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Abstract: To examine the possibility of using Musa sapien-

tum L. (Banana) leaf extract as a cosmetic raw material,

banana leaves grown in Jeju Island were extracted with 70%

ethanol. Polysaccharides present in banana leaf extract were

discarded by precipitation with cold ethanol. Polysaccharide-

discarded banana leaf extract promoted procollagen and

COL1A1 gene expression, but inhibited matrix metallopro-

teinase (MMP)-1 and MMP-2 gene expression in human skin

fibroblasts when examined by real-time reverse-transcription

polymerase chain reaction (RT-PCR) and enzyme-linked imm-

unosorbent assay (ELISA). The active compound in banana

leaves was identified by fractionation with various solvents.

The chloroform fraction showed the highest anti-wrinkle effi-

cacy and the active compound of chloroform fraction was

identified as corosolic acid by NMR, FT-IR, EA, and HPLC-

MS. In addition, banana leaf extract showed anti-oxidative

efficacy with an IC50 value of 67.91 ppm, as determined by

DPPH free radical scavenging assay. Finally, the anti-wrinkle

efficacy of banana leaf extract-containing cream was con-

firmed by clinical tests. Based on these results, banana leaves

could have an application as a cosmetic raw material with

anti-wrinkle efficacy.

Keywords: Musa sapientum L. leaves, Corosolic acid, Anti-

aging, Anti-wrinkle

1. INTRODUCTION

Aging is associated with changes resulting from decreased

physical and psychological function. Typically, the signs of skin

aging include xeroderma, changes in skin tone and elasticity,

vasodilation, and wrinkles. Wrinkles are caused by intrinsic

aging and photo-aging.

Wrinkles are influenced by age, external environment, and

UV irradiation. Typical age-related skin damage increases skin

stress and stratum corneum hypertrophy and decreases stratum

corneum moisture, elasticity, and flexibility. UV-induced skin

damage is characterized by skin inflammation, DNA damage,

pigmentation, and in severe cases, skin cancer [1,2]. The mech-

anism of photo-aging involves decreased collagen synthesis

and over-expression of matrix metalloproteinases (MMPs) ind-

uced by UV irradiation, which results in aging processes such

as wrinkle formation [3].

Collagen is the most abundant protein in the body, accounting

for approximately 25% of the entire body protein content. Bun-

dles of collagen molecules called “collagen fibers” have a dis-

tinctive triple helix structure that provides excellent strength

and elasticity. Collagen fibers are the major component of the

extracellular matrix (ECM), supporting most of the connective
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tissue in animals. Strong, mature type I collagen fibers are for-

med from triple-stranded, type I procollagen molecules by extra-

cellular enzymatic processes. Type I procollagen molecules con-

tain two pro-alpha-1 chains and one pro-alpha-2 chain that are

encoded by COL1A1 (collagen, type I, alpha 1) and COL1A2

(collagen, type I, alpha 2), respectively [4].

MMPs are enzymes that are directly responsible for the degra-

dation of ECM components such as collagen, gelatin, and ela-

stin. MMP-1, an interstitial collagenase, belongs to a subfamily

of MMPs that can specifically degrade the collagen triple helix.

MMP-2 is a gelatinase that degrades denatured collagen, gela-

tin, and elastin. UV irradiation induces the degradation of colla-

gen by increasing the production of MMPs in the skin. There-

fore, the regulation of MMP activity may protect the skin from

damage caused by UV irradiation.

Oxidative stress induced by free radicals is also associated

with skin aging. Free radicals are defined as molecules contai-

ning one or more unpaired electrons that are capable of inde-

pendent existence. These unstable states make them highly re-

active, thereby increasing their generation via initiation of chain

reactions. Finally, they can alter protein function, induce gene

damage, and promote disease progression and aging [5]. Free

radicals affect the skin in a number of ways. They alter lipids

in cellular membranes, gradually affecting the cell structure,

and control the passage of other molecules. Further, they gene-

tically modify cells resulting in disease or make the skin more

susceptible to premature aging. Free radicals also lead to cross-

linkage of collagen fibers in the dermal component of the skin.

This results in the formation of wrinkles and sagging accompa-

nied by loss of skin tone.

Musa sapientum L. (Banana) is mainly grown in tropical and

subtropical countries and is widely used for its nutritional value

worldwide. The fruit of the plant is used to treat many diseases

in humans such as diarrhea, intestinal lesions caused by ulcera-

tive colitis, diabetes, uremia, and hypertension. Since only the

fruit is used for medicinal purpose, the other parts of the plant

are discarded.

In this study, the anti-aging effects of banana leaf extract

were assessed by evaluating its anti-oxidative and anti-wrinkle

activity in vitro. Additionally, the anti-wrinkle efficacy and

safety were assessed in vivo on human skin.

2. MATERIALS AND METHODS

2.1. Banana leaves

Banana leaves were purchased from a certified eco-friendly

banana farm in Jeju Island, Korea. The banana leaves were

washed with tap water, dried, and stored protected from

moisture until further use.

2.2. Preparation of banana leaf extract

Dried banana leaves were extracted with water at 80oC or 70%

aqueous ethanol at 50~60oC for 4 hours. The extracts were

concentrated to 1/10-fold using a vacuum evaporator and

addition of 10 folds of cold ethanol removed polysaccharide

from the extract. Polysaccharide-discarded banana extract was

concentrated using a vacuum evaporator and then lyophilized.

The powdered extracts were dissolved in DMSO and diluted.

2.3. Cell culture

Human fibroblast cells, Hs68 were purchased from ATCC (Ame-

rican Type Culture Collection) and cultured in Dulbecco's mo-

dified eagle medium (DMEM) with 10% fetal bovine serum

(FBS) and 100 U/ml penicillin/streptomycin at 37oC under 5%

CO2. FBS, penicillin/streptomycin, and trypsin-EDTA were

provided by Gibco (Massachusetts, USA).

2.4. Cell viability assay

Cell viability and the extent of proliferation were assessed by

conventional MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazolum bromide] assays. Briefly, cells (5×104 cells/well)

were incubated with test material for the indicated times and

further incubated with MTT solution (0.5 mg/mL) for an addi-

tional 3 hours at 37oC. The absorbance of the samples was mea-

sured at 490 nm using a microplate reader (Molecular Devices

Corp., CA, USA).

2.5. Enzyme-linked immunosorbent assay (ELISA)

To determine procollagen expression levels, Procollagen Type

C-peptide (PIP) EIA Kit (TaKaRa, Japan) was used in accord-

ance with the manufacturer’s instructions. Briefly, cells (1×105

cells/well) were incubated with test material for 24 hours and

harvest the supernatant. It is necessary to dilute the supernatant

about 5~10 fold. Transfer 100 mL of antibody-POD conjugate

solution into one well, and subsequently add 20 mL sample or

standard. Seal the microtiter plate and stand for 3 hours at 37oC.

After 3 hours, remove contents by suction and wash the wells 4

times with 400 mL of PBS. Between the separate washing steps

empty out the microtiter plate and vigorously tap onto paper

towel, especially after the last washing. Add the 100 mL of sub-

strate solution into each well and incubate at room temperature

(20~30oC) for 15 minutes, and subsequently add 100 mL of

stop solution into each well in same order as for substrate. The

absorbance of the samples was measured at 450 nm using a

microplate reader (Molecular Devices Corp., CA, USA).
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2.6. Real-time reverse-transcription polymerase chain

reaction (Real time RT-PCR)

Effects of banana leaf extract on the promotion of wrinkle-rela-

ted gene expression were investigated with RT-PCR. Total RNA

was isolated from Hs68 cells with TRIzol Reagent (Gibco, NY,

USA), in accordance with the manufacturer’s instructions. Total

RNA was stored at -70oC until use. Analysis of mRNA was

also performed using Real time RT-PCR with LightCycler® 96

(Roche, Mannheim, Germany). PCR was carried out using

SYBR Green PCR Master Mix (Applied Biosystems, Massa-

chusetts, USA) as described [6]. The results were expressed as

the ratio of target mRNA expression to GAPDH mRNA expre-

ssion. The primers (Bioneer, Daejeon, Korea) used for Real time

RT-PCR are listed in Table 1.

2.7. HPLC analysis

Chloroform fraction of banana leaf extract was subjected to a

RP-C18 column (250 mm × 4.6 mm; Kanto, Japan). The HPLC

system was used Waters 2424 alliance separation module (Wa-

ters, USA). The chloroform fraction was chromatographed on

a column eluted with 7:3 (v/v) of acetonitrile and 0.1% phos-

phoric acid at a flow rate of 1.0 mL/min and monitored at 203

nm.

2.8. NMR, IR, EA, and MS analysis

To determine the qualitative components and the relative pro-

portion of hydrogen or carbon in base materials, NMR (Nuc-

lear Magnetic Resonance) system were used (Ascend 500, Bru-

ker, Germany). The IR (Infrared Spectroscopy) system (Frontire,

PerkinElmer, USA) were used for checking the functional group

in base materials. The EA (Elemental Analysis) system (FLASH

EA-2000, Thermo scientific, USA) were used for identifying

the presence or absence of various chemical elements; nitrogen,

carbon, hydrogen and sulphur in base materials. The MS (Mass

Spectrometer) analysis system (Clarus 600 T, PerkinElmer, USA)

were used for measuring molecular weight of base materials.

All of these systems were performed at common equipment

center of Dankook University.

2.9. DPPH free radical scavenging activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scaven-

ging activities were evaluated using the method of Blois (1958),

with minor modifications. DPPH solution (0.1 mM in ethanol)

was added to the same volume of sample solution, allowed to

react for 10 min at room temperature, and the optical density

was then measured at 565 nm using a microplate reader (Mole-

cular Devices Corp).

2.10. In vivo clinical test

In vivo clinical testing was conducted with 23 healthy female

volunteers aged between 30 to 65 years. Volunteers used either

0.04% adenosine-containing cream (positive control) or banana

extract cream-containing 0.75% corosolic acid. (Briefly, to

make the 0.75% corosolic acid containing cream, we made the

extract included high-content of corosolic acid by using purifi-

cation process, and then we made liposome included 25% cor-

osolic acid using the purified extract. Finally, we added 3% of

liposome into the cream formulation; the final concentration of

corosolic acid in cream is 0.75%). This was applied around

their eyes (crow’s feet) twice a day for 8 weeks. After the 8th

week, their crow’s feet areas were measured with PRIMOS

Lite (field of view 18×13, FRMesstechnik GmbH, Germany)

and Robo Skin Analyzer CS50 (inforward, Inc., Japan) in ac-

cordance with manufacturers’ instructions. Dermatologists also

evaluated the wrinkles using a global photo damage score with

double blind test. The scores used are represented in following

Table 1.

2.11. Statistical analysis

Data were analyzed using paired t-test by using SPSS 17.0 for

windows (SPSS, Chicago IL, USA). Differences were consid-

ered significant at p<0.05.

3. RESULTS AND DISCUSSIONS

Extrinsic and intrinsic skin aging commonly increase wrinkl-

ing, sagging, and decreased elasticity [7]. Extrinsic aging is

generally related to photo-aging and is caused by repeated

exposure to UV light. UV irradiation induces the synthesis of

MMPs in fibroblasts. MMPs, a family of zinc-dependent endo-

proteinases, play a key role in remodeling ECM structures

during wound healing [8], dermal photo-aging [9], and several

pathologies such as tumorigenesis [10]. For example, MMP-1

initiates the cleavage of fibrillar collagen (Type I and III in the

skin) at a single site within its central triple helix. Once cleaved

by MMP-1, collagen is further degraded by other MMPs owing

to their upregulated activities [11].

Table 1. The scores for level of wrinkle using In vivo clinical test

Level of wrinkle Score

None 0

None/mild 1

Mild 2

Mild/moderate 3

Moderate 4

Moderate/Severe 5

Severe 6

Very severe 7
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Fig. 1. Effect of Musa sapientum L. (Banana) leaves extracts on the production of wrinkle mediators. (a) Cell viability and levels of

procollagen were determined by ELISA in culture supernatants of Hs68 cells treated with banana leaves extracts for 24 h. (b-d) Effect of

Banana leaves extracts on the expression of wrinkle-mediated genes. Levels of mRNAs expression were determined by Real time RT-PCR.

(*WE, Water extract; EE, Ethanol extract; PR: polysaccharide-removed. Error bar indicate standard deviation.

Fig. 2. Effect of each banana leaves extracts on the wrinkle-formation related gene expression. After banana leaves were extracted with

70% ethanol, polysaccharides were removed as described in material and methods. Polysaccharide removed extract was fractionated with

various solvent. (a) Cell viability and levels of procollagen were determined by ELISA in culture supernatants of Hs68 cells treated with

these samples for 24 h. (b-d) Effect of these samples on the expression of wrinkle-mediated genes. Levels of mRNAs were determined by

Real time RT-PCR. Error bar indicate standard deviation.
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The expression of COL1A1, MMP-1, and MMP-2 genes and

procollagen involved in photo-aging and the subsequent form-

ation of wrinkles were examined by RT-PCR and ELISA in

human skin fibroblasts treated with banana leaf extract. As

shown in Fig. 1, banana leaf extract up-regulated procollagen

and COL1A1 expression and downregulated MMP-1 and

MMP-2 expression. Notably, the polysaccharide-removed 70%

ethanol extract showed the highest upregulating effect on pro-

collagen and COL1A1 expression, and the highest downregu-

lating effect on MMP-1 and MMP-2. Thus, polysaccharide-

removed banana leaf extract showed excellent antiwrinkle

efficacy.

Polysaccharides are commonly found in nature as plant-buil-

ding materials (cellulose). They also serve highly specialized

functions such as protective coating for bacteria and other

cells. However, an inherent dark color presents a challenge for

its use as a cosmetic ingredient. Therefore, it is necessary to

discard the polysaccharides in plant material in order to use it

in cosmetics. Additionally, skin absorption rate could be

increased by discarding this polysaccharide.

Polysaccharide-removed banana leaf extract prepared with

70% ethanol was fractionated with various solvents such as

hexane, chloroform, ethyl acetate, methanol, ethanol, and water,

and COL1A1, MMP-1, and MMP-2 gene expression of each

fraction was compared. The chloroform fraction showed the

highest upregulating effect on procollagen and COL1A1 and

Fig. 3. Analysis of chloroform fraction for polysaccharide-removed extract after 70% ethanol extraction using NMR system. (a) 1H-

NMR(pyridined5, 500 MHz)δ: 0.97(3H, d, J=6.5 Hz), 1.01(3H, d, J=6.5 Hz), 0.94, 1.03, 1.06, 1.20,1.25 (3H×5, s), 2.61(1H, d, J=11.0 Hz,
H-18), 3.38(1H, d, J=9.5 Hz, H-3β), 4.08 (1H, td, J=11.0, 4.5 Hz, H-2β), 5.46 (1H, t-like, J=3.5 Hz, H-12). (b) 13C-NMRδ: 48.1 (C-1), 68.7
(C-2), 83.9 (C-3), 40.1 (C-4), 55.8 (C-5), 18.9 (C-6), 33.7(C-7), 40.2(C-8), 47.8(C-9), 37.3 (C-10), 24.1(C-11), 128.19(C-12), 140.1(C-13),

42.4(C-14), 29.5(C-15), 26.3 (C-16), 48.3(C-17), 54.4 (C- 18), 72.4(C-19), 42.2 (C-20), 27.1(C-21), 38.5 (C-22), 29.6 (C-23), 22.2 (C-24),

16.8 (C-25), 17.5(C-26), 24.6 (C-27), 180.7(C-28), 27.3(C-29), 16.6 (C-30).
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the highest downregulating effect on MMP-1 and MMP-2 a

(Fig. 2).

To determine the active compound responsible for the anti-

wrinkle efficacy of the fraction, the chloroform fraction was

analyzed using HPLC, NMR, IR, EA, and MS. The 1H-NMR

spectra show cyclohexane peaks (0.97 ppm, 1.01 ppm, 0.94

ppm, 1.03 ppm, 1.06 ppm, 1.20 ppm, 1.25 ppm, 2.61 ppm) and

specific −OH peak (3.38 ppm). The13C-NMR spectra show C=O

peak (180.7 ppm) and C=C peak (128.19 ppm) (Fig. 3). Cyclo-

hexane, −OH, C=O, and C=C peaks were detected in DEPT-

NMR and two-dimensional NMR spectra (data not shown).

Data obtained from EA, IR, MS analyses reinforced that ob-

tained from NMR analysis. In IR analysis, −COOH, −OH, and

C=C peaks were detected confirming the presence of 30 car-

bons in the structure (Fig. 4). From the elemental analysis, the

expected molecular formula of active compound was found to

be C30H48O4 and the molecular weight was 472 (data not shown).

From the analyzed data, the active compound was verified as

corosolic acid after comparison with the structure in chemical

data library from SciFinder. HPLC confirmed the presence of

corosolic acid as well (data not shown).

The antioxidant efficacy of banana leaf extract was examined

Fig. 4. Analysis of chloroform fraction for polysaccharide-removed extract after 70% ethanol extraction using IR system.

Fig. 5. Effect of banana leaves extracts on the DPPH free radical scavenging. The BHT (100 ppm) was used as positive control for the DPPH

free radical scavenging.
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by DPPH free radical scavenging assay. As shown in Fig. 5, the

banana leaf extract upregulated DPPH free radical scavenging

in a dose-dependent manner. The extract showed antioxidation

efficacy with an IC50 of 67.91 ppm, which was comparable to

Table 2. Primers for genes investigated using RT-PCR analysis

Gene Primer sequences

COL1A1
F 3' AGC CAG CAG ATC GAG AAC AT 5'

R 3' TCT TGT CCT TGG GGT TCT TG 5'

MMP-1
F 3' GAT GTG GAG TGC CTG ATG TG 5'

R 3' TGC TTG ACC CTC AGA GAC CT 5'

MMP-2
F 3' GTG CTG AAG GAC ACA CAC TAA AGA AGA 5'

R 3' TTG CCA TCC TTC TCA AAG TTG TAG G 5'

GAPDH
F 3' AAC GAA TTT GGT CGA ACA GC 5'

R 3' TGA GGA GGG ATT CAG TG 5'

* F: Forward, R: Reverse.

Table 3. The change of ΔR5 value

A (Test sample) B (Positive control) ΔR5 (8 weeks-before)

Before 8 weeks Before 8 weeks A B

Means 15.46 13.87 14.36 13.15 -1.59 -1.21

Standard deviation 3.56 2.06 3.01 2.04 3.09 2.5

p-value (A for B) 0.499

*Positive control: 0.04% Adenosine containing cream.

*p<0.05, **p<0.01, ***p<0.001: p-value is measured by paired t-test.

Table 4. The change of Δscore

A (Test sample) B (Positive control) Δscore (8 weeks-before)

Before 8 weeks Before 8 weeks A B

Means 2.77 2.31 2.69 2.27 -0.46 -0.42

Standard deviation 1.03 0.84 1.16 1.04 0.65 0.58

p-value (A for B) 0.814

Fig. 6. Change of crow feet and the winkles that were applied with Banana leaves extract containing cream on volunteers for 8 weeks.
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that of the positive control; BHT (100 ppm).

Banana leaf extract containing-cream was applied on volun-

teers’ crow’s feet and the winkles were analyzed. Post cream

application for 8 weeks, the average R1, R2, R3, R4, and R5

were -10.32, -9.73, -4.86, -7.60, and -1.59, respectively (Table

2). The antiwrinkle efficacy of the extract was similar to that of

the positive control, cream-containing adenosine, a functional

wrinkle care ingredient in Korea. Dermatologic evaluation of

the difference in wrinkle level from initiation of clinical test

(score) to 8 weeks after applying the banana leaf extract-contai-

ning cream was -0.46 (Table 3). As shown in Fig. 6, crow’s feet

and winkles clearly decreased in volunteers who applied banana

leaf extract-containing cream for 8 weeks. It was clear from

these results that banana leaf extract has good potential for use

as a cosmetic raw material in aiding wrinkle care.

4. CONCLUSION

Many plant extracts have been examined for the presence of

potential antiaging ingredients. For example, green tea [12],

blackberry [13], Kaempferia pandurata [14], and Pothomorphe

umbellata [15] extracts have demonstrated inhibitory effects on

aging activities.

In this study, we have shown that banana leaf extract was not

only innocuous to human skin fibroblasts but also significantly

decreased the expression of both MMP-1 and MMP-2 and inc-

reased the expression of COL1A1. Besides the antiwrinkle ef-

fect, banana leaf extract also showed a dose-dependent scaven-

ging activity against DPPH free radicals. By using several ana-

lysis, we have concluded that the active ingredient of the extract

is corosolic acid. The antiwrinkle effect of corosolic acid has

been reported; corosolic acid, and consequently, the anti-wrinkle

effect of the banana leaf extract could be attributed to corosilic

acid. Furthermore, we confirmed the safety and antiwrinkle

effect on human skin through clinical testing.

Based on the results observed in this study, Musa sapientum

L. (Banana) leaves, which are the unused portion of banana,

could be utilized as an excellent antiaging ingredient.
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