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ABSTRACT
Papain and bromelain, the protease enzymes from papaya (Carica papaya) latex and

pineapple (Ananas comosus) fruits were extracted and purified by the simple precipitation
method, with the percentage yields of 16.76 and 0.97%w/w and the molecular weight of
23 and 25 kDa as same as their standards, respectively. The standard papain exhibited higher
free radical scavenging activity than the standard bromelain of 400 times. The extracted
papain gave lower free radical scavenging activity than the standard papain of 560 times.
Both the standard and extracted papain inhibited the lipid peroxidation similar to the
standard vitamin C and E, while both the standard and extracted bromelain did not show
this activity. All protease enzymes at 25 μg/ml did not only show any cytotoxicity by the
sulforhodamine B assay, but exhibited an interesting relative MMP-2 stimulation by
zymography on human skin fibroblasts. The extracted papain gave the highest MMP-2
stimulatory activity at 2.10±0.1 folds of the control which were higher than the standard
papain, the standard and extracted bromelain of 1.04, 1.31 and 1.24 times, respectively.
This study has suggested that the extracted papain from plant can be further developed
for the treatment of keloids and hypertrophic scars.
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1. INTRODUCTION
Proteases are the group of enzymes

that can break the long chain molecules of
proteins into shorter fragments (peptides)
and eventually into amino acids. Their
applications are used to degum silk goods,

manufacture liquid glue, prepare cosmetics
and detergents and use as growth promoters.
Also, they are widely used as meat tenderi-
zation and defibrinating agents. The major
source of proteases are microorganisms such
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as Bacillus subtilis megatherium [1] Pennicillium
chrysogenum [2] and Tannerella forsythia [3].
Another source of proteases is from plants
which governed by several factors such as
the availability of land for cultivation and
the suitability of climatic conditions for
growth. However, protease from plants
are lack of hypersensitivity which is
different from that of microorganisms. The
protease from plants which has been
supported by several researches are papain
from latex of the papaya fruit peels and
bromelain from the flesh of pineapple fruit.
These enzymes have been used in several
therapeutic properties including cleaning
wounds from necrotized tissue, accelerating
post-operation scar tissue resorption and
debriding small residual traces (hypertrophic
and keloid scars) after plastic operations,
preventing aggregation of human blood
platelets and proteolysis of collagen [4].
Thus, protease enzymes which have
antioxidative and collagenolytic activity are
widely used in dermatology for wound
treatment. Hyperproliferative diseases of
the skin such as keloids and hypertrophic
scars are from skin alteration due to
injuries. They are cutaneous abnormalities
that can be characterized by the excessive
accumulation of extracellular matrix (ECM)
protein, especially collagen. Moreover,
there is evidence that immunological and
biochemical changes are associated with
thermal injury, including pyridinoline
crosslinks which are present in large
quantities in hypertrophic scar. It has been
reported that free radicals are assosciated
with the formation of pyridinoline [5]. The
antioxidant would be beneficial for treating
scarring by free radical scavenging. Collagen
degradation will result in the flatten and
reducible size of the collagenous nodules.
The protease enzymes which are the family
of matrix metalloproteinase (MMPs) and

involved in extracellular matrix (ECM)
degradation have been shown to play the
key role in collagenolytic activity. The
hypertrophic scars and keloids are
associated with the reduction of MMPs.
The expression of MMPs was reduced in
psoriatic keratinocytes with hyperproliferative
keratinocytes [6]. Among MMPs, MMP-2
has been described to play an important
role in the final degradation of the fibrillar
collagens after the initial cleavage by
collagenase. Purification of papain from
papaya latex has traditionally been achieved
by the simple precipitation method which
is the cost- and time-saving extraction
process. The aim of this study was to
investigate and approve the biological
activities including antioxidant, cytotoxicity
on human skin fibroblast and gelatinolytic
activity on MMP-2 of the extracted papain
and bromelain by this method, but not to
modify the extraction methods of the
enzymes. The results from this study can be
used to evaluate these protease enzymes for
hypertrophic scar or keloid treatment.

2. MATERIALS AND METHODS
2.1 Materials

Papaya (Carica papaya) fruits and
pineapple (Ananas comosus) fruits were
harvested in Chiang Mai, Thailand.
The standard papain (catalog #P3375, 1.5-
3.5 U/mg, in the form of the crude latex
granules), bromelain, acrylamide (minimum
99%) and glycerol were purchased from
Sigma Chemicals Co., St Louis, MO, USA.
Ammonium sulfate and glycine from
BDH Limited Poole, England and
trifluoroacetic acid and sodium chloride
from Merck, Germany were used. Tris
(hydroxymethyl) methylamine was purchased
from Fisher Scientific UK Ltd., UK. N,
N’-methylenebisacrylamide and TEMED
(N,N,N’,N’-tetramethyl ethylenediamine)
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from Fluka, USA, sodium dodecyl sulfate
and coomassie brilliant blue R-250 from
Bio-Rad Laboratories, UK, and bromophenol
blue dye and ammonium persulfate from
Amersco Inc., USA were used. Ethanol,
methanol, acetone, gracial acetic acid and
acetronitrile were analytical grade solvents.

2.2 Preparation of the Crude Extracts
Containing Protease Enzymes

The crude extract containing papain,
papaya latex was obtained from the peel of
the unripe papaya fruits by making 1-2 mm
deep longitudinal incusions on the fruit
surfaces using a stainless steel knife. The
exuded latex was collected into a glass
container and stored at -20°C until use.

For the crude extract containing
bromelain, the stalk (central core) of the ripe
pineapple fruit was separated from the
fleshy fruits. The flesh of the fruit portion
was then cut into small pieces and crushed
with a blender. The juice was filtered
through a cloth to remove the fibrous
materials. The filtrate was centrifuged
(Hettich : Universal 32 R, UK) at 10,000 × g
for 10 min to remove insoluble materials.
The obtained clear supernatant was filtered
again through the Whatman filter paper
No.5 and stored at 4°C until use.

2.3 Partial Purification of the Protease
Enzymes by Precipitation

Papain was separated from the papaya
latex by precipitation with the solution
containing 95% ethanol (papaya latex/
ethanol=1:3 weight ratio), sodium chloride
(papaya latex/NaCl=3:1 weight ratio) and
saturated ammonium sulfate (papaya latex/
(NH4)2SO4=2.5:1 weight ratio) [7]. For
bromelain, it was seperated by the slow
addition of 95% ethanol, cooled (4°C)
acetone and the saturated ammonium
sulfate at the volume ratio of 1:1 with

constant stirring. The stirring was continued
for 30 min to allow the equilibration
between the dissolved and aggregated
protein. Then, the precipitated enzymes
were collected by centrifugation at 10,000×g
for 15 min. The resulting precipitate
was lyophilized to get the dry powder.
The percentage yields as well as the
physicochemical properties of the extracted
enzymes including solubility and chemical
stability comparing to the standard enzymes
were investigated. The solubility tests of
the protease extracts were performed
by a modified method of European
Pharmacopoeia. Seven kinds of solvents
were examined which were hot water
(80±2°C), cold water (25±2°C), ethanol,
methanol, propylene glycol, glycerol and
mineral oil. The word “soluble” indicated
the substance dissolved in the solvent
with clear solution but no cloudy and
precipitate. The chemical solutions
including strong acid (hydrochloric acid:
HCl), weak acid (acetic acid: CH3COOH),
strong base (sodium hydroxide: NaOH),
weak base (ammonium hydroxide: NH4OH),
reducing agent (ferric chloride: FeCl3),
oxidizing agent (hydrogen peroxide: H2O2)
and acid salt (sodium acetate: CH3COONa)
were added drop by drop until the color
change or precipitate was observed in the
enzyme solution. The enzymes were stored
at 4°C.

2.4 Qualitative and Quantitative
Analysis of the Protease Enzymes

High performance liquid chromatography
(HPLC) analysis. The qualitative and
quantitative analysis of the protease
enzymes were performed by HPLC (AS
1000, Thermo Finigan, USA) using the
reversed-phase column (Gemini-NX, 5μ
C18 110A, 4.6×250 mm, Phenomenax, USA).
The mobile phase for papain was acetonitrile/
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distilled water (7:3, v/v) containing 0.05%
trifluoroacetic acid, whereas that for
bromelain was acetonitrile/distilled water
(55:45 v/v) containing 0.1% trifluoroacetic
acid delivered at 1 ml/min. An amount of
20 μl of the injection volume of the enzyme
in distilled water (autosample, AS300,
Thermo Finnigan, USA) was eluted in the
column and monitored at 230 and 280 nm
UV-detector for papain and bromelain,
respectively. All samples were filtered through
the 0.45-μm membrane filter prior to
injection onto the HPLC column.

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) analysis.
Various concentrations of the protease
enzymes dissolved in electrophoresis loading-
buffer (60 mM Tris-HCl, pH 6.8, with 10%
glycerol and 2% SDS containing 25%
bromophenol blue solution) were loaded
on the gel consisting of the 15%w/v
separating gel and 4%w/v stacking gel. The
electrophoresis buffer was composed of 25
mM Tris base, 192 mM glycine and
0.1%SDS at pH 8.3. Electrophoresis was
performed in the Mini-PROTEAN® 3Cell
(Bio-Rad Laboratories, UK) at 80 mV
constant voltage until the bromophenol
dye front reached the bottom of the gel.
The gel was stained with coomassie blue
G-250 solution for 30 min and put in the
destaining solution overnight at room
temperature (27±2°C) to visualize the
peptide bands. Electrophoretic data were
documented by a gel documentation
system (Bio-Rad Laboratories,UK) and
analysed by Quantity 1-D analysis software.
The bands of the enzymes which appeared
in the gel were compared at the molecular
weight (MW) with the protein marker and
the standard enzymes. The area and intensity
of all bands were calculated and the
percentage purity of the enzymes was
determined from the standard enzyme

concentrations.

2.5 Biological Activities
2.5.1 Free radical scavenging assay

Free radical scavenging activities of the
extracted enzymes, the standard antioxidant
(vitamin C) and the standard enzymes were
determined by a modified DPPH assay.
Briefly, 50 μl of five serial concentrations
of the extracted enzymes or the standard
enzymes (0.001-10 mg/ml) dissolved in
distilled water and 50 μl of ethanol solution
of DPPH were put into each well of a
96-well microplate (Nalge Nunc International,
NY, USA). The reaction mixtures were
allowed to stand for 30 min at 27±2°C,
and the absorbance was measured at 515 nm
by a well reader (Bio-Rad, model 680
microplate reader, USA) against the blank
(95%v/v ethanol). Vitamin C (0.001-10 mg/
ml) was used as a positive control. The
experiments were done in triplicate. The
percentages of radical scavenging activity
were calculated as follows: scavenging (%) =
[(A-B)/A] ×100, where A was the absorbance
of the control and B was the absorbance of
the sample. The sample concentrations
providing 50% of scavenging (SC50) were
calculated from the graph plotted between
the percentages of scavenging and sample
concentrations.

2.5.2 Lipid peroxidation inhibition
activity

The antioxidant activity of the extracted
enzymes was assayed by the modified
Ferric-thiocyanate method. An amount of
50 μl of five serial concentrations of the
extracted enzymes and the standard protease
enzymes (0.01-100 mg/ml) dissolved in
distilled water was added to 50 μl of linoleic
acid in 50%v/v DMSO. The reaction was
initiated by the addition of 50 μl of NH4SCN
(5 mM) and 50 μl of FeCl2 (2 mM). The
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mixture was incubated at 37±2°C in a 96-
well microplate for 1 h. During the
oxidation of linoleic acid, peroxides are
formed leading to the oxidation of Fe2+ to
Fe3+. The latter ions forming a complex
with thiocyanate can be detected at 490 nm.
The solution without the sample was used
as a negative control. Vitamin C and E
(0.001-10 mg/ml) were used as positive
controls. All determinations were
performed in triplicate. The inhibition
percentages of lipid peroxidation of linoleic
acid were calculated by the following
equation: Inhibition of lipid peroxidation
(%) = [(A-B)/A] ×100, where A was the
absorbance of the control and B was the
absorbance of the sample. The sample
concentrations providing 50% inhibition
of lipid peroxidation (IPC50) were
calculated from the graph plotted between
the percentages of lipid peroxidation
inhibition and sample concentrations.

2.5.3 Normal human fibroblast
cytotoxicity by SRB assay
2.5.3.1 Cell cultures

The human skin fibroblast was obtained
from the Faculty of Dentistry, Chiang Mai
University, Chiang Mai, Thailand. The cells
were maintained as adherent cells in T75
culture flasks at 37°C in a humidified
incubator containing 5%CO2 (Shel Lab.
Model 2123TC, USA). The Dulbecco’s
modified Eagle’s medium (DMEM) which
was supplemented with 10% fetal bovine
serum, penicillin (100 U/ml) and streptomycin
(100 mg/ml). For subculturing, cells were
rinsed with phosphate buffer saline (pH 7.4)
and finally detached with 0.25% trypsin-
EDTA.

2.5.3.2 Cytotoxicity assay
Cells were seeded in 96-well plates at

an amount of 1×104 cells/well and allowed

to incubate overnight. Then, cells were
exposed to various concentrations of the
enzyme for 24 h. After incubation, the
adherent cells were fixed by adding 50 μl
of cold 50%w/v trichloroacetic acid and
incubated for further 1 h at 4°C. Then, the
cells were rinsed five times with distilled
water, air-dried and stained with 50 μl of
0.4% SRB in 1% glacial acetic acid for 30
min at room temperature (27±2 °C). The
unbound SRB was removed by washing
with 1% glacial acetic acid solution for four
times. After air-drying, 100 μl per well of
10 mM Tris base were added to dissolve
the bound dye. After mixing, the
absorbance was measured at 540 nm with a
microplate reader (Biorad, Milan, Italy).
The cells with no treatment were used as
the negative control. The assays were done
in three independent separate experiments.
Cell viability (%) was calculated using the
following equation

Cell viability (%) = (Absorbance treated/
Absorbance control) ×100

2.5.4 Gelatinolytic activity (zymography)
on MMP-2

The samples (25 μg/ml) which showed
no toxicity on human skin fibroblasts
(from section 2.5.3.2) were tested for
gelatinolytic activity of MMP-2 stimulation
in comparing to concanavalin A. The cells
were seeded in 6-well plates at an amount
of 5×105 cells/well. The monolayer of cells
was maintained in the culture medium
without FBS for 24 h, treated with the
samples and incubated for 72 h. The culture
supernatants were collected to assess the
gelanolytic activities of MMP-2 in the culture
media.

SDS-PAGE zymography using gelatin as
a substrate was performed according to the
method previously described with some
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modification [8]. Briefly, the cell culture
supernatant was suspended in the loading
buffer (0.125 M Tris (pH 6.8), 4% SDS and
0.04% bromophenol blue, without prior
denaturation) and run on the 10% SDS
polyacrylamide gel with the presence of
0.1%w/v gelatin. After electrophoresis, gels
were washed to remove SDS and incubated
for 20 min in the renaturing buffer (50 mM
Tris, 5 mM CaCl2, 0.02% NaN3, 2.5%
Triton X-100). The gels were then incubated
for 24 h at 37°C in the developing buffer
(50 mM Tris (pH 7.5), 5 mM CaCl2, 0.02%
NaN3 and 1% Triton X-100). Gels were
subsequently stained with 0.5% Coomassie
brilliant blue G-250 and de-stained in 30%
methanol and 10% v/v acetic acid at room
temperature (27±2 °C) to visualize the bands,
and the gelanolytic activity was detected as
a white band against a blue background.
Electrophoretic data was determined by
gel documentation system (Bio-Rad
Laboratories,UK) and analysed by the
Quantity 1-D analysis software. The area
multiplied by intensity (mm2) of the bands
on the gel was determined as the relative
MMP-2 content. The MMP-2 stimulation in
comparing to the control (the untreated
systems) was calculated by the following
equation:

Relative MMP-2 stimulation = MMP-2
contentsample / MMP-2 contentcontrol

The assays were done in three
independent experiments. The potency of
MMP-2 stimulation of the samples was
compared with concanavalin A.

2.6 Statistical Analysis
The results were presented as the mean

±SD of three independent experiments.
ANOVA was used for the analysis of the test
results (LSD test) at the significance level
of p-value <0.05.

3. RESULTS AND DISCUSSION
3.1 Characteristics of the Enzymes

Although the purification of the protease
enzyme by the traditional precipitation  gave
the purified enzyme with the contamination
of other proteases, it was the easy and low
cost method. In this study, the papain and
bromelain were extracted by the simple
precipitation with 95%ethanol and the
saturated ammonium sulfate which gave
the percentage yield of 16.76 and 0.97%,
respectively. The low percentage yield of
the extracted bromelain may be due to the
high water contents (87%) of the pineapple
juice. After freeze dried, the extracted papain
and bromelain were in white and yellow
powder, respectively. The MW of the
extracted enzymes were compared with their
standards and the protein marker by SDS-
PAGE as shown in Figure 1. Figure 1A
indicated the molecular weight of the
papain at about 23 kDa [7]. The lower
bands might be from other proteases such
as chymopapain, caricain and glycyl
endopeptidase [7].  The band of papain
(upper band) showed smaller area than
other proteases (lower band). It has been
reported that papain is a minor constituent
among the papaya proteases [4]. For
bromelain, its molecular weight was about
25 kDa (Figure 1B) [9]. From the band of
the enzyme on the SDS-PAGE, the purity of
papain and bromelain was 77.68 and 44.95%,
respectively. The tentative identification of
the enzyme can be determined by the
comparison of the retention times between
the standard and the extract chromatograms
[10]. The retention times of the extracted
enzyme were similar to those of the standard
enzymes (Figure 2). The extracted papain
and bromelain demonstrated the major
peaks with the retention times at 1.660 and
1.583 min, while their standard enzymes
were at 1.658 and 1.600 min, respectively.
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Figure 1. Sodium dodecyl sulfate polyacrylamide gel electrophoresis of the extracted papain
(a), extracted bromelain (b) in comparing to the molecular weight marker (lane 1) and their
standards at 1 mg/ml (lane 8); lanes 2-7 were the enzymes at 0.156, 0.312, 0.625, 1.25, 2.5 and
5 mg/ml, respectively.

(a)

(b)

The major peaks of papain and bromelain
demonstrated the retention times at 1.660
and 1.583 min, while the minor peaks of
the retention times at more than 2 min
were of other proteases from the extracted
enzymes. The purity of papain and
bromelain of the extracted enzymes
determined by HPLC were 82.31 and
38.03%, respectively which were close to
those determined by the SDS PAGE method.

The physicochemical properties
including solubility and stability in chemicals
(strong acid, weak acid, strong base, weak
base, reducing agent, oxidizing agent and
acid salt) of the extracted enzymes were
similar to their standards. All enzymes were
soluble in distilled water but insoluble in
alcohol and organic compounds such as
glycerin and propylene glycol. The color
change or precipitate in the enzyme
solution indicated the chemical instability
of the extracted enzymes. The extracted
enzymes were less chemical stable than the

standard enzymes. For papain, the
extracted enzyme was unstable to strong
acid, weak acid, reducing agent and acid
salt, whereas the standard enzyme was
stable to all reagents except the strong acid.
For bromelain, the extracted enzyme was
unstable to strong acid, strong base and
reducing agent, whereas the standard
enzyme was unstable to strong base and
reducing agent. This may be due to the
effects from several other compounds in
the extracted enzymes in accordance with
many protein bands on the SDS-PAGE gel
and the multiple peaks on the HPLC
chromatogram. However, papain and
bromelain are expected to be stable in
the HPLC and SDS-PAGE conditions
which have the pH values of 3.2-3.5 and
6.8, respectively. In fact, papain has been
reported to be stable at pH 5.0 and becomes
unstable at pH lower than 3.0 and above
11 [11]. Bromelain is stable at pH 3.0-6.5
[12].
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Figure 2. The HPLC chromatograms of the standard papain (a), extracted papain (b),
standard bromelain (c) and extracted bromelain (d).

(a)

(b)

(c)

(d)
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3.2 Biological Activities of Protease
Enzymes
3.2.1 DPPH radical scavenging activity

Antioxidant activity of the enzymes
determined by DPPH radical scavenging
was shown in Table 1. The SC50 value of the
standard papain (1.71±1.45 mg/ml) was
lower indicating of higher activity than the
extracted enzyme (956.10±62.06 mg/ml) of
560 times. The crude latex of the papaya
fruit contains the mixture of the cysteine
proteases including papain, chymopapain,
glycyl endopeptidase and caricain, which
has more than 80% of the whole enzyme
fraction. Papain which is the major
component of the papaya latex has been
extensively studied for antioxidant activity
[13]. The high purity of papain may give the
high antioxidant activity. The previous
study has reported that the papain extracts
from Korean elk velvet antler showed
antioxidative activity by scavenging free
radicals [14]. The standard bromelain gave
the SC50 value of 684.27±100.13 mg/ml,
whereas the extracted bromelain showed no
activity. The standard papain and bromelain
enzymes gave lower activity than the standard
vitamin C (SC50 = 0.0023±0.0001 mg/ml).

The DPPH radical scavenging activity of
the enzymes may be from the amino acid
contents which can scavenge the DPPH radical
by donation of the hydrogen atom to form
a stable DPPH-H molecule. The standard
papain indicated higher scavenging activity
than the standard bromelain of 400 times
owing to the contents of amino acids and
peptides, that 20 amino acids are found in the
enzymes have the potential to interact with
the free radicals. Also, the amino acids in the
enzymes which including Tryptophan (W),
Tyrosine (Y), Methionine (M), Cysteine (C),
Histidine (H) and Phenylalanine (F) have been
proposed to contribute to antioxidant activity
and be important free radical scavengers in
the natural peptides [15-16]. The numbers of
these amino acids in papain (39) was more
than bromelain (35) of 4 (Figure 3) [17].
The hydrogen atom donation by the amino
acids in papain may be more than that in
bromelain resulting in high DPPH radical
scavenging. The impurities of the extracted
papain may cause lower scavenging activity
than the standard enzymes [12]. The extracted
bromelain which gave low percentage of
purity (38-44%) did not show any scavenging
activity.

Table 1. Antioxidant activities of the extracted enzymes in comparing to the standards.

Note :  - = no activity, ND = not determine, values represent mean ± S.D. (n=4).
aSC50 = scavenging concentration at 50% activity (mg/ml).
bIPC50 = inhibition peroxidation concentration at 50% activity (mg/ml).
* significant difference (p<0.05) in comparing to the standards

Sample

Standard papain
Extracted papain
Standard bromelain
Extracted bromelain
Vitamin C
Vitamin E

%yield

ND
16.76±5.74

ND
0.97±0.16

ND
ND

SDS-PAGE
ND

77.68±4.56
ND

44.95±3.88
ND
ND

HPLC
ND

82.31±5.22
ND

38.03±2.04
ND
ND

SC50
a (mg/ml)

1.71±1.45*
956.10±62.06*
684.27±100.13*

-
0.0023±0.001

ND

IPC50
b (mg/ml)

0.05±0.003
0.38±1.02

-
-

0.05±0.01
0.32±0.10

%purity
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Figure 3. The amino acid sequences of papain (a) and bromelain (b). The beginning and the
end of every part of the sequence were numbered [38].

3.2.2 Lipid peroxidation inhibition
activity

The standard papain and the extracted
papain showed lipid peroxidation inhibition
at the IPC50 values at 0.05±0.003 and
0.38±1.02 mg/ml, respectively (Table 1).
The standard papain exhibited no significant
differences (p<0.05) lipid peroxidation
inhibition activity in comparing with
vitamin C (0.052±0.01 mg/ml), while the
extracted papain showed similar activity to
vitamin E (0.324±0.099 mg/ml). However,
both standard bromelain and bromelain
extract did not give any lipid peroxidation
inhibition activity. Infact, this activity might
be from the hydrophobic amino acids which
can inhibit the peroxidation formation [18].
In the amino acid sequence of the enzymes
(Figure 3), 35% hydrophobic amino acids
in papain can exert high affinity to the
linoleic acid. Thus, papain may interact
with the lipid molecules and scavenge lipid
peroxyl radical by donating proton to
lipid-derived radicals. In addition, the
position of the hydrophobic amino acids,
Leucine (L) at the N-terminal and Proline
(P), Histidine (H) or Tyrosine (Y) in the
peptide sequences have been reported to

have high potent lipid peroxidation
inhibitory activity [19-20]. The numbers of
these amino acids in papain (31) were 5
more than in bromelain (26) (Figure 3).
Therefore, it is possible that these specific
amino acid residues in the enzymes may
play an important role in increasing the
interaction between the peptides and the fatty
acids (linoleic acid) in the lipid peroxidation
inhibitory assay. The standard papain
exhibited better lipid peroxidation inhibition
activity than the extracted papain. Similar to
free radical scavenging activity, the impurity
of the extracted enzyme may cause this
effect [12].

3.3 Cytotoxicity of Protease Enzymes
Various concentrations of the enzymes

were investigated for normal human
fibroblast cytotoxicity by the SRB assay.
When the concentrations of the enzymes
increased from 10-9 to 100 μg/ml, cell
viability was decreased. All samples at the
concentration range of 10-9 to 25 μg/ml gave
cell viability of more than 85% with no
significant difference at p<0.05. At high
concentration (100 μg/ml), the standard
papain, extracted papain, standard bromelain
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and extracted bromelain showed % cell
viability at 16.17, 15.61, 19.24 and 29.95,
respectively (Table 2). Since positively
charges in the basic amino acids are also
related to cytotoxicity, papain which has
more number of basic amino acids (24)
showed higher cytotoxicity than bromelain
which has less number of basic amino acids
(21). When  human skin contacted with
papain at 0.2%w/v for 24 hours, the large
amount of the intercellular material in the
stratum corneum was lost and most of the
extracellular components were digested [21].
Nakauchi et al. [22] have reported that the
basic amino acids including Lysine (K),
Arginine (R) and Histidine (H) were apparently
severe damage in human retinal pigment
epithelial cells. The cytotoxic effects of the
extracted enzymes were less than those of

the standard enzymes. This was possibly
from the protective effect of some
compounds such as glycoprotein [23]. These
compounds may have the protective effect
on cell viability by the steric hindrance
around the cells, thereby decreasing the
membrane permeability and resulting in the
reduced cytotoxicity of the extracted
enzymes in comparison to the standard
enzymes. The highest concentration of the
standard papain, extracted papain, standard
bromelain and extracted bromelain that gave
cell viability of more than 85% which were
85.95±12.35, 95.14±7.39, 90.82±10.88 and
88.21±11.30%, respectively was observed at
25 μg/ml. Thus, this concentration of all
enzyme samples was selected for
gelatinolytic activity on the MMP-2 study.

3.4 Gelatinolytic Activity (Zymography)
on MMP-2

Figure 4 showed the relative MMP-2
stimulation by zymography of the enzymes
at 25 μg/ml in comparing to the negative
(untreated cells) and positive (concanavalin A)
control systems. The cells treated with the
standard papain, extracted papain, standard
bromelain and extracted bromelain
indicated the relative MMP-2 stimulation

of 2.01±0.14, 2.10±0.14, 1.63±0.27 and
1.71±0.12, respectively. However, the
MMP-2 stimulatory activity of all enzymes
was lower than that of concanavalin A
(2.59±0.22) of 1.29, 1.23, 1.59 and 1.51 times,
respectively. Infact, it is still unknown for
the protease enzyme mechanism on
the MMP-2 stimulation. One possible
mechanism is that the protease may induce
collagenase secretion [24]. Werb et al. have

Table 2. The percentages of cell viability on human skin fibroblast by the SRB assay of the
protease enzymes.

Extracted
bromelain

106.98±3.82
102.60±3.00
99.47±7.20
88.21±11.30
63.48±0.52
29.95±1.77*

Concentration of
enzymes (μg/ml)

1×10-9

6.25
12.5
25
50
100

%cell viability
Standard
papain

104.48±0.61
101.41±6.189
4.80±3.278
5.95±12.354
8.96±8.971
6.17±0.28

Extracted
papain

110.08±2.73*
106.30±2.07
99.85±1.78
95.14±7.39*
65.10±8.27*
15.61±0.35

Standard
bromelain

105.53±2.39
100.96±2.68
94.65±7.46
90.82±10.88
59.95±4.77
19.24±0.42

Note :  Cell viability (%) = (absorbancetest cell/ absorbancecontrol cell) ×100, * significant difference
(p<0.05) in comparing to their standards
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demonstrated that papain has higher
proteolytic activity and gives more amount
of the secreted collagenase in the fibroblast
than bromelain. Thus, papain gave higher
stimulatory activity than bromelain. Also,
the pH of our system (pH 7.0) may affect
the activity, as papain has an optimum
activity at pH 5-8 [4], while bromelain has
high activity at an optimum pH at 4.5-5.5
[25]. The pH of the system appeared to be
favorable for papain. The extracted

enzymes showed slightly higher
stimulatory activity than the standard
enzymes but no significant difference
(p>0.05), although the purity of both
enzymes was different. This may be due
to the addition effects from other protease
enzymes existing in the extract such as
chymopapain, glycyl endopeptidase and
caricain in papaya latex [4, 7], whereas
comosain and ananain were found in
pineapple [26].

Figure 4. Gelatinolytic activity of the protease enzymes (25 μg/ml) in comparing to the
control and concanavalin A (40 μg/ml). (a) zymograms and (b) MMP-2 stimulation relative to
the control. PS= the standard papain, PE= the extracted papain, con-A= concanavalin A
(positive control), BS= the standard bromelain and BE= the extracted bromelain.
* significant difference (p<0.05) in comparing to the control.

(a)

(b)

4. CONCLUSION
This study has demonstrated that the

protease enzymes (papain and bromelain)
from papaya latex and pineapple fruits
which gave similar collagenolytic activity to
their standards can be extracted by the
simple precipitation with 95%ethanol and
saturated ammonium sulfate which gave the
percentage yields of 16.76 and 0.97%w/w,
respectively. The MW of the extracted
papain and bromelain which estimated by
the protein markers were 23 and 25 kDa,

respectively which is the same as the MW
of their standards. The purities of the
extracted papain and bromelain determined
by HPLC were 82.31 and 38.03% which
were similar to those by the SDS-PAGE
that gave 77.68 and 44.95%, respectively.
The standard and extracted papain
exhibited higher antioxidant activity than
those of bromelain both in free radical
scavenging (SC50) and lipid peroxidation
inhibition (IPC50) activity. However, the
extracted papain showed lower antioxidant
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activity than the standard papain. All
enzymes (standard papain, extracted
papain, standard bromelain and extracted
bromelain) gave lower SC50 values than the
standard vitamin C, while the standard and
extracted papain gave similar IPC50 values
to the standard vitamins C and E. The
cytotoxicity of all enzyme samples on
human skin fibroblasts was dose dependent.
All enzymes at the concentration range of
10-9 to 25 μg/ml gave cell viability of more
than 85%. The extracted papain and bromelain
showed the MMP-2 stimulatory activity on
zymograms of 2.10 and 1.71 similar to their
standards, but lower than concanavalin A.
In conclusion, this study has indicated that
the protease enzymes especially the extracted
papain obtained from plants prepared by
the simple precipitation method which is the
cost- and time-saving extraction process
exhibited the collagenolytic activity similar
to their standards which can be further
developed for keloid and hypertrophic scar
treatment.

ACKNOWLEDGEMENT
This work was supported by Natural

Products Research and Development
Center (NPRDC), Science Technology
Research Institute (STRI), Faculty of
Pharmacy, Chiang Mai University in
Thailand and the Thailand Research Fund
(TRF) under the Royal Golden Jubilee
(RGJ)-Ph.D. program.

REFERENCES

[1] Gerze A., Omay D. and Guvenilir Y.,
Partial purification and characterization
of protease enzyme from Bacillus
subtilis megatherium, Appl. Biochem.
Biotechnol., 2005; 121: 335-345.

[2] Haq I.U., Mukhtar H. and Umber H.,
Production of protease by Penicillium

chrysogenum through optimization of
environmental conditions, J. Agric.
Soc. Sci., 2006; 2: 1813-2235.

[3] Kawase N., Kishi J., Nakamura H. and
Hayakawa T., Collagenolytic activity
in sonic extracts of Tannerella forsythia,
Arch. Oral Biol., 2010; 55: 545-549.

[4] Pendzhiev A.M., Proteolytic enzymes
of papaya: Medicinal applications,
Pharmaceut. Chem. J., 2002; 36: 315-317.

[5] Wan K.C. and Evans J.H., Free radical
involvement in hypertrophic scar
formation, Free Radic. Biol. Med.,
1999; 26: 603-608.

[6] Philips N., Auler S., Hugo R. and
Gonzalez S., Beneficial regulation of
matrix metalloproteinases for skin
health, Enzym. Res., 2011; 2011: 1-4.

[7] Chaiwut P., Nitsawang S., Shank L. and
Kanasawud P., A comparative study on
properties and proteolytic components
of papaya peel and latex proteases,
Chiang Mai J. Sci., 2007; 34: 109-118.

[8] Kobayashi T., Hattori S. and Shinkai
H., Matrix metalloproteinases-2 and -9
are secreted from human fibroblasts,
Acta Derm. Venereol., 2003; 83: 105-107.

[9] Kumar S., Hemavathi A.B. and
Hebbar H.B., Affinity based reverse
micellar extraction and purification of
bromelain from pineapple (Ananas
comosus L. Merryl) waste, Process
Biochem., 2011; 46: 1216-1220.

[10] Hanachi P. and Golkho S., Using
HPLC to determination the composition
and antioxidant activity of Berberis
vulgaris, Eur. J. Sci. Res., 2009; 29: 47-54.

[11] Norris J.R. and Ribbons D.W. Methods
in Microbiology, New York: Academic
Press Inc., 1970.

[12] Gautam S.S., Mishra S.K., Dash V.,
Goyal A.K. and Rath G., Comparative
study of extraction, purification and



648 Chiang Mai J. Sci. 2014; 41(3)

estimation of bromelain from stem and
fruit of pineapple plant, Thai J. Pharm.
Sci., 2010; 34: 67-76.

[13] Amri E. and Mamboya F., Papain, a
plant enzyme of biological importance:
A review, Am. J. Biochem. Biotechnol.,
2012;  8: 99-104.

[14] Kim E.-K., Lee W.-B., Moon S.-H.,
Jeon Y.-J., Ahn C.-B., Kim B., Kim
B.-H., Park P.-J. and Jeon B.-T., Free
radical scavenging activity by ESR
spectroscopy and neuroprotective
effect on H2O2-induced damage in PC-
12 cells of enzymatic extract from
Korean elk velvet antle, J. Nutr.
Biochem., 2009; 33: 895-912.

[15] Elias R.J., Kellerby S.S. and Decker
E.A., Antioxidant activity of proteins
and peptides, Food Sci. Nutr., 2008; 48:
430-441.

[16] Udenigwe C.C. and Aluko R.E.,
Chemometric analysis of the amino acid
requirements of antioxidant food
protein hydrolysates, Int. J. Mol. Sci.,
2011; 12: 3148-3161.

[17] Lee K.L., Albee K.L., Richard J.
Bernasconi R.J. and Edmunds T.
Complete amino acid sequence of
ananain and a comparison with stem
bromelain and other plant cysteine
proteases, Biochem. J., 1997; 327: 199-202.

[18] Kim S.-Y., Je J.-Y. and Kim S.-K.,
Purification and characterization of
antioxidant peptide from hoki
(Johnius belengerii) frame protein by
gastrointestinal digestion, J. Nutr.
Biochem., 2008; 18: 31-38.

[19] Jun S.-Y., Park P.-J., Jung W.-K. and Kim
S.-K., Purification and characterization
of antioxidative peptide derived from
muscle of Conger eel (Conger myriaster),
Eur. Food Res. Technol., 2006; 222:
310-315.

[20] Suetsuna K. and Chen J.-R., Isolation
and characterization of peptides with
antioxidant activity derived from
wheat gluten, Food Sci. Technol. Res.,
2002; 8: 227-230.

[21] Lopes P.S., Ruas G.W., Baby A.R.,
Sales C.A., Pinto d.O., Watanabe I.-
s., Velasco M.V.R. and Kaneko T.M.,
In vitro safety assessment of papain on
human skin: A qualitative light and
transmission electron microscopy
(TEM) study, Braz. J. Pharm. Sci.,
2008; 44: 151-156.

[22] Nakauchi T., Ando A., Ueda-Yamada
M., Yamazaki Y., Uyama M., Matsumura
M. and Ito S., Prevention of ornithine
cytotoxicity by nonpolar side chain
amino acids in retinal pigment
epithelial cells, Invest. Ophthalmol.
Visu. Sci., 2003; 44: 5023-5028.

[23] Lee S.-J., Oh P.-S., Ko J.-H., Lim K.-
T. and Lim K., Protective effect of
glycoprotein isolated from Ulmus
davidiana Nakai on carbon
tetrachloride-induced mouse liver
injury, J. Pharm. Pharmacol., 2006; 58:
143-152.

[24] Werb Z. and Aggeler J., Proteases
induce secretion of collagenase and
plasminogen activator by fibroblasts,
Proc. Nat. Acad. Sci., 1978; 75: 1839-
1843.

[25] Kim H. and Taub I.A., Specific
degradation of myosin in meat by
bromelain, Food Chem., 1991; 40: 337-343.

[26] Maurer H.R., Bromelain: Biochemistry,
pharmacology and medical use, Cell.
Mol. Life Sci., 2001; 58: 1234-1245.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




