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Abstract

The main object of the current work was to determine the antifungal
efficiency of secondary metabolites product called synephrine that extract-
ed from Citrus sinesis peels and the ability of synephrine to biosynthesis
gold nanoparticles from HAucl4 which consider environmentally favourable
method, then determine their activity against pathogenic human dermato-
phyte. The identification of synephrine done by Thin layer chromatography
(TLC), High Performance Liquid Chromatography (HPLC) and The Fourier
Transform Infrared (FTIR). The characterization of gold nanoparticles by
using Ultra Violet-Visible Spectroscopy (UV-Vis), Field - Emission Scanning
Electron Microscopy (FESEM) and Fourier Transform Infrared (FTIR),
confirmed the biosynthesis of gold nanoparticles in diameter and morphol-
ogy for AuNps biosynthesis by C. sinensis was 9.7-31 (nm) rounded to oval
shape. The synephrine and AuNps that formed use it against some dermato-
phytes  Trichophyton —mentographytes, Trichophyton rubrum and
Microsporum canis, the activity of synephrine against T. mentographytes at
(10, 15 and 20 mg/mL) give less inhibition effect as compare with antifungal
effect, while M. canis in 15 mg/mL show best effect than antifungal and for
gold nanoparticles most concentration effective was (20 mg/mL).
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Introduction

One of the most popular and significant citrus species is Citrus sinensis. It's
important to note that sweet orange peel secondary metabolites have
demonstrated antibacterial and antifungal effects, making C. sinensis peel a
very significant fruit waste. The amount of alkaloid compounds in the CS
was linked to its antioxidant activity, which was demonstrated by numerous
researches. Along with that, due to its capacity to scavenge free radicals,
protoalkaloid are most likely the most significant natural alkaloid in CS, the
C. sinensis peels have shown to have antibacterial and antifungal effects.
A study explored the effects of peels extracts from C. sinensis as antifungal
inhibition and formation of gold nanoparticles (4). Synephrine (CsH1sNO>) is
a kind of alkaloid obviously existing in C. sinensis (5). Chemically and struc-
turally, p-synephrine, octopamine (nor-synephrine) and m-synephrine
(phenylephrine) are like ephedrine. Synephrine is classified as an unspecific
adrenergic agonist, with the ability to occur in 3 distinct positional isomers,
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namely ortho (o-), para (p-) and meta (m-) (6). Dermato-
phytes are a group of molds able to produce keratinase (1).
According to reports, 1.7 million mortalities from fungal
infections are expected in 2020. Given the rising increase in
fungus infections, medical professionals face a great
challenge when selecting antifungal treatments. This rise
related to the growth in immunocompromised individuals
brought on by modifications in therapeutic practice, such
as the use of potent immunosuppressive drugs and
intensive chemotherapy (2). Trichophyton rubrum,
T. mentagrophytes and M. canis are the main dermato-
phyte species found in Europe, the Eastern Mediterranean
region and South America. Because dermatophytes thrive
in warm, humid climates, they are more prevalent in
tropical. Dermatophytes exhibit an important tendency to
infect individuals across all demographics, including indi-
viduals of all ages, races, genders and socioeconomic
backgrounds. Furthermore, these fungal pathogens are
capable of infecting both domestic and wild animals,
whatever their health states or epidemiological situations,
according to evidence from countless observational
studies carried out over the past 90 years (3). The study of
nanotechnology has received a lot of attention recently. It
deals with nanoparticles, which are widely employed in
atomic physics, medical chemistry, and all other domains
that are currently known. Nanoparticles range in size from
1 to 100 nm in one dimension. The primary reasons why
nanoparticles are used are their small size, oriented shape
and physical characteristics, which have been found to
alter the interaction between other materials they encoun-
ter. It is simple to create these particles using various
chemical, physical and biological methods. The fastest
emerging method of preparation is the biological
approach (7). It is important to be an efficient antimicrobi-
al agent with little human toxicity and a variety of in vitro
and in vivo uses (8). The AuNP biological technique, which
uses microbes, enzymes and physical methods. Plant
mediated nanoparticle synthesis is favoured among the
available synthesis techniques because it is economical,
environmentally benign and suitable for human medicinal
usage (9). Plant extracts, has recently been proposed as
having many advantages over both chemical and physical.

Green Synthesis of Nanoparticles

Due to the use of affordable and non-hazardous raw
materials, green synthesis is seen as a potential technique
for the synthesis of NPs. One of the finest options for pro-
ducing AuNPs on a wide scale with clearly specified size
and morphology is this low-cost, plant- based green
synthesis process (10). The sustained production of NPs in
plants has excellent therapeutic efficacy, low toxicity, and
is focused binding and delivery that is site-specific.
Additionally, this has little impact on human health
because fungus and bacteria are favored candidates for NP
production over microorganisms in the environment (11).
Nonetheless, the synthesis of NPs often involves plants
and does not need the difficult process of maintaining
microbial cultures. Because of applications for and
methods of characterization in cancer therapy and
diagnosis. The utilization of plant-based green synthesis
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methods is a highly viable approach towards minimizing
the economic burden associated with anticancer interven-
tions. The process of synthesizing gold nanoparticles
(AuNPs) on a massive scale, while ensuring their size and
morphology are well-defined as well as their probable
mechanisms of action on.

Materials and Methods
Collection of Plant Samples

This study included the use the peels C. sinesnsis and was
collected from markets, Irag. The plants were identified at
the herbarium. The plant material was subjected to
mechanical grinding, resulting in dry and powdered form.
The resulting powder was then stored at a temperature of
4 °C for subsequent analysis.

Extraction of Synephrine from Peels

100 g of dried powdered fruit peels of Iraqi C. sinesnsis was
defatted with n-hexane for 24 h and permitted to undergo
the drying process at the ambient temperature of the
room. The soxhlet extractor filled with the defatted plant
material, which was held in a thimble. In a 1 L round
bottom flask equipped with a Soxhlet extractor, 500 mL of
80% methanol was utilized as the solvent. For another
12 h, the extraction was continued. 2N hydrochloric acid
add to extract in order to dissolve it then shook it on a
water bath, filtered and concentrated under decreased
pressure to dryness using operating a rotating evaporator
at a temperature lower than 40°C.

The resultant filtrate was then shaken with chloro-
form to eliminate undesirable components. Alkaloid bases
were liberated from the acidic aqueous layer by correcting
the pH with ammonia to an alkaline level and then the
aqueous layer was concentrated under vacuum (12).

Identification of Synephrine By TLC

The isolation of synephrine achieved through the applica-
tion of preparative layer chromatography. This method
involved the use of glass plates measuring 20 cm x 20 cm,
which were coated with a 2 mm thick layer of silica gel GF
254. The coating process was carried out using a laborato-
ry division TLC coater. The peel extract was administered
by applying it in a linear arrangement of dots utilizing a
capillary tube. The reference standard of synephrine was
positioned to the right of the baseline. The extract was
applied 4 times in each plate, with a waiting period follow-
ing each application until complete solvent evaporation
(14). The detection process involved the utilization of a
spraying reagent composed of 2% ninhydrin in n-butanol.
A specific section of the plate, located on the right side and
corresponding to the synephrine standard, was designated
for spraying with the 2% ninhydrin reagent. In contrast,
the remaining portion of the plate was shielded from
spraying by a glass plate. The bands associated with the
synephrine standard were carefully removed and accumu-
lated in a container. Subsequently, they were subjected to
elution using mild heating and filtration. The resulting
filtrate was then evaporated under reduced pressure until
complete dryness, resulting in the formation of a white
precipitate (15).
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Qualitative of Synephrine By HPLC

Synephrine was estimated both qualitatively and quantita-
tively using HPLC. Using (Knauer/Germany), HPLC analysis
was performed. By comparing the retention durations
obtained from examined materials with genuine standards
under identical chromatographic conditions, identifications
were made. The column utilized was C18 (150 mm 4.6
mm/5 um), the mobile phase was acetonitrile: water: or-
thophosphoric acid 0.1% acid (30:70) and the rate of flow
was 0.6 mL/min with UV detection, 220 nm detector (16).

Gold Salt

The chloroauric acid (HAuCl4) used in this study was
bought from Sigma Aldrich, the remaining reagents
employed in the process were of analytical grade, ensuring
the highest level of purity. The experiment utilized
deionized water as the primary solvent.

Biosynthesis Method of Gold Nanoparticles

Plant peels are used in the biosynthesis process to create
gold nanoparticles. The peels are cleaned in (D.W) distilled
water, chopped into little pieces and then boiled in the
universal solvent (D.W) to produce extract. By employing
various techniques including filtering and centrifugation,
the extract can be further refined (17). Simply combining
the extract with the auric salts solution at room tempera-
ture causes them to transform into nanoparticles in a
quick, easy and environmentally friendly process. Phyto-
chemicals serve as both stabilizing and reducing agents,
hence no further external stabilizing or capping agents are
required. To reduce the metal salt, the reaction mixture is
further incubated and the color change is used for visual
monitoring (18).

Characterization of the Prepared Nanoparticles

Ultraviolet-Visible Spectroscopy

The term "ultraviolet-visible spectrophotometer (UV Vis)
is used to describe a technique known as absorption spec-
troscopy. The samples were subjected to measurement
using (UV-Vis) double beam spectrophotometers within
the wavelength range of 400-800 nm.

Characterization of AuNPs Using Field - Emission Scan-
ning Electron Microscopy (FESEM)

Utilise electrons as an alternative to light sources for the
purpose of examining the topographical characteristics of
objects. The electrons generated by the field emission
source undergo acceleration in the direction of a
pronounced gradient in the electrical field. The concentra-
tion of primary electrons occurs within a high vacuum
column, wherein an electronic lens is utilised to deflect the
emitted electrons towards individual objects. Every indi-
vidual object releases secondary emission electrons in this
manner. The surface properties of an object exert a signifi-
cant influence on the velocity and angle of secondary elec-
trons. The electrons are captured by a detector, which
subsequently generates an electrical signal. A video scan is
conducted on the aforementioned signal. The signal
undergoes a change that leads to the production of a video
-scan image. The aforementioned image can be visually
examined on a display screen and subsequently kept for
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future analysis. The provided text lacks sufficient infor-
mation to be rewritten in an academic manner (19).

Fourier Transform Infrared (FTIR)

The functional groups present on AuNPs were verified
through the utilization of Fourier-transform infrared (FTIR)
spectroscopy within the spectral region of 400-4000 cm!
(20).

Antifungal Assay Activity

The investigation involved assessing the antifungal activity
of synephrine and AuNPs, which were produced from an
extract, in a dose-dependent way using the well diffusion
method. The fungal isolates were cultivated in a broth
medium known as potato dextrose broth (PDB) for a dura-
tion of 7 to 10 days, and these cultures were subsequently
utilized for the purposes of the investigation. The microor-
ganism was generated by evenly distributing 100 mL of a
revived culture, which contained 104 cells mL*, onto (PDA)
potato dextrose agar media from Hi Media, using a
spreader (21). Different concentrations of extract and Au
NPs (10, 15 and 20 mg/mL) were introduced into the
central region of a well with a diameter of 7 mm.

The positive and negative controls for the antifun-
gal assay consisted of candststin and distilled water
respectively. The petri plates were incubated at a tempera-
ture of 25 °C for a duration of 7-10 days in an incubator.
During this incubation period, the presence of growing
colonies (measured in mm) surrounding the well indicated
the activity (22).

Results
TLC Detection

A lonely circular and condensed area, exhibiting same
color and closely value for Rras calculated Rf value for
synephrine C. sinensis 0.28 and 0.25 as the reference stand-
ard, was observed on thin-layer chromatography (TLC)
plates when subjected to 5 distinct developing solvent
systems as show in Fig. 1. This finding serves as confirma-
tion of the existence of synephrine within the extract de-
rived from the peels of Iraqi C. sinensis fruits.

HPLC Detection

>

Fig. 1. Synephrine from C. sinensis and stander.
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HPLC was used to further confirm the presence of
synephrine in Iraqi C. sinensis fruit peels. A peak was found
in the chromatogram of the extract of Iraqi C. sinensis fruit
peels that had the same retention time (6.3 min) as the
synephrine reference standard, indicating that the peak
was most likely synephrine as seen in Fig. 2 and 3.
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FESEM micrograph revealed the particle size range to be
(9-31) nm. The coexistence of Au NPs in lower and bigger
sizes was caused by those created During the initial and
afterwards stages of the process, demonstrating that
nucleation to form new NPs and aggregation to form larger
particles occurred concurrently. The spot profile EDX of Au
NPs, as seen in Fig. 5, revealed significant signals for gold
atoms alongside weak signals from carbon and oxygen.
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Fig. 2. HPLC of synephrine stander.
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Fig. 3. HPLC of synephrine in the extracted Citrus sinensis peels.

UV Spectrophotometry Study

The results of the UV-visible absorption spectra show a
novel method for making the Au NPs. There was a rise in
intensity up to 10 min as a function of time without any
change in the peak wavelength and the scale of wave-
length was stable between 400 and 800 nm. The surface
plasmon resonance (SPR) of the Au NPs generated
resembled to 470 nm as show in Fig. 4.

FESEM Study

Using FESEM, the morphology of NPs surface was studied.
The microscopy examination revealed that even within the
aggregates, produced Au NPs were not in direct contact,
indicating that the NPs had stabilized. The majority of the
biosynthesized Au NPs were discovered to have spherical
forms; the forms of morphology and dimensions of the
aggregations were described (23). The study shows that
the reducing process is maintained in the surface. After
10 min of reaction time at pH 7.0, the Au NPs' histogram of
particle size distribution was obtained. A representative
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Fig. 4. UV-visible spectrum of synthesized Au NPs showed peak at 470 nm.

These flimsy signals may have resulted from macromole-
cules like proteins or enzymes that were either bound to
the NPs or nearby and emit X-rays.
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Fig. 5. FESM images of the synthesized Au NPs the spherical morphology
appearance and diameter.

Fourier-Transform Infrared Spectroscopy (FTIR)

The Fourier transform infrared (FTIR) approach is a spec-
troscopic practice that enables identification of changes in
the overall composition of biomolecules by detecting
alterations in functional groups. Fourier Transform Infra-
red Spectroscopy (FTIR) is a widely employed analytical
technique that enables the measurement of molecular
vibrations and rotations induced by infrared radiation. By
detecting structural differences in the binding of
molecules, one can gather information regarding the pres-
ence of their interactions. The primary methods employed
in the characterization of materials using Fourier Trans-

322

form Infrared (FTIR) spectroscopy include transmittance
FTIR, attenuated total reflectance (ATR-FTIR) and micro-
spectroscopy FTIR (24).

Fig. 6 showed the presence of aliphatic peak at
(2813 cm™), while the hydroxyl groups appeared in the
form of a broad peak at (3170-3394 cm™), while the
secondary amine group appeared in the form of a single
peak at (3029 cm™). The most important group in this
compound is the presence of meta compensation on the
ring, and this constitutes a peak that is considered a
fingerprint of the compound between 1667-2000 cm™.

Fig. 7 showed the presence of aliphatic aggregates
at (2812 cm™), while the hydroxyl groups appeared in the

form of a broad peak at (3170-3384 cm™), while the
secondary amine group appeared in the form of a single

peak at (3049 cm™). The most important group in this
compound is the presence of meta compensation on the
ring, and this constitutes a peak that is considered a

fingerprint of the compound between (1631-1764 cm™) the
presence of gold appearance near the peak 830 cm™.

Antifungal Activity of Synephrine Extracted from Peels of
C. sinensis

The effect of synephrine extracted from peels of C. sinensis
against the 3 types of fungal as shown in Table 1 the statis-
tics show that T. mentographytes at (10, 15 and 20 mg/mL)
give less inhibition effect as compare with antifungal
effect ,while Microsporum canis in 15 mg/mL show best
effect than antifungal that’s give as an idea to suggest to
prepare ointment against T. mentographytes and M. canis
in 15 mg/mL .There is no significant effect for other con-
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Fig. 6. FTIR analysis for C. sinensis.
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Fig. 7. FTIR analysis for C. sinensis.

Table 1. MIC Of C. sinensis against dermatophytes.

Concentration of C. sinensis

Antifungal

Diameters of fungi 10 mg/mL 15 mg/mL 20 mg/mL candstatin Control Mean
Colonies diameter

Trichophyton mentographytes 3.750 3.917 3.167 2.083 6.667 3.917

Trichophyton rubrum 2.750 1.833 3.167 2.000 6.800 3.310

Microsporum canis 2.333 1.417 2.017 2.000 6.000 2.753

Isd5% NS 0.489**

Mean 2.944 2.389 2.784 2.028 6.489

Isd5% 0.631**

centration, genus and antifungal which used in experiment
but despite of the little differences effect. The range of side
effects associated with antifungal medications exhibits
variability. The outcomes are dependent upon the specific
medicine, dosage and fungal species. The individual
suffers from symptoms of abdominal pain, gastrointestinal
discomfort and loose bowel movements. The individual
may have a sense of burning or the development of a rash
on the skin. Infrequently, the administration of an antifun-
gal medication may give rise to significant complications,
such as hepatotoxicity leading to the manifestation of
jaundice. Severe allergic reactions, such as anaphylaxis,
can occur in certain individuals. Severe cutaneous hyper-
sensitivity reactions, characterized by the formation of
blisters and exfoliation of the epidermis (25).

Antifungal Activity of Gold Nanoparticles

AS in Table the effect of gold nanoparticles and the con-
trol on the inhibition of molds growth used in this study
was observed. When the gold nanoparticles were ap-
plied to the samples, the diameter of the mold colonies
was less than the diameter of the colonies over which

control was applied and the diameter was larger than
that of control. Table 2 showed the most concentration
effective for was (15 mg/mL) because the growth was
inhibited more than the other 2 concentration (10, 20
mg/mL) in T. mentographytes. It the previous table
showed had inhibition effect on growth when treat
with gold nanoparticles (15 mg/mL), on M. canis which
was more affected than other species. It followed by,
T. rubrum in it inhibited when treated by gold nanoparti-
cles that mean the gold nanoparticles had the strong
effect on this species by make less capability of growth
for these cells of species. Each other had inhibited effect
when treat by gold nanoparticles, this material can be
used as therapy for these isolated pathogenic fungi,
T. rubrum and T. mentographytes. The results of their
response to gold nanoparticles were very close to each
other, that means the gold nanoparticles effected on the
growth of this species, comparable to the control, the
control had no effect on this species. This result, demon-
strated this species had inhibitory response when
treated by gold nanoparticles (26).

https://plantsciencetoday.online
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Table 2. MIC of gold nanoparticles biosynthesis from C. sinensis against dermatophyte.

Concentration of C. sinensis

Diameters of fungi 10 mg/mL 15 mg/mL 20 mg/mL ?:::::‘;E:: Control Mean
Colonies diameter

Trichophyton mentographytes 4.080 3.670 5.170 2.070 4.900 3.978
Trichophyton rubrum 2.050 3.670 1.830 2.000 5.330 2.976
Microsporum canis 2.000 1.330 2.170 2.000 5.500 2.600
Isd5% 1.203** 0.538**
Mean 2.710 2.890 3.057 2.023 5.243

1sd5% 0.694**
Discussion antimicrobial efficacy (31). The process of choosing metals

Plants produce various type and amount of secondary
metabolic compounds including alkaloids, phenols, tanins
etc. The widest spectrum of pharmacological action is
exhibited by alkaloids synephrine is type of protoalkaloid
which have antimicrobial effect (27). Isolation and identifi-
cation of synephrine was done by TLC and HPLC.
Extraction from C. sinensis peels have important roles in
recycling waste.

The Au NPs generated using green methods exhibit
a lack of unwanted or harmful contaminations. Therefore,
it is plausible that this green-synthesized nanoparticle
possesses efficacy in eradicating various pathogens,
including bacteria, fungus and yeasts (28). The synthesis of
AUNPs is confirmed by various characterisation tech-
niques, including FESEM, EDS, FTIR and (UV)-Vis spectro-
photometry (29).

When gold come into contact with the cellular
membrane of microbial cells, it is possible for the genera-
tion of Reactive Oxygen Species (ROS) to occur. Reactive
Oxygen Species (ROS) have been observed to decrease
bacterial adhesion and induce fungi cell death by disrupt-
ing the integrity of the cell wall, interfering with the modifi-
cation of cytosolic enzymes involved in respiration to
macromolecular structures, affecting cellular integrity and
gene expression, as well as inhibiting phosphate absorp-
tion and cellular communication (30).

Several theories have been suggested about the
antimicrobial of nanoparticle solutions. Several possible
processes have been suggested, one of which involves
altering the permeability of the cell membrane. This modi-
fication allows for the interaction with DNA, proteins and
other cell constituents containing phosphorus and sulfur,
which are detrimental to fungi. Another method involves
the generation of free radicals, which are responsible for
causing damage to the membrane and decreasing the
proton motive force. This ultimately leads to the disrup-
tion of the membrane potential. However, the exact
mechanism behind this phenomenon has not been fully
described (28). Several metal ions exhibit wide ranging
antimicrobial spectrum, targeting various cellular
components. The range of activities exhibited by this spec-
trum is typically attributed to the unique features of the
metal, which enable its interactions with pertinent func-
tional groups in biological molecules. The selectivity and
specificity of metal binding, which is closely linked to its

for their interaction with various active groups in metabo-
lites. Proteins, nucleic acids, lipids and carbohydrates is
contingent upon the specific properties of the metal. This
choice is made due to the potential for any of these cellu-
lar components to initiate harmful cascading reactions.
The impact of the preceding cascade can be categorized
into several distinct areas. The various mechanisms of cel-
lular damage encompass direct and indirect effects on the
cell membrane, such as impairment of its integrity, chang-
es in membrane potential and transport processes as well
as protein dysfunction leading to metabolic disturbances
and denaturation. Additionally, cellular damage can mani-
fest through the impairment of the electron transport
chain, DNA damage and conformational changes, inhibi-
tion of DNA replication and repair mechanisms and degra-
dation of carbohydrates (32).

Conclusion

It is obvious that the industry of making juice from Citrus
sinensis generates enormous quantity of wastes, like as
peel, seeds and pomace. Therefore, improper manage-
ment of these wastes will harm the environment and result
in a loss of this treasure. Various food and pharmaceutical
businesses can successfully use orange byproducts as
flavoring ingredients, sources of fiber and pectin, or as
antifungal and antibacterial agents. Green synthesis gold
nanoparticles from synephrine and uses it as anti-fungal,
the activity of nanoparticles more than candstatin that
uses in treatment of dermatophyte.
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