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Figure 4- Graph of total antioxidant activity values
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Table 1- Analysis of variance of the studied variables

S.0.v df Mean square
peptide prot(_ein - . .
peptide TAC DPPH Nitric Oxide Thiol
powder
powder
Enzyme 1 18.50** 4.78** 272.36** 109.86** 1637.41*%* 2028.80**
Concentration 1 16.52** 2.23** 73.85** 1.86ns 99.84ns 222.05**
Time 2 17.33** 3.16** 594.21** 93.39** 3223.08** 2554.16**
Drying method 2 4.30** 1.38** 302.57** 44.37*%* 3226.53** 1485.70**
Enzyme xconcentration 1 2.84** 0.04ns 20.35ns 0.85ns 64.14ns 417.01**
Enzyme xtime 2 2.64** 0.25** 50.09* 5.70* 321.68** 374.23**
Enzyme xdrying method 2 0.03ns 0.04ns 14.98ns 2.72ns 485.07** 49.96**
Concentration xtime 2 1.00** 0.21** 15.99ns 0.80ns 10.40ns 22.81**
Concentration xdrying method 2 3.46%* 0.13** 23.08ns 8.56ns 66.11ns 70.86**
Time x Drying method 4 1.53** 0.23** 29.17ns 26.89** 432.45** 10.49**
Enzyme x concentration x time 2 0.10ns 0.12** 8.30ns 5.79* 313.37* 208.76**
Enzyme x concentration x drying method 2 0.4é6ns 0.01ns 16.93ns 1.45ns 45.69ns 75.01**
Enzyme x timex drying method 4  0.37ns 0.15** 13.37ns 20.92** 189.95* 45.19**
Concentration x timex drying method 4 0.13ns 0.16** 31.37* 9.52** 168.52** 169.59**
Enzyme x concentration x timex drying 4 0.59* 0.09* 82.40* 7.26** 271.78** 83.32**
method
Error 72 0.21 0.02 11.99 1.75 65.50 4.10
ns: non-significant  *: significant difference at P<0.05 **: significant difference at P<0.01
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Figure 9- Survival percentage of Leishmania major
promastigotes in different concentrations of protein
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using freeze- dryer method after 24 hours

120

100 .—.—.—.—‘__’—H

emmgu CoNtrol

80

el A|calase 5%
60
gy Papain 5%

40

Survival (%)

20

0

1.25I2.5I 5 I10I15I20I25I30I
Powder concentration (mg/ml)

JSOI (slacs s8ainuls g 43 (suile oud ) aus ja -V ¢ JSudi
JH A (35 g Alide SLACMALE ) g 5Lo Liilacdd
i3y b w590 (ilaly 5 SYISIT (5La s 33T s o
Geleo YY) ass o)A (S Sl
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Background: Leishmaniasis is one of the intracellular parasitic diseases that is known as the most
common infectious disease after AIDS, tuberculosis and malaria. Leishmaniasis is among the 6 most
prevalent endemic diseases and is in fact a tropical and subtropical disease caused by intracellular
parasites worldwide. In recent years, treatment of leishmaniasis has been associated with risks due to
drug resistance and problems related to the side effects of conventional drugs. The disease is found
on all continents except Oceania and is endemic to enclosed areas in North Africa, southern Europe,
the Middle East, southeastern Mexico, and Central and South America. The aim of this study was to
investigate the cytotoxic effect of bioactive peptides obtained from hydrolysis of tiger squid muscle
on promastigotes of Leishmania major.

Materials and methods: The variables of enzyme type, ratio of enzyme concentration to substrate,
time of hydrolysis and drying method were studied on the characteristics of hydrolysis protein. After
determining the percentage of white muscle protein of squid caught from Bushehr port, alkalase and
papain enzymes were used at 5% levels for 180 minutes for hydrolysis. Production percentage,
protein peptide powder, total antioxidant capacity (TAC), radical scavenging activity of DPPH, nitric
oxide (NO) and total thiol groups were measured. Also, the cytotoxicity of Leishmania major
promastigotes was evaluated using MTT method. Glucantime was used as a positive control and the
untreated group was used as a negative control.

Results and discussion: Muscle hydrolysis with 5% Alkalase enzyme caused the highest degree of
hydrolysis (63%) and in general, the concentration of 5% of enzymes had a higher degree of
hydrolysis than the concentration of 2.5%. Analysis of variance showed that the effect of enzyme,
drying time and drying method on all measured variables had a statistically significant difference at
the level of one percent (p <0.01). The effect of concentration on peptide dry powder, peptide protein,
TAC and thiol was significant. However, no statistically significant difference was observed between
enzyme concentrations in DPPH and Nitric Oxide. The dual interaction of enzyme x concentration



vy o oM Gt g bl ((goless] S WS gy dw Ay (S0 S po o dliae jlead gl ysuinl b G ladsiy Jolw Coow dusldo

on the variables of dry powder of peptide and Thiol at the level of 1% showed a statistically significant
difference (p <0.01). However, the interaction of enzyme x concentration on other variables was not
significant. The results showed that the dual interaction of enzyme x time on all studied variables
showed a statistically significant difference. (p <0.01). The dual interaction effect of enzyme x drying
method was significant only on Nitric Oxide and Thiol variables (p <0.01). Also, statistical results
using analysis of variance showed that the dual interaction effect of concentration x time on the
variables of dry peptide powder, peptide powder protein and Thiol had a statistically significant
difference. (p <0.01). The dual interaction effect of concentration x drying method on the variables
of peptide dry powder, peptide powder protein, DPPH and Thiol was also significant (p <0.01).
Statistical results showed that the dual interaction of drying time x drying method on all studied
variables except TAC showed a statistically significant difference (p <0.01). The results of analysis
of variance for the triple interactions of enzyme x concentration x time and enzyme x concentration
x drying method showed statistically significant difference only on Thiol at the level of one percent
(p <0.01). The triple interaction effect of enzyme x time x drying method on protein peptide powder,
DPPH, Nitric Oxide and Thiol showed a statistically significant difference at the level of one percent
(p <0.01). The results of analysis of variance showed a statistically significant difference (p <0.01)
with the triple interaction of concentration x time x drying method on the protein content of peptide
powder, DPPH, TAC, Nitric Oxide and Thiol at the level of one percent. Finally, the results of
analysis of variance showed that quadruple interaction effect of enzyme concentration x time x drying
method on all studied variables had a statistically significant difference at the level of one percent (p
<0.01). The results of comparing the mean of the quadruple interaction effect of enzyme x
concentration x timex drying method showed that the highest amount of peptide powder, the lowest
protein content and the best antioxidant activity are obtained in TAC, DPPH, Nitric Oxide and Thiol
using digestion method with the help of 5% Alkalase enzyme for 180 minutes using spray dryer
method. The results showed that the degree of protein hydrolysis in muscle with alkalase enzyme was
5% higher than other enzymes studied. With the help of 5% alkalase enzyme in 180 minutes and
using spray drying method, the lowest amount of protein in hydrolyzed powder, the best antioxidant
activity was obtained in TAC, DPPH, Nitric Oxide, Thiol and the highest cytotoxicity. The highest
amount of muscle hydrolysis powder was obtained in the presence of 5% alkalase enzyme in 180
minutes and cooling drying method.

Conclusion: MTT results showed that with increasing the concentration of peptide powder obtained
from enzymatic hydrolysis of white tiger squid muscle, the mortality rate of Leishmania major
promastigotes increased in all study groups. The best level of IC50 among the studied groups was
observed at a concentration of 10 mg / ml of hydrolyzate from 5% alkalase enzyme by spray dryer
compared to the control group. The results of this study showed that the hydrolysis protein of Sepia
pharaonis white muscle produced with 5% Alkalase enzyme has cytotoxic effect on Leishmania
major promastigotes and this effect has shown a stronger activity in hydrolysis prepared using spray
drying method than other methods.

Keywords: Alkalase, Hydrolysis, Leishmania major parasite, Peptide, Promastigote, Tiger squid



