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Abstract 

The development of pharmacotherapies that promote remyelination is a high priority for multiple sclerosis (MS), 

due to their potential for neuroprotection and restoration of function through repair of demyelinated lesions. A 

novel preparation of gold nanocrystals demonstrated robust remyelinating activity in response to demyelinating. 

The serum levels of NOS and CYP27B1enzyme for 90 MS patients and 30 controls were measured using enzyme-

linked immune sorbent assay (ELISA). This project includes the green synthesis of gold nanoparticles using 

cardamom husks and a chemical reduction method. These methods resulted in pure spherical nanoparticles with 

small diameters of up to 20 nm without agglomerations. The nano-synthesized were investigated using X-ray 

diffraction (XRD), Photoluminescence (PL) and TEM. The toxicological effect of cardamom husks with gold 

nanoparticles AuNPs and AuNPs by chemical reduction on the growth of human neuroblastoma cell line (SH-

SY5Y) cells was studied by examining the toxicity test (MTT) for 48 hours of exposure. The results showed that 

cardamom husks with gold nanoparticles AuNPs have the ability to inhibit the growth of SH-SY5Y cancer neuron 

cell lines, which proved effective at a concentration of 200 μmol/mL, as it achieved a killing rate of SH-SY5Y 

neurons at 46.644 % compared to the control group, which is the fibroblast cell line normal skin derived from 

human stem cells (HDFn), the toxicity rate was 19.637% for the presence of gold nanoparticles prepared using 

cardamom husks, while the toxicity for HDFn cells was 49.691% in the presence of gold nanoparticles prepared 

by the chemical method, which gives a clear inference that the method used for the synthesis of gold using 

cardamom husks achieved toxicity of 2.4 times less, which is considered a promising method for medical use.  The 

work aimed to study the effects of nanoparticles on the levels of NOS and CYP27B1activity in the serum of newly 

diagnosed MS patients. The current study of AuNPs could be a stepping stone for future work to improve the 

binding between the vitamin D and its receptors inside the body and could be used to improve and modify a 

competitive ELISA method. These effects were the nanoparticles have an inhibition effect on the NOS synthase 

levels in sera of N-RRMS with MS patients. While the nanoparticles have not demonstrated effects inhibition on 

the binding between anti- CYP27B1antibody and antigen CYP27B1level in pool sera of MS patients. 
Keywords: Green synthesis; Nanoparticles; Multiple sclerosis; SH-SY5Y Cell line; Demyelination;  
 

1. Introduction 

Multiple sclerosis (MS) is a chronic autoimmune 

inflammatory disease that causes demyelinating and 

degenerative lesions in the central nervous system 

(CNS). White matter axons ensure the passage of 

electrical signals in the nervous system [1, 2]. Myelin 

sheath surrounds a significant fraction of these axons, 

also known as nerve fibers. The myelin sheath's 

primary function is to increase the transmission speed 

along the axons, which is critical for long-distance 

communication. The central nervous system's myelin 

layer is attacked by immune cells in demyelinating 

illnesses, including multiple sclerosis [3, 4, 5]. The 

exact etiology of MS is unclear but complex 

interactions between genetic and environmental 

factors are considered involved in the autoimmune 

inflammatory process [3, 6]. The nitric Oxide 

Synthase (NOS) enzyme is the multi-domain protein 

in the cytochrome P450 family that produces nitric 

oxide the smallest signaling molecule known. There 
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are three isoforms of NO synthase: neuronal NOS 

(nNOS), endothelial NOS (eNOS), inducible NOS 

(iNOS) in the normal state, and inducible NOS (iNOS) 

after injury (NOS; EC 1.14.13.39). They all utilize l-

arginine [7, 8, 9]. Nitric oxide (NO) is a short-lived 

free radical gas with an unpaired electron which can 

be produced immediately in the human body. NO is 

highly reactive with other molecules like oxygen 

superoxide, lipids, and proteins via its rapid oxidation 

into nitrate and nitrite [10, 11, 12]. Pathological NO is 

considered one of the major mediators in brain damage 

including hypoxia, ischemic injury, oxidative stress, 

glutamate neurotoxicity, and neurodegeneration. 

Increased oxidative and nitrosative stressors, 

induction of endoplasmic reticulum stress promotion 

of the mitochondrial permeability transition phase, and 

activation of mitochondrial apoptotic signaling 

pathways contribute to neuronal damage when NO 

levels are high. Therefore, some studies proposed that 

physiological concentrations of NO are 

neuroprotective, whereas higher levels are neurotoxic 

[12, 13, 14, 15]. Vitamin D is a fat-soluble hormone 

that has a significant role in the homeostasis of 

calcium, growth, and maintenance of the skeleton. It is 

believed to play a role in autoimmune diseases like MS 

and cancer [16, 17, 18]. Vitamin D2 (ergocalciferol) 

and vitamin D3 (cholecalciferol) are the two types of 

vitamin D. Ergosterol (pre-vitamin) is a plant source 

of vitamin D2, whereas 7-dehydrocholesterol, which 

is mainly synthesized under the skin, is a source of 

vitamin D3 [19, 20]. In the kidney 25(OH)D3 

undergoes a second hydroxylation to form 

1,25(OH)2D3 (Calcitriol). This conversion also occurs 

in the prostate, mammary glands, colon, antigen-

presenting cells, macrophages, keratinocytes, and 

osteoblasts, which all possess the enzyme 1-α-

hydroxylase (CYP27B1) responsible for this 

conversion [21, 22]. The enzyme belongs to the 450-

cytochrome family and is classified as a mitochondrial 

enzyme. The result of translation is a protein with 

about 508 amino acids, an N-terminal mitochondrial 

signal sequence and a heme-binding site [23]. Vitamin 

D has been demonstrated to inhibit the production of 

inducible nitric acid synthase in microglia; this may 

influence the balance of inflammatory and anti-

inflammatory processes involved in demyelination. 

Moreover, as a result of vitamin D has a role in the 

activation of microglial, which promotes myelin 

debris clearance and then demyelination [24, 25]. 

Nanotechnology is a branch of science that deals with 

the creation, manipulation, and application of 

materials measured in nanometers [26]. Since the 

beginning of the 20th century the synthesis of gold 

nanoparticles (AuNPs) has been fascinated by the 

scientific community due to their unique physical and 

chemical properties. Because of these special 

properties, many research groups have tried to use 

AuNP to solve socially important problems in various 

fields, including medicine, cosmetology, biology, 

clinical chemistry, and pharmacology [27, 28]. There 

are more applications due to the high environmental 

pollution caused by chemical synthesis. Green 

synthesis is needed including clean non-toxic and 

environmentally friendly nanoparticle synthesis 

methods with sustainable commercial viability [29]. 

Green synthesis utilizes environmentally friendly non-

toxic and safe materials [30] such as plant leaf extracts, 

bacteria, fungi, and enzymes, to synthesize metal 

nanoparticles [26, 31]. The present study aims to study 

the impact of gold nanoparticles in sera of a new 

diagnosis of multiple sclerosis patients.  The activities 

of the NOS enzyme and CYP27B1 enzyme in the 

presence and absence of nanoparticles in sera of 

multiple sclerosis patients were measured through the 

fabrication and characterization of gold nanoparticles. 

 

2. Experimental 

2.1. Materials and Methods: The raw materials used 

in this work to prepare gold nanoparticles by chemical 

reduction are gold tetrachloroauric Acid 

(AuCl4H.3H2O) Sigma Aldrich / USA. Tri-Sodium 

citrate dehydrates/Sigma Aldrich / USA 

Na3C6H5O7.2H2O. 

 

2.1.1. Preparation of Gold Nanoparticles colloid 

(AuNPs) by chemical reduction method 

Colloidal gold NPs were prepared by chemical 

reduction method using Trisodium citrate dehydrate 

(Na3C6H5O7.2H2O) as a reducing agent. Accordingly, 

3mL of 0.02M Trisodium citrate dehydrate was added 

slowly (drop per second) to 25 mL of 0.001M HAuCl4 

under a hot plate with stringing at 70 ˚C for 1. Firstly, 

the solution turned to dark purple color; then dark red 

finally became a beet color, after which the stirring 

was stopped after 1 h. the Colloidal gold NPs were 

obtained [32, 33].  

 

2.1.2. Preparation of Gold Nanoparticles colloid 

(AuNPs) by green synthesis use Cardamom husks. 

Cardamom husks were collected and cleared from 

dust particles several times with distilled water. The 

peels were turned into powder after drying in the air 

overnight, and then crushed in a mortar. 2 gm of the 

peel powder was boiled in 100 mL of deionized water 

at 100°C for 30 min. Then, the solution was cooled and 

filtered. The fresh extract was used to prepare gold 

nanoparticles according to the procedure: For a typical 

synthesis, 5 mL cardamom husks extract was added to 

25 mL, 0.001M of HAuCl4 for 2 min at 60˚C. The 

reduction is very rapid and the formation of AuNPs is 

indicated by a violet shade within 2 min of reaction 

mixture [34]. 

 

2.2. Characterization of nanoparticles  

Tunneling microscopy, X-ray direction (XRD), 

Transmission Electron Microscopy (TEM), and 

Photoluminescence spectroscopy (PL) measurements 

were used to analyze gold nanoparticles (NPs). The 
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Debye-relation Scherer's [35] was used to compute the 

crystallite size. 

 

2.3 The cytotoxic effect of gold nanoparticles 

A- Preparation of medium of cancer cell line [36] 

The SH-SY5Y and HDFn cells were suspended in 

a complete RPMI-1640 medium and allowed to 

propagate in culture flasks for 48 hrs. In a humidified 

atmosphere supplemented with 5% CO2 at 37°C. 

When the cells reached up to 80% confluence the 

adherent cells were washed twice with PBS solution 

after removing the growing medium. Two to three mL 

of trypsin-EDTA solution was added to the flask, and 

the flask was turned over to cover the monolayer 

completely with gentle shaking. The flask was 

incubated at 37°C for 1-2 minutes until the cells were 

detached from the flask surface. The trypsin was 

deactivated by adding a complete RPMI-1640 medium 

followed by distributing cell suspension to other flasks 

containing fresh complete RPMI medium. Cultured 

flasks were incubated at 37°C in a 5% atmospheric 

CO2 incubator. The required cell concentration was 

obtained using the trypan exclusion cell counting 

method by mixing 1 volume of cell suspension with 1 

volume of trypan blue stain. After 3 min waiting, the 

cells were counted microscopically using a 

hemocytometer and applying the formula:  

 
Total Cell Count mL-1 = Cell count x Dilution Factor 

(Sample Volume) x 104 

 

B- The cytotoxicity test of gold nanoparticles 

prepared using cardamom husks on the 

proliferation of the cancerous line 

  

The cytotoxic effect of the Nanoparticles was 

performed by using an MTT assay by MTT kit, which 

contains 1 mL x 10 vials and a solubilization solution 

50 mL x 2 bottles. Cells (1 x 106 cells mL-1) were 

grown in 96 flat well micro-titer plates in a final 

volume of 200 µL complete culture medium per well. 

The microplate was covered by sterilized parafilm and 

shacked gently. The plates were incubated at 37°C, 5% 

CO2 for 48 hrs. After incubation, the medium was 

removed, and two-fold serial dilutions of the 

Nanoparticles (12.5, 25, 50, 100, and 200 µM/mL) 

were added to the wells. Triplicates were used per 

concentration and the controls (cells treated with 

serum-free medium). The Plates were incubated at 

37°C, 5% CO2 for a selected exposure time (48 hrs.). 

After exposure, 10 µL of the MTT solution was added 

to each well. The Plates were further incubated at 

37°C, 5% CO2 for 4 hours. The media were carefully 

removed, and 100 µL of solubilization solution was 

added per each well for 5 min. At a wavelength of 575 

nm, an ELISA reader was used to determine the 

absorbance. The optical density data were subjected to 

statistical analysis to determine IC50, the chemical 

concentration required to cause a 50% loss in cell 

viability in each cell line. 

 

3. Patients and control 

3.1. Study group 

Ninety participants from Iraq's urban and rural 

areas participated in this study. From April to July 

2021, all subjects gave written consent to participate 

in this study, which was done in the department of 

multiple sclerosis at Baghdad Teaching 

Hospital/Medical City. McDonald's criteria were used 

to diagnose MS, and all patients had RRMS. The 

RRMS patients were split into two groups. Group I 

consisted of 30 newly diagnosed RRMS patients aged 

19-56 years, while group II involved 30 RRMS 

patients with treatment (interferon β1b or fingolimod 

according to medical guidelines) their ages ranging 

18-58 years. A total of 30 healthy subjects volunteers 

served as controls (group III) with age ranged 20-56 

years. 

 

3.2. Inclusion Criteria 

Male and Female inclusive of 18-58 years of age; 

and multiple sclerosis diagnosis as defined by 2005 

revised McDonald criteria. 

 

3.3. Exclusion criteria 

To eliminate the factors which might affect this 

study, patients suffering from chronic or acute 

diseases, such as hypertension, diabetes mellitus, liver 

or kidney diseases were excluded. 

 

3.4. Blood collection  

By using 10 mL plastic disposable syringes, ten 

milliliters of venous blood samples were obtained 

from each RRMS patient and control, the sample was 

allowed to clot for 30 minutes at 25°C in a Gel tube. 

After centrifugation at 1500 xg for 10 minutes, the 

serum was collected and stored at -20°C until NOS and 

CYP27B1enzyme analysis. Patients with chronic or 

acute disorders such as diabetes, hypertension, renal, 

or liver disease were not included in this study. 

 

3.5. Laboratory analysis  

Serum levels of NOS and CYP27B1 enzyme were 

assayed by a double-antibody sandwich Enzyme-

Linked Immunosorbent Assay (ELISA) kits obtained 

from (Melsin Medical Co., Limited, China) according 

to the provided assay procedure. Each assay was 

calibrated using its standard curve following the 

manufacturer's instructions and using the instruments 

(Reader and Washer, HUMAN, Germany).  

 

3.6. Determination of human serum NOS and 

CYP27B1 level by ELISA kit 

The level of human NOS enzymes and CYP27B1 

enzyme was determined in the presence and absence 

of AuNPs in this assay; patients who used a drug were 

excluded (n=30). 
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Preparation of serum sample: an aliquot serum sample 

(10μL) from each patient (n=30) was pipetted into a 

tube to make the final volume 300 μL to prepare the 

serum mixture sample. 

The effect of NPs on NOS and CYP27B1 activity was 

investigated using ELISA technique. Standards and 

samples are added in duplicate to the Microelisa 

Stripplate. The 40 μL dilution buffer and 10mL of pool 

sample mixture were added to the well at the end of 5, 

10, 15, 20, 25, 30 minutes to form a total volume of 50 

μL (duplicated). 

 

3.7. Statistical Analysis  

The study results are presented as mean ±standard 

deviation (SD) and statistically analyzed using the 

social sciences (SPSS) statistics version 25 

application. The difference between groups was 

measured using one-way variance analysis (ANOVA). 

 

4. Results and Discussion 

The bio synthesis of Au NPs in this study was done 

by reducing the gold aqueous solution (HAuCl4.3H2O) 

using Cardamom husks acts as both the reducing and 

stabilizing agent. 

 

 
Fig. 1: The change in color indicating the synthesis 

of AuNPs with Cardamom husks. 

 

 
Fig. 2: The change in color indicating the synthesis 

of AuNPs with Cardamom husks and AuNPs by 

chemical reduction. 

 

Figures 3 and 4 show the XRD patterns of the 

AuNPs. All of the peaks match Au polycrystalline 

phase (JCPDS No. 00-004-0784), and no peaks of 

impurities were detected, indicating that the Au 

nanoparticles were pure and well crystallized. The 

XRD patterns of Au contained four main peaks at 2 

theta 38.29∘, 44.49∘, 64.84∘, and 77.79∘, which 

correspond to the (111), (200), (220), and (311), 

respectively, Scherer’s equation [37, 38]. Was used to 

calculate the crystallite size, and the results are shown 

in Table 1. 

 
Fig. 3: X-ray diffract gram of the synthesized Au 

NPs with a simple chemical reaction. 

 

 
Fig. 4: XRD spectra for AuNPs forms using 

Cardamom husks. 

 

The morphology and particle size of AuNPs have 

been determined by TEM. The mean particle size and 

distribution are determined randomly on the TEM 

images of the samples, as shown in Figures 5 and 6. 

TEM images proved that all the prepared gold 

nanoparticles are spherical and without any 

aggregations.  It was subjected to synthesis mechanics 

from the bottom up. The dimensions of synthesized 

nanoparticles were within the nanoscale (all 

measurements less than 100 nm), which indicated the 

type of the nano being nanoparticles and the zero 

dimension (0D). The particle size of all nanoparticles 

obtained from TEM studies was in close agreement 

with the X-ray size obtained from Scherrer’s equation 

using X-ray line broadening studies. 

Figures 7 and 8 exhibits the Photoluminescence 

spectroscopy spectrum for samples at room 

temperature to measure the emission energy gap using 

a solid-state photoluminescent spectrum for preparing 

its emissions. Figures 7 and 8 are Photoluminescence 
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analysis showed two emission peaks for Au NPs first 

higher intensity emission in the violet region at 370 nm 

that peak was due to the Ultraviolet-emission band will 

be described mainly through near band edge emission 

(NBE) transition including the wide bandgap of Au 

nanoparticles, the second faint visible emission peak 

at 460 nm with blue emission reveals that the surface 

Plasmon resonance is a recombination of free excitons 

by the exciton-exciton collision event [39]. 

 

  
Fig. 6: TEM images of Au NPs Cardamom husks; A- with 30 nm, B- with 80 nm. 

 

  
Fig. 5: TEM images of Au NPs with simple chemical reduction; A- with 50 nm, B- with 30nm.

 

  
 

Fig. 7: The PL analysis of Au NPs with simple 

chemical reaction. 

Fig.8: The PL analysis of Au NPs using Cardamom 

husks. 
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Table 1: Summery of X-RAY characterization for AuNPs 

(hkL)planes 2 theta (deg.) beta cos theta (rad) D nm 

111 38.29 0.3936 0.944 21.26 

200 44.49 0.2952 0.925 28.938 

220 64.84 0.3444 0.843 27.225 

311 77.79 0.246 0.776 41.380 

 

4.1 Cytotoxic effect of gold nanoparticles on 

Tumour Cell Line 

To study the toxicity of nanoparticles prepared 

from chemical reduction and green synthesis, the 

nanoparticles were investigated in vitro against the 

Human Neuroblastoma Cell Line (SH-SY5Y) and the 

Human dermal fibroblasts (HDFn). The effect of the 

nanoparticles on cell growth was determined by using 

the MTT assay after treatment of the cell line with 

different concentrations (12.5, 25, 50, 100, and 200 

µM/mL) for 48 hours. Figure 9 shows the effect of the 

test compounds on cell viability. Table 2 shows the 

calculated inhibition percentage of cell growth. 

The results indicated that the AuNPs with Cardamom 

husks and AuNPs by chemical reduction cause strong 

cytotoxicity in Table 2. The results showed the IC50 

calculated from compounds treatment against SH-

SY5Y was found to be the highest cytotoxic activity 

than that calculated for HDFn cells. However, the IC50 

calculated from AuNPs with C.H treatment against 

SH-SY5Y was found to be the highest cytotoxic 

activity at 43.0 µM, demonstrating a high level of 

selectivity for the human neuroblastoma cell line, 

indicating that it could be used as a potential 

anticancer drug. Human neuroblastoma cell line (SH-

SY5Y) but weak and moderate cytotoxicity on 

standard cell lines (HDFn).  AuNPs with Cardamom 

husks shows higher inhibition than AuNPs by 

chemical reduction. To improve the higher 

cytotoxicity level AuNPs with H.C have different 

levels of inhibitory effect on cancer cell growth. The 

inhibition of SH-SY5Y cells was highly significant, P 

= 0.0001 increased by increasing compound 

concentration compared with normal HDFn cells 

inhibition, especially at 200 μM/mL. The maximum 

inhibition rate at 46.644±3.478% was observed at 200 

µM/mL for AuNPs with Cardamom husks. The IC50 

value of this compounds ware explained in Figure 9 

and determined by using different concentrations. 

 

4.2 Application study (in vitro) of Nanoparticles on 

human newly diagnosed patients Multiple 

Sclerosis. 

Nanomedicine is a new growing discipline of 

nanotechnology that created a new bridge between 

nanotechnology and biotechnology, dubbed the "nano-

bio interface." Nanomaterials provide considerable 

promise for new medical diagnostic possibilities due 

to their innovative physicochemical properties [40]. 

In this part, the activity of NOS and CYP27B1 

enzyme was investigated in the presence and absence 

of AuNPs with Cardamom husks and AuNPs by 

chemical reduction. 

 

 

Table 2: Effect of the Nanoparticles on the SH-SY5Y and HDFn cell proliferation at different concentrations 

for 48 hours P ≤ 0.0001, (*) Non-Significant, Results are presented as means ± SD, N=3 

SH-SY5Y: Human Neuroblastoma Cell Line; HDFn: Human Normal dermal fibroblasts cell line; C.H: Cardamom husks; The Mean ± SE of 

different concentration (12.5, 25, 50, 100 and 200 µM/mL) of NPs on cell line after 48 hrs. 

 

 

 

Test Compound 
AuNPs with C.H 

Mean ± SD 

AuNPs by chemical reduction 

Mean ± SD 

C
el

l 
G

ro
w

th
 I

n
h

ib
it

io
n

 (
%

) 
±
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12.5 µM/mL 
SH-SY5Y 3.048±1.142 13.117±4.558 

HDFn 4.205±0.876 3.048±1.752 

25  µM/mL 
SH-SY5Y 15.394±1.252* 35.069±3.282* 

HDFn 4.282±1.514 9.645±1.642 

50  µM/mL 

SH-SY5Y 27.932±3.093* 47.145±2.974* 

HDFn 9.722±3.720 25.579±1.518 

100  µM/mL 
SH-SY5Y 39.043±0.928* 54.63±4.206* 

HDFn 12.076±3.579 36.497±2.589 

200  µM/mL 
SH-SY5Y 46.644±3.478* 64.545±3.513* 

HDFn 19.637±2.275 49.691±4.477 
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Fig. 9: Cell survival curve (mean ± SD %) of SH-SY5Y cells and HDFn after treatment with Nanoparticles using 

MTT assay at 37ºC, 5% CO2 for 48 hours, p ≤ 0.0001, SD: Standard Deviation, N=3; A: gold nanoparticles with 

cardamom husks; B: gold nanoparticles by the chemical method. 

 

The effects of presence AuNPs with 

Cardamom husks and AuNPs by chemical reduction  

on the levels of NOS in sera of patients with MS 

showed inhibition effect (48.51%, 25.63%), 

respectively, in Figure 10 by using the same kit 

conditions mentioned in experimental work (3.6) 

with adding 10μL of NPs. The interaction between 

proteins and AuNPs depends upon three separate 

but dependent phenomena: a) Ionic attraction 

between the negatively charged gold and the 

positively charged proteins; b) Hydrophobic 

attraction between the Antibody and the gold 

surface; c) Dative binding between the gold 

conducting electrons and sulfur atoms which may 

occur with amino acids of the proteins [41].                                     

 While we found in the study that AuNPs with 

Cardamom husks and AuNPs by chemical reduction 

not demonstrated effects inhibited on the binding 

between anti- CYP27B1antibody and antigen 

CYP27B1 level in pool sera of MS patients, as 

shown in Figures 11.   

The inhibition in the activity of NOS and 

CYP27B1 was calculated in the presence of 

nanoparticles for detecting the optimum using the 

following equation: 

 
Were Ci is the activity of NOS and CYP27B1, 

and Cf the activity in presence of AuNPs 

compounds. 

Various incubation times of the Antigen-

Antibody reaction were evaluated. In serum at the 

incubation temperature of 37ºC We found 

increasing in the binding for NOS with an increased 

incubation time the maximum time is 30 min., as 

seen in Figure 12. We found the non-significant 

effect of optimum incubation time it does not appear 

on the CYP27B1 level in the pooling of sera sample 

(N-RRMS) in MS, as shown in figure 12. 

Other results showed that oral delivery of gold 

nanocrystals improved motor functions of 

cuprizone-treated mice. Gold nanocrystal treatment 

of oligodendrocyte precursor cells in culture 

resulted in oligodendrocyte maturation and 

expression of myelin differentiation markers [42]. 

Also, the goal of this study [43] sought to 

demonstrate the improving effect of gold 

nanoparticles (GNPs) on the demyelinating effect of 

injection of L-arginine in the animal model as a 

progenitor of pro-inflammatory factor (nitric oxide) 

in the brain results show that L-arginine caused 

increased density of neurons in the target area of 

experimental animals in comparison with that of the 

control groups. 

 
Fig. 10: The NOS (µmol/L) levels in sera of 

(a) pool N-RRMS, (b) pool N-RRMS and AuNPs 

by chemical reduction, (c) pool N-RRMS and 

AuNPs with Cardamom husks. 

a b c 



 Nada N. Ahmed et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 4 (2023) 

288 

 
Fig. 11: The CYP27B1 (pg/mL)level in sera of (a) 

pool N-RRMS, (b) pool N-RRMS and AuNPs by 

chemical reduction, (c) pool N-RRMS and AuNPs 

with Cardamom husks. 

 

 
Fig. 12: Line chart of NOS and CYP27B1 levels 

incubated with AuNPs. t0: the NOS and CYP27B1 

level of N-RRMS patient in absence of AuNPs 

with Cardamom husks. The t5, t10, t15, t20, t25, 

t30 NOS and CYP27B1 level in presence of 

AuNPs with Cardamom husks in different 

incubation time. 

 

Other researchers have also made similar 

conclusions about the MS since they have reported 

that its diagnosis was even improved with the 

application of very small superparamagnetic iron 

oxide particles, which showed a characteristic 

accumulation in the inflammatory lesions [44] 

The work aimed to study the effects of NPs on 

the levels of NOS and CYP27B1activity in the 

serum of newly diagnosed MS patients. Also, the 

study characterized the binding between the anti-

CYP2D6, CYP27B1and NOS antibody with its 

antigen in serum N-RRMS of NPs the current study 

of AuNPs could be a stepping stone for future work 

to improve the binding between the vitamin D and 

its receptors inside the body and could be used to 

improve and modify a competitive ELISA method. 

 

7. Conclusion 

Gold nanoparticles were synthesized by the 

chemical reduction method and green synthesis as 

spherical shapes with small diameters of up to 20 

nm and without agglomerations. The result 

indicated that AuNPs had inhibition effects on NOS 

while not demonstrating effects that inhibited the 

CYP27B1activities. So, these nanoparticles may 

play an essential role in drug delivery for treating 

multiple sclerosis. Gold nanoparticles with 

cardamom husks are more effective inhibitors than 

AuNPs by chemical reduction of the activity of 

NOS. 
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