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Abstract

The Pandanus tectorius methanolic (PTM) and P. tectorius aqueous (PTA) extracts were investigated for their potential
in vivo anti-inflammatory activity using carrageenan-induced rat paw edema. Parameters including paw thickness measure-
ment, histopathological, and immunohistochemical cyclooxygenase (COX)-2 expression analyses were measured and ana-
lyzed. PTA at 500 mg/kg significantly reduced inflammation after induction of carrageenan (Carr), with mean paw thickness
change of 0.110+0.024 mm at sixth hour post-induction and histopathological mean inflammatory grade of 1.80+0.20.
The reduced immunohistochemical COX-2 expression using PTA at 500 mg/kg was determined with mean final 3,3'-diam-
inobenzidine (DAB) intensity of 63.70+2.08. The profiling of metabolites by liquid chromatography—mass spectrometry
(LC-MS) revealed presence of ethyl caffeate and dihydroconiferyl alcohol as putative secondary metabolites of PTA which
were the major peaks and have been reported to possess anti-inflammatory activities. This research has provided scientific
insights of utilizing P. tectorius as a potential anti-inflammatory agent containing secondary metabolites which may be
pharmacologically relevant.
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Introduction

Inflammation is a non-specific immune response of an
organism for the protection and healing against the effects
of harmful stimuli (Mehta et al. 2013). Chronic inflamma-
tion is linked to the leading causes of mortality in the Phil-
ippines (Leading Causes of Mortality 2013) and worldwide
(The Top 10 Causes of Death 2018), including diseases of
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the vascular system, malignancies, chronic lower respiratory
diseases, and diabetes mellitus.

One of the central inflammatory pathways is the arachi-
donic acid (AA) cascade which is mediated by cyclooxy-
genase (COX) and lipoxygenase (LOX) (Joshi et al. 2016).
COXs play essential roles in the formation of prostanoids,
which include prostaglandins (PGs) and thromboxanes
(TXs). Two major isoforms of COX, COX-1 and COX-2,
facilitate the synthesis of basal and inflammatory pros-
tanoids, respectively (Khan et al. 2016). Although synthetic
COX inhibitors are commercially available, these drugs
are associated to toxicities that could outweigh their ben-
efits (Babby and Lall 2015). Hence, medicinal plants are
being tapped as biologically active materials to combat
inflammation.
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The genus Pandanus (Pandanaceae) is comprised of
approximately 700 species, mostly distributed in tropical and
sub-tropical regions in the Pacific Islands, Australia, and the
Malaysian Islands. Several Pandanus species are regarded
as medicinal plants in traditional folk medicine. The pres-
ence of steroids, terpenoids, flavonoids, lignans, benzenoids,
and alkaloids is elaborated in the phytochemical analyses on
Pandanus species (Tan and Takayama 2019). P. tectorius is
an important medicinal plant of the genus and grows abun-
dantly in the Philippine coastal areas. Pharmacological stud-
ies revealed its anxiolytic (Bhatt and Bhatt 2016), anticoagu-
lant (Omodamiro and Ikekamma 2016), antihyperlipidemic
(Zhang et al. 2013a), and diuretic (Tan et al. 2014) proper-
ties. The leaves are also used in traditional medicine in the
treatment of heartache, earache, arthritis, debility, giddiness,
laxative, rheumatism, smallpox and spasms (Sanjeeva et al.
2011), while the root decoction is used to treat hemorrhoid
(Wen et al. 2011). The fruits, male flowers and aerial roots
are also employed to combat digestive and respiratory dis-
orders (Omodamiro and Ikekamma 2016).

In our continuing interests on the phytochemical and
pharmacological studies of the genus Pandanus (Tan and
Takayama 2019), we herein describe the scientific basis on
the folkloric claim on the use of P. tectorius extracts as an
anti-inflammatory agent.

Materials and methods
Reagents and materials

Indomethacin and carrageenan were purchased from Sigma-
Aldrich (Singapore). Normal saline solution (NSS) and 10%
formalin solution were obtained from Mercury Drug (Phil-
ippines). Polyclonal COX-2 antibody was purchased from
Abcam (UK). EnVision®+ Dual Link System-Horseradish
Peroxidase (HRP) (3,3’-Diaminobenzidine (DAB) +) Immu-
nohistochemistry (IHC) kit was obtained from DakoCytoma-
tion (USA). Colon cancer tissue slides were obtained from
the Histopathology Section, Seamen’s Hospital (Manila,
Philippines). The patient consent was carried out through
the ethics review committee board of the hospital. The use of
the human tissue sample was conducted in accordance with
relevant guidelines and regulations. The experimental proto-
cols on the use of the human tissue sample were approved by
the University of Santo Tomas (UST) Ethics Review Board.

Experimental animals

Sixty-three (63) male Sprague—Dawley rats (308-350 g)
for in vivo anti-inflammatory determination were acquired
from MOTS Animal House (Sta. Rosa, Laguna, Philip-
pines). All experimental animals were acclimatized at the
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UST-Research Center for the Natural and Applied Sciences
Animal House and acclimatized for 7 days prior to the con-
duct of the experiment at constant temperature (25 +2 °C),
relative humidity (60 +4%), 12-h light/12-h dark cycle,
and free access to food and water. All in vivo experiments
performed were in accordance to the guidelines established
by the UST Institutional Animal Care and Use Committee
(IACUC) with an approval number of RC2017-920919 and
were duly approved by the Bureau of Animal Industry with
animal research permit AR-2017-376.

Plant material

Fresh, matured leaves of P. tectorius were collected in
Barangay Sabang, Santa Cruz, Zambales, Philippines in
May 2017. The leaves were washed of dirt and air-dried
away from sunlight prior to extraction. The plant sample
was authenticated at the Botany Division of the Philip-
pine National Museum with control number 17-04-608. A
voucher specimen was deposited at the UST Herbarium.

Preparation of plant extracts

Air-dried, ground P. fectorius leaves (2.68 kg) were sub-
jected to MeOH extraction for 5 days (24 h each) for a total
volume of 20 L in a percolator and filtered. The collected
filtrates were concentrated under reduced pressure to obtain
the crude MeOH extract (PTM, 354 g). The aqueous leaf
extract of P. tectorius was obtained by crushing the fresh,
matured leaves (2.02 kg), adding dist. H,O (8 L) and boiling
for 15 min with constant stirring. The extract mixture was
cooled to room temperature, macerated overnight, and was
filtered. The collected filtrate was lyophilized yielding the
aqueous extract (PTA, 78 g).

In vivo anti-inflammatory activity:
carrageenan-induced rat paw edema

The in vivo anti-inflammatory determination was adopted
from Lee et al. (2017) with modifications. The animals were
randomly divided into seven experimental groups as follows.

Normal control (NSS-treated)—three rats
NSS +0.1 mL of 1.0% (w/v) Carr—ten rats
Indomethacin at 10 mg/kg + Carr—ten rats
PTM at 250 mg/kg + Carr—ten rats

PTM at 500 mg/kg + Carr—ten rats

PTA at 250 mg/kg + Carr—ten rats

PTA at 500 mg/kg + Carr—ten rats

Nk L=

PTM, PTA, NSS, and indomethacin were administered
through oral gavage to the respective animals 3 days prior
to Carr induction (Katani¢ et al. 2016). On the 4th day, 1 h
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after oral administration of the test samples to the treatment
groups, 0.1 mL of 1.0% (w/v) Carr was subcutaneously
injected into the sub-plantar side of the left hind paw of
the rats. Before (at time 0) and at hourly intervals for 6 h
after carrageenan induction, the paw thickness was measured
using digital micrometer series 293 IP65 level (Mitutoyo,
USA). Prior to the actual paw thickness measurement, the
rats in each of the major experimental groups were further
divided into two sub-groups (n=>5 each), as initial and late
sub-groups. Initial sub-groups consisted of rats that were
hourly measured for paw thickness for 2 h after Carr induc-
tion and paws were dissected for future tests after the second
hour of measurement. Paw thickness of rats designated at the
late sub-groups was hourly measured from the baseline up
to the sixth hour post-Carr administration, and paws were
dissected for future analyses after the sixth hour of meas-
urement. Change in paw thickness was measured using the
formula:

Change in paw thickness = C,—C,

where C, is the left hind paw thickness (mm) at time #;
and C; is the left hind paw thickness (mm) before carra-
geenan injection.

Histopathological analysis

The prepared paw specimen slides were microscopically
viewed at 400 X total magnification using EVOS XL Cell
Imaging System (Thermo Fisher Scientific, USA). The
degree of inflammation, which was estimated by means of
leukocyte infiltration, edema, and congestion of local vas-
culature, was evaluated with a score from O to 5. The scores
were defined as follows: 0—no inflammation; 1—mild
inflammation; 2—mild/moderate inflammation; 3—moder-
ate inflammation; 4—moderate/severe inflammation, and
5—severe inflammation (Catherine et al. 2015). Scoring was
assessed by a licensed veterinarian who was masked on the
treatment sub-groups.

Immunohistochemical analysis of COX-2

Immunohistochemical analysis was based on the manu-
facturer’s instructions. Tissue slides were incubated in an
oven at 60 °C for 1 h. Deparrafinization and rehydration
were conducted using the following reagents at a certain
period and frequency: xylene for 5 min twice, absolute EtOH
(Merck) for 3 min twice, 95% EtOH (Sigma-Aldrich) for
3 min twice, and dist. H,O for 1 min twice. Then, antigen
retrieval operation through heat-induced epitope retrieval
was done as follows: after pre-heating diluted target retrieval
solution in the staining jar in water bath is set at 95-99 °C,
the slides were incubated for 10 min, then cooled for 20 min

at room temperature, and finally soaked in diluted wash
buffer for 5 min. Excess buffer in the slides was wiped off
and the staining procedure was conducted. For the stain-
ing, 100 pL of dual endogenous enzyme block solution was
added and incubated for 5 min. Then, the primary antibody
polyclonal COX-2 at 1:200 dilution was applied and incu-
bated for 30 min. This was followed by the addition of the
secondary antibody (labeled polymer-HRP) and incubated
for 30 min. Following every step mentioned, sections were
carefully washed with wash buffer and incubation was done
using a humidity chamber. Slides were incubated again
in a chromogen solution prepared with DAB chromogen
diluted using DAB substrate buffer for 10 min. Sections
were counterstained with Mayer’s hematoxylin for 1 min,
and microscope slides for analysis were mounted using an
appropriate mounting medium. Representative rat paw tis-
sues as tissue type control and no primary antibody con-
trol in which COX-2 primary antibody was removed in the
staining procedure were included in the experiment. Positive
tissue type control was also included using a colon cancer
tissue specimen. Microscopic analysis and capturing of tis-
sue slides were performed under 400 X total magnification.

Captured slides were then loaded on ImageJ software and
color deconvolution was applied on all photomicrographs
using the plug-in IHC profiler to obtain the DAB-stained
photos (Varghese et al. 2014). The regions of interest were
selected in each DAB-stained photo and the pixel intensity
value was extracted. Final DAB intensity value was calcu-
lated by subtracting the obtained pixel intensity value ana-
lyzed by Imagel software from 255, where 255 represents
the maximum pixel intensity of an RGB photo (Nguyen et al.
2013).

Untargeted LC-MS metabolite profiling

Five milligrams of the plant extracts were dissolved in 2 mL
of LC-MS grade MeOH and were filtered in 0.2 pm polyte-
trafluoroethylene syringe filters. The filtrates were loaded
at an injection volume of 1 pL and 400 pL/min/run flow
rate. UltraPerformance Liquid Chromatography Waters
ACQUITY BEH HSST3 (2.1 mm x50 mm, 1.8 pm) col-
umn set at 30 °C was used in the separation of metabo-
lites, while the solvent reservoir consisted of 5% acetoni-
trile/water + 0.1% formic acid/water (v/v) solution and 95%
acetonitrile +0.1% formic acid (v/v) solution. MS analysis
was performed at positive ionization mode [M + H]*. The
mass spectrometer operating parameters were set as follows:
cone voltage, 40 V; capillary voltage, + 3.0 kV; source off-
set, 80 V; low collision energy, 6 V; cone gas flow, 100 L/h;
source temperature, 120 °C; desolvation temperature,
400 °C; and source calibration delivery system, which con-
sists of internal reference (leucine-enkephalin, m/z 556.2771
(ESI+). The putative compounds were identified based on
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retention time, accurate mass measurement data, elemental
composition, and error (ppm) by library matching using the
Waters MassLynx™ Mass Spectrometry Software and Tra-
ditional Chinese Medicine database.

Statistical analysis

All experimental data were expressed as mean + SEM. Sta-
tistical analyses were carried out using XLSTAT software
version 2018.5.52345 and PAST (Paleontological Statistics)
software version 3.14. Statistical significance was analyzed
by paired T test for comparison of pre- and post-treatments,
and one-way ANOVA (equal variances)/Welch F test (une-
qual variances) followed by Tukey’s pairwise post hoc tests.
p <0.05 was considered statistically significant.

Results
Change in paw thickness

Indomethacin-treated initial sub-group had a significant dif-
ference with NSS + Carr initial sub-group at the first hour
of measurement (p=0.0001, Fig. 1a), where it provided the

Fig.1 Change in paw thickness A 20
of a initial and b late sub- 18
groups in carrageenan-induced
rat paw edema. Obtained
values were represented as the
mean+ SEM (n=35). *p <0.05
compared to the NSS + Carr
initial sub-group
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least extent in changes of paw thickness at 0.095 +0.014 mm.
All extract-treated initial sub-groups had an increased paw
thickness values after the second hour of measurement.
Among them, PTM 250 mg/kg + Carr initial sub-group
had the least increment in paw thickness from the first hour
(0.469 +0.058 mm) up to second hour (0.471 +£0.080 mm)
of measurement. All other extract-treated initial sub-groups
had an augmentation in the thickness, more than twice in
comparison to the first hour of measurement.

In Fig. 1b, NSS + Carr late sub-group exhibited the
greatest change at the fourth hour of measurement at
1.535 +0.188 mm. Indomethacin-treated late sub-group was
significantly different from the NSS + Carr late sub-group
from third hour up to sixth hour of measurement by having
the highest anti-inflammatory activity among the late sub-
groups. All extract-treated late sub-groups had significant
differences with NSS + Carr late sub-group from the fourth
up to sixth hour of measurement. Notably, PTA 500 mg/
kg + Carr late sub-group had its paw thickness values com-
parable to indomethacin + Carr late sub-group from the third
up to sixth hour of measurement (third hour: p=0.14; fourth
hour: p=0.72; fifth hour: p =0.79; and sixth hour: p =1.0).
PTA 500 mg/kg + Carr late sub-group hourly reduced the
paw thickness than PTA 250 mg/kg + Carr late sub-group

* *
J *
* *
*
L
| ]
2

Time (hr)
= Indomethacin 10 mg/kg + Carr = PTM 250 mg/kg + Carr
= PTA 250 mg/kg + Carr = PTA 500 mg/kg + Carr
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from the third up to sixth hour of measurement, although
there was no significant difference in the hourly effects
between two doses given (third hour: p =0.50; fourth hour:
p=0.51; fifth hour: p=0.66; and sixth hour: p =0.23). Rep-
resentative photographs of the rats for the sixth hour post-
induction are given in the Online Resource material.

Histopathological analysis

Figure 2 depicted that the NSS + Carr initial sub-group
gave the highest extent of mean inflammatory score of
3.40 (moderate inflammation) at the end of second hour of
measurement. Histopathological anti-inflammatory effects
of all extract-treated initial sub-groups were considered
as minimal in comparison to the NSS + Carr initial sub-
group, all of which lowered the mean inflammatory score
by only less than 1 from the inflammatory score from the
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Fig.2 Histopathological analysis of a initial and b late sub-groups
in carrageenan-induced rat paw edema. Degree of inflammation was
represented as the mean + SEM (n=35). Immunohistochemical COX-2
expression analysis of ¢ initial and d late sub-groups in carrageenan-

NSS + Carr initial sub-group. For the initial sub-groups,
histopathological photomicrographs revealed the pres-
ence of infiltrated leukocytes at the site of the carrageenan
injection after second hour of measurement on paw thick-
ness in the initial sub-groups (Fig. 3a).

Histopathological analysis of the NSS + Carr-treated
late sub-group showed a slight increase in the mean
inflammatory score in comparison to the initial sub-
group (Fig. 2b). Indomethacin-treated (p =0.0008), PTM
500 mg/kg + Carr (p=0.042), and PTA 500 mg/kg + Carr
(p=0.0008) late sub-groups had significant differences
with the NSS + Carr late sub-group, which were assessed
based on the presence of the infiltrated leukocytes and on
the degree of edema in the paw tissues (Fig. 3a). Inter-
estingly, PTA 500 mg/kg + Carr-treated late sub-group
showed a lower inflammatory score, similar to indometha-
cin at 1.80 (p =1.00).
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Fig.3 a Histopathological photomicrographs of paw tissues in nor-
mal control, initial and late sub-groups at 400 X total magnification.
b Immunohistochemical photomicrographs of paw tissues in normal

Immunohistochemical analysis of COX-2

Minimal mean final DAB (3,3’-diaminobenzidine) inten-
sity value was observed in the tissue controls without the
primary antibody at 2.02 +0.10 as characterized by neg-
ligible brown stain coloration on the tissues (Fig. 3b—no
primary antibody). On the contrary, a high average final
DAB intensity value was seen in the colon cancer cell
specimens at 178.01 +2.85 as designated by a high extent
of brown stain coloration (Fig. 3b—TTC).

The NSS + Carr initial sub-group had a considerably
lower final DAB intensity of 19.12 +2.21 (Fig. 2c), which
was manifested by a lighter brown staining (Fig. 3b—
NSS + Carr Initial). All extract-treated initial sub-groups
provided a darker brown stain and exhibited a higher final
DAB intensity value in comparison to NSS + Carr late
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control, initial and late sub-groups at 400X total magnification. ep
epidermis, d dermis, ct connective tissues, /i leukocyte infiltration, m
muscle tissues, 7TC tissue type control (colon cancer cells)

sub-group, in which the PTM at both doses had signifi-
cant differences with NSS + Carr initial sub-group (PTM
250 mg/kg + Carr: p <0.0001; PTM 500 mg/kg + Carr:
p=0.012).

Immunohistochemical COX-2 expression analysis on
late sub-groups (Fig. 2d) showed that all drug-treated sub-
groups had significant differences with NSS + Carr late
sub-groups. Indomethacin-treated sub-group revealed a
significant reduction in the final DAB intensity in com-
parison to NSS + Carr sub-group (p < 0.0001), and evoked
the effect of threefold better than the carrageenan con-
trol sub-group. PTA at 500 mg/kg + Carr late sub-group
had the lowest mean final DAB intensity measurement of
63.70+2.08 among all the extract-treated sub-groups and
had a similar activity with the indomethacin-treated late
sub-group (p=0.041).
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Fig.4 LC chromatogram of a Pandanus tectorius methanolic (PTM) and b Pandanus tectorius aqueous (PTA) extracts
Table 1 LC-MS putative compounds from Pandanus tectorius methanolic (PTM) extract
RT (min) Observed m/z Calculated m/z Molecular formula Error (ppm) Putative identity
2.26 (1) 332.0829 332.0818 C,sH,50; 3.31 Malvidin
2.95(5) 229.0797 229.0786 C,,H,,0;4 4.80 Resveratrol
3.04 (6) 345.0891 345.0896 CsH,0; —1.45 Cirsilineol
5.57(7) 447.1208 447.1213 C,,H,,04 —-1.12 Swertisin
9.28 (8) 421.1766 421.1784 C,,H,304 —4.27 (+)-Lyoniresinol
9.65 (9) 419.1612 419.1628 C,,H,O4 3.82 (+)-Syringaresinol
11.28 (11) 287.0481 287.0477 C;5H,00¢ 1.39 Scutellarein
11.76 (12) 209.0737 209.0736 C,H,,0, 0.47 Ethyl caffeate
14.81 (13) 385.1570 385.1573 C,,H,,0¢ —0.78 Pandanusphenol A
15.33 (14) 177.0845 177.0837 C,H,,0, 4.52 Ethyl cinnamate
15.76 (15) 217.1152 217.1150 C,,H,s0, 0.92 3-Methyl-3-buten-1-yl cinnamate
16.08 (16) 285.2707 285.2715 C,sH3,0, —-2.80 Stearic acid
16.32 (17) 167.0993 167.0994 C,oH,4,0, —0.60 Viridine
17.45 (18) 109.0577 109.0575 C,HgO 1.83 Benzyl alcohol
17.72 (19) 129.0836 129.0837 C,H,,0, -0.77 Isoprenyl acetate
18.00 (20) 343.0946 343.0951 C,5H,30, —1.46 Caffeic acid glucoside
18.50 (21) 287.0481 287.0477 C,sH,,0¢ 1.39 Luteolin
19.47 (22) 197.1454 197.1463 C;,H,,0, —4.57 Geranyl acetate
LC-MS metabolite profiling Twelve putative compounds were identified from the LC

chromatogram of the PTA extract (Fig. 4b) as summa-
Figure 4 showed the LC chromatogram of the PTM  rized in Table 2
extract where 22 putative compounds (Table 1) were
detected, based on the observed pseudomolecular ion
peaks at [M + H]+with high mass accuracy (ppm <5).
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Table2 LC-MS putative

RT (min) Observed m/z Calculated m/z Molecular formula Error (ppm) Putative identity
compounds from Pandanus
tectorius aqueous (PTA) extract 079 (a)  731.1727 731.1745 C3,HO, —2.46 Isoorientin

1.17 (b)  149.0521 149.0524 CyH0, -2.01 p-hydroxy

cinnamaldehyde

1.64 (c)  183.0946 183.0943 CoH 405 1.64 Dihydroconiferyl alcohol

1.79(d)  361.0861 361.0845 C,sH,,0; 443 Centaureidin

226 ()  332.0829 332.0818 C,7H,50; 3.31 Malvidin

295(g)  229.0797 229.0786 C,,H,,0;4 4.80 Resveratrol

3.03(h)  345.0891 345.0896 CsH,0; —1.45 Cirsilineol

7.96 (i) 539.1697 539.1686 C,sH3005 2.04 Minecoside

8.41 () 287.0827 287.0841 C,6H,405 —4.88 Sakuranetin

11.78 (k) 209.0737 209.0736 C,H,,0, 0.47 Ethyl caffeate

18.05 (1) 343.0946 343.0951 C,5H g0y —1.46 Caffeic acid glucoside

Discussion

Inflammation is part of diverse biological responses of the
body to omit adverse stimuli (Taofiq et al. 2015). It serves
as a central feature in different chronic diseases, such as
atherosclerosis, diabetes mellitus, obesity, COPD, arthri-
tis and cancer (Gilroy et al. 2015). The safety of the crude
leaf extracts of P. tectorius has been previously established
(Bhatt and Bhatt 2016), hence, the efficacy on targeting pros-
tanoid synthesis is an essential goal in searching for safer
anti-inflammatory agents derived from natural sources.

The sub-groupings performed on the Carr-induced rat
paw edema were patterned based on the pro-inflammatory
effect of Carr. Carr produces a biphasic pro-inflammatory
mechanism (Necas et al. 2013). The initial inflammation
beginning phase is due to the release of inflammatory media-
tors at the affected sites, such as histamine, serotonin, and
bradykinin. This phase occurs for 2 h after Carr administra-
tion. Expression of COX-2 and prostaglandins, particularly
PGE,, is observed from 3 to 6 h post-Carr induction. At
initial-phase inflammation, there was no promising anti-
inflammatory activity by the extracts. The effects were short-
lived due to reduced activity at the second hour of observa-
tion of the drug-treated sub-groups (Fig. 1a). The effect was
also inconsistent relative to the dose given. This was evident
when PTM at 250 mg/kg had a superior anti-inflammatory
activity after 2 h than PTM at 500 mg/kg (Fig. 1a).

The Carr-induced late-phase inflammation is considerably
more important than the initial phase, as it is an essential
target in discovering for new anti-inflammatory agents. Dur-
ing late-phase inflammation, COX-2 expression is greatly
increased (Necas et al. 2013; Katani¢ et al. 2016) and the
peak of acute inflammatory effect by Carr occurs from 3
to 5 h after induction (Fehrenbacher et al. 2012). In the
study, Carr exhibited its maximal pro-inflammatory effects
from the fourth hour to fifth hour after induction (Fig. 1b—
NSS + Carr). The histopathological inflammatory grade
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of NSS + Carr late sub-group was the highest (Fig. 2b),
and its histopathological photomicrograph (Fig. 3a—
NSS + Carr Late) showed the presence of numerous infil-
trated leukocytes.

The PTA extract provided more significant results than
PTM at late-phase inflammation from the induction of Carr
based on change in paw thickness (Fig. 1b) and histopatho-
logical analysis (Fig. 2b). Interestingly, results of PTA at
500 mg/kg was comparable to indomethacin, suggesting its
activity is attributed to targeting COX-2-mediated inflam-
mation after Carr administration.

To further establish the in vivo COX-2 modulatory poten-
tials of the PTM and PTA extracts, IHC was performed.
COX-2 is being expressed at the positive chromogenic stain-
ing at the cellular cytoplasm (Grewal et. al. 2005). Cali-
bration of the polyclonal COX-2 antibody (antigen affinity
purified) was done using the no antibody control and the
tissue type control (Fig. 3b). The no antibody control was the
specimen used from the experimental animals but no COX-2
antibody was instilled. The tissue type control consisted of
colon cancer cells, where COX-2 expression is expected to
be identified (Wu and Sun 2015). In the no primary antibody
control sub-group, significantly low mean final DAB inten-
sity signifies negligible COX-2 expression, while high mean
final DAB intensity in colon cancer cell specimen proves a
higher extent of COX-2 expression. With these results, it was
realized that the purchased COX-2 antibody was calibrated
and was highly specific with the COX-2 antigen.

Low mean final DAB intensity values were observed
in NSS + Carr initial sub-group, which was comparable to
the PTA at 250 mg/kg and 500 mg/kg, and indomethacin, a
known COX-2 inhibitor (Fig. 2c). These results signified the
low extent of COX-2 antigen—antibody interactions during
the initial phase of Carr inflammation, where COX-2 expres-
sion is not yet evident (Necas et al. 2013).

On late sub-groups, a significant high degree of COX-2
expression was observed with NSS + Carr late sub-group,
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based on mean final DAB intensity (Fig. 2d), which is
coherent with the late-phase pro-inflammatory effect of
Carr. Indomethacin-treated late sub-group also exhibited
low mean final DAB intensity in comparison to NSS + Carr
late sub-group, justifying its COX inhibitory activity. PTA
was able to significantly modulate the COX-2 expression
in comparison to NSS + Carr, having the most remark-
able activity in PTA at 500 mg/kg + Carr late sub-group.
These data on PTA late sub-groups were consistent with
the results obtained from changes in paw thickness and
histopathological analysis. These results imply that the
anti-inflammatory action of the PTA extract at 500 mg/kg
was observed at late-phase inflammation from the induc-
tion of carrageenan, and it mainly modulated COX-2
expression in vivo.

While phytochemical studies involving isolation and
structure elucidation have been conducted on P. tecto-
rius, this is the first report on the metabolite profiling
of the methanolic and aqueous extracts. LC-MS untar-
geted metabolite profiling revealed the presence of dif-
ferent putative compounds both from the PTM and PTA
extracts (Tables 1 and 2). It is noteworthy that several of
these putative compounds were previously isolated from
the different Pandanus species, including pandanusphenol
A (Zhang et al. 2013b), dihydroconiferyl alcohol, narin-
genin, sakuranetin, and tangeretin (Zhang et al. 2012),
geranyl acetate, isoprenyl acetate, 3-methyl-3-buten-1-yl
cinnamate, and ethyl cinnamate (Vahirua-Lechat 1996),
viridine, benzyl acetate, benzyl salicylate, and benzyl
alcohol (Kusuma et al. 2012), cirsilineol and stearic acid
(Venkatesh et al. 2012), (+)-syringaresinol and p-hydrox-
ycinnamaldehyde (Nguyen et al. 2016).

Studies also showed that secondary metabolites provide
synergistic action in targeting multiple pathways through
interaction between bioactive components present within the
plant (Zhou et. al. 2016), although further studies are war-
ranted to justify this claim (Yuan et. al. 2017). Anti-inflam-
matory mechanisms other than COX-2 inhibition and/or
modulation were also identified for the putative compounds.
The inhibition of NF-kB activation of malvidin and nar-
ingenin prevented the activation of inflammatory cascade,
such as COX-mediated prostanoid formation (Tornatore
et al. 2012). Targeting IL-1p reduced COX-2 expression,
as shown by the action of p-hydroxycinnamaldehyde and
luteolin (Taniura et al. 2008). Caffeic acid glucoside, which
inhibited TNF-a, may also prevent COX-2 expression, since
expression of these compounds are directly related (Alvares
et. al. 2018). Furthermore, targeting iNOS resulted in the
alteration of COX-2 pathway (Zhu et al. 2012). This could
be possible through the linkage between the iNOS inhibitory
activity of dihydroconiferyl alcohol, sakuranetin, tangere-
tin, caffeic acid glucoside, and luteolin and their potential
COX-2 modulatory effects.

Conclusions

This study has demonstrated the scientific basis on the
therapeutic potential of P. tectorius against inflammation
utilizing in vivo COX-2 modulation. Untargeted LC-MS
metabolite profiling revealed the presence of putatively
identified compounds in the P. tectorius extracts with
known anti-inflammatory activity, in which synergistic
activities of the compounds might have contributed to the
effect of the plant. Deeper studies on the anti-inflammatory
aspect of P. tectorius, both chemically and pharmacologi-
cally, are hereby warranted to develop safer plant-based
agents.
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