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Abstract

Objective ~ Complementary and alternative medicine (CAM) has an increasing usage in the last decades throughout the world. Herbal medicine, the most preferred CAM, is used
in the treatment of various disorders by approximately eighty percent of the world’s population. In this study, it was aimed to determine the antiviral activity and wound
healing potential of a special herbal oil blend prepared from Olea europaea, Nigella sativa and Rosmarinus officinalis that has been used for centuries in Middle and East
Anatolia.

Materials ~ The nontoxic concentration of herbal blend was determined by MTS assay. This concentration was investigated for its wound healing potential using in vitro scratch assay
and Methods  on HaCaT cells. A scratch was made on cultured keratinocyte cell layer and the herbal blend was added to medium. Pictures of cells were taken at different time points. The
antiviral activity was determined using Adenovirus type 5 and Poliovirus type 1 on HEp-2 cells. Virus titer was calculated by Spearman-Karber method.

Results  The nontoxic concentration of the blend was found to show statistically higher wound healing rate in compare to control group at the end of 12, 24 and 36 hours. According
to antiviral efficacy test, four log of reduction in virus titer was seen, which meant that the mixture was quite effective against the viruses used in the study.

Conclusion  The study shows that the special herbal blend speed up wound healing rate and it also has antiviral activity.

Keywords  Olea europaea; Nigella sativa; Rosmarinus officinalis; antiviral; wound healing
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Ama¢  Modern tip yi lerine ek olarak kull tedavi yo, ini tanimlayan Geleneksel, Tamamlayict ve Alternatif tip (GTAT) kullaniminda son yillarda diinya genelinde bir
artis meydana gelmistir. En sik kullanilan GTAT yontemlerinden biri olan bitkisel tip diinya niifusunun yaklasik yiizde sekseni tarafindan cesitli rahatsizliklarin tedavisinde
kullanilmaktadir. Bu ¢calismada, geleneksel tipta ok yonlii etkileriyle bilinen Olea europaea, Nigella sativa ve Rosmarinus officinalis bitkilerinden ozel olarak hazirlanan, Orta

ve Dogu Anadoluda yiizyillardir kullanilan bir yag karisimin antiviral etkisinin ve yara iyilesme siirecine katkisinin arastirilmas: amaglanmugtir.

Geregve  Calis ilk ag da, yag karis hiicrelere toksik olmayan dozu MTS testi ile belirlendi. Belirlenen dozda yag karisiminin in vitro scratch (¢izik) testi kullanilarak
Yontemler  HaCaT hiicrelerinde yara iyilesmesine etkisini incelendi. Bunun iin, kiiltiire edilmis keratinosit hiicre tabakasinda ¢izik olusturulduktan sonra yag kombinasyonu uygulandi ve
farkli zaman araliklarinda hiicrelerin fotograflar: gekildi. Yag karisiminin antiviral etkinligi ise HEp-2 hiicrelerinde Polioviriis tip 1 ve Adenoviriis tip 5 kullamlarak arastirilds.

Viriis titresi Spearman-Karber metodu kullanilarak hesaplandi.

Bulgular  Toksik etkisi olmadig1 belirlenen %0,005’lik yag kombinasyonu uygul grupta yara kap hizimin kontrol grubu ile karsilagtirildiginda 12., 24. ve 36. saat sonunda
istatistiksel olarak Gnemli derecede fazla oldugu tespit edildi. Antiviral etkinlik analizi sonucunda yag karisiminin viriis titresinde en az dort log azalmaya neden olarak
Polioviriis tip 1 ve Adenoviriis tip 5 viriislerine karsi oldukga etkili oldugu ortaya kondu.

Sonu¢  Calisma sonuglari yag karis yara iyil ini hizlandirict etkisi oldugunu ve antiviral aktiviteye sahip oldugunu gostermistir.

Anahtar  Olea europaea; Nigella sativa; Rosmarinus officinalis; antiviral; yara iyilesmesi
Kelimeler
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INTRODUCTION
Complementary and alternative medicine (CAM) descri-
bes a set of treatment methods used in addition to or in
place of modern medical treatment. CAM applications are
widely used all over the world and in all age groups. It is
reported that the frequency of use is twice as high in di-
seases such as various types of cancer, multiple sclerosis,
rheumatological diseases, HIV infection and asthma.! In
recent years, it has been observed that there has been an
increase in the use of CAM all over the world, both for the
protection of health and the treatment of various diseases.
In addition to its use among the public, CAM has become
very popular in the biomedical literature. This popularity
includes many factors; easy access to complementary and
alternative treatment products, the belief of the society
that alternative medicine is effective, unmet health needs,

sociocultural characteristics, behaviors and attitudes.?

Herbal medicine is one of the most commonly used CAM
methods all over the world. It is estimated that eighty per-
cent of the world’s population still uses herbal products to
protect their health and treat various ailments.* In particu-
lar, herbal therapies are frequently used in the treatment
of diseases such as cancer and migraine, chronic diseases
such as diabetes, high blood pressure, bronchial asthma,
epilepsy, and common diseases such as upper respiratory
tract infections.” In recent years, herbal therapy has gai-
ned popularity again due to factors such as the serious side
effects of synthetic drugs, the inability to fully heal many
chronic diseases with modern medicine methods, and the
thought that natural products will be effective and harm-

less.®

Olea europaea (O. europaea, olive) is a plant whose strong
antioxidant effect has been proven by various studies®, be-
sides, it has antimicrobial properties.” It has been shown
to have versatile biological effects such as antithrombotic,
anti-inflammatory, hypocholesterolemic, antimicrobial
and antiviral properties.® It has also been stated that olive

is used as hypotensive, hypoglycemic, antihelmentic, an-

tiseptic and also against hair loss.” Scientific studies with
Nigella sativa (N. sativa) have shown that it has anticar-
cinogenic’’, antitumoral", antiulcerogenic'?, antibacteri-
al”®, anti-inflammatory, analgesic', antioxidant'®, hypogl-
ycemic'® and immune system booster effects.”” Similarly,
Rosmarinus officinalis L. (R. officinalis, rosemary) is a plant
whose antibacterial, antioxidant, antiviral, and immu-
nogenic effects have been shown by several studies, and
it also has hemorrhagic, antiseptic, stomach-healing and
carminative effect.”® In addition, essential oils and extracts
obtained from R. officinalis have been shown to possess
number of important biological activities such as anti-
cancer, antimicrobial, anti-HIV."® So far, there have been
a number of studies conducted to investigate these plants
individually, but their effectiveness as a combination has
not been searched. This is the first study demonstrating the
antiviral activity and wound healing effect of the specially
prepared oil blend from O. europaea, N. sativa and R. offi-
cinalis, which are used in the treatment of many ailments

in Central and Eastern Anatolia for many years.

MATERIAL and METHODS
Cell lines and viruses

HaCaT cells (CVCL-0038) were used for cell viability and
scratch assay experiments. HEp-2 cells (ATCC CCL-23)
were used for antiviral activity tests. HaCaT cells were ma-
intained in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, USA) whereas HEp-2 cells were maintai-
ned in Minimum Essential Medium (MEM; Sigma-Aldri-
ch, USA). Both of the media were supplemented with 10%
fetal bovine serum (FBS) and 1% Penicillin-Streptomycin
Amphotericin (PSA). The cultures were maintained at 37
°C in a humidified incubator with 5% CO?2.

Adenoid 75 strain of Human Adenovirus Type 5 (ATCC
VR-5) and Chat strain of Human Poliovirus Type 1 (ATCC
VR-1562) viruses were used for determining antiviral acti-

vity of the oil blend.
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Preparation of herbal oil blend
The oil combination prepared from O. europaea, N. sati-
va and R. officinalis was used for the experiments (NBV,
Konya, Turkey). The mixture was prepared using one unit
of O. europaea oil, two units of N. sativa and two units
of R. officinalis oils. N. sativa and R. officinalis oils were
obtained by distillation method, whereas O. europaea was
obtained by cold press extraction method. Due to its do-
minant and intense nature, one unit of olive oil was used
while two units from other oils were used. O. europaea oil
was obtained from its fruits, N. sativa oil was from seeds

and R. officinalis oil was from the leafs.

Analysis of cell viability
After the oil blend was diluted with Tween 80 (Merck,
Darmstadt, Germany) 10%, 5%, 0.5%, 0.05% and 0.005%
concentrations were prepared using DMEM. Cell viability
was determined by MTS assay. Briefly, HaCaT cells were
seeded on 96-well culture plates at a density of 3x10° cells/
well. After adherence, the cells were treated with increa-
sing concentrations of herbal oil blend for 24, 48 and 72
h. At the end of the incubation period, 10 ul of MTS re-
agent (Sigma-Aldrich, USA) was added to the wells with
100 pl medium. After 3 hours of incubation at 37°C, the
absorbance of each well was measured at 490 nm using an
ELISA plate reader. The most effective concentration was

selected for further experiments.

In vitro scratch assay
The effect of oil blend on the proliferation/migration capa-
bilities of HaCaT cells was assessed using a scratch wound
healing assay. The cells were seeded into 12-well tissue
culture dish at a concentration of 1x10° cells/well. After
incubation for 24 hours at 37°C, a linear wound was gene-
rated in the monolayer with a sterile plastic pipette tip. The
wells were washed by PBS in order to remove any cellular
debris. The medium containing 0.005% of oil combination
was added to the wells. At the end of 0, 12, 24 and 36 hours,
images from the scratched areas were photographed to es-

timate the relative migration of cells. The data were analy-

zed using Image-]J software. The experiments were perfor-

med in triplicate.

Preparation of infected HEp-2 cell cultures
After incubation in MEM for 24 hours, passage of HEp-2
cells at 1:4 in culture flasks was infected by Poliovirus Type
1 (PV-1) and Adenovirus Type 5 (AV-5) to prepare viral
stocks. Cytopathic effect (CPE) of the stocks was control-
led by microscopy. At 50-75% CPE, the cells were added
to 10% FBS and then frozen at -80 °C. After a freeze-thaw
cycle, supernatant of the infected cells was collected by
centrifugation for 30 minutes at 3300 rpm and 4°C. The
debris was discarded and the supernatant was used as vi-
rus stocks for further experiments. To measure virus titer,
HEp-2 cells were seeded into 96-well plates at a density
of 2x104 cells/well and incubated at 37 °C for 24 hours.
Each individual sample was serially diluted from 10-1 to
10-9 in 10-fold increments. Each dilution was inoculated
into HEp-2 cells and incubated for 3 days at 37 °C. PV-1
and AV-5 titers in the cell culture were calculated by Spe-

arman-Karber method.?

Antiviral effects of oil blend on Poliovirus and Adenovirus
HEp-2 cells were treated with 0.005% of oil combination
for 5 and 60 minutes. The cells were then seeded into 96-
well plates at a density of 2x10* cells/well in MEM with 2%
FBS and incubated at 37 °C. After PV-1 and AV-5 were
serially diluted from 10! to 10~ in 10-fold increments, di-
luted viruses were treated with 0.005% of oil combination
for 5 and 60 minutes. Each dilution was inoculated into
HEp-2 cells and incubated for 72 hours at 37°C. PV-1 and
AV-5 titers in the cell culture were calculated by Spear-
man-Karber Method.?

Statistical Analysis
GraphPad Prism 9.1.0 (La Jolla, CA, ABD) was used to
perform statistical analysis. One-way analysis of variance
(ANOVA) followed by Tukey’s test was used. P values less

than 0,05 were considered as statistically significant.
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RESULTS
Cytotoxic effect of oil combination
The cytotoxic effect of oil blend on the proliferation of
HacCat cells was evaluated to determine the suitable con-
centration and exposure time for further experiments.
MTS assay performed 24, 48 and 72 hours after the cells
were incubated with different concentrations of oil com-
binations showed that the 0.005% combination increased
cell viability statistically significantly (p<0,05) at each time
point. The viability of HaCat cells was statistically signifi-
cantly reduced at 0.05% and higher concentrations of oil
blend (p<0,05). Therefore, 0.005% concentration of the
blend was chosen for further analysis to evaluate its wound
healing potential and antiviral activity. Figure 1 shows the
effect of increasing oil combination concentrations on cell

viability.

— 10%
200 = 5%

- (5%
150  0,05%

El (,005%
100+ == Conlrol

Viability (%)

Figure 1. HaCat cell viability at different concentrations of
the oil combination (p<0.05)

Evaluation of the wound healing effect of oil blend
The effect of the 0.005% concentration of oil combination
on wound healing was evaluated using an in vitro scrat-
ch assay. The scratch assay, one of several in vitro assays
used for wound healing, is a valuable and inexpensive tool
for obtaining initial insights into how various compounds
may affect new tissue formation. The assay covers the se-
cond phase of wound healing characterized by proliferati-
on and migration of either keratinocytes or fibroblasts.”
It was observed that the scratch was almost completely

closed after 24 hours in the oil treated group, while in the

control group it was not closed yet after 24 hours. Thus, the
oil treatment restored the cells to a confluent or near-conf-
luent state within 24 hours, in contrast to the control cells.
At the end of 36 hours, it was seen that the closure of the
scratch, which was completely closed in the treated group,

was not completed in the control group (Figure 2).

Control

0Oil Combination

-
ot

24 hr 12 hr 0 hr

36 hr

Figure 2. In vitro scratch assay images of 0.005% oil blend
treated and control group. The images were taken by invert
microscope immediately after the scratch was made and af-

ter 12, 24 and 36 hours

The images taken from the scratched areas of cells were
analyzed using Image-]J software to measure the rate of clo-
sure of the wounds. By measuring the closure amount of
the scratches from the beginning to the 36th hour, the %
migration rates of the cells were calculated and the graphs
showing the percentage of wound closure were drawn as
depicted in figure 3. It was observed that from the 12th
hour, the oil blend increased the wound closure rate sta-
tistically significantly compared to the control group
(p<0,05).
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Figure 3. The rate of wound closure in oil blend treated group
in compare to control cells at the end of 12, 24 and 36 hours
(p<0.05)

Assessment of the antiviral activity of oil combination
After a serial dilution, collected viral stocks were inocula-
ted into HEp-2 cells and the titers of the stocks were cal-
culated. Initial PV-1 and AV-5 viral titers were determined
as 5.2 log(10)/ml and 5.5 log(10)/ml, respectively. Viruses
were exposed to nontoxic concentration of oil combina-
tion for 5 and 60 minutes. After 72 hours of incubation,
the antiviral effects were determined by the 50% tissue
culture-infected dose (TCID50) and the virus-induced cell
death was recorded by observing cell morphology under
inverted light microscope. Table 1 shows the antiviral test
results after exposure of oil combination at 72 hours. The
test revealed that the oil blend showed similar antiviral ef-
fect against PV-1 and AV-5. Both viral titers were decre-
ased at least 4.0 log(10)/ml in the treated groups. Rate of
decline in virus titers between wells were calculated by ob-
serving cell deaths under microscope. PV-1 virus titer dec-
reased to 1.2 and 1.0 log(10)/ml when they were treated for
5 and 60 minutes, respectively. AV-5 virus titer decreased
to 1.5 log(10)/ml when they were treated for both 5 and
60 minutes. The combination showed the highest antiviral
activity against PV-1 (4.2 log(10)/ml) when treated for 60
minutes. Based on US Environmental Protection Agency
(EPA) guidelines, when cytotoxicity is evident, it has to be
shown at least a 3-log reduction in virus titer beyond the
cytotoxic level. Thus, it has been clearly demonstrated that

the oil blend has antiviral activity against both viruses.

Table 1. Antiviral test results of oil combination against adenovi-
rus type 5 (AV-5) and poliovirus type 1 (PV-1).

Chat strain of Human

Poliovirus Type 1 (ATCC Reiei:;el:ce Oil combination
VR1562)

Virus titera 5.2 5 min 60 min
Qil blend treated virus titer 1.2 1.0
The rate of decline in virus titer 4.0 4.2
Adenoid 75 strain of Reference

Human Adenovirus Type 5 virus Oil combination
(ATCC VR5)

Virus titera 5.5 5 min 60 min
Qil blend treated virus titer 1.5 1.5
The rate of decline in virus titer® 4.0 4.0

a Logarithmic TCID50 value of virus per milliliter
b Logarithmic TCID50 value of oil blend treated virus at different times

¢ Logarithmic TCID50 ratio between virus titer and treated viral titer

DISCUSSION
Herbal extracts have been used in wound healing for
centuries. Some plants are used in the treatment of fresh
wounds, while others are used in the treatment of chro-
nic wounds.”> When ancient medicine is examined, it is
seen that olive oil (O. europaea) is used in the preparati-
on of medicines such as ointments and in the treatment of
wounds and burns.” Various studies showing the effecti-
veness of O. europaea on wound healing, has pointed out
its usage as a treatment on skin ulcers and inflammatory
wounds. Koca et al. investigated the wound-healing effect
of n-Hexane and aqueous extracts prepared from the le-
aves of O. europaea using an in vivo wound model. The
findings of the study showed the great healing potential of
n-Hexane extract. As a result of the analysis of the aqueous
extract, secoiridoid oleuropein (4.6059%) was determined

as the major active ingredient.*

Studies conducted to examine the effect of N. sativa on
wound healing have revealed that the plant has this po-
tential.® Yaman et al. compared the effects of N. sativa and
silver sulfadiazine on the healing of burn wounds in rats
and revealed that N. sativa significantly accelerated wound

healing compared to other groups.”® Abu-Zinadah, on the
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other hand, investigated the contribution of N. sativa oil
to wound healing in rabbits with a burn model and found
that it accelerated the healing process.” R. officinalis is
among the plants used in the treatment of various wounds.
Especially in Jordanian folk medicine, this plant is frequ-
ently used in wound treatment. Abu-Al-Basal investigated
the curative effect of the aqueous extract and essential oil
of R. officinalis on diabetic BALB/c mice. As a result of his
research, it was revealed that essential oil is the most effe-
ctive in the healing of diabetic wounds. Thus, this study
provided scientific evidence for the traditional use of R. of-
ficinalis in wound healing.”® The effects of each of the three
plants individually have been revealed in various studies.
In this study, the effect of the combination was demonst-
rated for the first time. Results of the study revealed that
the mixture accelerated wound healing statistically signifi-
cantly. It could be speculated that the blend is more effecti-
ve than the use of these plants individually, yet needs to be

proven by further detailed studies.

With the determination that sixty percent of the disea-
ses in developed countries are caused by viral infections,
studies on the development of active drugs against viru-
ses have accelerated and many plants have been tested to
detect their antiviral activities.”” Many studies have shown
that O. europaea has antiviral properties.’*® Lea-Huang et
al., showed that the olive leaf has high antiviral properties
against Human Immunodeficiency Virus type 1 (HIV-1).*!
Micol et al. investigated the efficacy of oleuropein, obtai-
ned from olive leaves, against viral haemorrhagic septica-
emia virus (VHSV) and showed that oleuropein inhibited
the infectivity of the virus.”* Yamada et al. proved that a
small phenolic compound called hydroxytyrosol found in
olive leaves and fruit inactivates Newcastle disease virus
and influenza A viruses including HIN1, H3N2, H5N1,
and HIN2 subtypes.*

In studies with a variety of viruses to determine the antivi-
ral activity of N. sativa, it has been revealed that this plant

and its seeds are quite effective against viruses*. Salem and

Hossain examined the antiviral effect of oil obtained from
N. sativa seeds in their study using murine cytomegalovi-
rus (MCMYV) as a model and showed that the oil has a very
strong antiviral effect against MCMV.> Zaher et al. showed
that N. sativa seeds have antiviral activity against Infecti-
ous Laryngo-Tracheitis Virus (ILTV).** R. officinalis is one
of the many other plants whose antiviral properties have
been investigated. In a study, where eigthteen plants were
tested to determine their antiviral activity against Herpes
simplex virus (HSV), the essential oil of R. Officinalis has
been showed to have partial effect against this virus.”” The
antiviral effect of R. officinalis essential oil on HSV was
also shown by the study of Minami et al.*® In addition, car-
nosol and carsonic acid, components of R. officinalis ext-
ract, have been shown to have efficacy in preventing the

transmission of HIV virus.*

Based on the results of studies proving the antiviral effects
of O. europaea, N. sativa and R. Officinalis, in the current
study, the antiviral effectiveness of the oil combination
prepared from these three plants was demonstrated using
AV-5 and PV-1. Even though the antiviral activity of these
plants have been investigated on some viruses, the antivi-
ral effect of the oil blend on these two viruses was studied
for the first time in this study. The analyzes revealed that
the oil combination caused at least 4 log reductions in the
titer of the virus, with a significant statistical difference
compared to the control group. This result demonstrated

the highly potent antiviral activity of the mixture.

CONCLUSION
As a result, the oil combination prepared from O. europa-
ea, N. sativa and R. officinalis with a special ratio (1:2:2) ac-
celerates wound healing significantly. The oil blend, which
has been traditionally used in Central Anatolia for centu-
ries, also exhibits strong antiviral properties. Considering
these effects, it is concluded that the herbal blend could be
used as an agent for wound healing or viral infections. It
may also be used as a disinfectant. Future in vivo studies

will further strengthen these data and contribute to the ex-
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pansion of the use of the combination and its inclusion in

treatment regimens.

Financial Support

No financial support was received for this research.

Conflicts of Interest

None declared.

Declaration of Contribution
The authors confirm contribution to the paper as follows:
ES, AO and SY designed the study; SY and BA performed
the experiments; SY, BA and ES$ interpreted the data; SY
and BA scanned the literatiire; SY wrote the manuscript in
consultation with ES, AO and FS.

Ethics Committee Approval

Ethics approval was not required for this study.

622




Sakarya Med J. 2022;12(4):616-623
YANAR et al., Antiviral Activity and Wound Healing Potential of a Traditionally Used Herbal Oil Blend

References

1. Keene MR, Heslop IM, Sabesan SS, Glass BD. Complementary and alternative medicine use
1pl y therapies in clinical practice 2019; 35:33-47.
2. Herman CJ, Allen B, Hunt WC, Prasad A, Brady TJ. Use of complementary therapies among

in cancer: A ic review. C
primary care clinic patients with arthritis. Prev Chronic Dis 2004; 1(4):12.

3. Luo H, Vong CT, Chen H, Gao Y, Lyu P, Qiu L, et. al. Naturally occurring anti-cancer
compounds: shining from Chinese herbal medicine. Chinese medicine 2019; 14(1): 1-58.

4. Wang S, Long S, Deng Z, Wu W. Positive role of Chinese herbal medicine in cancer immune
regulation. The American Journal of Chinese Medicine 2020; 48(07): 1577-1592.

5. Sarisen O, Cahigkan D. Fitoterapi; bitkilerle tedaviye dikkat. STED 2005; 14:182-187.

. Nicoli E Negro C, Vergine M, Aprile A, Nutricati E, Sabella E, et. al. Evaluation of phytoc-
hemical and antioxidant properties of 15 Italian Olea europaea L. cultivar leaves. Molecules
2019; 24(10): 1998.

7. Borges A, José H, Homem V, Simoes M. Comparison of Techniques and Solvents on the An-
timicrobial and Antioxidant Potential of Extracts from Acacia dealbata and Olea europaea.
Antibiotics 2020; 9(2): 48.

8. Aktas B, Basmacioglu Malayoglu H. Zeytinyag: isleme yan zeytin yapragi ile zeytin ka-
rasuyunun antimikrobiyal ve antioksidan etkileri. Hayvansal Uretim 2011; 52(1): 49-58.

9. Elbossaty W. Hypoglycemic Influence of Phytochemical Compounds of Medicinal Plants and

their Mechanism Action. Health Science Journal 2021; 15(3): 1-4.

Kaseb AO, Chinnakannu K, Chen D, Sivanandam A, Tejwani S, Menon M, et.al. And-

rogen receptor and E2F-1 targeted thymoquinone therapy forhormone-refractory prostate

cancer. Cancer Res 2007; 67: 7782-7788.

. Ansary ], Giampieri E. Forbes TY, Regolo L, Quinzi D, Gracia Villar S, et.al. Nutritional va-

10.

lue and preventive role of Nigella sativa L. and its main component thymoquinone in cancer:
an evidenced-based review of preclinical and clinical studies. Molecules 2021; 26(8): 2108.
Kanter M, Coskun O, Budancamanak M. Hepatoprotective Effects of Nigella Sativa L and
Urtica Dioica L on Lipid Peroxidation, Antioxidant Enzyme Systems and Liver Enzymes in
Carbon Tetrachloride-Treated Rats. World ] Gastroenterol 2005; 11:42, 6684-6688.

. Halawani E. Antibacterial acativity of thymoquinone and thymohydroquinone of Nigella

12.

sativa L. and their interaction with some antibiotics. Advances in Biological Research.

2009; 3(5-6): 148-152.

Abdel-Fattah AFM, Matsumoto K, Watanabe H. Antinociceptive effects of Nigella sativa

oil and its major component, thymoquinone in mice. Eur ] Pharmacol 2000; 400: 89-97

Bordoni L, Fedeli D, Nasuti C, Maggi E, Papa F, Wabitsch M, et. al. Antioxidant and an-

ti-inflammatory properties of N. sativa oil in human pre-adipocytes. Antioxidants 2019;

8(2): 51.

16. Akhtar MT, Siddique AB, Sultana N, Irfan MI, Qadir R, Saleem S, et. al. Hypoglycemic
Potential of Combined Methanolic Extract of Seeds of Nigella sativa (Black Cumin) and
Cicer Arietinum (Chickpea). Pakistan Journal of Biochemistry and Biotechnology 2021;
2(2): 261-285.

17. Salem ML. I dulatory and i herapeutic properties of the Nigella sativa
L. seed. Int Immunopharmacol 2005; 5(13-14): 1749-1770

18. Nieto G, Ros G, Castillo J. Antioxidant and antimicrobial properties of rosemary (Rosmari-
nus officinalis, L.): A review. Medicines 2018; 5(3): 98.

19. Allegra A, Tonacci A, Pioggia G, Musolino C, Gangemi S. Anticancer activity of Rosmarinus
officinalis L.: mechanisms of action and therapeutic potentials. Nutrients 2020; 12(6): 1739.

20. Hamilton MA, Russo RC, Thurston RV. Trimmed Spearman-Karber method for estimating

14.

15.

median lethal concentrations in toxicity bioassays. Environ Sci Technol 1977; 11(7):714-719
21. Gurtner GC, Werner S, Barrando, Y, Longaker M T. Wound repair and regeneration. Nature
2008; 453(7193): 314-321.

22. Hajialyani M, Tewari D, Sobarzo-Sanchez E, Nabavi SM, Farzaei M.H, Abdollahi M. Natu-
ral product-based nanomedicines for wound healing purposes: therapeutic targets and drug
delivery systems. International journal of nanomedicine 2018; 13: 5023.

23. Elnahas RA, Elwakil BH, Elshewemi SS, Olama ZA. Egyptian Olea europaea leaves bioacti-

ve extract: Antibacterial and wound healing activity in normal and diabetic rats. Journal of

traditional and complementary medicin 2021; 11(5): 427-434.

24. Koca U, Siintar I, Akkol EK, Yilmazer D, Alper M. Wound repair potential of Olea europaea

L. leaf extracts revealed by in vivo experimental models and comparative evaluation of the

extracts’ antioxidant activity. ] Med Food 2010; 14(1-2):140-6.

Sallehuddin N, Nordin A, Bt Hj Idrus R, Fauzi MB. Nigella sativa and its active compound,

thymoquinone, accelerate wound healing in an in vivo animal model: a comprehensive re-

2.

Il

view. International journal of environmental research and public health 2020; 17(11): 4160.
26. Yaman I, Durmus AS, Ceribasi S, Yaman M. Effects of Nigella sativa and silver sulfadiazine
on burn wound healing in rats. Veterinarni Medicina 2010; 55(12): 619-624
Abu-Zinadah OA. Using Nigella sativa oil to treat and heal chemical induced wound of
rabbit skin. JKAU 2009; 21(2): 335-346

Abu-Al-Basal MA. Healing potential of Rosmarinus officinalis L. on full-thickness excisi-

27.

28.

on cutaneous wounds in alloxan-induced-diabetic BALB/c mice. ] Ethnopharmacol 2010;
15;131(2):443-50.

Badshah SL, Faisal S, Muhamma A, Poulson BG, Emwas AH, Jaremko M. Antiviral activi-

ties of flavonoids. Biomedicine & Pharmacotherapy 2021; 140: 111596.

. Rafique R, Khan ZUD, Mumtaz M, Pervaiz S. Antiviral Activity Of Olea Europaea L.
Against Foot And Mouth Disease Virus. Pakistan Journal of Science 2021; 73(2).

. Lee-Huang S, Zhang L, Huang PL, Chang YT, Huang PL. Anti-HIV activity of olive leaf

extract (OLE) and modulation of host cell gene expression by HIV-1 infection and OLE

treatment. Biochem Biophys Res Commu 2003; 307(4):1029-37.

Micol V; Caturla N, Pérez-Fons L, Mds V, Pérez L, Estepa A. The olive leaf extract exhibits

antiviral activity against viral haemorrhagic septicaemia rhabdovirus (VHSV). Antiviral

Res. 2005; 66(2-3):129-36.

. Yamada K, Ogawa H, Hara A, Yoshida Y, Yonezawa Y, Karibe K, et. al. Mechanism of

the antiviral effect of hydroxytyrosol on influenza virus appears to involve morphological

change of the virus. Antiviral Res 2009; 83(1):35-44.

Shamim Molla M, Azad AK, Al Hasib MAA, Hossain MM, Ahammed MS, Rana S, et.

al. Review on antiviral effects of Nigella sativa L. Pharmacology Online, Newsletter 2019;

2:47-53.

Salem ML, Hossain MS. Protective effect of black seed oil from Nigella sativa against murine

29.

3

S

3

=

32.

3.

@

34.

35.
cytomegalovirus infection. Int ] Immunopharmacol 2000; 22(9):729-40.

Zaher KS, Ahmed WM, Zerizer SN. Observations on the Biological Effects of Black Cumin
Seed (Nigella sativa) and Green Tea (Camellia sinensis). Global Veterinaria 2008; 2(4):198-
204.

Vijayan P, Raghu C, Ashok G, Dhanaraj SA, Suresh B. Antiviral activity of medicinal plants
of Nilgiris. Indian ] Med Res 2004; 120(1):24-9.

Minami M, Kita M, Nakaya T, Yamamoto T, Kuriyama H, Imanishi ]. The inhibitory effect

36.

3

N

38.
of essential oils on herpes simplex virus type-1 replication in vitro. Microbiol Immunol 2003;
47(9):681-4.

Sasikumar B. Herbs: Rosemary. Peter KV, Hand Book of Herbs and Spices, Volume 2 Camb-
ridge, Woodhead Publishing Limited, 2004, pp: 243-255.

39.

623




