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INTRODUCTION

Modern people have increased their economic development 

and standard of living, their desire for external beauty has    

increased, and they have pursued not only aesthetic beauty   

but also internal beauty and health (Kim et al., 2018).

Person might express their individuality and beauty through  

various changes in hairstyle, such as dyeing and perming,    

but these processes can cause hair and scalp damage, and in  

the longer term may be associated with hair loss. Additional    

factors are constantly increasing the hair-loss population  

among modern people, including aging, genetic factors, 

industrial pollution, stress, overdose of ready-to-eat foods, 

mineral deficiency, and abuse of chemical products (Choi et  

al., 2021). 

Hair grows in hair follicles via a four-stage hair-growth 

cycle (anagen, catagen, telogen, exogen), and the hair of a 

given follicle exhibits an oscillation between growth and 

shedding (Park et al., 2016).

 Hair loss is a process wherein the hair on the head 

and body becomes thinner and decreases due to the shrinkage 

and reduction of hair follicles during the growth period. 
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Background: This study sought to evaluate the skin-protective effects of polysaccharide extracts 
derived from four natural materials (ginseng, green tea, shiitake, and aloe vera) to determine their 
potential as raw materials for the cosmetics industry. In a broad sense, we aimed to determine the 
effects of skin protection on preventing hair loss. 
Methods and Results: Polysaccharide extracts were prepared from ginseng, green tea, shiitake, 
and aloe vera. For each polysaccharide extract, the total sugar content was assessed, and antioxi-
dant activity was measured using superoxide dismutase-like activity assay. The efficacy of the 
extracts at enhancing cell proliferation and hydrogen peroxide-induced apoptosis were assessed in 
human follicle dermal papilla cells (HFDPC) and keratinocyte (HaCaT) cells. 
Conclusions: Each of the tested polysaccharides effectively protected dermal papilla cells and 
keratinocytes by promoting cell proliferation and/or suppressing apoptosis. The protective effect on 
hair-related keratinocytes and dermal papilla cells is expected to have a positive effect on the pre-
vention of hair loss. Therefore, we propose that ginseng, green tea, shiitake, and aloe vera polysac-
charide extracts each show promise to be developed as effective pharmaceutical and/or cosmetic 
ingredients for preventing hair loss. 
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Simply put, hair loss is a condition in which, due to various           

causes, there is no hair in an area where it should normally           

exist.

Hair loss is known to be controlled by factors such as          

inhibition or functional decline of human hair follicle dermal        

papilla cells, decreased blood flow to the scalp, and        

abnormality of the hair-growth cycle due to the action of         

androgens, psychological stress, and/or environmental pollution.     

Hair loss is divided into "natural hair loss", which occurs         

during the telogen phase of the hair-growth cycle, and        

"abnormal hair loss", which occurs during the caused by        

environmental factors, such as stress and illness (Lee et        

al., 2009; Moreno et al., 2017). 

Scalp and hair care products made from natural products        

may be less effective, but they offer the advantage of being          

safer than chemically synthesized single substances (Park      

et al., 2011). 

Polysaccharides show various physiological effects. For     

example, glycosaminoglycans (GAGs), a class of poly-      

saccharides, and their analogues exhibit diverse biological      

activities and can be used to modulate vascular cell prolife-         

ration (Chupa et al., 2000). A polysaccharide isolated from        

the traditional Chinese herb Bletilla striata (Thunb.) was       

reported to induce human umbilical vascular endothelial cell       

proliferation and vascular endothelial growth factor (VEFG)      

expression in vitro (Wang et al., 2006). In addition, Hottuynia         

cordata extract, a traditional Chinese medicinal plant widely       

used as an ingredient in complex formulations for the        

treatment of alopecia in Asia, has recently been reported        

as an important source of natural polysaccharides and       

flavonoids. Hottuynia cordata extract could support hair      

growth by stimulating proliferation of DPCs and elongating       

anagen stage (Kim et al., 2019).

Among the natural products, ginseng has been studied       

extensively for its anti-aging (Hwang et al., 2017) and        

whitening (Kim et al., 2015) effects. Moreover, herb       

extracts from cultured Korean wild ginseng have been shown        

to increase the density and thickness of hair by preventing         

hair loss and promoting hair growth (An et al., 2009).

Green tea has been reported to have beneficial effects        

on skin, such as photoprotection (Lim et al., 2014), antioxi-         

dation (Farooq et al., 2018), and whitening (Song et al.,         

2015).

Shiitake mushroom, which is named for its flower-like       

shape and the white tortoise shell-like pattern made by its         

cracked upper surface, has an antioxidant effect on skin    

(Cheung et al., 2003) as well as antibacterial activity    

(Kitzberger et al., 2007).

Aloe vera has been reported to enhance immunity (Im    

et al., 2016) and have moisturizing (Dal'Belo et al., 2006),    

antioxidant (Hu et al., 2003), and anti-inflammatory    

(Vijayalakshmi et al., 2012) effects.

As mentioned above, the skin-benefiting effects of ginseng,    

green tea, shiitake mushrooms and aloe vera extracts as    

natural materials have been continuously studied. However,    

the skin effects of these polysaccharides and complexes    

have been little studied and reported. In particular, much    

less is known about the scalp protection and hair loss.

For this reason, we elucidated the protective effects of    

four polysaccharide extracts on HFDPC and keratinocytes    

in the current study. 

Here, we generated polysaccharide extracts of ginseng,    

green tea, aloe vera, and shiitake. For each polysaccharide    

extract, we assessed the total sugar content, evaluated the    

ability to promote cell proliferation and protect against    

H2O2-induced apoptosis in HFDPC and HaCaT cells, and    

examined the antioxidant efficacy using a SOD-like activity    

analysis.

MATERIAL AND METHOD

1. Preparation of four kinds of polysaccharide extracts

Ginseng (Panax ginseng) roots cultivated Jeollanam-do    

Jangseong-gun, Korea, was crushed, mixed with 20 volumes    

of water, and extracted at 80℃ for 6 hours. The resulting    

extract was collected by centrifugation, filtered through    

filter paper (AF-31H, HM, Seoul, Korea), and then concentrated    

to 1/5 in a rotary vacuum concentrator (EYELA N-2100,    

Tokyo Rikakikai Co., Tokyo, Japan). Three volumes of ethanol    

was slowly added to the concentrate; when the resulting    

precipitate sank, the supernatant was discarded. This ethanol    

washing step was repeated two more times. The final    

polysaccharide precipitate was recovered with filter paper    

(HM, Seoul, Korea) and dried with a dryer.

The above process was also carried out for green tea    

and shiitake cultivated in Jeju to produce polysaccharide    

powder. To obtain aloe vera polysaccharide, 20 volumes of    

water was added to dried leaves of Jeju aloe vera and    

extraction was performed for 3 hours. Centrifugation was    

used to obtain the extract, activated carbon (DX-Ultra, Norit    
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Americas Inc., Marshall, TX, USA) was stirred in to        

deodorize and decolorize the extract, and the extract was        

filtered (HU-040, AF-31H, UH-005; HM, Seoul, Korea).

Aloe vera polysaccharide was precipitated by adding 3.2       

volumes of ethanol, after that immersion for 24 hours, the         

precipitated polysaccharides were obtained, dried in a dryer,       

and then pulverized to produce aloe vera polysaccharide       

powder. The four polysaccharide powders were dissolved      

in DMSO for the cell-based experiments.

2. Evaluation of total sugar content analysis

Total sugar content was measured using the phenol-       

sulfate method.

Briefly, 1 ㎖ of 5% phenol solution and 5 ㎖ of sulfuric           

acid were sequentially mixed with 1 ㎖ of sample extract,         

and the reaction was allowed to proceed at room temperature         

for 30 minutes.

Absorbance was measured at 485 ㎚ using a Microplate        

reader (Multiskan GO, Thermo Fisher Scientific, Waltham,      

MA, USA). As a control, 1 ㎖ of water was processed as           

described for the sample.

The total sugar content was calculated using a standard        

quantitative curve derived from a glucose standard (Sigma-       

Aldrich Co., St. Louis, MO, USA).

3. Cell culture and evaluation of cell viability

3.1. Cell culture

Human cells representing dermal keratinocytes (HaCaT     

cells), which are the main cells that form hair roots, and          

primary human follicle dermal papilla cells (HFDPC), which       

regulate the activity of hair root-forming cells, were used.

HaCaT cells were kindly provided by the Amorepacific       

Corporation R&D Center (Yongin, Korea) and grown in       

Dulbecco’s modified Eagle’s medium (DMEM; Welgene Inc.,      

Gyeongsan, Korea) containing 10% fetal bovine serum (FBS;       

Gibco, Grand Island, NY, USA) and 1% penicillin-streptomycin       

(Lonza, Basel, Switzerland), at 37℃ in an atmosphere       

containing 5% CO2. The cells were cultured in T75 cell         

culture flasks (SPL Life Science, Pocheon, Korea). The       

HFDPC was purchased from Promocell (Heidelberg,     

Germany) and cultured in Follicle Dermal Papilla Cell       

Growth Medium (C-26501, Promocell, Heidelberg, Germany)     

and Supplement Mix (C-39625, Promocell, Heidelberg,     

Germany) in a T75 cell culture flask (SPL Life Science,         

Pocheon, Korea) at 37℃ in an atmosphere containing 5%        

CO2. When cell density at least 80% in the flask, cell    

subculture was performed.

3.2. Cell viability (WST-1 assay)

Cell viability was determined using the WST-1 assay    

(EZ-Cytox, DoGenBio, Seoul, Korea) according to the manu-    

facturer’s instructions.

Briefly, cells were seeded in 96-well plates and cultured    

for 24 hours. Test samples were added at different concen-    

trations, the cells were incubated for 24 hours, 100 ㎕ of    

medium containing 10 ㎕ of WST (water-soluble tetrazolium    

salt) solution was added to each well, and the plates were    

incubated for 1 hour at 37℃.

The absorbance of each well at 450 nm was measured    

using a Microplate Reader (Multiskan GO, Thermo Fisher    

Scientific, MA, USA). Cell viability was calculated using    

the formula: 

4. Evaluation of anti-hair loss effect

4.1. Cell proliferation assay

HFDPC and HaCaT cells were dispensed to 96-well plates    

at 0.3 × 104 cells in 100 ㎕/well and cultured for 1 day.    

For the assay of HFDPC cell proliferation, the control    

group was treated with medium containing 20%   s upplement,    

and the positive control group was treated with medium    

containing 100% supplement.

For the assay of HaCaT cell proliferation, the control    

group was treated with medium containing 2% FBS and    

the positive control group was treated with medium containing    

10% FBS. For the treatment groups, each sample was applied    

in medium containing 20%   s upplement (HFDPC) or 2%    

FBS (HaCaT).

The cells were cultured for 72 hours, the supernatant    

was removed, and WST-1 reagent diluted to 10% was    

added to each well. After the plates were incubated at 37℃    

in 5% CO2 for 1 hour, absorbance was measured at 450    

nm using a microplate reader (Multiskan GO, Thermo    

Fisher Scientific Inc., Waltham, MA, USA).

4.2. Oxidative Stress induced cell death assay 

First, the concentration range of hydrogen peroxide (H2O2,    

a typical active oxygen) that induced oxidative stress-    

induced cell death was determined in preliminary tests.

Cell viability %( )
Treatment group absorbance

Control group absorbance
--------------------------------------------------------------------------- 100×=
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Next, we found that the concentrations of H2O2 inducing        

cell death were about 400 μM for HFDPC and 1,000 μM          

for HaCaT cells. In the main tests, cells (0.6 × 104 HFDPC/           

well or 1.0 × 104 HaCaT cells/well in 100 ㎕) were dispensed           

to 96-well plates and cultured for 1 day.

Next, we treated the indicated concentrations of poly-       

saccharide extracts for 1 day in H2O2-treated cells. After        

that the supernatant was removed, and WST-1 reagent was        

added to the medium at a final concentration of 10%. The          

cells were incubated for 1 hour at 37℃ in 5% CO2, and           

absorbance was measured at 450 ㎚ using a microplate        

reader.

5. Evaluation of anti-oxidant effect

5.1. Superoxide dismutase (SOD) like activity assay

The SOD-like activity of each sample was measured       

using an EZ-SOD assay kit (DogenBio, Seoul, Korea). 

Test samples were added at different concentrations (20 ㎕),        

and was mixed with the water-soluble tetrazolium salt       

(WST) working solution (200 ㎕) and reacted with the enzyme         

working solution at 37℃ for 20 minutes.

Absorbance was measured at 450 ㎚ using a microplate        

reader. The SOD-like activity of each test sample was        

normalized to the corresponding control value, as follows: 

     

A, absorbance of the experimental (extract-added).

B, absorbance of the extract-free control group.

Both A and B are the values excluding the absorbance         

of the control group.

6. Statistical analysis

All analytical values were obtained by repeating 3 times        

and expressed as mean and standard deviation (Means ±        

SD). Comparisons between samples were statistically processed      

based on Student's t-test via the Microsoft Office (Raymond,        

WA, USA) Excel T-TEST function and determined to be        

significant if the p value was less than 0.05.

RESULTS AND DISCUSSION

1. Measurement of total sugar content of four poly-        

saccharides

In this experiment, the total sugar content of each poly-         

saccharide extract from each sample was measured, and the    

results are shown in Table 1.

The sugar content of the shiitake polysaccharide extract is    

560.55 ㎎/g, which is the highest content. And is 504.34 ㎎/g    

and 275.74 ㎎/g, 144.81 ㎎/g. respectively, in the order of    

ginseng polysaccharide extract, green tea polysaccharide    

extract and aloe vera polysaccharide extract. 

2. Cytotoxicity assessment of HaCaT and HFDPC for    

four polysaccharides

Before assessing the cell protective effects of ginseng,    

green tea, shiitake, and aloe vera polysaccharide extracts    

in HFDPC and HaCaT cells, we used the WST reagent    

to identify the cytotoxic concentration for each polysaccharide    

extract (Fig. 1).

In HFDPC tested with 50 to 800 ㎍/㎖, survival of 90%    

or more was seen even at 800 ㎍/㎖ for ginseng, shiitake,    

and aloe vera polysaccharide extracts, indicating that these    

extracts were not toxic.

For the green tea polysaccharide extract, the survival    

rate of HFDPC was 70% at 800 ㎍/㎖, and no cytotoxicity    

was observed with concentrations of 400 ㎍/㎖ or less (Fig.    

1A).

In HaCaT cells tested with 50 to 800 ㎍/㎖ of each    

extract, those treated with aloe vera and green tea poly-    

saccharide extracts showed survival of 90% or more at con-    

centrations at or below 400 ㎍/㎖ and 200 ㎍/㎖, respec-    

tively. HaCaT cells treated with shiitake or ginseng poly-    

saccharide extracts exhibited survival of 90% or more even    

at 800 ㎍/㎖, indicating that there was no toxicity (Fig. 1B).

Based on these results, we used sub-toxic concentrations    

of each polysaccharide extract in HFDPC and HaCaT cells    

for our subsequent experiments.

3. Effect of four polysaccharides on cell proliferation    

in HFDPC cells

SOD like activity %( )– 1 A–( ) 100B×=

Table 1. Total sugar content analysis by phenol-sulfuric acid 
method for ginseng, shiitake, green tea, and aloe vera 
polysaccharides.

Samples Total sugar content (㎎/g) Total sugar content (%)

Ginseng 504.34 50.43

Green tea 275.74 27.57

Shiitake 560.55 56.06

Aloe vera 144.81 14.48
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Samples of ginseng, green tea, shiitake, and aloe vera        

polysaccharide extract were applied to HFDPC at sub-toxic       

concentrations, and cell viability was assessed at day 3 post-         

treatment.

Significant increases in cell proliferation were seen in    

HFDPC treated with ginseng (all tested concentrations),    

Fig. 1. Cell viability of HFDPC and HaCaT cells treated with various concentrations of the four polysaccharide extracts. (A) 
Viability of HFDPC after exposure to the indicated doses of the four polysaccharides. (B) Viability of HaCaT cells after exposure 
to the indicated doses of the four polysaccharides. *

p < 0.05, **
p < 0.01, ***

p < 0.001 compared to the control (CTL).
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aloe vera (at the lowest tested concentration), and green        

tea (at two of the lower tested concentrations) polysaccharide        

extracts (Fig. 2A, B and D). But shiitake was excluded         

because it was very lower significance and only one tested         

concentration significant result (Fig. 2C).

The level of cell proliferation enhancement ranged from       

10 to 50% depending on the type and concentration of         

the test sample, although some of the high concentration        

was not found to be cytotoxic after 24 h, it may have           

some cytotoxic effects under a longer culture time. These        

results indicate that the ginseng, green tea, and aloe vera         

polysaccharide extracts induce cell proliferation in a human       

follicle dermal papilla cells, indicating that they may have        

potential as materials for alleviating hair loss.

4. Effect of H2O2-induced apoptosis suppression in HFDPC       

cells of four polysaccharides

To assess the ability of each sample to suppress the         

H2O2 (oxidative stress)-induced cell death of HFDPC, we       

measured the viability of oxidatively stressed cells treated       

with sub-toxic doses of each extract. 

Our results revealed that shiitake, aloe vera, and green    

tea polysaccharide extracts significantly recovered the viability    

of H2O2-treated HFDPC by 5.3% - 21.9% depending on    

the extract and applied concentration (Fig. 3). These results    

indicate that green tea, shiitake and aloe vera polysaccharide    

extracts can suppress the apoptosis of H2O2-treated HFDPC,    

and thus may have the potential to be used as hair loss-    

alleviating materials

5. Effect of four polysaccharides on cell proliferation in    

HaCaT cells

To assess whether the polysaccharide extracts could    

potentially alleviate hair loss by acting on the keratinocytes    

that surround HFDPC, we examined their effects on HaCaT    

cells.

The cells were treated with various sub-toxic doses of    

each extract for 3 days, and cell viability was evaluated.    

Notably, the ginseng and shiitake polysaccharide extracts    

exhibited concentration-dependent cell proliferation-enhancing   

effects (Fig. 4A and C). For the green tea and aloe vera    

polysaccharide extracts, the lower tested doses yielded    

Fig. 2. Effects of the polysaccharides on HFDPC proliferation. (A - D) HFDPC were treated with the indicated concentrations of the 
four polysaccharides for 72 hours, and cell proliferation was estimated using a colorimetric WST-1 assay kit. The results are 
shown as the percentage compared to control group (Means ± SD). Full (positive control); 100% supplement (necessary 
nutrient basic condition of cell growth) *

p < 0.05, **
p < 0.01, ***

p < 0.001 compared to the control (CTL).
396
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enhancement of cell proliferation (Fig. 4B and D). The        

extracts enhanced cell proliferation by 10% - 35%, depending        

on the extract and concentration tested. However, in the        

case of green tea and aloe vera polysaccharide, although        

the high concentration was not found to be cytotoxic after 24          

hours, it has shown mild cytotoxic effects under a longer         

culture time (3 day).

These results indicate that all four polysaccharides could       

enhance the proliferation of HaCaT cells, and thus could        

potentially be useful as hair loss-alleviating materials.

6. Effect of H2O2-induced apoptosis suppression in HaCaT       

cells of four polysaccharides

To assess the ability of each polysaccharide extract to        

protect HaCaT cells against H2O2-induced apoptosis, we      

co-treated cells with H2O2 and sub-toxic doses of each extract         

and assessed cell viability after 24 hours. All four poly-         

saccharides showed significant apoptosis-suppressing effects    

(Fig. 5). This suppression ranged from 2 to 50% depen-         

ding on the extract and concentration.

These results indicate all four polysaccharide extracts can       

suppress the H2O2-induced apoptosis of HaCaT cells and    

thus could have the potential to act as hair loss-alleviating    

materials.

7. SOD-like activity antioxidant effect of four kinds of    

polysaccharide extracts

SOD catalyzes the conversion of highly reactive superoxide    

anions into relatively less reactive hydrogen peroxide with    

an antioxidant defense enzyme in vivo, and can suppress    

aging effects and various diseases induced by active oxygen    

in the body (Pryor, 1986; Greenstock, 1993). 

Natural SOD levels gradually decline with age, predisposing    

older individuals to oxidative stress-related disorders. In the    

context of skin, SOD reduces free radical damage; prevents    

wrinkles, fine wrinkles, and age spot; facilitates wound    

healing; and softens the skin. It is thus an important anti-    

aging ingredient and antioxidant in cosmetics and personal    

care products (Younus, 2018).

Here, we measured the SOD-like activity of the ginseng,    

green tea, shiitake and aloe vera polysaccharide extracts at    

various concentrations (Fig. 6). Three of the polysaccharides    

Fig. 3. The effects of the four polysaccharide extracts on the H2O2-induced apoptosis of HFDPC. (A - D) The HFDPC were treated 
with the indicated concentrations of the four polysaccharides and H2O2 (400 μM) for 24 hour, and the number of cells 
recovered from H2O2 damage were estimated using a colorimetric WST-1 assay kit. The results are shown as the percentage 
compared to control group (Means ± SD). CTL; untreated group. -: cells treated with H2O2 alone (stimulator). Positive control; 
Vit.C (Vitamin C). *

p < 0.05, **
p < 0.01, ***

p < 0.001 compared to cells treated with H2O2 alone. 
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Fig. 4. Effects of the four polysaccharide extracts on the proliferation of HaCaT cells. (A - D) HaCaT cells were treated with the 
indicated concentrations of the four polysaccharide extracts for 72 hours, and cell proliferation was estimated using a 
colorimetric WST-1 assay kit. The results are shown as the percentage compared to control group (Mean ± SD). (positive 
control); FBS 10%. *

p < 0.05, **
p < 0.01, ***

p < 0.001 compared to the control (CTL).

Fig. 5. The effects of the four polysaccharides on the apoptosis of H2O2-treated HaCaT cells. (A - D) HaCaT cells were co-treated 
with the indicated concentrations of the four polysaccharides and H2O2 (1,000 μM) for 24 h, and cell viability was estimated 
using a colorimetric WST-1 assay kit. The results are shown as a percentage (Means ± SD) compared to the control group, 
which was taken as 100%. Control group: untreated group. -; stimulator (H2O2). Positive control: Vit. C (Vitamin C). *p < 0.05, 
**

p < 0.01, ***
p < 0.001 compared to the stimulator (H2O2).
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(excluding ginseng) exhibited significant SOD-like activity:     

At concentrations of 2 ㎎/㎖, the polysaccharide extract of        

green tea had SOD-like activity of 95.26%, that of aloe         

vera had activity of 88.58%, and that of shiitake had activity          

of 52.48%.

Thus, the tested polysaccharide extracts could have      

SOD-like activity rates similar to that of SOD. These results         

indicate that three of the tested polysaccharides could be        

used as antioxidants in cosmetic materials.

The ultimate solution to hair loss treatment is to resolve         

the cause of hair loss. Numerous studies have been        

conducted to resolve hair loss by inhibiting the synthesis        

of the dihydrotestosterone (DHT) produced by 5-α reductase,       

which is a typical cause of hair loss.

Two commonly used drugs that suppress DHT synthesis       

are minoxidil and finasteride (Gupta et al., 2022; Chandra-        

shekar et al., 2015); they effectively treat hair loss by         

inhibiting 5-α reductase activity, but can be associated with        

side effects such as erythema and itching. Therefore,       

researchers are continuing to search for effective hair loss-        

ameliorating substances that are derived from natural products       

and therefore are likely to have few side effects (Jung et          

al., 2019). 

As modern people's interest in appearance is steadily       

increasing and hair loss is occurring not only in middle-         

aged and older generations but also in younger generations.

Here, we report evidence suggesting that polysaccharide      

extracts of ginseng, green tea, shiitake and aloe vera may         

have hair loss-relieving effects, although further investigation      

would be needed to define the component analysis and    

underlying mechanisms of anti-hair loss and the complex's    

hair loss effects.

Particularly, since these polysaccharide extracts contain    

other components besides the sugar component, it is thought    

that efficacy studies according to the components should    

be conducted in the future. 

Collectively, the current study suggest that ginseng, green    

tea, shiitake and aloe vera polysaccharide extracts could be    

potent materials for hair loss protection through the    

proliferation of dermal papilla cells and keratinocytes, and    

inhibition of oxidative stress-induced apoptosis. 

Additionally, these polysaccharides could be safe and    

effective ingredients for the development of anti-hair loss pro-    

ducts in the growing hair loss industry and product market.
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