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Introduction
5 α-reductase, also known as 3-oxo-5α-steroid 4-dehydrogenases 

is involved in steroid metabolism. The principal role of 5 α-reductase 
being conversion of testosterone to dihydrotestosterone (DHT). 
Inhibition of DHT formation serves as a strategy for the treatment of 
alopecia and prostate hyperplasia [1,2]. There are synthetic medicines, 
such as finasteride, dutasteride, alfatradiol but these compounds have 
been reported to have adverse effects which necessitate the interest in 
finding better 5 α-reductase inhibitors from natural resources.

Solanum nigrum (Black nightshade) is a medicinal plant member 
belonging to the family Solanaceae. S. nigrum has been extensively 
used traditionally to treat various ailments. The berries of Solanum 
nigrum used as medicine for alopecia [3,4]. Linoleic acid is a 
polyunsaturated omega-6 fatty acid. It is reported to have a number 
of useful physiological activities including 5 α-reductase inhibitor; 
antianaphylactic; antiarthritic; antiatherosclerotic; anticoronary; 
anticancer; antieczemic; antifibrinolytic; antigranular; antihistaminic; 
antiinflammatory; antimenorrhagic; antiprostatitic; hepatoprotective; 
hypocholesterolemic; immunomodulatory; insectifuge; metastatic; 
nematicide [5]. Solanum nigrum oil is reported to have linoleic acid as 
the most abundant unsaturated fatty acid found in it [6,7].

Eclipta alba is a small branched perennial herbaceous plant 
belonging to the family Asteraceae. This plant has a huge number of 
medicinal properties. Eclipta alba (Bhringaraj) oil is a famous hair tonic 
for maintaining dark hair and reversing baldness. It is often translated 
as ‘king of the hair’. It is decocted in coconut oil and as this is a ‘cooling’ 
oil it is used externally for ‘hot’ and inflammatory head problems such 
as headaches, sinusitis and ear infections. The herb also benefits heat 
problems [8]. β-sitosterol is one of several phytosterols. It is reported to 

have a number of useful physiological activities including 5 α-reductase 
inhibitor; androgenic; anorectic; antiadenomic; antiandrogenic; 
antibacterial; anticancer; antiestrogenic; antiedemic; antifeedant; 
antifertility; antigonadotropic; antiinflammatory; antileukemic; 
antilymphomic; antimutagenic [5]. Eclipta alba is reported to have 
β-sitosterol as the most abundant phytoconstituent [9].

Hibiscus rosa-sinens is a medicinal plant member belonging to 
the family Malvaceae. Hibiscus rosa-sinensis is used for the treatment 
of various diseases including alopecia [10,11,12]. Traditionally, apart 
from this it is also used for anti-dandruff agent [13]. Quercetin  is 
a  flavonoid  found in H. rosa-sinensis flower. In flowers (per g fresh 
tissues) included quercetin 7 mg [14]. It can be used as an ingredient 
in supplements, beverages, or foods. Quercetin supplements have been 
used for prevention and treatment of cancer. It is a potent 5α-reductase 
inhibitor [15]. Moreover it is useful for hair growth promoting activity, 
by stimulating hair follicles and improves the blood flow of the hair 
[16,17]. Positive results were obtained from study done on mouse for 
evaluation of hair growth promoting activity [18].

Quercetin, β-sitosterol and linoleic acid can be selected as bioactive 
markers for quantification of Hibiscus rosa sinensis flower, Eclipta alba 
whole plant and Solanum nigrum plant berries extract respectively. 
Standardization of Solanum nigrum plant berries by selecting linoleic 
acid as active biomarker has already being reported [19]. Simultaneous 
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Abstract
The present work has been undertaken with the aim to formulate hair growth gel formulation containing extracts of 
Hibiscus rosa sinensis flower 1%, Eclipta alba whole plant 1% and Solanum nigrum plant berries 0.5% which are 
preferably used in case of Alopecia, i.e., baldness pattern as an effective herbal therapy showing 5 α-reductase 
inhibitory activity. The formulated gel was evaluated for parameters such as pH which was found to be 6.68, 
viscosity 4731 cps, spreadability 11.05 (g-cm/sec) whereas consistent homogeneity was found with no skin irritation. 
Simultaneous quantification of bioactive markers was done by HPTLC. Quercetin, β-sitosterol and linoleic acid 
were selected as bioactive markers for quantification of Hibiscus rosa sinensis flower, Eclipta alba whole plant 
and Solanum nigrum plant berries extract respectively in the formulation. The aforementioned markers have 5 
α-reductase inhibitory activity. β-sitosterol, quercetin and linoleic acid was found to be 0.1377, 0.120 and 0.379% 
w/w respectively in the formulated gel.
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Manufacturing method

The gel was formulated in three steps, mixture I and II were prepared 
as given below and finally the aforesaid two were mixed to get the final 
gel. Flowchart of the manufacturing procedure is given in Figure 1.

Mixture I: 0.5 g EDTA disodium was dissolved in 40 mL water. 
Then measured amount of carbopol 940 (gelling agent) was added and 
mixed for 30 minutes and allowed to swell for an hour. 

Mixture II: 15 g of propylene glycol (cosolvent) was taken in a 50 
mL beaker and heated at 40-50°C in heating mantel for 4-5 minutes. 
Then igsurf 1540 (non-ionic solubilizer and emulsifying agent) was 
added to it with constant stirring. Measured amount of Hibiscus rosa-
sinensis flower methanolic extract, Eclipta alba whole plant petroleum 
ether extract, Solanum nigrum berries methanolic extract were added to 
the above mixture with constant stirring. Polyvinyl pyrrolidine (binder 
or adhesive), DMDM hydantoin, sodium benzoate (preservatives) was 
added sequentially in a beaker containing 38 g of purified water. Then 
the solution was slowly added to the plant extract containing mixture 
into 50 mL beaker with constant stirring.

Gel: Mixture II was added to Mixture I with constant mixing. The 
final mixture so obtained was subjected to pH adjustment to skin pH 
(6.5-6.8) by slow addition of triethanolamine and constant stirring for 
10 minutes. A brown coloured gel was obtained as shown in Figure 2.

Evaluation of hair gel formulation

pH: The pH of the gel formulation was determined by using digital 
pH meter. One gram of gel was taken and dissolved in 100 mL distilled 
water and measurement of pH was done in triplicate and average value 
was calculated.

Viscosity: Brookfield viscometer was used for the measurement 
of viscosity of the prepared gel. The Brookfield viscometer was rotated 
at 100 rpm, spindle no.6. Each reading was taken after equilibrium 
was attained by the sample at the end of two minutes. The study was 
repeated three times and average value is given in Table 2.

Spreadability: It was determined by wooden block and glass slide 
apparatus. Weights of about 20 g was added to the pan and the time was 
noted for upper slide (movable) to separate completely from the fixed 
slides. Spreadability was then calculated by using the formula, 

S=M.L/T

Where, S=Spreadability, M=Weight tide to upper slide, L=Length 
of glass slide, T=Time taken to separate the slide completely from each 
other. The therapeutic efficacy of a formulation also depends upon its 
value. 

Physical appearance: The gel formulation was evaluated in terms 
of physical character like phase separation and change in colour, odour 
and rheological parameters.

Homogeneity: Developed gel was tested for homogeneity by 
visual inspection after the gel was set in the container. It was tested for 
appearance and presence of any aggregates.

Skin irritation test: Test for irritation was performed on human 
volunteers with their consent. Five volunteers were selected and 1.0 g 
of formulated gel was applied on an area of 2 square inch to the back of 
hand. The volunteers were observed for lesions or irritation.

Drug content determination, standardization of herbal gel by 
HPTLC

quantification of the three aforesaid biomarkers in a polyherbal gel has 
not being reported earlier.

Materials and Methods
Materials

Instrumentation and reagents: CAMAG HPTLC system consisting 
of WINCATS software, LINOMAT V automatic sample applicator, 
automatic development chamber, scanning densitometer CAMAG 
scanner 3 and photo documentation apparatus CAMAG Reprostar3 
were used. Stationary phase used was aluminum based silica gel plate 
60 F254 (Merck, Mumbai) with 20 cm × 10 cm in a particle size of 5-10 
µm. 100 µL syringe (HAMILTON, Switzerland) was used for sample 
application on HPTLC plates. pH meter, Brookfield viscometer were 
also used for measuring the physical parameters of gel formulation.

All the solvents used were of analytical grade. β-sitosterol and 
Quercetin was purchased from Sigma Aldrich. Linoleic acid was 
purchased from Sisco Research Laboratories (SRL). Methanol, toluene, 
ethyl acetate of analytical grade was purchased from Merck (Mumbai, 
India). Whatman’s syringe filter (NYL 0.45 μm) was used for the filtration 
of samples. The plant material was collected from local area of Kolkata, 
West Bengal, India and the identity was confirmed by taxonomist. 
The shade dried powdered berries of Hibiscus rosa- sinensis, Solanum 
nigrum were extracted with methanol by cold maceration. The shade 
dried powdered berries of Eclipta alba were extracted with petroleum 
ether extract by cold maceration. The extract solution was dried under 
reduced pressure with the help of rotary evaporator. Carbopol 940, 
propylene glycol, polyvinyl pyrrolidine, DMDM hydration, sodium 
benzoate, triethanolamine, EDTA disodium, igsurf 1540 were gifted by 
Drakt International Pvt. Ltd., Kolkata.

Methods

The ranges of concentration of herbal extracts used in formulation 
are based on literature survey and closely related to or amount kept 
above label claims from established marketed herbal formulations such 
Alova Hibiscus Gel (Care Cosmetics), Anti Hair Fall Cream (Himalaya). 
Hibiscus rosa sinensis flower 1% w/w, Eclipta alba whole plant 1% w/w 
and Solanum nigrum plant berries 0.5% w/w extract were used as active 
herbal ingredients in the gel [4,9,12]. The detail composition being 
reported in Table 1.

Steps Ingredients Quantity used on 100 
g basis

Mixture I
Carbopol 940 1.0 g
EDTA Disodium 0.5 g
Purified water 40.0 g

Mixture II

Hibiscus rosa sinensis flower 
methanolic extract 1.0 g

Eclipta alba pet. Ether extract 1.0 g
Solanum nigrum berries methanolic 
extract 0.5 g

DMDM Hydration 0.3 g
Sodium benzoate 0.3 g
Propylene glycol 15 g
Igsurf 1540 0.5 g
Kollidon 30 0.2 g
Purified water 38 g

For pH 
adjustment Triethanolamine Q.S.

Table 1: Composition of herbal hair growth gel.
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In this method 1 g of prepared gel was mixed with 10 mL of solvent 
suitable for extracting the biomarker. Then HPTLC was carried out. 
Drug content was calculated by the equation obtained by calibration 
curve. The flowchart of the procedure is depicted in Figure 3 and 
described below.

Preparation of standard solution: About 1 mg of β-sitosterol, 
linoleic acid, quercetin standard was weighed and put into separate 1 
mL eppendorf tubes. 1.0 mL of methanol was added in each aforesaid 
1 mL eppendorf tube and content was mixed in vortex mixture till the 
materials got completely dissolved. 

Figure 1: Flowchart of manufacturing procedure of the hair growth gel.

Preparation of sample solution: About 1 g of gel formulation was 
weighed and taken in a centrifuge tube and 10 mL methanol was added 
to each. The sample so prepared was subjected to mixing in vortex 
mixture for 15 minutes and then put to ultrasonication bath for 30 
minutes. It was then filtered through 0.45 μ syringe filter and kept it in 
1 mL eppendorf tube for further study.

Chromatographic conditions

HPTLC analysis was performed using isocratic technique. 
Composition of mobile phase was toluene: ethyl acetate: methanol 
in a ratio of 5:3:2 v/v. The temperature was kept at 25°C and mobile 
phase was developed in a twin trough glass chamber. Standard stock 
solution of three biomarkers β-sitosterol, quercetin and linoleic acid 
was applied consequently in the range of 2-8 µL with 2 µL gradual 
increments. Sample solution was applied 6, 8, 12, 16 µL respectively. All 
total 18 tracks in HPTLC plate were used for standardization including 
standard and sample solution respectively in a band wise fashion. After 
development, plates were air dried. Colored bands were observed at 366 
and 530 nm.

Results and Discussion
Evaluation 

Reports of pH, viscosity, spreadability, physical appearance, 
homogeneity and skin irritation test are given in Table 2. It can be found 
from literature survey that pH mean value of female hair 6.784 ± 0.16, 
and that of male hair 5.604 ± 0.93 [20]. The pH of the formulated gel 

Figure 2: Poly herbal hair growth gel.
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was found to be 6.68 which is close to the aforesaid values as well as skin 
pH. A good viscosity is required to have an acceptable formulation, too 
viscous gel may cause pourability problem whereas too low viscosity 
may cause settling of dispersed contents while storage. The gel was 
moderate viscous in appearance with 4731 cps viscosity. Application 

Standard & Sample
Preparation

Mobile Phase
preparation &

HPTLC Chamber
Saturation

Plate development
at 25°C

Dry the plate and
Sulfuric acid-
Anisaldehyde

spraying reagent
was used

Scanning the plate
at 530 nm by

scanner and photo
documentation of 

the plate

Kept the plate at 110° C
for 5 minute in hot air
oven and evaluation

was carried out at 366
and 530 nm

2, 4, 6, 8 µl of
standard was

applied in the plate
by HPTLC
Applicator

6, 8, 12, 16 µl of sample
(methanolic extract) was
applied in the same plate

by HPTLC applicator

Figure 3: Standardization and quantification of β-sitosterol, quercetin and linoleic acid (standards) in Herbal hair growth gel by HPTLC (flowchart).
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Figure 4: HPTLC chromatogram of (a) standard β-sitosterol and (b) β-sitosterol present in hair gel formulation.

Parameters Results
pH 6.68
Viscosity 4731 cps
Drug content by HPTLC β-sitosterol, quercetin and linoleic acid was found to be 0.1377, 0.120 and 0.379% w/w respectively.
Physical appearance Brownish yellow colour, odourless gel found.
Homogeneity Homogeneous, smooth and consistent. No aggregates found.
Skin irritation test Skin compatible, no irritation found.
Spredibility 11.05 (g-cm/sec)

Table 2: Evaluation parameters of hair gel formulations.

of a gel is comfortable if the base spreads easily, exhibiting maximum 
slip and drag. The prepared gel produces good spreadability 11.05 (g-
cm/sec). In general, the gels that possess a high consistency index are 
less spreadable. The brownish yellow colour, odourless gel was found 
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to be homogeneous, smooth, and consistent with no grittiness with 
compatible to skin compatible and no irritation found on application.

HPTLC analysis

The percentage content of β-sitosterol, quercetin and linoleic acid 
in herbal hair gel methanolic extract was found to be 0.1377, 0.120 and 
0.379% w/w respectively. Rf value of standard β-sitosterol, quercetin 
and linoleic acid was found to be 0.72, 0.49, 0.61 respectively. Specificity 
was confirmed by comparing the Rf of standard and sample (Figures 
4-6). 3D chromatogram of herbal hair gel with β-sitosterol, quercetin 
and linoleic acid marker at 530 nm is provided in Figures 7 and 8. 
Literature survey reveals quantification of the standards by HPLC 
either as single entity or simultaneous detection with other moieties 

[21,22,23]. But simultaneous quantification of above three is mentioned 
nowhere. HPLC method may also be developed for this simultaneous 
quantification but HPTLC has advantages over HPLC in this aspect 
such as extreme flexibility for various steps i.e., selection of stationary 
phase, mobile phase, developing technique, detection with or without 
pre or post column derivatization. HPTLC is also technically simple 
and is of low cost.

Conclusion
In the present study, the gel was formulated successfully as well as 

the simultaneous quantification of the phytoconstituents by HPTLC 
technique resulted in a positive outcome. The topical application of this 
gel may have minimum side effects as compared to allopathic drugs 
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Figure 5: HPTLC chromatogram of (a) standard linoleic acid and (b) linoleic acid present in hair gel formulation.
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Figure 6: HPTLC chromatogram of (a) standard quercetin and (b) quercetin present in hair gel formulation.
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which is needed to be established. Furthermore, the HPTLC method 
stated may be used for simultaneous quantification or standardization 
of β-sitosterol, linoleic acid and quercetin in other formulations too 
with necessary changes in the method as required.
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