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A B S T R A C T

The intent of the present investigation was to explore the utility of alcoholic and aqueous extract of Punica
granatum L. as hair growth promoter along with anti-lice and antidandruff activity. A filter paper diffusion
approach was employed for screening of the pediculocidal and ovicidal activity. Albino mice, preselected for their
telogen phase of hair growth were used during the study. The prepared extracts, Minoxidil and control were
applied over shaved skin surface on to the backs of mice to assess telogen to anagen transition. The qualitative and
quantitative analysis was performed. The outcome of the studies revealed that Punica granatum L. alcoholic and
aqueous extracts exhibited prominent anti-lice activity. The transition of telogen to anagen phase of the number of
anagen hair follicle was observed in approximately 45, 27 and 51% of animals treated with alcoholic and aqueous
extract of Punica granatum L., and Minoxidil, respectively, which suggest the hair growth promoting potential of
the extract of Punica granatum L. Also, 3 % Punica granatum L. alcoholic extracts exhibited a potent antidandruff
activity against fungal strains tested. Maltol, was identified as a principal phytoconstituent in the alcoholic
extract. The findings greatly suggest anti-lice, antidandruff and hair growth promoting potential of the extract of
Punica granatum L.
1. Introduction

Hair is one of the crucial parts of body which is derived from ecto-
derm of the skin. It is often considered as one of the protective append-
ages on the body of human beings and animals (Ebling, 1987). It has a
marked effect on overall personality of an individual and appeal of the
human body (Stough et al., 2005). Basically, hair is made up of a protein
termed as keratin which is produced in the hair follicles in the outer layer
of skin. The follicles keep on generating newer hair cells and the older
ones are propelled out through the surface of the skin at the rate of about
six inches a year. In fact, the hair what we observe on the skin surface is
nothing but a string of dead keratin cells (Cash, 2001). On an average an
adult head have nearly 100,000 to 150,000 hair, amongst which around
100 or more are normally shed off every day.
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Alopecia refers to a dermatological disorder which has been known
since years back and is considered to be a curse to mankind. Androgenic
alopecia is a genetic condition which is observed in both populations,
men as well as women. The classification of the balding scalp in men into
types I-VIII proposed by Hamilton is still one of the most extensively used
and well-known classification (Venning and Dawber, 1988). In the male
pattern baldness, Men generally start experiencing hair thinning and loss
of hair as early as in their teen ages or early 20s. It is generally charac-
terized by a receding hairline which is followed by gradual thinning and
loss of hair from the crown and frontal scalp. Conversely, women
suffering from female pattern baldness usually do not suffer from the
problem of thinning and loss of hair till their 40s or later. Generally,
females experience an overall hair thinning over the entire scalp, with the
most widespread hair loss at the crown (Stough et al., 2005). Studies on
pril 2021
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finding of novel hair growth promoters is the need of time as only two
drugs namely Minoxidil (topical) and Finasteride (oral) have been
approved by Food and Drug Administration (FDA) and are available in
the market for the treatment of alopecia. Moreover, these drugs are not
totally devoid of side effect(s) (Kakali et al., 2009).

In the traditional Indian system of medicine, numerous plants, herbs
and herbal formulations have been reported for hair growth promotion as
well as for improvement of quality of hair. However, owing to lack of
sound scientific studies and supportive evidences the entire information
finds limited usage (Kirtikar and Basu 2012). Countless, plant extracts
and herbs have been traditionally claimed for their effective use in the
treatment of hair loss in the oriental medicine. However, there is no
report available on hair growth promoting activity of Punica granatum L.
(P. granatum) leaf extract. Therefore, the present study was focused on
the scientific investigation of the hair growth promoting potential of
P. granatum extracts.

P. granatum (Pomegranate) is a member of family Punicaceae (now
in Lythraceae) is a deciduous spreading shrub or small tree only in
temperate regions but evergreen in tropical and subtropical condition
and has thorns with it and the plant is found all over India. Pome-
granate peel is an inedible part obtained during preparation of pome-
granate juice and is often discarded. It is a prosperous source of
tannins, flavonoids, polyphenols and some anthocyanins namely Del-
phinidins and Cyanidins (Li et al., 2006). Several studies on the ex-
tracts of P. granatum and compounds have exhibited high antioxidant
(Aviram et al., 2008), anti-inflammatory (Kitchen et al., 2004), anti-
carcinogenic (Bell and Hawthorne 2008), and antimicrobial potential
(Duraipandiyan et al., 2006). Copious herbal plants and remedies have
been documented in Ayurveda and other ancient Indian texts and their
preparations have been found to be imperative in the treatment of a
range of diseases (Bhutkar et al., 2018; Randive et al. 2016a, b, 2019,
2020, Randive et al. 2019). Based on these traditional uses of the plant
we have made an attempt to investigate the extracts of P. granatum
(alcoholic and aqueous) for its hair growth promoting activity along
with antidandruff activity.

Pediculus humanus capitis, referred to as the human head louse is
considered as a vital concern in public health-associated problems. There
has been an immense arousal in pediculocidal drug resistance towards
head louse which has initiated research to explore novel anti-lice agents
from medicinal plants (Sunilson et al., 2009). This study was therefore
designed to screen the anti-lice activity of P. granatum (alcoholic and
aqueous) extract by using a filter paper diffusion approach.

2. Materials and methods

2.1. Animals

Healthy Swiss Albino mice of (male and female) weighing 18–25 gm
were housed in polypropylene cages maintained under standard condi-
tions in the animal house of RMES's College of Pharmacy, Gulbarga, in
accordance with the guidelines laid by the Institutional Animal Ethical
Committee (IAEC) committee. The research work was approved by
RMES's College of Pharmacy, Gulbarga, Karnataka, INDIA as per guide-
lines of The Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), India with an protocol approval no.
RMES/CPCSEA/IAEC/01/09.

The mice in all groups were morphologically preselected for their hair
growth cycle (Datta et al., 2009). The mice were clustered in 4 groups of
4 each from either sex. A 4 cm � 3 cm area of hair from dorsal portion of
all mice was shaven with hair trimmer. 0.2 mL of 3 % alcoholic and
aqueous plant extracts were applied to the selected mice. A standard
group was applied with 2 % Minoxidil (MINTOP) solution in alcohol
(Jaybhaye et al., 2011). Vehicle control group received 95% alcohol as a
vehicle treatment. The application of MINTOP solution was continued for
1 month and simultaneously during the treatment hair growth pattern
was observed (Jung et al., 2010; Seok-Seon et al., 2002).
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2.2. Chemicals

MINTOP 2% Solution (Dr. Reddy's) containing Minoxidil was pur-
chased from local market at Kasegaon, Sangli (MS), India.

2.3. Collection and extraction of plants parts

Fresh leaves of P. granatum were collected from Bhingewadi, INDIA
and taxonomically recognized at the YC College, Karad (Voucher No - YC-
22). The collected plant material was dried in hot air oven at 40 �C for 48
h, thereafter it was crudely powdered and properly stored. 500 g powder
was defatted with petroleum ether for 65–85 �C in a Soxhlet extractor
followed by extraction with alcohol and water (Bhinge et al. 2017). The
collected alcoholic and aqueous extract was further concentrated on ro-
tary evaporator and stored in a vacuum dryer until used (Bhinge et al.
2017).

2.4. Microorganism used

The test organisms used in this study were Candida albicans (C. albi-
cans), Aspergillus niger (A. niger) and Penicillin notatum (P. notatum). The
culture was collected from Yashawantrao Chavan College of Science,
Saidapur, Karad (MS) INDIA - 415110.

2.5. Qualitative analysis of P. granatum (alcoholic and aqueous) extract

Qualitative test was executed for the identification of phenolic com-
pounds, flavonoids, alkaloids, anthraquinone glycosides, cardiac glyco-
sides, saponin glycosides, flavonoids, carbohydrates, tannins and other
phytoconstituents like organic and inorganic matter. It was carried out as
per methods described by Siddiqui and Ali (1997), Sithara et al. (2016)
(Sithara et al., 2016; Siddiqui and Ali 1997).

2.6. Pediculocidal and ovicidal effects

As per the procedure mentioned by Sunilson et al. (2009), Pediculus
humanus capitis (head lice) were collected from the girls at the age be-
tween 10-15 years by combing their scalp using a new comb for screening
of the anti-lice activity (Sunilson et al., 2009). Nits, nymphs, and adults of
the Pediculus humanus capitis was carefully clustered in a steel container.
The samples of P. granatum alcoholic and aqueous extract were tested for
pediculocidal activity by employing filter paper diffusion method
(Picollo et al., 2000). P. granatum alcoholic and aqueous extract were
dissolved in distilled water to yield three concentrations of each extract
(3, 5 and 10 %). Subsequently, the test organisms were clustered in 7
groups, and each group contained 5 human lice in a proportion of 2:3
(Nymphs/adults). The selected lice were placed in the Petri dish con-
taining filter paper. With the aid of micropipette, a 500 μL of selected
concentrations of P. granatum alcoholic and aqueous extract samples
were poured over lice to get thin layer up to 4 cm2 (Carpinella et al.,
2007). Group I which was treated with distilled water served as a Con-
trol. Whereas, Group II, III, and IV were treated with 500 μL of 3 %, 5%
and 10% P. granatum aqueous extract dissolved in distilled water,
respectively. Group V, VI and VII received 500 μL of 3%, 5%, and 10% of
P. granatum alcoholic extract respectively, and Group V, VI and VII
received 500 μL of 3%, 5%, and 10% of benzyl benzoate 25% (w/v)
(RidPed) as a Standard respectively. Thereafter, petri dishes were kept in
dark room maintained at a temperature of 27 � 1 �C with relative hu-
midity 70 � 5 %. After completion of 1 h treatment, all the petri dishes
were added with 500 μL of distilled water sample and placed in a dark
room as per the aforementioned condition. After 18 h the movements of
lice were observed under the dissecting microscope, whereas, the
movement less lice was considered as dead lice (Meinking et al., 1986).

Five oval eggs (unbroken operculum) with brown color were placed
in each Petri dish containing Whatmann filer paper (6 cm diameter in
size). 500 μL of samples, control, P. granatum alcoholic and aqueous



Table 1. Effects of P. granatum alcoholic and aqueous extracts against Pediculus humanus apitis.

Treated Sample Against capitis (nymphs and adults) Against nits

Mortality in Average (%) (Mean � S.D.) Emergence (%) (Mean � S.D.)

After 6th Day After 14th Day

Distilled water 8.27 � 1.3868 83.05 � 1.6575 92.44 � 0.9098

3 % P. granatum alcoholic extract 20.76 � 0.7809 45.95 � 1.6757 32.60 � 1.6849

5 % P. granatum alcoholic extract 46.06 � 1.1278 28.06 � 1.0908 22.89 � 1.8787

10 % P. granatum alcoholic extract 65.50 � 1.4380 15.65 � 2.0910 10.33 � 1.8966

3 % P. granatum aqueous extract 5.34 � 1.6575 67.98 � 1.6756 80.56 � 1.9909

5 % P. granatum aqueous extract 14.65 � 1.6565 52.45 � 2.0901 43.76 � 1.9898

10 % P. granatum aqueous extract 20.78 � 2.0091 43.65 � 1.7868 35.67 � 1.6750

3 % benzyl benzoate 25% (w/v) (RidPed) 39.04 � 1.9091 4.62 � 2.0910 0.00 � 0.0000

5 % benzyl benzoate 25% (w/v) (RidPed) 60.04 � 1.9980 0.00 � 0.0000 0.00 � 0.0000

10 % benzyl benzoate 25% (w/v) (RidPed) 100.00 � 0.0000 0.00 � 0.0000 0.00 � 0.0000
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extract in concentration 3, 5, and 10 % were dropped as per the afore-
mentioned procedure. Subsequently, all the petri dishes were kept in a
dark chamber maintaining the condition mentioned above for contin-
uous 14 days with proper maintenance of the moisture by addition of 100
μL of distilled water after an interval of 48 h. Finally, hatching of all
placed eggs was confirmed under a dissecting microscope, and % of
emergence, i.e., partially hatched nits, was noted in triplicate (Sunilson
et al., 2009).
2.7. Anti-dandruff activity

Saboraud's agar plate was streaked with selected fungi (C. albicans,
A. niger and P. notatum) as per standard protocol (Palla et al., 2018). 100
μl dose of 3 % P. granatum aqueous and alcoholic extracts solutions and
standard drug Fluconazole in concentration 0.5 % was loaded per bore
respectively in aseptic condition with help of sterile micropipette. Plates
were kept at room temperature for 30 min and then incubated at 37 �C
for 24 h (Palla et al., 2018). The diameter of the zones of inhibition was
measured with the help of scale in mm (Chavan et al., 2020b; Bhinge
et al., 2020).
2.8. Skin irritation test

Shaven dorsal area of the mice was cleaned using surgical spirit and
thereafter alcoholic and aqueous extracts (3%) were applied on skin over
1 sq cm area and the mice were observed for 48 h. The studies of primary
skin irritation test revealed no abnormal effect(s) on the shaved area of
the mice (Chavan et al., 2020a).
2.9. In-vitro and in-vivo hair growth activity

Two parameters namely, hair growth initiation (minimum period in
days to begin detectable hair growth) and hair growth completion time
(minimum period in days taken to fully cover the shaved skin area with
new hair) were considered for confirmation of hair growth activity (Roy
et al., 2008; Savali et al., 2011). Hair growth initiation and completion
period were counted for P. granatum aqueous and alcoholic extract,
Table 2. Antidandruff activity of 3 % P. granatum aqueous and alcoholic extracts.

Bacterial strains Inhibition Zone in mm

Control (DMSO) 3 % P. granatum aqueous extract (Mean � SD)

A. niger - 12.55 � 1.2545

C. albicans - 10.25 � 2.0214

P. notatum - 11.55 � 1.5640

3

standard drug treated mice group and compared with control vehicle
treated group after beginning the treatment.

Hair was plucked randomly from the earlier denude area of all mice
on 20th, 25th and 30th days after beginning the treatment. The actual
length of 20 hair was measured and average was taken for further
calculation (Jung et al., 2010; Adhirajan et al., 2003). The outcomes were
represented as the mean length � S.D. of twenty hair.

The mice from P. granatum extract (aqueous and alcoholic), 2 %
Minoxidil and vehicle treated group were euthanicated on the 30 day of
drug treatment. Also, the excised skin was fixed on frame consisting of a
metal coin with a radius of 0.9cm. After weighing skin with hair and
without hair, difference in weight was calculated as a hair weight (Das-
calu, 2013; Zhanga et al., 2016).

Using method of Adhirajan et al. (2003), with slight modification, the
histological studies were performed. After the mice were daily treated
with P. granatum extract (aqueous and alcoholic), standard drug and
vehicle for 30th days, the mice from each group were euthanicated on the
31st day. The dorsal skin biopsies at the same position of different groups
were taken from shaved area and prepared their slides (Chavan et al.,
2020b). From the prepared slides, the number of hair follicles/mm
(Sawada et al., 1987) and % ratio of the anagen and telogen of hair
follicles was calculated. Also the skin thickness from epidermis to pan-
niculus carnosus was determined (Johnson and Ebling, 1964) using
UTHSCSA image tool 300 (Chavan et al., 2020a). Nikon optical micro-
scope was used for the measurement of length of hair follicles (Zhanga
et al., 2016).
2.10. Gas chromatography-mass spectrometry (GC-MS) analysis of
alcoholic P. granatum extract

GCMS-QP2010 Ultra technology (Shimadzu, Kyoto, Japan) having
DB-WAX column (60m, 0.25 mm � 0.25 mm) (Agilent Technologies,
Santa Clara, CA, USA) was used for the assessment of crude P. granatum
alcoholic extract. Mass spectra were acquired in the mass range of m/z
45e850. Compounds were identified by matching their retention time
and mass spectra with those from Shivaji University, Kolhapur (MS)
416004, using an automated library search, and percentage of compo-
sition was calculated by peak area (Yuan and Yuk, 2018).
3 % P. granatum alcoholic extract (Mean � SD) Fluconazole (Mean � SD)

14.35 � 1.5486 16.35 � 2.0584

13.45 � 1.6547 15.85 � 1.5460

14.25 � 1.8564 16.45 � .1.5487



Figure 1. Antidandruff activity of A) P. grantum alcoholic extract B) P. grantum aqueous extract C) Fluconazole D) Control against Candida Albicans, Aspergillus Niger
and Penicillin notatum.
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2.11. Statistical analysis

The values mentioned in the tables and texts indicate the mean �
standard error mean (SEM) of the respective groups. Statistical investi-
gation was executed with Student's t-test. A value of P < 0.0001, 0.05,
0.01, or 0.001 was considered statistically significant (Chavan et al.,
2020a).

3. Result

3.1. Qualitative phytochemical analysis of P. granatum extracts

Qualitative phytochemical analysis of alcoholic extract exhibited the
presence of alkaloids, anthraquinone glycosides, cardiac glycosides,
saponin glycosides, flavonoids, carbohydrates, tannins. Whereas, the
Figure 2. Effects of topical P. grantum aqueous and alcoholic extract on hair regenera
(3 %), P. grantum alcoholic extract (3 %), 1% minoxidil or vehicle. Photographs we
dorsal skin.
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aqueous extract was found to possess alkaloids, cardiac glycosides,
saponin glycosides, flavonoids and tannins.

3.2. Pediculocidal and ovicidal effects

The observations were recorded for the Pediculocidal effects of
Control, P. granatum alcoholic and aqueous extract (3, 5 and 10 %) and
the Standard (3, 5, and 10 %). The average mortality for control (vehicle)
treated against nymphs and adults lice was noted to be 8.27� 1.3868. At
the highest concentration of 10 % P. granatum alcoholic and aqueous
extract the average mortality against the lice (nymphs and adults) was
observed to be 65.50 � 1.4380 and 20.78 � 2.0091 respectively. 10 %
standard treated lice group exhibited 100.00� 0.0000 averagemortality.
The results have been presented in Table 1, which exhibits the mean
values � SEM. For.
tion in mice. The back skin was topically applied with P. grantum aqueous extract
re taken on 0th and, 30th days after applying extract or vehicle on the shaved



Figure 3. Effect of P. grantum aqueous and alcoholic extracts on hair weight (mg), hair length parameter after 20th, 25th and 30th days, % hair follicle (Telogen and
Anagen), skin thickness and length of the hair follicle.
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Ovicidal effect of Control, P. granatum alcoholic and aqueous extract
(3, 5 and 10 %) and the Standard (3, 5, and 10%), it was noted to be
83.05 � 1.6575 and 92.44 � 0.9098 % emergence for control (vehicle)
treated against selected nits after 6th and 14th day of treatment. At the
highest concentration of 10 %, the P. granatum alcoholic extract
exhibited 15.65 � 2.0910 and 10.33 � 1.8966 % emergence against
the treated nits after 6th and 14th days of treatment respectively.
Whereas, no emergence was observed in Standard (10 %) treated nits
group after 6th and 14th days treatment. The results are presented in
Table 1, which indicate the mean values � SEM. Based upon the
observed outcomes of Pediculocidal and Ovicidal effects of P. granatum
leaves alcoholic extract posses comparable results as that of used
standard.

3.3. Anti-dandruff activity

Anti-dandruff activity of 3 % P. granatum aqueous and alcoholic ex-
tracts against C. Albicans, A. Niger and P. notatum as models for fungi were
investigated. The zone of inhibition of 3 % P. granatum aqueous, 3 %
P. granatum alcoholic extract and Fluconazole were found to be 12.55 �
1.2545, 14.35 � 1.5486 and 16.35 � 2.0584 respectively, against
A. niger. In case of C. albicans zone of inhibition was noted to be 10.25 �
2.0214, 13.45 � 1.6547 and 15.85 � 1.5460 for 3 % P. granatum
aqueous, 3% alcoholic extract and standard, respectively. While, the zone
of inhibition was found to be 11.55 � 1.5640, 14.25 � 1.8564 and 16.45
� .1.5487 for 3 % P. granatum aqueous, 3 % P. granatum alcoholic extract
and Fluconazole respectively, against the P. notatum. 3 % P. granatum
aqueous and alcoholic extracts has been used as a comparable antidan-
druff drug by antidandruff drugs like Fluconazole shown in Table 2 and
Figure 1. Three % P. granatum alcoholic extracts exhibited a potent
antidandruff activity against fungal strains tested. Three % P. granatum
alcoholic extracts showed almost same activity like fluconazole (0.5 %)
against selected pathogens. The results were found to be statistically
significant (p< 0.05). Anti-dandruff effect of P. granatum leaves alcoholic
extract was observed to be satisfactory and comparable as that of stan-
dard used in the study.
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3.4. In-vitro and in-vivo studies for hair growth activity

It was observed that the hair growth was initiated from the shaved
area on 13th to 14th days in control, whereas for the standard and alco-
holic extract treated animals the growth was initiated on 6th to 7th day of
treatment. For the group treated with the aqueous extract, hair growth
was observed to be initiated on 10th to 11th day of treatment. The hair
growth on the shaved area was observed to be completed on 28th to 29th

days in control, whereas, in the standard and alcoholic extract treated
animals the growth was completed on 20th to 21th day of treatment
Figure 2. In the aqueous extract treated animals the hair growth was
observed to be completed on 23th to 24th day of treatment. As shown in
the result in Figure 2, the whole denuded area of vehicle control, stan-
dard, aqueous extract and alcoholic extract treated mice was observed to
be covered.

The length of hair for the group treated with aqueous extract of
P. granatum was found to be 5.59, 7.06 and 8.22 mm after 20th, 25th

and 30th days respectively. Whereas for the group treated with alco-
holic extract of P. granatum the hair length was observed to be 7.03,
7.93 and 9.62 mm after 20th, 25th and 30th days respectively. Com-
parable results were observed for hair length for the group treated with
standard drug Minoxidil. In case of vehicle treated control group the
hair length was found to be 5.06, 6.10 and 7.30 mm after 20th, 25th

and 30th days respectively as compared to other groups, as depicted in
Figure 3.

Hair weight was determined after 30th days. For the group treated
with 3 % P. granatum aqueous and alcoholic extracts, the weight of hair
was found to be 2.8466 � 0.0548 and 3.1366 � 0.0328 respectively.
Whereas for the group treated with 1 %Minoxidil solution, weight of the
hair was observed to be 3.3166 � 0.0440. In case of vehicle treated
control group less hair weight was observed as compared to other groups
used in the study (Figure 3).

As shown in Figures 3 and 4, the skin biopsies exhibited marked
difference in the different cyclic phases (anagen and telogen) of hair
follicles in treated and control mice. On the last day of treatment the
transition of telogen to anagen phase of the number of % hair follicle was



Figure 4. Histopathological studies, the number of hair follicles counted in subcutis A. Effect of vehicle (Control group); B. Effect of 2% minoxidil solution; C. Effect of
3 % P. grantum aqueous extract; D. Effect of 3 % P. grantum alcoholic extract.

Table 3. Effect of P. granatum aqueous and alcoholic extract on quantitative hair growth.

Treatment (Topical) animal groups After 30th Day (% Hair follicle)

Telogen Anagen Ratio

Control Vehicle treated 86.00 � 1.5275 14.00 � 1.5275 6.1428

Minoxidil 1 % alcoholic solution treated 48.33 � 0.6666**** 51.66 � 0.6666**** 0.9354

P. granatum aqueous extract (3 %) treated 72.33 � 1.4529**** 27.66 � 1.4529**** 2.6144

P. granatum alcoholic extract (3 %) treated 55.33 � 1.4529**** 44.66 � 1.4529**** 1.2296

The results are shown as the mean values � SEM. ****P < 0.0001, when compared to respective control values by Student's t-test.
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observed in approximately 45 % animal treated with alcoholic extract of
3% P. granatumwhereas 27% of the animals treated with aqueous extract
of P. granatum also showed transition from telogen phase to anagen phase
characterized by hair follicles. The animals treated with 1 % Minoxidil
showed 51 % anagen hair follicle induction. The animals treated with
vehicle showed very less anagen induction. The results are depicted in
Table 3.

Skin thickness was determined using UTHSCSA image tool 300 after
30th days (Chavan et al., 2020a)., for the group treated with 3 %
P. granatum aqueous and alcoholic extracts, the thickness of skin was
found to be 328.33 μm and 351.00 μm respectively. Whereas for the
group treated with 1 % Minoxidil solution, thickness of the skin was
Table 4. Effect of P. granatum aqueous and alcoholic extract on skin thickness and le

Treatment (Topical) animal groups Skin Thickness

Control Vehicle treated 285.66 � 15.55

Minoxidil 1 % alcoholic solution treated 378.33 � 16.41

P. granatum aqueous extract (3 %) treated 328.33 � 10.13

P. granatum alcoholic extract (3 %) treated 351.00 � 10.69

The results are shown as the mean values � SEM. *P < 0.05, **P < 0.01, ***P < 0.00
test.
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observed to be 378.33 μm (Table 4). In case of vehicle treated control
group less skin thickness was observed as compared to other groups
(Figure 3).

Treatment with 3 % alcoholic extract in mice exerted a more note-
worthy effect on the hair follicle length than those of the 3 % aqueous
extract, control and 1% Minoxidil groups (Figure 3). The groups treated
with extracts (aqueous and alcoholic) attained an average length of 45.33
and 71.34 μm in mice, respectively, whereas hair follicle length in the
standard and vehicle treated group was observed to be 71.66 and 25.65
μm respectively. Certainly, by comparing the data, we could find that
alcoholic extract had selective promoting activity in the mice. Amongst
the studied extract the alcoholic extract was observed to be more
ngth of the hair follicle after 30th Day.

(μm �mean) Length of the Hair follicle (μm �mean)

99 25.65 � 2.3333

47** 71.66 � 4.4095***

79ns 45.33 � 6.0644ns

26* 71.34 � 7.6883***

1, ns – not significant when compared to respective control values by Student's t-
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prominent to exhibit in vitro and in vivo hair growth promoting potential
and the said activity was almost comparable as that of Minoxidil
(standard).

3.5. GC-MS analysis of extract

Nowadays, the study of the organic compounds from plants and their
activity has been increased (Patel et al., 2017). The combination of a
greatest separation technique (GC) with the most excellent identification
technique (MS) made GC-MS an ideal approach for qualitative estimation
for volatile and semi-volatile bioactive compound (Grover and Patni
2013). In the present investigation total fourteen bioactive chemical
constituents were identified in the plant extract with important chemical
properties. The most abundant components found in the plant extract
were Maltol (36.23%RT at 8.213min). The results are showed in Table 5
and Figure 5.

4. Discussion

Owing to the unhygienic conditions the infestation of head lice occurs
and in public health-associated problem, Pediculus humanus capitis,
which is commonly referred to as human head louse, infestation is
considered to be of vital concern. Due to increased instances of resistance
of the head louse to the synthetic drugs, presently the researchers have
focused on exploring either new substitutes to the synthetic compounds
or phytoconstituents obtained from various plant sources. Our study
aimed at screening of the anti-lice activity of P. granatum alcoholic and
aqueous extract by using a filter paper diffusion approach. The results
exhibited potential Pediculocidal and Ovicidal effects of P. granatum
alcoholic extract.

Anti-dandruff activity of P. granatum extracts was evaluated against
the A. Niger, C. Albicans and P. notatum. As per the research attempted by
Anitha et al. (2015), the presence of principal fungal species namely
Candida albicans, Aspergillus niger, Cryptococcus spp and Penicillium spp
species which may be responsible for formation of dandruff were
recovered and identified from the scalp of human volunteers (Anitha
et al., 2015). Hence, the aforesaid fungal species were particularly
selected and used in our study for evaluation of antidandruff potential of
P. granatum extract.

Very few drugs have been recommended for the treatment of alope-
cia, amongst which is Minoxidil which is known to stimulate telogen bulb
and convert them to larger anagen follicles than those in previous cycle
(Adhirajan et al., 2003; Chavan et al., 2020a).

Literature survey revealed that there has been no reports available
relating to the utilization of P. granatum extract for the management of
hair disorder. Our studies on experimental animals evidenced that, the
topical application of 3 % P. granatum alcoholic and aqueous extract
solution significantly reduced the time required for hair-growth initia-
tion and completion as compared to control group. Results of hair length
Table 5. Major volatile compounds from P. granatum extract by GC-MS.

Sr. no. Compound Retention

1. Maltol 8.213

2. 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl 8.968

3. 5-Hydroxymethylfurfural 11.039

4. 1,2,3-Benzenetriol 14.065

5. l-(þ)-Ascorbic acid 2,6-dihexadecanoate 22.778

6. Hexadecanoic acid, ethyl ester 23.103

7. 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 26.062

8. Ethyl 9,12,15-octadecatrienoate 26.166

9. Palmitoyl chloride 30.087

10. hexadecanoic acid 2-hydroxy-1-(hydroxymethyl)ethyl ester 30.391

11. Squalene 33.900
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determination studies indicated that the topical application of
P. granatum alcoholic extract (3 %) almost comparable in hair length
determination when compared to Minoxidil treated group. Thus, these
observations confirmed the effectiveness of 3 % P. granatum alcoholic
and aqueous extract (3 %) in promoting hair growth. It was observed that
the mice groups treated with P. granatum (alcoholic and aqueous) 3 %
extract solution groups exhibited significant hair growth as compared to
vehicle treated mice. Moreover, this group experienced less number of
the hair follicles in the anagen phase, and we could easily visualize hair
follicles in the telogen phase. Specifically, in the group treated with
alcoholic extract, majority of the hair follicles were noted in the anagen
phase. Thus, the effect of P. granatum alcoholic extract on the hair growth
activity was notably high as compared to the vehicle control mice cluster.
Even for Minoxidil, it was stated that they readily stimulate telogen bulb
and convert them to bigger anagen follicles than those in the previous
cycle (Adhirajan et al., 2003). Also, Minoxidil also helps to stimulate the
vasodilation of scalp blood vessels and the proliferation of epithelial cells
near the base of hair follicles (Savin and Atton 1993). Our findings
revealed that, the hair follicles got transformed from telogen to anagen
phase in all the groups, and to a greater extent in the alcoholic extract
treated group.

In order to reveal the hair growth promotion effect of P. granatum
leaves alcoholic extract, GC/MS study was undertaken to investigate the
possible phytoconstituent(s) responsible for the said effect. Eleven
probable compounds were observed after analyzing the data of GC/MS of
alcoholic extract of P. granatum leaves. Amongst the eleven compounds
Maltol was observed to be the major phyto-constituent. James et al. have
also proved that Maltol acts as an in-vivo skin lightener and exhibits an ex-
vivo melanogenesis reducing activity along with antioxidant potential,
skin tone and skin quality improving activities (Cheetham et al., 2017).
Melanogenesis is a biosynthetic pathway for the formation of melanin in
human skin (Te-Sheng, 2012). Melanin is type of pigment cell especially
made up of called melanocytes (https://www.loc.gov/everyday-myster-
ies/item/why-does-hair-turn-gray/). In active hair follicles, melanocytes
typically occur in the wall of the pilary canal (infundibulum) and in the
pigmented part of the bulb, close to the upper part of the dermal papilla
(Jean-Paul and Giuseppe, 1993). During the development of murine
anagen hair follicle, the two melanogenic proteins, tyrosinase and Gp75,
are regulated in a time-restricted frame (Burchill et al., 1991). Melano-
cytes position themselves at the openings on the skin's surface through
which hair grows (follicles) (https://www.loc.gov/everyday-myster-
ies/item/why-does-hair-turn-gray/). On the basis of aforesaid facts it has
been concluded that the principal compound namely Maltol along with
other phytoconstituent(s) may be responsible to exhibit hair growth
promoting activity. Also, third major phytoconstituent in the extract as
per GC/MS report was 1,2,3 Benzotriazole, which has been known to
possess strong anti-fungal activity as reported earlier by Sudhir et al.
(2013) (Sudhir et al., 2013). In this research, the authors have tried to
explore the hair growth promoting activity of Pomogranate which was
time Molecular weight Molecular formula Concentration (%)

126.11 g mol�1 C6H6O3 36.23

144.12 g mol�1 C6H8O4 3.75

126.11 g mol�1 C6H6O3 23.80

126.11 g mol�1 C6H6O3 19.70

652.90 g mol�1 C38H68O8 6.09

284.48 g mol�1 C18H36O2 0.79

278.40 g mol�1 C18H30O2 5.46

306.48 g mol�1 C20H34O2 1.98

274.87 g mol�1 CH3(CH2)14COCl 0.27

330.50 g mol�1 C19H38O4 0.47

410.70 g mol�1 C30H50 0.84



Figure 5. GC-MS graph of P. grantum alcoholic extract.
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not focused in earlier literature. Also, there is another scope to explore
more research on phytochemical isolation along with their mode of ac-
tion which was beyond the purview of our study. The results and findings
of the present investigation will be helpful for further researchers.

5. Conclusion

In conclusion, the effect of P. granatum leaves alcoholic extract on
qualitative and quantitative hair growth was found to be more signif-
icant as compared to aqueous extract and control group treated ani-
mals. Also its good antidandruff activity supported to as a hair growth
promoter. The quantitative effect of P. granatum leaves extract
8

definitely promotes hair growth by inducing hair follicles telogen to
anagen phase. Animals treated with aqueous and ethanolic extract of
P. granatum showed better efficacy as compared to control and stan-
dard group. The percentage of anagen induction with alcoholic extract
of P. granatum and Minoxidil were almost comparable. On the basis of
similarities observed between the Minoxidil and the P. granatum
studies, it is expected that P. granatum will have similar hair growth
activity as shown by Minoxidil. Further research is needed for struc-
tural elucidation and identifying the mechanism of action of
P. granatum as a potential hair growth promoter. The said effect may be
attributed to the presence of Maltol and other phytoconstituents as
confirmed with GC-MS. Also, it can be concluded that P. granatum
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alcoholic extract exhibited prominent pediculocidal and ovicidal ef-
fects i.e anti-lice effect.
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