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Table 1. Variables and levels of central composite design method for optimization of uranium
biosorption by autoclaved biomass of Micrococcus luteus bacteria.

] levels
Variable Symbol ————— 0 1 +q
Initial concentration (mg/l) A 10 325 55 775 100
pH B 2 275 35 425 5
Temperature (°C) C 25 36.25 325 2875 40
biosorbent dose(g/1) D 5 10 15 20 25
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Table 2. Values of variables and experimental responses of the central composite design in the

response surface methodology for optimization of uranium biosorption by autoclaved biomass of Micrococcus
luteus bacteria.

Test Initial concentration pH Temperature Biosorbent dose Removal
(mg/1) 9] (o (%)
1 55 35 325 5 89.29
2 100 35 325 15 99.55
3 55 35 325 25 96.82
4 325 2.75 36.25 20 93.31
5 77.5 2.75 28.75 10 74.75
6 77.5 2.75 36.25 20 99.1
7 55 35 325 15 90.9
8 325 4.25 36.25 10 93.18
9 32.5 4.25 28.75 10 94.1
10 325 4.25 28.75 20 98.34
11 325 2.75 28.75 20 94.07
12 55 35 40 15 94.11
13 10 35 325 15 98.81
14 775 2.75 36.25 10 80.76
15 775 4.25 36.25 20 91.87
16 55 35 25 15 92.04
17 55 5 325 15 95.93
18 325 4.25 36.25 20 97.8
19 775 2.75 28.75 20 99.03
20 325 2.75 28.75 10 98.1
21 775 4.25 36.25 10 95.6
22 55 2 325 15 45.46
23 325 2.75 36.25 10 98.46
24 55 35 325 15 91.59
25 775 4.25 28.75 10 92.39
26 55 35 325 15 90.65
27 775 4.25 28.75 20 92.81

el 00l oy 28 1) Djgo 58l 5 Jagd cald slpaioy Jow

Biosorption of uranium = +381.00267-15.47727* C (ppm)-45.12825 * pH+0.62243* T (0C)-7.08198* M
(g/)+4.10347* C (ppm) * pH+7.56296E-003* C (ppm)* T (0C)+0.18786* C (ppm)* M (g/l)

-0.10822* pH * T (0C)+2.14135* pH * M (g/1)-0.036100* T (0C) * M (g/1)+0.10988* C (ppm)2-8.84880*
pH2-0.047385* C (ppm) * pH * M (g/1)-0.030184* C (ppm)2* pH
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Table 3. Variance analysis of the proposed model for the amount of uranium biosorption by the
autoclaved biomass of Micrococcus luteus bacteria (R).

Reference Sum of squares df Mean square F value p-value
Model 2825.492 14 201.8209 12.19238 <0.0001
A-C (ppm) 65.24104 1 65.24104 3.941335 0.0704
B-pH 1273.61 1 1273.61 76.94122 <0.0001
C-T (0C) 4.708204 1 4.708204 0.284432 0.6035
D-M (g/l) 121.7251 1 121.7251 7.353645 0.0189
AB 23.88766 1 23.88766 1.443099 0.2528
AC 6.515256 1 6.515256 0.393599 0.5422
AD 98.15856 1 98.15856 5.929945 0.0314
BC 1.482306 1 1.482306 0.089549 0.7699
BD 48.61576 1 48.61576 2.93697 0.1123
CD 7.330556 1 7.330556 0.442853 0.5183
AN2 117.6547 1 117.6547 7.107745 0.0206
B"2 634.2397 1 634.2397 38.31562 <0.0001
ABD 255.7601 1 255.7601 15.45095 0.0020
AN2B 700.5116 1 700.5116 42.31924 <0.0001
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Figure 1. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus. The
interaction of the initial concentration of uranium (mg/l) and pH on R.
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Figure 2. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus. The
interaction of the initial concentration of uranium (mg/l) and temperature (°C) on R.
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Figure 3. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus. The
interaction of the initial concentration of uranium (mg/l) and the amount of biosorbent (g/l) on R.
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Figure 4. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus.
The interaction of temperature (°C) and pH on R.
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Figure 5. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus.
The interaction of pH value and the amount of biosorbent (g/I) on R.

R

95 5¢
a5t

K120 T o)
X2=D Migh)

Actusd Factors
A C [ppm) =55 00 o
B =350

1000 2879

C:T(0C)
2 () s o3l Jlatio 5 OC) Los Jlado GiSan - uptis) usT355,50 bansgs psailygl (st joder Jlaio (suman slagdaw —F S

R U™
Figure 6. Three-dimensional surfaces of uranium biosorption by Micrococcus luteus.
The interaction of temperature (°C) and the amount of biosorbent (g/l) on R.
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Abstract

Introduction: Uranium, as one of the heavy metals, is a natural radionuclide that has harmful effects on
human health and the environment due to its serious toxicity and radiation properties. Biosorption is a simple
and cost-effective technique that can be used for removal of heavy metals and Radionuclides from waste waters.
Material and methods: In this study, Micrococcus luteus biomass pretreated with autoclave heat was used. Then,
physicochemical factor affecting the biosorption including biosorbent dose, initial uranium concentration,
temperature and pH were investigated by Response Surface Methodology. Results: The results showed that the
factor of initial uranium concentration, sorbent dose and pH statistically (p-value< 0.05) affect the uranium
biosorption process. In contrast, temperature factor (p-value> 0.05) statistically have no effect on uranium
removal by M. luteus. Discussion and conclusion: The results indicated that the pre-treated biomass under the
conditions suggested by Design Expert software (19.75 g/liter of biomass, temperature 32.14 °C and pH 3.33) is
able to remove approximately 99.98 percent of uranium from the contaminated area is 26.11 mg/liter of uranium,
which shows its valuable potential in bioremediation applications of uranium from acidic wastewaters

contaminated with low concentrations of uranium.
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3-carboxylic acid. The piperazine ring is highlighted in green (Sharma et al, 2010)
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Figure 5: The structures of compounds. from left to right. S1, S2, S3 (Drawn by ChemBioDraw Software)

(S1):1-cyclopropyl-6-fluoro-4-oxo-7-(4-(phenylcarbamothioyl) Piperazine -1-yl)-1,4-dihydroquinoline-3-

carboxylic acid

IR (KBr): 1631, 1715, 2899, 3381 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.21-1.37 (4H, m, 2CHj,
cylopropyl), 3.45 (4H, m, 2CHa, piperazine), 3.81 (1H, m, CH, cyclopropyl), 7.12-7.56 (6H, m, arom), 7.83 (1H,
d, 3Jur = 13.2 Hz, arom), 8.61 (1H, s, CH-vinyl), 9.53 (1H, s, NH), 15.09 (1H, s, OH).

(S2): 1-cyclopropyl-6-fluoro-7-(4-(methylcarbamothioyl) Piperazine -1-yl)-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid

IR (KBr): 1631, 1719, 2918, 3441 cm™. 'H NMR (300 MHz, DMSO-dg) & (ppm): 1.20-1.35 (4H, m, 2CH,,
cylopropyl), 2.97 (3H, d, J = 3.9 Hz, CHs), 3.41-3.43 (4H, m, 2CHy, piperazine), 3.84 (1H, m, CH, cyclopropyl),
4.01-4.05 (4H, m, 2CH,, piperazine), 7.58 (1H, d, J = 7.4 Hz, arom), 7.88 (1H, m, NH),7.95 (1H, d, %Ju.r = 13.3
Hz, arom), 8.61 (1H, s, CH-vinyl), 15.19 (1H, s, OH).

(S3): 7-(4-(benzylcarbamothioyl) Piperazine -1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid

IR (KBr): 1631, 1714, 2904, 3407 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.20-1.35 (4H, m, 2CHj,
cylopropyl), 3.46 (4H, m, 2CHy, piperazine), 4.11 (4H, m, 2CHy, piperazine), 4.85 (2H, d, J = 5.4 Hz, CH; benyl),
4.96 (1H, m, CH, cyclopropyl), 7.23-7.45 (5H, m, arom and NH), 7.59 (1H, d, J = 7.4 Hz, arom), 7.95 (1H, d, 3Ju.
r=13.3 Hz, arom), 8.41 (1H, t, J = 5.7 Hz, arom), 8.69 (1H, s, CH-vinyl), 15.19 (1H, s, OH).
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Figure 6: The structure of compounds, from left to right, S4,S5,S6 structure (Drawn by ChemBioDraw
Software)

(S4):1-cyclopropyl-7-(4-(((2-ethoxy-2-oxoethyl)thio)carbonothioyl) Piperazine -1-yl)-6-fluoro-4-oxo-1,4

dihydroquinoline-3-carboxylic acid

IR (KBr): 1629, 1728, 2916, 3437 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.20-1.37 (7H, m, 2CHj,
cylopropyl and CHjs ethyl), 3.56 (4H, m, 2CHy, piperazine), 3.82 (1H, m, CH, cyclopropyl), 4.14 (2H, d,J=7.1
Hz, OCH,), 4.25 (4H, m, 2CHp, piperazine), 4.47 (2H, s, S-CH,), 7.59 (1H, s, arom), 7.93 (1H, d, 3Ju.r = 13.2 Hz,
arom), 8.66 (1H, s, CH-vinyl), 14.97 (1H, s, OH).

(S5): 7-(4-(((2-(benzyloxy)-2-oxoethyl)thio)carbonothioyl) Piperazine -1-yl)-1-cyclopropyl-6-fluoro-4-oxo-

1,4-dihydroquinoline-3-carboxylic acid

IR (KBr): 1627, 1748, 2925, 3438 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.17-1.37 (4H, m, 2CHj,
cylopropyl), 3.53-3.57 (4H, m, 2CH,, piperazine), 3.80 (1H, m, CH, cyclopropyl), 4.22-4.27 (2H, m, 2CH
piperazine), 4.34 (2H, s, S-CHy), 4.40-4.47 (2H, m, 2CH, piperazine), 5.17 (2H, s, O-CH,), 7.32-7.43 (5H, m,
arom), 7.54 (1H, d, J = 6.6 Hz, arom), 7.86 (1H, d, 3Ju.r = 13.2 Hz, arom), 8.62 (1H, s, CH-vinyl), 15.15 (1H, s,
OH).

(S6):7-(4-((benzylthio)carbonothioyl) Piperazine -1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid

IR (KBr): 1631, 1713, 2865 cm™™. *H NMR (300 MHz, DMSO-ds) & (ppm): 1.19-1.37 (4H, m, 2CH,,
cylopropyl), 3.54 (4H, m, 2CHy, piperazine), 3.80 (1H, m, CH, cyclopropyl), 4.19 (2H, m, 2CH piperazine),
4.50 (2H, m, 2CH, piperazine), 4.40-4.47 (2H, s, S-CHy), 7.29-7.45 (5H, m, arom), 7.54 (1H, m, arom), 7.88
(1H, d, 3Ju.e = 13.2 Hz, arom), 8.63 (1H, s, CH-vinyl), 15.16 (1H, s, OH).
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Table 1 Antimicrobial activity of ciprofloxacin derivatives by disc diffusion method on standard and clinical

bacteria (zone of inhibition in mm). S1 - S6 are synthetic compounds and ciprofloxacin (Cip) is considered as a
positive control.

strain s1 $2 S3 sS4 S5 6 Cip*
K.pneumoniae
STeC 185 206002 26:005  13:008 274005  19:0.19 0 19+0.02
S a“;‘;‘gszém 24+0.08  25:0.06  25:002  2040.05 284005  18+0.03  2040.05
E. coli ATCC
o500 2140.02 214005  11£0.05  19:009 174008  1140.02  19:0.06

P. aeruginosa
ATCC 27853 29+0.05 31+0.01 25+0.12 38+0.08 32+0.02 29+0.18 27+0.11

P. aeruginosa 1™  15+0.19 21+0.05 0 17+0.15 10+0.03 0 12+0.09
P.aeruginosa 2  12+0.05  23+0.08 13+0.07 14+0.02 0 21+0.05 0
P.aeruginosa 3™  25+0.11  13+0.09 0 0 0 18+0.15 0

S. aureus 1 30+0.03  21+0.19 17+0.11 0 0 34+0.08 0

S. aureus 2™ 0 9+0.05 0 9:+0.06 0 0 0
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Figure 7-Comparison of the antibacterial effect of the synthetic compounds S1-S6 by disk diffusion method on
clinical and standard bacteria
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Table 2: Determination of Minimum inhibitory concentration (MIC) and Minimum Bactericidal Concentration

(MBC) of compounds against different bacteria (values are in pg/ml). S1 - S6 are synthetic compounds and

ciprofloxacin (Cip) is considered as a positive control.

. S1 S2 S3 S4 S5 S6 Cip**
strain

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

K.pneumoniae PTCC

1859 25 100 125 100 6.25 100 12.5 100 0.78 100 - - 125 100
S. aureus ATCC 25923
6.25 100 0.78 100 3.125 100 6.25 25 1.56 - 25 - 3.125 25
E. coli ATCC 25922
3.125 100 125 100 25 100 25 100 25 - 0.39 - 50 100
P. aeruginosa ATCC
27853 0.78 1.56 25 100 125 100 12.5 25 12.5 100 50 - 0.39 1.56
P. aeruginosa 1"
50 - 25 - - - 25 100 25 100 - - 25 100
P. aeruginosa 2"
0.78 - 50 100 25 100 1.56 125 - - - 125 125 100
P. aeruginosa 3"
12.5 100 0.39 100 - - - - - - 3125 125 6.25 50
S. aureus 1
12.5 100 25 100 1.56 - - - - - - 1.56 125 -
5. aureus 2 625 100 25 100 125 50 25 100 - - ; ; 25 100

ol S 9l ps 4 pglie 5 ol Lo 49

S olsie @ (598 (15 65L Hl clde @ a5 el g b b 0 p)l5 5 s (BT SG il slog s

Cunglio ialydl & axg5 L .(Rehman et al.2019) 05d o wguwme (Sl 05> dnwgs Jl> 0 5 Lol sl Sig 5T
ool ol l b ablie gl ol 51 (S gz g0 glo g (ST LSl o i g el sl gl Sl o (Sige (]
w08 ) iy sy Seedd S0 4y ol oo ISl SLal S 53 g 0ls Sliiie 5 ol 05,5 0958l b iz ol o e
Ol (MIC) 6l cdale JBlas polio (alls penlaS gldg o b anslin jo LS 5 51 S0 10 a5 (5 9b 4y 20,5
P. s lailiol 6 ,55h 65, 5 ) oo gt poT,5we +IVA (o lee clale Bl L ST (oS 5 isls (Lis 1) aoys B+ JBlas

Jid 09,5 0938 cplply ol asls 1) 31 o g P.oa@eruginosa 2 sglae 5,2SL 4 aeruginosa ATCC 27853

SLasl hgy 50 ¢S jsb 4 09l e S sy JL S (8T codled alidl el il il a4 Jeigel S

39545 S5 (oS 5 il oyl Sliie 4y Cord (650 atgySare 9 el Slilsed Slinie oIS SlaS 3 SKags



R RCET I

Voojlods ()5 Cuadse ;o Jo3T 6ols =¥ 5 Vg ) Uisdlow Jasis 5 505 st Bl (pols 15 L o) Sen 5 shoae
e Jo3l @oli=Fs ¥ 5 ) 505 isie Sl a5 wio)S (3155 b o] wivged it (g Sliin (el slg s
5T 9 ) Ugdlem i Slitie & Cod 65 698 (9,500 22 DSl Ghlo b (g)gideS ¥ Cumdse 10 (il ot
Cawd 4 mls oyl olatie pl g9,eas Sl s ol 08U 5 s asls> Bl Ol s g ooy Jgs ols -¥
£35S 655l 595 3t rmilaS gldg prw 4 Card (60 oy (STl Sl T 0 it DS 5 a8 ol LS ool
st BB codld (K. pneumoniae 4 E. coli) e 0,5 sl 5,550 (59, » Ll wcils (B. subtilis 4 S. aureus) cois
Moshefi ) coul 009 yige o p,5 9 Cdie p,5 S A5 (59, » o g 40 00l Jiw OloS 5 a5 Jb o cuily
.(etal, 2001
N-(5-benzylsulfonyl-1,3,4-thiadiazol-2-yl) 5 N-(5-benzylthio-1,3,4-thiadiazol-2-yl) oliie 51 g S
Ol 85 s 9 S 518555 el 09,5 N4 (o0 Lag ] o a8 wd 5o (pslaS5l )53 5 rasliS 1By s
£S5 Sute oS Glas St ade » MIC (laialojl gl ol ol (30l isdlas i3t id 9 505 Jig s b
Cote 0, slagsstl pl 53 oy & awlaS sl 05 Slinis 5 5658 Yponn rasli sldg s liiin o oo i e
Foroumadi) sls 41,1 P. aeruginosa €. coli sbs ay9m ;0 (5 e bl pol> Jl> Gaazs )0 ool jiaw OluS 5 s
.(et al, 2005
o b ad alewl Slivlgial Josl g leslgilon LTl (2555 Gosb 51 Gl 5185 s 165500 s anlllas 5o
3> OLas gl T Cews & (l5iS 9,008 (63 Jein il S5l B 9 (dgiS 08 69 il Jeilsilen
K. pneumoniae 4 P. aeruginosa E. coli aiile  ywluS g8y i 4 polae sbd (6 55U ol jo 9> Sljl OlyS 5 as
Lol sl asils yio o YT 0l pac ala P. aeruginosa ATCC 27853 (g5, » A oS 55 (iegh (pl )0 a0 olis
Slo las 093 5l 65 (29,5 wmd Sl g Cubls e (e YA 0l puc dlla caygus (e (595 254 S 5 p2l Baod o
.(Alsughayer et al, 2021)
SIS 65 e M (0l g5 bl 3 (ele 09,5 Codge a5 w35 ()15 Gl ISes 5 Pedrood (yioves
55 9y 2t 5% @Sl 9o Collad SlaS 5 onl a5 Wi i | el 5lg s alils - g Sl b o
Pedrood ) sls Lis os> ;I S.epidermidisg S. aureus «ouwiw ¢,5 (5,550 5 P. @eruginosa 4 E. coli aie 6,5 5,250

et al, 2022



FO IVFY Sl V8 Ly oY ojled FF 6,50 e 50,8 coliiiony ool anlilad

S5 s
b SL s slag)ls aiS (sl p aal 5 631l Gl 50 392 ga slo Sgu (T JiSlo 5o s (S5 5k 4
s Sl ells oad i SLaS 5 09 ewlaS gldg e 5l gauas Olalie Fu 5 drwgl (Ba adlhae (pl jo sl Bos
Jsisel)lS il 09,5 LS4 oS 5 isgy (siie 0,5 sl (655L s 4 pslie slo Sl jo (s BB 2l ySL
SlEte (5,5 e 45 023 oo 0Lt 5o gl gl 59y S LET] by, o 0by pas alle 2ty syl Slilgs
@ S ) 6V @byt wl Fl Wy oo penleS gligr (il adl> 4 SUlwss g opglss slo 095

o0 LS () Gl pleS 6l3g o
@b)aﬁ 9 M y

Codlsd o)1 5 dslililgus 5 oS slis 1w dyam litiie jiis " lsie ot sl BLl 5l sisy Jols allie oyl
el oty plomil leyS il aged olEails Culam b a8 cesl VE) o o o) kit )5 alaiie "l ] gy See 0

w0l ) iRl ol wiily, )b dleras axlllas cpl oy L aS Slus oled 5l alewg
&3Lw (2,05 pus
B, 092y 8le 2, AT mad Lidgh (pl pll o AT Wl edlel Alin (ol B ain

References

Ahadi, H., & Emami, S. (2020). Modification of 7-piperazinylquinolone antibacterials to promising anticancer
lead compounds: Synthesis and in vitro studies. European Journal of Medicinal Chemistry, 187, 111970.

Appelbaum, P. C., & Hunter, P. A. (2000). The fluoroquinolone antibacterials: past, present and future
perspectives. International journal of antimicrobial agents, 16(1), 5-15.

Alsughayer, A., Elassar, A. Z. A., Hasan, A. A., & Al Sagheer, F. (2021). Antibiotic resistance and drug
modification: Synthesis, characterization and bioactivity of newly modified potent ciprofloxacin derivatives.
Bioorganic Chemistry, 108, 104658.

Christaki, E., Marcou, M., & Tofarides, A. (2020). Antimicrobial resistance in bacteria: mechanisms, evolution,
and persistence. Journal of molecular evolution, 88, 26-40.

Emami, Saeed & Foroumadi, Alireza. (2005). Quinolones: Recent Structural and Clinical Developments.

Iranian Journal of Pharmaceutical Research. 3.

Fair, R. J., & Tor, Y. (2014). Antibiotics and bacterial resistance in the 21st century. Perspectives in medicinal
chemistry, 6, 25-64.



OolaS 5l s Sy Slatde 9,500 wo Codlad ) IYF

Foroumadi, A., Emami, S., Hassanzadeh, A., Rajaee, M., Sokhanvar, K., Moshafi, M. H., & Shafiee, A. (2005).
Synthesis and antibacterial activity of N-(5-benzylthio-1, 3, 4-thiadiazol-2-yl) and N-(5-benzylsulfonyl-1, 3, 4-
thiadiazol-2-yl) piperazinyl quinolone derivatives. Bioorganic & medicinal chemistry letters, 15(20), 4488-4492.

Foroumadi, A., Emami, S., Mansouri, S., Javidnia, A., Saeid-Adeli, N., Shirazi, F. H., & Shafiee, A. (2007).
Synthesis and antibacterial activity of levofloxacin derivatives with certain bulky residues on piperazine ring.
European journal of medicinal chemistry, 42(7), 985-992.

Hudzicki, J. (2009). Kirby-Bauer disk diffusion susceptibility test protocol. American society for microbiology,
15, 55-63.

Hutchings, M. L., Truman, A. W., & Wilkinson, B. (2019). Antibiotics: past, present and future. Current opinion
in microbiology, 51, 72-80.

Jia, Y., & Zhao, L. (2021). The antibacterial activity of fluoroquinolone derivatives. European journal of
medicinal chemistry, 224, 113741.

Khaleghi, M., Bokaiean, M., & Saeedi, S. (2014). Assessment of antimicrobial activity of Myrtus communis

extract against methicillin-resistant Staphylococcus aureus. Applied Biology, 26(2), 37-46. (In Persian)

Kowalska-Krochmal, B., & Dudek-Wicher, R. (2021). The minimum inhibitory concentration of antibiotics:

Methods, interpretation, clinical relevance. Pathogens, 10(2), 165.

Moshafi, M. H., Foromadi, A. R., & Rajaei, M. (2001). Evaluation of antibacterial activity of new N-piperazinyl
quinolone derivatives with 1, 3, 4. thiadiazole group. Journal of Kerman University of Medical Sciences, 8(1),
32-37.

Oliphant, C. M., & Green, G. M. (2002). Quinolones: a comprehensive review. American family physician,
65(3), 455-465.

Pedrood, K., Azizian, H., Montazer, M. N., Moazzam, A., Asadi, M., Montazeri, H., & Mahdavi, M. (2022).
Design and synthesis of new N-thioacylated ciprofloxacin derivatives as urease inhibitors with potential
antibacterial activity. Scientific Reports, 12(1), 13827.

Rehman, A., Patrick, W. M., & Lamont, I. L. (2019). Mechanisms of ciprofloxacin resistance in Pseudomonas
aeruginosa: new approaches to an old problem. Journal of Medical Microbiology, 68(1), 1-10.

Rusu, A., Munteanu, A. C., Arbanasi, E. M., & Uivarosi, V. (2023). Overview of Side-Effects of Antibacterial
Fluoroquinolones: New Drugs versus Old Drugs, a Step Forward in the Safety Profile? Pharmaceutics, 15(3), 804.

Saeedi, S., Khaleghi, M., & Pour Saedi, S. (2013). Study of the antimicrobial activity of ethanol extract of
Cayenne pepper, Amaranthus retroflexus and Satureja hortensis against antibiotic resistant Staphylococcus aureus
strains. Applied Biology, 25(2), 39-48. (In Persian)

Shamsa, F., Foroumadi, A., Shamsa, H., Samadi, N., Faramarzi, M. A., & Shafiee, A. (2011). Synthesis and in-
vitro antibacterial activities of acetylanthracene and acetylphenanthrene derivatives of some fluoroquinolones.
Iranian journal of pharmaceutical research: 1JPR, 10(2), 225.

Sharma, P. C., Jain, A., Jain, S., Pahwa, R., & Yar, M. S. (2010). Ciprofloxacin: review on developments in
synthetic, analytical, and medicinal aspects. Journal of enzyme inhibition and medicinal chemistry, 25(4), 577-
589.



PV IVEY il VE ol ¥ o led FF 00 wso S ol ) cale aslilab

Wang, S., Jia, X. D., Liu, M. L., Lu, Y., & Guo, H. Y. (2012). Synthesis, antimycobacterial and antibacterial
activity of ciprofloxacin derivatives containing a N-substituted benzyl moiety. Bioorganic & medicinal chemistry
letters, 22(18), 5971-5975.

Zhang, G. F., Liu, X., Zhang, S., Pan, B., & Liu, M. L. (2018). Ciprofloxacin derivatives and their antibacterial

activities. European journal of medicinal chemistry, 146, 599-612.



38 / The Quarterly Scientific Journal of Applied Biology, Volume 36, Issue 4, Ser. 78, Summer 2024

Assessment of antimicrobial activity of new derivatives of ciprofloxacin
Shaghayegh chakhmaghi?, *Moj khaleghi!, Hojatollah Khabazzadeh?

Received: 2023/3/5
Accepted:2023/7/10

Abstract

Introduction: Antibiotic resistance has been a known fact since the discovery of antibiotics, but in recent years,
with the increase of resistant species and the decrease of effective and available antibiotics, it has become a
worrying issue. Therefore, discovering or synthesizing new antibacterial agents plays a key role in solving the
antibiotic resistance crisis. This study aimed to synthesize new derivatives of ciprofloxacin antibiotics to be more
effective on ciprofloxacin-resistant bacteria. Method: A new series of thiourea and thiocarbamate derivatives of
ciprofloxacin were synthesized and then the antibiogram test was performed by disk diffusion method on standard
bacteria and clinically resistant bacteria. Also, the minimum inhibitory concentration and minimum bactericidal
concentration of synthetic compounds were determined. Results and discussion: The results showed that all
compounds S1-6 had antibacterial activity, and compound S4 was the most effective compound with an inhibition
zone of 38 mm on P. aeruginosa ATCC 27853. The minimum inhibitory concentration of ciprofloxacin on E. coli
ATCC 25922 is 50 pg/ml, while all the synthesized compounds have a minimum inhibitory concentration of less
than 50 ug/ml, which indicates the high antibacterial activity of the synthetic compounds. In general, based on the
obtained results, by adding different substituents and functional groups to ciprofloxacin, it is possible to synthesize
new derivatives that are effective on resistant bacteria.

Keywords: Antibiotic Resistance, Antimicrobial, Ciprofloxacin, Resistant Bacteria, Thiocyanate
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Table 1. Characteristics and pathogenicity of bacterial strains used in antimicrobial testing

Pathogenicity Property Bacterial strain
Food poisoning, scabies, staphylococcal scaly skin Gram-positive, S. aureus IBRC-M
syndrome (Kluytmans et al. 1997) Coccid 10690
(Malakar,2014)Urinary tract infection, bloody diarrhea Grarrl;;nctiﬁ?tlve, E. coli IBRC-M 10871
Bacterial b_Iack k_not, b_Ilght (coarse and irregular spots Gram negative, P. syringae IBRC-M
of dead tissue in white to yellow color on the leaf) bacteria 10702
bacterial wheat (Mori et al., 2019)
Black rot in Brassica plants (Bajpai et al. 2011) Gram negative, rod X campi%'[gf4lBRC-M
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Figure 3. Diagram obtained from GC-Mass analysis of methanolic extract of black tea leaves
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Table 4. Comparison of green tea and black tea extract compositions
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Figure 4. The effect of different concentrations of green tea extract, black tea and vitamin C on DPPH

inhibition and removal percentage
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Figure 5. The results of the inhibitory effect of green tea extract against some bacterial strains by diffusion

methods in agar
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Figure 6. Determination of MIC of green and black tea extracts against pathogenic bacterial strains. A black

tea extract. B green tea extract. a. Plant pathogen. b. Human pathogen.
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Table 6- The results of determining the minimum inhibitory concentration (MIC)

Minimum inhibitory concentration extract

Pathogenic bacteria (mg/ml)
Black tea Green tea
E. coli IBRC-M 10871 15 5
S.aureus IBRC-10690 10 5
P. syringae IBRC- M10702 5 5
X.campestris IBRC-644 10 1
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Comparison of chemical compounds, antioxidant and antimicrobial effects of
Camellia sinensis black tea and green tea leaf extract on plant pathogenic
bacteria (Xanthomonas campestris and Pseudomonas syringae) and human

pathogenic bacteria (Staphylococcus aureus and Escherichia coli)

Masoud Haidarizadeh™, Fatemeh Alijani 2, Morahem Ashengroph?, Sajjad Atashi?

Introduction: Identifying and introducing new natural antimicrobial compounds against pathogenic agents is of
concern to researchers. The present study was conducted with the aim of comparing the chemical compounds,
antimicrobial and antioxidant effects of black and green tea. Methods: Aqueous and methanolic extracts of black
and green tea leaves were prepared and the compounds of the methanolic extracts were identified by GC-Mass,
antibacterial effects were measured by the disk diffusion method, the minimum inhibitory concentration (MIC)
the antioxidant property by the DPPH method. Results and discussion: Caffeine is the main component of green
and black tea extracts, and its amount is 82.97 percent and 86.25 percent in these extracts, respectively. The
minimum inhibitory concentration of green tea extract against Escherichia coli, Staphylococcus aureus, and
Pseudomonas syringae (5mg/L) is significantly three times higher than that of black tea extract (15 mg/L). The
inhibitory capacity of green tea extract against Xanthomonas campestris and the inhibitory capacity of black tea
extract against Pseudomonas syringae is significantly higher than the other bacteria. Many of the effects related
to green and black tea can be considered related to the relatively high capacity of inhibiting free radicals. The
results of this research showed that the free radical and antioxidant capacity of green tea (ECso, 28.875) is
significantly one and half times higher than black tea (ECso, 44.222). The inhibitory ability of the extract against
plant pathogens is relatively and significantly higher than human pathogens. Different products and perhaps the
waste of black tea and green tea can be used to control harmful microorganisms.
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Figure 1. Life cycle of yellow mealworm beetle.
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Table 1- Mean and standard error (SE) of the number of pupae and eggs eaten by the beetle in the presence and
absence of fruit in different food groups

Egg Pupa
Group Fruit as feed Mean SE p-value Mean SE p-value
absent 17.67  0.47 9.43 0.34
W 0.001 <0.0001
present 1.93 0.23 0.07 0.05
absent 18.17  0.29 9.20 0.31
A 0.456 <0.0001
present 2.00 0.25 0.10 0.06
absent 16.97 0.38 9.17 0.27
B 0.0007 0.0008
present 1.63 0.18 0.03 0.03
absent 16.37  0.27 7.53 0.27
C 0.03 <0.0001
present 1.57 0.19 0.07 0.46
absent 1843 0.16 8.37 0.25
D 0.0005 <0.0001
present 1.83 0.16 0.03 0.03
absent 1750 0.29 7.90 0.27
E 0.01 <0.0001
present 1.57 0.18 0.10 0.06
absent 18.17  0.39 8.53 0.26
F 0.21 <0.0001

present 1.57 0.18 0.00 0.00
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Figure 2. Selective cannibalistic behavior of eggs and pupae by beetle. 100% Wheat bran (W), 50%

Wheat bran + 50% barley bran (A), 75% Wheat bran + 25% Barley bran (B), 50% Pea bran + 50%

Wheat bran (C), 25% Pea bran + 75% Wheat bran (D), 50% Corn bran + 50% Wheat bran (E), and

25% Corn Bran + 75% Wheat Bran (F).
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Table 2- Mean and standard error (SE) of the number of pupa and beetle eaten by larvae in the presence and
absence of fruit in different food groups.

Group  Fruit Pupa Beetle

2 feed ‘Mean  SE p-value Mean  SE p-value

W absent 843 0.25 1.93 023 <0.0001

<0.0001

present  0.03 0.03 0.00 0.00

A absent 857 0.24 <0.0001 200 025 <0.0001
present  0.07 0.05 0.00 0.00

B absent 827 027 <00001 163 018 <0.0001
present  0.03 0.03 0.00 0.00

C absent 7.7 026 <00001 157 019 <0.0001
present  0.03 0.03 0.00 0.00

D absent 7.50 030 <0.0001 183 (.16 <0.0001
present  0.00 0.00 0.00 0.00

E absent 7.67 025 <00001 157 @18 <0.0001
present  0.03 0.03 0.00 0.00

F absent 8.03 0.7 <00001 157 @18 <0.0001
present  0.00 0.00 0.00 0.00
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Figure 3. Selective cannibalistic behavior of beetles and pupae by larvae. 100% Wheat bran
(W), 50% Wheat bran + 50% Barley bran (A), 75% Wheat bran + 25% Barley bran (B), 50%
Pea bran + 50% Wheat bran (C), 25% Pea bran + 75% Wheat bran (D), 50% Corn bran + 50%
Wheat bran (E), and 25% Corn bran + 75% Wheat bran (F).
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Figure 4. Cannibalism in the yellow mealworm. A: egg, B: pupa, C: beetle
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Table 3- Mean and standard error (SE) of the cannibalism rate of T. molitor beetle and larva from the pupa.

Group Cannibals Mean SE p-value
W larva 6.63 0.21
beetle 5.70 0.28 0.33
A larva 6.87 0.26
beetle 6.30 0.20 0.16
B larva 7.03 0.31
beetle 6.23 0.32 0.70
C larva 6.00 0.25
beetle 5.07 0.17 0.20
D larva 6.53 0.21
beetle 6.53 0.26 0.53
E larva 6.20 0.28
beetle 6.30 0.22 0.13
F larva 7.20 0.28
beetle 6.37 0.23 0.15
Total I .
ota arva 6.64 0.10 0.02
beetle 6.07 0.10
2.00 I Larva
B Beetle
600
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Figure 5. Comparing the cannibalism power of beetle and larva from pupae.
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Table 4- Mean and standard error (SE) of the rate of cannibalism of pupa by beetle during starvation periods
(12-24-36-48 hours).

Group Starvation Mean SE p-value
periods

w 12H 5.70 0.28
24H 9.33 0.25

36H 9.70 0.31 <0.0001
48H 13.87 0.18
A 12H 6.30 0.20
24H 9.00 0.18

36H 9.47 0.33 <0.0001
48H 13.67 0.22
B 12H 6.23 0.32
24H 9.00 0.21

36H 1017 0.28 <0.0001
48H 13.60 0.18
C 12H 5.07 0.17
24H 8.90 0.13

36H 9.80 0.32 <0.0001
48H 13.43 0.18
D 12H 6.53 0.26
24H 8.90 0.18

36H 10.03 0.28 <0.0001
48H 13.57 0.18
E 12H 6.30 0.22
24H 9.17 0.17

36H 10.13 0.27 <0.0001
48H 13.93 0.17
F 12H 6.37 0.23
24H 8.90 0.16

36H 9.37 0.22 <0.0001
48H 13.70 0.16
Total 12H 6.07 0.10
24H 9.03 0.07

36H 9.81 0.11 <0.0001

48H 13.68 0.07
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Figure 6. The rate of cannibalism of the pupae by the beetle in the periods of starvation (12-24-36-48 h).
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Abstract

Introduction: In many insect species, cannibalism has been reported as a natural behavior, and in this
behavior, complete insects and larvae feed on eggs and pupae in the absence of food. Materials and
methods: In the present study, seven diet groups, each of which contains a mixture of wheat bran with
barley, corn, and chickpea, were provided as beetle breeding environments. The effect of the above
diets groups in the presence of carrot (saturation period) and the absence of fruit (hunger period) on the
selective cannibalism behavior of whole insects and larvae was investigated. Results and discussion:
The results of the selective behavior analysis of beetle showed that they prefer eggs first and then pupae,
which is probably due to their searching behavior in the bed of the breeding environment containing
eggs, as well as the eggs' inability to avoid hunting. In the selective behavior of the larvae, it was
observed that they attack the pupae first rather than the complete insects, which is probably due to the
inability of the pupae to avoid prey and also having a soft and moist body. Also, the results of this
research showed that the nutrition factor and diet quality have a significant effect on cannibalism. In
the study of the effect of periods of starvation (12, 24, 36, 48) on the rate of cannibalism of the whole
insect, it was observed that insects with more than 12 hours of starvation show the highest rate of
cannibalism.
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Table 1. The analysis of variance (Sum of square) of the effect of temperature, plant and their interaction on stem
length, the ratio of chlorophyll a to b, on total phenolic, carbohydrate so, hydrogen peroxide (H202) and activity of
antioxidant enzymes catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (POD).

(Sum of square) <lz yo & gozxo

Chl. a

Sources of Degreesof ~ POD CAT Hydrogen soluble Total b Shoot
variations freedom activity ~ APX activity  peroxide carbohydrates  phenolic . length
activity ratio
Cold 2 0.023" 0.00" 2.88™" 0.27" 2.84™ 0.22" 0.05™ 127
Plant ! 000" 000" 011 0014 6.5 0006™  001™ 245"
COId ns ns Fokk * Noleid ns Fkk ns
x Plant 2 0.00 0.00 0.001 0.005 0.342 0.001 0.4 1
Error 0.009 0.000 0.008 0.001 0.002 0.000 0.009 1
The
coefficient of 6.1 2.3 6.9 15.1 29 6.2 4.4 6.2
variation
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ns, *, ** and ***: non-significant, significant at probability level 5%, 1% and 0.1% respectively
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Fig. 1- The effect of different temperatures on shoot length (A) and the ratio of chlorophyll a to b (B) in snapdragon
(Antirrhinum majus) and viola (Viola x wittrockiana). Data are mean + SE of three replicates (n = 3). The presence of

similar letters, in each column, (Lowercase letters for viola and uppercase letters for snapdragon), indicate
no statistical significant difference based on Duncan’s test (P>0.05).
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Fig. 2. The effect of different temperatures on total phenolic (A) and carbohydrate content (B) in snhapdragon
(Antirrhinum majus) and viola (Viola x wittrockiana). Data are mean + SE of three replicates (n = 3). The presence of

similar letters, in each column, (Lowercase letters for viola and uppercase letters for snapdragon), indicate
no statistical significant difference based on Duncan’s test (P>0.05).
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Fig. 3. The effect of different temperatures on hydrogen peroxide (H20:) content (A) and activity of catalase
(B) in snapdragon (Antirrhinum majus) and viola (Viola x wittrockiana). Data are mean + SE of three replicates

(n=3). The presence of similar letters, in each column, (Lowercase letters for viola and uppercase letters for
Snapdragon), indicate no statistical significant difference based on Duncan’s test (P>0.05).
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Fig. 4. The effect of different temperatures on activity of APX and POD in snapdragon (Antirrhinum majus) and viola
(Viola x wittrockiana). Data are mean + SE of three replicates (n = 3). The presence of similar letters, in each column,

(Lowercase letters for viola and uppercase letters for Snapdragon), indicate no statistical significant
difference based on Duncan’s test (P>0.05).
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Effect of freezing stress on some physiological and enzymatic responses of
ornamental plants, viola (Viola x wittrockiana) and snapdragon
(Antirrhinum majus)
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Abstract

Introduction: Freezing is one of the abiotic stresses that has harmful effects on plant growth and productivity.
This study was performed to investigate some physiological and biochemical responses of two ornamental and
cold-resistant plants, including the viola (Viola x wittrockiana) and snapdragon (Antirrhinum majus) under freezing
stress. Materials and methods: To apply different temperature treatments on 70-days-old plants, the minimum
temperature in January was used in three different places, including the greenhouse, the city of Isfahan and
Fereydunshahr (temperatures of 20, 3- and -11 ° C, respectively) for 15 days. Results: Changes in the chlorophyll
a/b ratio were differences in the two plants with increasing freezing stress, but shoot length gradually decreased
and at the lowest temperature in viola and snapdragon plants were 63 and 50% of their controls (20 °C),
respectively. The content of phenolic compounds, soluble carbohydrates and hydrogen peroxide also increased.
In addition, a significant increase in catalase activity was observed in both plants under freezing temperatures,
while the increase in ascorbate peroxidase activity was significant only in snapdragon at -11 °C. However, no
significant change in the activity of guaiacol peroxidase was found in two plants under freezing temperatures.
Discussion: Therefore, it seems that snapdragon and violet plants can withstand freezing stress by using osmotic
regulation mechanisms as well as different abilities of antioxidant enzymes, which indicate different resistance

strategies depending on their genotype.
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Table 1.Specifications of produced composites

Lose (09380 SlST (qany o /Y-

Composition Sample Name Abbreviation
0.2/. by weight alpha-tocopherol UHMWPE/Vitamin E composite PE-E
(2000 ppm) + 99.8% by weight
UHMWPE powder
0.5 /. by weight MWCNT and 0.25% UHMWPE/Vitamin E/ MWCNT PE-E/CNT
by weight (ppm 2500) vitamin E + composite
99.8% by weight UHMWPE powder

(FTIR) 30,80y90 (cxuwciub (3503 s

DMA 80- direct  Jow FTIR olSiws jl ool adgi sladiged olond lodisn )08 g g6 o) p >

2 b slos Caol S5 @ 3V ol oolarwl Yom™?t cBs LY o -Fe e om? 290 b o (WL mercury analyzer
Ceoly 4 C el oanlin BB CujamlS g0 2 0 dS e ld Sy 51 S wasgil ol 48 5 5 e I
Vg (iad ilas )l gy e VEFFOM™T Sy () (ol ) (cied C-H Wigm @) by o VY- CMT slocSs 4 ()lg5 oo
ool | bgspe cud s a4 YAV cm?t 5 YATA CM? slacSy 5 oies C=0 (548 Wigm 4 by VYYO CMTS, C-H
Ogel i ol 64250 5 L e oy Sbled VY oM Sy Sad 3ged 0)Lal C-H Wgy o )il 5y line oS
Jolis a5 PE-E/CNT o j900lS 50 (g &,08) Sy osles wuls (Pang et al., 2015) <ol UHMWPE . 5L

s ewgwre Gial8l (PE-E) B rolg (sl Cujomals o cond sl ()5 sloosialh g B crslug lojen jea>
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Figure 1. FTIR spectrum of PE-E/CNT and PE-E composites
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Figure 2. X-ray diffraction curve of produced composites
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(& Richard, 2001

x 100

H100
(Andjeli¢ & Richard, 2001) K job duo 3o (Gamwlxe =) alolzo
Equation 1. Calculation of crystallinity percentage (Andjeli¢ & Richard, 2001)
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Table 2. Differential scanning calorimetry results

Samples
PE-E/CNT PE-E
Melting Enthalpy (J/g) 154.10 144.60
Xc (%) 53.13 49.86
Melting temperature °C 135.61 134.90

(DMTA) (Saobiyd (Saillo (7 51y 5IlT puni
20 Ol psS owyp Cp> (eSS Triton Technology Ltd., TTDMA model ol%ws lawss DMTA 505!
510+ 0C 15+ 9C Slos go3b 55 Cend ol . ndy plowl tand (EVE') 5 (E") M1 Jgoe (E') SVl 6,053 Jooro
i (Slins (Sl ) 50T 8 plol Wotisas Sty ols (o gz ¥ OCIMIN islo S ¢35
AN d g giluo S Jodo (g Jolo o bl Gadgs slacujenls (Sidls) 9 Sea¥lsny (els> o) n
PE- Cuj9ualS (50,53 Jodw (gomin Kg, oF S5 wam gl sl diie [y oo g s Cod ladiges o Sl s
a3l goaimslis gadge inl 45 3,05 18 5L PE-E Cujenals somie 4 Carns les sboosl ples o Ly a5 E/ICNT
Coigil a5 CiS g e @Blg 50wl B alig (ol oj9uelS 4 Cond PE-E/CNT o 590lS 50 ¢ 5w g 0,053 Jooe
2l el o0 SV ke 59t o 3 Consl 03,8 ] (6 yanly L ile 1o gt | S5 FOLS Cagi ik S
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Figure 3. Elastic storage modulus curve



Vel /VFLY ul.o.m;la A4 u’.vl.u Al c)Lo.ofJ Avd 0,99 ‘6oﬁ)l5 ‘SwLo.ng) ‘_,_l.oln dolilad

1.4x10°

1.2x10°

1.0x10° / [\
'

—— PE/VE
CNT+ VE

=
g,
e
= 8.0x107 J \ [
: / ‘ "‘.
5 6.ox107 i ,'
:I‘O.
— 7

4.0x10

2.0x107

0.0

-60 -40 -20 0 20 40 60 80 100
Temperature T[°C]

o g (Slacy jogols ST Jyuka Lt po Siomier IS
Figure 4. loss modulus curves of the produced composites
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Figure 5. viability percentage of Fibroblast cells in MTT test
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Abstract

Introduction:Ultra high molecular weight polyethylene (UHMWPE) has been used as the material of
choice in joint replacement prosthesis for the last three decades due to its excellent physical and chemical
properties. However, UHMWPE’s wear and oxidation in the long term leads to osteolysis and limits the lifespan
of this polymer. One of the effective methods to prevent oxidation is presents of a-tocopherol in UHMWPE
matrix. But the presence of this additive alone does not improve the mechanical performance of UHMWPE. On
the other hand, the use of multi-walled carbon nanotubes (MWCNTS) has been shown to improve mechanical
properties due to their exceptional properties such as elastic modulus and high surface-to-volume ratio. However,
finding the optimal concentration of MWCNTSs and vitamin E to improve the mechanical properties of this
polymer is very vital and important. methods :In this research, to investigate and compare the effects of carbon
nanotubes on the properties of UHMWPE/vitamin E composite, two composites were produced, one containing
0.2% by weight of vitamin E and the other containing 0.25% by weight of vitamin E along with 0.5% by weight
of MWCNT. Results and Conclusion: Fourier transform infrared spectroscopy (FTIR) reported an increase in
the characteristic peaks of PE-E/CNT composite compared to PE-E composite. Differential scanning calorimetry
(DSC) reported about 7% increase in crystallinity in PE-E/CNT composite. Dynamic thermos mechanical analysis
(DMTA) also showed improved elastic properties in the PE-E/CNT composite compared to the composite
containing vitamin E. Finally, results of the toxicity test (MTT assay) showed complete biocompatibility of the
composites. Totally, the results showed complete biocompatibility and mechanical improvement of the polymer

substrate in the presence of vitamin E and carbon nanotubes.

Keywords: artificial joint, UHMWPE/Vitamin E composite, UHMWPE/Vitamin E/MWCNT composite
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Table 1. Analysis of variance of hormonal compounds and explants on callus percentage, growth rate, relative
water content and growth rate

Growth Rate (Dry Relative Water Groyvth Rate Percent of Callus .
- (mm diameter per . df. Source of variations
weight) (mg per day) content (mg) day) Formation

0.007 " 0.001** 0.0001 " 897.005™ 1 Explant

0.085** 0.003** 0.004** 2401.172"™ 7 Growth Regulator

0.042** 0.001" 0.00012™ 441.350 " 7 x Growth regulator
0.006 0.0001 0.0001 441.885 32 Error
13.37 1.99 28.77 37.17 CV (%)

S gre s g a0V Jleisl mhaw 1o (6,10 S ol 4 INS g s

ms: ** non-significant and significant at 1% level.

Gl (A JAA CiS Laomo 4 bigy e el o, li by hiny oo, olS o Sl malls il Gilises Jolyo -\ S

ool JelS JSCas (B cadsl oy samlive 9 (Ocimum basilicum L.y i ol , olS jo uglls sl LSCas

Figure 1. Different stages of callus induction in purple basil plant. a) The beginning of callus induction
formation in purple basil plant and observing the initial growth, b) complete callus formation.
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Figure 3. Effect of different concentration of indole butyric acid (IBA), Benzyl adenine (BA) and indole acetic
acid (IAA) on the Relative water content
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Figure 5. Effect of different concentration of indole butyric acid (IBA) on the Relative growth rate in purple
basil
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Table 2. Effect of different concentration of BA, IBA and IAA on Leaves and stems (Comparison of the average
effect of explant type and hormonal compounds) for the trait of relative growth rate
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The Role of Growth Regulators in Optimization of Callus Production in
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Abstract

Background and purpose: Today, plant tissue culture techniques are used as a valuable tool to create genetic

diversity with the aim of breeding plants and also producing virus-free plants. The aim of this research is to present
an effective method on callus formation in red rubin basil plant; therefore, in this research, optimization of tissue
culture conditions of purple basil plant for callus production, identification of callus induction percentage, growth
rate, growth speed and relative water content of callus was conducted through tissue culture. Materials and
Methods: The callus induction optimization experiment was carried out as a factorial in the form of a completely
randomized design with 4 factors, micro samples and three levels of Benzyl adenine (BA), indole acetic acid
(IAA) and indole butyric acid (IBA) hormones. Findings: The results showed that the highest percentage of callus
induction (88%) was related to the culture medium containing 2 mg/L IBA and 2 mg/L BA. The effect of hormonal
compounds on the four investigated characteristics of callus generation percentage, growth speed, relative water
content and growth rate (dry weight) had a significant effect, which can be used to select the best combination in
callus formation and tissue culture optimization, and finally the future goals of the breed. Also, the interaction
effect of two explant factors and hormonal compounds only had a very significant effect on the growth rate index
(P<1%). Conclusion: The quality of the induced calluse indicates the correct selection of explants and suitable
hormonal compounds. Therefore, there is a direct relationship between callus production and growth regulators,
and also according to the type of plant studied and the amount of hormone present in it, the amount of growth
regulators used in callus induction will be different.
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Figure 1. Changes in fluorescence intensity for 0.05, 0.1, 0.2 and 0.3 micrograms per milliliter of Nile red.

(A) Effect of the number of melting and freezing times on the fluorescence intensity of the Nile red stock

solution and (B) Effect of storage time of the Nile red solution on its fluorescence intensity
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Figure 2. The fluorescence intensity of fresh Nile red with 0, 2, and 4 pg/ml of olive oil. Nile red

concentration of A, B, C, and D are 0.025, 0.05, 0.1 and 0.25 pg/ml, respectively.
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Figure 3. The fluorescence intensity of frozen Nile red with 0, 2, and 4 pg/ml of olive oil. Nile red

concentration of A, B, C, and D are 0.025, 0.05, 0.1 and 0.25 pg/ml, respectively.
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Abstract:

Introduction: Nile red is a fluorescent dye that is used to detect and measure intracellular lipids. This method
can detect very low amounts of intracellular lipid with high accuracy. However, the intensity of Nile red
fluorescence changes over time, and this makes it difficult to use for analyzes that are performed in a time
intervals. Hence, it is very important to understand the changes of Nile red florescent intensity at frozen state

and its effect on lipid detection results.

Methods: For study of the number of melting and freezing times effect, the stock solution was melted and then
frozen for a later use. For study of the effect of storage time, fluorescence intensity of Nile red stock solution
was measured after 15, 45, 90 and 120 days at -20 °C.

Result and discussions: In this study, by storing Nile red at -20 °C, the fluorescence intensity decreased.
However, if the solution remains frozen until use, the decrease in fluorescence intensity will be less than 10%.
The results show that in this condition, storage time could be prolonged to 120 days. If the stock solution is
repeatedly melted and frozen (4 times or more), the fluorescence intensity decreases nearly 80%, which is no
longer suitable for analysis. When the frozen stock solution is used for lipid (olive oil) concentration range of 0
to 4 pg/ml, the concentration of 0.05 pg/ml of Nile red was suitable and it identified the lipid and determined its
concentration accurately.

Key words: Fluorescent, Nile red dye, olive oil

PhD student, Department of Chemical Engineering, Faculty of Engineering, Ferdowsi University of Mashhad, Mashhad,
Iran
2&3 Associate Professor, Department of Chemical Engineering, Faculty of Engineering, Ferdowsi University of Mashhad,

Mashhad, Iran *(corresponding author: mahdavi@um.ac.ir)



The Quarterly Scientific Journal Of Applied Biology G |l ol€isls eonilS  libc o alilas "\
E Vol.36, No.2, Sering. 76, Summer 2024, p. 149-166. 5o SoRT - ‘ L

Article type: Research Paper VR1-V08 (o VP Y Gl VE Sl oY ojlads FF 090 i b=y
sy s g5
VECYIPIYA G5y g VEYNIYY sedl s Gl
https://jab.alzahra.ac.ir Ay s Colw o
d https://doi.org/10.22051/jab.2023.41521.1507

3 om g Jud T o jlowd 0095 o § 9 Ll yupmsl 9 YIS (slocSlr o jlae s § cudlad
Yolglio anbld " S lolw g yx8" L iy ol ye ol anb
oS

o o VL5 5 Ly ] Silog Ko 90 5 itad (3] b 5 ggite (slocidplio b (plopuls)] Lo SClog Koo cdotdo

LS )5 A g 090yl ety (YU polie g o

ey & Grizmod 5 LS (S0 jlac Lo ] I YA 5 L] (sloSilg Koo Sy dalllao il jo U Sig,
solizisl b 5 w88 )18 G 5 i ol 3 35T 39 b (oon 3] ot S 5 0 gl o] netig 53l
Sl Ko (Slatis g (55iST AS ColS izman (8,5 1E it 050 Lo (ST il ool DPPH i/
(850 LS Cools 5 CaC0-2 g MCF-T ilhys ol 0¥ 50 b ooy 5T gyt 1 dns 5 JS YIS 5 Ly o] (slo

IS i 350 ushys) S 3TSlSliw] 5 (i p3l 555 50 b

ol S (o o el e Sl b diels FA o I ey MCF-T b s (slo ol ilo oij (oo idzmadd
i 4 CaACO-2 e ps Jsleo (sl i i 5 oy TVIFD 5 a0y TI/E+ iy dy VbS5 Ly sl oS sy
ol ol Seaps 40 Cuing dsd a5 ol Gl mls Gaimes ol 48l LialS oy TF/FA 5 asyo FIVFYK

29550 i (b pw Wi o gl ST S ey s ST T L s I bS5 s lbo Sy

s‘fb]” oKy « ,,a.m'.l 5) ‘55J.c cuSiisls ‘@3}‘&“" 6)51.».9 Sy J.M.»)‘ Gwhm)ts -\
(F.hosseini@alzahra.ac.ir) : Jgtus oot * =lya 3l olSisls « i j pole 0aSCiils (555l s ) 09,5 Lokl -Y



5elssn sl an s S Ll ons Jlos oogi s 5 Ll el 5 YIS (slacSilr o )las iy codlad 1V FY

ity Sllad 5 e5ito JySge ol aiman 5 605 s Jlb Sl 5l o s o Slopens)
Sl ol ilogs g ctalyT (og,le sl o oolaul ol LYs ooy] (s o] ot o 1y alises
il )l oLy sl (IS b a4 (Lopes et al.,2016) s sl pl 50wl (p e 3l SO 2bye
Slp by Sl aiien Fiwgd 4 0B Ly IS 5g>g o 4 g aiS o (S5 e sl L by j0 a5 s
3 b il g Sl 315G aisS oo eolawl (0smoregulation) (s e pudas sopaadlSo 1 09> (g raml HLid Laa>
Sz slog s adgs slp wilgi oo (2b)s Sl 5l Jol> slacadglie iS55l 993 oy (5,58 bl
Sl s 5l S o Mol 1) pocidle slo s a5 w0 o 1,8 Bua 1) Joku 3l JoSge cpaix 15wl auas
‘MAPKs TNF-0. 4 g5 oo «2b,e lSll> 5l ond giie LS5 g bojlas lawg Lol ool 20 cudle

.(uarez-Portilla et al.,2019) s ,5 o,Lsl NF-xB <mTOR «PIBK/AKT/GSK

(Sathasivam et al.,2019) ceul slos S £95 sl ls 45 aiad ) 53, (S5 SlUSs Hulsl 5l (K oSl g Se
5 ety p sl oz laonul dagid (L daadsiis) 5 aile 355l L (09)ls e lacdplio gl Sl ()l
50 (ChU,2012) Wgd o wogumns 3 s Jalge plp 0 oSl g,See elis (slas il tul ) a5 axtas layaelig
ol 2lae slees,sl,s (Chlorella vulgaris) YIS 4 (Artrospira platensis (Spirulina)) Ly ol Sl>g,S0
OSey shyls Ly el L(Ferdous & Yusof, 2021) wgss oo Bpan JowaS b 0,8 ()09 S5 & Slw oS sl
(e Olge 65950 dial (sladwl plad pizad wad oo i 1) ] iS5 30,0 Ve B Fr g0 a5 ol oYL
BB Jade (opl » oMl (Lee et al., 2017, Yiicetepe & Ozgelik,2016) coulls |, (g ymwgid slasledln o borlog
Oy ez owls olil gl Sl ol (Sathasivam et al.,2019) o ls aewl Sdsid 5 ©yx sbos] 2y
ale pope slacs o JyS lp s 05 2 sole o olyie a1 g cenl SlanST 5T Sl g oS 5l cdadloc
b g o Juds IS 51 L YIS S>3 5 (Gargouri et al.,2016) o,ls 0 pl5 b 5 Ss3 w5 ol wiobs
Sl woys 0 1 Ygoma o8 1 (s lyiome s 4 5 sl (55555 sl slasral 5 Gune Slge cmalitng 5L
Wl 5 SoypSnl sl e, L 1035, WT eyl ails palaglaes (T (ENYidi 2017) ol azgs bzl
OS] SadisS (5315n SpalS ) s s Glolid VIS 53 waties Jlud Sf5T slaJiSool, pln o 45 s )85y
Juarez-Portilla et ) wuS oo 0dgi (53lep il g (ygmwlinnST azes lgie 4 1) (Reactive oxygen species(ROS)) Jlxd

@ bl Hob 4 BilgT o ROS 098 i (oo gwilownST (25 0 Wl oo aw SVsb slp o] aezs a5 «(@l.,2019



VEY Y Gl FF ol oF o)led FF 0,50 (60 )5 ol sole dolilad

Sy So e GBS TP YIS 53 S Sy oS5 (nmee -(LOpES € al2016) ol oo (nFgn Gl 0 e

.(de Morais et al.,2015) aas oo 2alS |, 95 JgyidS g ol3T slaJlGal, a5 conl Jlad oo

Jbb glaniy o olil 4 oo 5 wams (3l oo Ll (Shy aaiz wlg e Sl ) slagntsn ss0ee
Lot Jolds Ygome ctww) Jbd slowsy (Cunha & Pintado,2022) sed co Soe o fms; Codlad i b St
sedls Gly oot Jolos Lol JIg 5wl sl oS 5 witas JoSge 5o 50 arel sl oxile L Y-F-
SIS 4 e L el 51 otalansay sinyy Jld slaaiiy .51 (Ngo et al,,2012) cul o] (So3505 50
(Yucetepe & cowl 43,5 |3 axg5 8,90 oo opl (29,500 Ad g iS5 0 (jgeg5 Sl ST (e Lad as
s> ,Led ad olaens] ST asle o oles a5 Canl sad 0dg VIS 5l sy Jled oy cpois Ozgelik,2016)
Gedgyied sla g, elgl w yo .(Cunha & Pintado,2022) aas oo lis 1) 59,500 ab 5 olbw wo (Oladl s
odg YL )l b SYsame g 00,8 @l 1) pedke anld luln 1y ool mx )l (s, sl dsraes
3955 «s)lsS o M}fl L oad) 09290 4o judofigy 13l 0 le colaiul 5,50 slo g, (Tejano et aI.,2019) &S oo
@ 29,500 e3S b 3emgn 5 (29,5ue @lie b Sl (lalS e i 6l slam 3T L alfislel Lulyi 5o
Seidgg w3l bl e Jd oy g Sidgigp w3l Cudlad (g 4> 50) 035k Gails; yiSTas 4 jelate

.(Ovando et al.,2018) .ol apo dintr (o2looniosSs jud Lol 1 (9ot § comlio

Ol SB35l Jol> 5dgy00e slaesjslid g a8 S 18 o T jled ot Ldg sl 5 VOIS STl ) oy aalllas o
olas SlawST ST ol aslsl jo 9 28,5 513 Sbs)l 090 (29,500 w5 g Jobo 2355 L e SlonST (5T codlad

Al dlie (55l 4555 12 e S

099y 9 dlge

Ll p) s

L5 o8 b 5 Abdf21144 o leis L YIS Sl 5, 0,058 iS5 @AF2224 o,leis b Lidg ol Sl 335 0058 S
9 Lyl slacSlla 55 cenS polate ar ol (gl 5 (LS il ol5T olasls jolid slaasly w3550 o adly 1559
(Sorokin & Sorokin and Krauss cuiS L 9 (Rajasekaran et al.,2015) Zarrouk coiS oo 5l cus 5 4 YIS

2 50 lawgie Jokw o515 b cud 5 a0 YIS 5 Lidg el Sl ¢ gy 0095 (yiol38l jelate 4y .0b oolizwl Krauss,1958)



5elssn 5l an s 8 Ll ond Jloi eagi oy 5 Ll 5 YIS (slacSilr ol gy o8 NV FF

YOEY oles osgasme ;5 Ly sl CaiS 0 eaili S5 o hol i Lasme 4y Jsboo TV -0 Jol ¥/Fx) 2 o) L
8IS Syge PV Gl pH o g0l Sl a0 Yok ey o VIS cinS g AV L plppH 5 ol F il ax o
b plxl poloe jobo 4 (a0lsa g ciele YF Sse g (WS Ve v e (e 4y (o990

9 0D (5,0 diged gy Ll 2l o )l 51 LSS 55, T VOIS g Ly pel SClar 1) 08 Olie (o) 2 55k 42
sloslanal b i (les p2 50 (V J9e ) YIS 5 (V Jge)8) Lidg ponsl (slam Jobow slass ol ploxl g oY b ok (5Lt
[(Bagheri & Masoumizadeh, 2015, Choonawala, 2007) ai aewle 3 50 o 43l (sla Jge 9

K =In N1—In Not V Jgeyd
oo i yled sSsl slasi [ oad il b Jske JS slaws = 5o (oo 1o 45 Jsbo olows \IE
5 098 YO e Sl oslaial s 5 YIS g Ll Sl )Se 0398 Gy (2S935 e 4 095 5l o
Bad Sz o5 Ol x50 YO lod [0 (e c0dd (5y5] e 4B VO Goe 4y 4BBS 10 190 B¢ v v Seudy Ul
5ol (5, ol T il a0 ¥ sy jo gum Slisle;] pll Cpm> Sis o8¢5 S | Py [(Safi et al.,2014)
o B0 53 VIS 5 gl SlocSilr 3, S o, 05 Boslaie ey ok eoliinl o ol s sl Koo i
b baiges an 5 028,513 o5 ilo az o Ve Ol plos 4o caols YF Gte & badigas s 5 008 > e O] 2]
(Thiagarajan et .al.,2019) wu oplided Sil> o)lac g oas jild Blo 415 5 eoliul

NS EATR

Sloslinal b g 00, bgloe Jhie O 2l (hee Vere 53 05 ) Cond @ VIS 5 Lyl Sl S5 0095
O D pll (sl eSS 7 5l 56 (55) Ak Ve Dae ay 50l S Ve LS8 s Dlg) e eilSige
29y P 9 odd Soady yiile o ,)F Ble a0 F sles 0 g as B Ve Gae 4y Feve 0 5k sl 5l eolatul L baasges
TNy Sl s bt (nd 235 8 Sdsians Cot e 5 SWan 0T T b5 et sl aex
Al PH 5 oS tlo azm o Froglos 9V e ) s & @l S 53 Gy 5 505 0T 23T b (ool 555
50 A a4l VALY Dol 4 ey g 3LSg L',ﬁJlSJT Sl g ¥ plupH ool 5 ol ax o VY o g Ve
Stz g oads 690 ez Jolo slgyem glood 518 s 098 Jldpet @351 b 0l oo Vg9, 2 PH (2aSTs oL

((Sheih et al.,2009) w



VEO /VEY SLals VE Slo oY o,lad Y 080« )5 swliiicon ) code aclilab

DPPH (9, b (gl (5T cellnd s 5

dlol alisee glacale ;o diges yidg Ko Voo 4 Vge /0 DPPH Jolro 5l 2ids Ko Ve o Giolejl onl el jslate 4y
ANV zoe Job )0 badiged i e b (55105 (SO0 50 9 BUT sloo [0 s £o Do 4 bdigad (o OO

. (Safafar et al.,2015) ai eoliiul 3 Jge,d 5l ol3T JUGol, (SaisS los o)l jme dumlons (gl 0 0dilgs 2ol
Percent inhibition (I %) = ((Abs control - Abs sample) /Abs control) x100

el Giolosl 8,90 diges wd> 50 AbS sample g Jgilie g DPPH Jole i o)l50 Abs control

Sl 5355 ke (o) 2
Ol a8 4 Glpl el gl 51 S MCFT aes (b s ok 03, 5 €AC0-2 55 039, oy (Joboo 03,
0 (FBS) 95 iz pyw oy V59> DMEM (Dulbecco's Modified Eagle's Medium) cuiS e ;o s Jokw
Lol eols S woyo 0 CO2 g o Kl ax 0 YV ,55lsSSl o cawlie Laylypds jo 5 YOCM? Jols caS S
T Sy 9y 5l Jeke 25 5 3Tl Jole g o slaes gl 3 8l o)y pslate 4 (Mirzaei et al.,2020)
10¢ o b glails 98 oy 6l a 40 CaCO-2 Joku $X) o7 sluws ilejl cpl plol gly o oolazulMTT
FBS aoy0 Vo ggl> DMEM cutS Laa 2s Sae 10+ 5l anls slsicds s ools cuiS DMEM Lams s o
YV 50 6la8k,5 el FA 5 VT 5w sl o0gs glo (Sinsly (9 dg o o) Ban aS ol e a4y ol ool
Voo Sad led ool pdgpaee jlam g L8 (Sl a8y calie glacdile b la sk ol S Sle 4z )0
Bl 3l e S 8l a0 TV gles o 6,J05L )T el YO 5l am .ol 00938l A5 0 o MTT Jglos 5 1idg See
15 s digal 6,55 iz o Gb1 glos yo 5,li5Le,S aids 10 51wy b Lol MTT Pl s Sen 10+ gy Jolms

. (Khazraei-Moradian et al.,2014) s islgs 15V olKws b agil VY

29550 b Callad omw)
oolain| )Lﬂ Sal> g (Gigind Suwd) Suwd SeS @ )lﬂ kel gla by, 5l (29 5eas Codled wy n jslate 4
Sote 05 6L Jeld ol (29,80 sladgn (W) S e o labal b @illae) (229,500 gailimg S
2 b (229,50 diges 52 5l g S Ve v Bl ol agd (M5 Leta p3l (e )5 (6L g gyl (w95 95 skl
OV PO CIRVIPURPR A LR P SWA SR VI Sgt-E Ry PO RSRVEUUW B PRV P CE S L BRVCE SV SN FONSCON. X g SYC St P
habels cole) b cudy 2 (39,8 G 9 o odilacs sy aee jlam 5 B3 Sul> o5y s glacdale ()9

ooliiul (S (550 9,0 edd i slaSal> 5l BT Sal> i, 0 ams S 18 goas b mhw )0 Sgs K0S



5elgian 3l an g 8 il oads jlars 0055 Cansj g gyl 5 VLIS (glacSCla o lae iy j codled V¥

3158 595beSal jo ol 5 il a0 YV sles jo el YT o 4y g, 90 50 0 0l ool S (glo ooy i e WAD
.(Zanganeh et ws (s .Sojlail o (s con p 1Shas bl pae sladla Jhd celo YE cindS 5l e axb S
el o ool Cutte J S gm0 0,59, O cdalé b ol 5lal.,2019)

‘S)LoT ‘SIA}.I,JUT

oy Gdugaz mized g Wodls &jei yiuled (6l g Canl a8 T 1 ST LY L Gasiod ol 50 salplod] sl iole;] cales
S5l a5l eoliziad L ANOVA (gLl slaysn;l 5l osliul b gl s sslinul Jlae Gl 5 ufiles slamsls |
Al b, P-value <0.05 ;o )ls cxe zhaw g ol Judoxd g 4320 A aseus Prism

oSl 5o W0,

ol oaims las VS el oael VS 50 Ly el SClorg Sae ) (imite oy 9 Joher ijles 5l ol azes

Oype oo cod by (JoP Djge 4 0B, VO BN G, 5l g 03g (g35me Sjge 4wl Voo slagg, yo a5 Sl

0.5 -
0.4 +
= .
=0.3 4 2
o Q
@ b
202 4 % N\
5 J \
0 ®
014/ :
]
0.0 T T T 1
0 5 10 15 20
Time {cday)

Sl 2l e alo ol IS0 d (:Sko lade onies lis alads jo . Jedu (g ylods (wlw! 3 Lidg ] STl g S0 oy 510905 - JSC&
e o plid 1) o st
Figure 1. Growth curve of S.platensis based on cell count. Each point represents the mean value of three
replicates. Bars represent standard deviations.
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Figure 2. Growth curve of C.vulgaris based on cell count. Each point represents the mean value of three

replicates. Bars represent standard deviations.
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Figure 3. Ability to inhibit DPPH radical in aqueous extracts of S.platensis and C.vulgaris microalgae. The

English letters show the significant difference of a certain concentration in the aqueous extract of S.platensis and
C.vulgaris microalgae (P-value <0.05). The results are reported as mean + standard deviation.
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Figure 4. Ability to inhibit DPPH radical in S.platensis microalgae protein before and after enzymatic

hydrolysis. The English letters indicate the significant difference of a certain concentration in the microalgae

protein of S.platensis before and after hydrolysis (P-value <0.05). The results are reported as mean * standard
deviation.

-0V lackile )3 DPPH (5051 (ulol y 5edgyuen 5lan o L8 VIS Sl Soo (g (Sl (ST clad
oyl ccdale poldl b as aes oo lis bl cplicsl eal ools las O USS po ) e 2 e, 9,00 Yoo ) ke
5 Caold 1 VL Gl oslas o 0 ) e g oaySe S Ve cllale gl 0al odalie glanST ST cools
0l jlgyoud uiign atiie Al ey a5 wh atuie sdw] Cawd a4 bl Lelel 5 s cwl Slals]

Syl cdale len o ais jg,0ud g A o (§ ydan (ST T caols YIS S S



VEQ [ VFY s VF Sl ¥ oyled FF 0,50 wgomlS swlidion ) sole aolilas

100—

mm Unhydrolyzed Chlorella Protein
= 80 = Hydrolyzed Chiorella Protein
= == Positive control
2 60
= e
£ 40 c
S b d
1) I I

25 50 100 200
concentration(ug/ml)

S o e gl eSSl By on 3T 5udg pad 31y g B YIS Sl g 5Sn (i g 1 50 DPPH JISG01, 5leen (2 lgi —0 JSC
e Syl Sl & j90 4 @l (P-value <0.05)ums oo (Las 1) 55,00 5l an 5 3 VIS Sy Sn 59 50 adeioe clile

el 0ds 35
Figure 5. Ability to inhibit DPPH radical in C.vulgaris microalgae protein before and after enzymatic
hydrolysis. The English letters indicate the significant difference of a certain concentration in the microalgae

protein of C.vulgaris before and after hydrolysis (P-value <0.05). The results are reported as mean + standard
deviation.
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Figure 6. Survival percentage of MCF-7 cells treated with S.platensis and microalgae protein before and

after hydrolysis after 24 and 48 hours. English letters indicate significant differences between different
concentrations of the same extract (P-value <0.05). The results are reported as mean + standard deviation.
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Figure 7. Survival percentage of MCF-7 cells treated with C.vulgaris microalgae protein before and after
hydrolysis after 24 and 48 hours. English letters indicate significant differences between different
concentrations of the same extract (P-value <0.05). The results are reported as mean + standard deviation.
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Figure 8. Survival percentage of Caco-2 cells treated with S.platensis microalgae protein before and after
hydrolysis after 24 and 48 hours. English letters indicate significant differences between different
concentrations of the same extract (P-value <0.05). The results are reported as mean + standard deviation.
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Figure 9. Survival percentage of Caco-2 cells treated with C.vulgaris microalgae protein before and after
hydrolysis after 24 and 48 hours. English letters indicate significant differences between different
concentrations of the same extract (P-value <0.05). The results are reported as mean * standard deviation.
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Table 1- The values of the diameter of the growth inhibition halo (mm) of the tested bacteria against the

proteolyzed aqueous extract of S.platensis

Concentration (mg/ml) 0.125 0.25 0.50 1.00 1.50 2.00

Unhydrolyzed protein (E.coli) ~ Without halo  Without halo  Without halo  Without halo  Without halo  6.50 + 0.70

Hydrolyzed protein (E.coli) 5.50 £0.70 4.75+0.35 7.83+0.76 1133+152 13.66+152 13.33+2.30

Unhydrolyzed protein (S.aureus) Without halo  Without halo  Without halo  Without halo  6.33 + 0.57 6.66 + 1.15

Hydrolyzed protein (S.aureus) 6.33 +1.52 7.33+152 1166+057 1533+1.15 16.33+0.57 15.33+0.57
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Table 2- The values of the diameter of the growth inhibition halo (mm) of the tested bacteria against the

proteolyzed aqueous extract of C.vulgaris

Concentration (mg/ml) 0.125 0.25 0.50 1.00 1.50 2.00

Without Without Without Without Without Without

Unhydrolyzed protein (E.coli) halo halo halo halo halo halo

Hydrolyzed protein (E.coli) 550+0.70 583+0.28 850+050 1166+1.15 13.33+057 12.33+0.57

Unhydrolyzed protein Without Without

(S.aureus) halo halo 5.66 +0.57 6.00+0 7.33+057 6.33+£0.57

Hydrolyzed protein (S.aureus)  5.66 £0.57  7.33+1.52 10.33+057 14.66+1.15 16.66+1.15 1533+0.57
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Abstract

Introduction: Microalgae are organisms with diverse and valuable metabolites, and two microalgae, spirulina
and chlorella, have received much attention due to their high protein content.

Methods: In this study, after the cultivation of spirulina and chlorella microalgae, they were extracted and their
protein was extracted by sonicator and subjected to enzymatic hydrolysis with two enzymes, alkaline protease
and pepsin, and using the test DPPH and their antioxidant properties were measured. Also, antiproliferative
property with two cancer cell lines MCF-7 and Caco-2 and antimicrobial property with two bacteria Escherichia
coli and Staphylococcus aureus, proteins of spirulina and chlorella microalgae were measured before and after
enzymatic hydrolysis.

Results: The survival rate of MCF-7 cancer cells after 48-hour treatment with a concentration of 200 pg/mi
hydrolyzed protein of S.platensis and C.vulgaris was 21.60% and 37.65%, respectively, and this amount has
decreased for Caco-2 cancer cells by 23.63% and 26.48%, respectively.. Also, the results showed that protein
hydrolysis had a positive effect on improving antioxidant, antiproliferative and antimicrobial properties.

Key words: alkaline protease, anticancer, anti-cell proliferation, antimicrobial, antioxidant, pepsin
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Figure 1. Sciatic functional index (SFI) in different weeks after surgery. The results are presented as mean +
standard deviation of the mean (SEM) (p < 0.05). *: compared to control; &: compared to negative control.
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Figure 2. Recovery of sensory function in different weeks after surgery. The results are presented as mean +
standard deviation of the mean (SEM) (p < 0.05). *: compared to control; &: compared to negative control
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mean (SEM) (p < 0.05). *: compared to control; &: compared to negative control.
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Abstract

Introduction: Improvement of peripheral nerve damage is one of the most important challenges clinically. Using
new methods such as Nano drugs and natural compounds can be a suitable option due to their effective effects
and less side effects. In this study, the synergistic effects of eugenol and cerium oxide nanoparticles was
investigated on sciatic nerve recovery in a rat model. Method and material: In this study, twenty-eight male
rats weighing 250-300 g were divided into four groups (n=7). The control group and sciatica model injected
saline (0.5ml, IP). Two groups model sciatic received intraperitoneally (50 mg/kg eugenol and 20 mg/kg cerium
oxide nanoparticles) or (100 mg/kg eugenol and 20 mg/kg cerium oxide nanoparticles). Then sensory and motor
behavioral tests performed. The muscle tissue removed. Finally, changes in muscle weight investigated. The
study was conducted under supervision of Research Ethics Committee of the University of Mohaghegh Ardabili
(code: IR.UMA.REC.1400.029). Results: Intraperitoneal injection of eugenol plus cerium oxide nanoparticles
increased the recovery speed of sensory and motor neurons compared to the sciatica model group. Also, in the
group receiving eugenol plus cerium oxide the amount of muscle atrophy was lower. The improvement of nerve
tissue was significant in the high-dose group. Conclusion: The results showed that eugenol/cerium oxide
accelerates the regeneration of nerve tissue. Therefore, its neuroprotective potential can be used to treat diseases
related to peripheral nerve damage.
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