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Abstract

Background: This study aims to investigate the stability of
Zanthoxylum limonella Alston. seed (ZL) at various storage
temperatures and anti-inflammatory activity of the topical oral
gel (ZG) in a preclinical study.

Methods: The seed was stored in 2 different conditions:
accelerated condition (50 °C, 70 °C and 90 °C) over 96 h and
long-term condition (4 °C, 25 °C and 50 °C) over 6 months.
Anti-inflammatory activity of the topical oral in rats was
observed by using croton oil ear edema and oral punch wound
healing.

Results: High storage temperature decreased the total
phenolic content of ZL extract which the rate of degradation
followed zero-order kinetic. In the long term condition, ZL
stored at 50°C generated free radical while at 4 °C and 25 °C
found the non-significant difference from the initial. The rate of
release and permeation of phenolic content detected in
receptor medium of the ZL into a mucoadhesive gel was 0.11
and 0.47 pg/cm?/h with no lag time indicated the fast release
and permeation. The anti-inflammatory study suggests an
effective dose of 10% of ZG which accelerated the wound size
and reduced erythema compared to blank gel (p<0.001) and
similar to FG (p=0.8) since the third day of treatment. The anti-
inflammatory and wound healing activity of the ZG
demonstrated re-epithelialized and wound closure, as
supported by results of histopathology.

Conclusion: The topical oral gel contained the Zanthoxylum
limonella seed extracts in the preclinical of rats was proved
usefulness as an alternative topical oral product.

Abbreviation:

EPR : Electron Paramagnetic Resonance; ESR: Electron Spin
Resonance; FG: Fluocinolone Acetonide Gel; LG: Lidocaine Gel; ZL:
Zanthoxylum limonella Alston. seed extract; ZG: Zanthoxylum
limonella Alston. Seed extract incorporated in the gel base.

Introduction

Certain types of inflammatory tissue injury are mediated by reactive
oxygen metabolites [1]. Reactive oxygen species (ROS) may mediate
the inflammation and tissue dysfunction. Injuries of oral mucosa,
caused from the tooth, hard objects and/or fixed orthodontic
appliances, can injure oral mucosa and affect oral routine function by
introducing pain, swelling and inflammation, followed by a reduction
in saliva secretion which may cause mouth dryness, gingivitis and
subsequently microbial infection [2-4]. Topical application of anti-
inflammatory treatment is preferable, however, needs to overcome the
complex mucosal permeability phenomenon influenced by mucosal
structure, saliva secretion and the nature of the penetrants [5].
Mucoadhesive polymers used in the topical product are aimed to
prolong the contact time of the residence time of the dosage form at
the target of the action [6].

Zanthoxylum limonella Alston seed is widely distributed in the
north part of Thailand. It has been traditionally used as the food
ingredient and folk medicine various purpose, including stomach ache,
toothache, intestinal worms, rheumatism, scabies, snake bites, fever
and cholera [7]. Itthipanichpong and his colleagues found 33 chemical
components in the essential oil from fruit (seed), which evaluated by
using GC/MS analysis [8]. The main components are volatile oils and
phenolic compounds including Limonene (31.09%), terpin-4-ol
(13.94%) and sabinene (9.13%). The components can be useful as a
topical [9] application as antioxidant agents [7,10]. However,
antioxidant activity related anti-inflammatory tissue action has not
been fully understood, yet.

Stable free radicals can be detected by electron paramagnetic
resonance (EPR). Stable free radicals in pepper seeds were measured
by using EPR [11], which detects the unpaired electron spin of the
resonance phenomena. The resonance of unpaired electron in sesame
seeds under the applied magnetic field was also measured [12]. The
stable radicals can be produced by the antioxidant activities during the
storage of the seeds. Thus, stable free radicals of Zanthoxylum
limonella fruit can be measured by EPR. Furthermore, free radicals
represent the stability of the main components (limonene, phenols,
etc.), which is beneficial to verify the appropriate condition of fruit due
to gain the most potential of the main components. However, the detail
relation between total phenolic contents and the free radical are not
known.

In this paper, we investigated the stability and antioxidant activity of
Zanthoxylum limonella seed in order to be developed a mucoadhesive
topical oral gel. Stable free radical in the seed was measured by EPR.
Anti-inflammatory activity of the Zanthoxylum limonella gel in a
preclinical of a buccal wound of rats was also investigated which

Keywords:  Zanthoxylum limonella; Antioxidant;  Anti-

inflammation; Topical oral gel; EPR; free radical

7z =
SciTechnol
-

Al articles published in Journal of Pharmaceutical Sciences & Emerging Drugs are the property of SciTechnol and is
protected by copyright laws. Copyright © 2020, SciTechnol, All Rights Reserved.


mailto:aroonsri@kku.ac.th

Volume 8 ¢ Issue 2 » 1000135

Citation:

Priprem A, Limsitthichaikoon S, Nakagawa K, Netweera V (2020) Development of Topical Oral Anti-Inflammatory Gel Containing Zanthoxylum

limonella seed Extracted: A Preclinical Study. J Pharm Sci Emerg Drugs 8:2.

inhibit tissue inflammation. In addition, we discussed the results about
the wound sizes reduction.

Materials and Methods

Plant sample

Seeds of Zanthoxylum limonella Alston (so-called the seeds) were
harvested during November, December 2015 and January 2016 in the
North of Thailand.

Sample preparation for stability testing

These seeds were divided into 2 groups and kept in different
conditions. The first group was stored in accelerated temperature at 50,
70 and 90 °C for 96 h. At each predetermined time, triplicate samples
of each group were analyzed and averaged for determination of the
percentage of total phenolic content remaining in the samples. The
sampling period of ZL sample stored at 50 °C were randomly sampling
in every 24 h, as collected at time 0, 24, 48, 72, and 96 h, at 70 °C were
randomly sampling in every 12 h, as collected at time 0, 12, 24 and 48
h and at 90°C were randomly sampling in every 3 h, as collected at
time 0, 3, 6, 9, and 12 h. All samples of the first group were extracted
with absolute methanol (methanolic extracts) and proceeded to
analyze total phenolic content and DPPH assay. Then the percentage
remaining of total phenolic at an initial time of each temperature was
plotted with the time (month).

The second group was stored in normal condition as 4, 25, and 50
°C in a closed container containing silica gel for humidity control. Nine
tubes of the samples from each batch (approximately 100 tubes per
batch, 6 batches in total) were randomly sampled and stored at 4, 25,
and 50°C follow ICH Q1lA(R2) guideline [13] for 6 months. The
samples were randomly sampling ever months to analyze free radical
content with EPR assay.

Total phenolic contents

Folin-Ciocalteu’s reagent (VWR International, France) and sodium
carbonate anhydrous (Fluka-Garantie, Switzerland) were used to
oxidize and neutralize the extracts, respectively. The blue color mixture
was measured at 765 nm using a UV spectrophotometer (Shimadzu,
Japan) after 15 min incubation at 45 °C [14]. The results were
compared with the gallic acid, the standard for total phenolic
quantification, and expressed as microgram of gallic acid equivalent
per milliliter (ug GAE/mL).

EPR Measurement

A JEOL RE-3X X-band (9 GHz) EPR spectrometer (JEOL Inc.
Tokyo, Japan) was used to measure stable radical in ZL seed samples.
Typical spectrometer settings were as follows: magnetic field, 337.0 mT;
sweep width,5.0 mT; sweep time, 4 min; modulation frequency, 100
kHz; magnetic field modulation, 0.32 mT; amplitude,500; time
constant, 1s; microwave power,5 mW. All measurements were
performed at ambient temperature. The details of EPR are also
described previously [10-12].

Control, 1-, 3- and 6-month sampling were selected and inserted
into an EPR tube for the measurement. The position of a tube was put
in the center of the microwave cavity. After EPR measurements, ZL
seeds were weighed by using an analytical balance.
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Gel preparation

A blank gel (BG), consisting of 1% each of sodium polyacrylate and
carbomer 934P (GMP, Thailand) in isotonic phosphate buffer saline
(pH 7.4), was prepared. The ZL extract, lidocaine (Sigma-Aldrich,
U.S.A.) and fluocinolone acetonide (Sigma-Aldrich, U.S.A., U.S.A.)
were formed by thoroughly mixing with BG in order to compare each
ingredient in the same gel base [14,15]. The gels were packed in sealed
collapsible tubes with minimum air and autoclaved (121°C, 1 bar, 15
min) for sterilization.

Physicochemical properties, including color, pH, and texture
analysis of the ZG were evaluated. Firmness, compressibility,
adhesiveness and cohesiveness of ZG, measured using a texture
analyzer (TA.XT plus, Stable Microsystem, U.K.) with a half inch probe
compressed at a rate of 6 mm sec-1 into a 60 g sample in a 3-cm
diameter glass container, were analyzed by a texture profile of adouble
compression (90-sec) with a 15-sec rest[16].

In vitro release and permeation of ZG

In vitro release was conducted using Franz diffusion cells (Crown
Glass, U.S.A.) assembled by mounting cellulose acetate membrane pore
size 0.45 um (Whatmané, England) as the barrier between 5 ml of
artificial saliva solution pH 7.28 as the receptor medium (600 rpm, 37
°C), and ZG as the donor. Receptor medium was taken for total
phenolic content determinations.

In vitro permeation test was conducted using Franz diffusion cells
(Crown Glass, U.S.A.) assembled by mounting excised porcine
esophagus as the barrier [17,18] between 5 ml of 1% albumin solution
as the receptor medium (600 rpm, 37 °C), and ZG as the donor.
Receptor medium was taken for total phenolic content determinations.

Animal study

Adult male Wistar rats (weighing 250-350 g, 60 in total) were
obtained from the National Laboratory Animal Center, Mahidol
University, Salaya, Nakhonpathom, Thailand, and the animal handling
was under the supervision of the certified veterinarian of the Northeast
Laboratory Animal Center, Khon Kaen University, Thailand. The study
protocol has been reviewed and approved by the Animal Ethics
Committee of Khon Kaen University, based on the Ethic of Animal
Experimentation of the National Research Council of Thailand
(NELAC 23/2557) [19]. The animals were housed under natural
conditions (22 + 3 °C, 50 + 5%RH, 12h/12h light-dark cycle) for 1
week prior to experimentation. They had free access to a rodent diet
and clean water and were fed and provided filtered water ad libitum.
Experiments were carried out on groups of 6 animals with free access
to food and water in a Heating Ventilating and Air Conditioning
(HVAC) system (Northeast Laboratory Animal Center, 2010).

Anti-inflammatory by ear edema induction

Rats were anesthetized by intraperitoneal injection of pentobarbital
sodium (Nembutal , Ceva Corporate, France). Inflammation of the
posterior edge of the left ear of each rat was induced by applying 0.5
mg/cm? of croton oil (diluted in acetone). Right ears of the rats were
treated with the same volume of acetone for blank comparisons.
Immediately after the inducement, predetermined topical
preparations, i.e. 1% and 10% ZG, 2% LG, 0.1% FG, and BG, were
topically applied to the assigned ears of the rats. Thicknesses of both
ears of each rat were measured at predetermined time intervals using a
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digital vernier caliper (Mitutoya, Japan). Anti-inflammatory activity
was calculated from ear edema inhibition based on thicknesses of the
right ear of each rat, compared to an equation, as follows:

. i ey ATplank~ ATsample
% ear|edema inhibition = —=2% —S8PE « 100
TDre—treated

where AlTblank:difference of ear thickness between after and before
treated with blank, Tpre-treated=ear thickness of the same rat at the
same site before the treatment (mm) and ATsample=difference of ear
thickness between after and before treated with samples.

Oral wounds

Oral wound induction and tissue sampling were conducted as
previously described [20]. In brief, anesthetized rats (by intraperitoneal
injections of Nembutal ) were subjected to a 5-mm oral biopsy punch
onto the left buccal cavity by one person, pre-trained for this practice.
Treatment groups (n=5 each) were randomly assigned as follows:
negative control (no wound and no treatment), BG, positive control;
0.1% FG and 2% LG and 10% ZG. All treatments were applied to the
wounds twice daily as a total volume of 0.1 ml using an automatic
pipette. The degree of erythema was double-blindly assessed by scoring
the inflammation level of each wound in reference to the adjacent
normal mucosa as follows: non-inflamed (the same color), mild
(slightly red), moderate (medium red) and severe (red) and estimated
as % of initial [21]. Wound sizes were measured as the areas illustrated
in the photographs taken by fixed conditions (light and distance) using
a digital camera with a USB probe and LED light (Andonstar
Professional Electronic, China) and scale to compare with that of the
initial, as follows:

wound areaasrer rreatment % 100.

wound size (percentage of initial) =
wound areapjgal

Histological evaluation

Rats were sacrificed after day 3 or 5, the wound area and the normal
area of the same rat were excised, hematoxylin and eosin stained
(H&E, Sigma-Aldrich, U.S.A)) and cross-sectioned for about 4-mm
thick tissue samples. Each tissue sample was randomly selected for 3
zones for photographs by using Zeiss Axiovert 25 Light Field
microscope (Axiocam, Germany).

Results

The percentage of total phenolic remaining of ZL extract
(percentage of initial) stored at three different temperatures (50 °C, 70
°C and 90 °C) over 96 h shown in Figure 1A. The total phenolic
contents of ZL extracts were decreased during storage at high
temperature which the percentage of total phenolic remaining of ZL
reduced when stored at 90 °C which significantly faster than those of
50 and 70 °C (p<0.001). The degradation rate (slope) of ZL extracts
storage at 50, 70 and 90 °C were 0.31, 0.79 and 3.2 %-h!, respectively.
In addition to total phenolic content, DPPH assay of antioxidant
activity of ZL extract storage at 50, 70 and 90 °C was carried out and
calculated to Trolox equivalent as shown in Figure 1B. The reduction of
antioxidant activity was observed which storage in 90 °C significantly
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reduced antioxidant activity faster than those of 50 and 70 °C storage
temperature (p<0.001). The reduction rate (slope) of ZL extract storage
at 50, 70 and 90 °C were 0.39, 0.55 and 5.88%-h!, respectively. Both
total phenolic and antioxidant activity affected by the temperature
which at 90°C showed the fastest rate of degradation within 15 h.

We also measure the organic radical in the seeds at three different
temperatures. The signal (radical)is observed at 337 mTwhich
corresponds to the organic radical in the ZL seed [9](Shown in
Supplementary Figure 1).The intensity/weight of initial (%) observed
by EPR and time (month) of black pigment and hull of ZL seed, shown
in Figure 2, showed that storage condition at 50 °C detected the
intensity of free radical greater than at 4 °C and 25 °C in both samples;
black pigment and hull. The EPR results of pigments in the seeds show
that the organic radical increase at 90 °C (Figure 2A) is directly
relatedto the total phenolic contents and Trolox reduction (Figures 1A
and 1B).
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5 w . .
2 b '
_g 60 4 70°C = -0.795x + 102.01
o r=0.955
_ 90°C = -3.182x +91.34
S 40 4 r=0.898
9
=
= 20 1
e
0 T T T T Y
0 20 40 60 80 100
Time (h)
120 4 Trolox equivalent (% of initial and hour) (B)
:E 100 NL =-0.393x + 99.81
_E I r=10.997
—
S 80 - '
X | i ’
£ 60 1 | i |
=
b I I !
= 40 - i
9 50°C = -0.550x + 98.55
IS r=0.971
=S 20 A 90°C = -5.876x + 87.24
= r=0.940
0 T T T T "
0 20 40 60 80 100
Time (h)
Figure 1: (A) Total phenolic content of Zanthoxylum limonella seed
(ZL) extract degradation over 96 h at 50, 70 and 90°C and (B)
antioxidant activity of ZL extract using DPPH method, measured as
Trolox equivalent, reduction over 96 h storage at 50 °C, 70 °C and
90 °C.
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The blank mucoadhesive oral gel (BG) was prepared as a slightly =2
viscous clear gel which was well mixed to incorporate ZL extract 25
solution, lidocaine, and fluocinolone acetonide powder to form the § % 0.6
sample gels. BG, FG, and LG were odorless and tasteless while ZG E e
contained the fresh smell of the extracted. The physicochemical H
properties of ZG were shown in Table 1. The pH of ZL extracts was ‘_j 0.3 1
increased after incorporated into the gel base with slightly viscous clear E
el. o
g 0.0 & : . ,
0 1 2 3
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solution)
Physicochemical Properties Figure 3: The cumulative amounts (ug GAE/cm?) of total phenolic
) i content from receptor medium after (A) in vitro release and (B) in
-color clear yellow solution slightly . .
viscous clear vitro permeation pass through membrane.
gel
-pH 34-3.8 7.4-7.6 In vitro release and permeation studies of ZG indicated as the
; percentage cumulative total phenolic permeated through  the
Total phenolic content . . .
membrane and time (h), shown in Figure 3 and the release rate was

0.156 pg/cmh with no lag time. The permeation of total phenolic of
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ZG was followed Higuchi model and permeation rate was 0.469
pg/cm?/h with no lag time.

Figure 4 demonstrates percentage inhibition of rats’ ear edema of
initial and time (h) after treated with all gel samples. Treated with FG
gave the peak of anti-inflammatory activity (about 9% inhibition)

doi: 10.37532/jpsed.2020.8(2).135

within 2 h after application, then the activity began to decline, which
remained the inflammatory inhibition for 8 h. Treated with 10%ZG
showed inflammation inhibit activity started by accelerated since 2-4 h
and declined which prolonged inhibition activity for 8 h while 1% ZG
and LG showed no inhibition activity comparing to the BG.

12
BLG
Al1% ZG
10 r ©10% ZG
OFG
= 8r
=)
=
E 6f
=
=
=
4 t
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|
2 | |
1
......... S~ 1
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Time (h)
Figure 4: Croton oil-induced ear edema tested in rats after topical applications of (?) Lidocaine gel (LG), (?) 1% Zanthoxylum limonella gel
(ZG), (?) 10% Zanthoxylum limonella gel (ZG) and (@) fluocinolone acetonide gel (FG), n=6 each.

The comparison percentage of redness (inflammation) and wound
size reduction of the buccal wounds (% of the baseline) from day3 and
day 5 after treated with BG, FG, and ZG were shown in Table 2. All
buccal wounds of rats treated with all samples exhibited the
inflammation and wound size reduction after 3 days of the treatments.

Treated with ZG and FG had the most profounding effect on erythema
score (62.67% and 65.50% of initial) in day 3 and (71.46% and 67.42%
of initial) in day 5 compared to LG and BG (about 50% reduction).
Moreover, ZG and FG reduced the wound size by 71.29% and 72.82%
in 3 days and 93.90 and 85.31% in day 5, respectively.

Treatments Day 3 Day 5
Redness reduction (%) Wound size reduction (%) Redness reduction (%) Wound size reduction (%)
BG 42.93 48.37 50.06 74.27
LG 46.64 48.9 56.81 73.78
ZG 62.67* 71.29* 71.46* 93.90*
FG 65.50% 72.82% 67.42% 85.31*

Table 2: The results comparison percentage of redness (inflammation) and wound size reduction of the baseline from day 3 and day 5 after the
treatments of the gel samples blank gel (BG), lidocaine gel (LG), Zanthoxylum limonella Alston. seed extract incorporated in the gel base (ZG) or
fluocinolone acetonide gel (FG) groups.

Volume 8 ¢ Issue 2 » 1000135

Cross-sections of surface regions of the treated wounds were
histologically compared with the normal buccal tissues in Figure 5, in

comparison of FG, BG, and ZG treated of normalbuccal, treated for 3
days and 5 days. Layers of non-keratinized stratified squamous
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epithelia with nucleated basal cells interfaced with the lamina propria
were well defined in wound samples treated by BG, LG, and ZG as
similar as the normal buccal. The FG-treated wound sampleconsists of

doi: 10.37532/jpsed.2020.8(2).135

thin superficial and intermediate layers with very few cuboidal
nucleated epithelial cells which differ from the normal sample.

FG

Day 0
(normal buccal)

Day 3

Day 5

Figure 5: Histological sections prepared from buccal mucosa comparing epithelium structure (sub-mucosa, lamina propria) of treated wounds
with normal buccal (day 0, no wound) of the same rat in the treatment groups, FG (fluocinolone acetonide gel), LG (lidociane gel) and ZG
(Zanthoxylumlimonella gel); sections were stained with hematoxylin and eosin and micrographs were taken at a magnification of 40x.

LG G

Discussion

The percentage remaining of the total phenolic content and the rate
of degradation of ZL extract were rapidly decreased while the high
temperature which stored at 90 °C was declined faster than stored at 50
and 70 °C. In long-term condition, the free radical scavenging detected
by EPR also revealed that stored at 50 °C affected the free radical
scavenging. The normal condition of storage temperatures such as 4
and 25 °C could preserve the phenolic content and/or prevent
initiating of the free radical reaction. Antioxidant activity of ZL
showed the relationship between the phenolic content, free radical
scavenging, and high temperature which similar to other spices
stability [22].

The pH of all gel samples was prepared as similar to the pH of
normal oral, 7.4 with slightly viscous and easier to apply onto the
membrane. In vitro release and permeation studies of ZG
demonstrated that total phenolic was easily released and penetrated
pass through the membrane.

The main irritant compounds of croton oil are 12-0-
tetracanoilphorbol-13-acetate and other phorbol esters [23]. The
croton oil dilutes with acetone in order to rapidly vaporize and lefts
croton oil to activate a cascade pathway of arachidonic acid
production. Irritants stimulate the release of inflammatory mediators

such as leukotrienes, histamine, prostaglandins, and serotonin by
cyclooxygenase (COX) and 5-lipoxygenase (5-LOX) enzymes which
COX and 5-LOX can be inhibited anti-inflammatory such as
corticosteroids [24]. Applying croton oil to rat ears resulted in signs of
inflammation, i.e. redness, swelling, which can be observed within 5
min and remained for 2-4 h.

Topical ZG at concentration 10% began to exhibit some anti-
inflammatory activity cover from 2-4 h and gave the peak of
inflammation reduction at 4 h which showed a nonsignificant
difference to FG at 4 h. Moreover, 10% ZG, ear edema was inhibited
and prolonged till 8 h at which the extent of activity was similar to FG
group. This suggests that a single topical application of ZG to the skin
could inhibit inflammation caused by an irritant used in croton oil-
induced ear edema model. It was anticipated that an effective dose of
ZL extracts (10%) should be higher than corticosteroids. This study
showed that the extracted of ZL was showed less potent than
fluocinolone acetonide by the dose and onset of action.

Oral wound healing was assessed in this study as a reduction of
erythema, i.e. anti-inflammation, and reduction of wound size, i.e.
wound healing in which re-epithelization occurs as the cells migrate to
fill the wound gaps [25,26]. Normally, the wound healing process starts
just a few minutes after wounding, but its success depends on a
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number of complex chemotactic and enzymatic activities as well as re-
epithelization usually detectable within one week. Anti-inflammatory
and wound area of buccal of rats was reduced observed since the first
day. Treated with ZG and FG reduced both redness and wound size
significant difference than treated BG and LG (all, p<0.001). Moreover,
the ZG also reduced wound sizes of rats significantly better than the
used of LG and BG at day 3 and showed no significant to FG (p=0.78).
Lidocaine is an anesthetic agent and showed mild anti-inflammatory
[27]. However, the anti-inflammatory activity and wound size
reduction of the rats treated with LG showed no significant difference
from the BG group which may because of the self-healing. FG reduced
the erythema scores by half since day 3 and, but it took 5 days to
reduce wound sizes to about 72.82% of initial. The re-epithelization
generally follows and overlaps with the inflammatory phase [28] and it
was surprising that wound healing action of FG was not well
manifested and revealed by histological disorientation of the
epithelium cells in the cross-section sample of the buccal wound which
was excised at day 3 but recovery at day 5 suggesting that fluocinolone
have both anti-inflammatory and wound healing effects. ZG reduced
the erythema scores by half since day 3, but it took 5 days to reduce
wound sizes to about 72.82% of initial, suggesting anti-inflammatory
but poor wound healing activity.

Conclusion

Zanthoxylum limonella Alston. seed extracts incorporated in a
mucoadhesive gel (at a neutral pH) is able to stabilize the total phenolic
contents and be topically delivered for oral anti-inflammatory. In vivo
testing in ear edema and buccal wounds of rats indicates anti-
inflammatory activities at 10% ZG. Thus, lead to confirm anti-
inflammatory activity by the Zanthoxylum limonella Alston. seed
extracts in the topical oral gel and could be further studied in human
clinical trials.
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