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ARTICLE INFO ABSTRACT
Keywords: Impaired wound healing is among the serious complications of diabetes that can lead to amputation and even
Plantago major death. Plantago major has been used empirically to improve wound healing. The main bioactive compounds of

Greater plantain
Ursolic acid
Oleanolic acid
Diabetic wound

P. major extracts, ursolic acid (UA) and oleanolic acid (OA), have also been studied for their benefits with non-
hyperglycemic wounds. This study was done to examine the in vivo wound healing effects of P. major leaf extracts
(PMLE), UA, and OA in hyperglycemic rats, to evaluate their in vitro diabetic wound healing activity, and to
observe possible dermal irritation after topical application. Wound closure, duration of epithelialization, and
histopathological profiles of healed tissue were observed in the hyperglycemic rats with excision wounds for 21
days. An anti-inflammatory test using the NO inhibitory assay, a fibroblast proliferation assay, and a migration
assay with high-glucose medium were done to investigate the mechanism of action of the tested samples in
wound healing. The acute dermal irritation test followed the international guidelines. PMLE, UA, and OA
increased the percentage of wound closure and accelerated wound healing time. PMLE activities were assessed
for the inhibition of NO production in the inflammation phase and enhancement of fibroblast proliferation. UA
may contribute to this wound healing process through inhibition of NO production, whereas OA through acti-
vation of migration of fibroblast cells. Topical applications of PMLE, UA, and OA did not cause acute dermal
irritation. PMLE, UA, and OA have the potential to improve wound healing with diabetes conditions.

important as excipients in food processing, tablets and emulsions for-

1. Introduction mulations (Akbari et al., 2016; Lukova et al., 2017; Niknam et al., 2020).
Its mucilaginous property underlies the use of P. major as a nutraceuti-

Plantago major or greater plantain is the most widely used species of cal, especially to improve intestinal health (Goncalves & Romano, 2016;
the genus Plantago and belongs to the Plantaginaceae family. In many Samuelsen, 2000; Samuelsen et al., 1995). In some regions, fresh leaves
parts of the world, P. major is ubiquitous and, therefore, has various local of P. major are also used as ingredients in salads and soups, and the seeds
names, including daun sendok in Indonesia (Adom et al., 2017; Gon- can also be processed into snacks, cakes, and breads (Goncalves &
calves & Romano, 2016; Kartini et al., 2017; Samuelsen, 2000). They are Romano, 2016). The medicinal properties of P. major are attributable to
wild plants that have good adaptability to diverse conditions in the its various biologically active compounds such as terpenoids, phenolic
environment. Nevertheless, to minimize the exploitation of natural re- acids, flavonoids, alkaloids, and iridoids. It is traditionally used in the
sources, prior studies have attempted to optimize its cultivation, har- treatmc'ent of’a nun?ber of diseases, such as vs{ounds an}i otf'ler skin dis-
vest, and postharvest processing (Prakash et al., 2011; Zubair et al., eases, infectious diseases, problems concerning the digestive and res-
2011). These practices can promote sustainable and efficient production piratory organs, reproductlf)n and circulation issues, and tumors, and for
now that there is an increasingly high demand for P. major, both in the pain relief and fever reduction (Adom et al., 2017; Goncalves & Romano,
nutraceutical and pharmaceutical sectors. 2016; Najafian et al., 2018; Samuelsen, 2000). Many studies have been

Plantago major contains high concentrations of mucilaginous carbo- carried out to confirm these practical applications (Chiang et al., 2002,

hydrates that are active as immunostimulants and antioxidants and are 2003; Kartini et al., 2014; Kolak et al., 2011; Mansor et al., 2014;
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Abbreviations

DFU diabetic foot ulcer

HPTLC high performance thin layer chromatography

NO nitric oxide

OA oleanolic acid

OECD Organisation for Economic Cooperation and
Development

PMLE  Plantago major leaves extract

UA ursolic acid

Ozaslan et al., 2007; Poor et al., 2017).

These lead to the conclusion that P. major may have promise for the
management of various chronic clinical disorders, including diabetes
mellitus and its complications, particularly diabetic foot ulcers (DFU).
Abdulghani et al. (2014) found that P. major methanol extracts at 500
and 1000 mg/kg bw lowered blood glucose levels in
streptozotocin-induced diabetic rats. The mechanism underlying this
activity was studied by increasing the control of the glycemic mecha-
nism of the remaining pancreatic cells in diabetic rats (Abdulghani et al.,
2014; Adom et al., 2017). P. major also has a long history of wound
healing. Many countries in Europe, Asia, and the Middle East (e.g., Iran)
have long used this herb either for acute or chronic wounds (Adom et al.,
2017; Gongalves & Romano, 2016; Hosseinkhani et al., 2017; Jari¢ et al.,
2018; Jivad et al., 2016). Moreover, both in vitro and in vivo tests have
been done to show the wound healing effect of P. major and its con-
stituents, such as UA, OA, and aucubin (Agra et al., 2015; Amini et al.,
2010; Kartini et al., 2018a; Moura-Letts et al., 2006; Phipps & Mah-
mood, 2006; Velasco-Lezama et al., 2006; Zubair et al., 2012, 2016).

However, there has been no report on P. major activity for diabetic
wound healing. The wound healing process involves a series of over-
lapping phases, namely, hemostasis, inflammation, proliferation, and
remodeling, that may be inhibited by the presence of oxygen free radi-
cals, microbial infection, and high blood glucose (Houghton et al., 2005;
Patel et al., 2019). Chemical or herbal medicines that can modulate one
or more of those phases can be examined as candidates for wound
healing agents with normal or hyperglycemic conditions. Previous
studies showed that P. major and its phytochemicals are active
anti-inflammatory, antioxidant, and antimicrobial agents (Hussan et al.,
2015; Ikeda et al., 2008; Kartini et al., 2014, 2017; Liu, 1995; Mazzutti
et al.,, 2017; Shirley et al., 2017; Stenholm et al., 2013; Vasconcelos
et al., 2006). Therefore, this study was intended to determine the in vivo
wound healing effects of P. major extracts and chemical compounds,
namely UA and OA, in hyperglycemic rats (i), to evaluate their in vitro
diabetic wound healing activity through the anti-inflammatory process,
fibroblast proliferation, and fibroblast migration (ii), and to determine
possible dermal irritation after topical application (iii).

2. Materials and methods
2.1. Plant materials and chemicals

Wholes plants of P. major was collected from the cultivation area of
the Balai Materia Medica, Batu City, Jawa Timur Province, Indonesia in
September 2016 (Global Positioning System (GPS) coordinates
7°52/2.262" § 112°31'11.719” E; 875 m above sea level) and promptly
transferred within 1 h to the laboratory. Authentication of the plant was
done by the Center for Traditional Medicine Information and Develop-
ment, University of Surabaya, Surabaya, Indonesia, with accession cer-
tificate number: 1212/D.T/1X/2016. UA, OA, alloxan monohydrate,
methylthiazolyldiphenyl-tetrazolium bromide (MTT), and
hematoxylin-eosin were obtained from Sigma Aldrich Co. (St. Louis,
MO, USA), whereas absolute ethanol, toluene, acetone, formic acid,
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Fig. 1. High performance thin layer chromatography profile of PMLE. Sta-
tionary phase: silica gel 60 Fos4, mobile phase: toluene:acetone:formic acid
(78:22:0.15). a: PMLE, b: ursolic acid (UA) - oleanolic acid (OA) standard.
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Day 0 Day 7 Day 14  Day 21

Fig. 2. Wound morphology of hyperglycemic rats from Day 0-21. A: PMLE, B: UA, C: OA, D: Positive control, E: Negative control.

sulfuric acid, methanol, chloroform, iodine, and DMSO were from Merck Indonesia).
KGaA (Darmstadt, Germany). Carbomer, sodium hydroxide, methyl-
paraben, propylparaben, and propylene glycol were pharmaceutical
grade and obtained from Tristar Chemical Co. (Surabaya, Jawa Timur,



K. Kartini et al.

Table 1
Effect of gels on wound closure and time of epithelialization.

Group Percentage of wound closure Time of epithelialization (day)
Day 7 Day 14 Day 21

A 69+ 3 98 +1 100 + 0 16 +1*

B 70+ 3 99 + 1* 100 +£ 0 15+ 1*

C 84 + 8* 100 + 0* 100 £ 0 12+ 1*

D 81 + 6% 99 + 2 100 + 0 15 + 2%

E 67 +£2 95 +4 100 £ 0 19+1

Group A: PMLE, B: UA, C: OA, D: Positive control (Mebo®), E: Negative control.
Data represent means + SD (n = 5), *p < 0.05 against negative control (Kruskal-
Wallis, followed by Mann-Whitney test).

2.2. Preparation of P. major extract and determination of UA and OA

The leaves of P. major were separated from the other parts of the
plant, then air-dried for 120 h, powdered into 2 mm particles using a
household Panasonic MX-J1G blender (Panasonic Corp., Kadoma,
Osaka, Japan), and stored at room temperature (31 + 2 °C) for a
maximum of 12 wk until used. Three hundreds g of these leaves were
macerated with ethanol (3 x 800 ml, 24 h) at room temperature. The
extracts were filtered using Whatman® qualitative filter paper grade 1
(Merck) and evaporated under vacuum using a rotavapor R-200 (BUCHI
Labortechnik AG, Flawil, Switzerland) to yield viscous extracts. High
performance thin layer chromatography (HPTLC) was done to deter-
mine OA and UA as described previously (Kartini et al., 2014). Chro-
matography was done on a pre-coated HPTLC plate with silica gel 60
Fas4, 0.20 mm layer thickness (Merck), using toluene:acetone:formic
acid (78:22:0.15) as the mobile phase. PMLE and a mixture of OA and
UA (1:1 w/w) were spotted as 5 mm bands using a Linomat 5 sample
applicator (Camag, Muttenz, Switzerland) and then prederivatized using
iodine vapor (1% iodine in chloroform). Development was then carried
out using 10 ml of the mobile phase in a twin trough chamber (Camag)
previously equilibrated with the mobile phase for 20 min at room
temperature. Following development, the plate was dried in a fume
hood and subjected to derivatization by spraying the plate with 5%
sulfuric acid in methanol and then heating at 120 °C for 3 min. The
chromatogram was obtained using Reprostar 3 documentation densi-
tometry (Camag) with a VH-C20 3CCD color video camera (Hitachi
Denshi Ltd., Shinjuku City, Tokyo, Japan).

2.3. Preparation of the gel dosage form

P. major leaf extract (PMLE), UA, and OA were formulated into gel
dosage forms as described previously using carbomer, sodium hydrox-
ide, methylparaben, propylparaben, and propylene glycol (Kartini,
et al., 2018). Carbomer (2 g) was dispersed over 40 ml water, stirred
(1000 rpm) using a high shear mixer-HSM 2003 SV/DV (CKL Multimix
(M) Sdn Bhd, Puchong, Selangor Darul Ehsan, Malaysia) while adding
1% sodium hydroxide gradually until it formed a gel. PMLE (5 g), UA
(15 mg), or OA (15 mg) were dissolved in 2 ml ethanol. Methyl paraben
(180 mg) and propyl paraben (20 mg) were mixed and dissolved in
propylene glycol (16 g). These two solutions were then mixed and
poured into the gel with 100 g water and stirred until homogeneous. The
gels were administered up to 0.5 g/test animals. Every 0.5 g PMLE gel
contained 25 mg extract, whereas 0.5 g UA or OA gels contained 75 pg of
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the respective active compounds.

2.4. In vivo wound healing assay

Male Wistar rats (180-200 g) were from the Integrated Research and
Testing Laboratory, Gadjah Mada University, Yogyakarta, Indonesia and
housed at room temperature, 70% RH, and a 12 h light-dark cycle. These
test animals were put in plastic cages (1 rat/cage) and fed with a stan-
dard diet (water max. 13%, crude protein 21-23%, fat min. 5%, fiber
max. 5%, ash max. 7%, calcium min. 0.9%, and phosphorus min 0.6%),
given water ad libitum, and acclimatized for 2 wk before the experiment.
All handling procedures were according to the institutional rules on
animal experiments (approval No: 721-KE; dated June 15, 2017). Before
the induction of hyperglycemia, test animals were weighed, their blood
was collected from the tail vein, and the fasting blood glucose levels
were measured. Then, they were intraperitoneally injected with a single
dose of alloxan monohydrate (160 mg/kg bw) in normal saline. Two
days later, the fasting blood glucose levels were measured to confirm
their hyperglycemic status. Hyperglycemia was indicated if the random
blood glucose levels were >200 mg/dl.

Hyperglycemic rats were intraperitoneally anesthetized with keta-
mine HCI (Ketalar®, Pfizer Indonesia, Jakarta, Indonesia) at 100 mg/kg
bw. An excision wound was induced on the dorsal area of the animals
using a biopsy punch from Medax Srl Unipersonale (San Possidonio, MO,
Italy) with a diameter of 5 mm. Test animals were then divided into 5
groups, each consisting of 5 rats. Three groups were treated with PMLE,
UA, and OA gels, respectively; whereas two other groups were treated
with positive and negative control, respectively. A commercially avail-
able gel product containing Copitidis Rhizoma, Phellodendri chinensis
Cortex, and Scutellariae Radix was used as a positive control (Mebo®,
from Shantou MEBO Pharmaceutical Co., Ltd. (Shantou, Guangdong,
China)), while the gel without active ingredient was applied as a
negative control. All treatments were carried out topically once daily.
Parameters of the in vivo wound healing were the percentage and time of
wound closure. Wound diameter was measured using a digital caliper
(resolution 0.01 mm) on Day 0, 7, 14, and 21. The percentage of wound
closure was determined using the following equation:

((Dy - Dy) / Dy) x 100 (€]
where D; = the largest wound diameter (on Day 0), and D, = wound

diameter on the day of observation. Healing time was measured as the

Table 2
Effect of gels on wound healing phase on Day 21.

Group Healing score
A 2.2+40.3

B 2.7 £ 0.0*

C 3.0 £0.7*

D 3.3+0.1%

E 2.0 £0.0

Group A: PMLE, B: UA, C: OA, D: Positive control
(Mebo®), E: Negative control. Data represent the
means + SD (n = 3), *p < 0.05 against negative
control (Kruskal-Wallis, followed by Mann-
Whitney test).

Fig. 3. Histological profiles of healing tissue on Day 21. A: PMLE, B: UA, C: OA, D: Positive control, E: Negative control.
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Fig. 4. The effects of PMLE, UA, and OA on the viability of the RAW 264.7 cell line (a), NO production of RAW 264.7 cell line (b), and proliferation of NIH/3T3
fibroblast cells. Data are expressed as mean + SD (n = 3), *p < 0.05 against control (one-way ANOVA, followed by Tukey’s multiple comparison test).

day when the wound closed fully. Also, healing tissues were collected for
a histopathological study on Day 21, in which skin tissues were fixed in
10% formalin, sliced using an automatic rotary microtome (Thermo
Fisher Scientific, Waltham, MA, USA) and prepared on a glass slide,
stained with hematoxylin-eosin, and then observed under a light mi-
croscope (Olympus Corp., Shinjuku City, Tokyo, Japan). Histopatho-
logical study was done to evaluate the condition of healed tissue by
observing the presence of inflammatory cells, angiogenesis, fibrosis, fi-
broblasts, and collagen, on which a score (0-4) of each sample was
based. Score 0 means the wound was still open. Score 1 indicated the
presence of bleeding (++), inflammation (++), angiogenesis (++), and
epithelialization (-); while at score 2, there were signs of inflammation
(+), angiogenesis (+), epithelialization (+), and fibrosis (+). Score 3 or
early remodeling was represented by the presence of fibroblasts and
collagen (+), as well as epithelialization (4); and score 4 or the complete
remodeling phase was the formation of collagen (4++) and epithelial-
ization (++).

2.5. In vitro wound healing assay

2.5.1. Nitric oxide (NO) inhibitory assay

The in vitro anti-inflammatory test was done following the method
used in a previous study (Tam et al., 2011). RAW264.7 cells (mouse
macrophage, ATCC® TIB-71™, 4 x 10°/well, counted using a counting
chamber with v-slash (Paul Marienfeld GmbH & Co. KG, Lau-
da-Konigshofen, Germany)) were seeded in a 24-well plate overnight.
The cells were provided by the Parasitology Laboratory, Medical

Faculty, Gadjah Mada University. PMLE, UA, or OA were added at
various concentrations together with 0.1 pg LPS/ml of the medium and
incubated for 24 h. The cell culture supernatant was taken out and added
into Griess Reagent (Promega Corp., Madison, WI, USA) at a 1:1 ratio in
a 96-well plate, followed by incubation in the dark for 10 min. The
absorbance was measured at 540 nm using a Bio-Rad Benchmark
microplate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA). The
NaNO, was used to prepare a standard curve and linear regression
equation.

2.5.2. Fibroblast proliferation assay

The procedures used for this assay were according to the method
described previously, with a slight adjustment (Tam et al., 2011).
NIH/3T3 cells (mouse fibroblasts, ATCC® CRL-1658™,; provided by the
same parasitology laboratory) were seeded at 102 cells/well in a 96-well
plate in high-glucose DMEM (4500 mg/1; Fisher Scientific International
Inc., Waltham, MA, USA). Then, the cells were exposed to different
concentrations of PMLE, UA, and OA for 48 h at 37 °C. MTT solution (5
mg/ml) in PBS (Fisher Scientific) was added to the medium in each well,
and the plate was then incubated at 37 °C for 4 h. All medium was then
removed and replaced with DMSO. The optical density was measured at
540 nm to determine the relative amounts of viable cells and expressed
as the percentage of control samples without treatment.

2.5.3. Migration assay
This test, which followed Tam et al. (2011) with adjustment for the
type of cell (Tam et al., 2011), was started by seeding rat gingival
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Fig. 5. Representative microphotograph of gingival fibroblast cells before the addition of the test samples (a) and after 24 h of incubation. b, ¢, d were induced with
PMLE 250, 500, 1000 pg/ml, respectively; e, f, g with UA 25, 50, 100 pg/ml, respectively; h, i, j with OA 25, 50, 100 pg/ml, respectively.

% of closed area
% of closed area

D
PMLE (ug/mi)

150

i
8

% of closed area

&

OA (ug/mi)

Fig. 6. The effects of PMLE, UA, and OA on closed areas observed in the gingival fibroblast migration test on rats. Data are expressed as mean + SD (n = 3), *p < 0.05

against control (one-way ANOVA, followed by Tukey’s multiple comparison test).

fibroblast cells at 10° cells/well in a 24-well plate in high-glucose
DMEM. These cells were obtained from the Institute of Tropical Dis-
ease, Airlangga University (Surabaya, Indonesia). Cells were incubated
for 24 h at 37 °C in a 5% CO, humidified incubator. Cells were then
observed under a microscope to ensure that they had adhered to the well
and achieved a confluent state. Fibroblast cells in the well were then

scratched in one direction using a 1000 pl pipette tip, then observed
under a light microscope, and photographs were taken. A series of
concentrations of PMLE, UA, or OA solutions were added into each well,
then incubated overnight. The results were observed under a light mi-
croscope and photographed. The photographs were compared and
analyzed using the TScratch program (CSElab, Zurich, Switzerland) to
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48 Hours

72 Hours

Fig. 7. The results of the 72-h acute irritation dermal test. A: PMLE, B: UA, C: OA.

determine the migration. This program measures open areas in the im-
ages. Percentage of the closed area before and after treatments were
then calculated. An increase of the percentage of closed area indicated
the migration.

2.6. Acute dermal irritation assay

The test followed the method recommended in the Organisation for
Economic Cooperation and Development Guideline No. 404 (2015)
(OECD, 2015). Healthy male albino rabbits aged 8-9 months (adult) and
weighing around 1.8-2.3 kg were used as test animals. They were
individually housed and acclimatized to the experimental conditions for
1 wk, fed with conventional laboratory diets (crude protein 18-19%,
crude fiber 13%, fat 5-6%, calcium 0.9%, phosphorous 0.7%, water
11%, flumequine antibiotic and vitamins), and given ad libitum access to
drinking water. Approximately 24 h before the test, fur was removed by
carefully clipping the dorsal area of the trunk of the animals using an
electrical hair clipper. The test samples were applied to a small area (+6
em?) of skin and covered with a gauze pad, which was held in place with
non-irritating tape (Beiersdorf Indonesia, Malang, Jawa Timur,
Indonesia). For the initial test, one animal was used. Three test patches
were applied sequentially to the animal. The first patch was removed
after 3 min. If there was no apparent serious skin reaction, a second
patch was applied at a different site and removed after 1 h. If the ob-
servations at this stage indicated that exposure could humanely be
allowed to extend to 4 h, a third patch was applied and removed after 4
h, and the response was graded. If a corrosive effect appeared after any
of the three sequential exposures, the test was immediately terminated.
However, if no corrosive effect (irritation) was formed after the last
patch was removed, the animal was observed for 14 days, unless
corrosion developed at an earlier point of time. If there was no serious

skin reaction in the initial test, the irritant or negative response was
confirmed using up to two additional animals, each with one patch, for
an exposure period of 4 h. The animals were observed for 14 days after
the removal of patches. All animals were examined for erythema and
oedema, and the responses were scored at h 1, 24, 48, and 72 after patch
removal. Score 0 was indicated by no erythema and no oedema; score 1
was very slight erythema and oedema; score 2 was well defined ery-
thema and slight oedema; score 3 was moderate to severe erythema and
moderate oedema; and score 4 was severe erythema and oedema.

2.7. Statistical analysis

All data were reported as mean + SD, then analyzed by descriptive
statistics, one-way ANOVA and Tukey’s multiple comparison test in the
statistical program, GraphPad Prism (GraphPad Software Inc., San
Diego, CA, USA, Windows Version 5.01). If the data did not meet the
requirements of a parametric statistical test, then they were processed
with the Kruskal-Wallis test and the Mann-Whitney post hoc test. p <
0.05 distinguished a statistically significant difference.

3. Results and discussion
3.1. High performance thin layer chromatography of PMLE

The presence of UA and OA in the PMLE was identified using HPTLC
(Fig. 1). The chromatogram showed that PMLE contains UA, but the
presence of OA cannot be detected. This is consistent with the previous
studies which showed that OA was present in the petiole, seed, and
aerial parts, but not in the leaves and roots (Kartini et al., 2014, 2017).
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3.2. In vivo wound healing

The wound healing efficacy of PMLE, UA, and OA was investigated
from the wound closure, time of epithelialization, and gross examination
for 21 days. Also, at the end of the test, the histopathological profile of
healed tissue was documented. Wound closure and time of epithelial-
ization were examined to determine the rate of reduction of the un-
healed area during the healing process. A faster rate of wound closure
indicates a better efficacy. The shrinking of the wound area in different
groups of treated animals over 21 days due to PMLE, UA, and OA is
shown in Fig. 2 and Table 1.

Overall, the topical application of PMLE and its chemical constitu-
ents (UA and OA) increased wound closure significantly (p < 0.05),
particularly on Day 7 and 14. On Day 21, although complete wound
closure was observed in all groups, no significant differences were
detected. Table 1 also shows that time of epithelialization of the groups
treated with PMLE and UA was not significantly different from that of
the positive control (Mebo®). It suggested that PMLE and UA are as
active as the positive control. Animals treated with OA gel showed the
fastest epithelialization, indicating that OA had higher efficacy for
wound healing with hyperglycemic conditions. A previous study on
wound healing in mice with normal conditions confirmed that OA is
42.9% faster and more effective than the placebo, and at the dose of 40
pg/g bw, it produces the highest wound healing effect (Moura-Letts
et al., 2006). Histological profiles of healing tissue (Fig. 3 and Table 2)
show that on Day 21, animals treated with OA and positive control gels
had started the remodeling phase, approaching complete remodeling.
However, groups treated with PMLE, UA, and negative control were still
in phase 2 and progressing to early remodeling, as characterized by
ongoing angiogenesis and inflammation, and early development of
fibrosis and epithelialization. These results were consistent with OA
producing the best outcome in wound closure and the fastest
epithelialization.

3.3. Effect of PMLE, UA, OA on NO production by RAW264.7 cells

Repair needs the coordination of various cells, growth factors, and
cytokines. In diabetic patients, the normal wound healing process is
interrupted by high blood glucose. Diabetic wounds show a persistent
inflammatory phase resulting in the inhibited formation of mature
granulation tissue and reduction in wound tensile strength, which may
be caused by ischemic damage to blood vessels (Patel et al., 2019).

The anti-inflammatory activity of PMLE, UA, and OA was investi-
gated using the NO inhibition test on RAW264.7 macrophage cells. The
cells were cultured in high-glucose medium to mimic a diabetic condi-
tion. Apart from RAW264.7, macrophage-like cells such as THP-1 can
also be used to evaluate in vitro anti-inflammatory activity. These
monocytes will differentiate into macrophage after induction with
phorbol 12-myristate 13-acetate (PMA) (Chanput et al., 2014). The use
of RAW264.7 cells was preferred since this research did not need to
differentiate the cells. Bacterial infections or immunological stimuli
such as LPS induce macrophages to release a high concentration of NO,
which is potentially cytotoxic and can destroy the surrounding cells and
tissues. Before the NO inhibition test, the effects of PMLE, UA, and OA on
cell viability was evaluated to determine the appropriate concentration
for the NO inhibition tests (Fig. 4a). The viability of RAW264.7 cells did
not significantly decrease after the addition of PMLE, UA, and OA at up
to 500, 10, and 10 pg/ml, respectively. These results indicated that all
samples at these concentrations were non-toxic to the cells and did not
affect the regular cellular activity.

After treatment with PMLE, UA, and OA, the NO concentration in the
cell culture media was measured using the Griess Reaction. All con-
centrations of PMLE and UA suppressed the NO production in
RAW264.7 cells significantly after LPS induction (Fig. 4b), indicating
that PMLE and UA have anti-inflammatory properties. OA (2.5-10 pg/
ml) also inhibited the production of NO; however, the reduction was not
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significantly different from that of the control. On the other hand, pre-
vious research with normal media showed that OA inhibited some in-
flammatory mediators, such as COX-2, TNF-a, IL-1p, IL-6, and IFN-y
(Kartini et al., 2014, 2017; Ringbom et al., 1998; Stenholm et al., 2013).
Therefore, further studies are needed to confirm whether or not OA is an
active anti-inflammatory agent with hyperglycemic conditions using
these other inflammatory mediators.

3.4. Effects of PMLE, UA, and OA on NIH/3T3 fibroblast proliferation

The wound healing cascade is a complex interaction of cellular and
biochemical actions that differentiates into several phases, from healing
to structural and functional integrity restoration to regain the strength of
injured tissues. Fibroblast proliferation is one crucial step in tissue
regeneration. A series of PMLE, UA, and OA concentrations were tested
at the proliferation phase using NIH/3T3 fibroblast cells. Fig. 4c shows
that PMLE at 31-500 pg/ml increased fibroblast proliferation, but the
opposite was true for UA and OA administered at 7.81-125 pg/ml. These
results were consistent with Kuonen et al. that the lipophilic extract of
Viscum album L. and oleanolic acid did not produce any proliferation-
stimulating effects in NIH/3T3 fibroblast cells at any concentration
(0.01-100 and 0.001-10 pg/ml, respectively) (Kuonen et al., 2013).
Therefore, UA and OA probably contributed to diabetic wound healing
through other mechanisms.

3.5. Effects of PMLE, UA, and OA on fibroblast migration

Angiogenesis, another process contributing to wound healing, is
important until the terminal stages of healing. Its mechanism involves
proliferation, migration, and remodeling of endothelial cells, followed
by subsequent tube formation. The effects of PMLE, UA, and OA on the
migration activity were assessed using gingival fibroblast cells that had
been isolated from the rats. Fig. 5 shows the photograph of the scratched
cells before the addition of the samples. This figure also shows the open
area of cells at the bottom of wells after incubation with serial concen-
trations of PMLE, UA, and OA. Fig. 6 shows that all concentrations of
PMLE and UA did not increase cell migration; on the other hand, open
areas were reduced as OA concentration increased. The percentage of
closed area in treated cells to the control cells indicates the level of cell
migration activity. Fig. 6 shows that OA (25-100 pg/ml) can increase
the migration of rat gingival fibroblast cells.

3.6. Acute dermal irritation test

The results of the acute dermal irritation test of PMLE, UA, and OA
gels are shown in Fig. 7. No dermal responses, including erythema or
oedema, were found in animals treated with either UA or OA gels. In the
group treated with PMLE gel, some rabbits showed erythema after 48
and 72 h. However, this is still included in the nonirritant category
(Banerjee et al., 2013).

4. Conclusions

Plantago major leaf extracts and its phytochemicals (UA and OA) can
increase the percentage of wound closure and accelerate wound healing
time in hyperglycemic rats. The extent of these activities was deter-
mined using the inhibited NO production in the inflammation phase and
enhanced fibroblast proliferation. While UA contributed to the wound
healing process by inhibiting NO production, OA showed the same
function by activating fibroblast cell migration. Topical applications of
P. major leaf extracts, UA, and OA in gel dosage forms did not cause
acute dermal irritation. This study showed that P. major leaf extracts,
UA, and OA acid have the potential to improve wound healing with
diabetes conditions.
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ARTICLEINFO ABSTRACT

Keywords: Impaired wound healing is among the serious complications of diabetes that can lead to amputation and even

Plantago mﬂiﬂf_ death. Plantage major used empirically to improve wound healing. The main bioactive compounds of

ﬁ“ealtf’-“ Pl;"t‘"’"" P. major extracts, ursoli (UA) and oleanolic acid (OA), have also been studied for their benefits with non-
FSOLIC ac.

hyperglycemic wounds. This study was done to examine the in vivo wound healing effects of P. major leaf extracts
(PMLE), UA, and OA in hyperglycemic rats, to evaluate their in vitro diabetic wound healing activity, and to
observe possible dermal irritation after topical application. Wound closure, duration of epithelialization, and
histopathological profiles of healed tissue were observed in the hyperglycemic rats with excision wounds for 21
days. An anti-inflammatory test using the NO inhibitory assay, a fibroblast proliferation assay, and a migration
assay with high-glucose medium were done to investigate the mechanism of action of the tested samples in
wound healing. The acute dermal irritation test followed the international guidelines. PMLE, UA, and OA
increased the percentage of wound closure and accelerated wound healing time. PMLE activities were assessed
for the inhibition of NO production in the inflammation phase and enhancement of fibroblast proliferation. UA
may contribute to this wound healing process through inhibition of NO production, whereas OA through acti-
vation of migration of fibroblast cells. Topical applications of PMLE, UA, and OA did not cause acute dermal
irritation. PMLE, UA, and OA have the potential to improve wound healing with diabetes conditions.

Oleanolic acid
Diabetic wound

important as excims in food processing, tablets and emulsions for-
mulations (Akbari etal., 2016; Lukova et al., 2017; Niknam et al., 2020).
Its mucilaginous property underlies the use of P. major as a nutraceuti-
cal, especially to improve intestinal health (Goncalves & Romano, 2016;
Samuelsen, 2000; Samuelsen et al., 1995). In some regions, fresh leaves
of P. mgjor are also used as ingredients in salads and soups, and the seeds

1. Introduction

Plantago major or greater plantain is the most widely used species of
the genus Plantago and belongs to the Plantaginaceae family. In many
parts of the warld, P. major is ubiquitous and, therefore, has various local

names, including daun sendok in Indonesia (Adom et al., 2017; Gon- can also be processed into snacks, cakes_and breads (Gongalves &
calves & Romano, 2016; Kartini et al., 2017; Samuelsen, 2000). They are Romano, 2016). The medicinal properties Emjﬂr are attributable to
wild plants that have good adaptability to diverse conditions in the its various biologically active compounds such as terpenoids, p! ic
environment. Nevertheless, to minimize the exploitation of natural re- acids, flayonoids, alkaloids, and iridoids. It is traditionally used in the

treal of a number of diseases, such as wounds and other skin dis-

sources, prior studies have attempted to optimize its cultivation, har-
vest, and postharvest processing (Prakash et al., 2011; Zubair et al,
2011). These practices can promote sustainable and efficient production

eases, infectious diseases, problems concerning the digestive and res-
piratory organs, reproduction and circulation issues, and tumors, and for

now that there is an increasingly high demand for P. major, both in the
nutraceutical and pharmaceutical sectors.

Plantago major contains high concentrations of mucilaginous carbo-
hydrates that are active as immunostimulants and antioxidants and are

* Corresponding author.
E-mail address kartinii@staff ubaya acid (K Kartini).

https://doi.org/10.1016/j.fbio. 2021.100937

painreliefand fever reduction (Adom et al., 2017; Goncalves & Romano,
2016; Najafian et al., 2018; Samuelsen, 2000). M dies have been
carried out to confirm these practical applications (Chiang et al., 2002,
2003; Kartini et al., 2014; Kolak et al., 2011; Mansor et al., 2014;
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Abbreviations

DFU diabetic foot ulcer

HPTLC  high performance thin layer chromatography

NO nitric oxide

OA oleanolic acid

OECD  Organisation for Economic Cooperation and
Development

PMLE  Plantago major leaves extract

UA ursolic acid

Ozaslan et al., 2007; Poor et al,, 2017).

These lead to the conclusion that P. major may have promise for the
management of various chronic clinical disorders, including diabetes
mellitus aJld its mmplica‘tiol:ls N3 cularly diabetic foot ulcers (DFU)

. The mechanism underlying this
activity was studied by increasing the control of the glycemic mecha-
nism of the remaining pancreatic cellsin diabetic rats (Abdulghani et al,
2014; Adom et al., 2017). P. major also has a long history of wound
healing. Many countries in Europe, Asia, and the Middle East (e.g., Iran)

have long used this herb either for acute or chro: unds (Adom et al.,
2017; Gongalves & Romano, 2016; Hosseinkhani etal., 2017; Jari¢ et al.,
2018; Jivad et al., 2016). Moreover, both in vigp and in vivo tests have
been done to show the wound healing effeci jor and its con-
stituents, such as UA, OA, and aucubin (Agra ; Amini
; Karti ., 2018a; Moura-Letts et al., 2006; Phipps & Mah-
mood, 2006; Velasco-Lezama et al., 2006; Zubair et al., 2012, 2016).
However, there has been no report on P. mgjor activity for diabetic
wound healing. wound healing process involves a series of over-
lapping phases, ely, hemostasis, inflammation, proliferation, and
remodeling, that may be inhibited by the presence of oxygen free radi-
cals, microbial infection, and high blood glucese (Houghton et al., 2005;
Patel et al., 2019). Chemical or herbal medicines that can modulate one
or more of those phases can be examined as candidates for wound
healing agents with normal or hyperglycemic conditions. Previous
studies showed that P. major and its phytochemicals are active
anti-inflammatory, antioxidant, and antimicrobial agents (ITussan et al.,
; keda et al., 2008; Kartini et al., 2014, 2017; Liu, 1995; Mazzutti
, 2017; Shirley - A 7; Stenholm , 2013; Vasconcelos
et al 2{}06) Therefore, this study was intended to determ.l'ne the in vivo
wound healing effects of P. major extracts and chemical compounds,
namely UA and OA, in hyperglycemic rats (i), to evaluate their in vitro
diabetic wound healing activity through the anti-inflammatory process,
fibroblast proliferation, and fibroblast migration (ii), and to determine
Eible dermal irritation after topical application (iii).

2. Materials and methods
2.1. Plant materials and chemicals

Wholes plants of P. major was collected from the cultivation area of
the Balai Materia Medica, Batu City, Jawa Timur Province, Indonesia in
September 2016 (Global Positioning System (GPS) coordinates
7°52'2.262" S 112°31'11.719" E; 875 m above sea level) and promptly
within 1 h to the laboratory. Authentication of the plant was
Develop-
Surabaya, Indonesia, with accession cer-
2016. UA, OA, alloxan monochydrate,
methyltl‘uazolyldlphenyl Mtg mide (M'I'I')
hematoxylin-eosin were obtained from Sigma Aldrich Co. (St Louis,
MO, USA), whereas absolute ethanol, toluene, acetone, formic acid,
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chroma e of PMLE. Sta-

(78:22:0.15). a: PMILE, b: ursolic acid (UA) - oleanolic acid (OA) standard.
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Day 0 Day 7 Day 14  Day 21

Fig. 2. Wound morphology of hyperglycemic rats from Day 0-21. A: PMLE, B: UA, C: OA, D: Positive control, E: Negative control.

sulfuric acid, methanol, chloroform, iodine, and DMSO were from Merck Indonesia).
KGaA (Darmstadt, Germany). Carbomer, sodium hydroxide, methyl-
paraben, propylparaben, and propylene glycol were pharmaceutical
grade and obtained from Tristar Chemical Co. (Surabaya, Jawa Timur,
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Table 1
Effect of gels on wound closure and time of epithelialization.

Group Percentage of wound closure Time of epithelialization {day)
Day 7 Day 14 Day 21

A 69+3 98 +1 100 £ 0 16 +17

B 70+3 994 1" 100 £ 0 15+1*

C B4 + B* 100 4 0% 100 £ 0 12 +1*

D 81 + &* 59 +2 100 £ 0 15 + 2%

E 67 + 2 G5+ 4 100 £ 0 19+1

n_mp A:PMLE, B: UA, C: OA, D: Positive control (Mebo®), E: Negative control.
Data represent means = SD (n = 5), *p < 0.05 against negative control (Kruskal-
Wallis, followed by Mann-Whitney test).

2.2. Preparation of P. major extract and determination of UA and OA

The leaves of P. major were separated from the other parts of the
plant, then air-dried for 120 h, powdered into 2 mm particles using a
household Panasoni@ylX-J1G blender (Panasonic Corp., Kadoma,
Osaka, Japan), and stored at room tem (31 £ 2 °C) for a
maximum of 12 wk until used. Three hun of these leaves were
macerated with ethanol (3 = 800 ml, 24 h) at room temperature. The
extracts filtered using Whatman® qualitative filter paper grade 1
(Merck) and evaporated under vacuum using a rotavapor R-200 (BUCHI
Labortechnik AG, Flawil, Switzerland) to yield viscous extracts. High
performance thin layer chromatography (HPTLC) was done to deter-
mine OA and UA as described previously (Kartini |_‘1 2014). Chro-
matography was done on a pre-coated HPTLC plate with silica gel 60
Fasq, 0.20 mm layer thickness (Merck), using toluene:acetone:formic
acid (78:22:0.15) as the mobile phase. PMLE and a mixture of OA and
UA (1:1 w/w) were spotted as 5 mm bands using a Linomat 5 sample
applicator (Camag, Muttenz, Switzerland) and then prederivatized using
iodine vapor (1% iodine in chloroform). Development was then carried
out using 10 ml of the mobile phase in a twin trough chamber (Camag)
previously equilibrated with the mobile phase for 20 min at room
temperature. Following development, plate was dried in a fume
hood and subjected to derivatization by spraying the plate with 5%
sulfuric acid in methanol and then heating at 120 °C for 3 min. The
chromatogram was obtained using Reprostar 3 documentation densi-
tometry (Camag) with a VH-C20 3CCD color video camera (Hitachi
Denshi Ltd., Shinjuku City, Tokyo, Japan).

2.3. Preparation of the gel dosage form

P. major leaf extract (PMLE), UA, and OA were formulated into gel
dosage forms as described previously using carbomer, sodium hydrox-
ide, methylparaben, propylparaben, and propylene glycol (Kartini,
et al., 2018). Carbomer (2 g) was dispersed over 40 ml water, stirred
(1000 rpm) using a high shear mixer-HSM 2003 SV/DV (CKL Multimix
(M) Sdn Bhd, Puchong, Selangor Darul Ehsan, Malaysia) while adding
1% sodium hydroxide gradually until it formed a gel. PMLE (5 g), UA
(15 mg), or OA (15 mg) were dissolved in 2 ml ethanol. Methyl paraben
(180 mg) and propyl paraben (20 mg) were mixed and dissolved in
propylene glycol (16 g). These two solutions were then mixed and
poured into the gel with 100 g water and stirred until homogeneous. The
gels were administered up to 0.5 g/test animals. Every 0.5 g PMLE gel
contained 25 mg extract, whereas 0.5 g UA or OA gels contained 75 pg of
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the respective active compounds.

2.4. In vivo wound healing GSS%

Male Wistar rats (180-200 g) were from the Integrated Research and
Testing Laboratory, Gadjah Mada University, Yogyakarta, Indonesia and
housed at room temperature, 70% RH, and a 12 h light-dark cycle. These

animals were put in plastic cages (1 rat/cage) and fed with a stan-
diet (water max. 13%, crude protein 21-23%, fat min. 5%, fiber
max. 5%, ash max. 7%, calcium min. 0.9%, and phosphorus min 0.6%),
given water ad libitum, and acclimatized for 2 wk before the experiment.
All handling procedures were according to the institutional rules on
animal experiments (approval No: 721-KE; dated June 15, 2017). Before
the i ion of hyperglycemia, test animals were weighed, their blood
was collected from the tail vein, and the fasting blood gaose levels
were measured. Then, they were intraperitoneally injected with a single
dose of alloxan monohydrate (160 mg/kg bw) in normal saline. Two
days later, the fasting blood glucose levels were measured to confirm
their hyperglycemic status. Hyperglycemia was indicated if the random
blood glucose levels were >200 mg/dl.

Hyperglycemic rats were intraperitoneally anesthetized with keta-
mine HCl (Ketalar®, Pfizer Indonesia, Jakarta, Indonesia) at 100 mg,/kg
bw. An excision wound was induced e dorsal area of the animals
using a biopsy punch from Medax Srl rsonale (San Possidonio, MO,
Italy) with a diameter of 5 mm. Test animals were then divided into 5
groups, each consisting of 5 rats. Three groups were treated with PMLE,
UA, and OA gels, respectively; whereas two other groups were treated
with positive and negative control, respectively. A commercially avail-
able gel product containing Copitidis Rhizoma, Phellodendri chinensis
Cortex, and Scutellariae Radix was used as a positive control (Mebo®,
from Shantou MEBO Pharmaceutical Co., Ltd. (Shantou, Guangdong,
China)), while the gel without active ingredient was applied as a
negative control. All treatments were carried out topically once daily.
Parameters of the in vivo wound healing were rcentage and time of
wound closure. Wound diameter was meas ing a digital caliper
(resolution 0.01 mm) on Day 0, 7, 14, and 21. The percentage of wound
closure was determined using the following equation:

((Dy - D2) / Dy x 100 1)

where D; = the largest wound diameter (on Day 0), and Dy = wound
diameter on the day of observation. Healing time was measured as the

Table 2
Effect of gels on wound healing phase on Day 21.

Group Healing score
A 22403
B 27 £ 0.0
C 3.0 407
o] 33400%
E 20400

Group A: PMLE, B: UA, C: OA,n:'ﬂsilive control
(Mebo®), E: Negative control. Data represent the
means = 5D (n = 3), *p < 0.05 against negative
control (Kruskal-Wallis, followed by Mann-
Whitney test).

Fig. 3. Histological profiles of healing tissue on Day 21. A: PMLE, B: UA, C: OA, D: Positive control, E: Negative control.
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fibroblast cells. Data are expressed as mean = SD (n = 3), *p < 0.05 against control (one-way ANOVA, followed by Tukey's multiple comparison test).

day when the wound closed fully. Also, healing tissues were collected for
a histopathological study on Day 21, in which skin tissues were fixed in
10% formalin, sliced using an automatic rotary microtome (Thermo
Fisher Scientific, Waltham, MA, USA) and prepared on a glass slide,
stained with hematoxylin-eosin, and then observed under a light mi-
croscope (Olympus Corp., Shinjuku City, Tokyo, Japan). Histopatho-
logical study was done to evaluate the condition of healed tissue by
observing the presence of inflammatory cells, angiogenesis, fibrosis, fi-
broblasts, and collagen, on which a score (0-4) of each sample was
based. Score 0 means the wound was still open. Score 1 indicated the
presence of bleeding (++), inflammation (++), angiogenesis (++), and
epithelialization (-); while at score 2, there were signs of inflammation
(+), angiogenesis (+), epithelialization (+), and fibrosis (+). Score 3 or
early remodeling was represented by the presence of fibroblasts and
collagen (+), as well as epithelialization (+); and score 4 or the complete
remodeling phase was the formation of collagen (++) and epithelial-
ization (++).

2.5. In vitro wound healing assay

2.5.1. Nitric oxide (NO) inhibitory assay

The in vitro anti-inflammatory test was done following the method
used in a previous study (Tam al., 2011). RAW264.7 cells (mouse
macrophage, ATCC® TIB-71™, 4 »x 10%/well, counted using a counting
chamber with v-slash (Paul Marienfeld GmbH & Co. KG, Lau-
da-Konigshofen, Germany)) were seeded in a 24-well plate overnight.
The cells were provided by the Parasitology Laboratory, Medical

et

Faculty, Gadjah Mada University. PMLE, UA, or OA were added at
various concentrations together with 0.1 pg LPS/ml of the medium and
incubated for 24 h. The cell culture supernatant was taken out and added
i Griess Reagent (Promega Corp., Madison, WI, USA) ata 1:1 ratio in

well plate, followed by incubation in the dark for 10 min. The
absorbance was measured at 540 nm using a Bio-Rad Benchmark
microplate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA). The
NaNQ, was used to prepare a standard curve and linear regression
equation.

2.5.2. Fibroblast proliferation assay
The procedures used for this assay were according to the method
described previously, with a slight adjustment (Tam et al., 2011).
NIH/3T3 cells (mouse fibroblasts, ATCC® CRL-1658™: provided by the
same parasitology laboratory) were seeded at 107 cells/well in a 96-well
plate in high-glucose DMEM (4500 mg/1; Fisher Scientific International
Inc., Waltham, MA, USA). Then, the cells{Zere exposed to different
concentrations of PMLE, UA, and OA for 48 h at 37 °C. MTT solution (5
{5l'm1) in PBS (Fisher Scientific) was added to the medium in each well,
and the plate was then incul at 37 °C for 4 h. All medium was then
removed and replaced with DMSO. The optical density was measured at
540 nm to determine the relative amounts of viable cells and expressed
as the percentage of control samples without treatment.

2.5.3. Migration assay
This test, which followed Tam et al. (2011) with adjustment for the
type of cell (Tam et al, 2011), was started by seeding rat gingival
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Fig. 5. Representative microphotograph of gingival fibroblast cells before the addition of the test samples (a) and after 24 h of incubation. b, ¢, d were induced with
PMLE 250, 500, 1000 pg/ml, respectively; e, f, g with UA 25, 50, 100 pg/ml, respectively; h, i j with OA 25, 50, 100 pg/ml, respectively.

% of closed area

5 L @

&
OR (gimi)

Fig. 6. The effects umE. UA, and OA on closed areas observed in the gingival fibroblast migration test on rats. Data are expressed as mean = SD (n = 3), *p < 0.05

against control (one-way ANOVA, followed by Tukey's multiple comparison test).

fibroblast cells at 10° cells/well in a 24-well plate in high-glucose
DMEM. These cells were obtained from the Ins of Tropical Dis-
ease, Airlangga University (Surabaya, Indonesia). Cells were incubated
for 24 h at 37 °C in a 5% €Oy humidified incubator. Cells were then
observed under a microscope to ensure that they had adhered to the well
and achieved a confluent state. Fibroblast cells in the well were then

scratched in one direction using a 1000 pl pipette tip, then observed
under a light microscope, and photographs were taken. A series of
concentrations of PMLE, UA, or OA solutions were added into each well,
then incubated overnight. The results were observed under a light mi-
croscope and photographed. The photographs were compared and
analyzed using the TScratch program (CSElab, Zurich, Switzerland) to
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72 Hours

Fig. 7. The results of the 72-h acute irritation dermal test. A: PMLE, B: UA, C: OA.

determine the migration. This program measures open areas in the im-
ages. Percentage of the closed area before and after treatments were
then calculated. An increase of the percentage of closed area indicated
the migration.

2.6. Acute dermal irritation assay

The test followed the method recommended in the Organisation for
Economic Cooperation and Development Guideline No. 404 (2015)
(OECD, 2015). Healthy male albino rabbits aged 8-9 months (adult) and
weighing around 1.8-2.3 kg were used as test animals. They were
individually housed and acclimatized to the experimental conditions for
1 wk, fed with conventional laboratory diets (crude protein 18-19%,
crude fiber 13%, fat 5-6%, calcium 0.9%, phosphorous 0.7%, water
11%, flumequing&intibiotic and vitamins), and given ad libitum access to
drinking water. Approximately 24 h before the test, fur was removed by
carefully cligging the dorsal area of the trunk of the animals using an
electrical pper. The test samples were applied to a small area (+6
cm?) of skin and covered with a gauze pad, which was held in place with
non-irritating  tape (Beiersdorf Indonesia, Malang, Jawa Timur,
Indonesia). For the initial test, one animal was used. Three test patches
were applied sequentially to the animal. The first patch was removed
after 3 min. If there was no apparent serious skin reaction, a second
patch was applied at a different site and removed after 1 h. If the ob-
servations at this stage indicated that exposure could humanely be
allowed to extend to 4 h, a third patch was applied and removed after 4
h, and the response was graded. If a corrosive effect appeared after any
of the three sequential exposures, the test was immediately terminated.
However, if no cormrosive effect (irrtation) was formed after the last
patch was removed, the animal was observed for 14 days, unless
corrosion developed at an earlier point of time. If there was no serious

skin reaction in the initial test, the irritant or negative response was
confirmed using up to two additional animals, each with one patch, for
an exposure period of 4 h. The animals were observed for 14 days after
the removal of patches. All animals were examined for erythema and
oedema, and the responses were scored ath 1, 24, 48, and 72 aftcmmh
removal. Score 0 was indicated by no erythema and no oedema; score 1
was very slight erythemalfi&l oedema; score 2 was well defined ery-
thema and slight oedema; score 3 was moderate to severe erythema and
ﬁ)delate oedema; and score 4 was severe erythema and oedema.

2.7. Satistical analysis

All data were reported as mean -+ SD, then analyzed by descriptive
statistics, ANOVA and ’[‘u_kex‘s multlgle comparison test in the
statistical program, GraphPad Prism (GraphPad Software Inc., San
Diego, USA, Windows Version 5.01). If the data did not meet the
requilgEllents of a parametric statistical test, then they were processed
with the Kruskal-Wallis test and the Mann-Whimey post hoc test. p <
&5 distinguished a statistically significant difference.

3. Results and discussion
3.1. High performance thin layer chromatography of PMLE

The presence of UA and OA in the PMLE was identified using HPTLC
(Fig. 1). The chromatogram showed that PMLE contains UA, but the
presence of OA cannot be detected. This is consistent with the previous
studies which showed that OA was present in the petiole, seed, and
aerial parts, but not in the leaves and roots (Kartini et al., 2014, 2017),
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3.2. In vivo wound healing

The wound healing efficacy of PMLE, UA, and OA was investigated
from the wound closure, time of epithelialization, and gross examination
for 21 days. Also, at the end of the test, the histopathological profile of
healed tissue was documented. Wound closure and time of epithelial-
ization were examined to determine the rate of reduction of the un-
healed area during the healing process. A faster rate of wound closure
indicates a better efficacy. The shrinking of the wound area in different
groups of treated animals over 21 days due to PMLE, UA, and OA is
shown in Fig. 2 and Table 1.

Overall, the topical application of PMLE ats chemical constitu-
ents (UA and OA) increased wound closure significantly (p < 0.05),
particularly on Day 7 and 14. On Day 21, although complete wound
closure was observed in all groups, no significant differences were
detected. Table 1 also shows that time of epithelialization of the groups
treated with PMLE and UA was not significantly different from that of
the positive control (Mebo®). It suggested that PMLE and UA are as
active as the positive control. Animals treated with OA gel showed the
fastest epithelialization, indicating that OA had higher efficacy for
wound healing with hyperglycemic conditions. A previous study on
wound healing in mice with normal conditions confirmed that OA is
42.9% faster and more effective than the placebo, and at the dose of 40
pgs/g bw, it produces the highest wound healing effect (Moura-Letts
et al., 2006). Histological profiles of healing tissue (Fiz. 3 and Table 2)
show that on Day 21, animals treated with OA and positive control gels
had started the remodeling phase, approaching complete remodeling.
However, groups treated with PMLE, UA, and negative control were still
in phase 2 and progressing to early remodeling, as characterized by
ongoing angiogenesis and inflammation, and early development of
fibrosis and epithelialization. These results were consistent with OA
producing the best outcome in wound closure and the fastest
epithelialization.

3.3. Effect of PMLE, UA, OA on NO production by RAW264.7 cells

Repair needs the coordination of various cells, growth factors, and
cytokines. In diabetic patients, normal wound healing process is
interrupted by high blood gluc Diabetic wounds show a persistent
inflammatory phase resulting in the inhibited formation of mature
granulation tissue and reduction in wound tensile strength, which may
be caused by ischemic damage to blood vessels (Patel et al., 2019).

The anti-inflammatory activity of PMLE, UA, and OA was investi-
gated using the NO inhibition test on RAW264.7 macrophage cells. The
cells were cultured in high-glucose medium to mimic a diabetic condi-
tion. Apart from RAW264.7, macrophage-like cells such as THP-1 can

be used to evaluate in vitro anti-inflammatory activity. These
ocytes will differentiate into macrophage after induction with
phorbol 12-myristate 13-acetate (PMA) (Chanput et al., 2014). The use
of RAW264.7 cells was preferred since this research did not need to
differentiate the cells. Bacterial infections or immunological stimuli
such as LPS induce macrophages to release a high concentration of NO,
which is potentially cytotoxic and can destroy the surrounding cells and
tissues. Before the NO inhibition test, the effects of PMLE, UA, and OA on
cell viability was evaluated to determine the appropriate concentration
for the NO inhibition tests (Fig. 4a). The viability of RAW264.7 cells did
not significantly decrease after the addition of PMLE, UA, and OA at up
to 500, 10, and 10 pg/ml, respectively. These results indicated that all
samples at these concentrations were non-toxic to the cells and did not
affect the regular cellular activity. 24

After treatment with PMLE, UA, and OA, the NO concentration in the
cell culture media was measured using the Griess Reaction. All ¢
centrations of PMLE and UA suppressed the NO production in
RAW264.7 cells significantly after LPS induction (Fig. 4b), indicating
that PMLE and UA have anti-inflammatory properties. OA (2.5-10 pg/
ml) also inhibited the production of NO; however, the reduction was not
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significantly different from that of the coptrol. On the other hand, pre-
vious re: ch with normal media show&hat OA inhibited some in-
flamma mediators, such as COX-2, TNF-u, IL-1p, IL-6, and [FN-y
(Kartini gt al., 2014, 2017; Ringbom gtal, 1998; Stenholm gtal.; 2013).
Therefore, further studies are needed to confirm whether or not OA isan
active anti-inflammatory agent with hyperglycemic conditions using
these other inflammatory mediators.

3.4. Effects of PMLE, UA, and OA on NIH/3T3 fibroblast proliferation

he wound healing cascade is a complex interaction of cellular and
bi@hemical actions that differentiates into several phases, from healing
to structural and functional integrity restoration to regain the strength of
injured tissues. Fibroblast proliferation is one crucial step in tissue
regeneration. A series of PMLE, UA, and OA concentrations were tested
at the proliferation phase using NIH/3T3 fibroblast cells. Fig. 4c shows
that PMLE at 31-500 pg/ml increased fibroblast proliferation, but the
opposite was true for UA and OA administered at 7. 25 pg/ml. These
results were consistent with Kuonen et al. that the lipophilic extract of
Viscum album L. and oleanolic acid did not produce any proliferation-
stimulating effects in NIH/3T3 fibroblast cells at any concentration
(0.01-100 and 0.001-10 pg/ml, respectively) (Kuonen er al., 2013).
Therefore, UA and OA probably contributed to diabetic wound healing
through other mechanisms.

3.5. Effects of PMLE, UA, and OA on fibroblast migration

Angiogenesis, another process contributing to wound healing, is
important until the terminal stages of healing. Its mechanism involves
proliferation, migration, and remodeling of endothelial cells, followed
by subsequent tube formation. The effects of PMLE, UA, and OA on the
migration activity were assessed using gingival fibroblast cells that had
been isolated from the rats. Fig. 5 shows the photograph of the scratched
cells before the addition of the samples. This figure also shows the open
area of cells at the bottom of wells after incubation with serial concen-
rations of PMLE, UA, and OA. Fig. 6 shows that all concentrations of
PMLE and UA did not increase cell migration; on the other hand, open
areas were reduced as OA concentration increased. The percentage of
closed area in treated cells to the control cells indicates the level of cell
migration activity. Fig. 6 shows that OA (25-100 pg/ml) can increase
the migration of rat gingival fibroblast cells.

3.6. Acute dermal irritation test

The results of the aculucrlmal irritation test of PMLE, UA, and OA
gels are shown in Fig. 7. ermal responses, including erythema or
oedema, were found in animals treated with either UA or OA gels. In the
group treated with PMLE gel, some rabbits showed erythema after 48
and 72 h. However, this is still included in the nonirritant category
(Banerjee et al., 2013).

4. Conclusions

Plantago major leaf extracts and its phytochemicals (UA and OA) can
increase the percentage of wound closure and accelerate wound healing
time in hyperglycemic rats. The extent of these activities was deter-
mined using the inhibited NO production in the inflammation phase and
enhanced fibroblast proliferation. While UA contributed to the wound
healing process by inhibiting NO production, OA showed the same
function by activating fibroblast cell migration. Topical applications of
P. major leaf extracts, UA, and OA in gel dosage forms did not cause
acute dermal irritation. This study showed that P. major leaf extracts,
UA, and OA acid have the potential to improve wound healing with
diabetes conditions.
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