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ABSTRACT

This work was designed to study the free and immobilized partial purified lovastatin in various applications. The
results of HMG-CoA reductase inhibition showed enzyme inhibition at 10 mM of standard and partial purified
lovastatin with specific activity 0.056 and 0.062 U/mg protein respectively, compared with specific activity 0.277
U/mg protein without inhibitor. The results of the thermal stability and storage time on lovastatin for inhibition
of HMG-CoA reductase demonstrated that the standard and partial purified lovastatin were stabled in tempera-
tures between 20-40 °C, then the stability begun to decrease at 45 °C, while lovastatin was stable in storage time
between 1- 8 hours, then the stability begun to decrease after ten hours at 40 °C. The results of MIC for lovas-
tatin were demonstrated that most tested concentration were showed antibacterial activity of free and immobi-
lized partial purified lovastatin against Candida albicans, Escherichia coli, and Staphylococcus aureus with MIC
values ranging from 15 to 75 pg/ml. Whereas the results of minimum bactericidal concentration (MBC) and min-
imum fungicidal concentration (MFC) showed that C. albicans, E. coli, and S. aureus had no growth with concen-
tration ranging from 55 to 75, 55 to 75, and 30 to 75 pg/ml, respectively. As well as the results of the cytotoxic
impact using MTT experiment indicated that partial purified lovastatin caused a reduction in cells viability (p <
0.05) at a dose-dependent manner on MCF-7 cell lines, with a calculating 1Cs, of 138.1 pg/ml, compare with
normal cell line (WRL 68 Cell Line) at 1Cs, of 198.7 pg/ml.

Keyword: silver nanoparticles, HMG-CoA reductase activity, antimicrobial activity, anticancer activi-
ty.
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INTRODUCTION

Lovastatin is polyketide components, created
or produce via certain fungi during their sec-
ondary metabolism. Lovastatin, also known as
3-hydroxy-3-methyl-glutaryl-coenzyme A re-
ductase (HMG-CoA reductase) inhibitors, are
a class of lipid-lowering medications that re-
duce illness and mortality in those who are at
high risk of cardiovascular disease. The statins
act as competitive inhibitors for HMG-CoA
reductase, a rate constraining advance of cho-
lesterol biosynthesis (2). Statins hinder the
change of HMG-CoA to mevalonic acid in the
mevalonate pathway (18). Production of lovas-
tatin by submerged fermentation and solid
state fermentation has been widely investigat-
ed and commonly, filamentous fungi exhibit
tremendous potentiality (7). Aspergillus terre-
us is a filamentous ascomycota, which is sig-
nificant provenance for generation of lovas-
tatin (6). The immobilization methods are used
for the binding of cells, organelles, com-
pounds, proteins (3), or different materials on-
to a strong help, into a strong lattice or held by
a membrane, so as to build their stability and
make conceivable their rehashed or proceeded
with employ (16). Silver particles having fine
or ultrafine sizes have attracted scientific in-
terest because of their unusual properties com-
pared to bulk metal (19). Colloidal particles
because of their quantum size effects and sur-
face effects reveal excellent electrical conduc-
tivity, catalytical activity, chemical stability
and antimicrobial activity (14). Interestingly,
some studies have demonstrated an antimicro-
bial potential for statins against different bac-
terial species. For example, simvastatin was
able to inhibit host-cell invasion and Staphylo-
coccus aureus growth. In addition, lovastatin,
atorvastatin, simvastatin and rosuvastatin
showed activity against several reference bac-
teria, yeasts and clinical isolates (11). Lovas-
tatin and associated components indicated
wonder impacts on tumor cells however site of
activity and mechanism of activity is ineffec-
tively comprehended. Concentrate done via
Xiangli et.al. uncovered anti-proliferative im-
pacts of lovastatin on malignant cells. The ex-
periment was performed on the tumor in hu-
man glioblastoma cells and decrease in the
malignancy was showed by lovastatin through
inactivation of RAS farsonylation (29). The
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purpose of this study was to immobilization of
lovastatin produced from local isolate Asper-
gillus terreus A50 using solid state fermenta-
tion with nano-silver and used of lovastatin in
various applications.

MATERIALS AND METHODS

Potato Dextrose Agar (PDA), Sabouraud Dex-
trose Agar (SDA), Nutrient agar, Nutrient
broth from Hi-media, India. HMG-CoA Re-
ductase activity kit (colorimetric) from abcam
company. Sodium Acetate (CH3COONa), So-
dium Hydroxide (NaOH), Ethanol 95%, meth-
anol, ethyl acetate, trifluroacetic acid and other
materials from BDH, England.

Lovastatin production

Collection of seventy three local fungal iso-
lates from different areas, and screening for
lovastatin production. The local isolate Asper-
gillus terreus A50 was best isolate for lovas-
tatin production through submerged fermenta-
tion. The optimum conditions for lovastatin
production by local isolate A.terreus A50 were
used solid state fermentation (SSF) with media
contain wheat bran and oat bran (1:1 w:w),
sodium acetate, moisture ratio (1.2:1 v:w), pH
(7), incubation temperature 30 °C and incuba-
tion period (6 days). Local isolate of A.terreus
A50 was cultured on potato dextrose agar.
Then lovastatin production from this isolate
were performed by using a medium mention
above and the growth was elicited with 1 ml
(1x10° cells/ml)/5gm media of S.cerevisiae
after 48 hours of culture.

Extraction of lovastatin

After the end of SSF operation, the concentra-
tion of lovastatin was measured. First, the cul-
ture was extracted in 250 ml Erlenmeyer's
flask with ethyl acetate (pH 3.0). The mixtures
was then incubated in rotating shaker with 140
rpm at 28 °C for 2 h. Next, filtration was done
using Whatman filter paper (No. 1) for separa-
tion of the biomass from the filtrate. Then
stored the supernatant in glass bottles at 4 °C
until use for additional examination as crude
extraction (26).

Estimation and purification of lovastatin
Lovastatin was estimated based on the method
described by Mielcarek et al. (21) as follows:
One ml of trifluroacetic acid (1%) was mixed
with one ml of the supernatant and incubated
for 10 min. A 0.5 ml from these mixture was
diluted 10 times with methanol and its absorb-
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ance was estimated at 238 nm using UV-
Visible Spectrophotometer. The lovastatin
concentration in the sample was determined by
plotting the O.D values on standard chart.
Three ml of mixture from 0.5 ml trifluroacetic
acid (1%) and 2.5 ml methanol were used as
control. The purification of lovastatin pro-
duced by local isolate A.terreus A50 was per-
formed by silica gel column chromatography
(using silica gel column (67-1.5 cm) (60-120
Mesh) eluted with chloromethane :ethyl ace-
tate (70:30 v:v), 3 ml for each fraction with
flow rate 20 ml/ hour).

Effects of partial purified lovastatin on
HMG-CoA Reductase activity

The study of the partial purified lovastatin ef-
fect on HMG-CoA reductase activity was per-
formed by using kit (colorimetric) from abcam
company. This experiment was achieved using
10 mM of standard, partial purified lovastatin,
and atorvastatin (present in kit as standard in-
hibitor) . The enzyme was separately incubat-
ed with each inhibitor at 37 °C each 2 min for
10 min. The the percentage (%) of enzyme in-
hibition was estimated according to the pro-
ducer of kit (colorimetric) from abcam compa-
ny. The enzyme inhibition was estimated ac-
cording to the equation:

Inhibition %={[(-AA 340nm/AT
(Enzyme)) - (—AA 340nm/AT
(Enzyme+Inhibitor)] / ~AA 340nm/ AT
(Enzyme) }X 100.

A= Absorbance, T=Time

Thermal stability of lovastatin for HMG-
CoA reductase inhibition: A 100 pl of
standard and partial purified lovastatin sepa-
rately were incubated in water bath at different
temperature degrees (20, 25, 30, 35, 40, 45,
50, 55, and 60) °C for 30 min, then the test
tubes containing the lovastatin were trans-
ferred directly to cold water. The impacts of
inhibitors on HMG-CoA Reductase activity
were determined by using 5 pl (10 mM) of
standard and partial purified lovastatin. The
enzyme was separately incubated with inhibi-
tors at 37 °C each 2 min for 10 min. The en-
zyme inhibition % was estimated according to
the same previous equation.

Effect of different storage time of partial
purified lovastatin on HMG-CoA reductase
inhibition: A 100 pl of standard and partial
purified lovastatin separately were incubated
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in water bath at 40 °C for different time 2, 4,
6, 8, 10, 24, 48 hours. The test tubes contain-
ing the lovastatin were then transferred direct-
ly to cold water bath. The effects of inhibitors
on HMG-CoA Reductase activity were inves-
tigated by using 5 pl (10 mM) of standard and
partial purified lovastatin. The enzyme was
separately incubated with inhibitors at 37 °C
each 2 min for 10 min. The enzyme inhibition
% was estimated according to the same previ-
ous equation.

Immobilization of lovastatin (Binding Nano-
silver with lovastatin): Lovastatin was sus-
pended in deionizing water and sonicated for
15 min. Next, 2 ml of lovastatin suspension
(0.5 mg/ml) was transferred to tube and mixed
with 2 ml of standard silver nanoparticles of
concentration 0.7 mg/ml. After incubation for
24 hours the solutions were centrifuged 10000
rpm, for 10 minutes at room temperature, the
supernatant was transferred to tube and ig-
nores. While the precipitate was washed for
four times, then were subjected to complete
analysis via ultraviolet-visible spectrophotom-
etry and ATR-FTIR analysis, for detect the
binding between lovastatin and standard silver
nanoparticles (28).

Lovastatin applications

Antimicrobial activity of lovastatin: The
bacterial isolates were obtained from depart-
ment of Biotechnology/College of Science/
University of Baghdad, bacteria were: Gram-
positive: Staphylococcus aureus and Entero-
coccus faecalis, Gram-negative: Escherichia
coli, Salmonella typhi and Pseudomonas aeru-
ginosa and the yeast: Candida albicans. The
bacteria and yeast were sub-cultured on nutri-
ent broth and incubated at 37°C, while yeast in
28 °C for 48 hours and then kept in the refrig-
erator for next experiments. The various con-
centrations of partial purified lovastatin were
prepared using distilled water as solvent, con-
centration included 10, 50, and 75 pg/ml. The
antibiotic (metronidazole) was prepared via
distilled water with 50 pg/ml concentration.
The metronidazole was used as control (1).
Determination of lovastatin activity by agar
diffusion method: According to Obeidat et al.
(23), petri-dish plates contained of Mueller-
Hinton agar for bacteria and Sabouraud dex-
trose agar for C.albicans were used. Agar me-
dia were cultured with an overnight culture of
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indicators strains. Five wells (5 mm diameter)
were made into the (two plates) agar via cork-
borer and three wells were loading with 0.1 ml
of the partial purified lovastatin with different
concentration (10, 50, and 75 pg/ml) and
standard lovastatin with concentration of 75
ug/ml, as well as the metronidazole and dis-
tilled water were used as control. The inocu-
lums volume was balanced in order to convey
last inoculums of around 7x10° cells/ml, cells
enumeration was doing by a hemocytometer.
Incubation of bacteria were performed at 37 °C
and of yeast at 28 °C for 24 hours. The as-
sessment of antibacterial and antifungal activi-
ty was based on diameter measurement of the
inhibition zone formed around the well.
Antimicrobial activity of immobilized lovas-
tatin: Petri-dish plates of Mueller-Hinton agar
for bacteria and Sabouraud dextrose agar for
C.albicans were used. Agar media were cul-
tured with old culture (7x10° cells/ml) of same
microbial strains that mention above. Five
wells (5 mm diameter) were made into (two
plates) the agar via cork-borer and 0.1 ml of
different solutions were applied in each well,
these solution including the 75 pg/ml of stand-
ard lovastatin, partial purified lovastatin, im-
mobilized lovastatin, nano-silver, and distilled
water as control. The assessment of antibacte-
rial and antifungal activity was based on diam-
eter measurement of the inhibition zone
formed around the well (23).

Determination of minimum inhibition con-
centration (MIC), minimum bactericidal
concentration (MBC) and minimum fungi-
cidal concentration (MFC): When in doubt, a
concentrate is viewed as dynamic against the
two fungi and bacteria if the inhibition zone
was more noteworthy than 6 mm (22). Fifteen
concentrations for the solutions were prepared
(5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, and 75 pg/ml), these solution including
nano-silver, partial purified lovastatin, immo-
bilized lovastatin, and distilled water as con-
trol. Petri-dish plates consist of Mueller-
Hinton agar for bacteria and Sabouraud dex-
trose agar for C.albicans were used. Agar me-
dia were cultured with old culture (7x10°
cells/ml) of the microbial strains, including
Gram-positive:  S.aureus,  Gram-negative:
E.coli and the yeast: C.albicans. Three wells
(5 mm diameter) were performed and 0.1 mi

380

of different concentration solutions were ap-
plied in each well. The results were observed
and measuring the diameter of inhibition zones
(clear zone without growth around the colony)
(10). The determination of MBC and MFC
was performed by sub-culturing portions of the
agar from plates that showed no growth in the
tests for determination of MICs. These agar
were transferred respectively into plates con-
taining nutrient agar for bacteria and
Sabouraud dextrose agar for Candida albicans,
then incubated at 37 and 28 °C for bacteria and
yeast, respectively, for 24 hours and were ob-
served for growth. If there was no growth, the
solutions were identified as bactericidal or
fungicidal (24).

The cytotoxic effect of partial purified
lovastatin: The strategy of this experiment (in
vitro) was performed to examine the conceiva-
ble cytotoxic impact of standard and partial
purified lovastatin on tumor cell lines (Michi-
gan cancer foundation-7, MCF-7) and normal
cell line WRL 68 (human liver cell line). The
cytotoxic effect study was according to the
manufacturer's instructions (27):

The cells (1 x 10*to 1 x 10° cells/ml) were cul-
tured in 96-well plates to end volume of 200 pl
complete culture medium for each well. The
plates were wrapped with a sterile parafilm,
gently stirred and incubated for 24 hours at 37
° C with 5% CO,. After the incubation, re-
move of the medium, and 200 pl of a 2- fold
various dilution of the standard and partial pu-
rified lovastatin (6.25, 12.5, 25, 50, 100, 200,
400 pg/ml) was added to the wells. Triplicate
was performed at each concentration and con-
trol. Then incubation of the plates for 48 hours
at 37°C with 5% CO,. Then, 10 ul of MTT
solution was added to each well. The plates
were incubated for 4 hours with 5 % CO, at 37
°C. The medium was then neatly segregated,
and in each well 100 pl of DMSO solution was
added then incubated for 5 minutes. Absorb-
ance was measured using an ELISA reader at a
wavelength of 575 nm. Statistical analysis was
performed on the optical density readings to
calculate the IC50. According to the following
equation:

Viability (%) = (Optical density of sample /
Optical density of control (live cells)) x 100
%.

RESULTS AND DISCUSSION
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Impact of lovastatin on HMG-CoA Reduc-
tase activity: The effects of inhibitors on
HMG-CoA Reductase activity were deter-
mined by using 10 mM of standard and partial
purified lovastatin. The results of this experi-
ment show that HMG-CoA Reductase activity
was inhibited at 10 mM of standard and partial

purified lovastatin with specific activity 0.056
and 0.062 U/mg protein respectively, com-
pared with control (Figure 1), while (10 mM)
atorvastatin (in kit as standard inhibitor) inhib-
it the HMG-CoA Reductase activity with spe-
cific activity 0.039 U/mg protein.
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Figure 1. Effect of standard and partial purified lovastatin on HMG-CoA reductase activity

Peter and Jones (25), found that the statins
have proved to be potent therapies for reduc-
ing elevated low-density lipoprotein (LDL)
cholesterol and lessening the risk of coronary
heart disease (CHD) and related events via in-
hibiting HMG-CoA Reductase enzyme. Zipp,
et.al. (30), proved that brain cholesterol levels
in mice were reduced after treatment with 100
mg/kg of lovastatin, no reduction was ob-
served in guinea pigs treated with much higher
doses of simvastatin over the same period of
time, duo to the lovastatin is more effect on of

HMG-CoA Reductase enzyme than simvas-
tatin.

Thermal stability of lovastatin for inhibition
of HMG-CoA reductase activity: The results
of this study demonstrated that the standard
and partial purified lovastatin were stable in
temperatures between 20-40 °C, then the sta-
bility begun to decrease at 45 °C (Figure 2).
This decrease in lovastatin may be due to the
thermal effect on the lovastatin activity and/or
structure.
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Figure 2.

Effect of different temperature on inhibitors (standard and partial purified lovas-

tatin) for of HMG-CoA reductase inhibition

The literature mention that the storage of
lovastatin must be at controlled room tempera-
ture 20-25 °C, and must avoid excessive heat
and humidity. Ho et.al. (13), demonstrated that
lovastatin exhibits higher thermal stability and
lower degradation rate than simvastatin. Can-

381

dyrine et.al. (9), showed that the best tempera-
ture for lovastatin storage was from 22 to 25
°C.

Lovastatin stability at different storage time
The results of this study showed that the
standard and partial purified lovastatin were



Iragi Journal of Agricultural Sciences —2021:52(2):377-391

Al-Sa'ady & Aziz

stable in storage time between 1-8 hours, then
the stability begun to decrease after the ten
hours (Figure 3).This decreases in inhibition
by lovastatin may be due to the thermal effect
on the lovastatin structure. Some literature re-

ported that the temperature of lovastatin stor-
age was at 20-25°C, also lovastatin must be
protected from light and stored in a well-
closed, light-resistant container (9).
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Figure 3. Effect of different storage time on lovastatin for HMG-CoA reductase inhibition

Immobilized lovastatin (Nanosilver-
lovastatin): The results showed that the nano-
silver was bound with partial purified lovas-
tatin to form immobilized lovastatin. Whereas
the maximum absorbance of free standard
nano-silver, free partial purified lovastatin, and
standard nano-silver plus partial purified
lovastatin without binding after scanning at

]

w
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200-800 nm, were 200, 212, and 228 nm, re-
spectively (Figure 4-A,B,C). While the maxi-
mum absorbance of immobilized lovastatin
was 288 nm, this indicate that the lovastatin
was binding with nano-silver to form one large
molecule called immobilized lovastatin (figure
4-D).
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Figure 4. Scanning of absorbance for Nano silver and lovastatin at 200-800 nm: A- Standard
Nano-silver; B- Free partial purified lovastatin; C- Standard nano-silver and partial purified
lovastatin mixture without binding; D- Immobilized lovastatin

According to the outcomes in Figures (5 and
6) and compared with ATR-FTIR analysis of
partial purified lovastatin, the FTIR spectra of
immobilized lovastatin shows that the peaks at
1616.24 cm* for lovastatin-silver nanoparti-
cles is due to alkenes C=C group, that has been
shifted to a higher wavenumber in comparison
to the primary aromatic C=C of partial purified
lovastatin (1560.30 cm™* ), which suggested

that the role of primary aromatic C=C group of
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partial purified lovastatin in reduction of
lovastatin-silver nanoparticles. The lactone
ring bands and other bands do not show any
shift in lovastatin-silver nanoparticles as com-
pared to partial purified lovastatin. Hence it
can be deduced that formation of lovastatin-
silver nanoparticles and lactone ring of partial
purified lovastatin preserves its integrity (fig-
ure 5 and 6).

Figure 5. ATR-FTIR analysis of partial purified lovastatin from local isolate A.terreus A50
using solid state fermentation
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Figure 6. ATR-FTIR analysis of immobilized lovastatin

Antimicrobial activity of lovastatin

The antibacterial and antifungal activity of
partial purified lovastatin against fungi and
bacteria are presented in Table (1). The iso-
lates were sensitive to partial purified lovas-
tatin. Staphylococcus aureus and S.typhi more
sensitive to partial purified lovastatin than oth-
er Gram negative, Gram positive bacteria, and
yeast, with inhibition zones of 24 mm and 23
mm respectively, at concentration 75 pg/ml.
The inhibition zone of E. faecalis was 18 mm
while the inhibition zones of each of E.coli,

C.albicans, and P.aeruginosa were 22, 20 and
13 mm, respectively, at concentration 75
ug/ml. Also, the other concentrations (10, and
50 pg/ml) of partial purified lovastatin were
showed low inhibition zones compare with 75
pg/ml concentration. Base on the results, it can
be said that concentrations of partial purified
lovastatin (10, 50, and 75 pg/ml) gives antimi-
crobial activity against both bacterial and fungi
isolates (Table 1) according to Muhammad
and Muhammad (22).

Table 1. Impact various concentrations of partial purified lovastatin on the microbial isolates

NO. Isolate Inhibition zone (mm) of Inhibition Inhibition zone Inhibition zone Inhibition
antibiotic (metronida- zone (mm) of (mm) of lovas- (mm) of lovas- zone (mm) of
zole) (50 pg/ml) as con- lovastatin 25 tatin 50 pg/ml tatin 75 pg/ml standard

trol pg/mi lovastatin 75
pg/mi
1 C. albicans 28 15 17 20 20
2 S. aureus 27 16 19 24 23
3 E. faecalis 22 11 15 18 16
4 E. coli 26 13 17 22 20
5 S. typhi 27 15 18 23 21
6 P. aeruginosa 13 8 10 13 12

Masadeh, et.al., (20), demonstrated that statins
can actuate variable degrees of antibacterial
action with atorvastatin, lovastatin and simvas-
tatin being the more strong than rosuvastatin.
While vancomycin-defenseless Enterococci
(VSE), methicillin-sensitive S.aureus (MSSA),
vancomycin-resistance Enterococcus (VRE),
methicillin- resistance S. aureus (MRSA),
S.epidermidis, E.aerogenes, and Acinetobacter
baumannii, were progressively sensitive to
both simvastatin, atorvastatin, and lovastatin
contrasted with rosuvastatin. Then again,
P.mirabilis, E.cloacae, and E.coli were in-
creasingly sensitive to atorvastatin contrasted
with both lovastatin, simvastatin and rosuvas-
tatin. Moreover, most clinical segregates were
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less sensitive to statins contrasted with their
relating standard strains. Statins are a class of
pharmaceutical widely used to treat high se-
rum cholesterol. In addition, statins have so-
called pleiotropic impact, which include the
reduction of inflammation, immunomodula-
tion, and anti-microbial effects (12).

Antimicrobial activity of immobilized lovas-
tatin: The results in Table 2 show that the
tested solutions were effective in inhibiting
microbial growth of test microorganisms with
different potency. Immobilized lovastatin was
more effective against gram negative bacteria
than gram positive bacteria and yeast. Immobi-
lized lovastatin possess higher antimicrobial
activity when compared with other com-
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pounds. The range of inhibition zones for im- lovastatin were more efficient compared to
mobilized lovastatin, partial purified lovas- their respective free forms. In addition, devel-
tatin, Nano-silver were of 31-48, 12-23, 12-17 oped a simple technique for the conjugation of
mm, respectively. The highest antibacterial lovastatin with nano-silver needs functionali-
activity was obtained from immobilized lovas- zation process. The interaction between lovas-
tatin against S. aureus (48 mm) and the lowest tatin and nano-silver is likely to be mediated
antibacterial activity was against E. faecalis by the adsorption of the lovastatin molecules
(31 mm). The results demonstrated that the in on the nanoparticle surfaces.

vitro antimicrobial activity of immobilized
Table 2. Impact of immobilized lovastatin on the microbial isolates used well diffusion test

NO. Isolate Inhibition zone (mm) Inhibition zone Inhibition zone Inhibition zone
of immobilized lovas- (mm) of standard (mm) of partial pu-  (mm) of Nano-silver
tatin 75 pg/ml lovastatin 75 pg/ml rified lovastatin 75 75 pg/ml
ug/ml

1 C. albicans 33 19 18 12

2 S. aureus 48 23 23 16

3 E. faecalis 31 16 18 12

4 E. coli 38 20 22 14

5 S. typhi 36 19 22 12

6 P. aeruginosa 34 13 12 17
Rogowska, et.al., (28), found that ampicillin including nano-silver, partial purified lovas-
from an unmodified counterpart was less ef- tatin, and immobilized lovastatin, as well as
fective against Klebsiella pneumoniae and distilled water was used as control. Com-
S.aureus, and only for E.coli is a strong syner- pounds with antimicrobial activity exhibit im-
gistic effect. A similar phenomenon has been pacts that kill microorganisms or temporarily
observed for amoxicillin-resistant strain reduce their reproduction. Performed the well
S.aureus. The concomitant use of silver nano- diffusion method is insufficient to determine
particles and amoxicillin in this case, revealed the lethal and instrinsic suppression. In addi-
antagonistic effect. It is likely that nanoparti- tion to the well diffusion test, MIC and
cles (Ag) prevent the absorption of a large MBC/MFC tests are also more effective in de-
amount of ampicillin. Nanoparticles bind to termining how an effect is exhibited (4). The
the surface of bacterial cells. Brown et.al., (8), minimum inhibitory concentration (MIC) re-
has shown that ampicillin-resistant bacterial sults showed that all tested solutions were
strains such as P.aeruginosa, Enterobacter showed antibacterial activity against C. albi-
aerogenes or S.aureus are vulnerable to silver cans, E. coli, and S. aureus with MIC values
nanoparticles used with this antibiotic. Its per- ranging from 15 to 75 pug/ml. While the results
formance was even higher than nanoparticles of minimum bactericidal concentration (MBC)
made of silver alone. and minimum fungicidal concentration (MFC)
Determination of Minimum Inhibition Con- showed that C. albicans, E. coli, and S. aureus
centration (MIC), Minimum Bactericidal had no growth with concentration ranging
Concentration (MBC) and Minimum Fun- from 55 to 75, 55 to 75, and 30 to 75 pg/ml,
gicidal Concentration (MFC) respectively. The tested solutions showed dif-
Fifteen concentrations for the solutions were ferent levels of antimicrobial activity depend-
prepared (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, ing on tested species as shown in table (3).

55, 60, 65, 70, and 75 pg/ml), these solutions
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Table 3. Antimicrobial activity of partial purified and immobilized lovastatin on the bacterial
and fungal isolates

N Isolates Lovastat MIC (mm) MBC/MFC
O. in conce.
ng/mi — - — -
Immobilized Partial purified Nano-silver
lovastatin lovastatin particles

1 75 34 20 14 No growth
2 70 31 19 14 =
3 65 29 19 13 =
4 60 24 18 13 =
5 55 24 17 13 =
6 C. albicans 50 23 17 13 Growth
7 45 21 15 13 =
8 40 18 14 12 =
9 35 18 13 12 =
10 30 17 12 12 =
11 25 15 12 12 =
12 20 13 12 11 =
13 15 (0] (0] (0] =
14 10 0 (0] 0] =
15 5 0 0] 0] =
16 75 46 25 20 No growth
17 70 40 24 19 =
18 65 40 22 19 =
19 60 38 21 17 =
20 S. aureus 55 36 18 15 =
21 50 34 16 14 =
22 45 34 16 14 =
23 40 32 14 13 =
24 35 30 13 13 =
25 30 29 13 12 =
26 25 26 13 12 Growth
27 20 19 12 (0] =
28 15 0 (0] (0] =
29 10 0 (0] 0] =
30 5 6] (0] (0] =
31 75 28 20 16 No growth
32 70 27 19 16 =
33 65 26 18 15 =
34 E. coli 60 26 17 15 =
35 55 24 16 13 =
36 50 23 16 13 Growth
37 45 21 15 12 =
38 40 19 13 12 =
39 35 18 11 11 =
40 30 17 11 11 =
41 25 14 11 9 =
42 20 12 9 7 =
43 15 10 8 0] =
44 10 0 (0] (0] =
45 5 0 0 0 =

Statins have other impacts than lipid decrease,
named pleiotropic impacts, for example, miti-
gating immunomodulatory activities and anti-
inflammatory. Numerous examinations have
assessed the impact of statins on the counter-
action, dismalness and mortality of different
irresistible illnesses. A portion of these exami-
nations have demonstrated that statins can
forestall the foundation of contaminations or
even decrease death rates in patients routinely
taking statins. In patients with sepsis and bac-
teremia, the utilization of statins was related
with lower mortality in ongoing examinations.
Also, different investigations did not locate the
equivalent defensive impact. Curiously, a few
investigations have shown an antimicrobial
potential for statins against various bacterial

386

species. For instance, simvastatin had the op-
tion to restrain have cell attack and S.aureus
development. Moreover, lovastatin, atorvas-
tatin, simvastatin and rosuvastatin demonstrat-
ed action against a few reference microorgan-
isms, yeasts and clinical disconnects (11).

Cytotoxic effect of partial purified lovas-
tatin (in vitro): The MTT experiment was
achieved to investigate the cytotoxic impact of
standard and partial purified lovastatin on tu-
mor cell lines (MCF-7 cell line). This experi-
ment was proceeded to uncover cell viability
after Testing a range of concentrations for
each component on tumor cell lines. The re-
sults presented in Figure (7) show that partial
purified lovastatin revealed a decrease to a de-
press in cell viability in a dose-dependent
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manner on MCF-7 cell lines, with a calculating
ICs of 138.1 pg/ml compare with normal cell
line (WRL 68 Cell Line) at 1Csy of 198.7
pg/ml. Nevertheless, data the statistical analy-
sis of data demonstrated significant variations

and normal cell line regarding the standard and
partial purified lovastatin (table 4, 5, 6, and
7). While the results in the table (8 and 9)
demonstrated that the comparison between ob-
served and expected responses had no signifi-

(P < 0.0001) in the pattern of depression
among the used concentration in MCF-7 cells

cant differences.

100+

89 ICso 198.7
=2 -~ MCF-7
b 604
% ICso138.1 —+ WRLE8
& 40-
s

204

0 . . . . .

0.5 1.0 1.5 2.0 2.5 3.0

Log Concentration ug mL"?

Figure 7. Dose-dependent cytotoxic impact of partial purified lovastatin on MCF-7 cells and
normal cell line after incubation at 37°C for 24 hours with 5% CO,.
Table 4. Convergence information of effect of partial purified lovastatin on MCF-7 cells
Convergence Information
Number of Iterations Optimal Solution Found
PROBIT 10 Yes

Table 5. Chi-Square Tests of effect of partial purified lovastatin on MCF-7 cells

Chi-Square Tests
Chi-Square df® Sig.
PROBIT Pearson Goodness-of-Fit Test 20.726 5 0.001%
a. Since the significance level is less than .150, a heterogeneity factor is used in the calculation of confi-
dence limits.
b. Statistics based on individual cases differ from statistics based on aggregated cases.
Table 6. Convergence information of effect of standard lovastatin on MCF-7 cells
Convergence Information
Number of Iterations Optimal Solution Found
PROBIT 10 Yes
Table 7. Chi-Square Tests of effect of standard lovastatin on MCF-7 cells
Chi-Square Tests
Chi-Square df® Sig.
PROBIT Pearson Goodness-of-Fit Test 38.790 5 0.000?

a. Since the significance level is less than .150, a heterogeneity factor is used in the calculation of confi-
dence limits.

b. Statistics based on individual cases differ from statistics based on aggregated cases.
Table 8. Cell counts and residuals of effect of partial purified lovastatin on MCF-7 cells
Cell Counts and Residuals

Num- concentra- Number of Observed Expected Resid- Proba-
ber tions Subjects Responses Re- ual bility
sponses

PROBIT 1 400.000 100 51 59.386 -8.113- 0.594
2 200.000 100 39 27.383 12.007 0.274

3 100.000 100 24 15.371 8.163 0.154

4 50.000 100 11 10.928 415 0.109

5 25.000 100 5 9.091 -3.883- 0.091

6 12.500 100 5 8.263 -3.441- 0.083

7 6.250 100 4 7.871 -4.013- 0.079
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Table 9. Cell Counts and Residuals of effect of standard lovastatin on MCF-7 cells

Cell Counts and Residuals

Num- concen-  Number of Observed Expected Residual Proba-

ber trations Subjects Responses Responses bility

PROBIT 1 400.000 100 60 71.456 -11.194- 0.715
2 200.000 100 52 33.201 18.767 0.332

3 100.000 100 29 17.492 11.019 0.175

4 50.000 100 9 11.797 -2.497- 0.118

5 25.000 100 4 9.504 -5.222- 0.095

6 12.500 100 4 8.489 -4.366- 0.085

7 6.250 100 4 8.013 -3.962- 0.080

Partial purified lovastatin displayed a dose-
dependent pattern of piecemeal cytotoxicity
starting from the lower concentration to its
more strong inhibition at 400ug/ml, 24.575 %
inhibition of WRL 68 cells line, and 51.273 %
inhibition of MCF-7 cells. The outcomes of
cytotoxic impact of partial purified lovastatin
indicated that remedying MCF-7 cells at con-
centrations extending from 6.25 to 400 pg/mil
for 24 hours demonstrated an important mor-
tality in cell viability via rising the concentra-
tion in a portion subordinate example that
came to up to 51.27 % killing at 400 pg/ml

100+
80+
60+

40+

Viability %

- MCF-7
204
-~ WRLES

o

with an 1Cso of 138.1ug/ml (figure 7). In addi-
tion, the treatment of MCF-7 cells with stand-
ard lovastatin showed an influence by applying
the similar concentration range with an identi-
fied 1Csq of 112 pg/mL (figure 8). On the other
hand, figure (9 and 10) showed that it is possi-
ble to determine the effect of an unknown con-
centration of standard and partial purified
lovastatin by using regression equations ac-
cording to the following equations:

Y= 1.56+4.65E-3x »for partial purified lovas-
tatin.

Y= 1.56+5.55E-3x »for standard lovastatin

IC40 211.3

ICs0 112.0

0.5 1.0 1.6

2.0 2.5 3.0

Log Concentration pug mL"?

Figure 8. Dose-dependent cytotoxic effect of standard lovastatin on MCF-7 cells and normal
cell line after incubation at 37 C for 24 hours

Probit Tranaformed Responses
17 Linew = 0 880
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g
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Figure 9. Partial purified lovastatin concentrations with probit inhibition on MCF-7 cells

388



Iragi Journal of Agricultural Sciences —2021:52(2):377-391

Al-Sa’ady & Aziz

Probit Transformed Responses

oo

Probit

R Lnesr = 0208

100000

200000

S30000

concentrations

Figure 10. Standard lovastatin concentrations with probit inhibition on MCF-7 cells

Klawitter et. al. (17), showed that lovastatin
inhibited proliferation of breast cancer cell
lines. breast cancer MDAMB231 cells were
more sensitive to its effects, and in most cases
lovastatin acid showed more potency towards
the manipulation of protein expression than
lovastatin lactone. Bhargavi et.al. (5), found
that partial purified lovastatin from A.terreus
(KM017963) (purified by adsorption chroma-
tography) was effect on HelLa cells through its
impact on mitochondrial membrane potential,
quantities of cell, DNA fracture and antioxi-
dant properties regarding on the one hand hy-
droxy radical scavenging and its impact on
levels of diminished glutathione. While its
effect in cell cycle was through cell apoptosis
and cell cycle regulation in the GO/G1 phase,
and the final results give leads for the anti-
cancer impacts of lovastatin and its potential
handiness in the chemotherapy of cervical ma-
lignant growth. Janani, et.al. (15), found that
lovastatin obtained from soil fungi is exhibited
significant antitumor activity against A549 cell
line (from human lung). Raghunath et.al.,(26),
demonstrated that the lovastatin extracted from
fungal manifest had a strong cytotoxic activity
in in-vitro culture of examined cancer cells of
human (HeLa and HepG2) via apoptotic ex-
periment.
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