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A B S T R A C T

The wound healing properties of Teucrium polium L., a plant used in the Algerian traditional medicine for the
treatment of wounds, have been investigated using an excision wound model in rabbits. An ointment was
prepared with two concentrations (5 and 10%) of a methanolic extract of the aerial parts. Both preparations
showed significant effect on the wound contraction when compared to the control and the group treated
with petroleum jelly. In addition, acute dermal and oral toxicity was assessed in animal models. The absence
of signs of toxicity on the skin of rabbits indicated the safety of the ointment. After oral administration in
mice at doses of 1000 and 2000 mg/kg b.wt, no signs of liver and kidney toxicity were detected by analysis of
biochemical parameters and by histological examination. The composition of the methanolic extract was
investigated by HPLC-PDA-MS analysis, and a comprehensive profile of phenolic compounds was established,
with 14 flavonoids and phenylethanoid glycosides identified as the main polyphenolic constituents. Overall,
the data support the use of T. polium as a wound healing agent in the Algerian traditional medicine.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The genus Teucrium (family Lamiaceae) comprises approximately
300 species and is mainly distributed in Europe, North Africa and in
the temperate parts of Asia (Bahramikia and Yazdanparast, 2012;
Dehshiri and Azadbakht, 2012). Several species including T. chamae-
drys, T. montanum, and T. polium are used in traditional medicinal sys-
tems (Stankovic et al., 2011). T. polium L., known popularly as felty
germander (jâada or khayatit-lajrah in Arabic), is a deciduous shrub
native to the western Mediterranean region abundantly growing in
rocky places of the hills and deserts of Mediterranean countries up to
South Western Asia (Bahramikia and Yazdanparast, 2012). The plant
which includes many subspecies and varieties is very common in
Algeria where it grows particularly in the Algerian and Oranian high
plateaus and in the Oranian Saharian Atlas (Qu�ezel and Santa, 1963).
In Algerian traditional medicine, the aerial parts of the plant are used
for the treatment of diabetes, hypertension and, in the form of a pow-
der mixed with petroleum jelly or beeswax, as a wound healing agent
(Boudjelal et al., 2013).
Extracts of T. polium have been shown to possess various biologi-
cal activities including antioxidant, antibacterial, antiviral, antifungal,
cytotoxic, antimutagenic, antiinflammatory, analgesic, antispas-
modic, hypolipidemic, hypoglycemic, hepatoprotective, antiulcer,
and anticonvulsant effects (Jaradat, 2015). Wound healing properties
have been investigated in mice (Ansari et al., 2013) and rats
(Meguellati et al., 2019; Huseini et al., 2020).

Flavonoids, phenylethanoid glycosides, and various terpenoids
including neoclerodane diterpenes, sterols, and iridoids, have been
isolated from the plant which also contains an essential oil rich in
sesquiterpenes (Bahramikia and Yazdanparast, 2012; Basudan and
Abu-Gabal, 2018; Elmasri et al., 2015).

The aim of the present study was to determine the polyphenolic
composition of a methanolic extract of T. polium and to investigate its
wound healing properties for the first time in rabbits. Furthermore,
the acute cutaneous and oral toxicity were assessed. Wound excision
was selected as a representative model to study the traditional use of
the plant in the treatment of open wounds.

2. Materials and methods

2.1. Plant material and extraction

The flowering aerial parts of Teucrium polium (Subsp. capitatum)
were collected in May 2018, in M’sila, Algeria, at 35° 120 36.9700 N
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latitude and 4° 100 46.0800 E longitude. The plant was authenticated by
Dr. Sarri Dj., Department SNV/M’sila University, and a specimen (AB-
92) was deposited at the herbarium of the Department. The plant
material was rinsed and dried in the shade at room temperature and
finely ground into a powder with a grinder (sieve pore size 200mm).

The methanolic extract was obtained with a Soxhlet extractor. The
vegetable powder (50 g) was extracted with 500 ml of methanol for
6 h. The extract was filtered and evaporated under reduced pressure
to yield an oily residue (17.5%).

2.2. General experimental procedures

Medium pressure liquid chromatography (MPLC) was performed
on a Premium Flash-Prep LC system PuriFlash� 4100 (Interchim,
Montluçon, France). The sample was prepared as a dry load and
adsorbed on 25 g silica gel 60. Preparative HPLC was carried out on a
Preparative LC/MSD System (Agilent Technologies, Santa Clara, CA,
USA) consisting of a quaternary pump (1200 Series, 1290 Infinity II
1260 Prep Bin Pump), a PDA detector (1100 Series), and a 6120 Quad-
rupole LC/MS. A SunFire Prep C18 OBD column (5mm, 30£ 150 mm i.
d., Waters, Milford, MA, USA), equipped with a C18 Prep Guard Car-
tridge (10 £ 30 mm i.d.) was used. The flow rate was 20 ml/min. Data
acquisition and processing was performed using ChemStation soft-
ware (Agilent Technologies). For injection a 1290 Infinity II 1290
Valve Drive manual injection system (Agilent Technologies) was
used. Semi-preparative HPLC was carried out on an Agilent 1100
Series instrument equipped with a PDA detector. Separations were
carried out on a SunFire C18 column (5 mm, 150 £ 10 mm i.d.,
Waters) equipped with a guard column (10 £ 10 mm i.d.). A flow rate
of 4 ml/min was applied. Data acquisition and processing was per-
formed using ChemStation software. NMR spectra were recorded on
a Bruker Avance III spectrometer (Rheinstetten, Germany) operating
at 500.13 MHz for 1H and 125.77 MHz for 13C. 1H NMR and 2D NMR
spectra were measured in DMSO‑d6 or CDCl3 (ARMAR Chemicals)
with a 1 mm TXI probe at 23 °C. Data were analyzed using Topspin
(Bruker) and Spectrus Processor (ACD/Lab, Toronto, Canada) soft-
wares.

Silica gel 60 (0.040�0.063 mm) used for MPLC was from Merck
KGaA (Darmstadt, Germany). TLC was performed on silica gel 60
F254 precoated plates (ALUGRAM Xtra Nano-SIL G, Macherey-Nagel,
D€uren, Germany); detection under UV 254 nm and after spraying
with vanillin-sulfuric acid reagent followed by heating at 100 °C.
Ultrapure water was obtained from a Milli-Q water purification sys-
tem (Merck Millipore, Darmstadt, Germany). HPLC-grade acetonitrile
was purchased from Avantor Performance Materials (Radnor Town-
ship, PA, USA). Methanol for extraction was from Honeywell (Offen-
bach, Germany). Solvents used for liquid/liquid partition and column
chromatography were from Scharlau (Barcelona, Spain). Diosmin
(Alexis Biochemicals, San Diego, CA, USA), luteolin (AdipoGen, San
Diego, CA, USA), hyperoside (Carl Roth GmbH, Karlsruhe, Germany),
isoquercitrin (Carl Roth), and luteolin 7-O-glucoside (Extrasynth�ese,
Gernay, France) were used as chromatographic reference substances.

2.3. Total phenolic and flavonoid contents

Total Phenolic Content (TPC) of the extract was determined using
the Folin-Ciocalteu reagent according to the method of Singleton and
Rossi (Singleton and Rossi, 1965), with gallic acid as a standard.
200 ml of each sample dissolved in methanol was added to 1 ml of
Folin-Ciocalteu reagent (1:10 dilution in distilled water). The mixture
was shaken and, after 4 min, 800 ml of Na2CO3 (75 mg/ml) solution
were added. The mixture was kept for 2 h at room temperature and
the absorbance measured at 760 nm. Total phenolic content was
expressed in mg gallic acid equivalents per gram dry extract (mg
GAE/g DE) using a calibration curve with gallic acid. All measure-
ments were performed in triplicate.
2

Total Flavonoid Content (TFC) of the extract was measured
according to the aluminum chloride colorimetric method based on
the formation of a flavonoid-aluminum complex (Carocho et al.,
2014) using a quercetin calibration curve: 1 ml of methanol extract
was mixed with 1 ml of 2% AlCl3 methanol solution. After 10 min, the
absorbance was determined at 430 nm. The results were expressed
as mg quercetin equivalent per gram of dry extract (mg QE/g DE). All
measurements were performed in triplicate.

2.4. HPLC-PDA-MS analysis

HPLC-PDA-MS analysis was performed on a chromatographic sys-
tem consisting of a degasser, quaternary pump (LC-20AD), a column
oven (CTO-20AC), a PDA detector (SPD-M20A), and a triple quadru-
pole mass spectrometer (LCMS-8030) (Shimadzu, Kyoto, Japan). Sep-
aration was carried out on a SunFire C18 column (3.5 mm,
3.0 £ 150 mm i.d., Waters) equipped with a guard column
(3.0 £ 10 mm). The mobile phase consisted of water + 0.1% formic
acid (A) and acetonitrile + 0.1% formic acid (B). A gradient of 5�80% B
in 30 min followed by 80�100% B in 5 min was applied. The flow rate
was 0.4 ml/min. The extract was dissolved in DMSO at a concentra-
tion of 10 mg/ml and 10 ml were injected. The LabSolutions software
(Shimadzu) was used for data acquisition and processing.

2.5. Compound isolation

The methanolic extract of T. polium (32 g) was suspended in
500 ml water and then successively partitioned with EtOAc
(3 £ 500 ml) and n-BuOH saturated with H2O (4 £ 500 ml) to provide
a EtOAc-soluble fraction (8.2 g), a n-BuOH-soluble fraction (10.8 g),
and the H2O-soluble fraction (12.6 g). The EtOAc-soluble fraction was
fractionated by MPLC on a silica column (47 £ 5 cm, i.d.) with a n-
hexane/EtOAc/MeOH gradient [n-hexane/EtOAc 98:2 (0�10 min), n-
hexane/EtOAc 2�70% EtOAc (10�420 min), n-hexane/EtOAc
70�100% EtOAc (420�480 min), EtOAc/MeOH 0�20% MeOH
(480�540 min), 100% MeOH (540�600 min)] at a flow rate of 20 ml/
min. In total, 540 fractions were collected, which were combined
based on TLC analysis into 22 fractions (Fr.1-Fr.22).

Fr. 11 (85 mg) afforded 14 (1.3 mg, tR =29.3 min) after preparative
HPLC with a gradient of 5�80% acetonitrile in water (both containing
0.1% formic acid) in 30 min. Compounds 10 (12.5 mg, tR = 11.9 min),
11 (2.0 mg, tR = 12.6 min), and 13 (16.9 mg, tR = 19.3 min) were iso-
lated from Fr. 14 (327 mg) by preparative HPLC with a gradient of
45�60% acetonitrile in water (both containing 0.1% formic acid) in
30 min. Separation of Fr. 21 (247 mg) by preparative HPLC with a gra-
dient of 5�80% acetonitrile in water (both containing 0.1% formic
acid) in 30 min afforded 9 (6.1 mg, tR = 20.8 min) and 12 (3.0 mg,
tR = 23.9 min). Separation of Fr. 22 by preparative HPLC with a gradi-
ent of 15�50% acetonitrile in water (both containing 0.1% formic
acid) in 30 min gave compound 2 (11.4 mg, tR = 11.3 min) and a frac-
tion (25.6 mg) which was further purified by semi-preparative HPLC
with 16% aq. acetonitrile containing 0.1% formic acid to provide 3
(3.5 mg, tR = 21.4 min), a mixture of 4 and 5 (4.8 mg, tR = 23.4 min),
and 6 (3.3 mg, tR = 29.8 min). A portion (1.0 g) of the n-BuOH-soluble
fraction was separated by preparative HPLC with a gradient of 5�80%
acetonitrile in water (both containing 0.1% formic acid) in 30 min to
give 1 (373 mg, tR =11.6 min).

2.6. Animals

All animals (Swiss albino mice weighing 31�33 g and New Zea-
land albino rabbits weighing 1.9�2.1 kg) were obtained from Pasteur
Institute of Algiers. They were fed ad libitum with water and kibble
diet.

All experimental protocols were in accordance with the European
Community Council Directive (86/609/EEC) and approved by the
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National Committee for Evaluation and Programming of University
Research of Algerian Ministry of Higher Education and Scientific
Research (Registration N°: DO1N01UN280120150001).

2.7. Preparation of the ointment

The methanolic extract of T. polium was mixed with petroleum
jelly (PJ) (Unilever, France) at a concentration of 5% and 10% to obtain
the methanolic extract ointments OME 5% and OME 10%, respec-
tively. Cicatryl-Bio (CIC) (Pierre Fabre, Paris, France) was used as ref-
erence drug.

2.8. Acute dermal irritation

The acute dermal irritation assay was carried out on New Zealand
albino rabbits. The study was conducted according to the Organiza-
tion for Economic Co-operation and Development (OECD) guidelines
404 (OECD 2002a). OME 5% and 10% were applied topically on the
back of the animals at an amount of 0.5 g per rabbit. The animals
were observed for mortality and any toxic or deleterious effects with
special attention given to the first 4 hrs and then once daily for a
period of 14 days following the topical application. At the application
sites, the skin was observed for signs of erythema, edema and local
injury. The body weight and food intake were also recorded.

2.9. Acute oral toxicity

The acute oral toxicity was assessed in healthy young adult female
Swiss albino mice, nulliparous and non-pregnant. The study was con-
ducted according to the Organization for Economic Co-operation and
Development (OECD) guidelines 423 (OECD 2002b).

Twelve Swiss albino mice were divided into four groups of three
animals and treated orally with different doses of T. polium extract
for 14 days: Group I, control, received distilled water; Group II
received 1000 mg/kg b.wt; Group III received 2000 mg/kg b.wt and
Group IV received 5000 mg/kg b.wt as suspension by gavage. The
treated mice were observed individually. The main observations and
evaluations were external physical aspects (appearance and hair
loss), behavioral changes (posture, scraping, aggressiveness, sensitiv-
ity to noise and light, hypersalivation) and measurable clinical signs
(changes in heart and respiratory rhythms, abdominal contraction,
diarrhea) (Hussain Mir et al., 2013).

At the end of the experiment, mice were sacrificed. Blood samples
were collected to explore biochemical parameters (transaminases,
alkaline phosphatase, serum total protein, creatinine, urea and uric
acid). The parameters were measured by enzymatic colorimetric
methods using commercially available kits (Spinreact, Girona, Spain).
The livers and kidneys were excised from all experimental mice for
histopathological examinations (Gandhare et al., 2013).

2.10. Evaluation of wound healing activity

An area of 500 mm2 on the back of the New Zealand albino rabbit
was shaved with an electric razor. The animals were left in their cages
24 h to verify the absence of irritation of the shaved zone
(Hwisa et al., 2013). The animals were randomly divided into 5
groups of 4 rabbits as follows: first group was untreated (UT), second
group treated with the reference drug (CIC), third group with OME
5%, fourth group with OME 10%, and fifth group with petroleum jelly
(PJ).

2.10.1. Wound healing assay
Animals were anaesthetized using intraperitoneal injection of

ketamine (90 mg/kg)-xylazine (10 mg/kg) (Mashreghi et al., 2013). A
circle of 2.5 cm in diameter was drawn on the skin of the lumbar
region which was then excised.
3

Excisional wounds were immediately treated after surgical opera-
tion and the animals placed in individual cages with clean litters.
Preparations (CIC, OME 5%, OME 10% and PJ) were applied topically at
an amount of 0.5 g per rabbit once per day till complete healing
(Pipelzadeh et al., 2003).

The dimensions of excision wounds were measured every 4 days
during the trial period by tracing the wounds on a transparent paper
and measuring through the graph paper. The percentage of the evolu-
tion of wound contraction was calculated using the following formula
(Tamri et al., 2014):

%wound contraction

¼ Initial wound size �Specific day wound size
Initial wound size

� 100
2.10.2. Histological sections
At the end of the experiment, the animals were sacrificed. The tis-

sue slices (scarred skin and 0.5 cm of healthy skin) were fixed in for-
malin (10%) for 72 h. The samples were dehydrated by passing them
through three successive baths of ethanol. Then they were thinned in
two baths of xylene and embedded in paraffin by two successive
baths at 60 °C each one. The paraffin blocks obtained were then cut
with a microtome, rehydrated and stained with haematoxylin-eosin
(Marck, 2010).
2.10.3. Statistical analysis
The data were subjected to one-way analysis of variance (ANOVA)

for determining the significant difference (GraphPad, version 7). The
results are presented as means § SEM. The inter group significance
was analyzed using by Dunnett's or Tukey test whenever applicable
and differences were considered significant at p � 0.05.
3. Results

3.1. Polyphenolic profile

The methanolic extract of T. polium aerial parts had a total pheno-
lic content of 86.63§ 0.03 mg GAE/g DE, and a total flavonoid content
of 24.43 § 0.01 mg QE/g DE.

The polyphenolic profile of the extract was investigated by HPLC-
UV-MS (Fig. 1), and revealed the presence of several peaks corre-
sponding to flavonoids and caffeic acid derivatives. Compounds 7
and 8 were identified from their UV and MS data, and by chro-
matographic comparison with commercial reference samples as dio-
smin (Al Bahtiti, 2012) and luteolin (D’Abrosca et al., 2013;
Elmasri et al., 2015), respectively. Further compounds were identified
by 1H and 2D NMR analysis after isolation. They included poliumo-
side (1) (De Marino et al., 2012; Oganesyan et al., 1991), acteoside (2)
(Elmasri et al., 2015), hyperoside (3) (Rudakova et al., 2014), isoquer-
citrin (4) (Shammas and Verykokidou-Vitsaropoulou, 1987), luteolin
7-O-b-D-glucopyranoside (5) (D’Abrosca et al., 2013; De Marino
et al., 2012), luteolin 7-O-(5-O-syringoyl-b-D-apiofuranosyl)-(1!2)-
b-D-glucopyranoside (6) (D’Abrosca et al., 2013), cirsiliol (9), cirsi-
maritine (10) (Elmasri et al., 2015; Stefkov et al., 2011; Verykokidou-
Vitsaropoulou and Vajias, 1986), cirsilineol (11) (Stefkov et al., 2011),
eupatorin (12) (Verykokidou-Vitsaropoulou and Vajias, 1986), 5-des-
methylsinensetin (13) (Alwahsh et al., 2015; Harborne et al., 1986;
Kisiel et al., 2001; Topcu et al., 1996), and salvigenin (14)
(Elmasri et al., 2014) (Fig. 2). All compounds had been previously
reported in T. polium except flavonoid 13. The latter compound had
been previously described in other species of the genus Teucrium. To
our knowledge, this study represents the first report of a detailed
polyphenolic profile of T. polium.



Fig. 1. Structures of the compounds identified in the methanolic extract of T. polium.
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3.2. Acute oral toxicity

Acute oral toxicity was tested in mice at doses of 1000 to
5000 mg/kg b.wt. Even at the highest dose no mortality or specific
signs of toxicity were observed after oral administration of the
extract. In addition, there were no respiratory, nervous, cutaneous or
gastrointestinal symptoms. According to the toxicity scale of Hodge
and Sterner (1949) for mice and rats, the extract of T. polium can be
classified as a “practically nontoxic” substance (LD50 > 5000 mg/kg)
(Lu, 1992).

As to the biochemical parameters (Table 1), the mice treated with
the three doses showed non-significant differences compared to the
control group. The extract appeared to be well tolerated, as it did not
affect liver parameters and had no effect on transaminase protein lev-
els. The extract did not induce any significant changes in the renal
parameters (urea, uric acid and creatinine concentrations) in the
treated mice compared to the control group.

The different histological sections of liver and kidney from the
treated mice were compared to the section of the normal control
(Fig 3). The extract did not induce any changes, and the observations
revealed a typical normal kidney and hepatic lobule for all treated
mice. Slight dilation of the portal vein was observed with the doses of
2000 and 5000 mg/kg b.wt. While the reasons for this histological
peculiarity remain unclear, this should not be considered as a sign of
toxicity in the absence of any other abnormalities.

3.3. Acute dermal irritation

The animals were observed frequently during the 14 days follow-
ing the topical application of 0.5 g of OME 5% or OME 10%. No signs of
toxicity or mortality were seen. The rabbits were normal and did not
show any critical changes in behavior and breathing, or any disability
in feeding and water utilization, or postural irregularities and loss of
hair. There were no signs of cutaneous irritation, no erythema,
eschar, edema, or any other reactions on the skin of all animals after
topical application.
4

3.4. Wound healing

3.4.1. Evolution of the wound healing process
During the healing period, the wounds were measured every 4

days. The evolution of the surface of each wound excision was
assessed in the treated and untreated animals. The results are pre-
sented in Table 2. The photographic documentation of the wound
healing process is included as Supplementary Material. All treated
animals (CIC, OME 5% and OME 10%) showed very significant and sig-
nificant reduction in wound area when compared to untreated and PJ
groups (p <0.001and p <0.01, respectively). There was no significant
difference between groups treated with the ointment prepared with
the two concentrations (5 and 10%) of the extract and the reference
drug Cicatryl-Bio. The OME 10% ointment proved its effectiveness in
the healing process with 92.00 § 0.14% of contraction of excision
wounds in rabbits, which was better than 85.25 § 0.18% obtained
with the reference drug Cicatryl-Bio.

The daily visual observations indicated the presence of signs of
inflammation (redness and fever) around the wound in rabbits of the
different groups the first days after the excision of the skin. These
signs disappeared quickly in the treated groups (CIC, OME 5% and
OME 10%) and persisted in the rest of the groups for a few days (UT
and PJ).

3.4.2. Histological sections
Histopathological examination was performed at the end of the

experiment. Cicatricial zones of rabbits (treated or not treated) were
compared to a healthy zone on the same histological cut of the same
sample (Fig. 4).

The histological sections showed better healing and complete re-
epithelialization in animals treated with the reference drug (Cicatryl-
Bio), OME 5% and OME 10% compared to the untreated group and the
group treated with petroleum jelly. The healed skin showed normal
epithelialization, with thick mature epidermis and granulation tissue,
and also higher collagen deposition in treated groups with CIC, OME
5%, and OME 10%.



Fig. 2. HPLC-UV-MS analysis of the methanolic extract of T. polium. BPC: base peak chromatogram. Peak numbers refer to the identified compounds (Fig. 1).

Table 1
Biochemical parameters of the mice treated with the methanolic extract of T. polium at dif-
ferent doses.

Parameters Treatment (mg/kg b.wt)

Control 1000 2000 5000

Urea (mg ̸ l) 0.88 § 0.02 0.91 § 0.07 0.92 § 0.03 0.93 § 0.01
Creatinine (mg ̸ l) 4.09 § 0.15 5.43 § 0.36 4.29 § 0.47 4.05 § 0.15
Uric Acid (mg ̸dl) 41.90 § 4.49 42.32 § 3.80 51.89 § 7.63 25.98 § 0.74
AST (IU/l) 40.66 § 3.97 39.16 § 3.83 43.16 § 8.77 40.00 § 2.31
ALT (IU/l) 11.00 § 0.61 16.00 § 1.00 15.66 § 2.55 14.67 § 1.02
ALP (IU/l) 54.67 § 3.57 42.83 § 3.51 53.20 § 2.94 49.00 § 1.29
Total Protein (g/dl) 60.00 § 1.61 70.50 § 3.43 72.00 § 1.53 70.60 § 2.50

Values are expressed as means § SEM (n = 3).
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The histological sections of the UT and PJ groups showed the pres-
ence of fleshy bud with more inflammatory cells, less collagen depo-
sition and incomplete maturation of the dermis or epidermis. This
indicates that, despite the contraction of the wound, petroleum jelly
does not have therapeutic properties. Indeed, during the healing pro-
cess, petroleum jelly is capable of inhibiting the evaporation of water
from the wound. The formation of a wet physiological environment
in the wound promotes skin repair and regeneration of damaged
5

tissue. However, therapy with petroleum jelly can cause alteration
and tissue maceration (Djerrou et al., 2011).

4. Discussion

Acute dermal toxicity corresponds to the adverse effects occurring
within a short time of dermal application of a single dose of a test
substance (OECD, 2017). Assessment of a single dermal dose toxicity



Fig. 3. Histopathological changes in liver and kidney of animals treated with T. polium methanolic extract at different doses (magnification x 10). 1: central vein; 2: surrounding
hepatocytes; 3: glomerulus; 4: dilation of the portal vein; 5: tubular.

Table 2
Effect of different treatments on the evolution of the percentage of excision wound con-
traction in New Zealand albino rabbits.

Groups Wound contraction (%)

Number of days

4 8 12 16

UT 15.73 § 0.37 23.93 § 0.24 25.57 § 0.50 42.62 § 0.38
CIC 19.87 § 0.13 29.48 § 0.28 58.33 § 0.24** 85.25 § 0.18***
OME 5% 11.33 § 0.31 36.33 § 0.64* 61.33 § 0.70*** 78.00 § 0.95 ***
OME 10% 15.63 § 0.85 38.18 § 0.64* 81.81 § 0.47*** 92.00 § 0.14***
PJ 17.91 § 0.25 26.86 § 0.17 32.83 § 0.47* 65.16 § 0.32**

Values are expressed as mean § SEM, (n = 4), * p<0.05, **, p< 0.01, *** p< 0.001 when
treated groups are compared to the UT group. UT: untreated group; CIC: group treated
with Cicatryl-Bio; OME 5% / 10%: groups treated with methanolic extract ointment; PJ:
group treated with petroleum jelly.
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is an important part of any toxicology program for new pharmaceuti-
cal or cosmetic products to be applied on the skin (Vinardell and Mit-
jans, 2008). In our study, no signs of dermal toxicity were observed
after application of the T. polium ointment. As to the oral acute toxic-
ity, the methanolic extract of T. polium did not produce any signs of
toxicity in mice even at the highest dose (5000 mg/kg b.wt), and
none of the animals died after 14 days of observation. Also, no signifi-
cant changes were observed in biochemical parameters or histologi-
cal sections of liver or kidney except a slight dilation of the portal
vein. Similar observations have been reported in the study of
Meguellati et al. (2019). At the same time, it should be mentioned
that hepatotoxic and nephrotoxic effects of T. polium have been
shown in many case reports and experimental studies where vacuoli-
zation, destruction and degeneration of liver and kidney were the
most frequently described events (Akt€urk Esen et al., 2019; Rafieian-
Kopaei and Baradaran, 2013). The absence of toxicity observed in our
study may be explained by the relatively short duration of adminis-
tration (2 weeks). Indeed, the toxic effects of T. polium have been
related to the dose and duration of use (Bachtarzi et al., 2016; Da�g
et al., 2014). Based on our data, short-term treatment with a T. polium
extract appears safe.

The 5% and 10% ointments (OME 5% and OME 10%) prepared from
the methanolic extract of T. polium significantly improved the wound
healing process after excision in albino rabbits. On histological
6

examination, the treated groups (Cicatryl-Bio, OME 5%, and OME
10%) showed higher collagen deposition and complete re-epitheliali-
zation. The best results were obtained with OME 10%. Cicatryl-Bio
contains allantoin as active ingredient. In an open wound model,
allantoin was able to ameliorate and accelerate the repair of the skin.
The wound healing effect of allantoin occurred via the regulation of
inflammatory response and stimulation of fibroblastic proliferation
and extracellular matrix synthesis (Ara�ujo et al., 2010). The treatment
with the ointment produced a similar effect that the control drug and
had a strong impact on the granulation and epithelialization of
wounds, accelerated tissue repair and reduced the duration of this
process. This may be due to the combined effects of the polyphenolic
constituents, mainly flavonoids and caffeic acid derivatives. For
example, the flavonoid fraction from Ginkgo biloba has been shown
to enhance proliferation of normal human skin fibroblasts in vitro
(Kim et al., 1997). Fibroblasts are responsible for the synthesis of col-
lagen fibers and healing activity. The caffeic acid derivative acteoside
(2) has been recently reported to increase the activation of promatrix
metalloproteinase-2 and the expression of membrane type-1-matrix
metalloproteinase, thereby possibly facilitating a remodeling of
extracellular matrices (Si et al., 2018).

Our data confirm results obtained in previous studies performed
in other animal models. Meguellati et al. (2019) reported that the
treatment with an extract from callus tissue derived from T. polium



Fig. 4. Histological evaluation of wound skin sections stained with hematoxylin and eosin (10 and 40 x magnification) of various groups (CIC, OEM 5%, OEM 10%, PJ, and UT). UT:
untreated group; CIC: group treated with Cicatryl-Bio; OME 5% / 10%: groups treated with methanolic extract ointment; PJ: group treated with petroleum jelly. 1: thick mature der-
mis; 2: collagen; 3: granulosa cells; 4: epidermis; 5: fleshy bud; 6: angiogenesis 7: incomplete epidermis.
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had a strong impact on the granulation and epithelialization of
wounds, accelerated tissue repair, and reduced the duration of
wound healing process in an excision wound model in rats.
Huseini et al., 2020 found that a 10% T. polium ointment accelerated
the wound healing process in diabetic rats. Ansari et al. (2013) also
demonstrated the effectiveness of a 2% T. polium extract with 91.5%
of wound contraction against 75.3% for the reference drug silver sul-
fadiazine cream on experimental second degree burns in mice.
7

5. Conclusion

The 10% ointment obtained from the extract of T. polium showed
significant wound healing properties in our wound excision model
on rabbits, which were superior to those of the reference drug
Cicatryl-Bio.

Moreover, acute oral toxicity studies in albino mice, and acute
dermal toxicity assessment in albino rabbits indicated that the aerial
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parts of T. polium are potentially safe over a two-week treatment
period corresponding to a typical application time in the therapy of
open wounds. Overall, our data confirm the potential of T. polium
extract for the treatment of wounds and support the traditional use
of this plant as a wound healing agent. Further investigations with in
vitro models such as scratch assays are warranted to identify the
active constituents and unravel the mechanism of action. In addition,
the potential of T. polium for the treatment of other types of wounds
such as closed wounds and diabetic ulcer wounds could also be
explored.

Declaration of Competing Interest

The authors declare that they have no conflict of interest.

Acknowledgments

Prof. M. Hamburger (Division of Pharmaceutical Biology, Univer-
sity of Basel) is acknowledged for providing the infrastructure used
for the analytical characterization, and for the critical proofreading of
the manuscript.

Source of funding

This work was supported by the Algerian Ministry of Higher Edu-
cation and Scientific Research through the National Committee for
Evaluation and Programming of University Research
(DO1N01UN280120150001).

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.sajb.2020.10.017.

References

Akt€urk Esen, S., Kahvecio�glu, S., G€ul, C.B., Aktaş, N., Esen, _I., 2019. Toxic effects of herbal
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