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ABSTRACT

Background: Androgenetic alopecia is a common form of hair loss in both men and women. Synthetic drugs like
minoxidil and finastride are available treatment for androgenetic alopecia, however, use of these drugs on long term
basis may cause many side effects. Hence there was a need to have an effective and safe alternative option. Ari
Healthcare Pvt. Ltd. has developed Amarantha hair oil (herbal hair oil) to be used for dandruff, hair fall and premature
greying of hair. The aim was to standardize Amarantha hair oil with special reference to identification of j-sitosterol
as major component having Sa-reductase inhibitory activity/hair growth promoting activity.

Methods: Amarantha hair oil was prepared by using various herbal ingredients which contains B-sitosterol as active
marker compound. Amarantha hair oil was evaluated for appearance, weight per ml, refractive index, acid value,
saponification value, peroxide value, TLC Identification of B-sitosterol, assay of B-sitosterol content using high
performance thin layer chromatography (HPTLC) and microbiological tests. Also accelerated stability study was
performed.

Results: All the parameters tested were within normal limits. Amarantha hair oil was stable in accelerated stability
study. We found that almost all the ingredients of formulation contain B-sitosterol when analysed using HPTLC.
Amarantha hair oil contains 0.52% of B-sitosterol.

Conclusions: All the ingredients and Amarantha hair oil contain B-sitosterol that helps in promotion of hair growth.

Keywords: B-sitosterol, Amarantha hair oil, 5a-reductase inhibitory activity, Hair growth promoting, DHT, HPTLC

INTRODUCTION

Millions of men and women are affected by hair loss due
to androgenic alopecia or common male pattern baldness.
Male pattern baldness is hereditary and may be associated
with the male sex hormones. Around two thirds of men
are affected at the age of 35 and around 85% men by the
age of 50.!

Various causes of hair loss include high levels of
dihydrotestosterone (DHT, derivative of testosterone, a

male hormone), poor blood flow, sebum emotional
strains, stresses and nervous disorders, aging, infections,
hormonal imbalance, polluted environment, toxic
substances, injury and impairment, radiation.? But DHT
is considered to be the main cause of hair loss in men and
women.

Two drugs are mainly available for the treatment of
androgenic alopecia. One is a potassium channel opener
called minoxidil and the other drug that inhibits DHT
synthesis is finasteride. Several side effects are associated
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with these drugs when consumed daily for longer
periods.>* Hence there is an immense need to have safe
and effective treatment option for hair loss.

In Ayurveda, oil prepared using herbs such as Trigonella
foenum-graecum, Emblica officinalis, Cuscuta reflexa,
Eclipta alba, Glycyrrhiza glabra, Ocimum sanctum,
Terminalia belerica, Hibiscus rosasinesis, Lawsonia
inermis, Ficus bengalenhsis, Sesamum indicum, Cocos
nucifera, Vitix nirgundo have been used to treat hair loss,
dandruff and premature greying. It has been found in
scientific studies that many such herbs contain a chemical
marker compound known as f-sitosterol. It is known to
inhibit 5-alpha-reductase activity thereby implying hair
growth promoting capacity.® A randomized, double-blind,
placebo-controlled trial to determine effectiveness of
botanically derived inhibitor (pB-sitosterol) of 5-alpha-
reductase in the treatment of androgenic alopecia showed
highly positive response to the treatment.5”

One study results of pumpkin seed oil which contains -
sitosterol when used as topical application showed hair
growth promotion in the treatment of male pattern
alopecia.t In another study it is demonstrated that topical
application of red ginsing oil promoted hair regeneration
in the testosterone-induced delay of anagen entry in
C57BL/6 mice, possibly contributed by major
components of red ginsing oil including linoleic acid and
j-sitosterol. Treatment of red ginsing oil, linoleic acid or
B-sitosterol resulted in premature telogen-to-anagen
transition and increased the A/T ratio in testosterone-
treated mice.®

These research studies suggest that topical formulations
which contain B-sitosterol as major component may be
used as a potent therapeutic agent for treatment of
androgenic alopecia. Keeping in mind the need of
effective and safe option for treatment of hair loss,
dandruff and premature greying, Ari Healthcare Pvt. Ltd.
has developed Amarantha hair oil containing 18
standardized herbs and 2 oils. The ingredients of the
formulation are reported to have activity on hair fall,
dandruff and premature greying of hair.10-30

The present study was carried out screen and confirm the
presence of B-sitosterol in each and every ingredient of
Amarantha hair oil and also in final formulation using
HPTLC.

METHODS
Materials

Raw materials such as bibhitaka (T. belerica), amalaki
(E. officinalis), methi (T. foenum-graecum), tulsi (O.
sanctum), aamrawali (C. reflexa), bhringraj (E. alba),
yashtimadhu (G. glabra), japa (H. rosasinesis), nirgundi
(V. nirgundo), gambhari (Gmelina arborea), madayanti
(L. inermis), priyala (Buchanania latifolia), jatamansi

(Nordostachys jatamansi), palash (Butea frondosa),
sahachara (Barleria cristata), kusumbha (Carthamus
tinctorius), kachura (Curcuma zedoria), vata (Ficus
bengalenhsis), til tel and coconut oil, all these herbs and
oils were ordered from Amrutlal A company, Mumbai.
These raw materials were screened for identity, purity
and strength. Also these raw materials were screened for
presence of B-sitosterol using HPTLC.

Reference standard B-sitosterol (>95%) was purchased
from Natural Remedies, Bangalore. All chemicals were
of analytical grade or HPLC grade purchased from Merck
Chemicals, India. Stationary phase was pre-coated silica
gel aluminium plate 60 F254 was obtained from Merck,
Germany.

Oil formulation

The various ingredients used in the formulation of herbal
oil are presented in Table 1. Accurately weighed all the
dried herbs were grinded and taken in a stainless steel
container. Purified water added into above materials and
heated, till 1/4th volume of decoction remains. The
decoction was cooled and filtered. To the decoction
coconut oil and sesame oil were added and heated till all
the water got evaporated. Prepared oil was cooled and
filtered through muslin cloth. Finally it was packed in
amber colored bottle.

Evaluation of oil

The oil was evaluated for appearance, weight per ml,
refractive index, acid value, saponification value,
peroxide value, TLC identification of B-sitosterol, assay
(B-sitosterol content by HPTLC) and microbiological
tests. The results are shown in Table 2. Accelerated
stability study was also performed to check the changes
during storage that are likely to influence quality, safety
and efficacy. The results are presented in Table 3.

Appearance

The appearance of the oil was judged by its color and
odour.

Weight per ml

Pycnometer was cleaned and rinsed with acetone. It was
dried and weight of empty pycnometer was noted down.
Then it was filled with the water and weight was noted.
The procedure was repeated using oil in place of water.
Weight per milliliter was determined by dividing the
weight in air, expressed in g, of the quantity of liquid
which filled the pycnometer at the specified temperature,
by the capacity expressed in ml, of the pycnometer at the
same temperature.
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Table 1: Composition of Amarantha hair oil.

Ingredients Plant part used Botanical name Quantity/100 ml
1. Bibhitaka Fruit T. belerica 1199
2. Amalaki Fruit E. officinalis 2.38¢
3. Methi Seed T. foenum-graecum 1.19¢
4, Tulsi Leaf 0. sanctum 1199
5. Aamrawali Whole plant C. reflexa 2.38¢
6. Bhringraj Whole plant E. alba 2.38¢
7. Yashtimadhu Stem/root G. glabra 1.19¢
8. Japa Flower H. rosasinesis 1.19¢
9. Nirgundi Leaf V. nirgundo 1.19¢
10. Gambhari Root G. arborea 1199
11. Madayanti Leaf L. inermis 12¢g
12. Priyala Seed B. latifolia 1199
13. Jatamansi Rhizome N. jatamansi 1199
14. Palash Flower B. frondosa 119¢g
15. Sahachara Whole plant B. cristata 1199
16. Kusumbha Flower C. tinctorius 1199
17. Kachura Rhizome C. zedoria 1.19¢
18. Vata Hanging root F. bengalenhsis 1199
19. Til tel Seed oil Sesamum indicum 60 ml
20. Coconut oil Fruit oil Cocos nucifera 40 mi
Table 2: Results of various testing parameters on Amarantha hair oil.

Sr.

Parameters Results
No.
1. Appearance Yellowish brown coloured oil
2. Weight per ml 0.915
3. Refractive index 1.4638
4. Acid value 1.28
5. Saponification value 217.63
6. Peroxide value 2.42
7. Identification by TLC Positive for B-sitosterol
8. Assay (B-sitosterol content by HPTLC) (in %) 0.52

Microbiological test

Total microbial plate count (TPC) (in cfu/ml) <10

Total yeast and mould (in cfu/ml) <10
9. Staphylococcus aureus/g Absent

Salmonella sp./g Absent

Pseudomonas aeruginosa/g Absent

Escherchia coli/g Absent

Table 3: Results for accelerated stability study of Amarantha hair oil (storage condition 40°+2°/75% RH=+5%).

Parameters Initial 3 Months 6 Months

Yellowish brown Yellowish brown Yellowish brown
1. Appearance . . .

coloured oil. coloured oil. coloured oail.
2. Weight per ml 0.9150 0.9162 0.9155
3. Refractive index 1.4638 1.4635 1.4630
4, Acid value 1.28 1.32 1.35
5. Saponification value 217.63 216.85 216.18
6. Peroxide value 2.42 2.48 2.57

Continued.
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Parameters Initial 3 Months 6 Months
— Positive for - Positive for - Positive for -
! LeERfISEIHe o7 1He sitosterol P sitosterol P sitosterol P
8. Assay (B-sitosterol content by HPTLC) (in %)  0.52 0.48 0.43
Microbiological tests
Total microbial plate count (TPC) (in cfu/ml) <10 <10 <10
Total yeast and mould (in cfu/ml) <10 <10 <10
9. Staphylococcus aureus/g Absent Absent Absent
Salmonella sp./g Absent Absent Absent
Pseudomonas aeruginosa/g Absent Absent Absent
Escherchia coli/g Absent Absent Absent

Refractive index

It was determined by using refractometer. The refractive
index was measured at 20°+0.5°. Prism of the
refractometer was cleaned by using water and acetone.
Then apparatus was calibrated against distilled water
which has a refractive index of 1.3325 at 25°
Refractometer was dried and cleaned and sample was
applied to determine refractive index.

Acid value

Accurately weighed 10 g of oil sample was dissolved in
50 ml of a mixture of equal volumes of ethanol (95 per
cent) and ether, previously neutralised with 0.1 M
potassium hydroxide to phenolphthalein solution. Flask
was connected with reflux condenser and warmed slowly
with frequent shaking, until the sample dissolves. 1 ml of
phenolphthalein solution was added and titrated with 0.1
M potassium hydroxide until the solution remains faintly
pink after shaking for 30 seconds. The acid value was
calculated from the expression,

. 5.61xXn
acid value= ,
w

where,

n=the number of ml of 0.1 M potassium hydroxide
required,

w=the weight, in g, of the substance.
Saponification value

Accurately weighed 2 g of oil sample was taken into a
250 ml flask. To it 25 ml of the alcoholic solution of
potassium hydroxide was added, attached to a reflux
condenser and boiled on a water bath for one hour. The
cooled solution was titrated against 0.5 N hydrochloric
acid using 1 ml solution of phenolphthalein as indicator
(a). Similarly the blank titration was performed without
taking oil sample (b).

Saponification value was calculated from the following
formula,

. . b— 28.05
saponification valuez%,

where,
W-=the weight in g of the substance taken.
Peroxide value

Accurately weighed 5 g of oil sample was taken into a
250 ml glass-stoppered conical flask. 30 ml of a mixture
of 3 volumes of glacial acetic acid and 2 volumes of
chloroform was added, swirled until dissolved and 0.5 ml
saturated potassium iodide solution was added to it.
Allowed to stand for exactly 1 minute, with occasional
shaking, 30 ml of water was added and titrated gradually,
with continuous and vigorous shaking, with 0.01 M
sodium thiosulphate until the yellow colour almost
disappeared. 0.5 ml of starch solution was added and
continued the titration, until the blue colour just
disappears (a). Similarly the blank titration was
performed without taking oil sample (b).

Peroxide value was calculated from the expression,

. 10 (a—b
peroxide vaIue:%,

where,
W=weight, in g, of the substance.

TLC identification of f-sitosterol in raw material
ingredients used in the oil formulation and in the
Amarantha hair oil formulation

Identification of B-sitosterol in raw materials and also in
finished product, Amarantha hair oil was determined
using TLC. Each 1 g powdered herb of all raw materials
was individually dissolved in 25 ml chloroform. The
solutions were sonicated for 15 minutes and filtered by
Whatman filter paper no. 1. Til tel and coconut oil
solution was prepared by dissolving 0.1 g of oil sample in
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20 ml chloroform. Amarantha hair oil sample was
prepared by dissolving 0.1 g of oil sample in 20 ml
chloroform. The solutions were sonicated for 15 minutes,
filtered by Whatman filter paper no. 1 and filtrate was
used for TLC identification of B-sitosterol. Then, 10 ul of
above solution was applied on TLC silica gel plate 60
F254 against 10 pl of standard p-sitosterol using
toluene:ethyl acetate (9.0:1.0 v/v) as mobile phase. Plate
was sprayed with anisaldehyde sulphuric acid and dried
at 105°C. Confirmation of B-sitosterol in raw materials
and in the Amarantha hair oil formulation was done by
comparing it with the Rf of standard B-sitosterol. The
results are shown in Figures 1-3.

Figure 1: HPTLC fingerprint: photo-documentation
after derivation with anisaldehyde sulphuric acid in
white light; track number 1 standard p-sitosterol;
track number 2, 3,4,5,6, 7, 8,9, 10, 11, 12, 13, 14, 15;
various ingredients used in Amarantha hair oil.

e

1

o
bad

Bia Sitosterol  Amalaki Mule Karc

Ead — st -_—
rchwa  Priyala  Tulsi  Bhringraj

Figure 2: HPTLC fingerprint: photo-documentation
after derivation with anisaldehyde sulphuric acid in
white light; track number 1-standard f-sitosterol;
track number 2, 3, 4, 5, 6, and 7; various ingredients
used in Amarantha hair oil.

Bita-Sitosterol Amarantha Hair Oil

Figure 3: HPTLC fingerprint: photo-documentation
after derivation with anisaldehyde sulphuric acid in
white light. track number 1, 2, 3; standard -
sitosterol; track number 4, 5, 6; Amarantha hair oil
formulation.

Assay (p-sitosterol content by HPTLC)

Assay of p-sitosterol in the Amarantha hair oil
formulation was determined using HPTLC.

Preparation of standard solution

Accurately weighed 1.5 mg of standard B-sitosterol was
dissolved in 10 ml chloroform and was sonicated and
diluted with chloroform up to 20 ml.

Preparation of test solution of Amarantha hair oil

Accurately weighed 0.1 g of oil sample was dissolved in
20 ml chloroform. The solution was sonicated for 15
minutes, filtered by Whatman filter paper no. 1 and
filtrate was used for estimation of B-sitosterol.

Chromatographic condition

The samples were spotted in the form of bands, width 6
mm with a Camag 100 microliter sample (Hamilton,
Bonaduz, Switzerland) syringe on silica gel pre-coated
aluminum plate 60 F254 plates, using a Camag Linomat
V (Switzerland) sample applicator. The plates were
prewashed with methanol and activated at 110°C for 5
min prior to chromatography. A constant application rate
0.1 wl/s was used and the space between two bands was
10 mm. The slit dimension was kept at 6 mmx0.45 mm
and the scanning speed was 20 mm/s. The mono-
chromatic bandwidth was set at 20 nm, each track was
scanned three times and baseline correction was used.
The mobile phase was toluene:ethyl acetate (9.0:1.0).
Linear ascending development was carried out in a 20x10
cm twin trough glass chamber (Camag, Switzerland)
saturated with the mobile phase. The optimized chamber
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saturation time for the mobile phase was 20 min at room
temperature (25°C+2) at relative humidity 33%, saturated
with MgCl,. The length of each chromatogram run was 7
cm. Following the development, the TLC plates were
dried in a current of air with the help of an air dryer.
Densitometric scanning was performed using a Camag

TLC scanner 4 in the reflectance/absorbance mode at 520
nm after derivatisation with anisaldehyde sulphuric acid
regent. Concentrations of the compounds were
determined from the intensity of the diffused light.
Evaluation was by peak areas with linear regression. The
amount of B-sitosterol was computed from peak areas.
The results are shown in Figure 4-6.
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Figure 5: HPTLC chromatogram of Amarantha hair oil.
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Figure 6: Overlain spectrum of standard [-sitosterol and Amarantha hair oil.
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Microbiological tests

The formulated oil was subjected for microbiological
limit tests, that is, total microbial plate count (TPC), total
yeast and mould and pathogens like S. aureus,
Salmonella sp., P. aeruginosa, E. coli.

Accelerated stability testing

Accelerated stability study was performed on Amarantha
hair oil. The stability was studied by exposing the sample
to elevated conditions of temperature and humidity
(400+2/75% RH+5%) for 6 months. The parameters like
appearance, weight per ml, refractive index, acid value,
saponification  value, peroxide value, HPTLC
identification of B-sitosterol, assay (B-sitosterol content
by HPTLC) and microbiological limit tests were
performed as per ICH guidelines.

RESULTS

Appearance of Amarantha hair oil was good having
smooth texture and easily spreadable property. It was
yellowish brown colored oil with characteristic odour.
Weight per ml of the sample was 0.915 g/ml. Refractive
index of formulated oil was found to be 1.4638. The acid
value was 1.28, indicating the amount of free fatty acid
present in the oil. Saponification value and peroxide
value of the formulated oil was found to be 217.63 and
2.42 respectively.

TLC method using toluene:ethyl acetate (9.0:1.0 v/v) as
mobile phase showed the presence of [-sitosterol at
refractive index 0.32+0.1 (violet colour band) under
white light after derivation with anisaldehyde sulphuric
acid in all the raw material ingredients and Amarantha
hair oil. The results are shown in Figure 1-3.

Assay of B-sitosterol content in Amarantha hair oil was
determined using HPTLC. The solutions of standard f-
sitosterol and oil formulation were spotted on TLC plate
in triplicate and run. The band for B-sitosterol in the
samples was confirmed by comparing the Rf values and
spectrum with standards. The amount of B-sitosterol in oil
formulation was found to be 0.52%. The results are
shown in Figure 4-6.

Amarantha hair oil was also evaluated for
microbiological test; total viable count was found to be
<10 cfu/ml and pathogens like S. aureus, Salmonella sp.,
P. aeruginosa, E. coli was absent. All these results are
tabulated in Table 2.

Accelerated stability study showed that there were no
significant changes in the Amarantha hair oil during
stability study and results are tabulated in Table 3. The
test results obtained for Amarantha hair oil were well
within the limits, which indicated good quality of
product.

DISCUSSION

Amarantha hair oil is prepared using standardized herbs
like bibhitaka (T. belerica), amalaki (E. officinalis), methi
(T. foenum-graecum), tulsi (O. sanctum), aamrawali (C.
reflexa), bhringraj (E. alba), yashtimadhu (G. glabra),
japa (H. rosasinesis), nirgundi (V. negundo), gambhari
(G. arborea), madayanti (L. inermis), priyala (B.
latifolia), jatamansi (N. jatamansi), palash (B. frondosa),
sahachara (B. cristata), kusumbha (C. tinctorius), kachura
(C. zedoria), vata (F. bengalenhsis), til tel (S. indicum)
and coconut oil (C. nucifera) as base. These ingredients
were selected on the basis of Ayurvedic principles. The
oil was prepared using traditional method of oil
preparation mentioned in Ayurvedic texts. The present
study was carried out to identify and confirm presence of
B-sitosterol in ingredients as well as in Amarantha hair oil
using HPTLC.

The results of the present study show that Amarantha hair
oil and all its ingredients contain B-sitosterol. Literature
says that B-sitosterol possessed 5-a-reductase inhibitory
activity that may help in the treatment of hair loss. It was
found in research studies that T. belerica was used as
natural dyeing and coloring agent for hair.® The
phytonutrients, vitamins and minerals present in E.
officinalis helped in increasing the scalp circulation and
stimulate healthy growth. Dried amla fruits were boiled
in coconut oil and then ground to form amla oil. This was
a very effective conditioner and prevented balding and
greying of hair. It was a potent 5-a- reductase inhibitor
and hair growth promoter.

T. foenum-graecum had shown hair growth promoting
activity. The results of the activity test using 10%
fenugreek extract seed hair tonic showed significant
difference compared to placebo. These results were
comparable to that of minoxidil 2% hair tonic.'?> The
experimental study on O. sanctum extract had reported to
possess hair growth promoting activity.*®* O. sanctum also
reported to have anti-androgenic property.*

A study on the extracts of C. reflexa Roxb. in treatment
of cyclophosphamide induced alopecia was shown to be
capable of promoting follicular proliferation or
preventing hair loss in cyclophosphamide-induced hair
fall.’> B-sitosterol as a potent 5-alpha-reductase inhibitor
was present in E. alba in appreciable quantity. Hair
growth promoting activity of E. alba in male albino rats
was established in a study. Hair growth initiation time
was significantly reduced to half on treatment with the
extract as compared to control animals. The result of
treatment with 2% and 5% petroleum ether extracts were
better than the positive control minoxidil 2% treatment.*6

G. glabra was known to possess hair growth promoting
activity. Animals treated with petroleum ether extract of
G. glabra roots showed longer hair than those treated
with either minoxidil or control.” H. rosasinesis had
shown hair growth potentiation activity in disturbed
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circadian rhythm. Flower and leaves extracts have similar
significant hair growth promoting characteristics with
minimal chances of developing serious adverse effects.'8
V. negundo used to treat premature greying of hair and
scalp infections like pediculosis and lice.’® G. arborea
was reported as keshya (hair growth promoting activity)
in Ayurveda.?

L. inermis had shown a remarkable hair growth
promoting activity in terms of hair recovered area and
hair length. The study concluded that the topical use of L.
inermis powder and honey accelerated burn wound
healing process in rabbit’s model.?* In a study, B. latifolia
leaf aqueous extract mucilage was found to have all
common properties of hair conditioners. It had been
found to be effective as an herbal hair conditioner with
good hair texture, moisture improvement, easy to wet and
dry combing with good detangling effect and improved
gloss (shine) when compared with 10% (w/v) reference
sample of commonly marketed herbal hair conditioner.?

In a study named, phytochemical investigation and hair
growth studies on the rhizomes of N. jatamansi, the
extract, fraction and the isolated compounds of N.
jatamansi showed good activities in hair growth.Z In
investigative study for the effectiveness of a topical
herbal hair loss cream application consisting of extracts
of B. monosperma and B. parviflora in preventing hair
loss and promoting growth of hair in men and women, it
had been found to be beneficial in stimulating hair
growth.?

B. cristata was mentioned as keshya dravya (hair growth
promoting activity) in madanpal nighantu (ancient
Ayurvedic text book).?> A study results shows C.
tinctorius extract significantly increased the length of
cultured hair follicles and stimulated the growth of hair
with local effects in mice.?®® The inhibitory activity
(conversion rate of testosterone to DHT) of the C. zedoria
extract was studied in a study and C. zedoria extract
showed 28.2% enzyme inhibition.?” One invention was
found related to the use of the F. bengalenhsis to increase
hair growth.?®

A study confirmed the use of sesame seed (S. indicum)
for hair loss and treatment of greying of hair. It had also
demonstrated potential application of sesamin extracted
from the sesame seeds for genetically hair loss and
canities treatments.?® The phytosterols, which can be
found in sesame seed oil, coconut oil and the like, have
the ability to lower the amount of 5-a-reductase in the
liver by up to 44% and in the prostate by up to 33%.%%3!

From the above the discussion it was clear that the
ingredients of Amarantha hair oil have been proved to be
effective on hair loss and premature greying. Also
majority of ingredients possess 5-a-reductase/hair growth
promoting, anti-androgenic, hair conditioning, natural
dyeing and colouring activities. These multiple activities
of the ingredients make Amarantha hair oil an effective
and safe option for treatment of hair loss.

CONCLUSION

It can be concluded from the results of the present study
that all the ingredients and Amarantha hair oil contain 3 -
sitosterol which is known to inhibit of 5-alpha-reductase
enzyme thereby implying hair growth promoting
capacity. Thus Amarantha hair oil is natural, safe,
effective, stable option for the treatment of hair loss.
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