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ABSTRACT

In this study, the anti-acute myeloid leukemia (AML) effects of Ziziphora clinopodioides Lam
leaf aqueous extract conjugated cadmium nanoparticles (CdNPs) were compared with

daunorubicin as a common chemotherapeutic drug. To synthesize CdNPs, Z. clinopodioides
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aqueous extract was combined with Cd(NOz3), .4H>0. For analyzing CdNPs, SEM, UV-Vis.
spectroscopy, X-ray powder diffraction and Energy dispersing X-ray spectroscopy, Fourier
Transform Infrared techniques were used. In FE-SEM images of CdNPs, the diameter of
particle dimension was on means of 26.78 nm. To survey the cytotoxicity and anti-AML
effects of Cd(NO3)2, Z. clinopodioides, Daunorubicin, CANPs and MTT assay was used on
the human AML cell lines. The IC50 of the cadmium nanoparticles was 168, 205 and 210
pg/mL against Murine C1498, 32D/FLT3-ITD and Human HL-60/vcr cell lines, respectively.
In vivo study, CdNPs like daunorubicin ameliorated importantly (P<0.01) the biochemical,
WBC, RBC, inflammatory, platelet, stereological, histopathological and cellular-molecular
parameters compared to the other groups. As mentioned, the cadmium nanoparticles had
significant anti-AML effects. After approving the above eventuate in the clinical trial studies,
these cadmium nanoparticles could be used in humans as a chemotherapeutic medicament for
the treatment of AML. Additionally, the novel nanoparticles (Cd(NO3), and CdNPs) were

good inhibitors of the a-glycosidase, and cholinesterase enzymes.

KEYWORDS: Acute myeloid leukemia; Cadmium nanoparticles; Clinopodioides Lam,;

Daunorubicin; Ziziphora new chemotherapeutic drug

1 INTRODUCTION

Metallic nanoparticles have achieved notable consideration in the field of medicine. Recent
studies include promising aids for metal-based nanoparticles, bacterial disease and cancer
treatments that differ in their physicochemical properties [1,2]. To produce metalic
nanoparticles; I) Physical, 1) Chemical, III) Biological method [3]. Chemical or physical
synthesis methods are expensive. These methods cause time loss. It also consumes energy and
is not environmentally friendly. In biological nanoparticle synthesis, several microbes, algae,
enzymes and especially plants have been used and served as a suitable alternative method to
physical and chemical procedures with high antimicrobial potentials[4]. These nanoparticles
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have different antibacterial effects on microbial cell functions, including electrostatic
interaction between the particle, Gram-negative (-) bacterial cell wall and denaturation of
intracellular proteins. Through the cell membrane, nanoparticles harmful to the essential
enzymes of bacteria can be the basis of the antibacterial properties of these nanoparticles
[5,6]. Also, the metallic nanoparticles have excellent potentials in the treatment of several
cancers especially leukemia[7—11]. In this regard, in the work of Hemmati et al. (2019)
proved that metallic nanoparticle-chitosan composite had excellent anti-acute myeloid
leukemia in the in vivo and in vitro conditions. In the previous study, metallic nanoparticle-
chitosan composite significantly removed the AML cell lines i.e., 32D/FLT3-ITD (Isoform
containing ITD mutations), Murine C1498 and Human HL-60/vcr and regulated biochemical
and hematological parameters in the animals[8]. Also, Zangeneh (2019) introduced a
chemotherapeutic drug formulated by metallic nanoparticles containing natural compounds
for the treatment of AML[9]. In addition to the above studies, the other studies researched the
anticancer properties of cadmium nanoparticles. In a study, Hossain and Mukherjee (2013)
presented the excellent potential of cadmium nanoparticles in removing human cervical
adenocarcinoma cells (HeLa)[10]. Also, in the other study, Heidari (2016) indicated the
significant role of cadmium nanoparticles in combination with UV radiation in the removing
of tissue tumors[11]. Recently, scientists have used the anti-acute leukemia effects of
medicinal plants for synthesizing the metallic nanoparticles containing natural compounds. So
far, the anti-acute leukemia effects of Tinospora cordifolia, Sophora subprostrata, Euphoria
hirta, Barleria prionitis, Lubinus perennis, Maytenus boaria, Cephaelis acuminate,
Phyllanthus niruri, Solanum seaforthianum, Boswellia serrate, Lavendula officinalis, and
Cephalotaxus harringtonia drupacea have been proved[12].

One of the well-known traditional medicine in all of the world is Iranian traditional medicine.

In Iranian traditional medicine and many sub-traditional medicines are there that the most
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well-known is Kurdish traditional medicine in the west of Iran. Every year many medicinal
supplements and drugs are formulated and produced from the plants of Kurdish conventional
medicine[13,14]. One of these plants is Ziziphora clinopodioides Lam. Z. clinopodioides is
used in conventional medicament of Iran for the cure of inflammations, blood and
gastrointestinal disorders, cutaneous wounds, and the common cold[15,16]. Many potentials
such  as anti-inflammatory([17,18], antifungal[17], antibacterial[16,18,19], and
antioxidant[18,20] have been revealed as the therapeutic properties of this plant. It has
chemical antioxidant matters including pulegone, a and B pinen, flavonoids, terpenoides,
piperitenone, sis-isopulegone, thymol and cineol[16,18,21,22]. Presumably, the remedial
properties of this species are related to the above compounds.

The pathophysiology of Alzheimer's disease (AD) is related to the depletion of
neurotransmitter acetylcholine (ACh) due to acetylcholinesterase (AChE) activity. One of the
curative strategies (possible) is to increase the concentration of ACh in brain cells using
AChE inhibitors.BChE enzyme is an enzyme used in cholinergic mechanism and is actively
used in this system[23,24]. Cholinesterase inhibitors (ChEls) are extensively used in medicine
pharmacological correction of cholinergic neurotransmission pathology. In humans, a-
glycosidase is secreted by the epithelial cells in small intestine which hydrolysis carbohydrate
molecules into glucose units[25,26].

2 EXPERIMENTAL

2.1 Material

Phosphate buffer solution (PBS), Sabouraud Dextrose Agar, Sabouraud Dextrose Medium,
Muller Hinton Agar, Mueller Hinton Medium, carbazole reagent, 4-(Dimethylamino)
benzaldehyde, Dulbecco's Modified Eagle Medium (DMED), Ehrlich solution, dimethyl

sulfoxide (DMSO), hydrolysate, decamplmaneh fetal bovine serum, borax-sulphuric acid
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mixture, 2,2-diphenyl-1-picrylhydrazyl (DPPH), antimycotic and antibiotic solution overall
were obtained from Sigma-Aldrich company, United States.

2.2 Synthesis of CANPs

CdNPs (obtained by green synthesis) was started with a reaction mix of 50 mL of
Cd(NO3)2.4H>0 in the concentration of 0.15 M and 20 mL of aqueous extract solution of Z.
clinopodioides leaf (100 pg/mL) in the proportion 1:10 in a conical flask (Figure 1). The
reaction mixture was kept under magnetic stirring for 12 h at room temperature. After the
reaction is complete, the yellow colored colloidal solution of Cd was formed. The compound
was centrifuged at 10000 rpm for 15 minutes. The pellet was washed with distilled water in
three replicates and centrifuged again for 15 minutes. Common organic chemistry techniques
are used to analyze CdNPs. These analysis methods include FT-IR (Fourier Transform
Infrared) and UV-Vis. spectroscopy is SEM, XRD (X-ray powder diffraction) and EDS
(Energy-dispersive X-ray spectroscopy)[27].

2.3 Determination of antioxidant activity of cadmium nanoparticles (CANPs) with DPPH
The DPPH (2,2-diphenyl-1-picrylhydrazyl) molecule has a stable free radical in which
delocalization of the spare electron over the molecule, results the molecules do not dimerize.
This delocalization results in the deep violet color with a characteristic absorption peak in
ethanol solution at 517 nm. When the DPPH solution was mixed with electron donating
substance, which leads to the reduced form with color loss. Later, the solution undergoes
further reactions and control the stoichiometry, hence reduced (decolorized) the number of
molecules of the DPPH by one molecule of the reductant[28].

In this experiment, 3 mL 0.004 % DPPH solution was mixed with several concentrations of
Cd(NOs)2, Z. clinopodides, CANPs, and Daunorubicin for determining antioxidant properties.
A group containing 3 mL ethanol and 3 mL. DPPH was considered as the control group.

According to the international standards, the samples absorption rate was determined at 517
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nm and the antioxidant potentials of Cd(NOs)2, Z. clinopodides, CANPs, and Daunorubicin
were assessed according to the following formula[28]:

DPPH free radical scavenging (%) = (Control — Test/Control) x 100
2.4 Analysis of cytotoxicity of CANPs
In this experiment, Cd(NO3)», Z. clinopodioides, CANPs and Daunorubicin were examined for
their cytotoxicity activities against 32D/FLT3-ITD, HUVEC, Murine C1498, and Human HL-
60/vcr cell sheets. Cell lines (1 x 105 cells / well) were coated separately using 96-well plates
in "Dulbecco's Modified Eagle's Medium (DMEM") with antimycotic antibiotic solution and
10% "Fetal Bovin Serum (FBS)". They were carried out to 96 well plates at a 1x10° cell
concentration and incubated, then treated with several dilutions of Cd(NOz),, Z
clinopodioides, CdNPs, and Daunorubicin (0-1000 pg/mL). After 24 h at 37 °C incubation,
0.05 mg/mL of MTT (methylthiazole diphenyl tetrazolium) assay reagent was annexed to all
wells. Following 24-hour incubation, MTT reagent was discarded rapidly (37 °© C) and cell
lines were washed three times with PBS. Absorbance analysis was performed. Absorbance
was examined at 570 nm. In our study, we used the equation given below for cell
viability[29]:

Cell Viabilit ((y)_SampleAbsorbance 100
¢ raptity 1) = ControlAbsorbancex

2.5 In vivo design

In the beginning of our study, DMBA injection was applied in 75 animals with AML
induction 40 mg / kg twice a week for 6 weeks. One experimental group was selected as
healthy control subjects. Normal saline was injected into this group (n=15). Six weeks after
our application, 75 DMBA-treated subject mice, subjects without DMBA injection, and four
groups that received 1 mg / kg intravenous Cd (NO3) 2, CdNPs, Z. clinopodioids and
Daunorubicin injection separately. During this period the mice underwent injection treatment

for 24 days. The healthy control group received normal saline. Dosage was repeated for six
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cycles of dosing. The subject mice were weighed seven times during the experiment. At the
end of 24 days after the animals were anesthetized, blood samples were rapidly taken from the
hearts of the animals. In addition, spleens of mice were also collected to analyze biochemical
and stereological factors[30].

Central vein, hepatocyte, bile duct, portal vein, sinusoid and hepatic artery volumes in the
liver were examined in serological parameters. In addition, white pulp, veins, red pulp,
marginal region and follicle volumes in the removed spleen were investigated[13].
“Biochemical (SOD, CAT, GR, GPx, ALP, AST, ALT, GGT, cholesterol, LDL, HDL,
triglyceride, total protein, albumin, total and conjugated bilirubin, glucose, urea, creatinine,
ferrous, ferritin, and erythropoietin)”, “immunological [anti-inflammatory (IL4, ILS, IL10,
IL13, and IFNa) cytokines and Pro-inflammatory (IL1, IL6, IL12, IL18, IFNY, and TNFa)]”
parameter concentration was analyzed in serum by ELISA (Enzyme-Linked Immunosorbent
Assay) and kits (Ziest-Chem Diagnostics) were determined and studied according to
manufacturer's instructions[27,28]. Total in plasma; Automatic hematology analyzer was
tested for blast, platelet, lymphocyte, neutrophil, monocyte, eosinophil, basophil, WBC,
nRBC and RBC count and HB, PCV, MCV, MCH and MCHC ratios (Sysmex XS 8001)[30].
Analysis of the mRNA expression of SIPRS and the real-time PCR in blood lymphocytes was
performed at the cellular and molecular stages of the study[30].

All stereological, biochemical, immunological, hematological, and cellular and molecular
analyses were done in duplicate.

2.6 Statistical analysis

The results were analyzed with SPSS-22 software and analyzed by one-way ANOVA and
then "Duncan post-hoc test"(P = 0.01).

2.7. Enzyme studies
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The inhibitory effect of novel nanoparticles (Cd(NO3), and CdNPs) on AChE and BChE
activities was recorded according to spectrophotometric method of Ellman[31] as explained
previously[32,33]. a-Glycosidase inhibition effect of novel silver nanoparticles (Cd(NOs3)>
and CdNPs) was determined conforming to the assay of Tao et al.[34] The absorbance o
samples were recorded at 405 nm as explained previously[35-37].

3 RESULTS AND DISCUSSION

3.1 Investigation of anti-acute (in vitro) myeloid leukemia feature of Cadmium
nanoparticles (CANPs)

In the current experiment, the treated cells with many concentrations of the present Cd(NO3)2,
Z. clinopodioides, CANPs and Daunorubicin were examined by MTT test for 48h regarding
the cytotoxicity property on normal (HUVEC) and AML cell lines (Figure 2). Absorbance at
570 nm, in the HUVEC cell line Cd (NO3) 2; Z.klinopodioids showed exceptional vitality up
to 1000 pg / mL for CANPs and Daunorubicin.

In the case of AML cell lines, the viability of them reduced dose-dependently in the presence
of Cd(NOs)2, Z. clinopodides, CdNPs, and Daunorubicin. The IC50 of Cd(NO3),, Z.
clinopodides, CANPs, and Daunorubicin against Murine C1498 cell line were 735, 380, 197,
and 168pg/mL, respectively, against 32D/FLT3-ITD cell line were 985, 500, 246 and
205pg/mL, respectively. About the Human HL-60/vcr, the ICso of Z. clinopodides, CANPs,
and Daunorubicin were 641, 342, and 210, respectively. The anticancer of cadmium
nanoparticles was found to be highly dependent on a range of factors related to their physical
properties, such as shape, surface coating, and size. About the size, it has been indicated that
cadmium nanoparticles with small size can transfer of cell membrane of tumor cells and kill
them. In the larger size, the above ability significantly is confined[38]. As seen in our study in

figure 15, cadmium nanoparticles had uniform spherical morphology in size of 26.78 nm. The
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size of cadmium nanoparticles in lower than 50 nm is very appropriate for the killing of tumor
cell lines[39,40].

3.2 Antioxidant property of CANPs against DPPH

In our research, Z. clinopodides leaf aqueous extract, Daunorubicin, CANPs similar to BHT
showed a considerable concentration-dependent DPPH radical scavenging effect. The IC50
values of Z. clinopodides leaf aqueous extract, BHT, Daunorubicin, and CdNPs were 428,
414, 242, and 196, respectively (Figure 3).

The interaction between the Z. clinopodides leat aqueous extract, Daunorubicin, and CdNPs
and DPPH might have occurred through the transfer of electrons and hydrogen ions to 2,2-
diphenyl-1-picrylhydrazyl radical to form a stable 2,2-diphenyl-1-picrylhydrazine molecule
(DPPH)[41-44].

The antioxidant activity exhibited by Z. clinopodioides can be attributed to the presence of
various phytochemicals that are thought to function synergistically and interactively to
neutralize reactive nitrogen species (RNS) and reactive oxygen species (ROS)[45]. In the
previous study determined that Z. clinopodioides was rich in antioxidant compounds such as
pulegone, a and B pinen, flavonoids, terpenoides, sis-isopulegone, piperitenone, thymol and
cineol[16,18,21,22]. These bioactive compounds have been shown to protect redox
homeostasis by multi-stage antioxidant reaction processes of free radicals[45].

3.3 In vivo anti-acute myeloid leukemia properties of CdNPs

To induce the AML, DMBA was used. DMBA causes many problems in the body such as
self-immune, hepatic, splenic, vascular, central nervous system, respiratory, and renal
disorders and AML[46]. In details, DMBA-induced AML reduces the platelet, lymphocyte,
and RBC counts and increase the WBC, blast, eosinophil, neutrophil, monocyte, and

basophil.[*¢!
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The previous studies have been revealed that DMBA as Inflammation inducing agent,
decreases the concentration of anti-inflammatory cytokines and raises the concentration of
pro-inflammatory cytokines[47,48]. As is observed in Figure 4, the anti-inflammatory
cytokines including IFNa, I1L4, IL5, IL10, and IL13 reduced significantly (p<0.01) and the
pro-inflammatory cytokines including IFNY, TNFa, IL1, IL6, IL12, and IL18 enhanced
significantly (p<0.01) in the DMBA-treated group.

Cd(NOs)2, Z. clinopodioides leaf aqueous extract, CdNPs and Daunorubicin significantly
(»<0.01) ameliorated the anti-inflammatory cytokines and pro-inflammatory as compared to
the untreated group. The best results have been seen in the CdNPs-treated group.

Also, DMBA is known to induce AMLdisease mixed from lymphoblastic leukemia,
myelogenous leukemia, thymic leukemia, and hepatic leukemia of erythroblastic stem
cells[38]. In the previous study, it has been shown that DMBA with enhancing the number of
blast counts to 10-15 percent of WBC, induces AML[49].

In the present study, the number of total WBC, blasts, eosinophil, neutrophil, monocyte,
basophil and nRBC counts raised significantly (p<0.01). The number of RBC, platelet, and
lymphocyte counts and the other RBC parameters including Hb, PCV, MCV, MCH and
MCHC decreased significantly (p<0.01) in the DMBA-treated group (Figures 5,6). The above
results show that DMBA successfully induced AML in mice.

Cd(NO3)2, Z. clinopodides leaf aqueous extract, CdNPs, and Daunorubicin ameliorated
significantly (p<0.01) the hematological parameters. The best results have been seen in
CdNPs and Daunorubicin-treated group. In the present study, the anti-hemolytic activity of
Cd(NO3)2, Z. clinopodides leaf aqueous extract, CANPs, and Daunorubicin may be associated
with their antioxidant potentials. Different studies have reported that antioxidant compounds

omit the free radicals of hematotoxic substances and inhibit their toxic effects[50-52]. Also,

10



246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

many studies similar to our study revealed significant antioxidant effects of cadmium
nanoparticles[10,11].

In our study, mRNA expression of SIPRI in lymphocytes increased by 33.2, 8.1, 14.7, 20,
and 23.1 folds in control, Cd(NOs)>, Z. clinopodides leaf aqueous extract, CANPs and
Daunorubicin, respectively compared to the untreated group. Also, the findings of S1PRS
mRNA expression revealed that the number of folds increased 36.8, 12.1, 17.3, 24.2, and 26.9
in control, Cd(NOz3)2, Z. clinopodides leaf aqueous extract, CdNPs, and Daunorubicin,
respectively in comparison to the untreated group. The best results were seen in groups treated
with Daunorubicin and CANP (Figure 7).

In this study, DMBA-induced AML significantly (p<0.01) increased the concentrations of
ALP, AST, ALT, GGT, cholesterol, LDL, triglyceride, total and conjugated bilirubin,
glucose, urea, creatinine, ferrous, ferritin, and erythropoietin and decreased HDL, total protein
and albumin in serum. Cd(NOs)2, Z. clinopodides leaf aqueous extract, CdNPs, and
Daunorubicin significantly (p<0.01) ameliorated the above parameters. There were no
significant changes (p<0.01) between CdNPs, Daunorubicin, and control groups in GGT,
triglyceride, glucose, and creatinine levels. The best results in improving the biochemical
parameters were seen in the CdNPs-treated group (Table 1).

In the recent study, the levels of the liver, spleen, and serum SOD, CAT, and GPx increased
and GR reduced significantly (p<0.01) at Cd(NOa)2, Z. clinopodides leaf aqueous extract,
CdNPs, and Daunorubicin-treated mice in comparison to the untreated group. Agreement with
our study, in the study of Saravanan and Ponmurugan (2013), it revealed the strong
antioxidant effect of medicinal plants with ameliorating the concentrations of SOD, CAT, and
GPx[53]. In another study, it was reported that the medicinal plant extracts had excellent
antioxidant property, because they raised the concentration of antioxidant enzymes including

CAT, SOD, and GPx as compared to the tartrazine-received group (untreated group)[54].
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Also, in the study of Ogunlade et al. (2012), it was revealed that the plant extracts, with
raising the degradation of free radicals, increased the concentrations of CAT, GPx, SOD and
MDA and decreased glutathione (GSH) in animals with alcohol-induced hepatotoxicity[55].
In the present study, the body weight of the untreated group decreased (p<0.01) after six
weeks of acute myeloid leukemia induction.

Cancer cachexia is described as a wasting syndrome involving loss of muscle mass and fat
directly caused by tumor factors[56]. But, the administration of Cd(NO3)2, Z. clinopodides
leaf aqueous extract, CdNPs, and Daunorubicin raised (p<0.01) the body weight in
comparison to the untreated group (Figure 8).

The results analysis of Figures 9-11 indicated that DMBA significantly (p<0.01) increase the
leukemic myeloblasts infiltrating in the spleen and liver. With this infiltrating, the volumes,
weights of spleen, liver and their sub-compartments raised in the untreated as compared to
other groups.

In detail, DMBA raised significantly (p<0.01) the volumes of hepatocyte, central vein, portal
vein, sinusoid, bile duct, and hepatic artery in the liver and the volumes of white pulp,
marginal zone, and follicle in the spleen.

Treatment with Cd(NOa3)2, Z. clinopodides leaf aqueous extract, CdNPs, and Daunorubicin
reduced significantly (p<0.01) the leukemic myeloblasts infiltrating in the spleen and liver.
The best results were observed in the Daunorubicin-treated and CdNPs groups.

About the hepatoprotective activities of plant extracts, it was revealed that they reduced the
levels of ALP, AST, and ALT in volume of the mice liver, hepatic artery, central vein and
portal vein in diabetic mice[57].

Besides, Goodarzi et al. (2017) has shown that extracts reduce rised concentrations of hepatic
biochemical parameters alike ALT, AST and ALP. Rate of liver, sinusoids and hepatocytes

has also been shown to decrease compared to the group treated with CCl4 [58].
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3.4 Characterization of CANPs

EDS can be used as a semi-quantitative method of synthesis. The result of EDS (Figure 12)
shows the composition profile of CdNs obtained by synthesis. In the synthesized
nanoparticles as a result of the study, the result of the tests, cadmium and sulfur presence was
reported and confirmed with the displayed signals. The peaks at 3.16 keV and 3.34 keV
corresponded to the La and LB peaks of cadmium while the peaks at around 2.3-2.5 keV
corresponded to the Ka and K peaks of sulfur. This study confirmed many previous studies.
Signals measured in the study are based on a previous study on the synthesized CdsNPs using
C. reinhardtii extract;[59] The other signals including Oka and CKa belong to the organic
molecules present in Z. clinopodioides extract that linked to the surface of CdNPs.

Structural crystallinity of CdNPs was analyzed using XRD images. The image showed in
Figure 13. As a result of the study, it was determined that there was cadmium sulfide
synthesis consistent with FTIR results. The hill location with 26 values of 26.68, 44.16, 52.47,
and 70.65 are indexed as (111), (202), (311), and (313) planes which are in good agreement
with those of clinic phase CdS obtained from standard database ICDD PDF card no. 96-900-
0068. The crystalline structure of the sample obtained from the diffractogram is evident in the
middle. Since the sample was pure in our study, the presence of regular and appropriate picikb
was evaluated. Peaks occurring at different rates have been recorded before [60—62].

The approximate crystal size of CdNPs was determined according to the X-ray diffraction

theory according to the “Scherrer inference”.

k4
~ Bcos6

I-“k is the Scherrer’s constant (k=0.94),”

II-“B is the full-width at half-maximum of the corresponding plane (in radians),

II-““A is the wavelength of X-ray radiation (A=0.15406 nm),”

13
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IV-“8 is the characteristic X-ray radiation.”

(CdNPs had an rate crystal dimension of 25.65 nm.)

When we examine the previous literature, cadmium sulfide and cadmium oxide are the
common products of the biosynthesize of cadmium nanoparticles. The researches have
reported various crystal sizes for the biosynthetic CdASNPs or CdONPs according to the XRD
patterns. Instead of, for CASNPs the crystal size of 3.42 nm has been reported for the synthetic
CdSNPs using Annona muricata leaf extract;[22] 6 nm for Chlamydomonas reinhardtii;[48]
1.47 nm for Banana peel extract;[49] 18 nm and 12 nm for Calotropis gigantea leaf
extract;[51] 5.67 nm for Mimosa pudica;[63—66] 4 nm for Murraya koenigii extract [67]. On
the other hand, 10.86 nm have been reported for the synthetic CdONPs using Limonia
acidissima leaves extract; [68] 18.5-61.9 nm for Abelmoschus esculentus;[69] 22nm for
Andrographis paniculata leaf extract;[70] 25 to 50 nm for Agathosma betulina;[71] 22.9 and
35.0 nm for Hibiscus sabdariffa flower extract;[72] 44-56 nm for Aloe barbadensis;|73]
28.92 to 44.95 nm for Parkia speciosa seed extract [74].

In FT-IR images, peaks in the region between 500 and 700 cm-1 are connected to metal-
oxygen vibration. In this study, the cadmium sulfide nanoparticles nascency confirms by the
asset of peaks at 524, 621, and 678 cm’! belong to the bending vibration of Cd-S. The
appearance of these peaks, with a small difference in the number of wave has been reported
previously for biosynthetic CANPs [48,62,63]. The presence of secondary metabolites, which
are responsible for the capping and reduction of cadmium nitrate precursor to CdNPs, has
been studied using the FT-IR technique. According to the results of our study, Z. clinopodioid
extract and CdNPs (Figure 14) gave images like FT-IR spectra that biosynthesize CdNOs.
The presence of dissimilar-IR bands interested to the existence of various functional groups in
Z. clinopodioides extract. For example, the peaks in 3371 and 2939 cm! related to “O-H” and

aliphatic “C-H stretching”; the peaks at a range of 1421 to 1749 cm™! correspond to “C=C and
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C=O0 stretching”, and the peaks at 1261 and 1081 cm™' could be ascribed to “-C-O and -C-O-C
stretching”. The peaks we observe are proof that diversified compounds exist, like as
phenolic, flavonoid and carboxylic materials showed in previous studies [64] Ghidan et al.
((2016) reported that biomolecules are bound to CdNPs by hydroxyl and carbonyl as plant
extracts, as stabilizing, dispersing and reducing agents [66].

When the surface morphology and size of CdNPs are examined in detail, and for that using
FE-SEM, it was raported Figure 15 (a-d). The figure depicts a successful synthesis of CdASNPs
with spherical morphology that was reported previously [75]. As understood from the graphs,
it shows that the homogeneity of the synthesized CdNPs is well distributed. A trend towards
aggregation is reported for synthesized NPs. This property of metallic nanoparticles
synthesized by green synthesis has been previously reported (for example, CANP, AuNP,
AgNP and TiNP can be given) [48,55,76,77]. The average diameter of the nanoparticle size in
CdNPs was reported as 26.78 nm. This dimension is very similar to the result obtained from
XRD analysis.

In the academic studies we examined for our study, different sizes have been analyzed for the
green synthesis CdSNPs or CdONPs using herbal extracts. In Instance, 3 to 5 nm has been
reported for synthetic CASNPs using tea leaf extract;[78] 4 nm for A. muricata;[23] 2-7 nm
for C. reinhardtii;[48] 1.48 nm for banana peel extract;[49] 5-20 nm for Fungus of Fusarium
oxysporum;[50] 20 nm for C. gigantea leaf extract;[51] and 20 nm for M. Koenigii [56]. On
the contrary, bigger sizes have been reported for biosynthetic CdAONPs: 10-30 nm for Limonia
acidissima leaves extract;[57] 78 nm for A. esculentus fruit extract;[58] 164 nm for A.
paniculata leaf extract;[59] 100 nm for A. betulina;[60] 113 nm for H. Sabdariffa flower
extract;[61] 97-129 nm for A. Barbadensis;[62] 20-50 nm for P. speciosa seed extract;[63]

and 36-57 nm for Leucaena leucocephala.
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UV-Vis. The spectra of CdNPs produced by green synthesis with the extract of Z.
clinopodioids are as shown in Figure 16. Optical features taken from UV-Vis showed that
CdNPs were synthesized by spectroscopy. A wide absorbance of 390-450 nm, synthetic
CdNPs are included. In addition to these data, due to the reduction in granul dimension, a blue
change consist of compared to the stack CdS (515 nm). This observation overlaps with the
previously reported data on biosynthesized CdNps [48,50]. This band is also characteristic of
CdS particles in the quantum size range [50].

3.5. Enzyme results

3.5.1. Cholinesterase enzymes inhibition results

All of novel nanoparticles (Cd(NOs)2 and CdNPs) had remarkably forward AChE
restrictively effect than of control AChE inhibitor compound such as Tacrine. I When we
evaluate, the Ki values of these innovative nanoparticles and standard compound (tacrin)
synthesized are clearly seen in Table 2. These novel nanoparticles effectively inhibited AChE,
with Ki values of 7.22 + 1.23 and 6.80+ 1.30 mM. Then, all these novel nanoparticles had
almost similar inhibition profiles. The most active CdNPs showed Ki value of 6.80+ 1.30
mM. For AChE, ICso values of TAC as positive control and novel nanoparticles were studied
in this study the following order: CANPs (8.64 mM, r% 0.9839) < Cd(NO3)z (11.38 mM, r*:
0.9344) < TAC (19.53 mM, r* 0.9703). For BChE, ICso values of TAC as positive control
and novel nanoparticles the following order: CANPs (14.22 mM, 2: 0.9361) < CA(NO3)2
(18.32 mM, r*: 0.9328) < TAC (25.54 mM, r*: 0.9342). Additionally, the novel nanoparticles
effectively inhibited BChE, with Ki values of 12.68+1.67 and 10.94+2.32 mM, respectively.
However, all of these novel nanoparticles had almost similar inhibition profiles. The most
active CdNPs effectively inhibited BChE, with Ki value of 10.94+2.32 mM.

3.5.2. a-Glycosidase inhibition results
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Novel nanoparticles (Cd(NOz3)2 and CdNPs) have ICsp values of 3.51 and 0.76 uM and Ki
values of 5.87+0.48 and 1.74+0.13 mM (Table 2) (for enzyme glycosidase). The results
obtained have shown that all of the newly synthesized compounds show inhibitory effects of
the a-glycosidase enzyme acarbose (IC50: 5.37 mM) as a control glycosidase inhibitor.
Indeed, the most effective Ki value of CANPs was 1.74+0.13 mM, respectively. For this
metabolic enzyme, IC50 values and new nanoparticles are used in the following order when
ACR is used as a control: CANPs (0.76 mM, r*: 0.9788) < Cd(NO3)2 (3.51 mM, r*: 0.9359) <
ACR (5.37 mM, r* 0.9816). a-Glycosidase inhibitors can delay carbohydrate digestion and
thereby helping to lower postprandial blood sugar levels. These inhibitors such as voglibose,
acarbose and miglitol, have been used as first-line therapies for type 2 diabetes in the clinical
setting [79,80].

4 CONCLUSION

In the present experiment, Z. clinopodioides leaf aqueous extract-based CdNPs were
successfully obtained. UV-Vis, FE-SEM, FT-IR, EDS and XRD were analyzed in the closest
way to perfection. In vivo area, CANPs importantly (p<0.01) coordinated the chapters of
biochemical, immunological, histopathological, hematological cellular-molecular parameters
like as daunorubicin. In the in vitro area, CANPs have a low cell viability due to cell lines
determined without cytotoxicity in the HUVEC cell line. In the light of these reported results,
it appears that CdNPs may be applied for the treatment of AML in humans. AD can be
stabilized by inhibition of cholinesterases (i.e. it can be kept under control); however, BChE is
rare and localized in peripheral tissues. Thus, the discovery of new selective AChE inhibitors
with environmental inhibition determined can be considered the therapeutic effect for the
treatment of AD. Nanoparticles can be specified as good suppressors for the treatment of the
disease. On the other hand, these compounds are antidiabetic and anticholinergic; due to these

situations, it is hoped that it can be used in important drug applications for the future.
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Figure Captions:

FIGURE 1.The image of Ziziphora clinopodides Lam.

FIGURE 2.Percent viability measured on HUVEC, 32D-FLT3-ITD, Human HL-60/vcr, and
Murine C1498 after treatment with present Cd(NOz3)2, Z. clinopodides leaf aqueous extract,
CdNPs, and Daunorubicin.

FIGURE 3.Antioxidant activity of Cd(NO3)2, Z. clinopodides leaf aqueous extract, CdNPs,

Daunorubicin, and BHT.
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FIGURE 4.The levels of immunological parameters in tested groups. A: Anti-inflammatory
cytokines. B: Pro-inflammatory cytokines. Different letters indicate the significant difference
(»<0.01) between the experimental groups.

FIGURE 5.The number of platelet, RBC, nRBC, and WBC in the experimental groups.
Non-identical letters reveal a notable shift between the experimental groups (p<0.01).

FIGURE 6.The levels of RBC parameters in tested groups.

Different letters indicate the significant difference (p<0.01) between the experimental groups.
FIGURE 7.Expression fold change of SIPR1 and SI1PRS in control, Cd(NOs):, Z
clinopodides leaf aqueous extract, CdANPs, and Daunorubicin groups in comparison to the
untreated group.

FIGURE 8.The weights of the body in tested groups.

FIGURE 9.The percentage of leukemic myeloblasts infiltrating to spleen and liver in tested
groups.

Different letters indicate the significant difference (p<0.01) between the experimental groups.
FIGURE 10.The weights and volumes of liver and spleen in tested groups.

Different letters indicate the significant difference (p<0.01) between the experimental groups.
FIGURE 11.The levels of stereological parameters of liver and spleen in tested groups. A:
Spleen. B: Liver. Different letters indicate the significant difference (p<0.01) between the
experimental groups.

FIGURE 12.EDS pattern of CdNPs.

FIGURE 13.XRD data of CdNPs.

FIGURE 14 FT-IR spectra of CdNPs.

FIGURE 15.FE-SEM image of CdNPs.

FIGURE 16.UV-vis absorption spectra of CdNPs.

Table Captions:
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Table 1. The levels of biochemical parameters in tested groups.

Table 2. Inhibition results of nanoparticles on some metabolic enzymes (ICso ve Ki values)

Figure 1.The image of Ziziphora clinopodides Lam.
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826 Figure 9. The percentage of leukemic myeloblasts infiltrating to spleen and liver in tested
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Figure 13. XRD data of CdNPs.
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Figure 14. FT-IR spectra of CdNPs.
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870  Table 1. The levels of biochemical parameters in tested groups.
Parameters Groups (n=10)
Control Untreated | Daunorubicin | Cd(NO3): Z.clinopodioides | CANPs
Serum | ALP (IU/L) 176.3£10.1* | 569.2+18.49 | 323.6+13.2¢ 347.4+14.7° | 317.8€15.1°¢ 229.7+12.8°
AST (IU/L) 99.6+8.3? 401.5+14.2¢ | 197.8+11.4° 220+14.2° 192.4+13° 185.3+12.1°
ALT (IU/L) 31.5+2.5° 69.444.74 48.6+3.9° 56.2+4.3¢ 46.3£3.6° 36.5+3%
GGT (IU/L) 7.2+0.8% 18.6+1.2¢ 8.6+0.8% 12.84+0.9° 8.5+0.7% 8+0.9°
Cholesterol 4.8+0.4 7.1£0.6¢ 5.7+0.4° 6.5+0.3¢ 5.6+0.4 5.5+0.3
(mmol/L)
LDL (mmol/L) | 3.24+0.2? 5.9+0.5¢ 4.5+0.3° 5.240.2¢ 4.5+0.4° 4.240.3°
HDL 5.9+0.5% 3+0.24 4.5+0.2° 3.8+0.3¢ 4.6+£0.4° 5+0.3°
(mmol/L)
Triglyceride 0.6+0.0* 2.240.1° 1+0.0* 1.1+0.0°* 1+0.0* 0.8+0.0*
(mmol/L)
Total protein | 8.1+0.9° 4.2+0.5° 6.3+0.6° 5.3+0.5¢ 6.5+0.5¢ 7.3+0.4°
(g/dL)
Albumin 3.2+0.2° 1.4+0.1¢ 2.3+0.2° 2+0.1° 2.3+0.2° 2.9+0.32
(g/dL)
Total bilirubin | 0.41+0.0° 0.86+0.0° 0.6+0.0¢ 0.65+0.0¢ 0.6+0.0° 0.5+0.0°
(mg/dL)
Conjugated 0.09+0.0? 0.23+0.0¢ 0.15+0.0° 0.16+0.0° 0.14+0.0° 0.10£0.0*
bilirubin
(mg/dL)
Glucose (g/dL) | 76.7+7.5 124.3+£10.7° | 85.649.2% 88.7+£10° 84.2+8.3% 80.3+£8.6%
Urea (mg/dL) | 12.1+0.9? 35.442.69 21.441° 26.4+1.3¢ 21.74+0.9° 19.7+0.8°
Creatinine 0.6+0.0°* 1.9£0.0° 0.8+0.0° 1+0.0* 0.8+0.0* 0.8+0.0*
(mg/dL)
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Ferrous 196.5+11.5% | 395.6+14.39 | 256.6+12.5° 315.3+£13.2¢ | 300.2+12¢ 243.549.6°
(ng/dL)
Ferritin (ng/g | 165.7£11.4* | 419.6+15.2¢ | 285.3+£11.7° 343.2+12.9° | 327.6+11.2¢ 259.5+12.4°
protein)
Erythropoietin | 18.7+1.4% 43.743.24 26.5+2° 30.5+1.6¢ 26.8+1.4° 24.3+1.9°
(mU/mL)
SOD (p/mg 9.6+0.8* 3.8+0.4¢ 6.4+0.6¢ 5.54+0.6¢ 6.3£0.5¢ 7.3+0.7°
protein)
CAT (p/mg 3.1+0.3 0.9£0.1¢ 2.8+0.2% 2.3+0.1° 2.9+0.1* 3.1+£0.2°
protein)
GR (U/ml 5.4+0.4% 14.6+1.2¢ 8+0.7¢ 10.1+0.7¢ 8.2+0.8¢ 6.6+0.3°
protein)
GPx (U/ml 1.8+0.1? 0.5+0.0° 1.6+0.0? 1.5+0.0? 1.6+0.0* 1.7+0.0%
protein)

Spleen | SOD (W/mg 31.6+£2.9% 9+0.8¢ 19.9+0.8° 14.8+0.9°¢ 15.8£1.2¢ 18.7+0.7°
protein)
CAT (p/mg 17.8+1.5% 6.7+0.8¢ 15.6£1.1° 11.7+0.8° 12.4+0.7° 15.2+0.9*
protein)
GR (U/ml 3.8+0.3% 15.74+0.9¢ 6.1+0.5° 9.8+0.7¢ 8.8+0.6¢ 6.6+0.7°
protein)
GPx (U/ml 1.7+0.1? 0.3£0.0° 1.5+0.0? 1.4+0.0? 1.4+0.0? 1.5+0.0?
protein)

Liver | SOD (w/mg 44 2+3.6* 19.8+1.24 36.2+2.3b 26.8£1.7¢ 28.6£1.9¢ 34+1.7°
protein)
CAT (p/mg 25.8£1.4° 8.9+0.7¢ 19.8+0.9° 15.1£1.1¢ 15.7+0.8°¢ 19.5£1°
protein)
GR (U/ml 7.1£0.7% 20.4+1.5°¢ 9.2+1° 14.2+1.1¢ 14+0.94 11.3£0.7¢
protein)
GPx (U/ml 2.240.2% 0.8+0.0° 2.1+0.17 1.8+0.12 1.8+0.1% 2+0.1*
protein)
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Different letters indicate the significant difference (p<0.01) between the experimental groups.

Table 2. Inhibition results of nanoparticles on some metabolic enzymes (ICso ve Ki values)

Enzymes o-Gly (mM) AChE (mM) BChE (mM)
ICso 3.51 11.38 18.32
Cd(NO3):
r? 0.9359 0.9344 0.9328
Ki+std 5.87+0.48 7.22+1.23 12.68+1.67
Enzymes a-Gly (mM) AChE (mM) BChE (mM)
ICso 0.76 8.64 14.22
CdNPs
r? 0.9788 0.9839 0.9361
Ki+std 1.74+0.13 6.80+ 1.30 10.94+2.32
Standards | Enzymes a-Gly (mM) AChE (mM) BChE (mM)
(Acarbosefor | J(s, 5.37 19.53 25.54
0-Gly, tacrine
for AChE and r? 0.9816 0.9703 0.9342
BChE) Ki+std 6.28+1.24 12.32+2.51 17.52+4.41
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Figures

Figure 1

The image of Ziziphora clinopodides Lam.
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Figure 2

Percent viability measured on HUVEC, 32D/FLT3-ITD, Human HL-60/vcr, and Murine C1498 after
treatment with present Cd(NO3)2, Z. clinopodides leaf aqueous extract, CANPs, and Daunorubicin.
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Figure 3

Antioxidant activity of Cd(NO3)2, Z. clinopodides leaf aqueous extract, CANPs, Daunorubicin, and BHT.
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Figure 4

The levels of immunological parameters in tested groups. A: Anti-inflammatory cytokines. B: Pro-
inflammatory cytokines. Different letters indicate the significant difference (p<0.01) between the

experimental groups.
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Figure 5

The number of platelet, RBC, nRBC, and WBC in the experimental groups. Non-identical letters reveal a
notable shift between the experimental groups (p<0.01).
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Figure 6

The levels of RBC parameters in tested groups. Different letters indicate the significant difference
(p<0.017) between the experimental groups.
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Figure 7

Expression fold change of STPR1 and S1PR5 in control, Cd(NO3)2, Z. clinopodides leaf aqueous extract,
CdNPs, and Daunorubicin groups in comparison to the untreated group.



~a—Control ~w—Untreated —e—Cd(NO3)2
—eo=7. clinopodioides ==e=CdNPs == Daunorubicin

Weight (g)

0 T T T T T T 1
0 day 4 day 8 day 12 day 16day 20day  24day

Treatment

Figure 8

The weights of the body in tested groups.
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Figure 9

The percentage of leukemic myeloblasts infiltrating to spleen and liver in tested groups. Different letters
indicate the significant difference (p<0.01) between the experimental groups.
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Figure 10

The weights and volumes of liver and spleen in tested groups. Different letters indicate the significant
difference (p<0.01) between the experimental groups.
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Figure 11

The levels of stereological parameters of liver and spleen in tested groups. A: Spleen. B: Liver. Different
letters indicate the significant difference (p<0.01) between the experimental groups.
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Figure 12

EDS pattern of CdNPs.
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Figure 13

XRD data of CANPs.
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Figure 14

FT-IR spectra of CdNPs.
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Figure 15

FE-SEM image of CdNPs.
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Figure 16

UV-vis absorption spectra of CdNPs.



