06 (d, J
= 4.64 Hz, 3H, H-2/, 4' & 6'), 5.02 (d, ] = 4.6 Hz, 1H, H-1"),
3.89 (d, ] = 9.4 Hz, 1H, H-2"), 3.6 (m, 2H, H-3" & 4"), 3.7
(m, 1H, H-S") and 3.5 (s, 3H, —OCHj,).The & at 5.97 ppm
corresponds to an olefinic hydrogen in the A ring, and the
signal appeared as a singlet due to the lack of vicinal hydrogen.

https://doi.org/10.1021/acsomega.1c01837
ACS Omega 2021, 6, 30241-30259
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Figure 3. Chemical structures of the compounds isolated from C. oppositifolia.

A doublet at 7.06 ppm and a broad singlet at 6.30 ppm
accounting for five protons suggested that there is no
substitution in the B ring. Two different sets of protons of
the B-ring (i.e. 2/, 4, and 6’ and 3’ and $’) are chemically but
not magnetically equivalent; thus, the five protons of the B-ring
are behaving somewhat like a five-spin system. The doublet
signal centered at 7.06 ppm is characteristic for the aromatic
protons on the B-ring at 2/, 4, and 6’. The electrons on the 6’
proton could be somewhat affected by the neighboring ether
oxygen of the C-ring, as a result of which the ortho and meta
coupling constants would be slightly different. However, due to
the complex nature of the obtained spectra, coupling constants
for ortho protons and the meta protons could not be
calculated. However, the 'H signals of the aromatic protons
at 3’ and 5’ showed a broad singlet, and integration of this
broad singlet revealed that there are two protons at the signal
centered at 6 6.30 and thus were assigned to the respective
positions. A singlet at 5.97, slightly less than the typical H-8
value in the flavonoid pattern, suggested the presence of the
hydroxyl group (e~ releasing group, leading to the upfield
shifting) at the H-7 position. The absence of the typical § value
close to 6.4 and the presence of quaternary carbons suggested
the presence of the hydroxyl moiety at H-6. Interpretation of
the carbon signals was also supported by the information on

5,7-dihydroxyflavonoids,*” such as the '*C signal of C—8 in
these flavones appears generally in the range of 90 to 100 ppm
and the resonance corresponding to C—4 typically appears in
the range of 176 to 196 ppm depending upon the type of
flavonoid. The presence of a multiplet with the chemical shift
range of 3.6 ppm corresponded to two protons of the
glucuronide at H-3"” and H-4" positions along with a multiplet
at 3.7 ppm for H-5" including a methoxy group reflecting the
carbon of the —OCHj in the glucuronide with a clear singlet at
3.5 ppm. Glucuronide is an a anomer with protons of the
anomeric carbon showing resonance at 5.02 ppm with a
coupling constant of 4.6 Hz and its corresponding carbon at
100.1 ppm which are the characteristics for the @ anomer. It is
evident from the NOE among H-1”, H-2", and H-4" and
between H-3” and H-5", which also clearly indicates the
presence of the a anomer of glucuronide.

A doublet with a coupling constant of 9.4 Hz at 6 3.89 was
assigned to H-2" of the glucuronide. The structure was further
confirmed on the basis of 2D NMR experiments (Table 2 and
Figure 10).

Heteronuclear multiple-bond coherence experiments were
also performed. The HMBC correlations (Figures 11 and 12)
were observed from H-8 (§ 5.97) to C-2 (8 163.7) and C-10
(5 105.1), H-6' (5 7.06) and H-3" (5 3.6) to C-3 (6 161.6), H-

https://doi.org/10.1021/acsomega.1c01837
ACS Omega 2021, 6, 30241-30259
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Figure 4. >C NMR spectra of III.

2" (6 3.89) to C-4 (5 182.3), H-3'/H-5’ (6 6.3) to C-1' (8
129.9), H-3” and H-4" (6 3.6) to C-1” (6 100.1), H-2" (6
3.89), H-5" (8 3.7) to C-3" (6 71.9), H-3" (6 3.6) to C-5" (6
75.2), and H-3", H-4" (§ 3.6) to C-6" (5 175.1)

2.1.2. Spectral Data of the Isolated Molecules.
2.1.2.1. Compound-I. Yellow crystal from ethyl acetate;
melting point 143—146 °C; (+) HR-ESI-MS observed at m/
z 62521 (M + H)*, calculated for C,gH;30,, 624.21. 'H
NMR (400 MHz, CD,0D): § ppm: 0.98 (3H, d, ] = 6.2 Hz,
CH,; of thamnose), 2.19 (2H, t, ] = 6.6 Hz, Ar—CH,—), 4.27
(1H, d, ] = 7.9 Hz, H-1 of glucose), 5.08 (1H, d, J = 1.2 Hz, H-
1 of rhamnose), 6.17 (1H, d, ] = 15.8 Hz, Ar—CH=CH-),
749 (1H, d, J = 15.8 Hz, Ar—CH=CH-), 6.4—6.9 (6H,
aromatic H); "*C NMR (100.61 MHz, CD;0D) § ppm: 131.5
(HT-1), 117.1 (HT-2), 146.1 (HT-3), 144.6 (HT-4), 116.3
(HT-5), 121.3 (HT-6), 72.2 (HT-7)*, 36.5 (HT-8)*, 127.7
(Caf-1), 115.3 (Caf-2), 146.8 (Caf-3), 149.8 (Caf-4), 116.5
(Caf-5), 123.2 (Caf-6), 148.0 (Caf-7; y), 114.7 (Caf-8; B),
168.2 (Caf-9; @), 1042 (G-1), 76.2 (G-2), 81.6 (G-3), 70.6
(G-4), 76.08 (G-5), 62.4 (G-6), 103.04 (R-1), 72.3 (R-2), 72.1
(R-3), 73.8 (R-4), 70.4 (R-5), 18.4 (R-6).*

2.1.2.2. Compound-Il. Yellow crystal from ethyl acetate;
melting point 189—191 °C; HR-ESI + MS observed at m/z
463.08 (M + H)*, calculated for C,,H,;30,,, 462.07. '"H NMR
(500 MHz, D,0): § ppm: 6.28 (1H, s, H-6), 5.95 (1H, s, H-
8),7.1 (2H, d, ] = 0.7 Hz, H-2/, 6"), 6.40 (2H, br s, H-3/, 5'),
494 (1H,brd, ] = 2.9 Hz, H-1"); '*C NMR (125 MHz, D,0):
& ppm: 151.9 (s, C-2), 130.81 (s, C-3), 176.68 (s, C-4), 165.73

(s, C-5), 95.43 (d, C-6), 161.0 (s, C-7), 100.97 (d, C-8), 150.7
(s, C-9), 102.8 (s, C-10), 122.23 (s, C-1"), 129.19 (d, C-2/,
6'), 116.77 (d, C-3/, 5'), 165.7 (s, C-4"), 101.16 (d, C-1"),
73.9 (d, C-2"), 77.9 (d, C-3"), 73.22 (d, C-4"), 76.45 (d, C-
5"), 182.65 (s, C-6").%

2.1.2.3. Compound-IV. Yellow crystal from ethyl acetate;
melting point 165—166 °C; HR-ESI + MS observed at m/z
313.10 (M + H)*, calculated for C,H;40s, 312.10. '"H NMR
(400 MHz, CDCL,): § ppm: 3.92 (3H, s, 6-OCHj), 3.99 (6H,
d, ] =2.7Hz, S & 7-OCH;), 6. 6 (1H, s, H-3), 6.8 (1H, s, H-
8), 7.51 (3H, ddd, J = 1.84, 1.84, 4.4 Hz, H-3', 4, 5'), 8.22
(2H, dd, J = 5.16, 1.24Hz, H-2/, 6'). 3*C NMR (125 MHz,
CDCly): § ppm: 131.26 (s, C-1'), 112.96 (s, C-10), 152.63 (s,
C-9), 140.42 (s, C-6), 161.11 (s, C-2), 61.53 (s, 6-OCH,),
130.13 (s, C-4'), 128.97 (s, C-3' & C-§’), 177.20 (s, C-4),
157.80 (s, C-7), 56.44 (s, 7-OCH,), 125.96 (s, C-2' & C-6'),
96.29 (s, 6-C-8), 154.57 (s, C-5), 108.41 (s, C-3), 62.18 (s, 5-
OCH3).*°

2.1.2.4. Compound-V. Yellow crystal from ethyl acetate;
melting point 158—160 °C; HR-ESI + MS observed at m/z
343.11 (M + H)*, calculated for C,oH;30,, 342.11. '"H NMR
(400 MHz, CDCL,;): § ppm: 3.88 (3H, s, 6-OCH;), 3.92 (3H,
s, 4-OCH,), 3.98 (6H, d, ] = 2.4 Hz, 5, 7-OCH,), 6.58 (1H, s,
H-3), 6.80 (1H, s, H-8), 7.01 (2H, d, J = 8.8 Hz, H-3/, '),
7.83 (2H, d, J = 8.8 Hz, H-2/, 6'). *C NMR (125 MHz,
CDCly): § ppm: 55.4 (s, 4-OCHj,), 56.2 (s, 7-OCH,), 177.2
(s, C-4),123.8 (s, C-1"), 140.3 (s, C-6), 154.5 (s, C-5), 62.2 (s,
5-OCH,), 161.1 (s, C-4’), 107.0 (s, C-3), 114.3 (s, C-3’ & '),
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Figure 6. Mass spectra of IIL
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162.1 (s, C-2), 152.5 (s, C-8), 61.5 (s, 6-OCH,), 112.8 (s, C-
10), 127.6 (s, C-2' & 6'), 157.6 (s, C-7).”"

2.1.2.5. Compound-VI. Yellow crystal from ethyl acetate;
melting point 230—232 °C; HR-ESI + MS observed at m/z
447.13 (M + H)*, calculated for C,,H,,0,,, 446.12. '"H NMR
(400 MHz, MeOD): § ppm: 7.48 (3H, m, H-3/, 4’ & §’), 6.73
(1H, s, H-8), 6.79 (1H, s, H-3), 3.56 (1H, dd, ] = 5.1, 5.0 Hz,
H-6"), 3.68 (1H, dd, ] = 2.16, 2.2 Hz, H-6"), 3.41 (1H, m, H-
5"), 3.89 (3H, s, 7-OCH,;), 3.34 (3H, m, H-2, 3" & 4”), 4.93
(1H, d, ] = 7.48 Hz, H-1"), 7.94 (2H, dd, ] = 1.81, 1.32 Hz, H-
2" & 6'). C NMR (125 MHz, MeOD): § ppm: 136.8 (s, C-
6), 130.3 (s, C-2), 130.3 (s, C-5), 106.0 (s, C-10), 184.5 (s,
C-4),78.6 (s, C-2"),104.7 (s, C-3), 57.1 (s, 7-OCHj), 75.8 (s,
C-4"), 133.4 (s, C-1"), 132.0 (s, C-4’), 73.75 (s, C-5"), 126.2
(s, C-2'), 126.2 (s, C-6'), 62.3 (s, C-6"), 71.2 (s, C-3"), 153.5

(s, C-5),151.2 (s, C-9),105.3 (s, C-1"), 155.49 (s, C-7), 92.81
(s, C-8), 162.53 (s, C-2).>*

2.1.2.6. Compound-VII. Yellow crystal from ethyl acetate;
melting point 160—162 °C; HR-ESI + MS observed at m/z
329.1026 (M + H)*, calculated for C,gH,sO4 328.09. 'H
NMR (400 MHz, CDCl,): § ppm: 7.51 (3H, t, J = 2.85, H-3/,
4 &5'),6.51 (1H, s, H-3), 3.86 (3H, s, 8-OCHj,), 3.95 (3H, s,
7-OCH,), 3.92 (3H, s, 7 6-OCH,), 8.05 (dd, ] = 3.3, 2.4 Hz).
3C NMR (125 MHz, CDCL,): § ppm: 179.13 (s, C-4), 130.95
(s, C-1"), 139.55 (s, C-7), 132.39 (s, C-6), 155.94 (s, C-S),
128.63 (s, C-3' & §'), 152.52 (s, C-8), 158.90 (s, C-2), 56.33
(s, 7-OCH3;), 106.85 (s, C-10), 60.88 (s, 8-OCH,), 128.38 (s,
C-2' & 6'),60.37 (s, 6-OCHj;), 90.42 (s, C-3), 152.80 (s, C-9),
130.51 (s, C-4').>"
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2.1.2.7. Compound-VIIl. Yellow crystal from ethyl acetate;
melting point 176—177 °C; HR-ESI + MS observed at m/z
359.1124 (M + H)*, calculated for C,oH;30,, 358.10. 'H
NMR (400 MHz, CDCly): § ppm: 7.02 (2H, d, ] = 9.0, H-3' &
5), 6.50 (1H, s, H-3), 3.92 (3H, s, 4-OCH,), 3.86 (3H, s, 8-
OCH3y), 3.95 (3H, s, 7-OCHj,), 3.90 (3H, s, 7 6-OCH;), 8.07
(2H, d, ] = 9.0 Hz, H-2' & 6). 3*C NMR (125 MHz, CDCL,):
5 ppm: 138.71 (s, C-7), 90.34 (s, C-3), 55.4 (s, 4-OCHj,),
114.08 (s, C-3' & §'), 106.60 (s, C-10), 152.34 (s, C-8), 60.13
(s, 6-OCH;), 152.77 (s, C-9), 122.79 (s, C-1"), 60.87 (s, 8-
OCH,;), 161.71 (C-2), 130.14 (s, C-2' & 6'), 178.93 (s, C-4),
158.7554(5, C-4'),156.0 (s, C-5), 56.31 (s, 7-OCH,), 132.28 (s,
C-6).

2.1.2.8. Compound-IX. White solid from ethyl acetate;
melting point 202—205 °C; HR-ESI + MS observed at m/z
447.09 (M + H)", calculated for C,;H;40,;, 446.08. '"H NMR
(400 MHz, D,0): & ppm: 7.17 (3H, td, ] = 7.2, 6.9 Hz, H-3/,
4 & 5’),6.17 (1H, s, H-8), 5.94 (1H, s, H-3), 3.75 (1H, d, ] =
9.3 Hz, H-2"), 3.57 (1H, m, H-5"), 3.60 (1H, m, H-3"), 3.54
(1H, m, H-4"), 7.03 (2H, t, ] = 6.7 Hz, H-2' & ¢'). 3C NMR
(125 MHz, D,0): 6 ppm: 130.81 (s, C-4'), 77.94 (s, C-2"),
76.23 (s, C-4"), 133.37 (s, C-6), 165.11 (s, C-2), 101.11 (s, C-

30247

1), 129.96 (s, 6-C-3' & ), 176.47 (s, C-6"), 150.52 (s, C-9),
146.58 (s, C-5), 183.48 (C-4), 152.09 (s, C-7), 104.40 (s, C-
3), 73.12 (s, C-3"), 95.25 (s, C-8), 73.37 (s, C-5"), 106.90 (s,
C-10), 130.69 (C-1), 126.71 (s, C-2' & 6').”°

(For spectra, refer to the Supporting Information of this
manuscript: Figure $1—-839, Supporting Information).

2.2, Biological Evaluation. 2.2.1. Inhibitory Effect of
Extracts and the Isolated Compounds on Inflammatory
Cytokines and Other Inflammatory Mediators. Proinflam-
matory cytokine release is an important mechanism for
regulating the inflammatory responses, thus contributing to
various inflammatory and autoimmune ailments. We assayed
the ability of the different concentrations of the ethanolic
extract (Figure 13A) and the isolated compounds (Figure S33)
to decrease LPS-induced TNF-a and IL-6 production both in
vitro>® and in vivo.”” Since the extract showed considerable
downregulation of TNF-a and IL-6 both in vivo and in vitro,
hence further compounds were isolated. When the whole panel
of compounds was screened, it was found that compound III
exhibited maximum inhibition, being 71.4 + 1.4% for TNF-a
and 66.3 + 2.3% for IL-6 (Figure 13B) in the mice model. The
extracts and compounds having percentage inhibition com-
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Figure 9. "H NMR spectra of IIL
Table 2. NMR Data for III in D,0 (8 in ppm and J in Hz in Parentheses)
C-position d¢c On HSQC HMBC Correlation observed in III COSY NOESY
2 163.7 Q —C— H-8
3 161.6 Q —-Cc- H-6, H3"
4 182.3 Q —Cc— H2
s 150.5 Q —C-
6 145.3 Q —Cc-
7 149.1 Q —C-
8 943 59,5, 1H —CH- H2
9 1017 Q —C-
10 105.1 Q -C- H-8
i 129.9 Q —c- H-3'/H-§’
2 127.3 7.06, d, J = 4.6 Hz, 1H —CH- H-3' H-3, H-8
3 113.5 6.3, brs, 1H —CH- H-2', H-3"/H-4"
4 1212 7.06,d, ] = 4.6 Hz, 1H —CH-
s/ 113.5 6.3, brs, 1H —CH- H-1, H-3"/H-4"
6 1273 7.0,d, ] = 4.6 Hz, 1H —CH-
1 100.1 5.02,d,J = 4.6 Hz, 1H —CH- H-3", H4" H-3"/H-4" H-$/, H4", H2'
2 76.8 38,d,J = 9.4Hz, 1H —CH- H-3"/H-4" H-1", H-4"
3" 719 3.6, m, 1H —CH- H-2", H-5" H-3/, H-5"
4" 72.7 3.6, m, 1H —CH- H-1”, H-2"
s” 75.2 3.7, m, 1H —CH- H-3" H-3"
6" 175.1 Q —Cc- H-3", H-4"
—OCH, 553 35, s, 3H —CH,—
parable to dexamethasone were considered as active and hence exhibited positive levels of inhibition of TNF-a cytokine and
could be studied further. Although all the nine molecules IL-6, compound III emerged as the most promising candidate
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for the development of an anti-inflammatory drug. Maximum
inhibition of all the cytokines was observed at 10 yM. The
concentration of IL-1f in compound IIl-treated RAW 264.7
cells was 189.1 pg/mL. Compound III inhibited gene
expression of TNF-a and IL-6 in RAW 264.7 cells with
reference to the housekeeping gene, glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) when studied through
RT-PCR. To further confirm the effect of compound III, in
vivo experiment in mice was conducted as its percentage in the
serum.

In the case of IL-10, compound III treatment slightly
increased its level at a concentration of 1 yM, and after that,
there is a decrease in its level at 5 and 10 M. The viability test
of RAW 264.7 cells when treated with MTT assay showed no
significant mortality up to a concentration of 20 uM (Figure
14). Then, we performed the in vivo experiments to validate
the in vitro results. Here, the effect of compound III on the
cytokine levels in LPS-stimulated Balb/c mice was studied.
The in vivo experiments validated the in vitro studies and as the
levels of proinflammatory cytokines TNF-a, IL-6, and IL-1f
decreased with the increase in the concentration of compound
III. A concentration of 5 mg/kg showed the maximum
inhibition of the proinflammatory cytokines, that is, the
concentration of TNF-a was 183.4 pg/mL, IL-6 was 134.2 pg/
mL, IL-1f was 90.6 pg/mL, and IL-10 was 64.6 pg/mL. The
effect of compound III on NO, PGE2, and LTB4 was studied
in the LPS-induced RAW 264.7 cells. The results showed that
these inflammatory mediators were suppressed. The maximum

inhibition was at 10 uM NO: 48.6 + 0.7 pg/mL, PGE2:779.6
+ 2.6, and LTB4:548.3 + S5.2. The inhibition of these
mediators was reasonably comparable to the standard drug
dexamethasone. Compound III inhibited gene expression of
iNOS and COX-2 in RAW 264.7 cells with reference to the
housekeeping gene, GAPDH when studied through RT-PCR
(Figures S33—S37).

2.2.2. Effects of Compound Il on LPS-Induced NF-xB p65
Expression. RAW 264.7 cells were pretreated with compound
III (1, S, and 10 uM) for 1 h and stimulated with LPS (1 ug/
mL) for 24 h. The effect on phosphorylation of IKKa/f3, IKBa,
and NF-kB p65 was studied with respect to dexamethasone
(0.5 uM). 1t is clear from Figure 15 that pretreatment of
compound IIl in the LPS-stimulated RAW264.7 cells
decreased the phosphorylation of these proteins.

RAW 264.7 cells were pretreated with compound 3 (S and
10 uM) for 1 h, LPS (1 ug/mL) was added for 24 h, and the
effect on phosphorylation of NF-kB p6S was studied.

2.2.3. Effect of Compound Il on Body Weight and
Lymphoid Organ Weight. Compound III did not show any
adverse changes in animals. Table 3 shows that the weight
change in the spleen and kidney was minor in comparison to
the control (normal saline treated) (group I). At 1 and 2 mg/
kg, there was a slight increase in relative organ weight of the
thymus but no effect at 5 mg/kg. In the case of the relative
organ weight of the liver, a significant increase was observed at
2 and S mg/kg, while a slight increase was observed at 1 mg/
kg. To confirm that the increase in liver weight is not due to
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Figure 12. Major HMBC correlations in III, indicated by blue arrows.

any anomaly, LFTs were performed and the results do not
show any aberration (Table 4).

2.2.4. Pharmacokinetic Studies of Compound IlI.
Pharmacokinetic study was carried out following oral
administration of compound III at a single dose of 10 mg/kg
in BALB/c mice. The time versus plasma concentration profile
of compound III is depicted in Figure 16. It was observed that
compound III was absorbed rapidly as the time to reach
maximum plasma concentration (T,..) after dose admin-
istration was only 15 min. The maximum plasma concentration
was 11.7 ng/mL. The area under the curve for plasma
concentration from zero to the last measurable plasma sample
time and to infinity (AUC,_, and AUC,_,,) was found to be
35.7 and 44.3 ng-h/mlL, respectively. Plasma half-life (T,,,) of
compound III was found to be good as T}/, more than 2 h is

30250

sufficient for a new chemical entity to proceed for further
research.

2.2.5. Histopathology. Results showed that stained liver
sections of vehicle-treated animals had a central vein and a
normal hepatocytic architecture. The liver of LPS-treated mice
(Figure 17) had the central vein surrounded by chronic
inflammation and focal hepatocytic necrosis. The inflammatory
infiltrate is rich in lymphocytes and some neutrophils in the
perivascular region. Compound III at a concentration of 2 mg/
kg showed vascular conjection and normalization of necrosis
and declined neutrophil infiltration. At a concentration of 5
mg/kg, the morphology is nearly normal.

2.2.6. Carrageenan-Induced Paw Edema and Phagocytic
Index. The effect of compound III on the carrageenan-induced
paw edema in the mice inflammation model was measured
over a period of 10 h at doses of 1, 2, and S mg/kg (Figure 18).
The maximum inhibition of 42.5% was observed at 5 mg/kg
(Table S). The phagocytic index (Table 6) also showed that
the rate of phagocytosis increased with the increase in the
concentration of compound III and is significant in comparison
with the standard drug dexamethasone.

3. DISCUSSION

The goal of this work was to apply the LC—MS/MS-based
dereplication method for rapid identification of unknowns in
complex sample matrices with the main focus on the isolation
of new chemical entities with promising biological activities
and targeted isolation of unknown compounds using
preparative HPLC. Structural identification of unknown
compounds using NMR yielded a new compound with
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Figure 13. Cytokine assay of the ethanol extract of C. oppositifolia. [A] RAW 264.7 cell line was pretreated with extracts (20, 10, and S yg/mL) for
1 h followed by stimulation with 1 y1g/mL LPS for 24 h. Production of cytokines was measured with enzyme-linked immunosorbent assay (ELISA).
[B] Mice were given extracts (200, 100, and S0 mg/kg) orally for 1 h followed by LPS (0.5 mg/kg) treatment. After 3 h, blood was obtained by
retro-orbital plexus (r.0.p) to collect the serum. Cytokines were measured with ELISA. Experiments were carried out in triplicates and repeated
three times. Each value indicates the mean standard deviation of three independent experiments. Statistical significance was assessed by one-way
ANOVA followed by Dunnett’s test. *p < 0.05 and **p < 0.01 versus the untreated LPS-stimulated group for all the values.

g fg:m Table 4. Effect of Compound III on LFTs”
150- 5uM
e s S. no. group SGOT SGPT
I control (saline) 419 + 12 392 + 0.3
2 1004 II LPS 72.5 + 0.9 46.6 + 14
EE III compound III (1 mg/kg) 66.3 + 1.7 41.7 = 1.7
2 5ol v compound TIT (2 mg/kg) 612 + 0.4 364 + 0.8
A% compound III (5 mg/kg) 57.1 + 14 352+ 1.1
“Data are expressed as a mean =+ standard deviation of five mice,
0- usin§ one way analysis of variance (ANOVA) followed by Dunnett’s ¢-
test.”
Treatment group
Figure 14. Viability of RAW 264.7 cells after 48 h of treatment with s 157
isolated compounds. s _
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B-actin Figure 16. Time vs plasma concentration profile of compound III

after oral administration at 10 mg/kg in BALB/c mice.

Figure 1S. Inhibition of the LPS-induced phosphorylation of NF-
kBp6S.
promising anti-inflammatory activity. Results of the initially
conducted experiments revealed the ultimate potential of the

Table 3. Effect of Compound III on the Relative Organ Weights of Mice”

relative organ weight (mean + S.E.) in grams

S. no. group spleen thymus liver kidney
I control (saline) 0.73 + 0.4 0.17 + 0.05 2.6 + 02 1.1 £ 02
il compound III (1 mg/kg) 0.79 + 0.6 0.25 + 0.03 34+ 05 14 + 0.1
111 compound III (2 mg/kg) 0.78 +£ 0.3 0.26 + 0.08 3.6 +07 1.37 £ 0.5
v compound III (5 mg/kg) 0.74 £ 0.2 0.19 + 0.02 2.8 +03 1.25 + 0.6

“Data are expressed as mean + standard deviation of five mice, using Sceffe’s multiple range test.
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Figure 17. Photomicrographs of liver sections stained with haematoxylin and eosin (20x).

ethanol extract of C. oppositifolia to inhibit the proinflamma-
tory cytokines TNF-a and IL-6. The isolated compounds
significantly inhibited the proinflammatory cytokines TNF-q,
IL-6, and IL-1f3, whereas the anti-inflammatory cytokine IL-10
exhibited increased expression. Expression of other inflamma-
tory mediators such as PGE2, LTB4, NO, and COX-2 was also
inhibited by compound III. These results were further
validated by in silico and in vivo experiments. In vivo results
had shown considerable variation. This is due to the fact that
there is only one type of cell in the in vitro cell culture, whereas
multiple cell types exist in an organism. TNF-a, IL-6, and IL-
1p are proinflammatory cytokines and are produced upon
exposure to the antigen and worsen the clinical picture of
disease. IL-10 is an anti-inflammatory cytokine which
maintains tissue homeostasis by restricting excessive inflam-

matory responses.””® The anti-inflammatory effect of IL-10 is
characterized by the enhanced tissue repairing process.”” NO
and PGE, activate macrophages” and are synthesized by
inducible nitric oxide synthase (iNOS) and cyclooxygenase
(COX-2), respectively. Leukotrienes initiate the synthesis of
particular cytokines by activating macrophages.”’ LTB4 is an
early chemoattractant in the inflammatory process.”” Our
findings suggest that compound III significantly suppresses
these inflammatory mediators in a dose-dependent manner. All
experiments were conducted in comparison to standard drugs,
dexamethasone and rolipram, and it was found that the anti-
inflammatory activity of compound III is quite comparable to
these standard drugs. Dexamethasone is a glucocorticoid**™®°
and binds to the glucocorticoid receptor in the cellular
cytoplasm where it dimerizes and represses NF-kB tran-
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Figure 18. (A): Statistical analysis. The effect of compound 3 against carrageenan-induced paw edema was measured at doses of 1, 2, and 5 mg/kg
over a period of 10 h. Data are expressed as a mean standard error of five mice. (B) Anti-inflammatory activity of compound III in Balb/c mice. The
effect of compound III (S mg/kg) on the carrageenan-induced paw edema in Balb/c mice.

Table S. Inhibition of Compound III*

group percentage inhibition
compound III (1 mg/kg) 9.2
compound III (2 mg/kg) 13.8
compound III (S mg/kg) 425
Dexamethasone (1 mg/kg) 88.5

“Table shows the difference between the paw volume at 0 h and 10 h
and is expressed as percentage inhibition.

Table 6. Phagocytic Index”

group phagocytic index
0.016 + 0.003
0.019 + 0.001*
0.026 + 0.005**
0.033 + 0.002*
0.038 + 0.002*

control (saline)
compound IIT (1 mg/kg)
compound III (2 mg/kg)
compound 11T (S mg/kg)
dexamethasone (1 mg/kg)
“Data are expressed as a mean standard deviation of five mice, using
one way analysis of variance (ANOVA) followed by Dunnett’s t-test;
*P < 0.05 and**P < 0.01 versus the untreated group for all the values.

30253

scription.’® Rolipram is a phosphodiesterase-4 (PDE4)
inhibitor. PDE4 inhibitors induce adenylate cyclase, resulting
in the increase in the intracellular level of cAMP which
subsequently inhibits PDE4, leading to the anti-inflammatory
effect and immunomodulation.®”

NF-kB plays a key role in the inflammatory process. In
resting cells, the inhibitor of kB (IxkB) protein is bound to NF-
kB in the cytoplasm and is thereby inactivated. When cells
receive stimuli, regulatory protein, NEMO (IKKy), bound
IKKa/p get phosphorylated. Then, the signal converges on IxkB
which is phosphorylated by IkB kinase, resulting in its
detachment from NF-xB.

NF-«B then moves to the nucleus and thereby attaches to
DNA, hence activating the transcription of a number of genes
including TNF-@, iNOS, IL-6, and COX-2.°® When LPS-
treated RAW264.7 cells were treated with compound III, this
signaling cascade gets blocked due to the inhibition of its
phosphorylation. Thus, there was downregulation of the
synthesis of both inflammatory mediators and cytokines. NF-
kB is therefore considered as a target molecule for the anti-
inflammatory drug development.”” In our study, there was an
increase in the level of ALT and AST enzymes which are
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associated with liver cell destruction. However, histopatho-
logical results clearly showed that compound III restored the
normal liver morphology. Macrophages phagocytose the
microorganisms and dead and injured cells, thereby leading
to rapid removal of parasite from blood.”® Hence, this is a very
crucial process. Phagocytic defects lead to various diseased
conditions in humans.”"’* The results clearly indicate that the
phagocytic index increased significantly in comparison to
control animals, thus proving the increased activity of
mononuclear macrophages and also nonspecific immunity.
The effect of compound III was also studied in the mice
carrageenan model. This model of inflammation is used to
study the effect of the test compound on various inflammatory
mediators such as leukotrienes, histamine, TNF-a, nitric oxide,
and so forth.”

Absorption across the gastrointestinal tract is considered a
major determinant of pharmacological activity of any molecule.
In context to this, oral pharmacokinetics of compound III was
carried out at 10 mg/kg in Balb/c mice. To calculate
pharmacokinetic parameters, noncompartmental analysis was
used. Data depicted that it takes about 15 min (f,,,) to reach
the maximum concentration in systemic circulation, which
represents its rapid absorption after oral administration. The
half-life (t;,,) of compound III was found to be 2.1 h which
exhibits an acceptable pharmacokinetic profile in the mouse
model.

The anti-inflammatory properties of C. oppositifolia may be
attributed to the presence of such anti-inflammatory
compounds in it. Compound III, being the most promising
new candidate, can be further studied for the development of
more effective anti-inflammatory drugs.

4. MATERIALS AND METHODS

4.1. General Experimental Procedures, Chemicals,
and Biochemicals. Melting points were recorded on the
digital melting point apparatus B-542 (Buchi). UV spectra
were measured with a Shimadzu UV-2600 UV—vis spectro-
photometer, and the IR spectra were obtained with Perkin
Elmer FT-IR, Spectrum Two. 'H and "*C spectroscopic data
were recorded on Bruker-Advance DPX FT-NMR 500 and 400
MHz instruments (125 MHz for '*C NMR). LCESIMS data
were acquired on an Agilent UHD-6540 LCMS/MS (HRMS)
system. All the chromatographic purifications were performed
on silica gel (#60—120 or #100—200 from E. Merck,
Germany), SupelcoDiaion HP-20SS, USA, and Sephadex
LH-20 from Sigma Aldrich. High-purity chemicals and
reagents were used throughout the study. LCMS- and
HPLC-grade methanol from Merck, India, HPLC-grade
water from the Milli-Q water purification system, and
analytical-grade acetic acid from Merck, India, were used for
the analytical portions of the study. Rolipram, phosphate-
buffered saline (PBS), DMEM, and carrageenan were
purchased from Sigma-Aldrich. LPS E. coli serotype 0111:B4
and 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) were from Calbiochem. Fetal bovine serum was
obtained from GIBCO Invitrogen Corporation. All the ELISA
kits were bought from Invitrogen. The Griess reagent was
purchased from Promega, and anticoagulant tubes were
purchased from BD Biosciences.

4.2. Plant Material. Plant material of C. oppositifolia was
procured from IIIM Chatha Farms, Jammu (J&K) (32.7266°
N, 74.8570° E) of India, and a specimen voucher of the sample
was deposited in the herbarium of the institute, that is, Janaki

Ammal Herbarium (no. 22561). The powder of C. oppositifolia
leaves (2 kg) were taken and extracted with ethanol by soxhlet
extraction for 48 h on steam bath and solvent-evaporated to
dryness under vacuum using a rotary evaporator at 35 °C. The
yield of the ethanol extract was 12.48%. The ethanol extract
was further investigated for its anti-inflammatory potential and
for the isolation of active chemical constituents.

4.3. LCMS/MS-Based Isolation of Molecules. The nine
molecules were isolated via the LCMS-based dereplication
strategy whereby a highly reliable and reproducible LCMS
method followed by tandem mass spectrometry, that is, MS/
MS experiment, was developed for the complete separation
and identification of the maximum number of compounds in
the active anti-inflammatory ethanol extract of C. oppositifolia
on the basis of parent and daughter ions generated for
individual molecules. Identification of molecules was achieved
by accurate mass determination and by comparing their MS/
MS patterns with the ones already reported in the literature. A
total of nine molecules were identified on the basis of their
mass fragmentation patterns and formula generation and using
the online DNP database tool. Results revealed the presence of
eight known and one unknown molecule, I, II, III, IV, V, VI,
VII, VIII, and IX. III at m/z of 477 in the positive ESI mode
was expected to be a novel molecule. The LCMS method so
developed was transferred to preparative HPLC, and the
separated peaks were collected multiple times to obtain
sufficient quantities of chemical compounds in hands in
order to confirm the structural identity of the molecules by
various spectroscopic techniques. Finally, the structure
elucidation of the isolated compounds was carried out using
different spectroscopic techniques such as nuclear magnetic
resonance (NMR), infrared (IR) spectroscopy, ultraviolet
(UV) spectroscopy, and mass spectrometry (MS).

4.4. Chromatographic Conditions and Apparatus. A
1200 series Agilent HPLC system equipped with a binary
pump, an autosampler, an electronic degasser, a diode array
detector, and a thermostatic column oven with EZchrom elite
software (version 06.03 [509]) was used for the quantification
and standardization of the active ethanol extract of C.
oppositifolia. The LC separations were optimized using RP-
18, Merck column (4 X 250 mm, S um) where the mobile
phase consisted of a mixture of methanol (B) and 2% acetic
acid in water (A). HPLC was carried out in the gradient
elution mode at a flow rate of 0.6 mL/min. Mobile phase B was
held at 5% for the first 5 min and linearly increased to 75% in
30 min with a 5 min hold up followed by a linear decrease
initially until 45 min and further for S min with a total run time
of 50 min. The mobile phase was filtered through a 0.45 um
filter (Millipore) before use. The column temperature was
maintained at 300 °C to provide sharpness to the eluting
peaks. UV chromatograms were recorded at 335 nm. LC-ESI-
MS analysis was performed on an Agilent LC-Q-TOF-MS
(HRMS) system (Agilent Technologies, USA) equipped with
Agilent HPLC 1260 series consisting of a standard autosampler
(G1329B), a quaternary pump (G1311B), a thermostatted
column compartment (G1316A), and diode array detector VL
(G1315D) interfaced to an Agilent G6540A quadrupole time-
of-flight detector with a dual ESI source. Agilent Mass Hunter
qualitative analysis (B.05.00) was used for qualitative analysis.
Agilent Mass Hunter workstation was used for data acquisition.
Separations were achieved in a gradient mode through the
Agilent RP-18 eclipse 4.6 X 100 mm (3.8 y) column, starting
with 20% methanol for 5 min with a linear increase of up to
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75% in 25 min followed by a § min hold up and then a linear
decrease until 20% with a total run time of 45 min. The
column temperature was maintained at 30 °C. Experiment was
performed both in the positive mode and in the negative mode
with a gas temperature of 350 °C, drying gas flow of 12 It/min,
nebulizer 40 psi, sheath gas flow of 9 It/min, sheath gas temp.
of 350 °C, Vcap voltage of 4000 V, nozzle voltage of 1000 V,
and fragmentor voltage of 135 V, and the acquisition range was
set between 100 and 1200 to obtain good MS spectra.
Collision-induced dissociation (CID) of 30 V was used for
tandem mass spectrometry experiments.

4.5. Animals Used. About 8—10 week-old female Balb/C
mice (Mus musculus) of 20—25 g in weight, in groups of six,
were used for the in vivo study. Experiments were designed in a
way so that a minimum number of animals were used.
Experimental protocols were approved by the Institutional
Animal Ethic Committee (IAEC number 861/2/16) of Indian
Institute of Integrative Medicine, IIIM (CSIR), Jammu. The
animals used were housed under standard laboratory
conditions at a temperature of 23 + 1 °C, relative humidity
of 55 + 10%, and light/dark cycles of 12/12 h, fed with the
standard pellet diet (Lipton India Ltd), and received water ad
libitum. None of the animals was sacrificed throughout the
study; however, as per the institute’s norms, they were
subjected to euthanasia after the experimentation using diethyl
ether and were disposed off by means of incineration. Standard
and testing extracts and compounds used for the in vivo study
were dissolved in 100% dimethyl sulfoxide (DMSO), but the
working concentration of DMSO was made in such a way that
below 1% was injected into the animals.

4.6. Cell Culture. Murine macrophages cells (RAW 264.7)
were obtained from NCCS, Pune, India, cultured in DMEM
medium containing 10% fetal bovine serum (FBS) and
penicillin—streptomycin (GIBCO) at 37 °C in a humidified
5% CO, atmosphere. The actual concentration of DMSO in
the treated plate was 0.1%.

4.7. Biological Assays. 4.7.1. Effect of the Extract and
Compound lll on Cytokine Production (TNF-a, IL-6, IL-1p,
and IL-10) and Proinflammatory Mediators (NO, PGE2, and
LTB4) in RAW 264.7 Cells and Balb/C Mice. The inhibitory
effect of the extract and the compounds was determined by
ELISA. RAW 264.7 cells were seeded into a 96-well plate at a
density of 2 X 10° cells/well and incubated overnight. The cells
were then treated with the corresponding extract (20, 10, and §
ug/mL) and compounds (10, S, and 1 uM) with a volume of
90 uL for 1 h followed by the addition of 1 ug/mL (10 uL)
LPS for 24 h to induce inflammation. Culture supernatants
were assayed as per the protocol of the ELISA kit to measure
the amount of cytokines produced in each sample. The
experiment was carried out in triplicate.

Overnight-fasted mice were drugged orally with the test
extract (200, 100, and 50 mg/kg) and compounds (S, 2, and 1
mg/kg) for 1 h. LPS (0.5 mg/kg) was administered via
intraperitoneal (i.p.) injection. Blood was collected after 3 h
from the retro-orbital plexus (r.o.p). Serum was collected and
stored at —80 °C until used for ELISA”* to study the inhibition
of cytokines using Invitrogen (Mouse) kits. For the measure-
ment of NO, PGE2, and LTB4, the protocol followed by
Khajuria et al,, 2018”° was used.

4.7.2. MTT Assay for Measurement of Cell Viability. RAW
264.7 cells (16,000 cells/well) were treated with different
concentrations (S, 10, and 20 uM) of compounds (Figure 14)
for 48 h in flat-bottomed microtiter plates. MTT solution (20

UL, 2.5 mg/mL) prepared in PBS, pH 7.4 was added 4 h prior
to culture termination. 100% DMSO (100 uL) was added in
each well to solubilize the formazan. Absorbance was measured
at a wavelength of 570 nm using a Synergy Mx plate reader.
The LPS-treated group was used as the control in calculating
percentage cell viability.
cell viability (%) = (OD,

control

- ODsample)/ ODcontrol

4.7.3. Pharmacokinetic Study of Compound Ill. Single-
dose oral pharmacokinetic study of compound III was carried
out using healthy adult BALB/c. Twenty animals were kept
under standard laboratory conditions with water ad libitum for
a period of 1 week before experimentation. Animals were
fasted overnight and divided into four groups containing five
animals per group on the day of experimentation. The dose
was prepared in 5% DMSO, 30% solutol HS-15, 20%
polyethylene glycol (PEG) 400, and 45% water (v/v) and
administered through the oral route at 10 mg/kg with a dose
volume of 10 mL/kg. Blood samples were collected from
retero-orbital plexus of at 0 (predose), 0.25, 0.5, 1, 2, 4, 6, and
8 h in microcentrifuge tubes containing 5% (w/v) disodium
EDTA. Two blood samples were collected from each group to
execute pharmacokinetic study using the sparse sampling
technique. Each blood sample was centrifuged at 10,643g for
10 min to obtain each of 50 yL plasma which was further
processed with methanol (200 uL) for plasma protein
precipitation. Then, the sample was mixed thoroughly by
vortexing for 2 min followed by centrifugation at 14000 rpm
for 10 min at 4 °C. The organic layer was separated and
transferred to the HPLC vial for analysis. Compound III was
dissolved in DMSO and diluted further with methanol to
obtain a calibration curve (0.48—500 ng/mL) by spiking an
appropriate amount into the blank plasma. Quantitation of
compound III was carried out using LC—MS/MS (Make:
Shimadzu; model: 8030). Separation was achieved in a
Chromolith high-resolution RP-18e column (50 X 4.6 mm)
(Merck-Millipore) using mobile-phase composition of water
with 0.1% formic acid, v/v (solvent A) and acetonitrile
(solvent B) at a flow rate of 0.3 mL/min. Gradient elution was
programmed as follows: 0.01—2 min, 10% B; 2—4 min, 10—
60% B; 4—6 min, 60% B; 6—8 min, 60—10% B; and 8—10 min,
10%. A tandem mass spectrophotometer with an electrospray
ionization (ESI) source was operated in the positive mode, and
quantitation of compound III was performed in the multiple
reaction monitoring (MRM) mode with parent ion/product
ion transition pairs of 477.1 > 301.2. Plasma concentrations of
compound III at the respective time points were obtained, and
calculation was carried out for various pharmacokinetic
parameters by noncompartmental analysis using PK solution
software (Summit Research Services, Colorado, USA).

4.7.4. Western Blotting. RAW 264.7 cells (2 x 10°cells/
well) were pretreated with compound III (S and 10 uM) for 1
h and stimulated with LPS (1 ug/mL) for 24 h. Cells were
then harvested; then, the cell pellet was dissolved in radio-
immunoassay precipitation buffer (Sigma; R-0278) over ice for
40 min. The lysate was then centrifuged at 14,000¢ for 15 min
at 4 °C, and the supernatant was collected. Protein estimation
was carried out by Bradford’s method with the bovine serum
albumin (BSA) standard. Western blotting was performed
according to the reported protocol.”® Specific proteins were
detected by Immobilon Western (Chemiluminescent HRP
substrate, Millipore)-mediated chemiluminescence by Chem-
iDoc XRS+ (Bio Rad). Densitometric analysis of specific bands
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was carried out using Image Lab Software version 3 (Bio Rad).
The effect on phosphorylation of IKK-a/f, IKBa, and NF-kB
p6S was studied in a dose-dependent manner with respect to
dexamethasone (0.5 uM).

4.7.5. Total RNA Extraction. Total cellular RNA was
isolated from RAW 264.7 cells using a Quiagen RNeasy Mini
Kit. cDNAs were synthesized from 1 ug of RNA of each
sample using a Superscript vilo cDNA synthesis kit following
the manufacturer’s protocol. The PCR cycle involved
incubation at 25 °C for 10 min following 42 °C for 1 h and
termination at 85 °C for 5 min. The Q-RT-PCR was carried
out in a 20 pL final volume containing 1 xL of the synthesized
cDNA sample, 2.5 uM primer pairs, and 10 uL of SYBR green
PCR master mix in Roche Light Cycler real-time PCR systems.
The following protocol was followed, 50 °C for 2 min followed
by 40 cycles at 95 °C for 10 min and then 95 °C for 15 s and
60 °C for 1 min using the following primers. Relative
expression levels of the target genes were calculated based
AACt according to the manufacture’s specifications using
the glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene as a reference housekeeping gene.””’® The primer
sequence is TNF-a-sense (5'-CTCCAGGCGGTGCC-
TATGT-3'), TNF-a-antisense (S'-GAA-
GAGCGTGGTGGCCC-3"), IL-6-sense (S'-CCA-
GAAACCGCTATGAAGTTCC-3'), IL-6-antisense (5'-
TCACCAGCATCAGTCCCAAG-3’), iNOS-sense (S'-
TCACTGGGACAGCACAGAAT-3’), iNOS-antisense (5'-
TGTGTCTGCAGATGTGCTGA-3’), COX-2-sense (5'-
GGGAAGCCTTCTCCAACC-3’), COX-2-antisense (5'-
GAACCCAGGTCCTCGCTT-3’), GAPDH-sense (5'-
TGTGTCCGTCGTGGATCTGA-3'), and GAPDH-antisense
(§-TGCCTGCTTCACCACCTTCT-3').

4.7.6. Body Weight and Lymphoid Organ Weight. Animals
were divided into four experimental groups (I-IV) each
having five animals (Table 3): group I (control), normal saline;
group 1I, compound III (1 mg/kg body weight); group III,
compound III (2 mg/kg); and group IV, compound III (5 mg/
kg). Animals were sacrificed 24 h after the last dose. Body
weight gain (percentage) and relative organ weight (organ
weight/100 g of body weight) of the spleen, thymus, liver, and
kidney for each animal were determined.””

4.7.7. Liver Function Test. Animals were divided into five
groups comprising five animals each. Group I (control)
received normal saline; group II received LPS (0.5 mg/kg),
and the rest of the groups received the respective doses of
compound III for S days (Table 4). Serum glutamate oxalate
transaminase (SGOT) and serum glutamate pyruvate trans-
aminase (SGPT) were measured using the kits (Erba
Diagnostics, India).

4.7.8. Histopathology. After the completion of experiment,
animals were sacrificed by decapitation. Then, the liver was
removed from the animals, sliced, and subsequently washed in
saline. A small part of liver tissue was preserved in 10%
formalin. The tissues were embedded in paraffin wax and
sectioned to 4 to S pum thickness using a microtome. The
sections were subjected to histopathological studies after
haematoxylin and eosin staining and then photographed.®

4.7.9. Efficacy of Compound Il against Carrageenan-
Induced Paw Edema. Six groups of mice (n = S) were fasted
overnight and treated orally with compound III (1, 2, and §
mg/kg). 1% carrageenan solution (100 xL) was prepared in
PBS and injected at the subplantar region of the left hind paw
of all animals. Then, the volume of the injected paw was

measured using a plethysmometer at 1, 3, 6, 8, and 10 h. The
percentage inhibition of paw edema was calculated using the
following formula

oedema (%) inhibition = (V. — V;/V.) X 100

V.—volume of paw edema in the control group. V.—volume
of paw edema in the treated group.

4.7.10. Macrophage Phagocytosis by the Carbon
Clearance Method. On day 6, all the groups were given 0.1
mL of carbon ink suspension through the tail vein. Blood was
collected from the retro-orbital plexus at 0 and 30 min
immediately after the injection of carbon suspension. Blood
was lysed with 2 mL of 0.1% sodium carbonate, and the
absorbance was measured at 675 nm.”' The rate of carbon
clearance, termed as the phagocytic index, was calculated using
the equation.”

phagocytic index = (In OD; — In OD,)/t, — t;

OD1: optical density at a time (¢;) 0 min after blood collection
from mice tail vein. OD2: optical density at a time (£,) 30 min
after blood collection from mice tail vein.

4.7.11. Statistical Analysis. Data were expressed as mean
+S.E.M.,, using one-way analysis of variance (ANOVA)
followed by Dunnett’s t-test. All the statistical analysis has
been carried out using Graphpad Prism software which
calculates the P-value also.
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