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ABSTRACT  

Objective: The purpose of this study was to formulate a phytosome lotion from Mangkokan leaf using green solvent extraction. 

Methods: Ionic liquid, 1-butyl-3-methylimidazolium tetrafluoroborate, combined with microwave-assisted extraction, was used to obtain flavonoid 
compounds. Mangkokan leaf extract was formulated into a phytosome with three different ratios of phospholipon (1:0.5), (1:1), and (1:2). Three 
phytosome formulas were analyzed to identify the best formula. The analysis included morphology, particle size, and zeta potential, entrapment 
efficiency, and spectrum analysis using an FTIR spectrophotometer. The formula which chosen was formulated into three lotion formulas with 
different concentration (20%; 25%; 30%) then, evaluated for physical stability, and hair growth activity test included hair length, weight, and 
diameter. Minoxidil and non-phytosome lotion were used as comparison. Data were analyzed using two-way ANOVA. 

Results: The FTIR of phytosome was confirmed a complex formation of extract and phospholipon. The phytosome morphology was displayed 
irregular spherical vesicles. Phytosome with the ratio of phospholipon (1:0.5) was formulated into lotion because has a smaller particle size (289 
nm), and higher entrapment efficiency (99.76%±0.24) than others. Phytosome lotions displayed higher activity than 2% minoxidil (p = 0.0001). 
Phytosome lotion (30%) thus showed the highest efficacy for hair length, weight and diameter. 

Conclusion: Mangkokan leaf that extracted using 1-butyl-3-methylimidazolium tetrafluoroborate solvent combined with microwave-assisted 
extraction then formulated into phytosome lotion has higher activity than 2% minoxidil. Lotion that contains 30% mangkokan leaf phytosome was 
showed the highest efficacy.  
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INTRODUCTION 

Hair loss is a common complaint in clinical dermatology that occurs 
in adults [1]. Hair loss occurs worldwide both in men and women, 
and its prevalence increases with age [2, 3]. In the United States, 
more than 21 million women experience Female Pattern Hair Loss 
(FPHL) [3]. Another study states that there are 1390 men aged 40-
69 y was found that the prevalence of full baldness increased with 
age from 31% (age 40-55 y) to 53% (age 65-69 y) [2]. 

Minoxidil is commonly used for hair loss treatment. Topical minoxidil 
treatment is considered safe but has some side effects. The most 
common side effects are irritant contact dermatitis, which has 
symptoms of itching and thicken the skin. [4). Cases are reported that 
using topical minoxidil in patients with coronary artery disease may 
carry a risk for significant systemic cardiovascular symptoms [5, 6]. 

Herbal therapy has increased in popularity in the last two decades 
among patients looking for alternatives to conventional medicine. In 
Indonesia, Mangkokan (Nothopanax scutellarium Merr.) leaf is 
empirically known to treat hair loss. Leaf extract has known to have 
hair growth promoter activity in published work, but its mechanism 
is still unclear. Currently, flavonoids are thought to be active 
constituents [7-9]. Flavonoid was also known for antioxidant, anti-
microbial, and anti-inflammatory [10-12]. Based on a previous 
study, mangkokan leaf was extracted by ionic liquid microwave-
assisted extraction method using 1-butyl-3-methylimidazolium 
tetrafluoroborate ([BMIM]BF4) contains quercetin (26.13 mg/g) 
[13]. This method has great advantages for extracting plants with 
high extraction levels and short extraction times [14-17]. 

Some hydrophilic flavonoids have poor absorption because of their 
affinity for the water phase. Poor lipid solubility limits permeability 
through lipid-rich biological membranes. Besides, flavonoids are 
large molecules with several phenolic rings that also limit 

absorption via simple diffusion [18-20]. Water-soluble flavonoids 
can be converted into nanoscale molecular complexes, called 
phytosomes that are compatible with lipids [21]. The bioavailability 
of flavonoids can be increased using this nanoparticle technology. 
Nanoparticles crossed the membrane barriers efficiently [22].  

The use of phytosomes is very beneficial in herbal medicine. These 
are including drug delivery at the target site of drug action, 
minimizing toxic effects, drug distribution can be controlled by 
inserting the drug in the carrier system or changing the structure of 
the drug at the molecular level. Furthermore, it is also increasing the 
bioavailability of drugs [23, 24]. 

Flavonoids of herbal extracts lend themselves quite well for the direct 
binding to phosphatidylcholine [25]. Previous studies have developed 
a flavonoid such as quercetin phospholipid phagosomal complex. The 
result was shown that the formulation has better therapeutic efficacy 
than the molecule in rat liver injury induced by carbon tetrachloride. 
The phytosomes of curcumin (flavonoid from turmeric, Curcuma 
longa) and naringenin (flavonoid from grapefruit, Vitis vinifera) were 
developed in two different studies. Antioxidant activity of the 
quercetin phospholipid phytosomal complex was significantly higher 
than pure curcumin in all dose levels tested [26-28]. Quercetin 
phytosome was produced commercially, Meriva®(500 mg) 60VC. This 
research is never been conducted before which the extract was 
obtained by an environmentally friendly extraction method to comply 
with the industry challenges to be more ecological, economical, and 
innovative. Furthermore, the extract was formulated into phytosome 
lotion that was known for a successful method to increase its efficacy. 

MATERIALS AND METHODS 

Materials 

The material used in this study were mangkokan leaf with specimen 
number K000792863 from Badan Penelitian Tanaman Rempah dan 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  AApppplliieedd  PPhhaarrmmaacceeuuttiiccss  

ISSN- 0975-7058                                Vol 13, Issue 6, 2021 

mailto:munim@farmasi.ui.ac.id�
https://creativecommons.org/licenses/by/4.0/�
https://innovareacademics.in/journals/index.php/ijap�


I. A. Rahmi et al. 
Int J App Pharm, Vol 13, Issue 6, 2021, 178-185 

179 

Obat (BALITRO, Bogor, Indonesia), [BMIM] BF4 (Shanghai Cheng Jie 
Chemical Co. LTD, Shanghai, China), sodium chloride (Merck, Darmstadt, 
Germany), ethyl acetate (Bratachem, Jakarta, Indonesia), aqua pro 
injection (PT. Ikapharmindo Putramas, Jakarta, Indonesia), 
phospholipon 90 G (Sigma, New York, USA) dichloromethane (Merck, 
Darmstadt, Germany). Dimethicone, olive oil, petrolatum, cetyl alcohol, 
stearic acid, butylated hydroxyl toluene, triethanolamine, glycerin, and 
minoxidil were from CV. Cipta Anugrah Bakti Mandiri, Banyuwangi, 
Indonesia. Methylparaben, and propylparaben were from PT. Brataco 
Chemical, Cirebon, Indonesia. 

The equipment used in this study included a modena Microwave 900 
Watt (Buono-MV3002), HPLC (Shimadzu, Kyoto, Japan), C18 
bonded-silica gel column (5 µm, 150 × 4.6 mm, GL Sciences, Tokyo, 
Japan), microwave (Modena MV-320, Jakarta, Indonesia), glass 
beads (Merck, Darmstadt, Germany), UV-Vis spectrophotometer 
(Shimadzu, Kyoto, Japan), viscometer Brookfield (Ametek, New 
York, USA), pH meter (Eutech, Delhi, India), ultrasonicator (Branson, 
Danbury, USA), rotary vacuum evaporator (Buchi, Flawil, Swiss), 
Transmission Electron Microscope (JOEL, Peabody, USA), FTIR 
spectrophotometer (Shimadzu, Kyoto, Japan). 

Methods 

Mangkokan leaf extraction 

The dried mangkokan leaves were placed in a boiling flask and 
mixed with [BMIM]BF4 followed by MAE. Operating conditions were 

a running time of 10 min, IL concentration of 1.5 mol, 10 ml/g ratios, 
and power of 10 W. The extracts were filtered using filter paper. 

Separation of ionic liquid 

The extract was separated from the ionic liquid by reverse liquid-
liquid extraction. The extract was added to ethyl acetate (1:1) in a 
separatory funnel. The mixture was shaken until two phases formed. 
The top phase, ethyl acetate, contained the flavonoids, and the 
bottom phase the ionic liquid. The ionic liquid was re-extracted 
twice more with ethyl acetate. Ethyl acetate extracts were combined 
and evaporated to dryness in a water bath. 

Phytosome formulation containing mangkokan leaf extract 

The phytosome complex was formulated by mixing 
phospholipon, and mangkokan leaf extract in three ratios (table 
1). Mangkokan leaf extract and phospholipon were dissolved in 
dichloromethane in a 50 ml round bottom flask and sonicated at 
40 °C for 30 min. The mixture was refluxed for 2 h at 40 °C using 
a rotary vacuum evaporator equipped with a vacuum pump to 
obtain thin film formation of the leaf extract and phospholipon 
leaf complex. The speed of the rotary evaporator was gradually 
increased from 25 to 150 rpm. Nitrogen gas was introduced over 
the thin layer, and the layer was stored in the refrigerator for up 
to 24 h. After storage, the thin layer was hydrated in phosphate 
buffer at pH 5.5 at 40 °C. The phytosome suspension formed and 
was sonicated. 

 

Table 1: Phytosome formulation containing mangkokan leaf extract 

Composition Ratio 
F1 (1:0.5) F2 (1:1) F3 (1:2) 

Mangkokan leaf extract (g) 1 1 1 
Phospholipon 90 G (g) 0.5 1 2 

 

Phytosome evaluation 

Phytosome morphology 

Phytosome vesicles were observed using TEM. Samples were 
dropped on carbon-coated copper grids, dried at room temperature, 
and stained with phosphotungstic acid. Grids were left for 30 min 
before viewing. Results were documented as previously described 
[29]. 

Distribution of particle size, zeta potential and polydispersity 
index (PDI) 

Particle size and zeta potential were analyzed using a Malvern 
Zetasizer Nano Z computerized system at a scattering angle of 90° at 
25 °C. Before measurement, flavonosomes were diluted with 
phosphate buffer, and each sample was measured three times [30, 31]. 

FTIR analysis  

FTIR spectra were obtained using an FTIR spectrometer. Samples 
were mixed with KBr dry crystals in a ratio of 1: 100. IR spectra of 
phospholipon 90 G, pure mangkokan leaf extract, and phytosomes 
were analyzed. 

Phytosome entrapment efficiency 

Entrapment efficiency used an indirect method as previously 
described [31]. The solution of phytosome was analyzed using HPLC 
under condition was performed in the isocratic mode using a C18 
bonded-silica gel column (5 µm, 150 × 4.6 mm), and an LC-20AT 
HPLC system equipped with a UV-Vis detector (SPD-20A). The 
mobile phase was methanol: aqua pro injection: glacial acetic acid 
(65:34:1). The UV detector wavelength was 370 nm. The flow rate 
was 1 ml/min, the run time was 10 min, and the injection volume 
was 20 µl to determine the total content of quercetin, and 
unentrapped quercetin. The total of quercetin solution was prepared 
by adding 1 ml of phytosome suspension with 1 ml of methanol. The 
mixture was homogenized using vortex for 30 sec, then sonicated for 

10 min. The unentrapped quercetin was prepared by adding 1 ml of 
phytosome suspension with 1 ml of methanol. The mixture was 
homogenized using vortex for 30 sec, then centrifuged at 3000 rpm 
for 60 min. The supernatant was collected. The entrapment 
efficiency (EE) was then calculated as:  

EE = total quercetin −unentrapped quercetin 
total quercetin

 x 100 % …. (Eq. 1) 

Hair growth promoter lotion formulation 

The phytosome lotion formulation was a type o/w preparation with 
HLB 10. Formulas were divided into lotion base, non-phytosome 
lotion, and phytosome lotions with three different phytosome 
concentrations (table 2). The oil phase, including olive oil, 
dimethicone, petrolatum, stearic acid, cetyl alcohol, propylparaben, 
was prepared by melting the waxes at 70 °C and mixing the 
ingredients uniformly. Then, butylated hydroxyl toluene was added. 
The aqueous phase, including triethanolamine, methylparaben, 
glycerin dissolved in distilled water, was prepared by dissolving the 
water-soluble ingredients. The water phase was heated to 70 °C 
until all ingredients were dissolved. When the water and oil phase 
was at the same temperature, the oil phase was slowly added to the 
water phase using a homogenizer. The phytosome complex was 
added gradually when the emulsion had formed. Furthermore, the 
mixture was stirred for 15 min using a speed of 18,000 rpm until the 
formulation became uniform homogenization. 

Physical evaluation of hair growth promoter lotion preparation 
of mangkokan leaf extract 

The prepared formulations were evaluated for pH, organoleptic 
properties (color, texture, odor), viscosity, and centrifugation. pH 
measurement used a pH meter. Organoleptic characteristics were 
evaluated through visual observation. The viscosity measurements 
were performed using a Brookfield viscometer and number 4 
spindle. The formulas were centrifuged at 25 °C at a speed of 3500 
rpm for 30 min. 
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Table 2: Hair growth promoter lotion formulation 

Composition Base (g) Non-phytosome formula (g) Formula 1 (g) Formula 2 (g) Formula 3 (g) 
Phytosome complex - - 20 25 30 
Mangkokan leaf extract - 20 - - - 
Dimethicone 3 3 3 3 3 
Olive oil 1.5 1.5 1.5 1.5 1.5 
Petrolatum 1 1 1 1 1 
Cetyl alcohol 2 2 2 2 2 
Stearate acid 3 3 3 3 3 
Butylated hydroxyl toluene 0.02 0.02 0.02 0.02 0.02 
Triethanolamine 1.2 1.2 1.2 1.2 1.2 
Glycerin 2 2 2 2 2 
Methylparaben 0.2 0.2 0.2 0.2 0.2 
Prophylparaben 0.1 0.1 0.1 0.1 0.1 
Distilled water ad until 100 100 100 100 100 

 

Hair growth activity test 

This study used healthy, adult, male New Zealand rabbits, 4–5 mo old, 
and weighing 1.5 kg–2 kg from the Faculty of Veterinary, Bogor 
Agriculture Institute Laboratory Animal Center (UPHL, IPB University, 
Indonesia). The number of tested animals was four rabbits which were 
determined by Federer’s formula. During acclimatization and 
treatment, the animals were individually caged in a room with a 
natural light cycle and a temperature range of 25 °C–30 °C. Animals 
had access to food and water ad libitum [31]. All methods for 
sacrificing animals were approved by the Ethics Committee from Cipto 
Mangunkusumo Hospital, Faculty of Medicine, Universitas Indonesia.  

The rabbits’ back was divided into six areas, each of which measured 
2 cm x 2 cm [31]. The rabbits’ fur was shaved short using a shaver. 
These areas are then marked as illustrated below:  
 

 

Fig. 1: Study treatment [31] 

 

L1 is a basic lotion formula area test which is as normal control, L2 is 
2% minoxidil as the positive control, L3 is non-phytosome lotion 

formula as the negative control, R1 is test control of phytosome 
formula 1, R2 is test control of phytosome formula 2, R3 is test 
control of phytosome formula 3. 

After shaving, backs were smeared with depilatory cream for 5 min. 
The cream was then rinsed off with water. Ethanol (70%) was 
applied to the test areas as an antiseptic. The rabbits were left for 24 
h before use. Each back area was administered a different treatment. 
Each treatment preparation (0.5 mg) was applied twice a day. The 
first day of treatment was considered day 0 [8]. The treatment was 
continued and monitored for four weeks. Observations of hair 
growth were recorded at weekly intervals. The three longest strands 
of rabbit fur were pulled out in each of the test areas and measured 
using calipers. Further, at week four, the weight of the rabbit was 
determined by pulling out and weighing the fur in each test area. Fur 
diameter was observed at week three using the SEM [9].  

Statistical analysis 

The statistical analysis used Graphpad Prism 8.30 software. Data 
were analyzed using the Shapiro-Wilk normality test and two-way 
ANOVA to determine statistical significance (p<0.05) of the 
differences in means among experimental and control groups. 

RESULTS 

Phythosome formulation 

Particle size, zeta potential, and polydispersity index (PDI) 

Three phytosome formulas were obtained from different particle 
sizes. Phytosomes with a combination of mangkokan leaf extract and 
phospholipon in a ratio of 1: 0.5 show size of 289 nm. A 1:1 ratio 
shows 470 nm, and a 1:2 ratio shows 545 nm. The results show 
p<0,0001. The phytosome formula with a 1:0.5 ratio shows the best 
homogeneity. The particle size, zeta potential, and polydispersity 
index results are listed in table 3. 

 

Table 3: Particle size of phytosomes 

Formula Particle size (nm)±SD (n=3) Zeta potential (mV)±SD (n=3) PDI±SD (n=3) 
Phytosome (1:0.5) 289±1.41 -9.10±1.56 0.32±0.03 
Phytosome (1:1) 470±3.98 -8.23±0.55 0.60±0.05 
Phytosome (1:2) 545±2.89 -12.3±0.08 0.47±0.07 

 

Note: Note: This test was conducted with three replication. The 
result shows the means and standard deviation of particle size, zeta 
potential, and polydispersity index (PDI). The particle size of 
phytosome (1:0.5) was 289±1.41, phytosome (1:1) was 470±3.98, 
and phytosome (1:2) was 545±2.89. The zeta potential of phytosome 
(1:0.5) was-9.10±1.56, phytosome (1:1) was 470±3.98, and 
phytosome (1:2) was 545±2.89. The polydispersity index of 
phytosome (1:0.5) was 0.32±0.03, phytosome (1:1) was 0.60±0.05, 
and phytosome (1:2) was 0.47±0.07. 

Entrapment efficiency 

The entrapment efficiency for the three formula ratios were: 1:0.5, 
99.76%±0.24, 1:1, 96.96%±0.02, and 1:2, 96.40%±0.45. The data 
obtained were processed for normality. The data is normally distributed 
with significant data p = 0.19 (p>0.05). Then, it analyzed by one-way 
ANOVA. The results show p<0,0001. Phytosomes with a ratio of 
mangkokan leaf extract to phospholipon of 1:0.5 showed the highest 
entrapment. Increasing phospholipon concentration decreased 
entrapment efficiency. 

 



I. A. Rahmi et al. 
Int J App Pharm, Vol 13, Issue 6, 2021, 178-185 

181 

 

Fig. 2: Particle size and zeta potential curve of phytosome (1:0.5) 

 

Phytosome morphology 

 

Fig. 3: Phytosome morphology using Transmission Electron 
Microscope (TEM) with a magnification of 30,000x for 

phytosome formula with 1:0.5 ratio (F1) 

 

Phytosome morphological analysis using Transmission Electron 
Microscope (TEM) displayed irregular spherical vesicles measuring 
200 nm (fig. 3) for phytosomes with the 1:0.5 ratio. 

Fourier transform infrared spectroscopy analysis 

The infrared spectroscopic analysis confirmed a complex formation 
by comparing complex spectra with single components and physical 
mixtures. In FTIR spectra, phospholipon was characterized by peaks 
at around 3500 cm-1(hydroxyl stretching), 2900 cm-1 (CH stretching 

in fatty acid residues), 1700 cm-1 (carbonyl stretching of fatty acid 
esters), 1200 cm-1 (P=O stretching), 1100 cm-1 (POC stretching), and 
970 cm-1 (N-(CH3) 3 stretching). Flavonoids had hydroxyl group 
spectra where O-H stretching appeared as a sharp peak in the range 
of 3800–3200 cm-1. In spectra of the three phytosomes, weak 
physical interactions occurred between hydroxyl or amines free of 
natural components and polar phospholipid groups during complex 
formation. 
 

 

Fig. 4: FTIR spectrum analysis. (Orange: phospholipon 90 G, 
Grey: mangkokan leaf extract, Red: phytosome (1:2), Green: 

phytosome (1:1), Blue (1:0,5) 
 

Physical evaluation of phytosome lotion of mangkokan leaf extract for hair growth 

Organoleptic characteristics and pH test 

Table 4: Organoleptic characteristics of phytosome lotion formulation 

Formula pH±SD (n = 3)  Color Odor Texture 
Phytosome Lotion Formula 1 7.59±0.03 Green Characteristic Soft, easy to absorb, not greasy 
Phytosome Lotion Formula 2 7.48±0.03 Green Characteristic Soft, easy to absorb, not greasy 
Phytosome Lotion Formula 3 7.11±0.13 Green Characteristic Soft, easy to absorb, not greasy 

 

Note: This test was conducted with three replication. The result of 
the pH test in table 4. shows the means and standard deviations. 
Based on the observation result, the pH value of phytosome lotion 
formula 1 was 7. 59±0.03, phytosome lotion formula 2 was 
7.48±0.03, and phytosome lotion formula 3 was 7.11±0.13. All 
lotions have a green color, mangkokan leaf characteristic odor, and 
soft, easy to absorb, not greasy textures. 

Organoleptic characteristics and pH are provided in table 4. pH 
ranged from 7.11 to 7.59. Phytosome lotion formulas show pH 
values compatible with the skin, and test animals did not display 
irritation.  

Viscosity test 

Table 5: Phytosome lotion viscosity 

Formula Viscosity (cps)±SD (n = 3) 
Phytosome Lotion Formula 1 1680±20 
Phytosome Lotion Formula 2 1880±40 
Phytosome Lotion Formula 3  2200±20 

 

Note: This test was conducted with three replication. The result 
shows the means and standard deviation of viscosity value. The 
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viscosity value of phytosome lotion formula 1 was 1680±20, 
phytosome lotion formula 2 was 1880±40, and phytosome lotion 
formula 3 was 2200±20. 

Viscosity increased along with phytosome concentration in the 
lotion formula (table 5).  

Centrifugation test 

When phytosome lotions were centrifuged at 3500 rpm for 30 min, 
no separation was observed, and lotions displayed good stability. 

Hair growth activity evaluation 

Hair length 

Rabbit’s hair length was observed weekly for four weeks. As many as 
three rabbit hairs were taken in each test area to calculate the 
average hair length. The rabbit hair lengths are listed in table 6. The 

data obtained were processed using two-way ANOVA. The results of 
the data analysis, it shows that the data is normally distributed with 
significant data p = 0.06 (p>0.05). 

From the test results, it is known that hair growth increases every 
week. Statistical data shows p-value<0.01 on minoxidil control, 
which means that there is a significant difference to phytosome 
lotion formula 3, while phytosome lotion formula 1 and phytosome 
lotion formula 2 have a significant difference with p-value<0.05. The 
hair growth in phytosome formula 3 was the highest compared to 
other formulas. 

Data were examined for normality with the Shapiro-Wilk test. The 
results show significance values of p<0.05, indicating that data are 
normally distributed. Data were processed using two-way ANOVA. A 
significant (p<0.0001) increase in hair length was observed each 
week. The highest hair growth rate was induced by phytosome 
lotion formula 3. 

 

Table 6: Average rabbit hair length 

Treatment The average rabbit hair length (cm)±SD (n = 3) 
Week-1 Week-2 Week-3  Week-4 

Normal control 0.22±0.05 0.43±0.03 0.52±0.02 0.59±0.03 
Positive control 0.39±0.05 0.60±0.03 0.84±0.02 1.10±0.12 
Negative control 0.33±0.02 0.61±0.03 0.85±0.02 1.10±0.12 
Phytosome formula 1 0.37±0.02 0.72±0.01 0.87±0.03 1.22±0.21 
Phytosome formula 2 0.42±0.01 0.76±0.02 0.92±0.03 1.44±0.17 
 Phytosome formula 3 0.40±0.04 0.80±0.01 0.97±0.04 1.72±0.19 

 

Note: Normal control is basic lotion formula, positive control is 2% 
minoxidil, the negative control is non-phytosome lotion formula, 
phytosome formula 1 is containing 20-gram phytosome complexes, 
phytosome formula 2 is containing 25-gram phytosome complexes, 
phytosome formula 3 is containing 30-gram phytosome complexes. 
Each treatment has conducted with three samplings. The result 
shows that hair growth increases every week. At the first week, the 
mean and standard deviation of normal control was 0.22±0.05, 
positive control was 0.39±0.05, a negative control was 0.33±0.02, 
phytosome formula 1 was 0.37±0.02, phytosome formula 2 was 
0.42±0.01, and phytosome formula 3 was 0.40±0.04. At the second 
week, the hair length of normal control was 0.43±0.03, positive 
control was 0.60±0.03, a negative control was 0.61±0.03, phytosome 
formula 1 was 0.72±0.01, phytosome formula 2 was 0.76±0.02, and 
phytosome formula 3 was 0.80±0.01. At the third week, the hair 
length of normal control was 0.52±0.03, positive control was 
0.84±0.02, a negative control was 0.85±0.02, phytosome formula 1 
was 0.87±0.03, phytosome formula 2 was 0.92±0.03, and phytosome 
formula 3 was 0.97±0.04. At the fourth week, the hair length of 
normal control was 0.59±0.03, positive control was 1.10±0.12, 
negative control was 1.10±0.12, phytosome formula 1 was 
1.22±0.21, phytosome formula 2 was 1.44±0.17, and phytosome 
formula 3 was 1.72±0.19. 

Hair weight 

Hair weight was measured at the fourth week for 1x1 cm test area 
(table 7). 
 

Table 7: Rabbit hair weight at week 4 

Treatment Mean (mg)±SD (n = 3) 
Normal control 7.87±0.03 
Positive control 13.55±0.08 
Negative control 13.19±0.09 
Phytosome Lotion formula 1 14.39±0.10 
Phytosome Lotion formula 2 14.56±0.09 
Phytosome Lotion formula 3 14.78±0.05 
 

Note: Normal control is basic lotion formula, positive control is 2% 
minoxidil, a negative control is non-phytosome lotion formula, 
phytosome formula 1 is containing 20 gram phytosome complex, 
phytosome formula 2 is containing 25 gram phytosome complex, 

phytosome formula 3 is containing 30 gram phytosome complex. 
Each treatment was conducted with three replication. The result 
shows that the mean and standard deviation of normal control was 
7.87±0.03, positive control was 13.55±0.08, a negative control was 
13.19±0.09, phytosome formula 1 was 14.39±0.10, phytosome 
formula 2 was 14.56±0.09, and phytosome formula 3 was 
14.78±0.05. 

Data for rabbit hair weight were normally distributed with p = 0.512 
(p>0.05), and with p = 0.0001 for the inter-group test. The test 
shows a significant result of increased hair weight. This increased 
hair weight was higher for minoxidil than phytosome lotions. 
Phytosome lotion formula 3 shows greater weight than formulas 1 
and 2. The latter formulas were equally effective. 

Hair diameter 

Hair diameter was measured at week three using a scanning 
electron microscope (SEM). Phytosome formula 3 induced the 
largest hair diameter compared to other formulas (table 8). 

 

Table 8: Hair diameter 

Treatment Mean (µm)±SD (n = 3) 
Normal control 13.238±1.76 
Positive control  16,556±1.86 
Negative control 15.368±2.16 
Phytosome formula 1 18.552±3.09 
Phytosome formula 2 23.951±1.74 
Phytosome formula 3 24.740±2.28 

 

Note: Normal control is basic lotion formula, positive control is 2% 
minoxidil, a negative control is non-phytosome lotion formula, 
phytosome formula 1 is containing 20-gram phytosome complexes, 
phytosome formula 2 is containing 25-gram phytosome complexes, 
phytosome formula 3 is containing 30-gram phytosome complexes. 
Each treatment was conducted with three replication. The result 
shows that the mean and standard deviation of normal control was 
13.238±1.76, positive control was 16,556±1.86, a negative control 
was 15.368±2.16, phytosome formula 1 was 18.552±3.09, 
phytosome formula 2 was 23.951±1.74, and phytosome formula 3 
was 24.740±2.28. 
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SEM was used to assess hair shafts, and visualize the extent of 
damage if any. Under SEM, hair shafts from formula-treated rabbits 

appeared smooth, and keratinized squamous epithelium was well 
arranged (fig. 5). 

 

 

Fig. 5: Scanning electron microscope of hair a) normal group b) negative control c) positive control d) phytosome formula 1 e) phytosome 
formula 2 f) phytosome formula 3 using a magnification of 5.000 x 

 

DISCUSSION 

Phytosomes are formulated to overcome poor lipid solubility caused 
by a glucose group on flavonoid molecules. These phytosomes were 
produced using thin layer hydration because this method is relatively 
easy to implement and is capable of producing relatively stable 
vesicles. Some factors may influence the production of phytosome 
vesicles, such as evaporation time, hydration time, hydration media, 
and temperature. The rotational speed of the flask influences the 
thickness and uniformity of the lipid film [32]. After the phytosome 
was formed, morphology, particle size, zeta potential, polydispersity 
index, FTIR spectrum, and entrapment efficiency were analyzed. 

Phytosome morphological, which was analyzed using TEM was 
presented with homogeneous, spherical, well nanoparticles. The 
particle size showed that greater phospholipid content produced 
larger particle sizes. The high concentration increases the viscosity 
of the solution and delays the drug diffusion within the polymer 
droplets. Another study showed that an increase in polymer 
concentration can increase particle size. It occurred since as polymer 
concentration increases it produces a significant increase in the 
viscosity in a fixed volume of solvent, thus leading to an increase of 
droplet size and finally a higher particle size [33-35]. 

The zeta potential reflects electrostatic potential, or the repulsive 
charge, between particles. The more positive or negative this 
potential, the greater the repulsion forces that tend to reduce 
particle aggregation. Nanoparticles with zeta potential above+30 mV 
and below-30 mV show good suspension stability because surface 
charge prevents aggregation. Zeta potential values for F1, F2, and F3 
indicate that the three formulas may be subject to aggregation.  

A PDI test result indicates a homogeneous sample because the PDI of 
the phytosomes is less than 0.5 to close to zero it means that the 
sample has low heterogeneity or homogeneous [36]. Phytosome 
formula 1 displayed the highest homogeneity. 

Spectra of the mixture of extract and phospholipon in phytosome 
form show band intensities were decreased. Entire peaks of both 
extract and phospholipon were shown at their physical mixture 
locations indicating no chemical interaction occurred in the physical 
mixture. 

The entrapment efficiency of the phytosomes was carried out to 
determine the total of quercetin entrap in the phytosome. The 
phytosome F1 formulation (1:0.5) showed the highest entrapment 
efficiency used for the lotion formula. The more lipid concentration 
the decreases the entrapment efficiency. The increase of lipids does 
not help in entrap more quercetin into the phytosome matrix. The 
higher the lipid content, make the lipid matrix forms crystals that 
reduce bond with quercetin. This causes quercetin to leave the 
matrix. The number of active substances outside the matrix will 
reduce entrapment efficiency [36]. 

The phytosome F1 formula (1:0.5) was chosen for the lotion 
formulation because it has a smaller particle size than other 
formulas and the highest entrapment efficiency. The phytosome 
lotion preparations were made into three different formulas of 
phytosome concentrations. The organoleptic test was carried out of 
three formulas, including color, aroma, and texture. The difference in 
levels of color and aroma is due to differences in the number of 
phytosomes contained in the lotion. The texture of the three 
formulas is comfortable to use because it is soft, absorbs easily, and 
is not greasy. 

The pH test was aimed to observe the possibility of a change in pH 
during storage which is related to the stability of the active 
substance, effectiveness, and skin condition. During hair growth 
activity evaluation, there is no rabbit that had an irritation. A 
centrifugation test was carried out to determine the stability of the 
lotion due to the influence of high speed. Three lotion formulas were 
centrifuged at 3500 rpm for 30 min. There was no separation of 
lotion formulas. Three lotion formulas are stable.  
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The viscosity of the lotion formula shows that the greater the 
phytosome concentration of the mangkokan leaf extract contained in 
the lotion, the greater the viscosity. Viscosity can affect 
comfortability during application. Too high viscosity will reduce 
comfortability because it will be difficult to flow out from the 
packaging. Too low viscosity will interfere with the application on 
the skin because it will be dripping from the skin. The formula with 
too high or too low viscosity is not comfortable to use [37].  

Previous studies were known that quercetin is the main active 
compound in the mangkokan leaf [7-9]. The result of this study 
showed increasing lipids content did not help entrap more quercetin 
into the phytosome matrix. As phospholipid content increased 
entrapment decreased. Instead, higher lipid content induced crystals 
in the lipid matrix that reduced bonding with quercetin. Reduced 
bonding allows quercetin to escape the matrix. The number of active 
substances outside the matrix also reduces entrapment efficiency [38]. 
Overall, tests of phytosome formulas indicate that formula 1 is the best 
candidate for a stable lotion that might promote hair growth. 

Hair growth was assessed using length, weight, and diameter 
measures of rabbit hair. Phytosome lotion induced greater growth 
than non-phytosome lotion, and phytosome lotion formula 3 had the 
best activity of all formulas including 2% minoxidil. The higher the 
phytosome content in the lotion, the greater the activity of hair 
growth. Another study showed phytosome formulation exhibited 
better therapeutic effectiveness [39]. 

The hair growth test was compared to 2% minoxidil because 
minoxidil was widely used as a hair growth promoter. Minoxidil has 
a mechanism of action as a vasodilator by the opening of potassium 
channels located on the smooth muscles of the peripheral artery, 
causing hyperpolarization of the cell membrane [40]. Minoxidil also 
stimulated prostaglandin E2 production by activating prostaglandin-
endoperoxide synthase-123 and expression of the prostaglandin E2 
receptor was enhanced by minoxidil. It may enable hair follicles to 
grow continuously and maintain the anagen phase [41, 42]. The hair 
growth test was also compared with the mangkokan leaf extract 
lotion formula to observe the effect of hair growth compared to the 
phytosome lotion formula. 

Rabbit hair length increased weekly. This hair growth is not due to 
the base lotion that showed no effect on hair growth. Phytosome 
formula 3 displayed the most rapid growth compared with 2% 
minoxidil and other formulas. Hair weight was measured with hair 
from a 1x1 cm patch in the test area. By four weeks, hair weight was 
sufficient to measure accurately. Phytosome formulas were roughly 
equivalent to minoxidil in inducing hair length, but minoxidil was 
superior in inducing hair mass. Formula 3 was the most effective 
among phytosome lotions. Phytosome formula 3 displayed the 
largest hair diameter. Healthy hair shafts were observed using SEM, 
showing smooth well-arranged cuticles. 

The search for natural ingredients that stimulate hair growth 
continues. Mangkokan leaf contains flavonoids, specifically 
quercetin. Quercetin reduces HSP70 levels in the skin of alopecia 
mice induced by heat [43]. The anti-inflammatory properties of 
quercetin suggest that alopecia aerate may respond to quercetin 
through inhibition of HSP70 induction. Quercetin, additionally, 
reduces the regulation of NF-κB, which can increase the expression 
of pro-inflammatory cytokines, such as TNF-α and IL-1 [44]. In 
addition, quercetin modulates the immune response by suppressing 
dendritic cells [45, 46]. Quercetin thus shows the potential to inhibit 
the breakdown of IP in Androgen Alopecia. 

CONCLUSION 

Mangkokan leaf was extracted by ionic liquid microwave-assisted 
extraction method using [BMIM]BF4. The extract was formulated 
into phytosomes with different ratios of phospholipon (1:0.5), (1:1), 
and (1:2) then analyzed for particle size, zeta potential, 
polydispersity index, morphological structure, FTIR spectrum and 
entrapment efficiency. Based on the analysis, the FTIR of phytosome 
confirmed that phytosome morphology forms a complex formation 
between extract and phospholipon. Among phytosome with the ratio 
of phospholipon (1:0.5), phytosome (1:1), and phytosome (1:2) were 

showed that phytosome (1:0.5) has the smallest particle size, and 
the highest entrapment efficiency (99.76%±0.24). The best 
phytosome formula (1:0.5) was chosen to formulate into a lotion 
with different phytosome contain 20 g, 25 g, and 30 g. Hair growth 
activity evaluation was conducted to basic lotion formula as normal 
control, 2% minoxidil as the positive control, mangkokan leaf extract 
as the negative control, and three different concentration of 
phytosome. Data were analyzed using two-way ANOVA. The result 
was showed lotion that contains 30 g of phytosome has the highest 
efficacy for hair growth stimulation. 
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