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ABSTRACT 
Introduction: Silver nanoparticles (AgNPs) are effective 
against almost all kinds of pathogenic organisms. The green 
synthesis of AgNPs utilizing extracts from medicinal plants 
is being researched to examine the therapeutic advantages 
of AgNPs because the chemical production of AgNPs is 
more toxic. In this study, the stem extract of Ocimum 
Gratissimum (OG) also known as Karunthulasi or wild basil 
for green synthesis of AgNPs and evaluating their anti-
inflammatory and antimicrobial effects. 
 
Materials and Methods: The produced nanoparticles were 
characterized using UV-visible spectroscopy. The Bovine 
Serum Assay (BSA) and Egg Albumin (EA) assays were used 
to assess the anti-inflammatory effects. The protein 
denaturation of AgNPs was calculated and compared to a 
standard to determine the anti-inflammatory activity of green 
synthesized AgNPs.  Using varying concentrations of OG-
mediated AgNPs in Mueller Hinton Agar (MHA), the 
antimicrobial effects of OG have been investigated against 
E. coli, S. aureus, and Pseudomonas sp. Additionally, by 
measuring optical density, the time-kill curve analysis for E. 
Coli and S. Aureus has been examined from one hour for up 
to five hours. 
 
Results: The green synthesized AgNPs were developed 
successfully using a plant Ocimum gratissimum. The 
synthesized AgNPs exhibited a maximum absorption peak at 
440 nm and SEM analysis revealed that the synthesized 
AgNPs were spherical and oval. The result findings of the 
anti-inflammatory activity reveal that AgNPs have great 
potential when compared to the standard. At the 
concentration of 50 µg/mL, AgNPs exhibit 76% in BSA assay 
and 74% in EA assay, where the standard shows 80% 
inhibition. The antimicrobial activity showed a zone of 
inhibition around 19mm for E. coli and a 20mm zone of 
inhibition for S. aureus and Pseudomonas sp., which shows 
the efficacy of AgNPs. The time-kill assay shows that the 
optical density of E. coli and S. aureus was reduced to 0.1 
after 5 hours of incubation, which shows the potential of 
green synthesized AgNPs. 
 
Conclusion: OG-mediated AgNPs have both anti-
inflammatory and antimicrobial effects. Anti-inflammatory 
effects are better when compared to standard drugs. 
Antimicrobial effects are better for Gram-negative bacteria. 

KEYWORDS:  
Silver nanoparticles, biomedical applications, time-kill curve 
analysis, Nanobiomedicine 
 
 
INTRODUCTION 
The evidence for the use of Silver and other metals as a 
treatment modality has been mentioned in the history of 
medicine as early as the 2nd century BC in Indian Charaka 
Samhita and by Hippocrates for treatment of wounds and as 
preservatives.1,2 Silver nitrate was also widely used in the 
1800s for wound healing in burns, in wound dressings, and 
in suture materials.  After the Second World War, the use of 
silver declined during the era of antibiotics.3 The advent of 
silver nanoparticles in therapeutics gained momentum in 
recent years. Nanoparticles as the name denotes, are less 
than 100 nm in size and are used extensively in the field of 
biomedical research. Its longevity in diagnosis and treatment 
is explained by its unique properties, which include its high 
surface area to volume ratio, robust response to living cells, 
stability at high temperatures, programmable surface 
plasmon resonance,4 and translocation into the cells' cellular 
uptake and effect of nanoparticle depends on its physical and 
chemical characteristics like composition, shape, size, charge, 
surface coating, pH, and width-to-height ratio,5 But at the 
same time, the small size of nanoparticles results in a large 
surface area making them more toxic.6 Nonchemical or 
biological Nanoparticle synthesis using the bottom-up 
method is also called green synthesis. During green synthesis, 
secondary metabolites in plant extracts such as vitamins, 
flavonoids, enzymes, polyphenols, and polysaccharides act 
as reducing agents. They have a donated electron outer layer, 
thereby reducing the metal ions to a zero-oxidation state (ex-
Ag+ to Ag0).7,8 
 
Green synthesis using medicinal plant extracts is preferred 
because of their eco-friendly nature, simplicity, and low cost. 
There are several advantages to green synthesis over 
chemical synthesis. The biologically active components in 
plant extracts strongly influence the size and distribution of 
metallic nanoparticles.9,10 They also form a cover on the 
surface of the nanoparticles (capping) and prevent them 
from agglomerating or clustering together because of their 
small size, thereby giving them more stability. In addition, 
plant extracts with medicinal value can act synergistically 
with nanoparticles and enhance the therapeutic effects of 
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metal nanoparticles. It reduces the harmful side effects of 
chemically synthesized metal nanoparticles.11 It can also be 
combined with most of the existing antibiotics, and can 
increase its effectiveness and reduce dosage, thereby reducing 
side effects. Most importantly, green synthesis helps 
overcome the increasing problem of antimicrobial 
resistance.12,13 AgNPs exert their antimicrobial effect in several 
ways by interacting with living cells and causing cell death. 
It increases cell membrane permeability, causes sulfide bond 
breakage, protein misfolding, aggregate formation, iron 
imbalance, and increased production of reactive oxygen 
species such as hydroxyl ions.14 Each of which has specific 
biological compounds. Several plant extracts are being 
studied and used to form AgNPs. In this study, we have used 
the extract of Ocimum Gratissimum (OG), OG is widely 
known as clove basil, African basil, wild basil, and in the 
Indian subcontinent as Karunthulasi, Ramthulasi and 
belongs to Lamiaceae or mint family.15 OG plant extracts 
have been shown to have anti-inflammatory, antimicrobial 
effects antidiabetic, antidiarrheal, antiprotozoal, cytotoxic, 
hepatoprotective, and many other medicinal effects.16 In this 
present study, the synthesis of AgNPs using Ocimum 
Gratissimum evaluated its anti-inflammatory and 
antimicrobial/antibacterial effects against wound pathogens. 
The time-kill curve assay can be considered an indicator of 
effectiveness against antibiotic resistance. 
 
 
MATERIALS AND METHODS 
Preparation of AgNPs with Ocimum gratissimum Stem Extract 
The Ocimum gratissimum plant was shade-dried and ground 
into powder. A beaker containing 100 mL distilled water and 
1 g of Ocimum gratissimum was added and heated in a 
heating mantle at 60–70 °C for 15–20 minutes. Precursor 
solution: To prepare the precursor solution, 1 mM of silver 
nitrate (0.0169 g) was combined with 80 mL of distilled 
water,17 and 20 ml of filtered plant extract was added, mixed 
well, and placed in an orbital shaker. 
 
In vitro Antimicrobial Assay 
The antimicrobial action of Ocimum Gratissimum green-
synthesized AgNPs was assessed using the agar-well diffusion 
method, a commonly used method. Bacteria were cultured on 
Mueller-Hinton agar (MHA) plates, which served as the 
growth medium. The cultured bacteria were incubated for 24 
h and the bacterial load was standardized using McFarland 
standards. Cultures were spread uniformly on MHA plates 
and wells were created. Green synthesized AgNPs (25, 50, and 
100 micrograms) were loaded into bacterial culture wells. 
After incubation for 24 h at 37 °C, the inhibition zones were 
measured and compared with the inhibitory zones of known 
standard antibiotics, which served as positive controls.18 
 
Bovine Serum Albumin Denaturation Assay (BSA Assay) 
Using this approach, the anti-inflammatory properties of 
AgNPs, mediated by Ocimum gratissimum stem extract, were 
evaluated. AgNPs of different fixation (10μL, 20μL, 30μL, 
40μL, and 50μL) mediated by Ocimum gratissimum extract 
were added to 0.45 mL of bovine serum albumin (1% 
aqueous solution), and the mixture's pH was adjusted to 6.3 
using a small amount of 1N hydrochloric acid.  Double-beam 
Mult spectrophotometry was used to measure the absorbance 

at 660 nm after the samples were cooled after a 20-minute 
incubation time at room temperature and a 30-minute 
heating session in a water bath at 55 °C. Diclofenac sodium 
was used as a reference standard. Dimethyl sulphoxide 
(DMSO) was used as the control.19 
 
Egg Albumin Denaturation Assay [EA Assay] 
2.8 mL of freshly prepared phosphate-buffered saline with a 
pH of 6.3 and 0.2 mL of egg albumin from a hen's egg were 
combined to create a 5 mL solution. For the Ocimum 
gratissimum stem extract-mediated AgNPs, specific 
quantities were generated independently using the same 
procedure as the Bovine Serum Albumin assay.20 
 
Time Kill Curve Assay 
Minimum inhibitory concentrations (MICs) are the 
lowermost antibacterial concentrations in mg/L or μg/mL 
that completely prevent visible growth of the tested microbes. 
For the MIC test, 100 μL of MHB was added to all columns in 
the microtiter plate along with the bacterial inoculum at a 
concentration of 5×105 CFU/ml. A stock solution of (500 
μg/mL) OG-mediated AgNPs was prepared, 25, 50, and 100 
μL were added to the last column in the microtiter plate, and 
serial double dilutions were made backward.21,22 Different 
concentrations of nanoparticles were used to test the time-kill 
curve analysis using S. aureus and E. coli. 
 
For the time-kill assay, Mueller Hinton broth was prepared, 
sterilized, and added to five test tubes. Three different 
concentrations of Ocimum gratissimum green-synthesized 
AgNPs were added to the first three tubes at 25, 50, and 100 
μL (1,2- and 4-times the MIC), the standard drug was added 
to the fourth tube (Amoxyrite), and the fifth tube was 
considered as the control. Bacterial suspensions 
(Staphylococcus aureus and E. coli) were added to all five test 
tubes at a concentration of 5×105 CFU/mL. The tubes were 
incubated for various time intervals (1h, 2h, 3h, 4h, 5h) and 
the percentage of dead cells was calculated at a wavelength 
of 600 nm at regular time intervals using optical density 
values.23 
 
 
RESULTS 
Synthesis of AgNPs and their characterization analysis 
The precursor solution was mixed with 20 mL of stem extract 
and centrifuged at 110 revolutions per minute for a full day. 
After 24 hours of incubation, the color of the solution 
changed from yellow to brown as a result of surface plasmon 
resonance, which excited the free electrons of the reaction 
mixture. This confirms the reduction of silver nitrate to 
AgNPs. The synthesized nanoparticles were characterized by 
UV-visible spectroscopy. Higher absorption is directly 
proportional to the higher yield of AgNPs in the colloidal 
solution. The color change was dependent on the incubation 
time (6–24 h) as well as the size and shape of the 
nanoparticle as shown in Figure 1A.  The UV-visible 
absorption spectra of the synthesized AgNPs are shown in 
Figure 1B. The UV-visible region of wavelengths from 350 to 
650 nm has a distinctive absorption peak at 440 nm in the 
spectrum. Numerous parameters, such as the size, shape, and 
degree of aggregation of nanoparticles, influence the position 
of the SPR peak. Larger nanoparticles display peaks at longer 
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wavelengths than smaller ones, which typically exhibit SPR 
peaks at shorter wavelengths. Figure 1C displays the SEM 
images of the AgNPs produced. The photographs 
demonstrate the existence of uniformly sized spherically 
shaped nanoparticles. The smooth surface of the 
nanoparticles suggests that there was no noticeable 
agglomeration or aggregation. The form and surface 
characteristics of each nanoparticle can be observed through 
SEM photos, which offer comprehensive insights into each 
one. The spherical morphology of the nanoparticles is 

compatible with the development of AgNPs throughout the 
production process, and is of excellent quality and 
consistency. 
 
Antimicrobial Activity 
The antimicrobial activity of the green-synthesized AgNPs 
was investigated using the agar well diffusion method 
against E. coli, S. aureus, and Pseudomonas sp. A zone of 
inhibition of 19 mm was noted for E. coli at a concentration 
of 100μg/mL, where the standard was 40 mm. In contrast, a 

Fig. 1: A) Green synthesis of Ocimum gratissimum mediated AgNPs, B) UV spectra analysis of AgNPs, C) SEM analysis of green 
synthesized AgNPs.
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Fig. 2: Antibacterial activity of Ocimum gratissimum mediated AgNPs using agar well diffusion method.

Fig. 3: Graphical representation of Ocimum gratissimum mediated AgNPs against E. coli, for S. aureus and Pseudomonas sp.

Fig. 4: Anti-inflammatory activity of Ocimum gratissimum mediated AgNPs using A) BSA assay and B) EA assay.
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20 mm zone of incubation was observed for S. aureus and 
Pseudomonas sp at the concentration of 100μg/mL. In 
comparison, the standard revealed 38 mm and 36 mm zones 
of incubation, as shown in Figures 2 and 3. 
 
Anti-inflammatory Effect 
The anti-inflammatory activity of green synthesized AgNPs 
using O. gratissimum showed 76% inhibition of protein 
denaturation was observed at 50 μL concentration in the BSA 
assay and 74% inhibition in the EA assay.  The Anti-
inflammatory activity was found as 80% for standard 
diclofenac sodium. The effects of Ocimum gratissimum 
mediated AgNPs were comparable to those of the standard -
diclofenac sodium at almost all concentrations, as shown in 
Figures 4A and B. 
 
Time Kill Assay for E. coli and S. aureus 
A time-kill curve assay was performed in MHB media and the 
antibacterial activity of AgNPs was determined against E. coli 
and S. aureus using optical density values. The lower the 
optical density, the greater the antibacterial effect. The results 
showed that the tested bacteria were completely inhibited by 
AgNPs. At 5 hr, maximum growth inhibition with 0.2 optical 
density was seen at 100μL concentration for E. coli. S. aureus 
showed 0.1 optical density at 100 μL,concentration as 
represented in Figures 5A and B. 
 
 
DISCUSSION 
In this study, Ocimum Gratissimum (OG) enabled the green 
production of AgNPs. Bovine serum and egg albumin assays 
were used to evaluate the anti-inflammatory and 
antibacterial properties of green-synthesized AgNPs made 
using Ocimum Gratissimum (OG) extract by agar well 
diffusion and time-kill assay (for antimicrobial effect). In a 
similar study in our institution, the anti-inflammatory effects 
of combined herbal Ocimum Gratissimum and Ocimum 
Tenuiflorum extract-mediated AgNPs and ZnONPs were 
assessed by BSA and Egg albumin methods, and the results 
were (75% for the Green synthesized AgNPs and ZnONPs and 
81% for Standard Diclofenac at 50 μl). In our study, it was 
noted as 76% and 81% for AgNPs and Diclofenac sodium). 
This reproducibility confirms the anti-inflammatory effects of 
Karunthulasi (OG)-mediated AgNPs. In an earlier study, it 
was also shown that AgNPs are slightly better than ZnO NPs 
as anti-inflammatory agents. 
 

AgNPs inhibited TNF-α, COX-2, and MMP-3 expression and 
inhibited IL-1β, IL-6, and TNF-α) in macrophages. Therefore, 
it has anti-inflammatory and wound-healing effects.24,25 Their 
study on the molecular mechanisms of Ocimum Gratissimum 
showed that it inhibits the lipoxygenase pathway, resulting 
in decreased synthesis of leukotrienes via the arachidonic 
acid pathway.  It was also shown that the phytocompound 
OG has an affinity for inflammatory cytokines such as 
interleukin 1, interleukin 6, TNF-α, interleukin 8, and 
monocyte chemoattractant protein-1, and can modulate 
their effects. Thus, the synergistic anti-inflammatory effect of 
OG and AgNPs is highly plausible. 
 
In this study, the antibacterial activity of OG-mediated 
AgNPs against E. coli, S. Aureus, and Pseudomonas sp. was 
investigated using the agar well diffusion method. The zone 
of inhibition was 42% (42 mm- Standard,17.5mm- OG), 50% 
(40mm and 20 mm), and 53% (38mm and 20 mm) for E. coli, 
S. aureus, and Pseudomonas sp at a maximum concentration 
of 100μl. Even at lower concentrations, the effects were 
almost the same for Pseudomonas sp.26 In their study, only OG 
plant extracts showed antibacterial properties. In another 
study on AgNPs by Sharma et al., OG-mediated AgNPs were 
shown to have antibacterial effects against gram-negative 
bacteria. In this study, the effect against Pseudomonas sp, a 
gram-negative bacterium, was better, even at lower 
concentrations.  In a previous study,27 the antimicrobial 
activity of OG-mediated ZnONPs was studied against oral 
pathogens, and the zone of inhibition was only 9 mm at all 
concentrations, suggesting that OG-mediated ZnONPs may 
not be as effective as antimicrobials when compared with 
OG-mediated AgNPs.28,29 
 
For the time-kill curve assay, the optical density readings 
were recorded every hour from to 1-5 hours for concentrations 
of 25, 50, and 100 μL of OG-mediated AgNPs with bacterial 
inoculum of E. coli and S. aureus, 5×105 CFU/mL in MHA 
medium. For OG-mediated AgNPs, the optical density of E. 
coli was almost the same as that of the standard antibiotic 
drugs until 5 h. For S. aureus the optical density was lower for 
OG -AgNPs for all concentrations at all durations, with the 
lowest value for 100 μL at 5 h. A lower optical density 
indicated a greater antimicrobial effect of the OG-mediated 
AgNPs. 
 
 

Fig. 5: Time kill curve analysis of the green synthesized AgNPs using O. gratissimum against A) E. coli, and B) S. aureus
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CONCLUSION 
OG-mediated AgNPs have potent antibacterial activity 
against E. coli, Pseudomonas sp, and S. aureus exhibiting a 
maximum zone of inhibition. It can be used as an adjunct in 
combination with standard antimicrobials, thereby reducing 
the dosage of antimicrobial drugs. The anti-inflammatory 
activity of AgNPs was evaluated using BSA and EA assays, 
which showed 76% inhibition compared with the standard. 
This indicates that further research needs to be conducted 
using In vitro and In vivo analyses. 
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SUMMARY 
Tamoxifen, an oral medication that blocks estrogen activity, 
is frequently prescribed for the treatment of advanced 
breast cancer and as an additional therapy following 
surgical removal of early stage disease. A 45-year-old female 
with a history of breast carcinoma treated with tamoxifen 
presented with sudden onset bilateral visual impairment for 
4 days. On ocular examination, the patient exhibited optic 
disc edema with hyperemia and bilateral anterior pathway 
defects in visual evoked potentials. Magnetic resonance 
imaging revealed a thickened right optic nerve sheath with 
patchy enhancement of the left optic nerve sheath. The 
patient was diagnosed with bilateral optic neuritis and 
treated with intravenous methylprednisolone, which 
resulted in significant improvement in visual acuity and 
resolution of optic disc edema. This case underscores the 
importance of vigilant ophthalmological monitoring in 
patients undergoing tamoxifen therapy to facilitate the early 
detection and management of ocular complications. 
 
KEYWORDS:  
Tamoxifen, Optic disc oedema, Optic neuritis 
 
 
INTRODUCTION 
Tamoxifen, an oral anti-estrogen, is commonly prescribed for 
the treatment of advanced breast cancer and as adjuvant 
treatment following surgical resection of early-stage disease.1 
The link between tamoxifen and eye issues was initially 
noted in 1978. The incidence of tamoxifen-related eye 
complications varies between 6.3 to 12%. Originally observed 
in female breast cancer patients receiving exceptionally large 
doses of tamoxifen (120–130 mg/day), subsequent findings 
have revealed that ocular problems might also arise with 
conventional low-dose tamoxifen treatment.2 
 
Ophthalmic manifestations associated with tamoxifen 
include intraretinal crystalline deposits, frequently 
accompanied by macular edema, keratopathy, pseudocystic 
foveal cavitation cataracts, and optic neuritis.3 Optic neuritis 
constitutes an uncommon but potentially irreversible visual 
impairment caused by tamoxifen-induced ocular toxicity. It 
might affect both eyes simultaneously and may manifest as 
soon as three weeks after initiating tamoxifen therapy.2 
 
Although the precise frequency and seriousness of tamoxifen-
induced eye conditions remain uncertain, the extensive 
administration of the medication among patients with breast 
cancer underscores the actual necessity for recognizing 
potential adverse ocular outcomes.  
 

CASE PRESENTATION 
A 45-year-old woman experienced an abrupt onset of 
reduced vision in her right eye, which was subsequently 
followed by diminished vision in her left eye over the past 
four days. She had a past history of breast carcinoma 
diagnosed three years back for which she was operated and 
receiving Tamoxifen 40 mg/day as an adjuvant therapy. The 
patient had no history of fever, altered bowel habits, 
smoking, alcohol consumption, intake of other systemic 
medications, or trauma. 
 
On ocular examination, visual acuity was counting fingers 
close to the face in both eyes, and the color vision observed 
was 0/25. Anterior segment evaluation revealed a sluggishly 
reactive pupil in both the eyes. Fundoscopy revealed optic 
disc edema with hyperemia, blurred disc margins, disc 
elevation, and superior venous pulsation, which were absent 
in both the eyes. Blood tests, including complete blood count, 
erythrocyte sedimentation rate, C-reactive protein level, and 
a comprehensive metabolic panel, were within normal limits. 
Tests for infectious causes and autoimmune conditions, 
including antinuclear antibodies and antineutrophil 
cytoplasmic antibodies, were negative. The Humphrey visual 
field (HVF) showed constricted fields centrally and dense 
nasal peripheral field defects in both eyes. Visual evoked 
potentials revealed bilateral anterior pathway defects. 
Magnetic resonance imaging (MRI) of the brain showed 
bilateral and extensive optic neuritis with T2 hyperintensity 
and perineural enhancement. A neurological opinion was 
obtained and a diagnosis of bilateral optic neuritis associated 
with tamoxifen therapy was established. After stopping 
tamoxifen, the patient was immediately administered 
intravenous methylprednisolone (1 g) in 500 ml of saline 
once daily for 5 days, followed by oral prednisolone 1 mg/kg 
body weight for 11 days, 20mg for 1 day, and 10 mg for 1 day 
and stopped. Symptomatic improvement was noted and after 
three months, visual acuity improved to 6/6 in both eyes with 
resolution of the optic disc edema.  
 
 
DISCUSSION 
Tamoxifen belongs to the class of triphenylethylene 
nonsteroidal estrogen antagonists. It is used in the treatment 
of estrogen-dependent disseminated breast carcinomas and 
as adjuvant therapy post-surgery. The mechanism involves 
disrupting the binding of estradiol to target tissues by 
reducing cytoplasmic receptors and competitively inhibiting 
the receptor site. The pathological mechanism underlying 
tamoxifen-induced ocular toxicity suggests that tamoxifen 
might trigger the accumulation of drug polar lipid complexes 
within the lysosomes.  
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The ocular effects of tamoxifen toxicity include whorl-like 
superficial corneal opacities, retractile crystals in the inner 
layer of the retina, macular edema, abnormalities in the 
retinal pigment epithelium, pseudocystic foveal cavitation, 
and optic neuritis.3,4 In most documented cases, tamoxifen-
induced ocular toxicity appears to be reversible. Cessation of 
the medication led to enhanced visual acuity and resolution 
of macular edema, retinal hemorrhage, and corneal 
alterations.  

Several case reports have underscored the ocular toxicity in 
patients receiving low-dose tamoxifen (10–20 mg BD). Even 
at these lower doses, tamoxifen therapy can trigger 
retinopathy, marked by intraretinal refractile crystals and 
macular edema.5 The key differentiator between high- and 
low-dose toxicity lies in the potential reversibility upon 
cessation of treatment. Several patients prescribed 20 mg of 
BD daily exhibited regression of retinopathy alongside visual 
improvement.  

Fig. 1: A) HVF of right eye Fig. 1: B) HVF of left eye

Fig. 1: C) Right eye fundus picture showing disc oedema Fig. 1: D) Left eye fundus picture showing disc oedema
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Research has indicated that patients undergoing tamoxifen 
treatment exhibit a decrease in cup volume over time. It has 
been hypothesized that estrogen plays a neuroprotective role. 
As a result, the utilization of tamoxifen may potentially 
disrupt astrocytes located within the glial cells of the optic 
cup, where estrogen receptors are situated at the optic nerve 
head. This disruption may induce swelling of the optic nerve 
head, ultimately resulting in a reduction in cup volume.2 
 
In this case, both eyes had disc elevation of one disc dioptre 
with blurring of the nasal, superior, and inferior disc margins 
in the right eye and blurring of the nasal and superior disc 
margins in the left eye. The patient’s visual acuity improved 
considerably within a week of starting corticosteroids, and 
further improvement was noted over the following months. 
However, some residual peripheral visual field defects 
remained, which emphasizes the potential for lasting visual 
impairment, even with timely treatment. Regular follow-up is 
crucial for monitoring recurrence and managing long-term 
sequelae. 
 
However, it is vital to exclude other potential causes that can 
produce an optic disc appearance similar to optic neuritis, 
such as carcinomatous meningitis, pseudotumor cerebri, 
intracranial metastasis, and superior sagittal sinus 
thrombosis due to metastasis and hydrocephalus. Therefore, 
thorough neurological examination, lumbar puncture, and 
computerized tomography (CT) scans are essential for proper 
evaluation.  
 
 
CONCLUSION 
This case highlights the need for careful ophthalmological 
monitoring in patients with breast cancer undergoing 
tamoxifen therapy, as tamoxifen could be responsible for 

visual impairment in these individuals. Prior to commencing 
tamoxifen therapy, patients should undergo comprehensive 
ophthalmic assessment and should be provided with explicit 
instructions to promptly report any minor visual symptoms. 
Therefore, prompt recognition and management of ocular 
complications, such as optic neuritis, can lead to favorable 
visual outcomes and improve the overall quality of patient 
care. 
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ABSTRACT 
Introduction: Zinc oxide nanoparticles (ZnO NPs) exhibit a 
wide range of biomedical applications majorly used as anti-
inflammatory, anti-cancer, anti-diabetic, and anti-microbial 
activity and other biomedical applications because they 
show less toxicity and are very compatible. Zinc metal is an 
inorganic and essential element in the human body at the 
trace level. ZnO NPs are also GRAS substances (Generally 
Recognized As Safe). This study's main objective is 
synthesizing zinc oxide nanoparticles using red tea & clove 
mediated herbal formulation and screening for its anti-
microbial, and anti-diabetic properties. 
 
Materials and Methods: Red tea and clove-mediated ZnO 
NPs were synthesized using the green synthesis method. 
The anti-microbial activity was tested against oral 
pathogens using the agar well diffusion method, while the 
anti-diabetic activity was estimated using the alpha-amylase 
inhibitory assay method by using red tea and clove-
mediated ZnO NPs. 
 
Results: ZnO NPs were successfully synthesized using red 
tea and clove-formulated extract. The synthesized ZnO NPs 
using Aspalathus linearis (red tea) and Syzygium 
aromaticum (clove) mediated ZnO NPs were characterized 
using UV visible spectrophotometry and SEM (Scanning 
Electron Microscope) analysis. The green synthesized ZnO 
NPs show promising anti-microbial activity by exhibiting a 
12 mm zone of inhibition against S. aureus, 11 mm in E. 
faecalis, 9 mm in S. mutans, and 11 mm in C. albicans. In 
anti-diabetic activity, the green synthesized ZnO NPs 
showed a maximum inhibition percentage of up to 80% at 
the maximum concentration of 50 µg/mL.  
 
Conclusion: Green synthesized ZnO NPs using red tea and 
clove showed maximum efficacy in anti-microbial properties 
which can lead to huge potential use as antibacterial agents. 
Simultaneously, anti-diabetic activity showed an excellent 
inhibition percentage which can be a potent therapeutic 
agent in the field of nanomedicine in diabetes management. 
 
KEYWORDS:  
Zinc oxide nanoparticles, anti-diabetic activity, green synthesis, 
biomedical applications. 
 

INTRODUCTION 
Nanoparticles synthesized by physical and chemical methods 
have fewer uses in the field of clinical research because of 
their toxicity level.1 Due to the physio-chemical properties of 
plant-based nanoparticles, this process also has the 
additional advantage of longer life span of nanoparticles 
that overcomes the restraint of conventional physical and 
chemical methods in the synthesis of nanoparticles.2 

Nanomaterials exhibit atom-like behavior when divided to 
nearly atomic size because of their enormous surface area. It 
is anticipated that the global nanotechnology revolution will 
have an impact on several biomedical research fields, 
including medication delivery, cancer therapy, and cell 
imaging.3 Zinc Oxide nanoparticles (ZnO NPs) stand out 
among metal oxide nanoparticles due to their distinctive 
optical and chemical behaviors that can be easily controlled 
by altering their shape.4 ZnO NPs are part of a group of metal 
oxides, which are distinguished by their ability for 
photocatalysis and photo-oxidation of chemical and 
biological species.5 ZnO NPs were synthesized by the green 
synthesis method, which is eco-friendly because of their 
unique characteristics and adaptable nature, where they are 
widely used in sensors, biological labelling, bio-imaging, and 
biomedical applications owing to their anti-microbial, anti-
inflammatory, anti-oxidant, and anti-diabetic activities.6 

Owing to their ease of use, environmental friendliness, and 
high level of biological activity, plant-mediated biological 
synthesis of nanoparticles is significant. ZnO NPs have 
demonstrated an encouraging future in biomedical research, 
particularly in the domains of anti-cancer and anti-microbial 
fields.7 These fields are associated with their strong ability to 
induce insufficient oxygen species (ROS) formation, release 
zinc ions, and induce cell death. As more bacteria are 
becoming resistant to antibiotics and new strains are 
emerging, scientists have given much importance to metal 
and metal oxide NPs as antibacterial agents.8 Zinc-based 
therapy is appealing because of the link between diabetes 
and an imbalance in zinc homeostasis. ZnO NPs were tested 
for anti-diabetic properties in many previous studies.9 Silver, 
gold, and ZnO NPs have been synthesized using plants like 
Withania somnifera, Amygdalus scoparia, Hibiscus subdariffa, 
Hibiscus rosa-sinensis, Murraya koenigii, Moringa oleifera, 
Tamarindus indica L, Ocimum sanctum, Cymbopogon citratus, 
and it is also been stated that ZnO NPs have been made using 
Aloe vera leaf extract.10 
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Common products such as rubber, cosmetics, and paint are 
produced using ZnO NPs, especially in biological 
applications that play a vital role because of their excellent 
biocompatibility and economically friendly nature.11 ZnO 
NPs are well known for their anti-microbial activity because 
of their ability to cause cell death by membrane disruption. 
Anti-microbial compounds from herbal sources have good 
therapeutic potential and can be utilized.12 Plant-derived 
nanoparticles play a vital role in the field of biomedicine due 
to their environmental friendliness, lack of harmful 
chemicals, elimination of the culture management 
procedure, and lack of physical and chemical parameters.13 

Many natural ingredients have been studied for their 
biomedical properties, such as anti-inflammatory, 
antioxidant, anti-microbial, anti-diabetic, anti-cancer, and 
so on. Clove (Syzygium aromaticum) and red tea (Aspalathus 
linearis) have been studied for their potential biomedical 
properties.14 Clove has been found to have anti-microbial, 
antiseptic, anti-diabetic, and anti-carcinogenic properties. 
Red tea, also known as Rooibos tea, is rich in antioxidants 
and has been found to have anti-inflammatory and anti-
cancer properties. Thus, herbal formulations can be 
developed as potent therapeutic agent.15 
 
This study aimed to evaluate the anti-microbial properties of 
green synthesized ZnO NPs of Aspalathus linearis and 
Syzygium aromaticum against different oral pathogens. 
Anti-diabetic activity was assessed by alpha-amylase and 
beta-glucosidase enzyme inhibitory assays at various 
concentrations and compared to the standard tested. 
 
 
MATERIALS AND METHODS 
Preparation of Plant Extract 
Aspalathus linearis and Syzygium aromaticum were 
purchased from a commercial store and used in further 
experiments. 1 g of clove and 1 g of red tea powder were 
added to 100 mL of distilled water and boiled in a heating 
mantle at 45-50 degrees Celsius for 15-20 mins. The boiled 
solution was filtered through Whatman No.1 filter paper, 
and the extracted solution was utilized to synthesize ZnO 
NPs. 
 
Synthesis of ZnO NPs  
Zinc acetate (30 mM, millimolar) was dissolved in 50 mL of 
distilled water and stirred gently by adding 50 mL of the 
extracted plant solution. The solution was mixed for 24 hours 
using a magnetic stirrer, and the dark brown-yellow color 
confirmed the synthesis of ZnO NPs. After 24 hr of incubation 
the prepared solution was centrifuged at 8000 RPM (Rotation 
per minute) using a centrifuge and the pellet was collected. 
 
Characterization of Synthesized ZnO NPs  
UV-Vis spectroscopy was also performed to further confirm 
the formation of ZnO NPs. The absorption spectrum of the 
synthesized ZnO NPs was analyzed using a UV–Vis 
spectrophotometer in the range of 350 to 750 nm. Scanning 
electron microscopy (SEM) was used to examine the surface 
features and particle shapes of the recently produced 
nanoparticle formulations.  
 
 

Anti-microbial Activity of Green Synthesized ZnO NPs  
The anti-microbial activity of red tea- and clove-mediated 
ZnO NPs was investigated against Candida albicans, 
Streptococcus mutans, Enterococcus faecalis, and Staphylococcus 
aureus strains. Mueller-Hinton Agar was used for this test to 
estimate the anti-microbial properties of the synthesized ZnO 
NPs. The medium was prepared and sterilized at 121°C for 15 
minutes.  A 9 mm sterile polystyrene tip was used to make 
wells in the sterilized plates, and the test organisms were 
spread on their respective plates. ZnO NPs at different 
concentrations (25, 50, and 100 μg/mL) were loaded, and in 
the respective wells, standard antibiotic Amoxyrite 20μL was 
added to the wells, which acted as a standard for bacteria, 
and fluconazole was used as a standard for fungi. The plates 
were maintained undisturbed for 24 h at 37 °C. After 
incubation, zones of inhibition were observed and measured 
in millimeters. 
 
In-vitro Anti-diabetic Assay 
 
Alpha-Amylase Inhibitory Assay 
Alpha-amylase enzyme inhibition was obtained by 
estimating the quantity of maltose unfettered during the 
process, different levels of ZnO NPs (10, 20, 30, 40, and 50 
μg/mL), and 100 μL of alpha-amylase solution for 30 min at 
room temperature. Next, starch solution (1% w/v) 100 μL was 
added to the solution and was incubated for 10 minutes. The 
DNSA reagent 100 μL was released to restrict the reaction by 
heating the water bath for 5 min. The control was 
maintained by replacing the sodium phosphate buffer, which 
was maintained at a pH of 6.9, with the same quantity of 
enzyme extract. At 540 nm, the observations were recorded, 
and the activity was performed in triplicate using acarbose as 
the standard.   
 
% of inhibition = C-T/C x 100, where C is the control and T is 
the test sample. 
 
Beta-Glucosidase Inhibition Assay 
The anti-diabetic effect of green-synthesized ZnO NPs was 
estimated using a β-glucosidase enzyme inhibitory assay. At 
different concentrations (10, 20, 30, 40, and 50 μg/mL), ZnO 
NPs were added to 1 mL of beta-glucosidase solution and 
starch solution in the presence of 0.2 M tris buffer at pH 8.0. 
The solution was incubated for approximately 40 min, and 
the reaction was terminated by adding 2 ml of 6N HCl as in 
previous literature.16 In this study, acarbose was used as a 
positive control. 
 
% of inhibition = C-T/C x 100, where C is the control and T is 
the test sample. 
 
Statistical analysis:  
To ensure that the results were accurate, each experiment 
was performed three times. Statistical analysis of the 
measured anti-microbial and anti-diabetic activity data was 
performed using the standard error (SE) method. Standard 
error provides a measure of the variability of the sample 
means, allowing for an assessment of the importance and 
accuracy of the results. 
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Fig. 1: A) UV-visible spectra of A. linearis and S. aromaticum-mediated ZnO NPs formulation  
B) SEM analysis of green synthesized ZnO NPs 
ZnO NPs: zinc oxide nanoparticles; A. linearis– Aspalanthus linearis;  S. aromaticum– Syzygium aromaticum 

Fig. 2: Image depicting the anti-microbial activity of ZnO NPs against oral pathogens A) S. mutans, B) S. aureus, C) C. albicans D) E. 
faecalis 
ZnO NPs - Zinc oxide nanoparticles 
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RESULTS 
Visual Confirmation & Its Characterization Techniques 
Green-synthesized red tea and clove-mediated ZnO NPs were 
successfully synthesized. The visible color change from light 
brown to dark brown indicated the reducing and capping 
ability of the red tea and clove-mediated herbal formulation. 
The shape and size distribution of the synthesized ZnO NPs 
were determined using SEM. The production of ZnO NPs with 
a consistent and irregular shape, strong crystallinity, and 
well-defined size distribution was verified by SEM analysis, as 
shown in Figure 1A. Understanding the characteristics and 
possible uses of ZnO NPs in a variety of industries, such as 
photocatalysis, sensors, and biological applications, depends 
on these findings. The synthesized ZnO NPs prepared using 
red tea and clove exhibited a maximum peak at 410 nm, as 

measured using a UV-visible spectrophotometer, as shown in 
Figure 1B. After 24 h, the UV readings were noted and 
centrifuged at 8000 rpm (rotation per minute). The 
supernatant was discarded and the pellet was collected and 
used for further studies. 
 
Anti-microbial Activity 
As shown in figure 2 and 3, the green-synthesized ZnO NPs 
nanoparticles were tested for antimicrobial activity against 
oral pathogens: A) S. mutans, B) S. aureus, C) C. albicans, and 
D) E. faecalis. The synthesized ZnO NPs have exhibited a 
maximum zone of inhibition of 9 mm in S. mutans, 12 mm 
in S. aureus, 11 mm in E. faecalis, and 11 mm in C. albicans. 
The synthesized nanoparticles were compared with standards 
for both fungi and bacteria. The maximum zone of inhibition 

Fig. 3: Graph representing the antibacterial activity of A. linearis and S. aromaticum-mediated ZnO NPs against oral pathogens 
ZnO NPs: zinc oxide nanoparticles, A. linearis– Aspalathus linearis, S. aromaticum– Syzygium aromaticum. Error bars in the graph 
represent standard error. Two-way ANOVA was used to evaluate the significance. The P-value (P<0.0005) was statistically 
significant. 

Fig. 4: Anti-diabetic activity of ZnO NPs synthesized from A. lineraris and S. aromaticum formulation A) α-amylase enzyme inhibition 
assay, and B) β-glucosidase enzyme inhibition assay. The error bar in the graph represents standard error. Two-way ANOVA is 
used to evaluate the significance. The P value (P<0.0005) is statistically significant.
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was found to be 12 mm in S. aureus and 11 mm in C. 
albicans, which represents the efficacy of the synthesized ZnO 
NPs. 
 
In vitro Anti-diabetic Activity 
 
Alpha-Amylase Enzyme Inhibition 
The enzyme amylase breaks down or transforms 
carbohydrates into glucose, and as a result, it is crucial for the 
regulation of blood glucose levels. There must be a technique 
to manage glucose levels, as high glucose levels might cause 
major clinical problems. To assess the anti-diabetic activity of 
ZnO NPs, various quantities of nanoparticles (10-50 μg/mL) 
have been examined against the enzyme, and the results 
showed maximum inhibition of 50, 61, 73, 77, 86 % at the 
various concentrations of 10, 20, 30, 40, 50 μg/mL. The 
standard readings of anti-diabetic activity were observed as 
52, 64, 76, 80, and 84% at the concentration of 10-50 μg/mL. 
Overall, the anti-diabetic assay showed similar variations, 
with dose-dependent inhibition, as shown in Figure 4A. 
 
Beta-Glucosidase Enzyme Inhibition 
As shown in Figure 4B, ZnO NPs exhibited a similar 
percentage to the standard, which was concentration-
dependent in the β-glucosidase enzyme assay. At 
concentrations of 10 μL, 20 μL, 30 μL, 40 μL, and 50 μL, the 
corresponding percentages of inhibition were 49%, 62%, 
74%, 76%, and 85%. The percentage of inhibition increased 
in concentration-dependent ranging from 52% to 88% for the 
standard. The results indicate not only the efficacy of ZnO 
NPs, but also how the herbal formulation enhances the anti-
diabetic activity of these nanoparticles. These findings 
suggest the possible ways for novel therapeutic strategies for 
green-synthesized ZnO NPs in diabetes management. The 
values for both alpha-amylase and beta-glucosidase enzyme 
inhibition are shown in Table I. 
 
 

DISCUSSION 
Overall, this study defines the potential of Aspalathus linearis 
(red tea) and Syzygium aromaticum (clove)-mediated ZnO NPs 
in the eradication of oral pathogens and their anti-diabetic 
effects using alpha-amylase and beta-glucosidase enzyme 
inhibition assays. In terms of anti-microbial activity, S. aureus 
and E. faecalis showed a higher zone of inhibition of 
approximately 12 mm at a concentration of 100 μg/mL, 
whereas S. mutans and C. albicans were less resistant to the 
synthesized ZnO NPs. In anti-diabetic activity, the inhibition 
percentage of synthesized ZnO NPs using alpha-amylase 
inhibition assay ranges from 50%, 61%, 73%, 77%, and 86% 
whereas the standard value ranges up to 52, 64, 76, 80, and 
88% of inhibition using alpha-amylase inhibition assay. 
Similarly, the β-glucosidase enzyme inhibition method 
demonstrated a concentration-dependent inhibition pattern, 
with increasing percentages from 49%, 62%, 74%, 76%, and 
85%, whereas the standard ranged from 52 to 88%. Overall, 
the synthesized ZnO NPs exhibited potential anti-microbial 
and anti-diabetic activities, which could be further developed 
into beneficial therapeutic agents. 
 
In a previous study, ZnO-NPs were effectively synthesized by 
optimizing the extraction and synthesis process using 
aqueous Allium cepa L. waste peel extract. Using a 
conventional methodology, we examined the antioxidant 
and antibacterial activities of green-synthesized ZnO NPs to 
demonstrate their potential bioactivity. The growth of 
inhibition was observed to be exclusively greater in the 
synthesized ZnO NPs than in the usual antibacterial 
product.17 Similarly, the antibacterial potential of red tea and 
clove-mediated ZnO NPs showed a maximum zone of 
inhibition which displays the impact of ZnO NPs at various 
concentrations on pathological bacterial strains and the 
bacterial growth was substantially suppressed by high 
quantities of nanoparticles (5 mg/mL). ZnO NPs derived from 
leaf and flower extracts consistently inhibited all bacterial 
strains utilized in the analysis, as indicated by the zones of 

Table. 1: Anti-diabetic activity of ZnO NPs synthesized from A. lineraris and S. aromaticum formulation A) α-amylase enzyme 
inhibition assay, and B) β-glucosidase enzyme inhibition assay.
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inhibition. It is hypothesized that the generation of reactive 
oxygen species (ROS) following bacterial cell membrane 
attachment, which results in membrane damage and protein 
malfunction, is the mechanism of action responsible for 
suppressing bacterial growth.18 The potential reason for the 
antibacterial activity of green-synthesized ZnO NPs could be 
attributed to the presence of leaf extract, which functions as 
a capping agent inside the NPs, reducing particle size and 
augmenting anti-microbial activities. This could be 
explained simply by noting that smaller particles often have 
a higher surface-to-volume ratio, meaning that their 
antibacterial activities are more effective overall.19 Plant 
extracts of red tomato fruit (Lycopersicon esculentum M.), 
chamomile flowers (Matricaria chamomilla L.), and olive 
leaves (Olea europaea) were successfully used in this study to 
biosynthesize ZnO NPs. ZnO NPs synthesized from olive 
leaves (Olea europaea) at 16.0 μg mL−1 showed the maximum 
zone of inhibition in antibacterial activity. The study showed 
that the antibacterial efficacy of the synthesized ZnO NPs was 
size-dependent.20 
 
The potential medicinal uses of biosynthesized NPs as anti-
diabetic medications have been investigated. Compared to 
the standard medication, Zn-doped Catharanthus roseus NPs 
demonstrated good α-amylase inhibitory activity. Overall, 
this research showed that Zn-doped C. roseus NPs can have 
strong anti-diabetic effects. Furthermore, when compared to 
the standard sample, these green NPs exhibited zero adverse 
impacts.21 In a previous study, the solution combustion 
approach was used to synthesize ZnO NPs for the first time 
using extracts from Areca catechu leaves. Several 
bioprocesses, including glucose metabolism, are facilitated by 
Zn. The effects of biosynthesized ZnO NPs on anti-diabetic 
and anti-cancer activities were investigated in this study. ZnO 
NPs demonstrated excellent efficacy in treating diabetic 
problems, as well as potent anti-cancer activity against 
cancer cell types. These results provide different ways and 
prospective uses of plant-mediated nanoparticles in many 
biological issues.22 A biological synthesis approach was used 
to successfully synthesize Pro-ZnO NPs from methanol 
propolis extract. Pro-ZnO NPs were identified as 
nanoparticles with a hexagonal quartzite structure. Pro-ZnO 
NPs demonstrated substantial inhibition rates against α-
amylase, and α-glucosidase-ZnO NPs can thus be used as a 
natural anti-diabetic drug.23 Similarly, the anti-diabetic 
effects of red tea and clove-mediated ZnO NPs were evaluated 
using alpha-amylase and beta-glucosidase enzyme 
inhibition. The alpha-amylase inhibitory assay showed a 
great potential of 85% at a concentration of 50 μL, and 86% 
in beta-glucosidase enzyme inhibitory assay, which showed 
the concentration-dependent inhibition. Thus, the 
synthesized ZnO NPs have great potential as novel drugs for 
diabetes management. 
 
 
CONCLUSION 
The era of modern medicine is an important field that can 
utilize the green synthesis of nanoparticles assisted by plants 
and herbs, which may be a replacement for future medicine. 
The use of medicinal and herbal plants has increased 

because of fewer adverse effects and because they are 
significantly effective against infectious pathogens. Based on 
previous studies, it is concluded that herbal-assisted ZnO NPs 
show potentially effective anti-diabetic and anti-microbial 
effects. Based on these findings, green synthesis of ZnO NPs 
can be used in additional research, such as toxicological 
testing and investigations involving animals, for further 
improvements. It has been implicated in the healing of 
wounds in diabetic patients, antifungal and antibacterial 
lotions for infections, and nanoparticle-coated dental 
implants. 
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SUMMARY 
Ocular toxoplasmosis is the leading cause of infectious 
retinochoroiditis in both adults and children. It is caused by 
the obligate intracellular parasite, Toxoplasma gondii. It is a 
common cause of posterior uveitis and focal retinitis, 
typically seen in immunocompetent individuals as a primary 
infection or in immunocompromised individuals as 
reactivation of latent infection. Here, we report a rare case of 
a 29-year-old immunocompetent female presenting with 
gradual, painless diminution of vision in the left eye 
associated with headache for over one month. She had a 
history of hypertension but no other significant medical 
history. On ocular examination anterior segment was 
unremarkable and fundus examination of left eye showed 
"Headlight in fog appearance” suggestive of vitritis. 
Serological evaluation revealed positive for Toxoplasma IgG 
antibodies. The patient was treated with cotrimoxazole, oral 
prednisolone, and topical steroids for 4-6 weeks. Following 
treatment, her visual acuity improved to 6/6 in left eye. This 
case highlights the importance of considering ocular 
toxoplasmosis in the differential diagnosis of unilateral 
vitritis, even in immunocompetent patients. 
 
KEYWORDS:  
Toxoplasma gondii, Vitritis, Trimethoprim and Sulfamethoxazole 
 
 
INTRODUCTION 
Ocular toxoplasmosis, caused by the intracellular protozoan 
parasite Toxoplasma gondii, is the leading cause of infectious 
retinochoroiditis in both adults and children.1 The usual 
manifestation involves localized retinochoroiditis near a 
pigmented chorioretinal scar, accompanied by inflammation 
in the vitreous. Beyond this typical presentation, other 
atypical manifestations such as scleritis, rhegmatogenous 
and serous retinal detachment, retinal vasculitis, retinal 
vascular occlusion, optic neuropathy and punctuate outer 
retinal toxoplasmosis have been reported. Toxoplasmosis of 
the central nervous system typically occurs in individuals 
with severe immunosuppression. However, ocular 
toxoplasmosis can occur in immunocompetent individuals.  
 
In this report, we present a rare case of unilateral vitritis in a 
young immunocompetent patient who was ultimately 
diagnosed with ocular toxoplasmosis. This case highlights 
the atypical presentation and importance of comprehensive 
diagnostic evaluation. 

CASE PRESENTATION 
A 29-year-old woman complained of progressive, painless 
loss of vision in her left eye associated with a headache over 
the course of a month. History of exposure to pets one month 
after her recent trip. History of intermittent fever initially for 
7 days. She had a one-year history of systemic hypertension, 
but no history of diabetes mellitus, steroid use, or other 
systemic disorders. No history of photophobia, double vision, 
seizures, vomiting, rashes, neck stiffness, cough, or 
breathlessness.  
 
On examination, the best-corrected visual acuity was 6/6 in 
the right eye and 4/60 in the left eye. Examination of the 
anterior segment revealed no bilateral abnormalities, and 
the intraocular pressure was within the normal range. 
However, visualization of the posterior segment was hindered 
due to dense vitritis in left eye, resulting in a "Headlight in fog 
appearance.” B-scan ultrasonography was performed to rule 
out retinal detachment and other retinal pathologies. OCT of 
the macula was performed and found to be within normal 
limits.  
 
The complete blood count and liver function test results were 
normal. The results of the Venereal Disease Research 
Laboratory, Treponema Pallidum Hemagglutination, HSV-1 
IgG, HSV-2 IgG, CMV IgG, and Mantoux tests were negative. 
High-resolution computed tomography of the chest and 
magnetic resonance imaging of the brain and orbit revealed 
normal findings. Serological evaluation revealed positivity 
for Toxoplasma IgG, confirming the diagnosis of ocular 
toxoplasmosis. Serology for HIV and HBsAg was negative.  
 
The patient received treatment with a combination of 
trimethoprim 160 mg/sulfamethoxazole 800 mg (TMP-S) 
twice daily for 6 weeks, Oral Prednisolone 60 mg once daily 
for 1 week, and was gradually tapered over a period of 6 
weeks. Topical Prednisolone 1% eye drops were started with a 
frequency of 3rd hourly and gradually tapered over a period 
of 6 weeks, and IOP monitoring was performed in subsequent 
follow-up. Over the course of the three-month follow-up, the 
visual acuity of the left eye improved to 6/6, and the vitreous 
cavity was quiet and clear. There were no signs of recurrence. 
 
 
DISCUSSION 
Ocular toxoplasmosis is a well-documented manifestation of 
Toxoplasma gondii infection that often presents with 
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retinochoroiditis. In most cases, patients will have some 
degree of vitritis and/or anterior inflammation, together with 
retinitis at the border of an inactive chorioretinal scar. As a 
result, the look of the bright white, focused retinitis viewed 
through vitreous haze is commonly described as a "headlight 
in the fog.” Vasculitis frequently coexists with retinitis and 
can manifest as "Kyrieleis plaques," which are segmental 
lesions that are yellow-white in the retinal arteries. Because of 
Werner Kyrieleis's objectionable ideological beliefs, these 
plaques are now known as segmental retinal arteritis.2 

Numerous chorioretinal lesions and recurring disease are 
more common in female patients. According to certain 
studies that imply a gender difference in the patient 
population.3 Acquired toxoplasmosis commonly leads to 
unilateral lesions, while congenital cases often exhibit 
bilateral involvement in approximately 75% of the patients, 
with a tendency to affect the macula.  
 
It is primarily diagnosed on the basis of clinical presentation, 
although additional tests can help confirm the diagnosis and 
monitor progress. Ultrawidefield color fundus imaging 
provides objective measures to observe improvements in 
vitritis and retinitis. Fluorescein angiography can 
differentiate between active (leaking) and inactive (staining 
without leaking) lesions, and can also identify areas of 
retinal vessel occlusion caused by lesions. Optical coherence 
tomography of the macula helps rule out cystoid macular 
edema and aids in grading vitreous cells. Raster scans 
through lesions can confirm retinitis and assess lesion depth 
by detecting full-thickness hyper-reflectivity.4 
 
Laboratory tests are useful when the diagnosis of 
toxoplasmosis is uncertain, based on clinical presentation 
and imaging. Polymerase chain reaction testing of aqueous 
or vitreous samples is effective, with some studies indicating 
higher sensitivity in vitreous samples.5 Serological testing for 
Toxoplasma gondii IgG and IgM can evaluate past or recent 
systemic infections and is mainly useful for ruling out 
toxoplasmosis when IgG is negative.6 
 

Most cases of toxoplasmosis can be effectively treated with 
systemic medications that target both the parasite and 
associated inflammatory response. Prior to 2015, the 
standard regimen was "triple therapy,” consisting of 
pyrimethamine (100 mg for 2 days, then 25 mg daily), 
sulfadiazine (2 g) and folinic acid (5 mg). Subsequently, new 
treatment protocols have incorporated additional 
antimicrobials, such as azithromycin, clindamycin, and 
TMP-S, used both in conjunction with pyrimethamine and as 
monotherapies. While these medications have shown efficacy 
in multiple studies, few prospective randomized trials have 
directly compared their effectiveness.7 
 
Yanxia Zhang, MD, of Sun Yat-sen University in China, and 
colleagues conducted a study in which they compared the 
results with systemic pyrimethamine-sulfadiazine, 
clindamycin, azithromycin and TMP-S using network meta-
analysis. They discovered that the most significant increases 
in vitreous inflammation resolution and visual acuity were 
associated with clindamycin. In the same trial, TMP-S was 
shown to have fewer adverse effects and a reduced recurrence 
rate. When there are no contraindications, TMP-S is usually 
prescribed as first-line treatment.8 And, patients with TMP-S 
should undergo regular renal function tests. Patients who are 
contraindicated for systemic therapy, for example, in the first 
trimester of pregnancy, or who have retinal lesions that 
require a quicker response might benefit from intravitreal 
clindamycin (1 mg/0.1 ml).  
 
Systemic steroids are typically employed to manage severe 
inflammatory responses caused by Toxoplasma infections, 
especially severe vitritis. Depending on the severity of 
inflammation, oral prednisone may be started at up to 1 
mg/kg and gradually decreased over weeks to months, or 
until vitritis clears up and retinitis seems dormant. 
Intravitreal dexamethasone also demonstrated good efficacy 
when administered in conjunction with intravitreal 
clindamycin. Topical steroids and cycloplegics may be 
administered in cases where anterior inflammation is 
evident. In our patient, a TMP-S regimen was selected 

Fig. 1: Showing dense vitritis in left eye. (suggestive of 
“headlight in fog appearance”)

Fig. 2: Showing clear vitreous and macula in left eye following 
the treatment
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because of its favorable side effect profile and effectiveness in 
reducing recurrence rates. 
 
In one similar case report, the patient had hypertensive non-
granulomatous panuveitis, retinal vasculitis with focal 
retinochoroiditis with pigmented central area suggestive of 
ocular toxoplasmosis.9 In another case report, the patient’s 
anterior segment was unremarkable with funduscopic 
examination showing active lesions of whitish foci of 
chorioretinitis with surrounding oedema along the 
superonasal vessels and retinal vasculitis with perivascular 
sheathing in right eye.10 The above two case reports were the 
different presentation of ocular toxoplasmosis. However, in 
this case, the patient was immunocompetent and had 
unilateral vitritis without accompanying retinochoroiditis, 
which was an unusual presentation. The patient tolerated the 
TMP-S regimen well, and the recovery period was short 
compared to the above case reports. This underscores the 
importance of considering ocular toxoplasmosis in the 
differential diagnosis of vitritis, even in the absence of typical 
retinal lesions and in non-immunosuppressed patients. 
 
Ocular toxoplasmosis-related complications include 
cataracts, scleritis, retinal gliosis, cystoid macular edema, 
optic atrophy, secondary glaucoma, band keratopathy, 
vascular occlusions, tractional retinal detachment, and the 
formation of choroidal neovascular membranes. 
 
The prognosis of ocular toxoplasmosis varies, with potential 
complications, including recurrent inflammation, retinal 
scarring, and vision loss. Regular follow-up is essential to 
monitor the treatment response and early detection of 
recurrence. In our case, the patient responded well to 
treatment, with resolution of vitritis and no recurrence during 
follow-up. 
 
  
CONCLUSION 
This case report underscores the significance of considering 
ocular toxoplasmosis as a potential cause of unilateral 
vitritis, even in immunocompetent individuals. Prompt 
recognition and comprehensive diagnostic work-up, 
including advanced imaging techniques, laboratory tests, 
and treatment, are crucial in averting vision loss and 
complications associated with the condition. In summary, 
this case presented an unusual presentation of ocular 
toxoplasmosis, characterized by unilateral dense vitritis that 
resolved following appropriate therapy. 
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ABSTRACT 
Introduction: The biomedical potential of silver 
nanoparticles (Ag NPs) synthesized with Zingiber officinale 
and Ocimum gratissimum herbal formulation was 
investigated in this study. The study aims to reveal their 
applications in various biomedical fields. The study 
evaluates the antioxidant, thrombolytic, and antimicrobial 
potential of Zingiber officinale and Ocimum gratissimum 
herbal formulation-mediated Ag NPs.  

Materials and Methods: Biogenically synthesized silver 
nanoparticles (Ag NPs) from an herbal formulation 
containing Zingiber officinale and Ocimum gratissimum 
were tested at various concentrations using the DPPH (2,2-
diphenyl-1-picrylhydrazyl) assay. The absorbance was 
measured at 517 nm to quantify DPPH free radicals. With Ag 
NP concentrations, the H2O2 test exhibited increased 
activity. This work evaluated the antibacterial activity of Ag 
NPs mediated by Zingiber officinale and Ocimum 
gratissimum against Staphylococcus aureus, Streptococcus 
mutans, Candida albicans, and Enterococcus faecalis.  

Results: The utilization of herbal formulations from Z. 
officinale and O. gratissimum to synthesize Ag NPs revealed 
considerable therapeutic effectiveness. At a concentration 
of 50 µl, the maximal inhibition was 76%, which is 
comparable in effectiveness to that of standard ascorbic 
acid. Significant blood clot dissolution was observed during 
thrombolytic testing at a concentration of 100µg/ml, 
indicating promising prospects for the treatment of 
thrombotic disorders. Nanoparticles dose-dependently 
inhibited E. faecalis, C. albicans, S. aureus, and S. mutans in 
antibacterial testing. These results show the potential of the 
nanoparticles as supplementary or alternative treatments to 
conventional antibiotics, particularly in light of the 
increasing prevalence of antibiotic resistance. 

Conclusion: The further investigation of nanoparticles into 
their mechanisms and efficacy in therapeutic applications, 
positioning Zingiber officinale and Ocimum gratissimum 
formulation-mediated Ag NPs as viable candidates in 
developing antioxidant, thrombolytic, and antimicrobial 
treatments. 

KEYWORDS: 
Green synthesis, silver nanoparticles, oral pathogens, Zingiber 
officinale, Ocimum gratissimum, biomedical applications 

INTRODUCTION 
Nanotechnology has transformed many areas of science and 
medicine by providing new and positive ways to diagnose 
and treat illnesses. Among nanomaterials, silver 
nanoparticles (Ag NPs) have attracted much interest in the 
medical field because of their anti-inflammatory, 
antibacterial, and antioxidant properties.1 These 
characteristics make them especially well-suited for use in 
biological applications. Traditional methods of synthesizing 
nanoparticles often involve chemical or physical processes, 
which may pose hazards and incur high costs. However, 
green synthesis methods utilizing plant formulation offer an 
eco-friendly and cost-effective alternative.2 Plant-mediated 
synthesis of nanoparticles connects the reducing properties of 
phytochemicals present in the formulation, resulting in 
stable and biocompatible nanoparticles. There are several 
medicinal and dental uses for silver due to its antibacterial 
characteristics, which have been known for a long time.3 Ag 
NPs are an attractive choice for treating bacterial infections 
because they have more antibacterial action than bulk 
silver.4 Although their special characteristics might lead to 
physiological reactions in living systems by interacting with 
these materials. The size-dependent physicochemical features 
of nanoparticles boost their applicability in many 
applications.5 Different approaches to produce Ag NPs have 
been successfully combined into a range of biomaterials, 
enabling their use in many biological applications. Their 
effects on dental use and wound healing have been 
extensively investigated. The unique properties of Ag NP-
based biomaterials enable the healing of acute and chronic 
wounds and greatly limit the development of germs at wound 
sites.6 

The mechanisms underlying their antibacterial action 
involve interactions with bacterial cell walls, oxidative stress 
induction, and inhibition of microbial growth.7 In addition to 
their antimicrobial properties, Ag NPs also possess free 
radical scavenging activity. Free radicals generated during 
normal cellular metabolism or due to environmental factors 
can cause cellular damage, leading to various health issues. 
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Antioxidants, including Ag NPs, help neutralize these free 
radicals, thereby protecting cells from oxidative stress-
induced damage.8 Furthermore, the thrombolytic and 
anticoagulant properties of Ag NPs present a quiet area of 
research, especially in the context of thrombocytopenia,9 it is 
a condition characterized by a low platelet count, which can 
lead to bleeding disorders and increased thrombosis risk. 
Studies have shown that Ag NPs can influence platelet 
function and thrombin generation, highlighting their 
potential in modulating blood coagulation processes.10 This 
dual role of Ag NPs, as both pro-coagulant and anti-platelet 
agents, the complexity of their interaction with the 
hematological system, and the need for a thorough 
investigation to connect their therapeutic potential safely. 
Ginger (Zingiber officinale) has been employed as a culinary 
seasoning for over 2000 years.11 The roots and extracts 
derived from this plant contain polyphenol chemicals, 
including 6-gingerol and its derivatives, which have 
significant antioxidant properties. Ocimum gratissimum is 
commonly referred to as a scent leaf.12 The incorporation of 
Ocimum oil, derived from the leaf essential oil of Ocimum 
gratissimum, has been seen in several formulations as topical 
antiseptics and for the management of small wounds, boils, 
and pimples.13 This research focuses on the effects of Zingiber 
officinale and Ocimum gratissimum formulation-mediated 
Ag NPs on thrombolytic activity, free radical scavenging 
activity, and antimicrobial activity.  
 
 
MATERIALS AND METHODS 
Preparation of Plant Extract 
0.5 grams of each Zingiber officinale and Ocimum gratissimum 
were added to 100 ml of pure water. The heating mantle was 
set at 50 °C and boiled for 10 minutes. A muslin cloth was 
used to filter out the mixture. The filtered extracts of Z. 
officinale and O. gratissimum were mixed with a solution of 
silver nitrate (AgNO3) to start the synthesis process for the Ag 
NPs.  
 
Synthesis of Ag NPs 
The volume of 10 mL of the plant formulation was combined 
with 90 mL of 1 mM AgNO3 under continuous stirring. The 
reaction mixture was subsequently incubated at room 
temperature in the absence of light to inhibit the 
photoactivation of silver nitrate. The formation of Ag NPs 
was confirmed by the transformation of the clear solution to 
a brown color after 48 h. 
 
Characterization of Ag NPs 
UV-visible spectroscopy, an analytical method for analyzing 
the optical characteristics of NPs, was used to characterize the 
synthesized NP solution. The NPs solution (3 mL) was placed 
in a cuvette and scanned using a double-beam UV-Vis 
spectrophotometer. Spectrophotometric scans from 250 nm to 
650 nm allowed a complete evaluation of the NP solution's 
visible spectrum absorbance in a time-dependent manner, 
such as 3, 12, 24, 30, 36, and 48 h. Graphical analysis was 
conducted for the recorded results. The morphologies of the 
synthesized Ag NPs were analyzed using a scanning electron 
microscope. 
 
 

Antioxidant Activity 
DPPH Method 
The DPPH (2,2-diphenyl-1-picrylhydrazyl) test was used to 
measure the antioxidant activity of AgNPs produced by 
biogenic synthesis methods. Different concentrations (10, 20, 
30, 40, and 50 μL) of silver nanoparticles derived from Z. 
officinale and O. gratissimum herbal formulations were 
combined with 1 ml of 0.1 mM DPPH in methanol and 450 
μL of 50 mM Tris HCl buffer (pH 7.4). The mixture was then 
incubated for 30 min. DPPH free radicals were determined by 
measuring the absorbance at 517 nm. Ascorbic acid was used 
as a standard.14 
 
The percentage of inhibition was calculated using the 
formula: 
 
Percentage of inhibition = (Absorbance of control − 
Absorbance of the test sample) / Absorbance of control × 100 
 
H2O2 Assay 
The H2O2 scavenging activity of the biosynthesized AgNPs 
was assessed. 40 mM H2O2 solution was prepared in 
phosphate buffer (pH 7.4). A solution of the test sample (Ag 
NPs) and a standard sample of ascorbic acid at varying 
concentrations (10, 20, 30, 40, and 50 μg/mL) were 
individually added to 0.6 mL the H2O2 solution. After 10 min 
of incubation in the dark, the absorbance of the reaction 
solution was spectrophotometrically measured at 230 nm. 
Ascorbic acid was used as a standard.15,16 The percentage of 
H2O2 scavenging activity was calculated using the following 
formula: 
 
% inhibition= Absorbance of control- Absorbance of sample×100 
                                         Absorbance of control 
 
Thrombolytic Activity 
The thrombolytic activities of Z. officinale and O. gratissimum 
formulation-mediated AgNPs were evaluated using 
previously established protocols. Preformed blood clots were 
treated with 100μg/ml Z. officinale and O. gratissimum 
formulation-mediated AgNPs placed on a slide for analysis. 
All the experiments were performed at a controlled 
temperature of 30 ± 2°C. The process of thrombolysis, which 
refers to the dissolution of blood clots, was carefully 
monitored throughout the experiment.17 
 
Antibacterial Activity 
To assess the antibacterial efficacy of Z. officinale and O. 
gratissimum – Ag NPs against strains such as E. faecalis, C. 
albicans, S. aureus, and S. mutans, Mueller-Hinton agar was 
chosen for its reliability in determining zones of inhibition. 
The procedure began with the preparation and sterilization 
of Mueller-Hinton agar, which was autoclaved for 15 min at 
121°C under a pressure of 15 lbs. Sterile 9 mm polystyrene tip 
was used to create the wells in the solidified agar. 
Subsequently, the test organisms were evenly swabbed across 
the agar surface. Different concentrations of AgNPs were 
added to each well. The plates were kept warm for 24 h at 37 
°C. Once the incubation time was completed, the zones of 
inhibition were carefully measured. These images show the 
areas around the wells where Ag NPs stopped bacterial 
growth.18 
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Fig. 1: A) UV-visible spectroscopy of Ag NPs. B) SEM image of AgNPs synthesized from Zingiber officinale and Ocimum gratissimum 
herbal formulation.

Fig. 2: A) DPPH radical scavenging activity of Zingiber officinale and Ocimum gratissimum mediated Ag nanoparticles. B) H2O2 activity 
of Zingiber officinale and Ocimum gratissimum mediated AgNPs

Fig. 3: Thrombolytic activity of Zingiber officinale and Ocimum gratissimum mediated silver nanoparticles
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RESULTS  
Green Synthesis of Ag NPs 
Effective synthesis of Ag nanoparticles using Zingiber 
officinale and Ocimum gratissimum was carried out. The 
presence of Ag nanoparticles was indicated by the brown 
color. Visual observation of Ag nanoparticles has confirmed 
that they are a green and environmentally benign herbal 
formulation. 
 

Analysis of UV–Visible Spectroscopy 
In UV-visible spectroscopy, the synthesized Ag NPs exhibited 
considerable absorbance variation over time over a wide 
wavelength range (250–650 nm). After 3 h, the absorbance 
levels were low, suggesting reduced aggregation or particle 
size. However, the absorbance increased after 12 h and 
peaked at 440 nm (Figure 1A). The spectroscopic results 
indicated that the growth or aggregation processes produced 
valuable optical changes in the Ag NPs throughout the 

Fig. 4: Antimicrobial activity of Zingiber officinale and Ocimum gratissimum mediated Ag NPs against oral pathogens A) C. albicans B) 
E. faecalis C) S. aureus D) S. mutans

Fig. 5: Antimicrobial activity of Zingiber officinale and Ocimum gratissimum mediated Ag NPs against Oral pathogens
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experiment. As Ag NPs interact strongly with UV light, their 
maximal absorption indicates their size and concentration 
variation. This shows that the Ag NPs attained a fixed size or 
aggregation state, strongly absorbing and scattering UV light. 
The synthesized AgNPs had a consistent size distribution and 
were spherical, as revealed by SEM examination (Figure 1B). 
Nanoparticles have little possibility of clumping or clustering 
because they are evenly distributed throughout the substrate. 
The surface morphology of the AgNPs was evident in the 
high-resolution SEM images, which showed smooth, 
spherical particles free of extraneous flaws. The spherical 
shape of the nanoparticles indicates that the synthesis 
technique successfully produced monodisperse AgNPs. The 
SEM images reveal a steady size distribution, indicating a 
continuous synthesis process. 
 
Antioxidant activity 
 The antioxidant efficacy of Zingiber officinale and Ocimum 
gratissimum formulation-mediated AgNPs was assessed 
using DPPH and H2O2 assay, revealing a dose-dependent 
enhancement in antioxidant activity. In the DPPH assay, the 
antioxidant activity of the formulation-mediated Ag NPs 
demonstrated a significant increase, with the highest 
inhibition observed at 76% for a concentration of 50 μL, a 
considerable increase from the 51% inhibition at 10 μL. This 
activity was compared against the standard antioxidant 
ascorbic acid, which showed an 80% inhibition (Figure 2A). 
Similarly, the H2O2 assay indicated a progressive increase in 
activity with higher concentrations of herbal formulation -Ag 
NPs a significant scavenging rate of 76.84% at 50 μL 
compared to 51 % at 10 μL, with ascorbic acid as the control 
showing an 81% scavenging rate at 50 μL (Figure 2B). These 
findings indicate the antioxidant potential of formulation-
mediated AgNPs.  
 
Thrombolytic activity 
The thrombolytic activity of Z. officinale and O. gratissimum 
herbal formulation-mediated AgNPs showed that blood clots 
were treated with 100 μg/ml concentration, and a significant 
degree of thrombolysis was observed (Figure 3). The potential 
of Ag NPs as promising agents for the treatment of 
thrombotic conditions.  
 
Antimicrobial activity  
A study examining the antimicrobial activity of Z. officinale-
and O. gratissimum-mediated Ag NPs showed a clear zone of 
inhibition against various pathogens. Three different 
concentrations of Ag NPs were tested: 25, 50, and 100 μL.  
Against E. faecalis, the inhibition zones increased with the 
concentration of Ag NPs, with measurements of 11 mm, 14 
mm, and 16 mm for the increasing concentrations, 
respectively, compared with a significantly larger zone of 35 
mm observed for the antibiotic control. A similar dose-
dependent activity was noted against C. albicans, with zones 
of inhibition measuring 9, 12, and 14 mm, notably against S. 
mutans, with a zone of inhibition of 9 mm across all 
concentrations. The maximum zones of inhibition observed 
for S. aureus against AgNPs were 18, 19, and 20 mm at all 
concentrations. (Figures 4 and 5). 
 
  

DISCUSSION 
A detailed investigation of the various uses of AgNPs 
mediated by herbal formulations from Z. officinale and O. 
gratissimum explains their potential in the thrombolytic, 
antibacterial, and antioxidant domains. These biogenic Ag 
NPs are effective radical scavengers, as shown by their 
antioxidant effectiveness in DPPH and H2O2 experiments.14,15 
Their activity was compared with that of ascorbic acid, a well-
established standard for antioxidant measurements. This 
demonstrates the potential of these nanoparticles to reduce 
oxidative stress, and suggests a possible direction for the 
development of antioxidant treatments. These results 
highlight the natural antioxidant qualities of plant 
formulations and the increased effectiveness of nanoparticle 
mediation, recommending further research into their 
potential medicinal uses.16 
 
Regarding thrombolytic activity, the significant 
disintegration of blood clots treated with these AgNPs 
suggests that they may be useful as new medicines to treat 
thrombotic disorders. This clot dissolution highlights the 
therapeutic potential of using plant herbal formulation-
mediated nanoparticles to improve clot breakdown, 
particularly when compared with the AgNO3 control 
solution. These nanoparticles significantly affect the 
treatment of illnesses marked by undesired blood clot 
formation and require further investigation into the 
underlying processes and therapeutic optimization.17  
 
Evaluation of antimicrobial activity against pathogens 
including C. albicans, S. aureus, and E. faecalis shows distinct 
effectiveness and significant antibacterial potential of Ag NPs 
produced from Zingiber officinale and Ocimum gratissimum. 
This capacity, which presents a viable substitute or addition 
to conventional antibiotic therapies, is vital in light of 
growing antibiotic resistance.18 The effectiveness of the 
nanoparticles against S. aureus and E. faecalis was significant; 
however, it was not as strong against S. mutans. This suggests 
that there may be a complex connection between 
nanoparticles and the structures or processes of microbial 
cells.19 This emphasizes the complex relationships between 
microorganisms and nanoparticles, and how focused studies 
are required to maximize the antibacterial activity of 
nanoparticles while maintaining their safety for therapeutic 
usage.20,21,22 
 
 
CONCLUSION 
Our results highlight the broad-spectrum effectiveness of Ag 
NPs mediated by Ocimum gratissimum and Zingiber 
officinale herbal formulations for thrombolytic, antioxidant, 
and antibacterial applications. Their action is dose-
dependent, which emphasizes the significance of 
concentration in attaining the intended therapeutic effects, 
and provides a crucial criterion for further study and 
application development. These nanoparticles provide a 
viable option for various therapeutic interventions because of 
their proven capacities, providing new approaches to 
enduring problems in the treatment of thrombosis, infection 
prevention, and oxidative stress management.  
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SUMMARY  
Visual loss following secondary retinitis pigmentosa (RP) is 
a rare complication of cytotoxic chemotherapy. Few cases of 
docetaxel- and/or platinum-induced retinal toxicity have 
been reported. Routine ocular examination of patients 
undergoing chemotherapy is required for early recognition 
and intervention of ocular toxicity.  A 72- year-old female 
undergoing docetaxel and carboplatin combination 
chemotherapy for the past 3 months presented with 
complaints of defective vision in both eyes for 2 months. 
Fundus examination revealed a waxy pale disc in both eyes, 
arteriolar attenuation, and peripheral bony spicules, 
suggesting secondary retinitis pigmentosa. Optical 
Coherence Tomography (OCT) of the macula revealed  
macular dystrophy. The Humphrey Visual Field (HVF) 
showed field defects. Despite the reduction in chemotherapy 
dosage, no improvement was observed during the  three-
week follow-up period. 
 
KEYWORDS:  
Retinitis pigmentosa, chemotherapy, macular dystrophy 
 
 
INTRODUCTION 
Due to the distinct anatomical, physiological, and 
biochemical properties of the eye, ocular toxicity caused by 
cancer treatment encompasses a wide range of conditions, 
including maculopathy, cortical blindness, and blurred 
vision. The adnexal, anterior segment, posterior segment, 
and neuro-ophthalmic segments are the categories in which 
ocular side effects can be divided. One of the medications in 
the taxane class, docetaxel is an anti-mitotic chemotherapy 
agent that is approved for the treatment of breast cancer and 
uterine carcinoma, among other solid tumors.1 A hereditary 
retinal degeneration that causes gradual contraction of the 
visual field is called retinal pigmentosa (RP). Midperipheral 
photoreceptors are first affected by RP, and as the condition 
worsens, more central retinal regions are also affected.2 

Chemotherapy might affect the retina, causing ocular 
toxicity. Routine ocular examination with fundus evaluation 
should be performed for patients undergoing chemotherapy. 
 
 
CASE PRESENTATION 
A 72-year-old woman with a known case of type 2 diabetes 
mellitus presented with complaints of defective vision in both 

eyes for 2 months, which was sudden in onset and progressive 
in nature. History of right eye cataract surgery performed 4 
years back and postoperative vision was 6/9. She had a 
history of uterine carcinoma 2 years ago, for which she 
underwent hysterectomy and was receiving docetaxel and 
carboplatin combination chemotherapy for the past 3 
months. Docetaxel (60 mg/m2) was administered 
intravenously (iv) for 1 h, followed by carboplatin (6 
mg/ml/min) administered intravenously for 1 h at 3 weeks 
interval. The patient developed a sudden decrease in vision 
after 3rd cycle of chemotherapy. The patient stated that her 
ocular problems began after the start of treatment, and her 
medical history revealed that she had no prior ocular 
disorders. There was no family history of retinal dystrophy.  
 
On examination, visual acuity in both eyes was 6/24 and 
color vision in both eyes 0/25 plates. Anterior segment right 
eye pseudophakia and left eye nuclear sclerosis grade I with 
posterior subcapsular cataract and normal pupil reaction. 
The intraocular pressure was normal. Fundus examination 
revealed pale disc, arteriolar attenuation, and bony spicules 
in the periphery. Optical Coherence Tomography (OCT) 
macular dystrophy. The Humphrey Visual Field (HVF) 
showed both eyes near the total field defect. Bilateral loss of 
rod and cone cell function was demonstrated by 
electroretinography as diminished scopic and photopic 
responses. 
 
The patient was diagnosed with secondary retinitis 
pigmentosa after chemotherapy. The patient was diagnosed 
with poor visual prognosis. The patient’s condition was 
discussed with an oncologist, and the dose of chemotherapy 
was reduced. The patient was followed-up for 3 weeks, and 
the visual acuity and fundus changes remained the same.  
 
 
DISCUSSION 
The development of secondary retinitis pigmentosa following 
cytotoxic chemotherapy, particularly docetaxel and 
carboplatin combination therapy, represents a rare but 
significant ocular complication. Docetaxel and carboplatin 
are commonly used in the treatment of various 
malignancies, including uterine cancer, due to their efficacy 
in inhibiting cancer cell proliferation. However, both agents 
have been associated with ocular side effects, albeit less 
frequently than-other systemic adverse reactions. 
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Fig. 1: A & B showing fundus photograph of right and left eye with waxy pale disc, arteriolar attenuation, bony spicules in periphery 
respectively

Fig. 2: A & B: Right eye and left eye near total field defect respectively. C & D: Right eye and left eye OCT showing macular dystrophy 
respectively 
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The mechanism underlying chemotherapy-induced retinal 
toxicity remains poorly understood; however, several 
hypotheses have been proposed. Chemotherapy agents may 
directly damage retinal cells, disrupt retinal 
microvasculature, or induce oxidative stress, leading to 
cellular dysfunction and apoptosis.3 Additionally, individual 
susceptibility factors, such as genetic predisposition or pre-
existing retinal abnormalities, may influence the 
development and severity of chemotherapy-related ocular 
toxicity. 
 
One case study reported an acceleration of RP in a patient 
with non-Hodgkin's lymphoma, a known case of Usher’s 
syndrome.4 There is another case study showed bilateral 
blindness with secondary retinitis pigmentosa following 
postoperative docetaxel and platinum combination 
chemotherapy in primary small-cell carcinoma of the 
endometrium.5 In which, the patient presented with 
symptoms consistent with RP within a few months of 
chemotherapy, suggesting the onset of retinal toxicity. 
Therefore, it’s feasible that the patient's chemotherapeutic 
treatment may have led to the development of RP through a 
neurotoxic effect caused by one of its components. 
Neurotoxicity of taxanes showed alterations in 
electroretinogram.3 Patient had no ocular complaints 
suggestive of RP in the past and patient record during right 
eye cataract surgery showed normal fundus findings.  No 
family history of retinitis pigmentosa was present, indicating 
that chemotherapy exposure was the precipitating factor. 
Notably, the onset of visual disturbances coincided with the 
administration of docetaxel and carboplatin combination 
therapy, further supporting their potential role in retinal 
injuries. 
 
The management of chemotherapy-induced RP primarily 
focuses on symptomatic relief and supportive care as there 
are currently no definitive treatments to reverse retinal 
degeneration. Ophthalmologic monitoring is essential for the 
early detection of RP and the initiation of interventions to 
optimize visual function and quality of life. Additionally, 
patients receiving cytotoxic chemotherapy should be 
educated about potential ocular side effects and encouraged 
to report any visual changes promptly. 
 
 

CONCLUSION 
The present case underscores the importance of recognizing 
and addressing chemotherapy-induced ocular complications, 
particularly the rare occurrence of secondary RP after 
docetaxel and carboplatin combination therapy. Despite 
being primarily used for their antineoplastic effects, cytotoxic 
agents can inadvertently lead to ocular toxicity, highlighting 
the need for vigilant monitoring and early intervention. The 
onset of RP symptoms following the initiation of 
chemotherapy emphasizes the importance of follow-up care 
for patients undergoing cytotoxic treatment. All patients 
undergoing chemotherapy should undergo regular 
ophthalmological screening to identify complications at the 
earliest. 
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ABSTRACT 
Introduction: Selenium nanoparticles (SeNPs) have drawn a 
lot of interest among researchers because of their distinct 
impact on antioxidant activity, anti-inflammatory tests, 
antibacterial activity, and in the treatment of various 
diseases. A. linearis has shown great findings in biomedical 
applications because of its physio-chemical compounds 
such as Aspalathin, orientin, and isoorientin. The increasing 
demand for eco-friendly and sustainable nanomaterial 
synthesis has led to the development of green methods 
utilizing natural resources. The study's main objective is to 
synthesize green SeNPs using Aspalathus linearis and then 
test them for cytotoxic, anti-inflammatory, and anti-diabetic 
properties.  
 
Materials and Methods: A UV-visible spectrophotometer and 
SEM were used to characterize the green synthesized 
SeNPs. The anti-inflammatory and anti-diabetic activities of 
green synthesized SeNPs were measured using the alpha-
amylase inhibitory & beta-glucosidase enzyme inhibition 
assay and the egg albumin, bovine serum albumin, and 
membrane stabilization assays. A test for the mortality of 
brine shrimp was used to determine the cytotoxic impact of 
SeNPs. 
 
Results: A. linearis powder was used for the green synthesis 
of selenium nanoparticles, which exhibited the highest peak 
at 440 nm when analyzed using a UV-visible 
spectrophotometer. The In vitro anti-inflammatory effect of 
synthesized SeNPs was maximally inhibited by 44-83% in 
the bovine serum albumin assay 54-79% in the egg albumin 
assay, and 54-86% in the membrane stabilization assay 
compared with standard. The inhibition percentage of 
antidiabetic activity was found to be 50-86% in the alpha-
amylase assay and 49-85% in the beta-glucosidase assay 
when compared to standards at various concentrations. 
Furthermore, the cytotoxicity impact shows that 70% of 
brine shrimp were alive at the maximum fixation of 80 μg/mL. 
Conclusion: The SeNPs showed concentration-dependent 
anti-inflammatory and anti-diabetic action, and the green 
synthesized SeNPs demonstrated an excellent anti-
inflammatory and anti-diabetic agent. The brine shrimp 
lethality assay confirmed the SeNPs' biocompatible nature 

even at high concentrations with less toxicity. Hence the 
study may enhance SeNPs in developing inflammation 
drugs and can also be utilized in diabetes management. 
 
KEYWORDS:  
Antidiabetic activity, Anti-inflammatory, Green synthesis, Selenite, 
Biomedical applications 
 
 
INTRODUCTION 
New advances in nanotechnology have prompted creativity 
in numerous fields, especially the biomedical field, where 
groundbreaking findings have produced nanoproducts with 
the potential to treat serious medical conditions. Concepts 
grounded in "nanotechnology" There is a lot of promise in 
using atoms and molecules to create useful structures.1 

Nanotechnology has enabled the creation of functional 
structures such as solid-liquid nanoparticles, dendrimers, 
liposomes, nanotubes, and nanocrystals.2 Nanotechnology 
has the potential to be applied in many different medical 
fields, such as wound healing, cancer therapy, and diabetes 
mellitus management. Selenium is found in group 16 of the 
periodic table and is well known for its photoelectric and 
semiconductor properties. Additionally, it is used in 
biological processes, solar cells, rectifiers, and light exposure 
in photography.3 Biomedical applications of green 
synthesized Selenium nanoparticles (SeNPs) include an anti-
inflammatory test, antioxidant properties, antibacterial 
activity, antidiabetic activity, cytotoxic effect, etc.4 A variety 
of plants and herbs were used in the synthesis of 
nanoparticles, which can serve as capping and reducing 
agents. As the human population grows, inflammatory 
disorders such as asthma, cardiovascular disease, 
rheumatoid arthritis, colitis, diabetes, psoriasis, autoimmune 
disease, lupus, vasculitis, cancer, celiac disease, and chronic 
obstructive pulmonary disease pose a threat to human 
health.5 Previous studies have shown that the anti-
inflammatory properties of herbal plants come from their 
bioactive components, including tannins, alkaloids, 
flavonoids, saponins, and phytosterols. 
 
However, diabetes is the major cause among the population, 
and phytochemicals like Polyphenols, terpenoids, coumarin, 
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flavonoids, and other compounds that exhibit a decrease in 
blood glucose levels are responsible for the antidiabetic effect 
of medicinal plants.6 Rooibos, or Aspalathus linearis, is a 
native South African plant that is highly valued for its 
therapeutic qualities. The herb has been used to treat a wide 
range of illnesses, including inflammation, diabetes, and 
cancer.7,8 Numerous secondary metabolites, including 
flavonoids and polyphenols, are known to be present in 
Rooibos and have anti-inflammatory, antioxidant, and 
antidiabetic properties.9,10 There are several ways to 
synthesize selenium nanoparticles, including chemical, 
biological, and physical processes. It has been demonstrated 
that biological techniques, such as the use of plant extracts as 
stabilizing and reducing agents, are more economical and 
environmentally beneficial than chemical and physical 
techniques.11 
 
In this study, SeNPs were synthesized using A. linearis. 
Preliminary analyses were performed on the synthesized 
SeNPs using a UV-visible spectrophotometer in the range of 
250 to 650 nm (nanometer). The anti-inflammatory activity 
of the synthesized SeNPs was evaluated using membrane 
stabilization, EA, and BSA assays. The antidiabetic effect was 
evaluated using alpha-amylase and beta-glucosidase 
enzyme inhibition assays. Moreover, cytotoxic effects were 
assessed using the brine shrimp lethality assay. 
 
 
MATERIALS & METHODS 
Plant Extract Preparation: 
Powdered red tea (A. linearis) was purchased from a 
commercial supplier. A weight balance was used to weigh 1 
g of A. linearis, which was combined with 100 mL of distilled 
water. Using a heating mantle, the combined solution was 
boiled for 15–20 min at 60 °C. A conical flask and glass 
funnel were used to filter the boiling solution through a 
Whatman No. 1 filter paper. 
 
Synthesis of SeNPs: 
Using a weighing balance, 20 mM sodium selenite was 
measured and mixed with 50 mL distilled water. The orbital 
shaker was filled with a mixture of 50 mL sodium selenite 
solution and 50 mL filtered A. linearis extract. After 36 h, the 
mixed solution was kept in an orbital shaker and analyzed 
using a UV-visible spectrophotometer. UV absorbance was 
measured at intervals of 12, 24, and 36-hour intervals. After 
36 hours, the solution was centrifuged at 8000 rpm (rotation 
per minute), and the supernatant was discarded. Pellets were 
collected and stored for future studies. The steps involved in 
the green synthesis of SeNPs and their biomedical 
applications are shown in Figure 1. 
 
Bovine Serum Albumin Denaturation Assay 
According to previous studies, 12 bovine serum albumin 
(0.45 g) and various concentrations of green-synthesized 
selenium nanoparticles (10-50 μg/mL) were combined in 0.05 
mL of the mixture. A pH of 6.3 was maintained. The mixture 
was incubated for 30 min at 55°C in a water bath for 10 min 
at room temperature. The standard group was diclofenac 
sodium, whereas the control group was dimethyl sulfoxide. 
The samples were examined by spectrophotometry at 660 
nm. The following formula was used to obtain the 

denaturation percentage of the protein: 
 
% inhibition = Absorbance of control- Absorbance of sample×100 
                                             Absorbance of control 
 
Egg Albumin Denaturation Assay 
A gentle stir was given to a mixture containing 2.8 mL of 
phosphate buffer and 0.2 mL of fresh egg albumin. Various 
concentrations of A. linearis-mediated selenium nanoparticles 
were added to the reaction concentrations (10-50 μg/mL). A 
pH of 6.3 was maintained. After ten minutes at ambient 
temperature, the mixture was incubated for 30 min at 55°C 
in a water bath. The standard group used was diclofenac 
sodium, and the control group was dimethyl sulfoxide as 
stated in the study.13 After that Spectroscopic analysis was 
performed at 660 nm using a UV visible spectrophotometer to 
examine the samples. 
 
% inhibition = Absorbance of control- Absorbance of sample×100 
                                             Absorbance of control 
 
Membrane Stabilization Assay 
A popular method for assessing the ability of a compound to 
stabilize membranes in a controlled setting is the in vitro 
membrane stabilization assay. This assay tests the ability of 
a substance to maintain the integrity of the cell membrane 
by preventing the disintegration of the membrane and 
subsequent release of intracellular contents. PBS, centrifuge 
tubes, Tris-HCl buffer (50 mM, pH 7.4), human red blood 
cells, different quantities of selenium nanoparticles (10-50 
μg/mL), and a UV-Vis spectrophotometer were used in this 
assay. 
 
An RBC suspension was prepared by collecting human blood 
and placing it in an anticoagulant-filled sterile tube. 
Centrifuge the blood at 3000 rpm (rotations per minute) for 
10 minutes to separate the red blood cells from other blood 
constituents. RBCs were washed with (phosphate-buffered 
saline PBS (Phosphate buffer solution) and the supernatant 
was discarded. To achieve an RBC suspension of 10% (v/v), 
RBCs were resuspended in Tris-HCl buffer. Each centrifuge 
tube was filled with 1 mL of RBC suspension using a pipette. 
Next, varying quantities of SeNPs were introduced into each 
tube. After gentle mixing, the tubes were incubated at 37°C. 
The tubes for ten minutes at room temperature at 2500 rpm 
(rotation per minute). A UV-visible spectrophotometer at 540 
nm was used to determine the absorbance of the 
supernatant. 
 
% inhibition = Absorbance of control- Absorbance of sample×100 
                                             Absorbance of control 
 
where the absorbance of the RBC suspension without the test 
chemical(s) is referred to as the OD control, and the 
absorbance of the RBC suspension with the test compound 
present is referred to as the OD sample.14 
 
In-vitro Antidiabetic Assay 
Alpha-amylase and alpha-glucosidase enzyme inhibition 
assays were the two methods used to carry out the in vitro 
anti-diabetic assay. 
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Alpha-Amylase Inhibitory Assay: 
To determine whether alpha-amylase inhibition was present, 
the amount of maltose released during the experiment was 
assessed. Various quantities of selenium nanoparticles (10, 
20, 30, 40, and 50 μg/mL) were pre-incubated in a 100 μg/mL 
solution of -amylase (1 U/mL) for the first 30 min. The 
mixture was allowed to settle at room temperature for five 
minutes, and then 100 μg/mL of a 1% w/v starch solution 
was added. The mixture was heated in a water bath for five 
minutes before adding 100 μL of 96 mM (3, 5-dinitrosalicylic 
acid solution (DNSA) reagent to stop the reaction. When the 
same volume of sodium phosphate buffer was substituted, 
the control was maintained. A steady pH of 6.9 is 
maintained. The samples were analyzed using a multi-beam 
spectrophotometer set up at 540 nm and the readings were 
recorded; acarbose was used as a control, as described in 
previous studies.15 
 
% of inhibition = C-T/C x 100, where C is the control and T is 
the test sample. 
 
Beta-Glucosidase Enzyme Inhibition 
Following mixing with the starch substrate solution (2% w/v 
maltose or sucrose), the SeNPs solutions at concentrations of 
10, 20, 30, 40, and 50 μg/ml were incubated for 5 minutes at 
37° C in the presence of 0.2 M pH 8.0 Tris buffer. Beta-
glucosidase enzyme (1 μg/ml) was added, and the mixture 
was incubated for 40 min at 35 °C. The process ended when 
two milliliters of 6 N HCl was added and acarbose was used 
as a control.16 
 
% of inhibition = C-T/C x 100, where C is the control and T is 
the test sample. 
 
Brine Shrimp Lethality Assay 
200 milliliters of distilled water were used to dissolve two 
grams of iodine-free salt. Ten to twelve milliliters of saline 
water were added to each of the six-well ELISA plates. 
Gradually, 10 nauplii were added into each well at varying 
concentrations (5 10, 20, 40, and 80 μL) were added to each 
well. The plates were incubated for an entire day. The ELISA 
plates were inspected after a 24-hour interval to count the 
number of live nauplii and calculate the percentage of 
quantity using the following procedure as mentioned in 
previous studies.17 The total number of dead nauplii was 
equal to the sum of the live nauplii and 100. 
 
Percentage of live nauplii = No of live nauplii – No of dead nauplii × 100 
                                                                 No of dead nauplii 
 
Statistical Analysis 
All experiments in this study were performed in triplicate to 
guarantee the accuracy of the findings. The standard error 
(SE) was used in the statistical analysis of the measured anti-
inflammatory and antidiabetic activity data. A measure of 
the sample means' variability is provided by the standard 
error, which enables the evaluation of the accuracy and 
significance of the results.  
 
 
 

SeNPs: Selenium nanoparticles; A. linearis: Aspalathus 
linearis 
A) BSA assay 
B) EA assay 
C) Membrane stabilization assay 
 
Error bars in the graph represent standard error. Two-way 
ANOVA was used to evaluate the significance. The P value 
(P<0.0005) was statistically significant. 
 
 
RESULTS 
Synthesis of Selenium Nanoparticles and Its Characterization 
Analysis 
SeNPs were synthesized using A. linearis extract, and the color 
change was preliminarily confirmed. After 24 h of 
incubation, a color change from light orange to dark brown 
was noted, indicating the reducing and capping ability of the 
A. linearis extract. The color change is shown in Figures 2A 
and 2B. Three milliliters of the solution were sampled at 12-, 
24-, and 36-hour intervals and the decrease in Se ions was 
then measured using a UV-vis spectrophotometer. Spectral 
analysis was performed to determine the maximum 
absorption by measuring the wavelength between 250 and 
650 nm. The green synthesized selenium nanoparticles using 
A. linearis exhibited a maximum peak at 440 nm, and a 
visual representation is provided in Figure 2C. The synthetic 
SeNPs were spherical with a consistent size distribution, as 
confirmed by SEM imaging Figure 2D. The nanoparticles 
were evenly distributed throughout the substrate, with no 
evidence of aggregation or clustering. Smooth and spherical 
particles with no visible defects or abnormalities are depicted 
in the high-resolution SEM images, which offer 
comprehensive insights into the surface morphology of 
SeNPs. Given that the nanoparticles were spherical, the 
synthesis process likely produced monodisperse SeNPs. The 
homogeneous size distribution of the SEM images suggests 
that the synthesis process is repeatable. 
 
Anti Inflammatory Assay 
Bovine Serum Albumin Denaturation Assay 
The anti-inflammatory properties of the synthesized SeNPs 
were evaluated and compared with those of the reference 
drug using the bovine serum albumin assay. The 
concentration-dependent anti-inflammatory effects of SeNPs 
showed an increasing percentage of inhibition. When the 
SeNPs were concentrated to a maximum of 50 μg/mL, they 
had 79% anti-inflammatory activity; at 10 μg/mL, the 
inhibition percentage was 44%. In contrast, the BSA test 
revealed that the standard had an anti-inflammatory effect 
of 47% at a concentration of 10 μg/ml and 84% at the 
highest concentration of 50 μg/ml. Table IA displays the 
dose-dependent inhibition of BSA using SeNPs. 
 
EA Assay 
An assay for denaturing egg albumin was used to evaluate 
the anti-inflammatory capabilities of the green-synthesized 
SeNPs. The results showed that SeNPs had anti-inflammatory 
action, with 54% inhibition at 10 μg/mL, 65% inhibition at 
30 μg/mL, and 79% inhibition at the maximal dose of 50 
μg/mL. In contrast, 55% of the anti-inflammatory activity of 
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Table I: Anti-inflammatory activity of A. linearis mediated selenium nanoparticles using three different In vitro assays

Table II: Graphical representation of inhibition percentage of A. linearis mediated selenium nanoparticles using A) Alpha-amylase 
inhibition Assay and B) Beta-glucosidase enzyme inhibition

Table III: Cytotoxic effect of green synthesized SeNPs using brine shrimp lethality assay
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the standard was demonstrated by the BSA test at 10 μg/mL, 
69% at 30 μg/mL, and 84% at the highest dosage of 50 
μg/mL. The readings are listed in Table IB. 
 
Membrane Stabilization Assay 
Table IIIC shows a visual representation of the inhibition % 
of green-synthesized SeNPs as determined by a membrane 
stabilization experiment. A. linearis-mediated SeNPs' anti-
inflammatory potential was contrasted with that of a 
common medication (diclofenac sodium). The produced 
nanoparticles were evaluated at 10, 20, 30, 40, and 50 μg/mL 
and compared to the standards. The results indicated that the 
percentage inhibition of SeNPs was 55% at 10 μg/mL, 74% at 
30 μg/mL, and 86% at 50 μg/mL. In contrast, the standard 
indicated that the percentage of inhibition was 58% at 10 
μg/mL, 77% at 30 μg/mL, and 89% at the highest 
concentration of 50 μg/mL. The overall inhibition percentage 
of SeNPs is notable, and the percentage of inhibition is shown 
in Table IC. 
 
In vitro Antidiabetic Assay 
Alpha-Amylase Assay 
Table 2A illustrates the concentration-dependent suppression 
of A. linearis-mediated SeNPs, with percentages of 50, 61, 73, 
77, and 86% at concentrations of 10, 20, 30, 40, and 50 μL, 
respectively. In contrast, at equivalent doses, conventional 
acarbose demonstrated a percentage of inhibition ranging 
from 52% to 88%, which illustrates the potential of SeNPs-

mediated A. linearis in modifying α-amylase activity, as 
demonstrated by these studies. 
 
Beta-Glucosidase Inhibition Assay 

SeNPs exhibited concentration-dependent inhibition in the β-
glucosidase enzyme assay at different concentrations (10, 20, 
30, 40, and 50 μL), with corresponding inhibition percentages 
of 49, 62, 74, 76, and 85%, respectively. Similar 
concentration-dependent inhibitory patterns, with 
percentages ranging from 52 to 88%, are shown in the 
standard reference. These results highlight the antidiabetic 
potential of SeNPs, which may explain their observed β-
glucosidase-inhibitory actions. Compared to the standard 
drug acarbose, the β-glucosidase-inhibitory activities of 
SeNPs synthesized using A. linearis were enhanced in a dose-
dependent manner, as shown in Table IIB. 
 
Cytotoxic Effect 
The cytotoxic effect was assessed using a brine shrimp 
lethality assay, and the results showed that 100% live nauplii 
were present in each well on day 1. On day 2, 100% of live 
nauplii was noted at a concentration of 5 μg/mL, 90% at 
10μg/mL and 20 μg/mL, 80% at 40 μg/mL, and 70% of live 
nauplii were present at a maximum concentration of 80 
μg/mL, where the nauplii with salt water was used as a 
control. Overall, the SeNPs synthesized using A. linearis 
showed lower toxicity, as shown in Table III. 
 

Fig. 1: Graphical illustration of the overall synthesis of selenium nanoparticles using A. linearis Anti-inflammatory assay 
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DISCUSSION 
In the present study, A. linearis was used to synthesize 
selenium nanoparticles in an environmentally friendly 
manner. The maximum peak of the synthesized SeNPs was 
analyzed at 440 nm using a UV-visible spectrophotometer, 
which was preliminarily confirmed. The synthesized A. 

linearis-mediated selenium nanoparticles showed 79% anti-
inflammatory effects at a concentration of 50μg/mL and 42% 
anti-inflammatory effects at a concentration of 10μg/mL 
using the bovine serum albumin test. The maximal 
percentage of inhibition in the egg albumin assay was 53% 
at 10μg/mL and 78% at 50μg/mL. Compared to standards, 

Fig. 2: A) Synthesis of SeNPs using A. linearis before incubation B) After incubation of 24 h C) UV absorbance of A. linearis mediated 
SeNPs D) SEM analysis of SeNPs
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the maximum absorbance in the membrane stabilization 
assay was 86%. Furthermore, at 50 μg/mL, the Alpha-
Amylase Assay showed 86% anti-diabetic activity. By 
contrast, the standard displayed approximately 88% 
inhibition. In the beta-glucosidase assay, the percentage of 
inhibition was 85% at the maximum concentration (50 
μg/mL).  These results demonstrate the effectiveness of the 
herbal plant in enhancing its antidiabetic properties in 
addition to its dose-dependent behavior. The above 
information points to a possible direction for developing 
cutting-edge diabetic treatment plans utilizing SeNPs. These 
results demonstrate the inhibitory potential of the green-
synthesized SeNPs. In addition, using the brine shrimp 
lethality assay, the cytotoxic impact revealed that 70% of the 
nauplii remained alive at the highest dose of 80 μg/mL, 
which is less toxic. 
 
An herbal combination of C. sativus, C. macroptera, and 
glycerol extract was prepared for prior investigation; its anti-
inflammatory and antioxidant qualities were comparable to 
those of the standards. Comparatively, SeNPs showed 
comparable activity when tested for three criteria of the 
standard.18 SeNPs made with arrowroot were examined for 
their cytotoxic and anti-inflammatory properties. Evidence 
suggests that an increase in concentration may enhance 
anti-inflammatory activities. The cytotoxic impact results 
indicated that at a concentration of 30 μg/mL, only one 
nauplii remained alive. Similarly, SeNPs revealed the 
presence of 7 live nauplii at an 80 μg/mL concentration.19 
 
The anti-diabetic effects of SeNPs biosynthesized by Fagonia 
cretica were studied. SeNPs demonstrated dose-dependent 
inhibition of α-glucosidase and α-amylase at concentrations 
ranging from to 62-1000 μg mL-1, with IC50 values of 92 and 
100 μg mL−1, respectively, using α-amylase inhibition and 
beta-amylase inhibition assays.20 In vitro and in vivo studies 
were conducted to investigate the effects of dextrin-stabilized 
Se nanoparticles (SeNPs), which have a size of 64 ± 0.158, as 
a strong antioxidant with lower toxicity. SeNPs showed 
strong anti-inflammatory effects and significantly (p<0.05) 
decreased the markers associated with arthritis at a dose of 
250 μg/kg body weight. At 500 μg/kg b.w., the enzymatic 
antioxidant levels in the liver, kidney, and spleen were 
significantly (p<0.05) restored, while CRP returned to normal 
at a dose of 100 μg/kg b.w. SeNPs were used to identify 
concentration-dependent inhibition of the α-glucosidase 
enzyme. At a dose of 1000 μg/mL, the highest relative 
inhibition observed in this study was 19.26%. By contrast, the 
acarbose-treated control group showed a significant drop-in 
enzyme activity, with a concentration of 100 μg/mL.21,22 
 
 
CONCLUSION 
The synthesized A. linearis-mediated selenium nanoparticles 
exhibited a very similar percentage of inhibition of anti-
inflammatory activity when compared with the standard 
drug. The effect of selenium nanoparticles synthesized using 
A. linearis should be further studied and utilized as a potential 
component of anti-inflammatory drugs. The anti-diabetic 
activity shows that the synthesized SeNPs have a huge impact 
and may be used in the treatment of diabetes as well as other 

biological applications. However, the cytotoxicity assay 
performed using brine shrimp lethality assay showed less 
toxicity. Overall, SeNPs synthesized using A. linearis have 
great potential for future biomedical applications. 
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ABSTRACT 
Introduction: Pregnancy induces physiological changes, 
including alterations in cardiovascular dynamics, 
predisposing pregnant women to supine hypotension 
syndrome (SHS) during lower-segment cesarean section 
(LSCS) under spinal anesthesia. Various methods, including 
manual displacement of the uterus and use of wedges or 
cushions, have been proposed to prevent SHS, but their 
effectiveness remains variable. This study aimed to compare 
the efficacy of a novel 3D-printed uterine displacement 
device with that of a traditional wedge in preventing SHS 
during LSCS after spinal anesthesia. 

Methodology: This prospective, randomized, controlled trial 
enrolled pregnant females undergoing LSCS after spinal 
anesthesia. The participants were randomized into two 
groups: a novel 3D device group and a traditional wedge 
group. Primary outcome measures included the incidence of 
SHS, while secondary outcomes included maternal 
hemodynamic parameters, fetal outcomes, feasibility, ease 
of use, and the safety profile of the devices. 

Results: Baseline characteristics were well balanced 
between the two groups. Although some differences in 
maternal hemodynamic parameters were noted, the 
incidence of SHS was significantly lower in the novel 3D 
device group than that in the traditional wedge group. Fetal 
outcomes did not differ significantly between the groups. 
The novel 3D device demonstrated high compatibility with 
various patient anatomies and was easy to integrate into 
routine practice. The adverse event profiles were similar 
between the groups. 

Conclusion: This study highlights the potential of a novel 
3D-printed uterine displacement device for preventing SHS 
during LSCS, thereby improving maternal and fetal 
outcomes. Future research should further validate these 
findings and explore the long-term implications of the 
maternal and neonatal outcomes. 

INTRODUCTION 
Pregnancy brings about numerous physiological changes in 
a woman, including alterations in cardiovascular dynamics. 
One common complication encountered during surgical 

procedures, particularly in pregnant females undergoing 
lower-segment cesarean section (LSCS) under spinal 
anesthesia, is supine hypotension syndrome (SHS).1 SHS is 
characterized by a sudden drop in blood pressure when the 
mother is in the supine position, leading to decreased 
uteroplacental perfusion, fetal distress, and maternal 
discomfort. Various methods have been proposed to prevent 
or alleviate supine hypotension syndrome, including manual 
displacement of the uterus and the use of wedges, cushions, 
or specially designed devices. However, the effectiveness of 
these methods remains variable, and further research is 
needed to identify the optimal approach.2 

The rationale for this study stems from the imperative need to 
mitigate the risks associated with supine hypotension 
syndrome during LSCS under spinal anesthesia. Currently, 
there is a paucity of comparative studies evaluating the 
efficacy of different interventions in preventing SHS, 
particularly concerning the use of novel technologies such as 
3D printed uterine displacement devices.3 This randomized 
comparative study aims to compare the effectiveness of two 
interventions, namely a wedge and a novel 3D printed 
uterine displacement device, in preventing supine 
hypotension syndrome among pregnant females undergoing 
LSCS after receiving spinal anesthesia.4 By assessing both the 
efficacy and safety profiles of these interventions, this study 
seeks to provide evidence-based recommendations for clinical 
practice, ultimately enhancing maternal and fetal outcomes 
during cesarean deliveries. 

The utilization of 3D printing technology in the design of 
uterine displacement devices presents an innovative 
approach for addressing the challenges associated with SHS. 
The customizable nature of 3D printed devices allows for 
tailored solutions to individual patient anatomy, potentially 
optimizing the efficacy of uterine displacement and 
minimizing the occurrence of hypotensive episodes.5 

This innovative 3D printed uterine displacement device is 
specifically engineered to address supine hypotension 
syndrome during obstetric procedures such as LSCS while 
simultaneously improving fetal APGAR scores. Tailored for 
pregnant individuals undergoing LSCS after receiving spinal 
anesthesia, this device is meticulously designed to offer 
customized support to the gravid uterus, effectively 
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mitigating aortocaval compression in the supine position by 
providing approximately 15-30 degrees of left uterine tilt. 
This mechanism ensures the preservation of maternal 
hemodynamics, thereby averting the potential for low fetal 
APGAR scores. 
 
Distinguished by its heightened adjustability and 
compatibility with diverse patient anatomies, this device 
facilitates optimal positioning, thereby diminishing the risk 
of complications associated with post-spinal anesthesia-
induced supine hypotension syndrome.6  Furthermore, its 
ergonomic design ensures patient comfort and maintains 
optimal surgical access by seamlessly integrating into the 
surgical field without disruption. Importantly, its user-
friendly design allows for easy removal after delivery of the 
baby, ensuring patient comfort and continuity of the surgical 
procedure, while upholding procedural sterility.7 
 
Overall, this study endeavors to contribute to the 
advancement of obstetric anesthesia practice by elucidating 
the comparative efficacy of conventional and novel 
interventions in preventing supine hypotension syndrome, 
thereby improving the safety and quality of care for pregnant 
women undergoing cesarean section under spinal anesthesia. 
 
 
MATERIALS AND METHODS 
Study Design: This prospective, randomized controlled trial 
(RCT) was conducted at Saveetha Medical College between 
December 2023 and May 2024. The study protocol was 
approved by the Institutional Review Board (IRB), and 
informed consent was obtained from all participants before 
enrollment. 
 
Participants: Pregnant females scheduled for lower-segment 
cesarean section (LSCS) after receiving spinal anesthesia were 
eligible for inclusion in the study. The participants met the 
following enrollment criteria: 
 
Inclusion criteria: 
• Gestational age between 37 and 42 weeks 
• Singleton pregnancy 
• American Society of Anesthesiologists (ASA) physical 

status class I or II 
• No contraindications to spinal anesthesia 
• Ability to provide informed consent 
 
Exclusion criteria: 
• Pre-existing cardiovascular or respiratory disease 
• Multiple gestations 
• Fetal anomalies or distress 
• Known allergy to materials used in the uterine 

displacement devices 
 
Interventions: 
Eligible participants will be randomly assigned to one of two 
intervention groups (Figure 1). 
 
Group 1 - Novel 3D printed uterine displacement device 
group: Participants received uterine displacement using the 
novel 3D printed device. 
 

Group 2 - Traditional wedge group: Participants underwent 
uterine displacement using a standard wedge. 
 
Both interventions were performed immediately following 
spinal anesthesia administration and before the initiation of 
surgery.  
 
Outcome Measures: The primary outcome measure was the 
incidence of supine hypotension syndrome (SHS), defined as 
a decrease in systolic blood pressure ≥20% from baseline or 
systolic blood pressure <90 mmHg while in the supine 
position. 
 
Secondary outcome measures will include: 
• Maternal hemodynamic parameters (blood pressure, 

heart rate, and cardiac output) were recorded at baseline 
and intraoperatively and postoperatively. 

• Fetal well-being was assessed using APGAR scores at 1 
and 5 min post-delivery. 

• Feasibility and ease of use of the 3D printed uterine 
displacement device, including compatibility with various 
patient anatomies and integration into routine obstetric 
anesthesia practice. 

• Safety profile of uterine displacement devices, including 
the incidence of adverse events such as maternal 
discomfort, nausea, vomiting, and fetal distress. 

 
Sample Size Calculation: Based on previous studies, we 
estimated a 30% reduction in the incidence of SHS with the 
use of a 3D-printed uterine displacement device compared to 
the traditional wedge. A sample size of 100 participants per 
group was required to detect this difference, with a power of 
80% and a significance level of 0.05. The total sample size 
was set to 200. 
 
Statistical Analysis Data were analyzed using appropriate 
statistical methods, including the chi-square test, t-test, or 
Mann-Whitney U test for categorical and continuous 
variables, as appropriate. Statistical significance was set at P 
<0.05. Subgroup and multivariable regression analyses were 
performed to adjust for potential confounding variables. All 
statistical analyses were done using SPSS version 26.0. 
 
 
RESULTS 
Table I presents the baseline characteristics of the 
participants in a study comparing the novel 3D-printed 
uterine displacement device group to the traditional wedge 
group. A total of 100 participants were included in each 
group. The mean age of participants in the novel 3D device 
group was 28.4 years (±3.6), slightly lower than the mean age 
of 29.1 years (±4.0) in the traditional wedge group, although 
this difference was not statistically significant (p = 0.32). 
Similarly, there were no statistically significant differences in 
gestational age (p = 0.48) or body mass index (BMI) (p = 0.19) 
between the two groups. Additionally, the distribution of 
participants across ASA physical status classes and parity 
categories was comparable between the groups, with non-
significant p-values for both ASA classes I and II (p = 0.67) 
and for primigravida and multigravida (p = 0.82). These 
findings suggest that the baseline characteristics of the 
participants were well balanced between the two groups, 
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minimizing potential confounding factors and enhancing 
the validity of subsequent comparisons of outcomes. 
 
Table II shows the blood pressure at baseline; there was no 
statistically significant difference between the two groups (p = 
0.12). However, during the intraoperative period, the blood 
pressure in the novel 3D device group was significantly 
higher than that in the traditional wedge group (P = 0.04), 
although this difference was relatively small. Similarly, in the 
postoperative period, there was no statistically significant 
difference between the two groups (p = 0.08). There were no 
statistically significant differences in heart rate between the 
two groups at any time point (baseline, p = 0.25; 
intraoperative, p = 0.08; postoperative, p = 0.11). For cardiac 
output, there were no statistically significant differences 
between the two groups at baseline (p = 0.09). However, 
during the intraoperative period, the cardiac output in the 
novel 3D device group was significantly higher than that in 

the traditional wedge group (P = 0.03). In the postoperative 
period, there was no statistically significant difference 
between the two groups (p = 0.06). 
 
Table III shows 1 minute post-delivery, the mean APGAR 
score was 8.5 ± 1.2 in the novel 3D device group and 8.3 ± 1.5 
in the traditional wedge group. The p-value associated with 
the comparison of APGAR scores at 1 min between the two 
groups was 0.32, indicating that there was no statistically 
significant difference in APGAR scores between the groups at 
this time point. Similarly, at 5 minutes post-delivery, the 
mean APGAR score was 9.1 ± 0.9 in the novel 3D device 
group and 9.0 ± 1.0 in the traditional wedge group. The p-
value associated with the comparison of APGAR scores at 5 
min between the two groups was 0.48, also indicating no 
statistically significant difference in APGAR scores between 
the groups at this time point. 
 

Baseline Characteristic                                    Novel 3D Device Group (n=100)             Traditional Wedge Group (n=100)            p-value 
Age (years), Mean ± SD                                                       28.4 ± 3.6                                                    29.1 ± 4.0                                   0.32 
Gestational Age (weeks), Mean ± SD                                 39.2 ± 1.0                                                    39.0 ± 1.2                                   0.48 
Body Mass Index (kg/m^2), Mean ± SD                              24.3 ± 2.1                                                    25.0 ± 2.5                                   0.19 
ASA Physical Status, n (%) 
Class I                                                                                     85 (85%)                                                     82 (82%)                                   0.67 
Class II                                                                                    15 (15%)                                                     18 (18%)                                        
Parity, n (%) 
Primigravida                                                                          40 (40%)                                                     38 (38%)                                   0.82 

Table I: Baseline Characteristics

Hemodynamic Parameter                         Baseline (Mean ± SD)            Intraoperative (Mean ± SD)            Postoperative (Mean ± SD) 
Blood Pressure (mmHg)                                              
Novel 3D Device Group                                  120 ± 5 / 80 ± 3                           125 ± 6 / 82 ± 4                                122 ± 4 / 81 ± 3 
Traditional Wedge Group                              118 ± 6 / 82 ± 4                           122 ± 7 / 85 ± 5                                120 ± 5 / 83 ± 4 
p-value                                                                       0.12                                              0.04                                                   0.08 
Heart Rate (bpm) 
Novel 3D Device Group                                          75 ± 4                                          78 ± 5                                               76 ± 4 
Traditional Wedge Group                                      76 ± 5                                          80 ± 6                                               78 ± 5 
p-value                                                                       0.25                                              0.08                                                  0.11 
Cardiac Output (L/min) 
Novel 3D Device Group                                        5.2 ± 0.3                                      5.5 ± 0.4                                           5.3 ± 0.3 
Traditional Wedge Group                                    5.1 ± 0.4                                      5.4 ± 0.5                                           5.2 ± 0.4 
p-value                                                                       0.09                                              0.03                                                   0.06 
 

Table II: Maternal hemodynamic parameters

APGAR Scores                                        Novel 3D Device Group           Traditional Wedge Group                              p-value 
1 Minute                                                                8.5 ± 1.2                                      8.3 ± 1.5                                               0.32 
5 Minutes                                                               9.1 ± 0.9                                      9.0 ± 1.0                                               0.48 

Table III: Fetal outcome 

Adverse Events                      Novel 3D Device Group n=100               Traditional Wedge Group n=100                    p-value 
Maternal Discomfort                                      5%                                                              8%                                               0.23 
Nausea                                                            3%                                                              4%                                               0.62 
Vomiting                                                         2%                                                              3%                                               0.49 
Fetal Distress                                                   1%                                                              2%                                               0.71 
 
 

Table IV: Adverse event profile
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Fig. 1: Consort Diagram

Fig. 2: 3D printed modified uterine displacement device
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• Compatibility with Various Patient Anatomies: 
Anesthesia providers reported that the 3D-printed device 
was highly compatible with various patient anatomies, 
allowing for easy and effective uterine displacement in 
the majority of cases. The obstetricians also noted that the 
device facilitated optimal surgical exposure without 
hindering the procedure. 

• Integration into Routine Obstetric Anesthesia Practice: 
Anesthesia providers found the 3D printed device easy to 
incorporate into routine obstetric anesthesia practice. The 
device did not significantly prolong the duration of the 
procedure or disrupt workflow in the operating room. 
Anesthesia staff expressed confidence in using the device 
and indicated willingness to continue using it in future 
cases. 

 
Table IV shows that in the novel 3D device group, 5% of the 
participants experienced maternal discomfort, compared to 
8% in the traditional wedge group. The p-value associated 
with the comparison of maternal discomfort between the two 
groups was 0.23, indicating that there was no statistically 
significant difference in the incidence of maternal discomfort 
between the groups. Regarding nausea, 3% of the 
participants in the novel 3D device group reported 
experiencing it, compared to 4% in the traditional wedge 
group. The p-value associated with the comparison of nausea 
between the two groups was 0.62, indicating no statistically 
significant difference. Regarding vomiting, 2% of 
participants in the novel 3D device group reported 
experiencing it, compared to 3% in the traditional wedge 
group. The p-value associated with the comparison of 

vomiting between the two groups was 0.49, indicating no 
statistically significant difference. Lastly, regarding fetal 
distress, 1% of the participants in the novel 3D device group 
experienced it, compared to 2% in the traditional wedge 
group. The p-value associated with the comparison of fetal 
distress between the two groups was 0.71, indicating no 
statistically significant difference. 
 
Figure 2 shows the construction of 3 a printed modified 
uterine displacement device. Figure 3 shows the application 
of 3D printed modified uterine displacement device on a 
patient with a left lateral tilt of the uterus, relieving 
aortocaval syndrome. 
 
 
DISCUSSION 
A comparison between the novel 3D-printed uterine 
displacement device and the traditional wedge for preventing 
supine hypotension syndrome (SHS) during lower segment 
cesarean section (LSCS) after spinal anesthesia revealed 
several key findings. First, baseline characteristics were well 
balanced between the two groups, indicating a successful 
randomization process and minimizing potential 
confounding factors. The lack of significant differences in 
age, gestational age, BMI, ASA physical status, and parity 
enhanced the validity of subsequent comparisons. 
 
In terms of maternal hemodynamic parameters, although 
blood pressure and cardiac output showed statistically 
significant differences at specific time points between the 
groups, the clinical significance of these differences might be 

Fig. 3: 3D printed modified uterine displacement device on patient
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limited due to their small magnitudes. Interestingly, the 
incidence of SHS was significantly lower in the novel 3D 
device group than that in the traditional wedge group, 
suggesting the potential superiority of the 3D device in 
preventing this adverse event. Fetal outcomes, as indicated by 
the APGAR scores at 1 and 5 min post-delivery, did not show 
any significant differences between the two groups. This 
suggests that both uterine displacement methods have 
similar effects on fetal well-being. 
 
Furthermore, the novel 3D device demonstrated high 
compatibility with various patient anatomies and seamless 
integration into routine obstetric anesthesia practice, as 
reported by anesthesia providers and obstetricians. Despite 
some differences in the adverse event profiles between the two 
groups, none of these differences reached statistical 
significance, indicating the overall safety and tolerability of 
both devices. 
 
Several previous studies have examined the efficacy of 
manual displacement techniques, such as left lateral tilt or 
manual displacement of the uterus by an assistant, in 
preventing SHS during cesarean section or other obstetric 
procedures.8 These studies have generally shown mixed 
results, with some reporting a reduction in the incidence of 
SHS, while others found no significant difference compared to 
the supine position. The advantages of manual displacement 
techniques are their simplicity and cost-effectiveness, which 
require no additional equipment. However, their efficacy 
may be limited by variations in the degree of tilt achieved 
and the need for continuous manual adjustment, which may 
not provide consistent relief from aortocaval compression.9 
 
In contrast, the use of wedges and cushions has been 
explored as a more standardized and potentially effective 
method for uterine displacement. Studies evaluating the use 
of commercially available wedges or cushions have 
demonstrated promising results in reducing the incidence of 
SHS and improving maternal hemodynamics during obstetric 
procedures.10 These devices typically provide a consistent 
degree of left uterine displacement and can be easily adjusted 
to accommodate different patient anatomies. However, their 
effectiveness may vary depending on the design and 
materials used, and some studies have reported discomfort or 
limited access to the surgical field using certain devices. 
Compared with manual displacement techniques and 
commercially available wedges or cushions, the novel 3D-
printed uterine displacement device evaluated in our study 
offers several potential advantages. First, it provides a 
standardized and tailored degree of left uterine tilt, 
potentially offering more consistent relief of aortocaval 
compression compared to manual techniques.11 Secondly, its 
3D-printed design allows for enhanced adjustability and 
compatibility with various patient anatomies, potentially 
reducing the risk of complications and discomfort associated 
with suboptimal positioning. Additionally, the device's 
compatibility with routine obstetric anesthesia practice and 
its reported ease of use by anesthesia providers and 
obstetricians highlight its feasibility for widespread adoption 
in clinical settings. 
 
 

However, it's essential to acknowledge that while our study 
demonstrates promising results for the novel 3D-printed 
uterine displacement device, further research is needed to 
directly compare its efficacy and safety with other 
displacement methods, including manual techniques and 
commercially available devices. Comparative studies with 
larger sample sizes and longer follow-up periods could 
provide more robust evidence regarding the optimal 
approach for preventing SHS during obstetric procedures.12 
Furthermore, long-term outcomes, such as maternal 
morbidity and neonatal outcomes, should be evaluated to 
comprehensively assess the clinical impact of different 
uterine displacement techniques. 
 
The mechanism by which uterine displacement devices help 
prevent supine hypotension syndrome (SHS) during obstetric 
procedures involves relieving aortocaval compression, 
optimizing maternal hemodynamics, and ensuring adequate 
fetal oxygenation.13 When a pregnant woman lies supine, the 
weight of the gravid uterus can compress the inferior vena 
cava and abdominal aorta against the vertebral column, 
leading to decreased venous return and cardiac output. This 
compression can subsequently result in hypotension, 
decreased placental perfusion, and fetal distress. Uterine 
displacement devices, including wedges, cushions, and the 
novel 3D-printed device, are specifically designed to alleviate 
aortocaval compression by tilting the uterus laterally, 
typically to the left side.14 By elevating the right hip and 
buttock, these devices create a lateral tilt of the pelvis, which 
in turn shifts the uterus off the inferior vena cava and aorta, 
allowing for improved venous return and cardiac output. 
This positional change helps to maintain maternal blood 
pressure and perfusion to vital organs, including the uterus 
and placenta, thereby reducing the risk of hypotension and 
its associated complications.15 
 
This novel 3D-printed device offers several potential 
advantages in terms of its mechanism of action. Its 
customized design allows for precise and consistent left 
uterine tilt, ensuring optimal relief of aortocaval compression 
compared to manual displacement techniques.16 
Additionally, its compatibility with various patient 
anatomies, and enhanced adjustability minimizes the risk of 
inadequate positioning, which may occur with one-size-fits-
all devices. Furthermore, the device's ability to maintain 
effective uterine displacement throughout the duration of the 
procedure without the need for continuous manual 
adjustment ensures sustained hemodynamic stability and 
maternal-fetal well-being.17 
 
Overall, uterine displacement devices work by addressing the 
underlying mechanical cause of SHS, namely aortocaval 
compression, and promoting optimal maternal positioning 
to mitigate adverse effects. By facilitating adequate venous 
return and cardiac output while maintaining fetal 
oxygenation, these devices play a crucial role in preventing 
hypotension and ensuring safe outcomes for both the mother 
and baby during obstetric procedures. 
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CONCLUSION 
In conclusion, our study comparing the efficacy of a novel 
3D-printed uterine displacement device with that of a 
traditional wedge in preventing supine hypotension 
syndrome (SHS) during lower segment cesarean section 
(LSCS) after spinal anesthesia has provided valuable insights 
into improving maternal and fetal outcomes in obstetric care. 
The findings of this study demonstrate that the novel 3D 
device offers a promising solution for mitigating SHS, as 
evidenced by its significantly lower incidence than that of the 
traditional wedge. Furthermore, the device's compatibility 
with various patient anatomies and its seamless integration 
into routine obstetric anesthesia practice highlights its 
feasibility and potential for widespread adoption. 
Importantly, our study adds to the existing body of literature 
by providing evidence supporting the effectiveness and safety 
of uterine displacement devices in SHS prevention. These 
devices play a crucial role in ensuring maternal-fetal well-
being during obstetric procedures by addressing the 
mechanical cause of aortocaval compression and optimizing 
maternal hemodynamics. Moreover, the reported ease of use 
and positive feedback from anesthesia providers and 
obstetricians underscores the practical utility of the novel 3D 
device in clinical settings. This novel 3D-printed uterine 
displacement device represents a promising advancement in 
this regard, offering a tailored and effective solution for 
preventing SHS and enhancing obstetric care practices. 
Future research should focus on validating these findings in 
larger multicenter studies and exploring the long-term 
implications of uterine displacement devices on maternal 
and neonatal outcomes. 
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ABSTRACT 
Introduction: Pomegranate peel is considered a reservoir of 
biologically active compounds, the presence of which 
provides anti-inflammatory and antioxidant properties to 
peel extracts. Calcium sulfate is considered an ideal bone-
augmenting material, and in the present study, pomegranate 
peel extract-mediated calcium sulfate nano particles (PPE 
CaSo4 NPs) were synthesized and their anti-inflammatory 
and antioxidant properties were evaluated. This study aimed 
to evaluate the biological effects of PPE CaSo4 NPs, with a 
focus on their anti-inflammatory and antioxidant properties. 
The objectives were to green - synthesize PPE CaSo4 NPs, 
analyze their optical characteristics using UV-visible spectra 
analysis, and subsequently evaluate their antioxidant and 
anti-inflammatory activities. 

Materials and Methods: UV-visible spectra analysis was 
employed to investigate the optical characteristics and 
surface morphology, such as the size and shape of  PPE 
CaSo4 NPs  synthesized at different time intervals, which 
were characterized using a Scanning Electron Microscope. 
Anti-inflammatory activity was evaluated using bovine 
serum albumin denaturation assay (BSA), and egg albumin 
denaturation assay (EA) was compared with diclofenac 
sodium as a standard. Antioxidant activity was measured 
using 2,2 Diphenyl -1- Picryl hydraxylhydrate assay (DPPH), 
hydrogen peroxide radical scavenging assay (H2O2), and 
Ferric Reducing Antioxidant power assay (FRAP). 
Comparison made with ascorbic acid as the standard. 

Results: Anti-inflammatory activity was observed at all 
concentrations of PPE CaSo4 NPs,  and there was no 
significant difference between the test material and the 
standard p>0.05. A significant difference was found for the 
antioxidant activity between PPE CaSo4 NPs  and the 
standard in concentrations of 10 μl, for DPPH, 10 μl and 20 
μl for H2O2 (p<0.05) between the concentrations of 30, 40, 
and 50, and there was no significant difference between the 
test material and the standard in all three tests conducted. 

Conclusion: The study concluded that the PPE CaSo4 NPs 
have Anti-inflammatory and Antioxidant activities and are 
concentration-dependent. 

KEYWORDS: 
Anti-inflammatory, Antioxidant, Calcium sulfate, Pomegranate 
peel extract, Flavonoids 

INTRODUCTION 
For more than a century calcium sulfate (CS) has been 
employed as an alloplastic material for bone regeneration, 
establishing itself as a prominent element in the field of 
regenerative materials. Unlike numerous commercially 
available biomaterials used clinically, calcium sulfate 
possesses unique properties.1 It is a biocompatible and 
bioresorbable substitute and a cost-effective naturally 
occurring inorganic substance. Calcium sulfate has 
osteoconductive properties, which increases its use for 
regenerative purposes.2 Osteoconductive materials act as a 
matrix that provides support to the ingrowth of bone in the 
presence of bone-forming cells in the host. Additionally, it 
can restore the original anatomical features and structural 
properties of bone. Studies have shown that when CS is 
implanted, calcium ions bind to phosphate ions found in 
body fluids, resulting in the formation of calcium phosphate, 
which exhibits osteoconductive properties. Calcium 
phosphate also reduces the pH locally, causing bone 
demineralization. This process exposes growth factors such as 
Bone morphogenic protein (BMP) transforming growth 
factor-β (TGF-β) and others stored within the bone matrix,
thereby promoting bone growth.3 When CS was used to fill 
large bony defects, it was found that the material resorbed 
completely from the grafted site without leaving any trace 
elements. The resorption rate of calcium sulfate was 
comparable to the rate at which new bone formed and 
facilitated the migration of osteoprogenitor cells into the 
area.4 The formation of new blood vessels plays a critical role 
in all regenerative processes, including bone regeneration. It 
is triggered by high metabolic activity and reduced oxygen 
levels at the injury site. The occurrence of angiogenesis can 
be confirmed by assessing microvascular density at the 
regenerative site.5,6 Ruhaimi et al. examined the osteogenic 
potential after combining CS with various other graft 
materials. They concluded that CS can cause angiogenesis, 
which was confirmed by the presence of multiple microvessels 
without any signs of inflammation. They inferred that 
angiogenesis can be considered as an added property of CS 
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that aids in osteogenesis.7 Investigations also reported that CS 
acts as a direct source of calcium, and resorption leaves the 
calcium phosphate lattice, which promotes osteogenic 
activity.8,9 
 
Extracts of pomegranate peel are reported to have an 
abundance of phytochemicals and vitamins that are 
responsible for anti-inflammatory and antioxidant 
properties, punicalagin A & B, ellagic acid, and gallic acid 
present in the pomegranate have anti-inflammatory effects 
by inhibiting lipopolysaccharides -stimulated macrophages 
that down-regulate COX-2 protein release. As a result, it 
decreases the levels of pro-inflammatory mediators, such as 
inducible nitrous oxide (iNO), PGE-2, interleukins, and 
Reactive oxygen species (ROS).10 Inflammation can cause 
bone destruction by pannus formation. Ellagic acid present in 
pomegranate inhibits inflammation by decreasing pro-
inflammatory cytokines IL - 1β, Tumor Necrosis Factor  (TNF-
α,) and IL17 and increasing serum levels of anti- 
inflammatory cytokines IL-10 and interferon γ (IFN-γ).11,12 The 
anti-inflammatory properties of a specific type of PPE were 
evaluated and a significant anti-inflammatory effect of PPE 
on the expression of cyclooxygenase-2 was confirmed.13 In 
obese patients, extracts derived from pomegranate peels 
showed anti-inflammatory effects by significantly reducing 
inflammatory markers [malondialdehyde (MDA), IL-6, and 
hypersensitive-C reactive protein (hs-CRP)].14 A randomized 
controlled trial conducted in patients with rheumatoid 
arthritis found that there was a significant decrease in disease 
activity following 8 weeks of supplementation with PPE.15  
 
Research has shown that extracts derived from pomegranate 
fruit can protect against osteoarthritis. This protection is 
achieved through mechanisms such as increased cartilage 
stiffness, physical fitness, decreased levels of enzymes that 
break down cartilage, and enhancing the body's antioxidant 
defense system.16 According to Spilmont, a diet supplemented 
with pomegranate peel extract enhanced bone 
mineralization in osteoporotic rat models by upregulating 
osteogenic transcription factors and stimulating alkaline 
phosphatase activity (ALP).17  Additionally, he also revealed 
that the punicic acid (conjugated linolenic acid) rich 
pomegranate seed oil causes osteoblastic stimulation and 
inhibits osteoclastic suppression and thus prevents bone loss 
in an osteoporotic mice model.18 The antioxidant potential of 
aqueous extracts derived from by-products of pomegranate 
and grapes was evaluated. The total phenolic content of the 
pomegranate by-product was five times higher  than that of 
red grapes.19 
 
Owing to its anti-inflammatory and antioxidant properties, 
pomegranate fruit and its biomolecules can be recommended 
as a functional food option to mitigate bone loss and related 
disorders. This suggests that incorporating pomegranate into 
the diet may help prevent bone-related issues. Since CS is an 
osteoconductive material widely used in bone augmentation 
and pomegranate extracts promote osteogenesis due to the 
presence of biologically active compounds and its anti-
inflammatory and antioxidative properties, this study aimed 
to evaluate the anti-inflammatory and antioxidant 
properties of pomegranate peel extract mediated calcium 
sulfate nanoparticles. 

The objectives were to green – synthesize PPE CaSo4 NPs, to 
analyze their optical characteristics of pomegranate peel-
mediated calcium sulfate nano particles using UV-visible 
spectra analysis, and subsequently evaluate its antioxidant 
and anti-inflammatory activities. 
 
 
MATERIALS AND METHODS 
Preparation of Pomegranate peel extract 
The pericarp of fresh Ganesh variety pomegranate fruits was 
separated and immersed in diluted Koparo Clean vegetable 
and fruit wash for 15 min and then air-dried. The dried peel 
was ground into a coarse powder using a multi-milli-
machine made of SS 304. 
 
Next, 2 g of peel powder was mixed with 100 mL of distilled 
water using a magnetic stirrer (Remi 5MLH). The mixture was 
heated in a heating mantle set at 60 to 80ºC for 15 - 20 min. 
After heating, the mixture was filtered through  Whatman 
No. 1 filter paper. After filtration, the extract was further 
condensed to a volume of 5mL 
 
Green synthesis Pomegranate peel extract mediated calcium 
sulphate nano particles (PPE  CaSo4  NPs) 
Green synthesis of PPE- mediated Caso4 was performed by 
dissolving 0.5gm of Caso4 (99% pure calcium sulfate 
(VITSZEE ®) in 25 ml of distilled water, 25 ml of filtered PPE 
was added, and the mixture was stirred magnetically at 600 
RPM for 24h. After 24h, the green synthesized PPE-mediated 
CaSo4 nano particles were collected and the supernatant was 
discarded. 
 
Characterization 
The green-synthesized calcium sulfate nano particles were 
characterized using a UV-visible spectrophotometer to study 
the optical characteristics, while the surface morphology, 
such as size and shape, was characterized using a Scanning 
Electron Microscope. 
 
Anti-inflammatory activity 
 
Egg Albumin Denaturation Assay (EA) 
A 5 ml solution was prepared by mixing 2.8 ml of freshly 
made pH-6.3 phosphate-buffered saline with 0.2 ml of Hen's 
egg albumin extraction. PPE CaSo4 NPs were synthesized at 
various concentrations ranging from 10μL to 50μL. 
Diclofenac sodium was used as the positive control. 
Subsequently, the mixtures was heated in a water bath at 
37°C for 15 min. After cooling the samples to room 
temperature, absorbance was measured at 660 nm. 
 
Bovine Serum Albumin Denaturation Assay (BSA) 
In this study, the anti-inflammatory effects of pomegranate 
peel extract-mediated calcium sulfate Nano particles were 
evaluated following a modified protocol based on 
Muzushima and Kabayashi's method. To initiate the assay, 
0.45 mL of 1% aqueous bovine serum albumin was mixed 
with 0.05 mL of PPE CaSo4 NPs of varied fixation (10μL, 
20μL, 30μL, 40μL, and 50μL). The pH of the mixture was 
adjusted to 6.3 using a small amount of 1N hydrochloric 
acid. Subsequently, the samples were incubated at room 
temperature for 20 min, followed by heating at 55°C in a 
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water bath for an additional 30 min. After cooling the 
samples, the absorbance  was measured at 660 nm using a 
spectrophotometer. Diclofenac sodium was used as the 
benchmark  and dimethyl sulfoxide (DMSO) served as the 
control. 
 
 
The percentage of protein denaturation was determined 
utilizing the following equation, 
 
% inhibition = Absorbance of control- Absorbance of sample× 
                                     Absorbance of control 
 
Antioxidant activity 
Three techniques were used to evaluate the antioxidant 
activity of PPE CaSo4 NPs, two of which, DPPH and H2O2, 
were dependent on PPE CaSo4 NPs's ability to scavenge free 
radicals. The iron-reducing capacity provided the basis for 
the third method, called FRAP. 
 
The assay used a commercially available free radical 2,2 
diphenyl- 1-picryl hydrazyl hydrate (DPPH) which is soluble 
in methanol, and the antioxidant activity was measured by 
the decrease in absorbance at 515 nm. Different 
concentrations of PPE CaSo4 NPs (10μL, 20μL, 30μL, 40μL, 
50μL) were mixed with 450μl of 50 mM Tris-HCl buffer (pH 
7.4) and 1 ml of 0.1 mM DPPH in methanol. The mixture was 
then incubated for 30 min. afterwards, the reduction in DPPH 
free radical levels was determined by measuring the 
absorbance at 517 nm. Butylated hydroxytoluene (BHT) was 
used as control. Percentage inhibition was calculated using 
the following equation: 
 
% inhibition = Absorbance of control- Absorbance of test sample × 100 
                                           Absorbance of control 
 
H2O2 assay 
The H2O2 scavenging power of green-synthesized PPE CaSo4  
NPs was assessed. 40 mM H2O2 solution was prepared in 
phosphate buffer (pH 7.4). Solution of the test sample PPE 
CaSo4 NPs and a standard sample of ascorbic acid at varying 
concentrations (10, 20, 30, 40, and 50μg/mL) were 
individually added to 0.6 mL of H2O2 solution. After 10 min 
of incubation in the dark place, the absorbance of the 
reaction solution was spectrophotometrically measured at 
230 nm. Vitamin C was used as the standard. The percentage 
of H2O2 scavenging activity was calculated using the 
following formula: 
 
% inhibition = Absorbance of control- Absorbance of sample × 100 
                                          Absorbance of control 
 
FRAP ASSAY 
 
Reagents for FRAP assay: 
a)Acetate buffer 300 mM pH 3.6: Weigh 3.1 g sodium acetate 
trihydrate add 16 ml of glacial acetic acid and make the 
volume to 1 L with distilled water. b) TPTZ (2, 4, 6- tripyridyl-
s- triazine): (M.W. 312.34), 10 mM in 40 mM HCl (M.W. 
36.46). c) FeCl3. 6 H2O: (M.W. 270.30), 20 mM. The working 
FRAP reagent was prepared by mixing a, b, and c in a ratio 
of 10:1:1 just before testing. The standard was FeSO4. Seven 

H2O: 0.1 - 1.5 mM in methanol. All the reagents were 
purchased from Merck (Germany) company. 
 
Procedure 
To perform the FRAP (Ferric Reducing Antioxidant Power) 
assay, an FRAP solution (3.6 mL) was combined with 0.4 mL 
of distilled water and incubated at 37ºC for 5 min. 
Subsequently, the solution was mixed with various 
concentrations of  PPECaSo4NPs  (10μL, 20μL, 30μL, 40μL, 
50μL) and incubated at 37ºC for 10 min. The absorbance of 
the reaction mixture was measured at 593 nm. To construct 
the calibration curve, five concentrations of  FeSO4  7 H2O 
(0.1, 0.4, 0.8, 1, 1.12, and 1.5 mM) were used, and their 
corresponding absorbance values were measured, mirroring 
the procedure for the sample solutions. 
 
 
RESULTS 
Optical characteristics 
UV-visible spectral analysis was employed to investigate the 
optical characteristics of pomegranate peel mediated calcium 
sulfate nanoparticles synthesized at various  time intervals. 
Notably, absorption peaks were discerned at 350 nm after 
48h of synthesis and at 340 nm for both 1 h and 24hs of 
synthesis. The 350 nm peak strongly indicates the presence of 
calcium sulfate nanoparticles, with UV absorption commonly 
linked to electronic transitions within the nanoparticles. This 
specific peak signifies nanoparticles of distinct sizes and 
shapes, corresponding to a unique bandgap energy (Fig 1). 
 
SEM 
The SEM image of the calcium sulfate nanoparticles 
synthesized using pomegranate peel extract revealed crucial 
insights into their morphology and size distribution. The 
nanoparticles exhibited a predominantly spherical 
morphology with well-dispersed particles uniformly 
distributed across the field of view, indicating effective 
stabilization by the pomegranate peel extract. The sizes of the 
nano particles ranged from approximately 50 to 150 nm, 
demonstrating a relatively narrow size distribution. This 
consistency suggests the effectiveness in controlling the 
nucleation and growth of the nanoparticles during synthesis. 
The clean, well-defined surfaces of the nanoparticles indicate 
the purity and high quality of the synthesis process with no 
visible impurities or irregularities. The pomegranate peel 
extract functioned effectively as both a reducing and capping 
agent, resulting in stable and uniform nanoparticles. The 
uniform size distribution and spherical morphology of these 
calcium sulfate nanoparticles suggests their potential 
applicability in biomedical applications, drug delivery 
systems, and as fillers in composite materials. The eco-
friendly synthesis method using pomegranate peel extract 
not only effectively produces these nanoparticles, but also 
aligns with sustainable and green chemistry principles (Fig 
2). 
 
Anti-inflammatory activity 
In EA, the inhibition caused by PPE CaSo4 NPs at 10μL 
concentration was (52.00% ±1.05), and 55% ± 1.56% for the 
standard. For the 50 μl concentration, it was 77.00% ±1.15 
and 81% ±1.69%, respectively. For BSA, the percentage of 
inhibition with10μl concentration was (41.40% ±11.08), and 
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Concentration              % of inhibition                   N                   Mean                Std. Deviation             Std. Error Mean           p-value 
10 μL                              PPECaSo4NPs                   10                52.0000                   1.05409                         0.33333                    0.388 
EA                                       Standard                       10                55.0000                   1.56347                         0.49441                         
20 μLl                             PPE CaSo4 NPs                  10                61.0000                   1.05409                         0.33333                    1.000 
EA                                       Standard                       10                64.0000                   1.05409                         0.33333                         
30 μL                              PPE CaSo4 NPs                  10                65.0000                   1.05409                         0.33333                    0.591 
EA                                       Standard                       10                69.0000                   1.15470                         0.36515                         
40 μL                              PPE CaSo4 NPs                  10                69.0000                   2.10819                         0.66667                    0.160 
EA                                       Standard                       10                72.0000                   1.05409                         0.33333                         
50 μL                              PPE CaSo4 NPs                  10                77.0000                   1.15470                         0.36515                    0.118 
EA                                       Standard                       10                81.0000                   1.69967                         0.53748                         
10 μL                             PPE CaSo4  NPs                  10                41.4000                  11.08753                        3.50619                    0.087 
BSA                                     Standard                       10                46.7000                   1.56702                         0.49554                         
20 μL                              PPE CaSo4 NPs                  10                52.4000                  11.52003                        3.64295                    0.185 
BSA                                     Standard                       10                59.6000                   2.79682                         0.88443                         
30 μL                              PPE CaSo4 NPs                  10                63.4000                  11.76813                        3.72141                    0.139 
BSA                                     Standard                       10                71.4000                   2.59058                         0.81921                         
40 μL                              PPE CaSo4 NPs                  10                68.9000                  10.19204                        3.22301                    0.124 
BSA                                     Standard                       10                75.7000                   2.11082                         0.66750                         
50 μL                              PPE CaSo4 NPs                  10                76.3000                   9.34582                         2.95541                    0.354 
BSA                                     Standard                       10                83.3000                   3.77271                         1.19304                         
 

‘*’ p-value <0.05 shows statistical significance 
 

       Table I: Comparison between Anti-inflammatory activity obtained in different concentrations of PPE CaSo4 NPs using  EA & 
BSA assay

Concentration              % of inhibition                   N                   Mean                Std. Deviation             Std. Error Mean           p-value 
10 μL                              PPE CaSo4 NPs                  10                64.3040                   0.01174                         0.00371                    0.019 
DPPH                                  Standard                       10                66.2500                   0.00471                         0.00149 
20 μL                              PPE CaSo4 NPs                  10                73.6410                   0.00876                         0.00277                    0.549 
DPPH                                  Standard                       10                78.5200                   0.00667                         0.00211 
30 μL                              PPE CaSo4 NPs                  10                83.7820                   0.00919                         0.00291                    0.651 
DPPH                                  Standard                       10                85.6330                   0.01160                         0.00367 
40 μL                              PPE CaSo4 NPs                  10                86.1210                   0.00738                         0.00233                    0.558 
DPPH                                  Standard                       10                88.6820                   0.00919                         0.00291 
50 μL                              PPE CaSo4 NPs                  10                91.1220                   0.00919                         0.00291                    0.558 
DPPH                                  Standard                       10                93.1510                   0.00738                         0.00233                         
10 μL                              PPE CaSo4 NPs                  10                49.4500                   0.00667                         0.00211                   0.007* 
H2O2                                  Standard                       10                51.1000                   0.11547                         0.03651 
20 μL                              PPE CaSo4 NPs                  10                53.9800                   0.00667                         0.00211                   0.036* 
H2O2                                  Standard                       10                56.9000                   0.20548                         0.06498                         
30 μL                              PPE CaSo4 NPs                  10                64.7600                   0.00667                         0.00211                    1.000 
H2O2                                  Standard                       10                64.5600                   0.00667                         0.00211                         
40 μL                              PPE CaSo4 NPs                  10                75.7100                   0.00667                         0.00211                    0.064 
H2O2                                  Standard                       10                75.5300                   0.06360                         0.02011                         
50 μL                              PPE CaSo4 NPs                  10                87.4200                   0.00667                         0.00211                    1.000 
H2O2                                  Standard                       10                87.2200                   0.00667                         0.00211                         
10 μL                              PPE CaSo4 NPs                  10                67.3200                   0.01054                         0.00333                    0.591 
FRAP                                   Standard                       10                72.9800                   0.01155                         0.00365 
20 μL                              PPE CaSo4 NPs                  10                74.1800                   0.01491                         0.00471                    0.361 
FRAP                                   Standard                       10                76.8400                   0.01054                         0.00333 
30 μL                              PPE CaSo4 NPs                  10                77.9000                   0.17638                         0.05578                    0.050 
FRAP                                   Standard                       10                81.3100                   0.01054                         0.00333 
40 μL                              PPE CaSo4 NPs                  10                81.0900                   0.02108                         0.00667                    1.000 
FRAP                                   Standard                       10                85.8400                   0.02108                         0.00667 
50 μL                              PPE CaSo4 NPs                  10                86.3800                   0.01054                         0.00333                    0.391 
FRAP                                   Standard                       10                90.8900                   0.02357                         0.00745 
                                                   

‘*’ p-value <0.05 shows statistical significance 
 
 

Table II: Comparison between Antioxidant activity of PPE CaSo4 NPs obtained in DPPH, H2O2 and FRAP
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for the standard it was 46.70% ± 1.56. For the 50 μl 
concentration, it was 76.30% ± 9.34 and 83.30% ±3.72%, 
respectively. It was observed that in tests of EA and BSA  all 
concentrations, there was no significant difference between 
the test material and the standard (p>0.05). Comparisons 
between the mean values of different concentrations observed 
in EA and BSA were performed using ANOVA. Each test (EA, 
BSA) showed characteristic independence, and it can be 
inferred that in all the tests, if the same pattern is observed, it 

can be considered reliable (p< 0.05). Multiple comparisons 
were made using Tukey’s HSD on values obtained in EA and 
BSA. Different concentrations were mutually compared and 
found that on comparing, all concentrations showed 
significant differences p<0.05. (Table I) 
 
Antioxidant activity 
The antioxidant activity of PPE CaSo4 NPs observed in DPPH 
ranged from 64.30% ±.011 to 91.12% ±.009 in the 

Fig. 1: UV-visible spectroscopy –PPE CaSo4NPs 

Fig. 2: SEM PPE CaSo4 NPs
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experimental group and 66.25% ±.004 to 93.15% ±.007 with 
the standard. For H2O2, the values were 49.45% ±.006 to 
87.42% ±.006 for the experimental group and 56.90% ±.20 to 
87.22% ±.006 for the standard group. For FRAP the values 
were 67.32% ±.01 to 86.38% ±01 and 72.98% ±.01 to 90.89% 
±.02 respectively. A significant difference was found between 
PPE CaSo4 NPs and the standard in concentrations of 10 μl, 
for DPPH, 10 μl and 20 μl for H2O2 (p<0.05) between the 
concentrations of 30, 40, and 50, and there was no significant 
difference between the test material and the standard in all 
three tests conducted. In other words, at these concentrations, 
in all three tests, there was equivalence between the standard 
and test groups (p>0.05). 
 
Comparisons between different concentrations of PPE CaSo4 
NPs in DPPH, H2O2, and FRAP were performed using ANOVA. 
A significant difference was observed at all concentrations in 
all three tests (p<0.05). Multiple comparisons were made 
using Tukey’s HSD for values obtained for DPPH, H2O2, and 
FRAP. Different concentrations were mutually compared, and 
all concentrations were found to significantly different 
(p<0.05). (Table II)  
 
 
DISCUSSION 
Calcium sulfate has been used as an effective bone 
augmentation material for the past 100 years. It is considered 
an ideal material for bone regeneration as it provides 
calcium ions to the augmented site, acts as a resorbable 
scaffold for bone growth, stimulates osteoblastic activity, acts 
as a vehicle for growth factors and drugs, and is 
biocompatible. Researchers found that  compared to other 
implanted regenerative materials, CS has rapid and complete 
resorption, and the rate of resorption is almost equivalent to 
the rate at which new bone is created.20,21 The particle size of 
materials can influence bone healing, and nano-sized 
calcium sulfate dihydrate is reported to have good tissue 
compatibility, increased biodegradable properties, increased 
angiogenesis, and increased bone induction. Therefore, 
calcium sulfate nano particles were used.22 
 
Biologically active compounds that contribute to the anti-
inflammatory and antioxidant properties are concentrated in 
the peel of pomegranate, making it a significant reservoir.23 

In the present study, pomegranate peel of the Ganesh variety 
was used to prepare the aqueous extract, and PPE-mediated 
calcium sulfate nano particles were green synthesized. The 
anti-inflammatory and antioxidant properties of green-
synthesized pomegranate peel extract-mediated calcium 
sulfate nanoparticles (PPE CaSo4 NPs) were evaluated. 
 
In this study, egg albumin denaturation assay and bovine 
serum albumin denaturation assay were used to measure the 
anti-inflammatory properties of PPE CaSo4 NPs. Protein 
denaturation causes inflammation. Evaluation of PPECaSo4 
on the anti-inflammatory activity showed that the extract 
inhibited protein denaturation. In both assays of EA and BSA 
at all concentrations, there was no significant difference 
between the test material and the standard, that is, 
diclofenac sodium p>0.05. Thus, the anti-inflammatory 
activity of the test material was the same as that of the 
control. Different concentrations were mutually compared 

and found that on comparing, all concentrations showed 
significant differences p<0.05. Anti-inflammatory activity 
increased as the concentration increased. Therefore, it can be 
concluded that the anti-inflammatory activity was 
concentration-dependent. The results obtained for PPE CaSo4 
NPs were comparable to those of  commercial drugs used, 
indicating that PPE CaSo4 NPs possesses anti-inflammatory 
properties similar to those of the  control, that is  diclofenac 
sodium. 
 
The extracts of pomegranate peel, juice, flowers, and seeds 
were found to have high polyphenol concentrations. The gut 
bacteria convert these polyphenols into urolithins, which 
have anti-inflammatory properties.24 Pohl et al reported that 
Pomegranate's biologically active components, which are 
present in the fruit's peel, juice, and extracts, affect the 
expression of a protein that signals inflammation in cancer 
cells.25 Tannin, and punicalagin present in the pomegranate 
extracts decreased the expression of cyclooxygenase–2 (COX-
2) responsible for the production of prostanoids that induce 
inflammation.26 The action of ellagic acid found in 
pomegranate peel extract was reported by Marín, Ellagic acid 
inhibited the inflammation by decreasing the inflammation 
mediating compounds COX-2 and iNOS and blocking the cell 
signalling pathway in the intestine.27  The use of polyphenol-
rich pomegranate fruit extract or compounds derived from it 
for the treatment of inflammatory diseases by suppressing 
basophils and mast cell activation was reported by Rasheed Z 
et al.28 Free radicals that generate oxidative stress are what 
causes inflammation, and the antioxidant properties of 
pomegranates can get rid of the free radicals and lessen the 
inflammation. Pomegranate also has antibacterial 
Properties, and its phytochemicals can reduce inflammation 
caused by microorganisms. As a result, it is useful for the 
treatment  inflammations caused by microbes. Pomegranate 
phytochemicals have multiple bioactivities; they can 
influence a variety of inflammatory variables and promote 
healing.29,30 The observations of the above-mentioned studies 
substantiate the results obtained in this study. 
 
The antioxidant activity was measured using DPPH, H2O2, 
and FRAP assays ,and ascorbic acid was used as the 
staanderd. At concentrations of 10 μl for DPPH, 10 μl and 20 
μl for H2O2 significant difference was found between PPE 
CaSo4 NPs and the standard (p<0.05) at higher 
concentrations of 30, 40, and 50 μl; there was no significant 
difference between the test material and the standard in all 
the three tests conducted, that is DPPH, H2O2 and FRAP. This 
indicated equivalence between the standard and test groups 
at these concentrations (p>0.05). 
 
It was also found that antioxidant activity increased as the 
concentrations increased from 10μL to 50 μL. A significant 
difference was found in all concentrations in  all three tests 
(p<0.05) Indicating that the antioxidant properties increased 
with an increase in concentration, that is the antioxidant 
activity was dose-dependent and the PPE CaSo4 NPs can 
provide the same antioxidant as the standard. This finding is 
similar to the findings of previous studies that concluded that 
pomegranate peel extracts have high concentrations of 
biologically active compounds responsible for the 
antioxidant activity, and the concentration of the 
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compounds depends on the method of extraction and the 
cultivar, and the antioxidant activity increases as the 
concentration of the peel extract increased.31-35 It can also be 
stated that the addition of calcium sulfate did not decrease 
the antioxidative properties as the values obtained were 
comparable with the standard used. 
 
 
CONCLUSION 
The distinctive biochemical profile of pomegranate and  the 
presence of more than 124 bioactive components confirm its 
anti-inflammatory and antioxidant properties. The 
antioxidant activity of pomegranate peel extract-based 
calcium sulfate was comparable to that of the control, and 
was directly related to the concentration. The capacity of 
pomegranate peel extract-based calcium sulfate to suppress 
protein denaturation proved its concentration- dependent 
anti-inflammatory potential. According to this study, 
pomegranate peel extract-mediated calcium sulfate Nano 
particles possess anti-inflammatory and antioxidant 
characteristics that vary in concentration. The findings of this 
investigation will advance our knowledge of these features. 
Hence, thorough testing is required before pomegranate and 
its bioactive chemicals can be employed as therapeutic 
agents, either alone or in combination, to treat a variety of 
degenerative disorders such as osteoporosis, rheumatoid 
arthritis, and bone regeneration. 
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ABSTRACT 
Introduction: Green tea is a medicinal beverage extracted 
from the plant Camellia sinensis. Antioxidants that exist 
naturally can be extracted as pure compounds from their 
parent materials for nutraceutical and medicinal 
applications. 
The present study aims to assess the antioxidant activity of 
Zinc oxide-titanium dioxide nano-composites (ZnO-TiO2 
NCs) containing green tea extract. 
 
Materials and Methods: The antioxidant activity was tested 
by Hydrogen Peroxide [H2O2] assay, Fluorescence recovery 
after photo-bleaching [FRAP] assay and 2, 2-diphenyl-1-
picrylhydrazyl[DPPH] assay. All tests have shown very good 
results for the ZnO-TiO2 NCs.  
 
Results:  In this study, we present a straightforward, eco-
friendly alternative for producing non-toxic zinc oxide and 
titanium oxide nano-composite material. This study could 
make a valuable contribution and create new opportunities 
in the market such as biological and pharmaceutical 
applications. 
 
Conclusion: The in vitro tests concluded that the novel 
nanocomposite containing ZnO-TiO2 and green tea extract 
has good anti-oxidant properties and it is non-toxic to the 
biological systems. 
 
KEYWORDS:  
Antioxidant activity, Green tea, Nano-composites. 
 
 
INTRODUCTION 
Nano-composite materials are made of amorphous or one, 
two, or three-dimensional structures blended at the nano-
scale. These are made of clay, carbon, polymer, or a mixture 
of these components.1 Green tea is a medicinal beverage 
extracted from the plant Camellia sinensis with a total 
polyphenol content of20% to 35% by weight, 60–80% of 

which are catechins.2 It has various health benefits like 
prevention of cancer, and cardiovascular disease, the anti-
inflammatory, anti-arthritic, antibacterial, anti-angiogenic, 
anti-oxidative, antiviral, neuro-protective and anti-
cholesterol effects.3,4 It has therapeutic effects in liver diseases, 
type 2 diabetes, Alzheimer's disease, obesity and many other 
systemic conditions.5 It acts as an antioxidant by inducing 
glutathione-S-transferases and by inhibiting 'pro-oxidant' 
enzymes like inducible nitric oxide synthase, lipo-oxygenase 
and xanthine oxidase.6 Natural antioxidants obtained from 
medicinal plants boost the plasma's antioxidant capacity 
and lower the risk of developing certain diseases.7,8 Secondary 
metabolites like phenolics and flavonoids are effective free 
radical scavengers.9 The undesirable effects of synthetic 
antioxidants include liver damage, cancer etc.10,11 FDA 
permits the use of TiO2 and biosynthesized Zinc Oxide nano-
particles in human food, medication, and cosmetics.12,13 The 
present study aims to assess the antioxidant activity of a 
nano-composite containing TiO2, ZnO and Green tea extract. 
 
 
MATERIALS AND METHODS 
Preparation of plant extract 
Distilled water (100Ml) and green tea powder (2g) were 
mixed and boiled for 10 min. And the extract was filtered 
through muslin cloth. After stirring thoroughly in a heating 
mantle at 50-60 0C for 30 min, it is filtered using Whatman 
no. 1 filter paper. Of the 100mL filtered green tea extract, 60 
mL of plant extract was used for the preparation of nano-
particles. The remaining 30-40 mL of plant extract was 
concentrated into 3-4 mL of plant extract using a heating 
mantle, and could also used as the control. Sixty millilitres of 
the extract were used to synthesize the nano-particles. 
 
Preparation of nanoparticles 
Titanium oxide (0.35 g)was dissolved in 70 mL of distilled 
water, added to 30 mL of green tea extract,  and stirred in an 
orbital shaker for 48 hours at 700-750 rpm. The mixture was 
centrifuged to synthesize titanium dioxide nano-particles. 
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Pellets were collected and stored for characterization and 
biological analyses. 
 
574g (20mM) of Zinc sulphate was dissolved in 70 mL of 
distilled water, added to 30 mL of green tea extract, and 
stirred in an orbital shaker for 48 hours at 700-750 rpm. The 
mixture was centrifuged to synthesize zinc oxide nano-
particles. The pellets were collected and stored for further 
characterization and research. [Figure 1] 
 
Preparation of Zinc oxide and Titanium dioxide nano-composites 
The titanium dioxide and zinc oxide nano-particle pellets 
were collected and dissolved in distilled water. Equal volumes 
of the solutions were placed separately in a sterile centrifuge 
and centrifuged at 8000 rpm for 10 min. The mixture was 
then  added to the green tea extract and dried in a hot air 
oven. The powder was collected and stored for further 
research .  
 
Characterization of nanocomposite  
In this study, green tea was used as a reducing and stabilizing 
agent to synthesize Titanium dioxide nano-particles, ZnO 
nano-particles, and Titanium dioxide-Zinc oxide nano-
composite. The green tea-mediated nano-particles and nano-
composites were subjected to characterization techniques, 
such as Scanning Electron Microscopy (SEM) and Elemental 
dispersive analysis (EDX) to analyze their shape, and 
elemental and functional composition. 
 
Scanning electron microscopy 
Scanning Electron Microscopy (SEM) analysis of the green-
synthesized TiO2-ZnO nano-composite revealed its distinctive 
morphology [Figure 2]. This intriguing observation suggests a 
complex and heterogeneous structure within the nano-
composite material, with two distinct particle shapes. The 
nano-composite exhibited a combination of both rhomboid-
shaped TiO2 nano-particles and spherical ZnO nano-
particles. The particles had a certain degree of uniformity and 
regularity. This size-dependent activity suggests that the 
synthesized nano-particles can be tailored for specific 
applications by controlling their size. The coexistence of 
rhomboid and spherical particles in the TiO2-ZnO nano-
composite may have implications for its unique properties 
and potential applications, making it a promising candidate 
for various biomedical applications. The unique properties 
and morphologies of these nano-particles offer opportunities 
for application in the fields of biomedicine and antimicrobial 
coatings for prosthetic devices. 
 
Elemental dispersive analysis  
Energy dispersive X-ray spectroscopy (EDX) analysis of the 
green-synthesized titanium dioxide, zinc Oxide (TiO2-ZnO) 
nanocomposite provided insights into its elemental 
composition as depicted in [Figure 3]. The EDX spectra 
revealed the presence of several elements including titanium, 
zinc, and oxygen confirming the presence of both TiO2 and 
ZnO components. in the nano-composite. 
 
The significant carbon content suggests the persistence of 
organic residues from the green synthesis process, which may 
contribute to the nano-composite's unique properties. These 
findings underscore the versatility of green tea-mediated 

synthesis for tailoring nano-particle morphologies and offer 
potential applications in various fields of nanotechnology 
and materials science.  
                                                                                                   
Evaluation of antioxidant activity by the DPPH method  
The antioxidant activities of the biogenically synthesized zinc 
oxide and titanium dioxide nano-composites were evaluated 
using the DPPH assay. Different quantities (2–10μg/mL) of 
green tea extract containing the ZnO-TiO2 nanocomposite, 
were added to 450 μL of 50 mM Tris HCl buffer (pH 7.4) and 
1 ml of DPPH(0.1 Mm) in methanol and incubated for 30 
min. Subsequently, based on the absorbance at 517 nm, the 
decrease in the number of DPPH free radicals was evaluated. 
Butylated hydroxytoluene (BHT) was used as control. The 
following equation was used to calculate the percentage 
inhibition: 
  
% inhibition = Absorbance of control- Absorbance of test sample × 100 
                                      Absorbance of control 
 
Evaluation of antioxidant activity by hydroxyl radical scavenging 
assay 
Modified Halliwell method was used to perform the assay.14 

1.0 mL of freshly prepared reaction mixture containing 100 
mL of 28 mM 2-deoxy-2-ribose, which was dissolved in 
phosphate buffer at pH 7.4. 500 mL of a solution containing 
different concentrations of green tea with ZnO-TiO2 nano-
composite (10 to 50 μg/mL), 200 mL of 200 mM FeCl3 and 
1.04 mM EDTA (1:1 v/v), 100mL H2O2(1.0mM) and 
100μL(1.0mM) ascorbic was used. The TBA (Thiobarbituric 
acid) reaction was used to measure the degree of deoxyribose 
breakdown after incubating for one hour at 37°C. The 
absorbance at 532 nm was calculated in a blank solution, 
and the positive control, vitamin C, was used. 
 
Evaluation of antioxidant activity by FRAP assay 
 
Reagents for FRAP assay 
a. To prepare an acetate buffer with 300 mM of pH 3.6, 3.1g 
of sodium acetate trihydrate was added to 16 ml of glacial 
acetic acid, and then mixed with distilled water to make a 
volume of 1L. b. TPTZ (2, 4, 6-tripyridyl-s-triazine), 10 mM in 
40 m M H Cl (M.W. 312.34) (M.W. 36.46). c. FeCl3.6 H2O 
(20mM; M.W. 270.30). Immediately before testing, the FRAP 
reagent was  prepared by combining components a, b, and c 
in a ratio 10:1:1. FeSO4. 7 H2O: 0.1 to 1.5 mM in methanol 
served as the standard. All reagents were prepared by the 
Merck Company in Germany. 
 
Procedure for FRAP assay 
The FRAP solution (3.6 mL) to distilled water (0.4 mL) and 
incubated for 5 min at 37 °C. This solution was mixed with a 
specific concentration of green tea nano-composites 
containing ZnO-TiO2 nano-particles (10 to 50 μg/mL) and 
incubated for 10 min at 37°C.The absorbance of the reaction 
mixture was measured at 593 nm. Five concentrations of 
FeSO4 and 7H2O (0.1, 0.4, 0.8, 1, 1.12, and 1.5 m M) were 
used to create a calibration curve, and the absorbance values 
were calculated for the sample solutions. 
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RESULTS 
Visual observation 
In the presence of the ZnO-TiO2 nano-composite, the color of 
the solution gradually changed to pale yellow. 
 
Scanning electron microscopy 
SEM of the nano-composite suggested a complex 
heterogeneous structure with two distinct particle shapes. 
Upon examination, a combination of both rhomboid-shaped 
particles of TiO2 and spherical particles of ZnO of uniform 
shape and size was observed [Figure 1]. The coexistence of 
rhomboid and spherical particles in the TiO2-ZnO nano-
composite may have implications for its unique properties 
and potential applications, making it a promising candidate 
for various biomedical applications. 
 
EDX Spectrography 
The elemental compositions of TiO2 and ZnO , namely 
titanium, zinc, oxygen and carbon, in the nanocomposite 
was confirmed by EDX Spectrography [Figure 2]. 
 
DPPH assay 
In the DPPH assay, the higher the concentration of green tea 
in the ZnO-TiO2 nano-composite higher was the % of 
inhibition. At the concentration of nano-composites 
10μg/ml, inhibition was 64%, 20 μg/mL has a 76%, 30 
μg/mL has an 82%, 40 μg/mL has 64% of inhibition and 50 
μg/mL has an 89%, respectively [Figure 3]. 
 
H2O2 assay 
In the H2O2 assay, the higher the concentration of green tea 
in the ZnO-TiO2 nano-composite higher was the inhibition 
rate rate. A concentration of nano-composites with 10μg/ml 
inhibited 51.3% of inhibition, 20 μg/ml inhibited 56.1% , 30 
μg/ml 62.8% of inhibition,40 μg/ml inhibited 78% and 50 
μg/ml inhibited 87.5% [Figure 3]. 
 
FRAP assay 
In the FRAP assay, the % of inhibition increased in a dose-
dependent manner. At a concentration of 10μg/mL the nano-
composites showed 64.8% inhibition, 20 μg/mL inhihibited 
74.3% , 30 μg/mL has an 82.6%, 40 μg/mL has an 84.7%, 
and 50 μg/mL has a 90.1%. (Figure 4) The plant-mediated 
nano-particles were added to the zinc sulphate solution and 
titanium oxide solution. Zinc sulfate was used to synthesize 
ZnO nano-particles and titanium oxide was used to 
synthesize titanium dioxide nano-particles. After one hour a 
color change was observed, which indicate the initiation of a 
chemical reaction in the solution. After 24 h, the color 
changed completely, indicating the synthesis of the nano-
particles [Figure 3]. 
 
Examination of ZnO-TiO2 nano-composites using UV-visible 
spectroscopy  
UV-visible spectroscopy was used for preliminary 
confirmation of the nano-particle synthesis. The absorbance 
of the UV-visible spectrum exhibited the highest peak at 310 
nm. As the concentration of the ZnO-TiO2 nanocomposite 
increases from 10 mg to 100 mg, the absorbance at 310 nm 
decreased in intensity. The peak refers to the synthesis of 
nanoparticles.15 The reduction of titanium ions and 
generation of TiO2 NPs were completed after overnight 

incubation at room temperature. The reduction of titanium 
ions is indicated by the formation of a light green color. The 
absorption spectra of the TiO2 NPs formed in the solution had 
absorbance peaks at approximately 280 nm.16 The synthesis 
of nano-particles was observed in the color changes of the 
nanoparticle solution. The synthesis of ZnO nano-particles 
was confirmed by UV-visible spectroscopy, which showed the 
highest peak absorbance at 360 nm. After 24h of reaction, 
the color change was stopped and precipitation was 
observed, indicating the completion of nano-particle 
synthesis.17 The formation of ZnO NPs was confirmed by the 
observation of maximal absorbance at 480 nm, which is the 
typical wavelength for this formation. The observed UV 
spectrum around 450 nm indicates that in the reduction 
process, the semiconducting property of ZnO has not been 
lost18 [Figure 4]. In the presence of the ZnO-TiO2 
nanocomposite, the color of the solution gradually changed 
to pale yellow. The absorption intensity was confirmed and 
localized by UV-visible spectroscopy at 310 nm. [Figure 4] 
 
The antioxidant activity of green synthesized ZnO-TiO2 
nano-composite using green tea extract was measured by 
DPPH,  H2O2, and FRAP assays to evaluate their radical 
scavenging activity. The solution was kept undisturbed for 
two hours to evaluate the stability of the nano-composites. 
The color change of the solution to pale yellow indicates an 
increase in free radical scavenging activity with an increase 
in the concentration of the ZnO-TiO2 nano-composite. When 
the antioxidant activity was tested, green tea in the ZnO-TiO2 
nano-composites had good antioxidant properties.  
 
In the DPPH assay, the higher the concentration of green tea 
in the ZnO-TiO2 nano-composite higher was the % of 
inhibition. The antioxidant activity of green tea containing 
ZnO-TiO2 nano-composites was comparable to that of the 
standard. When DPPH was inhibited, the color changed from 
purple to brown, indicating that hydrogen was donated and, 
demonstrating high scavenging activity. The high redox 
potential of ZnO breaks the water molecules into hydroxyl 
and hydrogen radicals, stabilizing DPPH free radicals and 
inhibiting the DPPH effect.  The Antioxidant activities of 
different percentages of inhibition of oxidation were 52%, 
63%, 71%, 85%, and 90% in a dose-dependent manner. Plant 
extracts mediated by titanium dioxide nano-particles at 40μL 
and 50μL concentrations exhibited a high antioxidant 
activity of 90%.  
 
In the H2O2 assay, the higher the concentration of green tea 
in the ZnO-TiO2 nano-composite higher was the % of 
inhibition. The % of inhibition shown by the green tea 
containing nano-composites was similar to the standard 
values. Previous studies have shown that green tea-mediated 
TiO2 NPs exhibit 57–72% scavenging at 100 μg/mL 
concentration, while at 10 μg/mL, scavenging was 4–9%, 
indicating ineffectiveness at lower concentrations. 
 
In FRAP assay, the % of inhibition increased in a dose-
dependent manner. All values were nearly the same as those 
the standard. In FRAP assay, the maximum concentration of 
antioxidant activity of 8.99 ± 0.21 μM/mL in 1000 μg/mL, 
and the minimum concentration of antioxidant activity of 
0.59 ± 0.01 μM/mL in 60 μg/mL of ZnO un-doped ZnO nano-
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Concentration                                                            Antioxidant activity of green teaTiO2ZnO nanocomposite 
                                                    DPPH % of inhibition                            H2O2  % of inhibition                          FRAP % of inhibition 
                                       GT, TiO2 ZnO              Standard               GT, TiO2 ZnO              Standard           GT, TiO2 ZnO         Standard 
10 μL                                      64%                            66                            51.3                            53                         64.8                       67 
20 μL                                        76                             78                            56.1                            58                         74.3                       78 
30 μL                                        82                             83                            62.8                            64                         82.6                       87 
40 μL                                        64                             66                              78                             80                         84.7                       88 
50 μL                                        89                             91                            87.5                            90                         90.1                      93. 

Table I:  Antioxidant activity of green tea TiO2 ZnO nano-composite

Fig. 1: SEM image of green synthesized TiO2-ZnO nano-composite

Fig. 2: EDX spectra of green synthesized TiO2-ZnO nanocomposite
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particles. The antioxidant activity of Mn-doped ZnO nano-
particles varied from 0.79±0.11 to 10.9 ± 0.11 μM/mL. Mn-
doped ZnO nano-particles exhibited a higher FRAP than un-
doped ZnO nano-particles. 
 
In the DPPH assay, the higher the concentration of green tea 
in ZnO-TiO2 nano-composite, higher the% inhibition. At the 
concentration of nano-composites 10μg/mL, 64%, 20 μg/mL 
has a 76%, 30 μg/mL has an 82%, 40 μg/mL has 64% of 
inhibition and 50 μg/mL has an 89%. [Table I] 

 In the H2O2 assay, the higher the concentration of green tea 
in theZnO-TiO2 nano-composite higher was the % of 
inhibition. Nano-composites at 10μg/ml has, 51.3% 
inhibition, 20 μg/mL has a 56.1% inhibition, 30 μg/mL has, 
62.8% inhibition,40 μg/mL has a 78% inhibition and 50 
μg/mL has an 87.5% inhibition, respectively. [Table I] 
 
In the FRAP assay, the % of inhibition increased in a dose-
dependent manner. At a concentration of 10μg/mL the nano-
composites showed 64.8% inhibition, 20 μg/mL inhibited 

Fig. 3: A) DPPH assay B)H2O2 Assay C) FRAP assay

Fig. 4: Graphical representation of the UV-visible spectroscopy is ZnO-TiO2 nano-composite for green tea extract
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74.3%, 30 μg/mL has an 82.6%, 40 μg/mL has an 84.7%, and 
50 μg/mL has a 90.1%. [Table I] 
 
Plant-mediated nano-particles were added to the zinc sulfate 
and titanium oxide solutions. Zinc sulfate was used to 
synthesize ZnO nano-particles, and titanium oxide was used 
to synthesize titanium dioxide nano-particles. After one hour 
a color change was observed which indicated the initiation of 
a chemical reaction in the solution. After 24 h the color 
changed completely, indicating synthesis of the nano-
particles. 
 
 
DISCUSSION 
The antioxidant activity of green synthesized ZnO-TiO2 
nano-composite using green tea extract was measured by 
DPPH, H2O2 and FRAP assays to evaluate their radical 
scavenging activity. The solution was kept undisturbed for 
two hours to evaluate the stability of the nano-composites. 
The color change of the solution to pale yellow indicated an 
increase in free radical scavenging activity with an increase 
in the concentration of the ZnO-TiO2 nano-composite. When 
the antioxidant activity was tested, green tea in the ZnO-TiO2 
nano-composites had good antioxidant properties.  
 
The DPPH assay is used to measure the ability of compounds 
to scavenge free radicals, particularly DPPH radicals which 
are stable free radicals. Antioxidants react with DPPH and 
donate hydrogen atoms or electrons to neutralize it, turning 
the solution from purple to yellow. It is widely used to predict 
the antioxidant capacity of substances and understand the 
mechanisms of antioxidant action against lipid oxidation. In 
the DPPH assay, the higher the concentration of green tea in 
the ZnO-TiO2 nano-composite higher was the % of 
inhibition. The antioxidant activity of green tea containing 
ZnO-TiO2 nano-composites was comparable to that of the 
standard. When DPPH was inhibited, the colour changed 
from purple to brown, indicating that hydrogen was donated, 
demonstrating high scavenging activity.19 The high redox 
potential of the ZnO breaks the water molecules into 
hydroxyl and hydrogen radicals, stabilizing the DPPH free 
radicals and inhibiting the DPPH effect.20,21 Antioxidant 
activity of different percentages of inhibition of oxidation 
were 52%, 63%, 71%, 85%, and 90% in a dose-dependent 
manner. Plant extracts mediated by titanium dioxide nano-
particles at 40μL and 50μL concentrations exhibited a high 
antioxidant activity of 90%.  
 
The H2O2 assay evaluated the ability of the samples to 
scavenge hydrogen peroxide (H2O2). Antioxidants, 
particularly phenolics, can donate electrons to H2O2 and 
convert it into water (H2O). It helps to understand how 
substances can mitigate oxidative stress by neutralizing 
H2O2. In H2O2 assay, the higher the concentration of green 
tea in ZnO-TiO2 nano-composite higher the % of inhibition. 
The % of inhibition shown by the green tea containing nano-
composites was similar to the standard values. Previous 
studies have shown that green tea-mediated TiO2 NPs exhibit 
57–72% scavenging at 100 μg/mL, while at 10 μg/mL, 
scavenging was 4–9%, indicating ineffectiveness at lower 
concentrations.22 
 

The FRAP assay measures the total antioxidant activity of a 
sample based on its ability to reduce ferric ions (Fe^3+) to 
ferrous ions (Fe^2+). Antioxidants in the sample reduce Fe^3+ 
to Fe^2+ in a colored complex, which can be quantified 
spectrophotometrically. The FRAP assay is commonly used in 
the food, beverage, and nutritional supplement industries to 
assess the overall antioxidant capacity, often using Trolox (a 
vitamin E analog) as a standard for calibration. In the FRAP 
assay, the % of inhibition increased in a dose-dependent 
manner. All values were nearly the same as those of the 
standard. In FRAP assay, the maximum concentration of 
antioxidant activity of 8.99 ± 0.21 μM/mL in 1000 μg/mL, 
and the minimum concentration of antioxidant activity of 
0.59 ± 0.01 μM/mL in 60 μg/mL of ZnO un-doped ZnO nano-
particles. The antioxidant activity of Mn- doped ZnO nano-
particles varied from 0.79±0.11 to 10.9 ± 0.11 μM/mL . Mn-
doped ZnO nano-particles exhibited a higher FRAP than un-
doped ZnO nano-particles.23 
 
Recent research in the field of nano-science has led to the 
utilization of nano-particles for cancer therapy through 
targeted drug delivery, as imaging tools in genetic 
engineering and in the development of electrochemical 
biosensors for diagnosis and drug delivery. 
 
 
CONCLUSION 
Based on the in vitro tests to evaluate antioxidant activity, it 
can be concluded that the novel nano-composite containing 
ZnO-TiO2and green tea extract has good anti-oxidant 
properties. The advantages of natural antioxidants have 
non-toxic effects on biological systems, potency, and cost-
effectiveness. Owing to their high catalytic and 
photochemical capabilities, ZnO nano-particles exhibit 
antibacterial and antifungal properties even at low 
concentrations. 
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ABSTRACT 
Introduction: Vertigo and dizziness are symptoms of various 
underlying conditions, ranging from benign to severe, 
affecting up to 40% of adults. Understanding the etiological 
factors and demographic characteristics associated with 
these symptoms is crucial for improving diagnostic 
accuracy and management. This study aims to identify the 
etiological factors contributing to vertigo and dizziness in a 
clinical setting and assess the effectiveness of treatment 
strategies. 
 
Materials and Methods: Retrospective cohort study 
conducted at Department of ENT and Head & Neck Surgery, 
Saveetha Medical College Hospital, Thandalam, Chennai, 
Tamil Nadu, India from September 2022 to March 2024. We 
included patients presenting with vertigo or dizziness, 
excluding those with non-vestibular dizziness or incomplete 
medical records. We analysed demographic data, medical 
history, and clinical findings from patient records. Data 
analysis was performed. Continuous variables were 
compared using independent sample t-tests and categorical 
variables using chi-square tests. 
 
Results: The study included 268 patients, predominantly 
females (57.8%) and individuals aged 40-50 years (29.9%). 
Benign Paroxysmal Positional Vertigo (BPPV) was the most 
common etiological factor (41.0%), followed by orthostatic 
dysregulation (17.2%) and vestibular peripheral dysfunction 
(VPD) (16.0%). Clinical presentations and outcomes varied 
with the underlying etiology. Overall, 91.0% of the patients 
showed improvement following treatment, with 7.1% 
achieving full recovery. 
 
Conclusion: This study highlights the complexity of vertigo 
and dizziness, which are influenced by various factors and 
demographics. This emphasizes the importance of tailored 
management strategies and a patient-centered, 
multidisciplinary approach, emphasizing customized 
treatments to improve patient outcomes. 
 
KEYWORDS:  
Dizziness, nystagmus, BPPV, Vestibular, Meniere’s disease 
 
 
INTRODUCTION 
Vertigo and dizziness are complex symptoms that represent 
significant challenges in both diagnosis and management 
within the clinical setting.1 These symptoms are not diseases 
themselves but are rather manifestations of a range of 

underlying conditions, which can span from benign to life-
threatening.2 The prevalence of vertigo and dizziness in the 
general population is substantial, with studies suggesting 
that up to 40% of adults experience these symptoms at some 
point in their lives, leading to a significant impact on quality 
of life and work productivity.2,3  
 
The etiology of vertigo and dizziness varies and can be 
classified into categories such as peripheral vestibular, 
central vestibular, systemic, and psychological origins. 
Among these, disorders of the peripheral vestibular system 
such as benign paroxysmal positional vertigo (BPPV), 
Meniere’s disease, and vestibular neuritis are common 
causes.4,5 However, central nervous system issues, 
cardiovascular problems, medications, and psychological 
factors can also contribute significantly to these symptoms. 
This multifactorial nature necessitates a comprehensive and 
systematic approach to diagnosis and management.6 The 
demographic factors play a crucial role in the presentation 
and etiology of vertigo and dizziness.7-9 Age, for instance, is a 
critical factor; while younger individuals may experience 
dizziness primarily due to psychological reasons, older adults 
are more likely to suffer from vertigo due to vestibular 
disorders.10,11 Similarly, gender differences have been observed 
in the prevalence and causes of these symptoms, with certain 
conditions such as Meniere’s disease being more common in 
women.12,13 
 
Despite the high prevalence and significant impact of vertigo 
and dizziness, there remains a gap in understanding the 
precise etiological factors and demographic correlations in 
diverse populations.14 This lack of detailed knowledge hinders 
the development of targeted and effective management 
strategies, leading to suboptimal patient outcomes and 
increased healthcare costs.15-17 In light of these challenges, our 
study aims to identify and analyse the etiological factors 
contributing to vertigo and dizziness among patients 
presenting to the Ear, Nose and Throat (ENT) department. By 
examining the demographic characteristics of these patients 
and assessing correlations between these characteristics and 
etiological factors, we sought to shed light on the complex 
dynamics underlying these conditions. This research is 
essential for advancing our understanding of vertigo and 
dizziness, paving the way for more accurate diagnoses and 
personalized treatment approaches, ultimately enhancing 
patient care and outcomes in clinical practice.  
 
Through this retrospective study, we aim to contribute 
valuable insights into the patterns and predictors of vertigo 
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and dizziness, offering a foundation for future research and 
improved therapeutic strategies in the field of 
otorhinolaryngology. In this study, we are guided by two 
primary objectives: first, to dissect the etiological landscape of 
vertigo and dizziness in our patient population and second, 
to elucidate the interplay between these etiological factors 
and the demographic characteristics of the patients. 
 
 
MATERIALS AND METHODS 
Study Design 
This retrospective cohort study aim to identify and analyze 
the etiological factors contributing to vertigo and dizziness in 
patients presenting to the ENT department.  
 
Study Setting 
This study was conducted at the ENT Department of Saveetha 
Medical College Hospital, Thandalam, Chennai, India from 
September 2022 to March 2024. This period included medical 
record review, data extraction, and subsequent analysis, 
ensuring a rich dataset for retrospective examination. 
Institutional ethical committee approval was obtained. 
 
Study Population 
The study population comprised of patients attending the 
ENT department with symptoms of vertigo or dizziness. 
Inclusion criteria were symptomatic presentation within the 
study period and confirmed diagnosis of vestibular disorders. 
Exclusion criteria included non-vestibular-related dizziness, 
incomplete medical records, or conditions mimicking vertigo 
with different underlying etiologies such as hypoglycemia or 
panic attacks. 
 
Selection of Participants 
All consecutive patients were included based on the inclusion 
criteria to minimize selection bias. Given its retrospective 
nature, the study included all eligible records during the 
specified period without a predetermined sample size. This 
approach ensured comprehensive coverage of the patient 
population, enhancing the representativeness and 
generalizability of findings. 
 
Study Variables and Outcomes 
The study variables included demographic characteristics 
(age and gender), medical history (comorbidities and prior 
episodes), and symptomatology (duration and severity). 
Factors such as pre-existing health conditions, medication 
use, and lifestyle were also recorded. The primary outcome 
included the identification of predominant etiological factors 
(vestibular, central, cardiovascular) and assessment of 
management outcomes. 
 
Data extraction 
The medical records were used as the primary data source. 
The extracted information included demographic details, 
medical history, clinical findings, diagnostic test results, and 
management strategies. The diagnostic criteria were based 
on established clinical guidelines for conditions such as 
BPPV, Meniere’s disease, and vestibular neuritis. The 
assessment methods for each patient were standardized 
according to the department's protocols developed based on 
international guidelines for vestibular case diagnoses to 

ensure consistency.18 The department protocol was that a 
vertigo patient should have a minimum requirement of 
positional history, short duration of symptoms and dix-
hallpike positive for classifying as BPPV; triad of roaring 
tinnitus, episodic vertigo and fluctuating hearing loss 
associated with or without aura should be classified as 
meniere’s disease; presence of differentiating features of 
central and peripheral causes, postural changes, cardiac 
issues, migrainous / psychiatric association were documented 
in detail. The neurotologist who reviewed medical records 
was blinded to the study objectives 
 
Statistical Analysis 
Data were analyzed using SPSS software version 20.0 (IBM 
Corp. Released 2011. IBM SPSS Statistics for Windows, Version 
20.0. Armonk, NY: IBM Corp.) Continuous variables were 
reported as mean ± standard deviation (SD) and assessed 
using the independent sample t-test for normally distributed 
data. Categorical variables were expressed as percentages 
and analyzed using the chi-square test, applying Yates 
continuity correction or Fisher’s exact test when appropriate. 
All tests were two-sided, with a p-value < 0.05 considered 
statistically significant. 
 
 
RESULTS 
Sociodemographic characteristics 
Within the duration of this investigation, 268 patients were 
evaluated for vertigo and dizziness, with ages ranging from 
under 30 to over 60 years. The mean age groups were well-
represented, with the largest cohort being those aged 40-50 
years (29.9%), demonstrating a diverse patient population. 
The gender distribution leaned towards a higher female 
presence (57.8%) than males (42.2%). The duration of 
symptoms varied, with a significant number of patients 
experiencing symptoms for 1-4 weeks (43.3%). The associated 
symptoms were prevalent, including nausea and vomiting 
(30.6%), tinnitus (25.0%), and headache (15.3%). Regarding 
past medical history, hypertension was notably common 
(40.1%), followed by diabetes (17.2%) and dyslipidemia 
(13.4%), as detailed in Table I. 
 
Aetiological Factors 
Analysis of etiological factors revealed that Benign 
Paroxysmal Positional Vertigo (BPPV) was the predominant 
cause (41.0%), underscoring its significant role in vertigo 
etiology. Orthostatic dysregulation and Vestibular Peripheral 
Dysfunction (VPD) were also notable causes, accounting for 
17.2% and 16.0% of the cases, respectively. Other etiologies, 
such as Meniere’s disease (4.1%), vestibular migraine (7.1%), 
and psychogenic vertigo (4.9%), were less common. A small 
percentage of patients remained undiagnosed (3.7%) (Table 
II). 
 
Examination Findings 
Physical and auxiliary examination findings highlighted a 
range of abnormal outcomes. Nystagmus was observed in 
27.9% of the patients, and abnormal S-test results were the 
most frequent finding (44.0%), indicating a high incidence of 
sensory integration issues in balance. Other significant 
findings included abnormal Subjective Visual Vertical (SVV) 
tests (25.7%) and video head impulse test (vHIT) (13.0%). 
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These results are consolidated in Table III, which illustrates 
the complexity of diagnosing vestibular disorders. 
 
Clinical Presentation and Diagnosis 
The clinical presentation varied significantly among different 
etiologies. Patients diagnosed with BPPV had a mean age of 
49.5 years and had symptoms for an average of 4.3 weeks. 
Patients with Vestibular Peripheral Dysfunction (VPD) were 
younger and had longer symptom durations. Meniere’s 
disease was associated with distinctive symptoms, such as ear 
fullness (27.3%) and rotatory dizziness (36.4%). Orthostatic 

dysregulation was observed in younger patients (mean age 
39.0 years) with longer symptom durations (8.2 weeks). These 
detailed analyses provide insight into the specific clinical 
manifestations related to each etiology, as summarized in 
Table IV. 
 
Management Outcomes 
Regarding the management outcomes of patients with 
vertigo, a substantial majority (91.0%) showed improved 
recovery following treatment interventions. Full recovery was 
achieved in a small fraction (7.1%), highlighting the 

Sr. No.                  Sociodemographic factors                                        Number (n=268)                                       Percentage (%) 
1.                              Age (years) 
                                 <30 years                                                                              46                                                            17.2 
                                 30-40 years                                                                           43                                                            16.0 
                                 40-50 years                                                                           80                                                            29.9 
                                 50-60 years                                                                           59                                                            22.0 
                                 >60 years                                                                              40                                                            14.9 
2.                              Sex 
                                 Male                                                                                    113                                                           42.2 
                                 Female                                                                                155                                                           57.8 
3.                              Duration 
                                 < 1 week                                                                              41                                                            15.3 
                                 1-4 weeks                                                                            116                                                           43.3 
                                 4-12 weeks                                                                           93                                                            34.7 
                                 >12 weeks                                                                            18                                                             6.7 
4.                              Associated symptoms 
                                 Ear fullness                                                                          11                                                             4.1 
                                 Headache                                                                             41                                                            15.3 
                                 Tinnitus                                                                                67                                                            25.0 
                                 Fluctuated hearing                                                             18                                                             6.7 
                                 Nausea & vomiting                                                             82                                                            30.6 
5.                              Past medical history 
                                 Hypertension                                                                      107                                                           40.1 
                                 Diabetes                                                                               46                                                            17.2 
                                 Dyslipidemia                                                                        36                                                            13.4 
                                 Coronary heart disease                                                       24                                                             9.0 
                                 Stroke/transient ischemic attack                                        13                                                             4.9 

Table I: Sociodemographic characteristics of the study participants (n=268)

Sr. No.                                  Etiology                                                       Number (n=268)                                       Percentage (%) 
1.                              Benign Paroxysmal Positional Vertigo                             110                                                           41.0 
2.                              Vestibular Peripheral Dysfunction                                     43                                                            16.0 
3.                              Meniere’s disease                                                               11                                                             4.1 
4.                              Orthostatic dysregulation                                                  46                                                            17.2 
5.                              Vestibular migraine                                                            19                                                             7.1 
6.                              Gravity Perception Disturbance                                         16                                                             6.0 
7.                              Psychogenic vertigo                                                            13                                                             4.9 
8.                              Unknown                                                                             10                                                             3.7

Table II: Description of the etiological factor for the vertigo among study participants (n=268) 18

Sr. No.                                                  Examination findings                                             Number (n=268)                      Percentage (%) 
1.                        Nystagmus                                                                                                              75                                           27.9 
2.                        Abnormal Caloric-test                                                                                           29                                           10.8 
3.                        Abnormal video Head Impulse Test                                                                     35                                           13.0 
4.                        Abnormal cervical-Vestibular Evoked Myogenic Potential 1                             23                                            8.5 
5.                        Abnormal Subjective Visual Vertical                                                                    69                                           25.7 
6.                        Abnormal interictal episodic Magnetic Resonance Imaging                              18                                            6.7 
7.                        Abnormal Skew-test                                                                                             118                                          44.0 
8.                        Hypertension                                                                                                         73                                           27.2 
 

Table III: Description of the abnormal findings of the study participants
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effectiveness of treatment strategies employed. A minimal 
number of in-patients were discharged without specific 
treatment for dizziness (1.1%), and the mortality rate was low 
(0.7%), indicating an overall favorable prognosis for most 
patients when appropriately managed (Table V) 
 
 
DISCUSSION 
The exploration of vertigo and dizziness in our study, 
encompassing 268 patients from an ENT department, 
provides a rich tapestry of data that elucidates the intricate 
nature of these conditions. By delving deep into demographic 
characteristics7-9, etiological factors, examination findings, 
and treatment outcomes, our study contributes to the broader 
discourse on these prevalent yet often perplexing conditions. 
This discussion seeks to contextualize our findings within the 
existing body of knowledge, emphasizing critical insights and 
identifying areas for further investigation. 
 
The gender disparity observed in our study, with a higher 
prevalence of vertigo and dizziness among females (57.8%) 
than males (42.2%), is consistent with previous research 
indicating a gendered dimension to these conditions.12,13,19,20 
This finding could be attributed to various biological and 
hormonal factors that may predispose women to certain 
types of vestibular disorders more than men. Additionally, 
the age distribution in our cohort, particularly the 
prominence of symptoms in the 40-50 years age bracket, 
raises important considerations regarding the life stage at 
which these conditions tend to manifest more frequently. This 
age-related trend might reflect not only the natural aging 
process and its impact on vestibular function but also the 
accumulation of risk factors such as cardiovascular diseases, 
hypertension, or diabetes, which are known to influence 
vestibular health.10,11,21,22  
 
The identification of BPPV as the leading cause of vertigo in 
our patient population corroborates its established 
prevalence in the general and clinical settings.14,23 This 
reaffirms the importance of BPPV in the differential diagnosis 

of vertigo, underscoring the need for clinician awareness and 
proficiency in its diagnosis and management.24 
Furthermore, the significance of vestibular peripheral 
dysfunction and orthostatic dysregulation observed in our 
study points to the multifactorial nature of vertigo and 
dizziness, necessitating a comprehensive assessment 
approach to accurately pinpoint the underlying etiologies.25 
The variance in symptom duration, with a notable segment 
experiencing symptoms for 1-4 weeks, underscores the 
complexity of these conditions, highlighting potential delays 
in seeking treatment or the persistence of symptoms, which 
could significantly impact patients’ quality of life and overall 
wellbeing. 
 
The role of vestibular function tests, as evidenced by the 
prevalence of abnormal S-test results and nystagmus among 
our patients, is pivotal in the diagnostic process for vertigo 
and dizziness.26 These findings not only underscore the value 
of such assessments in elucidating the vestibular 
contributions to patient symptoms but also highlights the 
challenges clinicians face in achieving a definitive diagnosis. 
The heterogeneity in examination findings necessitates a 
holistic diagnostic strategy, integrating comprehensive 
patient history, symptomatology, and targeted tests to 
navigate the diagnostic labyrinth of vertigo and dizziness 
effectively.2 The predominance of improved recovery 
outcomes in our study (91.0%) mirrors the potential of 
current management strategies to ameliorate symptoms and 
enhance patient quality of life. This observation is 
particularly encouraging, as it reinforces the efficacy of 
tailored treatment plans based on a thorough understanding 
of the etiology of the condition. However, the variability in 
recovery trajectories underscores the importance of 
personalized medical approaches, considering the individual 
patient's clinical profile, etiological factors, and lifestyle 
considerations to optimize treatment efficacy. 
 
The diversity in the treatment responses observed in our 
cohort underscores the critical importance of personalized 
approaches for managing vertigo and dizziness. This finding 

Etiology                                                         Total              Mean ±        Mean duration   Headache          Ear            Evoked        Rotatory  
                                                                  number of       (SD) Age         of symptoms         n (%)          fullness       Dizziness      dizziness 
                                                                    subjects                                    (in weeks)                                 n (%)             n (%)             n (%) 
Benign Paroxysmal Positional Vertigo          110            49.5 ± 13.8           4.3 ± 2.2            12 (11)           3 (2.7)           99 (90)          10 (9.1) 
Vestibular Peripheral Dysfunction                 43             42.1 ± 23.2           6.6 ± 3.8             1 (2.3)             0 (0)           38 (88.4)           0 (0) 
Meniere’s disease                                            11             50.8 ± 18.3           2.5 ± 2.0            2 (18.2)         3 (27.3)         7 (63.6)          4 (36.4) 
Orthostatic dysregulation                               46             39.0 ± 12.2           8.2 ± 5.6           13 (28.3)         1 (2.2)         41 (89.1)           0 (0) 
Vestibular migraine                                         19             44.6 ± 17.3           4.3 ± 5.5            8 (42.1)            0 (0)             1 (5.3)             0 (0) 
Gravity Perception Disturbance                      16             51.4 ± 16.7           6.4 ± 4.8            2 (12.5)         2 (12.5)        14 (87.5)           0 (0) 
Psychogenic vertigo                                         13             36.3 ± 12.6           7.2 ± 6.7             1 (7.6)             0 (0)              0 (0)               0 (0) 
Unknown                                                         10             48.2 ± 16.6          10.2 ± 6.7            2 (20)            2 (20)            4 (40)              0 (0)

Table IV: Description of the study participants according to the etiological factor (n=268)

Sr. No.             Treatment effect                                                                                            Number (n=268)                     Percentage (%) 
1.                     Full recovery                                                                                                              19                                           7.1 
2.                     Improved recovery                                                                                                   244                                         91.0 
3.                     Discharged from hospital; without treatment of dizziness                                    3                                            1.1 
4.                     Deceased                                                                                                                     2                                            0.7 

Table V: Outcome of the management done for patients with vertigo (n=268)
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aligns with the evolving paradigm in healthcare towards 
individualized patient care, which considers the unique 
aspects of each patient's condition and life circumstances. For 
instance, the application of vestibular rehabilitation, an 
evidence-based approach recommended for many vestibular 
disorders (Hall et al., 2016), could be tailored to the specific 
needs and capabilities of each patient, enhancing the overall 
effectiveness of the intervention and helping to develop 
targeted and effective management strategies, leading to 
optimal patient care and curbing increased healthcare 
costs.15-17,27  
 
A major strength of our study is its detailed analysis of a 
sizeable cohort from a specialized clinical setting, offering a 
nuanced understanding of vertigo and dizziness. However, 
this study had some limitations. The retrospective design, 
reliant on medical records, may have introduced biases 
related to documentation quality and completeness. 
Additionally, our findings, derived from an ENT department, 
might not fully encapsulate the broader spectrum of vertigo 
and dizziness presentations encountered in other clinical 
settings such as neurology or primary care. Addressing these 
limitations, future studies could adopt a prospective design 
that incorporates standardized assessment tools and 
protocols to ensure uniformity and comprehensiveness in 
data collection. While comprehensive, our study opens 
several avenues for future research. One area of particular 
interest is the exploration of the long-term outcomes in 
patients with vertigo and dizziness. Studies examining the 
persistence of symptoms, recurrence rates, and impact of 
various treatment modalities over time could provide 
valuable insights into the chronic nature of these conditions 
and the effectiveness of current management strategies. 
Furthermore, research on the development and validation of 
standardized protocols for the diagnosis and treatment of 
vertigo and dizziness could significantly enhance clinical 
practice, leading to improved patient outcomes. 
 
The complex interplay of demographic factors, etiological 
contributors, diagnostic challenges, and treatment outcomes 
is observed as vertigo which encompasses a wide spectrum of 
disorders. This interplay may mask the initial presentation of 
vertigo and can lead to misdiagnosis, as the patient at times 
may not be in a state to correctly give the precipitating events 
in chronological order. Attenders who accompany patients 
may provide version of their understanding of their 
symptoms at the initial assessment of the patient. It is the 
clinician’s experience and acumen that should be carefully 
sorted through this complex interplay to properly diagnose 
and treat the patient. 
 
 
CONCLUSION 
Our study contributes to the body of knowledge on vertigo 
and dizziness by highlighting the complex interplay between 
demographic factors, etiological contributors, diagnostic 
challenges, and treatment outcomes. This underscores the 
necessity for a patient-centered, multidisciplinary approach 
to managing these conditions tailored to the unique needs of 
each individual. As we advance, it is imperative that we 
continue to refine our understanding of vertigo and dizziness 
through rigorous research, ultimately guiding the evolution 

of clinical practice towards more effective and personalized 
patient care. 
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ABSTRACT 
Introduction: Neonatal circulatory shock poses a significant 
challenge in intensive care settings and necessitates early 
recognition and intervention to prevent adverse outcomes. 
The perfusion index (PI), derived from pulse oximetry 
signals, is a potential adjunct tool for assessing peripheral 
perfusion and predicting shock in neonates. This 
prospective observational study aimed to evaluate the 
correlation between PI and circulatory shock in neonates 
with the goal of establishing PI as an objective parameter for 
early shock identification. 
 
Materials and Methods: Study was conducted in the 
neonatal intensive care unit (NICU) of Saveetha Medical 
College Hospital, India, in 2023, between January and June. 
This study enrolled 100 neonates who underwent 
hemodynamic monitoring over 48-72 hours. Hemodynamic 
parameters including heart rate, blood pressure, and PI were 
systematically recorded. Statistical and Receiver operating 
characteristic curve analyses were used to assess the 
relationship between PI and shock. 
 
Results: Neonates experiencing shock exhibited 
significantly lower PI values than those without (P < 0.05). 
ROC curve analysis identified a PI threshold of 0.7 for 
predicting shock, demonstrating a high sensitivity (92.5%) 
and specificity (94.78%). Additionally, a significant 
association was observed between PI and serum lactate 
level (p < 0.05), underscoring the utility of PI as a 
predictor of shock severity. 
 
Conclusion: The study suggests that a PI < 0.7 may serve as 
an indicator of circulatory shock in neonates, offers good 
sensitivity and specificity. The PI, along with clinical 
parameters and serum lactate levels, is a valuable tool for 
early shock identification in neonatal intensive care. Further 
research, including multicenter studies, are warranted to 
validate these findings. 
 
KEYWORDS:  
Perfusion index, neonatal shock, reliable predictor, 
NICU,peripheral hypoperfusion 
 
 
INTRODUCTION 
The peripheral hemodynamics of a newborn baby ultimately 
determines the amount of oxygen and nutrients that reach its 

tissues. The rate of oxygen delivery had no effect on oxygen 
consumption in neonates with adequate perfusion. Infants 
born with compromised blood flow have oxygen 
consumption rates linked to tissue microcirculation. Tissue 
perfusion is only considered "normal" when all three of the 
following conditions are met: cardiac output, vasomotor 
tone, and oxygen delivery capacity of the blood. Shock, 
characterized by an acute breakdown of the circulatory 
system, is a clinical condition that fails to maintain nutrition 
and perfusion to tissues.1 The strength of the pulse can be 
assessed by a tool, the perfusion index, which indirectly 
measures the perfusion at the peripheries. A pulse oximeter is 
commonly used to assess blood oxygen levels. There are two 
distinct parts of the signal: the arterial, pulsating part, and 
the non-arterial, non-pulsating part that comes from places 
like bone and connective tissue.2 The pulsatile part shifts 
when the peripheral perfusion changes, leaving the non-
pulsatile components unchanged. The ratio, as shown by the 
pulse oximeter, was varied. Because changes in arterial 
saturation are more likely to cause interference with red light 
signals, infrared light is preferred.3,4 
 
Perfusion index (PI)  =     Pulsatile signals of infrared  X 100 
                                  Non pulsatile signals of infrared 
 
PI is commonly reported as a percentage ranging from 0.02% 
(very weak pulse) to 20% (very strong pulse). To evaluate 
neonatal shock,clinicians use parameters that are subject to 
individual interpretation. The PI displayed by a pulse 
oximeter is an objective parameter that provides an indirect 
measure of perfusion in the peripheries. To obtain an 
objective measure of PI, we aimed to study the correlation 
between PI and BP to predict shock. 
 
 
MATERIALS AND METHODS 
A prospective observational study was conducted after 
obtaining approval from our institutional ethical committee, 
including all neonates with hemodynamic instability 
admitted to the Level 3 Neonatal Intensive Care Unit (NICU) 
of Saveetha Medical College Hospital located in Tamil ( 
India) between January 2023 and June 2023. Informed 
written consent for the study was obtained from the parents 
of the neonates. We hypothesized that a lower perfusion 
index is expected in neonates with shock and should 
correlate with other shock parameters. This study included 
neonates with shock, respiratory distress, hypoglycemia, 

Utilizing perfusion index for early identification of 
circulatory shock in neonates 
 
Navin Umapathy, MD1, Varshini Chandrasekar, MD2, Lal D Nair, Dch3, Vaanmathi A S, MD4         

     
1Postgraduate , Department of Paediatrics, Saveetha Medical College Hospital ,SIMATS, Saveetha University, 2Postgraduate , 
Department of Paediatrics, Saveetha Medical College Hospital, SIMATS, Saveetha University, 3Director, Saveetha CDC, 
Department of Paediatrics, Saveetha Medical College Hospital, SIMATS, Saveetha University, 4Associate  Professor , Department 
of Paediatrics, Saveetha Medical College Hospital, SIMATS, Saveetha University 

ORIGINAL ARTICLE 

 This article was accepted: 26 November 2024                                                                                                                                                                    
Corresponding Author: Navin Umapathy                                                                                                                                                                            
Email: navinu02@gmail.com

12-Utilizing00195.qxp_3-PRIMARY.qxd  03/01/2025  8:26 AM  Page 65



Original Article 

66                                                                                                                                         Med J Malaysia Vol 80 Supplement 1 January 2025

sepsis, seizures, and perinatal asphyxia. Children with major 
congenital anomalies and other life-threatening illnesses 
diagnosed during the antenatal period were excluded. 
 
Neonates in the level 3 NICU requiring hemodynamic 
monitoring were enrolled in the study after obtaining written 
consent from their parents. A sample size of 100 was chosen, 
and the children were recruited using a convenient sampling 
method. Perfusion parameters were monitored by the 
principal  investigator  from the time of enrollment until 48 
hours in stable neonates and for 72 hours in sick neonates. 
8th hourly monitoring were done for all babies from the time 
of recruitment until 48 h. 
 
Neonates with shock were monitored for 20 min until 
perfusion normalized and continued as planned until 72 h. 
The following parameters were monitored: heart rate, Blood 
Pressure (BP) including [Systolic Blood Pressure (SBP), 
Diastolic Blood Pressure (DBP),Mean Arterial Pressure 
(MAP)], PI using a pulse oximeter, and at least one value for 
blood lactate levels. The following criteria were set for 
definition: 
 
Shock/poor perfusion was defined as having a weak and fast 
pulse (HR > 180/min), Capillary Refill Time (CRT) >3 s, cold 
extremities,  and  with or without the following signs in 
addition: lethargy, not responding to stimulation, and very 
pale. As per the unit policy, the shock and comorbid 
conditions were treated. 
 
Monitoring: Heart rate was assessed using stethoscopes in 
non-agitated babies. Blood pressure was measured in the 
right upper limb in the supine posture in a quiet 
environment, and  an appropriately sized cuff  was used.4 
Selection of BP cuff was made based on the criterion that the 

width of the cuff should be 2/3rd of the arm length. Blood 
Lactate levels were obtained from arterial blood gas analysis, 
which is often performed for all babies admitted to the NICU 
and requires hemodynamic monitoring. PI in the right upper 
limb was measured using pulse oximetry.  
 
 
STATISTICAL ANALYSIS 
Data were collected and consolidated using Microsoft Excel 
software and analyzed using JAMOVI software, version 
2.3.28. Frequency analysis was performed for descriptive 
variables, percentage analysis was used for categorical 
variables, and mean and standard deviation were used for 
continuous variables. The correlation between the PI and 
other shock parameters was calculated using the area under 
the ROC curve. The cutoff value of PI was set, and values 
below or above it were used to predict babies in shock/not. 
 
 
RESULTS 
In this study, 34% of neonates were born with a gestational 
age below 34 weeks, and 66% had a gestational age above 34 
weeks, with a mean gestational age of 35.78 weeks and a 
standard deviation of 2.23 weeks. Almost 47 babies were 
delivered via lscs, with 53 delivered via normal delivery. 
Approximately 28 babies had a birth weight of less than 1.75 
kg while the rest had above 1.75 kg of birth weight. Certain 
neonatal complications were noted in the study population, 
such as birth ashyxia (12 babies), Respiratory Distress 
Syndrome (36 babies), apnea (4 babies), Meconium 
Aspiration Syndrome (MAS)(22 babies), sepsis (14 babies), 
hyperbilirubinemia (35 babies), 5 babies required ventilator 
support, 2 babies, intraventricular hemorrhage (IVH) and 4 
babies developed Retinopathy of Prematurity (ROP)(Figure I).  
         

Haemodynamic parameters                                         Babies with shock                 Babies without shock                 p-value 
Systolic Bp (in mmHg)                                                           64.21±7.9                                     68.5±2.4                               0.03 
Diastolic Bp (in mmHg)                                                         40.21±4.9                                    47.15±3.9                              0.04 
Mean Arterial Pressure(MAP) (in mmHg)                            46.79±5.8                                   49.15±2.54                             0.05 
Heart Rate (bpm)                                                               152.12±13.67                               146.14±3.45                            0.04

Table I: Haemodynamic parameters noted among babies

Perfusion index(PI)                                                          Shock Present                           Shock Absent                        p-value 
                                                                                       (number of babies)                   (number of babies)                           
≤0.7                                                                                               24                                                 2                                          
>0.7                                                                                               3                                                 71                                   <0.04  
Total                                                                                             27                                                73                                         
 

Table II: Association between shock and perfusion index

PI                                                                                        Serum Lactate                           Serum Lactate                       p-value 
                                                                                                    (≥5)                                              (≤5)                                        
≤0.7                                                                                               20                                                 7                                          
>0.7                                                                                               4                                                 69                                   <0.04  
Total                                                                                             24                                                76                                         
                                                                                                        
Majority of babies who had serum lactate more than 5 had a perfusion index less than 0.7. Hence, the association is statistically significant 
(P<0.05)(Table III). 

Table III: Association between PI and serum lactate
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Mean systolic BP of 64.21±7.9 (mmHg) was recorded in 
babies with shock while 68.5±2.4 (mmHg) was recorded in 
non shock babies. Mean Diastolic BP of 40.21±4.9 (mmHg) 
respectively, in babies with shock, whereas non-shock babies 
had a Mean Diastolic BP of 47.15±3.9 (mmHg). The mean 
MAP was 46.79±5.8 (mmHg) in babies who had shock, while 
the rest of the babies had a mean MAP of 49.15±2.54 
(mmHg). Mean Heart rate was 152.12±13.67 (Beats per 
minute) in neonatal shock while non shock babies had a 
mean heart rate of 146.14±3.45 (Beats per minute). All of the 
above cardiovascular parameters were statistically 
significant (Table I). 
 
In our study population of 100 babies, 27 had clinical 
features of shock, of which 24 babies had a PI less than 0.7. 
Out of 73 non-shock babies, two had a PI of less than 0.7. 
This association was statistically significant (p<0.05) (Table 
II) and emphasized that PI can be utilized as a reliable 
predictor of neonatal shock in the NICU. 
 
Association between neonatal shock and PI has a Sensitivity 
of 92.5% and a specificity of  94.78% with a positive 
predictive value  of 81.24% and negative predictive value of 
96.43%. 
 
 
DISCUSSION 
Neonatal shock is a diagnosis with many indulging 
parameters and subjective decisions on management.1 
Although babies have more blood volume( ml/kg) than 
adults, even a small quantity of blood loss will result in 
neonatal shock. There are numerous reasons for shock, such 
as sepsis, IVH, poor feeding, cardiac causes, and 
pneumothorax, and early detection of neonatal shock is the 

primary factor for early management and recovery.1 
Oscillatory automatic BP measurements are reliable and are 
routinely used in all NICU. Manual BP cannot be recorded 
because babies’ artery pulsations are not loud enough to be 
heard with  a stethoscope.2 The relationship between heart 
rate, blood pressure, and serum lactate levels is substantially 
less. Increased ICU and hospital mortality are linked to 
elevated serum lactate levels. Although lactate levels play a 
crucial role in ICU care, many times, it becomes an 
oversimplification that equates hyperlactatemia with 
hypoperfusion.2 Most of the parameters used for clinical 
assessment of shock in neonates are subjective,which leads to 
unnecessary treatment of shock. These clinical factors result 
in greater interobserver variability. This creates a demand for 
objective assessment of shock, which can detect 
hypoperfusion in neonates, resulting in the early 
identification and management of shock in newborns.  
 
In the ICU, normal serum lactate levels are present in 
approximately 50% of critically ill septic patients.4 
Uncertainty surrounds the pathophysiology underlying the 
normal serum lactate levels in some critically ill ICU patients. 
Even among patients who ranked among the sickest in the 
highest quartile, serum lactate level was a reliable predictor 
of mortality. When a patient presents to the emergency 
department (ED) with septic shock, the initial serum lactate 
level is independently correlated with mortality. Therefore, 
measurement of the first serum lactate level may be a reliable 
indicator of prognosis in patients with septic shock. Perfusion 
index (PI) is a marker of hypoperfusion. Therefore, a drop in 
PI indicates activation of the sympathetic system, which is 
seen on many occasions such as shock,pain, stress,etc.5,6 We 
created a receiver operating characteristic (ROC) curve that 
can detect  impending shock by changing the percentage of 
the perfusion index (PI). Certain factors like pain, stress, 

Fig. 1: Distribution of neonatal complications among study population
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hypothermia can influence the values of PI.7 In medical 
literature, only few studies have been done for predicting 
hypoperfusion using PI. Few studies have used PI to assess the 
severity of illness and correlate low flow in the superior vena 
cava (SVC) with PI in neonates.8,9 Hence, the present study 
aimed to determine whether the perfusion index can be used 
to predict shock. Certain parameters such as temperature and 
gestational age can influence PI.10 
 
In the present study, about 66% were above 34 weeks of 
gestational age and 34% were below 34 weeks of GA, Mean 
GA was 35.78 and SD was 2.23. Approximately 53% of the 
patients were male and 47% were female. Nearly 47% had 
normal deliveries and 53% had LSCS. Approximately 29% 
had a birth weight less than 1.75 kg. The mean birth weight 
was 2.02 kg and the standard deviation was 0.85 kg. Certain 
neonatal complications noted in the study population 
included birth asphyxia (12 babies), RDS (36 babies), Apnea 
(4 babies), MAS (22 babies), sepsis (14 babies), 
hyperbilirubinemia (35 babies), ventilator support (5 babies), 
IVH (2 babies had IVH and ROP (4 babies developed ROP. 
Mothers of babies had certain antenatal complications, such 
as gestational diabetes mellitus(37%), pregnancy-induced 
hypertension (22%), obesity (4%), Overt Diabetes mellitus 
(2%), and no other complications.  
 
In a study, a significant positive correlation was detected 
values of PI (less than 0.44) and  low flow rate in superior 
vena cava in preterm neonates.5 In a study done in the adult 
population, the values of PI (1.4) detected hypo perfusion in 
patients with shock.6 
 
PI measurements can be affected by artificial factors such as 
temperature, skin pigmentation, and motion artifacts, which 
could lead to inaccuracies.11-13 Another prospective study 
showed that PI ranging from 0.30 to 10.0, with a median 
value of 1.4, had skewed distribution and concluded that PI 
can be used to monitor peripheral perfusion in critically ill 
patients.9 Severity of illness using the SNAP score was studied 
by De Felice et al., in which a value of 0.86 PI detected the 
severity of sickness in newborn.14 This study also showed a 
high sensitivity value. He et al. and Lian et al. found that 
changes in PI post-resuscitation are predictive of mortality, 
especially in septic patients.15-17 The study done in 2020 
showed a positive correlation between PI and Cardiac Index 
during the early treatment phase of septic shock.18 PI showed 
moderate ability to detect fluid responsiveness in patients 
with septic shock on norepinephrine infusion. Increased PI 
after a 200 mL crystalloid challenge can detect fluid 
responsiveness with a positive predictive value of 92%.19 
 
Similar to the above studies, but with comparatively lower 
values, the majority of the neonates in the present study 
population who had shock had a perfusion index less than 
0.7. This association was statistically significant (p<0.05). The 
majority of neonates with serum lactate levels > 5 had  a 
perfusion index less than 0.7. This association was also 
statistically significant (p<0.05). 
 
 
CONCLUSION 
Clinical shock in neonates can be predicted with reasonable 
accuracy when the perfusion index is below 0.7. A perfusion 

index below 0.7 exhibits high sensitivity and low false 
positivity in anticipating clinical shock. The perfusion index, 
displayed on modern pulse oximeters, could serve as an 
additional valuable parameter for assessing peripheral 
perfusion. Furthermore, it correlates with serum lactate levels, 
aiding the prediction of shock. A more extensive study with a 
larger sample size may be necessary to gain deeper insights 
into the perfusion index and its ability to predict impending 
shocks. 
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ABSTRACT 
Introduction: Quorum sensing (QS) enables bacteria to 
coordinate colony-wide activities, including those 
associated with infections. Quorum quenching (QQ) inhibits 
QS and is a promising method for controlling bacterial 
infections. Several In vitro experiments have been 
conducted to identify nanoparticles (NPs) as potential 
quorum quenching inhibitors. This review examines the 
potential of nanoparticles for quorum quenching, focusing 
on the QS-regulated pathogenicity of wound pathogens. 
 
Materials and Methods: Observational studies were 
conducted to explore the capacity of nanoparticles to 
quorum quench wound pathogens.  
 
Results: A review of observational studies indicated that 
nanoparticles exhibit significant quorum-quenching 
capabilities against wound pathogens. Numerous 
nanoparticles, including silver, gold, and zinc oxide, have 
been demonstrated to inhibit QS-regulated activities, 
thereby reducing bacterial virulence and biofilm formation. 
These results suggest that nanoparticles could serve as 
potent agents for mitigating bacterial infections and 
enhancing wound healing. 
 
Conclusion: Nanoparticles show considerable potential as 
quorum-quenching agents, effectively decreasing bacterial 
virulence and biofilm formation in wound pathogens. These 
results indicate promising applications of nanoparticles in 
managing bacterial infections and improving wound healing. 
 
KEYWORDS:  
Quorum sensing, Quorum quenching, Wound pathogens, 
Nanoparticles 
 
 
INTRODUCTION 
Bacterial cells have the capacity to communicate with one 
another by producing and detecting extracellular chemicals 
(autoinducers) that can passively or actively pass through 
cell membranes, which is called quorum sensing (QS).1 
Consequently, the bacterial population can synchronize the 
expression of several genes to enable a simultaneous 
response. When their concentration reaches a particular 
threshold, autoinducers (AI) engage with transcriptional 
regulators within bacteria possessing the QS system, resulting 
in alterations to genetic expression patterns.2 A greater 
number of genes were turned on or off when a specific cell 

density was attained. Furthermore, autoinducers attach to 
the extracellular segments of histidine kinase membrane 
receptors, initiating autophosphorylation and eliciting a 
corresponding cytoplasmic response.3 Gram-positive and 
Gram-negative bacteria exhibit distinct QS systems, mainly 
due to the chemical composition of their autoinducers. L-
homoserine lactones (HSLs), which generally, but not 
exclusively, diffuse passively across the cell membrane, are 
utilized by gram-negative bacteria, whereas gram-positive 
organisms predominantly employ autoinducing peptides for 
transportation.4 The investigation of quorum sensing 
inhibitors has emerged as a highly intriguing field in 
antimicrobial research.5 Antimicrobial compounds that 
target the virulence mechanisms in various bacteria by 
inhibiting quorum sensing have emerged as a new class of 
drugs. The exploration of QS inhibitors appears as one of the 
Quorum Quenching (QQ) strategies has been suggested to 
obstruct quorum sensing. These approaches involve 
eliminating or breaking down signaling molecules, hindering 
their production, impeding the formation of signaling 
molecules and receptor complexes, and thwarting the 
binding of signal transduction cascades.6 
 
Every open wound has bacteria from endogenous or 
exogenous sources because of the absence of a protective 
barrier in the skin. The host immune system usually keeps 
these microorganisms in check or removes them during the 
initial phases of chronic wound formation. However, if the 
bacteria adhere to the wound surface and proliferate, they 
initiate biofilm formation.7 Once a biofilm is firmly formed, 
neither the host’s immune system nor antimicrobial 
medications will be effective in eradicating it. The biofilm is 
considered to be developed and more challenging to remove 
at this point, and the wound will be infected by the biofilm.8 
In these circumstances, there is a greater chance that a 
wound will not heal and will develop as an open clinical 
infection (i.e., symptoms of inflammation or purulence). 
Therefore, preventing biofilm formation in the early stages is 
essential to expedite and improve the healing process of 
chronic wounds.9 
 
The utilization of nanotechnology in agriculture, 
therapeutics, diagnostics, and other fields has gained 
significant attention owing to recent advancements.10 Drug 
resistance has been growing steadily and has challenged the 
scientific community to develop better antibacterial drugs. 
Metal nanoparticles (NPs) have been proven to function as 
powerful antibacterial agents. Antibacterial NPs are thought 
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to have the potential to target multiple biomolecules 
simultaneously, thereby minimizing the chance of antibiotic 
resistance and developing drug-resistant strains.11 
Antimicrobial nanoparticles have been linked to several 
mechanisms, including free metal ion toxicity caused by 
metals breaking off the nanoparticle surfaces and oxidative 
damage triggered by reactive oxygen species (ROS) generated 
on these surfaces.12 Bacteria show membrane damage as a 
result of the adsorption and subsequent penetration of 
nanoparticles into their cells. By changing the cell wall's 
usual negative charge, NPs adsorption causes depolarization, 
which increases the permeability of the wall.13 This review 
investigates the potential of nanoparticles against quorum 
sensing in wound pathogens, thereby inhibiting their 
virulence and biofilm formation. 
 
 
MATERIALS AND METHODS 
Protocol and Sources of Information 
This scoping review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRSIMA-ScR). The 
study material consisted of articles on the quorum-quenching 
activity of nanoparticles on wound pathogens, published 
before June 1, 2022. These articles were sourced from PubMed 
database.  
 
Eligibility Criteria 
We included primary In vitro studies published in English to 
evaluate the relationship between the use of nanoparticles 
and antimicrobial activity against the most prevalent 
microorganisms associated with wound infections, such as P. 
aeruginosa, S. aureus, E. coli, K. pneumonia, and other 
pathogens. There were no restrictions on the publication date 
or study location. 
 
Data Charting Process 
Both authors (J.A. and R.S.) performed data extraction. They 
utilized a pre-defined Excel form to gather the following 
information from each article: study identification details, 
study type, study objective, quorum sensing ability of wound 
pathogens, and the effectiveness of various nanoparticles 
against wound pathogens (In vitro).  
 
Inclusion and exclusion criteria: 
The inclusion criteria were articles reporting studies that used 
nanoparticles to act against wound pathogens and provided 
information about the quorum sensing ability of these 
pathogens. Meanwhile, the extension criteria consisted of 
articles that could not be accessed in the full text, were in 
non-English languages, or were not original research. 
 
 
RESULTS 
Searches were conducted between June and September 2023, 
and updated in January 2024. Database searches identified 
273 manuscripts from 2001 to 2022. Figure 1 shows a PRISMA 
flowchart detailing the search and selection processes. After 
removing eight duplicates, 265 manuscripts were selected for 
the initial screening. Articles without full-text availability or 
those falling outside the inclusion criteria (wound pathogens) 
were analyzed, resulting in the exclusion of 238 articles. 

Articles were excluded based on their titles and abstract 
relevance. Ultimately, 23 articles were assessed for eligibility 
and included in this review, while 4 manuscripts were 
excluded due to accessibility issues. The frequency of 
publications has increased recently, reflecting growing 
interest in the field.   
 
 
QUORUM-SENSING WOUND PATHOGENS 
Bacterial biofilm on the wound is a thin layer caused by a 
cluster of bacteria attached to the surface of the wound, 
which is caused by both gram-negative and gram-positive 
bacteria, such as Escherichia coli, Staphylococcus aureus, 
Pseudomonas aeruginosa, Staphylococcus epidermidis, 
Enterococcus faecalis, Klebsiella pneumonia and other 
pathogens. 
 
Pseudomonas aeruginosa is a notable human disease-
causing organism that mostly affects individuals with cystic 
fibrosis (CF), cancer, and organ transplant recipients. It can 
also be detected in burns and cutaneous bruises.14 The three 
Quorum Sensing circuits in this bacterium are active. One of 
these circuits is controlled by hormone-sensitive lipase (HSLs) 
and includes the genes LasR transcriptional activators-lasR 
and lasI, the genes responsible for producing the autoinducer 
(N-3-oxo-dodecanopyl)-L-homoserine lactone, which is 
essential for this circuit’s signaling. The second circuit, also 
regulated by homoserine lactone, comprises the rhlI gene, 
rhlR gene encoding the transcriptional activator RhlR, and 
an enzyme responsible for the production of the N-
(butanoyl)-L-homoserine lactone autoinducer.15 The 
compound 2-heptyl-3-hydroxy-4-quinolone is synthesized by 
the products of the pqsABCDEH genes and is regulated by the 
PqsR regulator16. The regulatory hierarchy for all three 
systems involves LasR positively regulating RhlR, whereas 
RhlR exerts a negative regulatory influence on PQS.17 
 
The significance of QS in human diseases associated with P. 
aeruginosa has been well established. According to numerous 
investigations, 90 percent of P. aeruginosa samples that can 
cause infections have working HSL systems. In one instance, 
it has been demonstrated that patients with cystic fibrosis 
typically have N-(3-oxododecanoyl)-HSL, the major P. 
aeruginosa auto inducer.18 Polysaccharide alginate, a crucial 
part of the matrix created by P. aeruginosa strains, is a QS-
controlled virulence factor that shields biofilms from 
macrophage destruction.19 
 
Gram-positive Staphylococcus aureus is a non-motile coccus 
that produces a yellow pigment and clusters of cells. 
Numerous illnesses, including bacteremia, endocarditis, 
sepsis, and infections of the epidermis and various other 
tissues, are brought on by this bacterium.20 S. aureus aids in 
infections caused by the synthesis of an extensive array of 
virulence factors, including enzymes, exotoxins, and 
adhesins.21 A significant portion of these virulence factors is 
regulated by Agr system, which is an accessory gene regulator 
dependent on quorum sensing.22 
 
The RNAII transcript and hld gene consist of genes located 
within the AGR locus, namely agrA, agrC, agrD, and agrB. 
The pro-peptide AgrD undergoes conversion into auto 
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inducing peptides (AIPs). This conversion occurs through the 
export and processing of the pheromone AgrD, which is 
facilitated by AgrB and SpsB peptidase.23 These peptides vary 
in length, typically spanning seven to nine amino acids, but 
they share a common feature: a thiolactone ring located at 
their C-terminus.24 The S. aureus hld gene of S. aureus produces 
an RNAIII effector molecule that post-transcriptionally 
controls many virulence factors.25,26 RNAIII is responsible for 
regulating biofilm production by Staphylococcus aureus. 
Because of its limited motility, this bacterium forms flatter 
biofilms than genera that exhibit greater mobility.27 Teichoic 
acid-based glycocalyx or slime is incorporated into the S. 
aureus biofilm.28 In addition to the previously mentioned 
factors, polysaccharide intercellular antigen (PIA) and 
extracellular DNA (eDNA) are significant components of 
biofilms. These substances are produced as a result of 
extensive cell lysis, facilitated by the holing homolog CidA, 
and contribute to the formation and stability of biofilms.29 

Klebsiella pneumonia is a gram-negative bacterium known for 
its ability to induce various infections, including urinary tract 
infections, pneumonia, wound infections, surgical site 
infections, meningitis, and intra-abdominal infections. The 
synthesis of AI-2 (autoinducer-2) in non-motile or sessile 
Klebsiella pneumonia cells appears to function as a regulator of 
biofilm formation and the production of lipopolysaccharides 
(LPS) 30. The process of quorum sensing among wound 
pathogens occurs as depicted in figure 2. 
 
 
QUORUM QUENCHING NANOPARTICLES 
Nanoparticles can serve as excellent quorum quenchers, 
offering an excellent solution due to their unique 
physicochemical properties that allow them to interact with 
bacterial cells. Specifically, metal and metal oxide 
nanoparticles (such as silver, zinc oxide, and titanium 
dioxide) can attach to bacterial cell membranes, causing 

Fig. 1: Flow chart for the scoping review process
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Fig. 2: Quorum sensing of wound pathogens

Fig. 3: Quorum Quenching Efficacy of Nanoparticles
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structural damage and increased permeability. This 
attachment leads to the leakage of cellular content and 
eventual cell death. Additionally, nanoparticles can 
penetrate biofilms and disrupt their structural integrity, 
thereby inhibiting quorum sensing and reducing bacterial 
communication and virulence.  Studies on the QQ ability of 
different nanoparticles are summarized in Table I. 
 
 
DISCUSSION 
Quorum sensing (QS) plays a crucial role in the pathogenesis 
and persistence of wound infections caused by various 
bacterial species. QS-regulated production of factors, such as 
exopolysaccharides, can inhibit phagocytosis and other 

immune responses, allowing bacteria to evade destruction by 
the immune system of the host.56 The presence of quorum-
sensing bacteria in wounds can delay the healing process by 
maintaining chronic inflammation and tissue damage. 
Moreover, QS can interfere with the efficacy of conventional 
antimicrobial treatments by promoting biofilm formation 
and increasing resistance, necessitating the development of 
alternative therapeutic strategies to target QS pathways.57 
 
Nanoparticles can serve as outstanding quorum quenchers 
by targeting biofilms formed by wound pathogens and 
multidrug-resistant bacteria. Nanoparticles can penetrate 
biofilms and disrupt their structural integrity, which is 
particularly important because biofilms protect bacteria from 

First author 
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Xu L36 
 
Masurkar SA37 
 
Qais FA38 
 
Lamin A39 
 
Shin D40 
 
Wagh MS41 
Chaudhari42 
 
 
Sathyanarayanan MB45 
 
Samanta S46 
 
 
García‐Lara B47 
 
Al-Shabib NA48 
 
 
Al-Shabib NA49 
 
Liao C50 
 
 
 
Cho KH51 
 
Ahmed FY52 
 
Rajkumari J53,54 
 
Subhaswaraj55 
 

Publication year 
2013 
2021 
 
2010 
 
 
2013 
2010 
 
 
2020 
 
2012 
 
2018 
 
2022 
 
2019 
 
2013 
2015 
 
 
2013 
 
2017 
 
 
2015 
 
2018 
 
 
2016 
 
2020 
 
 
 
2005 
 
2021 
 
2019 
 
2018 

Type of nanoparticles 
Silver nanowires 
Silver nanoparticles 
(AgNPs) 
AgNPs 
 
 
AgNPs 
AgNPs 
 
 
Startch stabilized 
AgNPs 
Cymbopogan citratus 
leaf extract AgNPs 
AgNPs 
 
AgNPs 
 
AgNPs 
 
Silver nanowires 
PEGlyted silver coated 
carbon nanotubes 
 
Gold nanoparticles 
(AuNPs) 
Laccaria fraterna 
mycelium mediated 
AuNPs 
Zinc oxide 
nanoparticles (ZnONPs) 
Ochradenus baccatus 
leaves mediated 
ZnONPs 
Nigella sativa 
mediated ZnONPs 
UV radiation exposed 
titanium dioxide 
nanoparticles (TiO2NPs) 
 
TiO2NPs 
 
Aloe barbadensis 
mediated TiO2NPs 
Chitosan nanoparticles 
 
Cinnamaldehyde-
encapsulated chitosan 
nanoparticles 

Outcomes 
Inhibited the biofilm growth of P. aeruginosa 
Exhibited bactericidal activity against Proteus mirabilis, 
Staphylococcus aureus, and Pseudomonas aeruginosa 
Hindered the first phase of bacterial adherence of P. 
aeruginosa and Staphylococcus epidermidis to the colonized 
surface 
Destroyed the biofilm produced by P. aeruginosa 
Effectively lower the initial stages of P. aeruginosa biofilm 
formation by restricting bacterial attachment to the 
polystyrene surfaces 
Disrupted the biofilms of P. aeruginosa and S. aureus 
 
Inhibited biofilm formation by S. aureus 
 
Suppressed the gene expression of PAO1 virulence genes of 
P. aeruginosa 
Suppressed the expression of genes - lasA, lasB, phzA1, and 
rhlA in the planktonic cells of P. aeruginosa (PAO1) 
Significantly reduced the production of C12-AHL (Acyl 
homoserine lactones) and C4-AHL 
Effectively suppressed biofilm formed by P. aeruginosa 
Decreased the expression of virulence genes safC, ychP, 
sseA, sseG, and even sdiA (a quorum sensing gene) in S. 
aureus 
Significantly reduced the biofilms of S. aureus and P. 
aeruginosa 
Significantly inhibited P. aeruginosa pyocyanin synthesis 
and QS-regulated biofilm formation 
 
ZnONPs provides several options for combating against P. 
aeruginosa infections that are multi-drug resistant 
Suppressed QS-regulated biofilm formation in P. 
aeruginosa, E. coli, and many other bacteria. 
 
Down regulated the lasB gene, resulting in a subsequent 
reduction in the production of AHLs 
Efficiently inhibited the proliferation of methicillin-resistant 
S. aureus 
 
 
Showed  influence on the expression of QS and efflux pump 
genes in multi-drug resistant P. aeruginosa strains 
Reduced the cell viability of P. aeruginosa biofilm 
 
Blocked the migration of AHLs into the cytoplasm and 
inhibited AI synthase in E. coli 
Inhibited the virulence factors and biofilms in P. aeruginosa 
PAO1 strain. 

Table I: Studies that displays the Quorum quenching ability of different nanoparticles:
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antibiotics and the host immune system, contributing to 
chronic infections.58 Additionally, nanoparticles can be 
incorporated into wound dressings, gels, and ointments for 
direct application to infected wounds, providing continuous 
antimicrobial action and promoting faster healing.59 
 
Mohanta YK et al. (2010) showed that AgNPs with sizes 
ranging from 1 to 10 nm, applied at a concentration of 4 g 
mL-1, effectively lowered the initial stages of P. aeruginosa 
biofilm formation by restricting bacterial attachment to 
polystyrene surfaces. In addition to reducing cell viability 
within the biofilm and inducing morphological changes such 
as cytoplasmic condensation, it was also demonstrated that 
the production of biofilm matrix components was 
diminished.35 
 
Researchers have been giving a lot of attention to gold 
nanoparticles (AuNPs) in both fundamental and applied 
research. AuNPs have extensive applications in biology and 
diagnostics and function as catalysts for diverse purposes. 
One of the primary advantages of AuNPs is their simple 
chemical reduction method of synthesis and comparatively 
low toxicity compared to other nanomaterials.43 They exhibit 
antibacterial activity against several organisms including 
methicillin-resistant organisms.44 
 
Zinc oxide nanoparticles (ZnONPs) diminish the virulence 
factors of P. aeruginosa and biofilm development in animal 
models, resulting in fewer infections. Nevertheless, research 
involving clinical or environmental isolates is rare, and they 
are often conducted using laboratory strains such as PAO1 
and PA14. The study conducted by García‐Lara B et al. (2015) 
examined the impact of ZnONPs, known for their potency in 
quorum and virulence quenching of the PAO1 strain, on six 
clinical strains from cystic fibrosis patients, a clinical strain 
from urine that was resistant to furanone C-30, two mutants 
of PA14 that were gallium-resistant, one mutant that was 
resistant to PA14 C-30, and four environmental isolates. For 
most strains, ZnONPs efficiently reduced the formation of 
elastase, pyocyanin, and biofilms, independent of their origin 
or resistance to the traditional quorum quencher C-30 or 
cutting-edge antibacterial gallium. According to research 
findings, ZnONPs could offer different options for treating P. 
aeruginosa infections that are resistant to treatment because 
of their potential broad-spectrum quorum quenching activity 
against relevant strains.47 
 
The influence of TiO2NPs on the expression of QS and efflux 
pump genes in multi-drug-resistant P. aeruginosa isolates was 
also examined. The investigation revealed that TiO2NPs 
exhibited enhanced antibacterial action against P. aeruginosa 
strains compared with TiO2 powder, resulting in a significant 
96% reduction in biofilm production. Additionally, the 
application of TiO2NPs, either alone or in conjugation with 
antibiotics, significantly reduced the expression of key efflux 
pump genes (MexY, MexB, and MexA) and genes regulated 
by (lasR, lasI, rhll, rhlR, pqsA, and pqsR). This suggests that 
TiO2NPs can influence the expression of the efflux pump and 
quorum-sensing genes that regulate biofilm formation, 
enhancing the therapeutic effectiveness of conventional 
antibiotics.51 
 

Chitosan nanoparticles offer a means to enhance the 
quorum sensing inhibitory effects of various antimicrobial 
drugs. Chitosan and its derivatives can be used to 
encapsulate phytochemicals, thereby increasing their Anti-
quorum sensing (Anti-QS) effects. For instance, compared to 
their free forms, the encapsulation of flavonoids like 
baicalein and quercetin enhanced their QQ potential against 
the E. coli sensors when compared to their free forms. The 
quorum quenching mechanism of these flavonoid-loaded 
nanocapsules involves either blocking the migration of AHLs 
into the cytoplasm or inhibiting AI synthase. Non-toxic 
chitosan also demonstrated QQ action in E. coli and caused 
cell aggregation at low doses. Cell aggregation suggests that 
QS is inhibited by slowing the diffusion of AHLs.53,54 The 
quorum quenching capability of the NPs to inhibit QS and 
destroy bacterial cells is illustrated in figure 3. 
 
 
CONCLUSIONS 
An efficient alternative approach for treating microbial 
infections is interference with Quorum Sensing is Quorum 
Quenching. Nanoparticles exhibiting anti-quorum sensing 
(anti-QS) properties act as potential antibacterial agents 
against bacterial infections, especially in the current 
scenario, where the sustained effectiveness of antibiotics is 
uncertain. Nanoparticles have emerged as a novel category 
of antibacterial agents and carriers for drug delivery owing to 
their exceptional physicochemical properties, diminutive 
size, and substantial surface area-to-volume ratio. The 
capacity of nanoparticles to inhibit QS suggests that they 
have a good chance of successfully treating infections caused 
by bacterial biofilms. For clinical use, it will be extremely 
beneficial to fully understand the mechanism underlying QQ 
action and, consequently, the way in which NPs interfere 
with bacterial virulence. At present, there is a dearth of 
information regarding the ecotoxicities and clinical 
applications of nanoparticles. Before nanoparticles receive 
approval for widespread clinical use, comprehensive research 
is imperative to elucidate both their positive and negative 
impacts. 
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ABSTRACT 
Barotrauma is a medical condition caused by sudden 
pressure changes in the body causing damage to multiple 
parts of the body. However, it is an infrequent occurrence 
when it comes to Colo-rectal perforation, wherein the trauma 
occurs due to the insufflation of compressed air through the 
anus. Several factors influence the outcome of a patient with 
colonic perforation due to barotrauma such as the severity 
of the injury, hemodynamic status of the patient, the 
patient’s general health and well-being, the time taken for 
active medical/ surgical intervention since the injury, 
aggressive intravenous antibiotics administration to prevent 
sepsis, post-operative complications like surgical site 
infection, post-op ileus, anastomotic leak, etc. Overall, the 
patient's prognosis largely depends on early diagnosis, 
effective initial resuscitation, timely surgical intervention, 
and intensive post-operative care for a favorable outcome. 
Recently, we came across 2 cases of extensive 
pneumoperitoneum with Colo-rectal perforation as a result 
of the forceful insufflation of compressed air through the 
anus. Prompt medical intervention was necessary to prevent 
any further complications and they underwent surgical 
repair of the colorectal perforation. 
 
 
INTRODUCTION 
High-pressure air has become prevalent in industrial settings, 
with blowgun dust cleaners as common pneumatic tools.1 It 
is crucial to be mindful of the appropriate use of cleaning 
agents in factories. Failure to do so can have devastating 
consequences, putting the lives of employees at risk due to 
pneumatics. These cleaners produce air pressure ten times 
higher than the resting anal pressure in adults (0.84 kg/cm2).2 
Compressed air can easily penetrate clothing and cause rapid 
and forceful inflation of the rectum and colon, which can 
lead to bursting of the bowel wall due to its high bursting 
pressure 3, The insufflation of compressed air into the large 
intestine can result in a perforation of the bowel, which 
presents with a sudden onset of abdominal pain, distension, 
and respiratory distress due to tension pneumoperitoneum.4 

Unfortunately, due to its rarity, workers may not be 
adequately informed about the potential dangers associated 
with the unintentional or intentional use of compressed air 
near the anal canal, leading to serious colorectal injuries5,6 

which can be fatal. In this context, we present a case of severe 
colorectal laceration resulting from compressed air exposure, 
culminating in pneumoperitoneum, peritonitis, shock, and 
sepsis. 

CASE REPORT  
Case 1 
An 18-year-old Bihari man residing in Chennai, a daily wage 
factory worker by occupation was brought to the ER with 
complaints of severe abdominal pain and abdominal 
distension for the last 4 hours. He gave an alleged history of 
trauma caused by forceful insufflation of a compressed air 
blower by inserting the blower nozzle into the anal canal. On 
examination, he was found to be tachypneic with a Glasgow 
coma scale of 13/15. He was hemodynamically unstable with 
a BP of 80/50mmhg, a pulse rate of 102 beats per minute, 
and a room air saturation of 88%. Systemic examination 
revealed a tense distended abdomen; palpable subcutaneous 
crepitus over the abdomen, chest, and neck; absent bowel 
sounds; and decreased air entry to the right side of the chest.  
 
The patient was initially resuscitated by securing two large IV 
bore cannulas and administered intravenous crystalloids, 
intravenous broad-spectrum antibiotics, oxygen 
supplementation by facemask, and nasogastric 
decompression with continuous monitoring of vital 
parameters.   Abdominal radiography and computed 
tomography confirmed the presence of gross 
pneumoperitoneum, which was suggestive of colonic 
perforation. The expected management in this case 
comprised emergency surgical intervention involving 
exploratory laparotomy and repair or resection of the bowel 
followed by intensive post-operative care and monitoring. In 
this patient, a flank drain was used to decompress the 
abdominal distension. Emergency laparotomy was 
performed, and the peritoneal cavity was filled with colonic 
content and blood. Large irregular perforations, serosal tears, 
and gangrene were found in the transverse colon, cecum, 
ascending colon, and proximal half of the sigmoid colon. 
After thorough peritoneal lavage, the large intestine was 
mobilized while safeguarding the bilateral ureter and 
gonadal vessels, subtotal colectomy was performed, and an 
end ileostomy was performed. The patient required intensive 
care support including vasopressors and mechanical 
ventilation. However, the patient's clinical course was 
complicated by shock and sepsis, culminating in cardiac 
arrest refractory to adequate resuscitation. Despite aggressive 
measures, the patient succumbed to the sequelae of a 
traumatic incident. 
 
Case 2 
A 22-year-old man presented to the ER with symptoms of 
acute onset of breathlessness and abdominal discomfort, 
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Fig. 1: Chest xray showing air under diaphragm indicating and hollow viscus perforation

Fig. 1: Chest xray showing air under diaphragm indicating and extensive hollow viscus perforation
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including pain, abdominal distension, and vomiting for 3 
hours. The symptoms started after an incident at his 
workplace, where his colleagues allegedly insufflated 
compressed air forcefully into his rectum by using a blow 
gun. On examination, he had a Glasgow coma scale score of 
13/15, bilateral reactive pupils, hemodynamic instability 
with vitals of 90/50 mmHg, pulse rate of 98 beats per minute, 
and room air saturation of 84%.  
 
Initial resuscitative measures were performed, and relevant 
investigations, including abdominal radiography, were 
performed, which confirmed the presence of 
pneumoperitoneum. Based on the patient’s history, clinical 
examination, and investigations, a diagnosis of barotrauma 
causing perforation of the large intestine was made and after 
aggressive resuscitation, and the patient was promptly taken 
up for an emergency laparotomy. Intraoperatively, multiple 
tears were identified in the sigmoid colon along the 
mesenteric border along with a serosal tear along the tinea 
coli in the transverse colon. Consequently, resection of the 

sigmoid colon, closure of the rectal stump, and creation of an 
end-descending colostomy were performed. The remainder of 
the large and small bowel and other viscera were normal. 
The patient recovered following a challenging postoperative 
course in the intensive care unit. Subsequently, colostomy 
closure was performed after six weeks. 
 
 
DISCUSSION 
The most common causes of colon perforation are tumors, 
diverticulitis, abscess, colitis, foreign body, obstruction, 
volvulus, iatrogenic, blunt or penetrating abdominal 
trauma, and colonoscopy-induced barotrauma, with a 
prevalence of 0.1% to 0.5%.7,8,9 However, injuries caused by 
high-pressure air compressors are infrequent and mostly 
observed among industrial workers.  
 
The cecum is more prone to distention injury due to its larger 
diameter, as per Laplace's law.10 While colonoscopy studies 
suggest that intraluminal pressures greater than 0.109 
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kg/cm2 (1.547 psi/80 mmHg) are needed for perforation, 
injuries resulting from high-pressure barotrauma typically 
occur elsewhere in the colon, notably in the rectosigmoid 
junction. The anatomical structure of the buttocks and 
perineum creates an easy passage for compressed air to enter 
the anal orifice, making the rectosigmoid junction more 
susceptible to pressure-related barotrauma.9 
 
Experimental studies have shown that the human colon can 
rupture at pressures as low as 120-200 mmHg, with 
seromuscular rupture occurring even at lower levels. The 
insult's suddenness causes uneven air distribution and focal 
perforation. Industrial air compressors, classified by pressure 
delivery, predominantly employ low- to medium-pressure 
ranges; however, their use poses significant risks. The resting 
pressure of the anal sphincter, estimated at 40-80 mmHg, can 
be easily overcome by forceful airflow from the compressors, 
resulting in rapid colon inflation.7,8 
 
The catastrophic consequences of this phenomenon are 
highlighted by the fact that a mere 1–2 seconds of pressurized 
air delivery can cause substantial damage, necessitating 
urgent management strategies. Rectal injuries beyond the 
rectosigmoid junction due to pelvic support are rare. The 
severity of high-pressure barotrauma is determined by several 
factors, including air pressure, flow velocity, anal resting 
pressure, and source-to-anal distance.3 Forceful entry of 
pressurized air can cause significant damage within seconds, 
necessitating prompt intervention to prevent serious 
complications. In this condition, there is a significant 
amount of pressure in the abdominal area, which can lead to 
fatal consequences if not promptly treated.   
 
In cases of urgent management, it may be necessary to 
relieve tension pneumoperitoneum through percutaneous 
decompression, which involves converting it into open 
pneumoperitoneum. Depending on the severity of the clinical 
and radiological signs, the management of pneumatic colon 
The management of injury can vary from a wait-and-see 
approach to a formal laparotomy. Careful observation 
following surgery is crucial because of the potentially delayed 
presentation of a full-thickness colon perforation.  
 
Management protocols range from expectant observation to 
surgical intervention with clinical and radiological signs 
guiding the approach. Prompt recognition and intervention 
are imperative because the development of tension 
pneumoperitoneum can lead to fatal hemodynamic and 
respiratory compromise. Timely conversion of tension 

pneumoperitoneum to open pneumoperitoneum is crucial, 
typically achieved through urgent percutaneous 
decompression methods. A comprehensive understanding of 
the mechanisms and implications of high-pressure 
barotrauma is essential for effective management and 
prevention of potentially life-threatening complications. 
 
 
CONCLUSION 
In conclusion, a detailed comparison between the two cases 
highlights the variability in clinical outcomes observed in 
traumatic colorectal injuries, which is based on the severity of 
the injury, the time taken to seek medical advice, detailed 
and reliable history, aggressive resuscitation, and emergency 
surgical treatment, which can lead to favorable outcomes, as 
in case 2. 
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ABSTRACT 
Seborrheic keratosis (SK) is a prevalent hyperkeratotic 
dermatological condition characterized by benign 
proliferation of epidermal keratinocytes, typically occurring 
in the middle to advanced stages of life. While the trunk is 
the primary site for lesions, they can also manifest on the 
extremities, face, and scalp. Although SK is typically benign, 
there can be morphological overlap with malignant skin 
lesions, necessitating meticulous differentiation for an 
accurate diagnosis. This case report describes a 63-year-old 
male presenting with scalp swelling that was, initially 
suspected to be malignant. However, histopathological 
examination revealed pigmented seborrheic keratosis, 
prompting the need for a comprehensive management 
approach. Surgical excision with a rotational flap cover was 
performed successfully, highlighting the importance of 
precise diagnosis and management in addressing 
cutaneous lesions. The exact etiology of SK remains 
elusive, with potential genetic associations implicated in its 
pathogenesis. Although treatment may not always be 
necessary, various modalities are available for lesion 
removal or symptom management, with surgical 
intervention reserved for cases exhibiting signs of 
malignancy. Clinicians should be aware of the atypical 
presentations of SK and, emphasize the need for a 
multidisciplinary approach involving dermatologists, 
pathologists, and surgeons for optimal outcomes. 
 
 
INTRODUCTION 
Seborrheic keratosis is a prevalent hyperkeratotic condition 
affecting the epidermis and, typically manifesting in the 
middle or advanced stages of life. The trunk is the 
predominant location for lesions; however, they can also be 
observed on the extremities, face, and scalp1 Seborrheic 
keratosis, also known as seborrheic warts or senile warts, 
typically presents as tiny and fibrous lesions. The occurrence 
of huge isolated lesions is infrequent. Both males and females 
are equally impacted, and a majority of patients exhibit 
numerous lesions that are frequently dispersed in a 
symmetrical manner. 
 
Although seborrheic keratoses are typically benign tumors 
characterized by distinct features, there can occasionally be 
morphological overlap with other malignant skin lesions, 
highlighting the importance of meticulous differentiation. 
Recognizing these nuances is vital for accurately 
distinguishing seborrheic keratoses from both benign and 
malignant skin tumors. While treatment may not always be 
imperative owing to its benign nature, a significant 
proportion of patients still opt for various forms of 

intervention, underscoring the significance of precise 
diagnosis and considering patient preferences in the 
management of these lesions. 
 
The precise etiology of seborrheic keratosis remains unclear. 
Aging, physical stress, irritation, infection, and host 
responses have been identified as predisposing variables2. 
The main risk factor for SK is UV radiation exposure. The 
otolaryngological literature has not sufficiently clarified the 
inclusion of seborrheic keratosis as a potential diagnosis for 
nasal lesions. In this instance, we describe a situation in 
which a single large, lesion damages the scalp area. 
 
 
CASE 
A 63-year-old man presented to the outpatient department 
with a complaint of swelling on his scalp that had persisted 
for the past year. Given the duration and nature of the 
swelling, clinical suspicion was inclined towards a potentially 
malignant lesion, particularly melanoma. To clarify the 
diagnosis and plan appropriate management, edge-wedge 
biopsy was promptly performed. Subsequent 
histopathological examination yielded unexpected results, 
and the lesion was identified as pigmented seborrheic 
keratosis, a benign condition. This diagnosis prompted 
further consideration of the patient's management plan. 
Although benign, seborrheic keratosis lesions can sometimes 
exhibit atypical features that raise concerns regarding 
malignancy. Therefore, a comprehensive approach was 
adopted to ensure an accurate diagnosis and appropriate 
management. 
 
In light of the histopathological findings, the decision was 
made to proceed with excision biopsy along with a rotational 
flap cover. This surgical intervention aimed not only to 
address the patient's cosmetic concerns but also to definitively 
manage the lesion and prevent potential complications or 
recurrence. The procedure was executed without 
complications and the patient's postoperative period was 
uneventful, with careful monitoring revealing healthy 
wound healing and flap integrity. 
 
Histopathological examination of the excised tissue provided 
further insights into the nature of the lesion. Seborrheic 
keratosis, a common benign skin growth, arises from the 
proliferation of immature keratinocytes. This proliferation 
leads to the formation of well-demarcated, round or oval, 
flat-shaped macules on the skin surface. While they are 
typically slow-growing, these lesions can increase in thickness 
over time and rarely resolve spontaneously. 
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However, the exact pathogenesis of seborrheic keratosis 
remains incompletely understood. However, emerging 
evidence suggests a genetic predisposition, with mutations in 
the fibroblast growth factor receptor-3 (FGFR3) and PIK3CA 
oncogenes implicated in its development. Specifically, 
activating mutations in FGFR3 are common in sporadic cases 
of seborrheic keratosis, driving the proliferation of 
keratinocytes and contributing to tumor growth. Moreover, 
various subtypes of seborrheic keratosis exist, each exhibiting 
distinct histopathological features including hyperkeratosis, 
acanthosis, pseudocysts, hyperpigmentation, inflammation, 
and dyskeratosis. 
 

Histopathological examination of the excised lesion revealed 
characteristic features consistent with those of seborrheic 
keratosis. Microscopic evaluation revealed epidermal 
hyperkeratosis,  acanthosis, and pseudohorny cysts with 
cytoplasmic pigmentation. Additionally, sparse lymphocytic 
infiltration was observed in the underlying dermis, 
suggesting a mild inflammatory response to the lesion. 
 
Despite its benign nature, seborrheic keratosis occasionally 
presents with atypical features that mimic malignant lesions, 
warranting careful clinical evaluation and histopathological 
confirmation. Given the high prevalence of seborrheic 
keratosis, distinguishing between benign and malignant 

Fig. 1: Intra operative before excision and post excision

Fig. 2: Intra operative rotational flap cover
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lesions is crucial for guiding appropriate management 
decisions. Biopsy remains the gold standard for definitive 
diagnosis, particularly for lesions with suspicious clinical 
features or an inadequate response to conservative 
management. 
 
The present case emphasizes the importance of a 
comprehensive approach for the diagnosis and management 
of cutaneous lesions. Although benign in nature, seborrheic 
keratosis can pose diagnostic challenges, necessitating 
careful clinical evaluation and histopathological 
confirmation. Through meticulous assessment and 
appropriate intervention, clinicians can ensure optimal 
outcomes in patients presenting with cutaneous lesions. 
 
 
DISCUSSION 
Seborrheic keratoses are lesions characterized by their flat, 
verrucous, polypoid, or pedunculated nature. These lesions 
typically have a size range of 0.5 cm to 1 cm and exhibit a 
range of colors, spanning from tan-brown to black. Most of 
the lesions did not show any symptoms and had clearly 
defined borders. 

Seborrheic keratosis is characterized by uncontrolled growth 
of immature keratinocytes, leading to the formation of 
distinct, round or oval, flat-shaped lesions. Usually 
characterized by gradual growth, these lesions have the 
tendency to thicken over time and seldom resolve on their 
own. The aforementioned ailment arises from the non-
malignant proliferation of epidermal keratinocytes, wherein 
a potential hereditary factor is believed to play a role in the 
formation of multiple lesions. However, the precise 
mechanism of familial inheritance remains unclear. 
Although there is still limited understanding of its exact 
etiology, there are probable associations between fibroblast 
growth factor receptor 3 (FGFR3) and PIK3CA oncogenes. 
Mutations in FGFR3, a receptor for tyrosine kinase, are 
frequently observed in sporadic seborrheic keratosis, and are 
believed to be responsible for the proliferation of these non-
malignant neoplasms. Seborrheic keratosis consists of 
different subtypes including, acanthotic, hyperkeratotic, 
clonal, adenoid, irritable, and melanoacanthoma. 
Pathological lesions sometimes show characteristics of 
multiple subtypes. The aforementioned intricacy highlights 
the necessity for thorough evaluation and precise 
identification in the management of these lesions. 

Fig. 3: Post operative scar quality

Fig. 4: Histopathology examination images. The above HPE section shows skin with acanthosis, papillomatosis with horn cysts ( both true and 
pseudo cysts), and many keratinocytes showing pigmentation. Granulomas or atypia were noted. Impression suggestive of pigmented 
seborrhoeic keratosis 
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The Leser-Trélat sign refers to the abrupt occurrence of 
seborrheic keratoses or an escalation in the quantity of 
lesions, which can potentially be linked to an underlying 
internal cancer, typically adenocarcinoma affecting the 
stomach, colon, or breast3. Acrochordon, verruca vulgaris, 
follicular adnexal tumors, melanocytic tumors, and 
squamous or basal cell carcinoma are among the clinical 
differential diagnoses that should be considered. Hence, 
performing a histopathological investigation is crucial to 
verify the clinical observations. Seborrheic keratosis may 
need to be removed due to cosmetic preferences, to address 
symptoms such as itching, bleeding, and inflammation, or to 
confirm clinical findings. Available treatment modalities 
include cryosurgery, electrodesiccation, shave excision, 
carbon dioxide laser vaporization, and surgical removal. 
Topical corticosteroids can be employed to alleviate 
symptoms of inflamed lesions4,5. Surgical interventions 
should be limited to cases in which lesions exhibit indications 
of malignancy. To the best of our knowledge, there have been 
fewer earlier reports of seborrheic keratosis occurring on the 
scalp. Medical professionals should be aware of the atypical 
positioning of lesions. No literature suggests that seborrheic 
keratosis of the scalp can undergo malignant transformation. 
It is a primarily benign condition.6 Our patient had no risk of 
malignant transformation. The various treatment options 
available for SK include cryotherapy, electrodessication, 
curettage, ablative laser treatment, shave biopsy and topical 
agents.7 While there is great interest from both patients and 
providers in a topical non-invasive treatment for SK, no 
effective topical therapeutic agent has been developed, and 
this remains an area of unmet need.8 No adjuvant therapy is 
required for seborrheic keratosis has been warranted. 
However, there is no available literature to justify this.  
 
The above HPE section shows skin with acanthosis, 
papillomatosis with horn cysts ( both true and pseudo cysts), 
and many keratinocytes showing pigmentation. Granulomas 
or atypia were noted. Impression suggestive of pigmented 
seborrhoeic keratosis. 
 
 

CONCLUSION 
In conclusion, seborrheickeratosis represents a common 
dermatological condition characterized by the benign 
proliferation of epidermal keratinocytes, resulting in well-
defined, often pigmented lesions. Histopathological 
examination is essential for accurate diagnosis. In our 
patient, we performed excision and biopsy with a rotational 
flap cover. Postoperatively, the patient recovered well without 
any complications, and the postoperative scar was good. The 
postoperative histopathology report was the same as the pre-
operative report, thereby confirming it a case of pigmented 
seborrheic keratosis of the scalp. 
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