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Abstract

Forty-eight of Klebsiella pneumoniae isolates were collected from different sources in hospitals
of Wasit Governorate. The isolate represents a potential source of elastase enzyme. Elastase
was purified by three steps of ammonium sulfate precipitation, ion-exchange chromatography,
and gel-filtration chromatography. The optimal temperature and pH for elastase were 37 C and
7 respectively, and its stable on the same conditions. The activity of this elastase was found to
decrease when the temperature was higher than 40 C, and also inhibited by ZnClI2, FeCl2, and
MnCI2 ions. Immobilized elastase on TiO2 NPs, showed low cytotoxicity to normal cell line in
vitro, but it had anti-cancer activity against A375 cancer cell line and showed high significant
against it within 1C50 of (92.48, 78.16) for free and immobilize elastase respectively. High
Content Screening provides multiparametric study of chemical toxicity at the cancer cells. In
addition, immobilized elastase was low cytotoxicity when used it in vivo.

Keywords: Klebsiella pneumoniae, Elastase, Immobilization, TiO2-Nps- Cytotoxicity-
In Vivo, Anticancer, High Content Screening.

1. Introduction

Klebsiella pneumoniae is a non-motile member of the
Enterobacteriaceae (Vasaikar et al., 2017). It is a Gram-
negative rod shape, facultatively anaerobic, lactose
fermenter with a prominent capsule bacillus, which is
ubiquitously present in the environment such as
vegetation, water, soil and readily isolated from
mammalian mucosal surfaces (Calbo & Garau, 2015).
Elastase is an enzymes from a class of proteases that
break down, degrade elastin. an elastic fiber that,
together with collagen, determine the mechanical
features of connective tissue (Everett & Davies,
2021). Elastase's proteolytic action is not limited to
elastin. They can assault any soluble protein with
proper, surface-exposed amino acid sequences.
Elastase, for example, breaks down tropoelastin, a
soluble elastin precursor  (Heinz, 2020).
Immobilization process is to optimize the operational
performance of an enzyme for industrial applications
(Meryam Sardar, 2015).

Cytotoxicity is a multifaceted process that affects several
variables and pathways. These parameters are cellular
organelles whose activity varies as a result of drug-
induced apoptosis and necrosis. . Good examples of
cytotoxicity factors are nuclear morphology, cell
permeability, and mitochondrial function, which results
in the loss of mitochondrial membrane potential and the
release of cytochrome C from mitochondria. (Karanam &
Arumugam, 2020).

Cancer is an abnormal and random growth of cells
arising from a single cell that has a disrupted
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regulatory mechanisms (Povoa et al., 2021). whose
growth outpaces and is uncoordinated with that of
the normal tissue of its origin, and which remains in
the same excessive manner after the stimuli that
elicited the changes have been removed (Kruchko et
al., 2019). The aim of this study was purification and
characterization of elastase enzyme from K.
pneumoniae and determine the cytotoxicity of free
and immobilized elastase in vitro and in vivo.

2. Material and Methods

Klebsiella pneumoniae identification

About 163 samples were collected from different
clinical sources in Wasit hospitals. Identification of K.
pneumoniae was done by culturing on McConkey
agar (Patel et al, 2017), and confirmed by
Polymerase chain reaction (PCR) with 16S rRNA (Data
not shown) (Abbas et al., 2020).

Elastin preparation

Mature sheep Ilung tissues are completely and
thoroughly washed with distil water and autoclaved
with( 20) volumes distilled water at( 1) atmosphere for
(45) minutes in a container fitted with a loose-fitting
gauze plug. The autoclave step is repeated with fresh
distilled water until no further protein is detected in the
supernatant. The residue is dried in room temperature
after treatment with ethanol. Then the remainder is
ground to form an elastin powder (Logan, 2014).

Screening of elastase production

Quantitative Assay was used for detection of
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Elastase production from 48 isolates
pneumoniae as mentioned in (Li et al., 2019).

Purification of Elastase

of K

Elastase was extracted from K. pneumoniae (NJ22)
supernatant as mentioned in (Lei et al., 2018). Partial
purified by ammonium sulfate precipitation at
concentration (20-90 %), then DEAE-cellulose
column and Sephadex G-150 column were used for
further purification of the enzyme (Shinji et al., 2019)

Elastase characterization

pH effects on elastase activity and stability of enzyme
were measured at range of (5 to 10). Also,
temperature effects on elastase activity and stability
were measured at different temperatures (30, 35, 40,
and 45) °C. With various salts, the impact of various
inorganic ions on enzyme activity was studied.
(MgCl2 , CaCl2, KCI2 , MnClI2, FeCl2 and ZnClI2) at
concentrations (5mM). After measuring the enzyme
activity, the results were provided as a percentage of
the original activity (%) (Lei et al., 2018).
Immobilization of elastase on TiO2 nanoparticles

Adsorption of elastase on TiO2 nanoparticles was
done by method mentioned in (Ahmad & Sardar,
2014), and characterization of the immobilization was
done with AFM analysis.

Cytotoxicity effect of free and immobilized elastase
in vitro

Cytotoxicity analysis on normal cell line (HdFn) and
cancer cells line (A375) by MTT-assay with different
concentrations of free and immobilize elastase
12.5,25,50,100, 200 and 400 pg/mL (Hu et al., 2020).
The cell livability could be evaluated as follows (Al-
Dulimi et al., 2020):

Total Cell Count mL-1 = Cell count x Dilution Factor
(Sample Volume) x 10*

High Content Screening (HCS) of elastase on A375
cell line

High content screening is a powerful tool employs
fluorescence indicator to define cellular morphology
and molecular response to compounds treatment via
measuring five orthogonal cell health parameters in
vitro. The parameters were: viability cell count, total
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nuclear intensity, cell membrane permeability,
mitochondrial  membrane  permeability  and
cytochrome C. The Procedure is described in detail
by (Abraham et al., 2008).

Cytotoxicity assay of free and immobilized elastase
In vivo

Fifty healthy mature mice were used in this
experiment. Their age was in the range 6-8 weeks
old, and their weight was around 25-30 g. They were
divided randomly into ten groups and five mice were
kept in each cage (Cookson & Stirk, 2019). Group1:
(Intraperitoneal injected normal slain and served as
control).  Group2: (injected IP  with TiO2
nanoparticles as dose 0.3mg/ml /day for 7 days).
Group 3: (injected TiO2 nanoparticles as dose
0.4mg/ml /day for 7 days). Group 4: (injected TiO2
nanoparticles as dose 0.5mg/ml /day for 7 days).
Group 5:(injected IP elastase as dose 0.3mg/ml /day
for 7 days). Group 6: (injected elastase as dose
0.4mg/ml /day for 7 days). Group 7: (injected
elastase as dose 0.5mg/ml /day for 7 days). Group8:
(injected immobilized elastase IP with TiO2- NPS as
dose 0.3mg/ml /day for 7 days). Group 9: (injected
immobilized elastase with TiO2-NPS as dose
0.4mg/ml /day for 7 days). Group 10: (injected
immobilized elastase with TiO2-NPS as dose
0.5mg/ml /day for 7 days).

Histopathological Study

At the end of experiments, the animals were
sacrifice. The specimens were taken from the liver,
lung, spleen and kidney. The tissues were preserved
in 10% formaldehyde immediately after removal.
Histopathological section prepared and stained
according to (Luna, 1968 and Crissman et al., 2004).

3. Results and discussion

Morphological Characteristics of K
pneumoniae

In Table (1), 48 isolates (29.44%) were successfully
diagnosed as K. pneumoniae and appeared mucoid,
large, and pink on MacConkey agar due to lactose
fermenting (Yu et al., 2007).

Number (%) of K.pneumoniae Number of specimens Isolaton source

10 37 Sputum
14 42 Urine
9 24 Wound
2 14 Ear
6 20 Pharynx
7 23 Burn

48 (29.44) 163 Total

Screening of elastase production

All K. pneumoniae isolates could generate the
enzyme with specific activities ranging (0.003-1.613)
U/mg protein, and (NJ22) isolate had the highest
specific activity of 1.613 U/mg protein.

Purification of elastase
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Elastase saturation was 60% as best precipitation of
enzyme when ammonium sulfate was applied to the
crude enzyme (supernatant). The result of
purification appeared in Table (2). Results showed
that elastase activity and the best enzyme specific
activity(U/mg protein), was measured to be 36 and
96 U\mg protein.
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Enzyme Protein . - Total B .

Purification step Volulme activity concentration Sﬁfuﬁc actl\{lty activity Pur]lcﬁlc(jtlon Y';)Id

(ml) (U/ml) Uil ] (U/mg protein) (U) (folds ) (%)

Crude enzyme 75 2.6 0.6 4.4 195 1 100

Ammonium sulphate | 5, 10 0.5 20 200 45 | 1025
precipitation 60%

DEAE-cellulose 18 8.3 0.23 36 149.4 8.2 76.6

Sephadex G150 15 9.6 0.1 96 144 21.8 73.8

The results showed that protein with 76.6 % overall
yield and 8.2 purification fold after purification by
DEAE cellulose. On the basis of their affinity for the
ion exchanger, ion chromatography separates ions
and polar compounds. It operates on large proteins,
tiny nucleotides, and amino acids, among other
charged molecules. However ion chromatography
must be done in conditions that are one unit away
from the isoelectric point of a protein (Din et al.,
2021). Specific activity 170 U/mg with purification
folds 39.2 U/mg and(8.8%) overall yield time of
elastase purified from P. aeruginosa recorded by
(Kotb et al., 2019).

Characterizations of purified elastase
Effects of PH on elastase (Activity and stability )

The enzyme increased in activity from pH 6 to 8,
however, maximum elastase activity was observed at
pH 7-8. After incubation of elastase for 30 min in
rang of pH the enzyme showed the maximum
stability in pH 7 with maximum remaining activity
(100 %) (Figure:1 ).

(Fujii et al., 2020) reported that the optimum elastase
activity at pH 8) is produced by Streptomyces bacteria.
According to (Bisswanger, 2014), pH can affect enzyme
activity in a variety of ways, including ionization of groups
in the substrate and ionization of groups in the enzyme's
active site. In high acidic or basic solutions, most
enzymes can be irreversibly denaturized (Mukherjee &
Banerjee, 2006).

120 12
100 o 10

80 ¥ 8
6
4
2
]

s 7 ] s 6

-

&0
a0
20

o

Remaining activity (%)

Enzyme activity (U/mi)

7 pH ® 9 10

Figure (1): Effects of pH at (activity and stability) of pure

Effect of Temperature on elastase Activity
and stability

Elastase activity was assayed at temperatures ranged
from 30 to 45 C°, enzyme activity was obtained at 35
to 40 C° and the maximum at 37c, with observed
decreases in activity of higher or low temperatures of
incubations. While heat stability demonstrated that
the enzyme maintained 100% of its activity when
incubated at 35°C (Fig. 2).
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Figure (2): Effects of temperature on activity and
stability of purified elastase

The reactant molecules have more kinetic energy as
the temperature rose, leading to more efficient
collisions per unit of time, but this should be done
while preserving the intact and proper configuration
of the tertiary structure of an enzyme (Dong et al.,
2018). we agree with study submitted by (Lei et al.,
2018) they mentioned the higher activity of elastase
at temperature 37°C produce from
Chryseobacterium indologenes.

Effect of lons and Inhibitors on elastase

Activity

The results showed that Mgcl2, CaCl2 and KCI at
5mM concentration very slight affect enzyme activity,
but MnCI2 was show to inhibit enzyme activity to
53%, FeCl2 inhibit 80% and ZnCl2 75% of enzyme
activity, Table (3).

elastase

Reagent Concentration (mM) Remaining activity (%)
Control (Enzyme) 100
MgCl2 5 99.1
CaCl2 5 97
KCl 5 88.5
MnCI2 5 47
FeCl2 5 19.3
ZnCl2 5 25.1

(Lei et al., 2018) showed that elastase purified from
Chryseobacterium indologenes have little effect to
enzyme activity by CaCl2 and KCI lost about 14 %
from its activity, while the enzyme activity increased
when use MgCI2, but there is a sharp effect by
MnCl2 ,FeCl2 and ZnCI2 .

Anticancer activity of purified free and immobilize
elastase

Table (4) showed the concentration of the elastase
enzyme is increased, which decreases the viability of
the cells. The decreasing of A375 cells viability was
noted at 400 pg /ml (59.11 = 5.54) While the
maximum A375 cell viability was (95.41%1.41) at
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12.50 pg/ml, and cell viability ranged from (95.18 +
1.28 to 36.36 = 3.04) from 12.50 to 400 ug/ml show
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in table (4).

EonaeriETon 1 i Mean Inhibition of cell viability (%) + SD
Elastase on A375 | Elastase on HdFn | elastase +TiO2 on A375 | elastase +TiO2 on HdFn
400 59.11 £ 5.54 81.29 = 1.41 36.36 = 3.04 7479 + 4.22
200 63.70 = 2.12 89.27 = 2.45 46.10 = 4.69 87.25 = 6.11
100 75.31 = 4.15 92.21+ 0.47 58.79 = 9.59 93.60 = 2.10
50 88.27 = 2.57 95.72 = 0.64 78.74 = 7.03 96.49 + 2.68
25 94.79 + 1.33 95.41 = 1.14 95.72 = 0.81 93.81 £ 312
12.50 95.41+ 1.41 93.90 = 2.75 95.18 + 1.28 98.65 + 4.05

(Figure:3 ) showed that elastase with an IC50 value
of 9248 ug/ml, the enzyme demonstrated
significantly the most potent cytotoxic activity.
However, the action of elastase on the HdFn normal
cell line resulted in an IC50 of 384.5 pg/ml. With an
IC50 value of 78.16 ug/ml, the immobilize elastase
demonstrated noticeably the most powerful
cytotoxic effect. However, the effect of immobilize
elastase on the HdFn normal cell line led to an IC50

of 655.0 pg/ml.

Viability %

100
ICy, 384.5
ICsp 92.48

- A37S

- A375
- HdFn
~ HdFn

Viabikty %
3 8 8 8 8

1.0 15 20 25 30 P = -

Log Concentrati ion g miL™! Log Concentration ;g mL"

Figure (3): ICso effect of free and immobilized elastase
on A375 and HdFn cells

Various enzyme doses, ranging from 12.50 to 400
pg/ml, were used in the MTT Assay to determine the
cell viability and inhibition rate on the cancer cell line.
In comparison to a normal cell line(HdFn), the treated
cells' percentage of viability was calculated. (Sharma
and Ratain, 2015).

Multi-parameters cytotoxic activity of elastase on
A375 cell line

The viability of the A375 cell line was considerably
impacted by the purified elastase, as shown by the
viable cell count data reported in table (5), which
decreased to( 2123+102.5 )cells at 200ug/ml and
(3338+441.2) at 100 pg/ml. While a viability for the
other doses was 3451+106.1 and 3431+18.38 when
compared to control for 50pg/ml and 25pg/ml,
respectively, It did not distinguish itself much from
the control.

st (ug L) HCS Parameters (mean = SD)
VCC TIN CMP MMP CcC
Untreated 3411 £162.6 455.5+6.364 139.5+14.85 552.5 £34.65 4225 + 24.42
200 2123 £102.5 622.5+16.26 171.5+16.16 331.0 £22.63 615.0 + 29.70
10 3338 +441.2 536.5+£16.26 151.5+20.51 426.5 £6.364 516.5 + 34.65
50 3451 £106.1 437.5+38.89 141.0+£9.899 505 + 25.46 4185 = 9.192
25 3431 =£18.38 423.0+50.91 140.0=11.31 568 = 25.46 418.5+42.43

*Different letters: significant differences between mean (p < 0.05)
"Viable cell count (VCC), nuclear intensity (NI), cell membrane permeability (CMP), mitochondrial membrane potential
(MMP) and cytochrome C"

In table (5) purified elastase demonstrates a
considerable increase in the A375 cell line's nuclear
intensity, this rise was dose-related. The highest
percentage of increasing was 622.5+16.26 at
200ug/ml when compared with control. Significant
characteristics of the cell's apoptotic morphology
include aggregation, nuclear condensation, nuclear
fragmentation, cell shrinkage, and the development
of apoptotic bodies. (Crowley et al., 2016).

On the other hand, the mitochondrial membrane
potential (MMP) data in Table (3-3) shows that the
MMP dramatically decreased at 200 pg/ml and 100
pg/ml. Apoptosis is frequently disrupted during
cancer growth, and it is critical to initiate correct
apoptosis. This is brought on by mitochondrial outer
membrane permeabilization (MOMP), which in turn
causes the activation of caspase and the destruction
of protein substrates (MOMP pathway) (Al-Dulimi et
al., 2020)

Also, cell membrane potential (table: 5) showed that
200 pg/ml has no significantly increased CMP
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171.5%£26.16 when compared with control. Loss of
cell membrane integrity is a frequent phenotypic
characteristic of severe cytotoxicity, and changes in
cell membrane permeability have been associated to
toxic and apoptotic events. (Al-shukri et al., 2020).
Results for cytochrome C release in table (5) showed
that, in comparison to the control, cytochrome C
release increased dramatically when concentration
increased by 200 pg/ml.  With quantitative
measurements of numerous parameters related to
toxicity, the high content screening test is
considered a predictive assay for monitoring
morphological changes in cells due to toxic
effect.(Ma et al., 2017).

Cytotoxicity assay in vivo

The sections of liver in control groups were showed
normal appearances of hepatic lobules, hepatic
cords and cytoarchetecture of live cellular
composites Figure (4- A). The sections of liver were
similar those in control groups when used elastase at
concentration (0.3,0.4,0.5 mg/ml) normal
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appearance of central vein, hepatocyte, sinusoid and
kupffer cells figure(4- B). However the sections of the
liver showed normal appearance when used
TiO2NPs at (0.3,0.4 )mg/ml while show mild zonal
degenerative changes that characterized by mild
cellular selling, vacular degeneration and nuclear
hypertrophy when used higher concentration (0.5)
mg/ml of NPs figure(4- C). When injection the
elastase immobilized with TiO2 NPs at concentration
(0.3) mg/ml , the sections of the liver showed normal
appearance but when used (0,4,0.5) mg/ml of the
liver showed marked disarrangement of hepatic
cords with moderate hepatitis characterized by
infiltration of leukocytes mainly lymphocyte with
marked vacular degeneration and necrosis of
hepatocytes figure(4-D).

The sections of splenic white and red pulp in control
groups also showed lymphocyte, macrophage and
sinus normal appearances figure (5- A). The sections
of spleen was showed white pulp and red pulp
similar those in control groups when used elastase at
concentration (0.3, 0.4, 0.5) mg/ml figure (5- B).

When injection the mice by TiO, NPs with
concentration (0.3, 0.4, 0.5 mg/ml ,shows
lymphocytes,  sinusoids and  megakaryocytes

sections of splenic was similar those in control
groups figure (5- C). The section of spleen when used
elastase immobilized on TiO, NPs at concentration
(0.3, 0.4) mg/ml ,showed normal appearance as
control groups while at high concentration (0.5)
mg/ml showed peripheral zone depletion with
amyloid deposition associated with atrophy of white
pulp and vaculated lymphocytes figure (5- D).

The sections of renal cortex and medulla in control
groups also showed normal appearances normal
thick segment and collecting renal tubule figure (6-
A). The sections of kidney showed normal glomeruli,
collecting, proximal and distal convoluted tubules
was similar those in control groups when injection
mice intraperitoneally by elastase at concentration
(0.3, 0.4, 0.5 ) mg/ml figure (6- B). The sections of
renal cortex showed normal appearance in used TiO;
NPs at concentration (0.3, 0.4) mg/ml, but showed at
concentration (0.5) mg/ml of TiO; NPs mild vacular
and granular degeneration of epithelial cells of renal
tubules with normal cytoarchetecture of renal
tubules of renal medulla figure (6- C). The section of
renal medulla when used elastase immobilized on
TiO;NPs ~ showed  normal  appearance  at
concentration (0.3, 0.4 ) mg/ml while showed
moderate vacular degeneration and swelling of
epithelial renal tubules at (0.5) mg/ml of elastase
immobilized on TiO, NPs figure (6- D).

The sections of lung also showed terminal
bronchiole, alveolus and pnumocyte-l and type-Il a
normal appearances pulmonary air spaces and
pulmonary passages in control groups figure (7- A).
The sections of lung was similar those in control
groups when injection the mice intraperitoneally by
elastase only at concentration (0.3, 0.4, 0.5) mg/ml
figure (7- B). The sections of lung when used only
TiO2 NPs at concentration (0.3, 0.4, 0.5) mg/ml was
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showed normal alveolus, pnumocyte-I and type-II
were similar those in control group figure (7- C). The
sections of lung was showed normal bronchiole,
alveolus, pnumocyte-l and type-Il similar those in
control group when used elastase immobilized on
TiO2 NPs at concentration (0.3, 0.4, 0.5 ) mg/ml
figure (7- D).

PP 8
Flgure (4- A): Section of liver Iobule (Control) showed
Normal Central vein (C), hepatocyte (H), sinusoid (S).
H&E stain.400x

Flgure (4— B): Sectlon of Ilver Iobule (elastase lnjectron

0.5 mg/ml) showed: normal appearance of central vein

(C), hepatocyte (H), sinusoid (S) & kupffer cells (Arrow).
H&E stain.400x

Flgure (4- C) Section of liver Iobule (TlOz mjectlon 0 5
mg/ml) showed mild cellular swelling of hepatocyte
(Black arrows) which showed vacular degeneration
(Arrows). H&E stain.400x

Flgure (4 D): Sectlon of Ilver Iobule (elastase with TIOZ
injection: 0.4 mg/ml) showed moderate infiltration of

lymphocytes (Red arrows), apoptosis (Black arrow) and
vaculation of hepatocytes (Asterisk). H&E stain.400x

lgure (5- A) Sectlon of splemc red pulp (Control
group) shows: Normal lymphocyte (yellow arrow)
macrophage (Red arrow), sinus (S) . H&E stain. 400x.
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Frgure (5 , B) Section o spleen (elastase lnjectlon ‘V .5)
showed: normal white pulp (Wp) & Red pulp (Rp). H&E
stain. 400x.

[ o5 B B T IRE
Figure (5 C): Section of spleen white pulp (TlOz
injection: 0.5 mg/ml) showed: normal lymphocytes (Red
arrow), sinusoids (S) and megakaryocytes (asterisk). H&E
stain. 400x.

Flgure (5 D) Sectlon of spleen (elastase with TiO2
injection:0.5 mg/ml) showed: vaculated lymphocytes
(Arrows) & amyloid deposition (Asterisks). H&E stain.

400x.

S k = .
Flgure (6- A): section of renal medulla (control group)
showed: normal thick segment (Ts) and collecting renal
tubule (C). H&E stain.400x

Frgure (6 B) sectron of renal cortex (elastase injection:
0.5mg/ml) showed: normal glomeruli (G), collecting (C,)
proximal (P) & distal convoluted tubules (D) . H&E
stain.400x.

Flgure (6- C) sectlon of renal cortex ( TIOZ lnectln
0.5mg/ml) showed: mild vacular and granular
degeneration of epithelial cells of renal tubules
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(arrows) H&E stain.400x

Figure (6 D): Section of renal medulla (elastase w:th

TiO: injection: 0.5 mg/ml) showed: moderate vacular

degeneration and swelling of epithelial renal tubules

(arrows) with inter tubular vascular congestion . H&E
stain.400x.

Figure (7-A): Section of lung (Control) showed: normal
terminal bronchiole (T), alveolus (A) & pnumocyte-I (Red
arrow) & type-ll (Black arrow)).H&E stain.400x.

: e € XS
Figure( 7-B): Section of lung (elastase injection: 0.5

mg/ml) showed: normal alveolus (A) & pnumocyte-I

(Black arrow} & type-Il (Red arrow).H&E stain.400x.

Flgure (7-C): Sectlon oflung (TlOz lnjeCtIOﬂ 0.5 mg/ml)
showed: normal alveolus (A) & pnumocyte-I (Black
arrow) & type-Il (Red arrow).H&E stain.400x.

F:gure (7 D) Section of lung (elastase wrth TlOz
injection: 0.5 mg/ml) showed: normal bronchiole (B),
alveolus (A) & pnumocyte-I (Black arrow) & type-Il (Red
arrow).H&E stain.400x.

Chen et al., (2009) showed that TiO2 particles were
found to cause histological alterations in kidney.
There was a slight enlargement in the renal
glomerulus. Dilatation and proteinic liquids were
also discovered in the renal tubules of mice exposed
to TiO2 particles. While Wang et al., (2007) showed,
the hydropic degeneration around the central vein
was prominent in liver. This symptom did not appear
in the mice exposed to 25 nm TiO2 nanoparticles.

4. Conclusion

The results of the present investigation showed that
the klebsiella pneumoniae bacteria as source of
elastase enzyme. High specific activity for elastase
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purified from klebsiella pneumoniae (NJ22) is
obtained purification. The enzyme characteristics
were studied in terms of stability of activity within a
range of pH, temperature, and the effect of inhibitors
and salts. Elastase enzyme don't possess high
cytotoxicity in vivo study. Free and immobilize
elastase had cytotoxic activity against A375 lung
cancer cell line. Five cellular parameters (VCC, NI,
CMP, MMP,and cytochrome C), were studied
after( 24 hours) of exposures to free and immobilized
enzyme.
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