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PREFATORY NOTE 
 

The 3rd International Babylon Conference on  
Clinical and Experimental Pharmacological Research:  
prioritising drug safety, in silico drug screening, and  
the reliability assessment of novel in vitro tools for  
pharmacodynamic simulations 
 
Rafal J. Al-Saigh, Argyro Kyriakaki, and Apostolos Zarros 

 
Received: 27 June 2026; Accepted: 30 June 2026; Published: 01 July 2026 
 
This third iteration of the International Babylon Con-
ference on Clinical and Experimental Pharmacological 
Research marks a decisive step in the maturation of one 
of the most important events in Iraq’s emerging phar-
macological research ecosystem. Building on the foun-
dations laid by the first two conferences (taking place 
in 2024 and 2025) – each of which had two main objec-
tives, namely the mapping of the Iraqi pharmacological 
research and priorities, and the facilitation of the estab-
lishment of international collaborations in the field [1,2] 
– this year’s conference advances the conversation into 
domains that are rapidly reshaping global drug devel-
opment and use. In this third conference, focus shifts 
toward three interdependent pillars of pharmacological 
research: drug safety, in silico drug screening, and the 
assessment of novel in vitro tools for the undertaking of 
more reliable pharmacodynamic simulations. Among 
these pillars, drug safety remains a cornerstone of ther-
apeutic development, and this conference successfully 
highlights the importance of a systematic evaluation of 
toxicity, off-target effects, and population-specific risk 
factors in both Iraq and abroad. The second pillar – in 

silico drug screening – responds directly to the calls for 
the adoption of innovative methodologies capable of 
reducing the experimental (and the cost-associated) 
burden while increasing predictive power. Given that 
the available computational screening platforms can 
allow researchers to interrogate vast chemical libraries, 
model ligand–receptor interactions, and forecast phar-
macokinetic behaviour with unprecedented efficiency, 
their effective integration into the Iraqi research work-
flows represents both a technological leap as well as a 
pragmatic response to the current resource constraints. 
Finally, the third pillar highlighted in this year’s con-
ference is the reliability assessment of novel in vitro 
pharmacodynamic tools, and reflects the conference 
scientific committees’ longstanding emphasis on meth-
odological robustness. As the credibility of preclinical 
experimental findings depends largely on the physio-
logical relevance and the reproducibility of the “mod-
els” employed, the rigorous and ongoing (re)validation 
of the latter becomes increasingly essential and should 
go hand-in-hand with the pursuit of novelty. This year, 
the conference takes place at the College of Pharmacy 
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of the University of Babylon, in Hillah, Iraq, on the 29th 
and 30th of June 2026, under the auspices of the Minis-
try of Higher Education and Scientific Research of the 
Republic of Iraq, the University of Babylon and its Col-
lege of Pharmacy, as well as Madenat Alelem Universi-
ty and its College of Pharmacy. The conference pro-
ceedings are hereby graciously hosted by Colloquia Er-
udita; a recently established, open-access series of pro-
ceedings published by St Cuthbert Press Ltd (Stanley, 
England, UK). In this volume, our editorial interven-
tions have been minimal while aiming to ensure that 
the proceedings abstracts maintain the levels of accura-
cy, clarity, and consistency that have characterized the 
conference’s previous proceedings. To this end, we are 
grateful to all conference contributors for their collabo-
ration and patience, and we hope that this volume will 
serve as a testament to the efforts of the conference’s 
steering and scientific committees (led by the Dean of 
the College of Pharmacy of the University of Babylon, 
Professor Hussam W. Al-Humadi) to strengthen scien-
tific dialogue and to advance pharmacological research 
at a local level and in line with international standards. 
 
Keywords 
 
adverse effects; computational screening; in vitro meth-
odology; Iraq; pharmacology  
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Immune checkpoint inhibitors (CPIs) have fundamen-
tally shifted the oncology landscape by blocking inhibi-
tory pathways that tumours exploit to evade the im-
mune system. By targeting proteins such as the cyto-
toxic T-lymphocyte associated protein 4 (CTLA-4; e.g., 
ipilimumab), the programmed cell death protein 1 (PD-
1; e.g., pembrolizumab and nivolumab), and the pro-
grammed death-ligand 1 (PD-L1; e.g., atezolizumab), 
these therapies unleash T-cell activity against malig-
nant cells. However, this non-specific immune activa-
tion frequently leads to immune-related adverse events 
(irAEs). Endocrinopathies are among the most com-
mon and distinct irAEs, characterised by their often 
sudden onset and high likelihood of becoming perma-
nent, thereby requiring vigilant pharmacological inter-
vention and lifelong replacement therapy. The mecha-
nisms of the CPI-induced endocrinopathies are distinct 
from those of traditional autoimmune diseases and 
vary by drug class. While thyroid dysfunction is the 
most common endocrinopathy across all CPIs, hy-
pophysitis is the “signature” toxicity of CTLA-4 block-
ade (e.g., ipilimumab). Hypophysitis is significantly 
less common with PD-1 / PD-L1 monotherapy. In con-
trast, anti-PD-1 / PD-L1 therapies are more frequently 
associated with thyroiditis and type 1 diabetes mellitus 
(CPI-DM). Combination of anti-CTLA-4 with anti-PD-1 
treatments significantly increases the risk of hypophy-

sitis and multi-gland involvement due to a synergistic 
immune activation at multiple checkpoints. The clinical 
presentation of hypophysitis is variable, but more 
commonly includes central adrenal insufficiency. Thy-
roid dysfunction is the most frequent endocrine irAE. It 
often manifests as a transient thyrotoxic phase due to 
destructive thyroiditis, followed by a rapid transition 
to permanent hypothyroidism. Insulin-deficient diabe-
tes is a rare (~1%) medical emergency, often presenting 
with severe hyperglycaemia and / or diabetic ketoaci-
dosis. It is characterised by rapid β-cell destruction. 
Patients usually present with low or undetectable C-
peptide levels and, in 30%–50% of the cases, with dia-
betes auto-antibodies. Finally, primary adrenal insuffi-
ciency is rare, but life-threatening; it is distinguished 
from hypophysitis by the presence of mineralocorticoid 
deficiency (hyperkalaemia / hyponatraemia). As far as 
the diagnostic work-up and monitoring are concerned, 
vigilant screening is mandatory because symptoms like 
fatigue and nausea are non-specific and can easily be 
attributed to the underlying cancer. The baseline test-
ing of thyroid-stimulating hormone, free thyroxine, 
and morning cortisol levels is essential. Throughout 
treatment, clinicians should monitor thyroid function 
and blood glucose levels at every infusion cycle. In cas-
es of suspected hypophysitis, MRI may show pituitary 
enlargement, but treatment should not be delayed for 
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imaging if the patient is haemodynamically unstable. A 
critical distinction in managing endocrine irAEs com-
pared to other organ-specific toxicities (such as colitis 
or pneumonitis) is the role of immunosuppression. 
While high-dose glucocorticoids are used to dampen 
inflammation in other organs, they rarely reverse en-
docrine gland destruction. Consequently, management 
shifts from “curing” the inflammation to hormone re-
placement. A vital pharmacological pearl is the se-
quence of replacement: adrenal insufficiency must be 
treated with hydrocortisone before initiating levothy-
roxine to prevent the precipitation of an acute adrenal 
crisis due to increased metabolic clearance of cortisol. 
For CPI-DM, insulin is the only viable treatment; oral 
hypoglycaemics are ineffective due to the absolute in-
sulin deficiency. In conclusion, as CPI use becomes 
standard across more cancer types, healthcare provid-
ers must recognise that endocrine toxicities are unique 
“side effects” that persist long after the drug is discon-
tinued. Patient education on the permanent nature of 
these conditions is paramount for the prevention of 
mortality while maintaining the oncological benefits of 
immunotherapy. 
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Spontaneous intracerebral haemorrhage (ICH) remains 
one of the most devastating forms of stroke, as it is as-
sociated with high mortality and significant long-term 
disability, while optimal ICH management strategies 
continue to be debated. Historically, the surgical evacu-
ation of the haematoma has been widely practiced in 
ICH cases; however, the landmark Surgical Trial in In-
tracerebral Haemorrhage (STICH) has demonstrated 
no overall benefit of early open craniotomy over initial 
conservative treatment in patients with supratentorial 
ICH, resulting in a major shift away from surgical in-
tervention in routine clinical practice [1]. Subsequently, 
attention has shifted toward minimally invasive surgi-
cal techniques aiming to reduce the ICH-associated 
secondary brain injury while minimizing operative 
morbidity. The Minimally Invasive Surgery with 
Thrombolysis in Intracerebral Haemorrhage Evacua-
tion (MISTIE) project, including the MISTIE II and 
MISTIE III trials, has evaluated the effects of catheter-
based haematoma evacuation combined with intrale-
sional thrombolysis through the use of recombinant 
tissue plasminogen activator. While these trials have 
demonstrated that minimally invasive approaches can 
achieve a significant haematoma volume reduction and 
are generally safe, they have failed to demonstrate any 
statistically significant improvement in terms of func-
tional outcomes at 180 days in the overall patient popu-

lation, thereby maintaining uncertainty regarding their 
clinical utility [2]. More recently, the Early Minimally 
Invasive Removal of Intracerebral Haemorrhage (EN-
RICH) trial has provided new insights and has demon-
strated that the early minimally invasive parafascicular 
surgical evacuation, particularly when performed with-
in 24 h of the symptoms’ onset, is associated with im-
proved functional outcomes (compared to those of the 
standard medical management) in selected patients 
with lobar haemorrhages [3]. These findings suggest 
that the benefit of surgical intervention in ICH is highly 
dependent on appropriate patient selection, the ICH 
location, the timing of the intervention, and the specific 
surgical technique employed. The emerging paradigm 
indicates a transition from generalized scepticism to-
ward a more refined and individualized surgical strat-
egy in the surgical management of ICH. Although con-
ventional open craniotomy remains of limited value in 
unselected ICH cases, the early minimally invasive 
evacuation appears to offer meaningful functional ben-
efits in carefully selected patients. Future studies 
should prioritize a focus on the integration of advanced 
imaging biomarkers, the optimization of surgical tim-
ing, and the development of standardized selection 
criteria allowing us to further define the role of surgery 
in the management of ICH. 
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Wearable devices have emerged as promising tools to 
support objective assessment, monitoring, and rehabili-
tation in neurological disorders. Parkinson’s disease 
(PD) and stroke, despite their differing pathophysiolo-
gy, share functional consequences including impaired 
motor control, gait disturbance, and reduced inde-
pendence, thereby creating overlapping opportunities 
for technology-enabled clinical support. Devices range 
from accelerometers, wristwatches, limb sensors, as 
well as motion and force sensors to emerging electro-
chemical platforms. These systems aim at optimising 
medication and facilitating real-time symptom track-
ing, remote monitoring, and rehabilitation assistance. 
We have performed an extensive literature review on 
the field of the use of wearable devices in PD and 
stroke; our objectives included consolidating current 
evidence for PD- and stroke-focused wearable devices, 
outlining strengths, technical capabilities, clinical prac-
ticality, and barriers to real-world deployment. Weara-
bles were surveyed by clinical function and sensing 
modality. In PD, wearables were predominantly used 
for the characterization of motor symptoms and treat-
ment response, including accelerometry for tremor, 
bradykinesia, and motor fluctuation, inertial and force 
sensors for gait and balance analysis, and emerging 
biochemical sensing for pharmacological monitoring 
[1]. The most frequently applied types of wearable de-

vices are accelerometers, motion and force sensors, and 
electrochemical sensors. Accelerometers are the most 
extensively researched PD sensors, providing highly 
specific, real-time symptom tracking (particularly for 
bradykinesia and motor fluctuations, which correlate 
closely with dopaminergic levels); thus, they have the 
potential to reliably monitor treatment efficacy and its 
chronopharmacological aspects [2]. Similarly, force and 
motion sensors represent another category of wearable 
devices frequently utilised for the monitoring of gait 
and fine hand movements in PD. More recently, early-
stage electrochemical sensor-based studies have been 
designed for the continuous monitoring of the optimal 
timing and dose of PD medications, by continuously 
estimating, for example, levodopa levels in the intersti-
tial fluid of PD patients. In stroke, wearables support 
rehabilitation via activity trackers, limb sensors, in-
strumented footwear, and sensor-assisted orthoses in 
order to quantify movement, promote repetition, and 
support home therapy [3]. The most frequently used 
wearable devices in stroke include shoe insoles, wrist-
watches, limb sensors, and robotic gloves. Different 
shoe inserts have been researched in hope of improv-
ing the management of gait abnormalities after stroke, 
assisting rehabilitation, and transmitting kinesiological 
data to the treating physicians for remote assessment. 
Wristwatches have also been recruited with the aim to 
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increase post-stroke recovery: they monitor baseline 
activity and walking distance throughout the day as 
well as during exercises, and remind patients to per-
form exercises, thereby improving consistency, motiva-
tion, and the function of the affected limb. Limb sen-
sors have been employed in studies optimising remote 
management via exercise tracking with features allow-
ing them to monitor muscle activity and gait symmetry 
aiming at preventing falls. Finally, robotic and smart 
gloves represent the most extensively studied wearable 
devices in post-stroke rehabilitation, aiming to improve 
fine motor control and to restore upper limb function. 
Wearable devices increasingly integrate digital feed-
back systems and remote data transmission. While fea-
sible and sensitive to clinically relevant changes, the 
assessed studies were limited by methodological varia-
bilities, small-cohort sizes, short follow-ups, and incon-
sistent benchmarking. Wearable technologies provide a 
shared technological foundation for addressing motor 
dysfunction in PD and stroke, thereby providing a con-
text-aware assessment. Clinical impact is likely to ex-
pand with improved standardisation, robust longitu-
dinal evaluation, and closer alignment with clinical 
workflows and patient-centred outcomes. 
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The global rise in obesity prevalence has catalysed the 
development of advanced pharmacological interven-
tions. Amongst these, glucagon-like peptide-1 (GLP-1) 
receptor agonists have emerged as the result of a criti-
cal intersection between metabolic biochemistry and 
clinical pharmacology. GLP-1 receptor agonists are ef-
fective in improving metabolic regulation by enhancing 
insulin secretion, lowering glycated haemoglobin lev-
els, and promoting weight loss. They also reduce car-
diovascular risk, improve lipid and blood pressure pro-
files, and carry a low risk of hypoglycaemia, making 
them valuable in managing type 2 diabetes mellitus 
and metabolic syndrome. They work by mimicking the 
effects of the incretin hormone GLP-1, which is re-
leased from the intestine in response to food intake, 
thereby enhancing glucose-dependent insulin release, 
suppressing glucagon release, slowing gastric empty-
ing, and increasing satiety, leading to improved blood 
glucose control and weight reduction. This review ex-
plores the biochemical pathways through which these 
agents regulate systemic metabolism besides simple 
appetite suppression. A comprehensive analysis was 
conducted on current and previous clinical data and 
biochemical profiles of anti-obesity drugs (GLP-1 re-
ceptor agonists) that are designed to be delivered sub-
cutaneously. The focus was on the signalling pathways 
involved and the role of these drugs in enhancing glu-

cose-dependent insulin secretion and delaying gastric 
emptying. Clinical data indicate a weight reduction 
over long-term use of these drugs, accompanied by 
improved glycaemic control and reduced markers of 
systemic inflammation. Agents such as semaglutide, 
liraglutide, and tirzepatide demonstrate significant and 
sustained weight reduction, representing an effective, 
minimally invasive option for long-term obesity man-
agement. These agents are increasingly being used as 
primary therapies for obesity, metabolic dysfunction, 
and established cardiovascular diseases in addition to 
type 2 diabetes mellitus. Subcutaneously-administered 
GLP-1 receptor agonists are absorbed into the systemic 
circulation after injection. In the pancreas, these agents 
enhance glucose-dependent insulin secretion from β-
cells while suppressing glucagon release from α-cells, 
with indirect inhibition via paracrine signalling (soma-
tostatin from δ-cells) leading to improved glycaemic 
control and reduced hepatic glucose production. In the 
brain, particularly within the hypothalamus, they acti-
vate satiety pathways and reduce hunger-inducing 
signals, thereby significantly decreasing appetite and 
food intake. Additionally, these drugs influence re-
ward-related pathways, helping to reduce cravings and 
hedonic eating. Within the gastrointestinal system, the 
GLP-1 receptor agonists modulate the release of appe-
tite-related hormones (such as ghrelin and peptide YY) 
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and delay gastric emptying, thereby prolonging the 
user’s feeling of satiety after meals and reducing post-
prandial glucose levels. At the molecular level, GLP-1 
receptor agonists activate cAMP-dependent signalling 
pathways that stimulate insulin secretion, promote β-
cell survival, modulate ion channel activity, and affect 
central appetite-regulating neurocircuits; in essence, 
these agents exert metabolic and anti-obesity effects. 
They also have the ability to reduce pro-inflammatory 
cytokine levels (such as those of tumour necrosis fac-
tor-alpha and interleukin-6), thereby contributing to 
improved serum metabolic profiles. The most common 
side effects associated with GLP-1 receptor agonist use 
include nausea, vomiting, and injection-site reactions. 
Important precautions involve the risk of developing 
acute pancreatitis and the FDA’s boxed warning against 
the use of these drugs by individuals with a personal 
or family history of medullary thyroid carcinoma and 
hereditary conditions associated with this type of can-
cer. Biochemical evidence suggests that these medica-
tions do not merely act as anorexiants, but induce sig-
nificant changes in metabolic rate and adipose tissue 
thermogenesis. In conclusion, the integration of GLP-1 
receptor agonists into obesity management represents a 
shift toward targeting the underlying biochemical dys-
functions of metabolic syndrome. Future research stud-
ies should focus on the long-term metabolic “repro-
gramming” induced by these agents and their potential 
in treating non-alcoholic fatty liver disease. 
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Oral diseases remain a major global public health bur-
den. Although oral healthcare has improved in many 
regions, common conditions such as dental caries and 
periodontal disease continue to be highly prevalent. 
These disorders frequently result in tooth loss and neg-
atively impact overall health, quality of life, and well-
being. Current treatments such as dental implants are 
widely considered as standard treatment for the re-
placement of missing teeth. However, they do not actu-
ally restore a real biological tooth and they are associ-
ated with several complications; amongst these, peri-
implantitis is the most significant and is characterized 
by an inflammatory destruction of peri-implant tissues 
and progressive bone loss, ultimately leading to im-
plant failure. These limitations highlight the need for 
effective pharmacological strategies that promote true 
biological tooth regeneration [1]. Recent studies have 
focused on a protein called “uterine sensitization–
associated gene-1” (USAG-1), which is known to sup-
press tooth development by blocking signalling path-
ways such as those of the bone morphogenetic protein 
(BMP) and Wnt [2]. When USAG-1 was inhibited in 
animal studies, de novo tooth formation was observed. 
From a pharmacological perspective, USAG-1 repre-
sents a potential therapeutic target for the induction of 
tooth regeneration. Experimental approaches such as 
monoclonal antibody therapy (widely used in cancer 
therapy to target specific proteins involved in disease 
progression) and RNA-based gene silencing have been 

shown to decrease USAG-1 activity, thereby restoring 
Wnt and BMP signalling and reactivating the dormant 
odontogenic potential [3]. Similarly to other vertebrate 
organs, tooth development (odontogenesis) is known 
to be regulated by reciprocal interactions between epi-
thelial and underlying mesenchymal tissues through 
multiple signalling pathways, including the Wnt and 
BMP ones. More specifically, the Wnt signalling is acti-
vated at the earliest stage of odontogenesis and is re-
sponsible for initiating tooth formation by activating 
odontogenic stem cells and promoting the formation of 
the tooth bud through increased cellular proliferation. 
In contrast, the BMP signalling becomes more promi-
nent during later stages, where it regulates cellular dif-
ferentiation and guides the formation of specialized 
dental cells (such as ameloblasts and odontoblasts) re-
sponsible for enamel and dentin formation. Although 
USAG-1-targeting therapies are not yet clinically avail-
able, they represent a promising area of pharmaceutical 
research, in which pharmacists play a key role in drug 
development, safety evaluation, and future clinical ap-
plication(s). However, several limitations must be con-
sidered. Most current evidence is based only on animal 
models; therefore, the inhibition of USAG-1 in humans 
remains uncertain. In addition, the long-term safety of 
monoclonal antibody or RNA-based therapies also re-
quires further investigation, particularly in light of the 
known adverse effects associated with biologic thera-
pies. Moreover, RNA-based approaches face important 
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challenges related to effective drug delivery and opti-
mal dosing strategies. Therefore, additional preclinical 
and clinical investigations are required in order to as-
sess the safety, efficacy, and feasibility of USAG-1 inhi-
bition before any relevant therapeutic strategies can be 
successfully introduced into clinical practice. 
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The polycystic ovary syndrome (PCOS) is a complicat-
ed endocrine disease that occurs in women of repro-
ductive age and that is marked by hyperandrogenism, 
ovulation disorders, and multiple ovarian cysts. Other 
related symptoms include insulin resistance, hirsutism, 
and obesity, while the biguanide metformin is the most 
appropriate drug for the treatment of PCOS. Intestinal 
microbiota plays a role in maintaining metabolic and 
hormonal health, while dysbiosis disrupts the regula-
tion of reproductive hormones, leading to increased 
intestinal permeability, intestinal microbiota imbalance, 
and – finally – to PCOS development. This aim of this 
study was to examine the impact of probiotic supple-
mentation (mostly of Lactobacillus and Bifidobacterium)  
on the serum levels of testosterone, luteinizing hor-
mone (LH), and follicle-stimulating hormone (FSH) in 
female rats undergoing an experimental simulation of 
PCOS with the use of high-fat diet (HFD) and letrozole. 
To this end, 28 female Wistar rats were randomly as-
signed into four groups (n=7 each): a control group, a 
PCOS group, a metformin-treated PCOS group, and a 
probiotic-receiving PCOS group. The HFD that was 
used in this study was a commercial product obtained 
from Research Diets, Inc. (USA) with a total kcal value 

of 4.73 kcal/g; this HFD was coupled with letrozole 
(given orally, via gavage, at a dose of 1 mg/kg/day) in 
order to induce PCOS. After 21 days of stimulation, the 
PCOS rats were returned to a normal diet (like the one 
fed to the control group). Metformin was then adminis-
tered at a dose of 300 mg/kg/day in distilled water, 
while probiotic supplementation with a combination of 
Bifidobacterium and Lactobacillus bacteria (using a com-
mercial product obtained from Medwise Healthcare 
Limited, UK) took place at a dose of 1×109 CFU/day for 
28 days. Daily vaginal swabs were obtained throughout 
the induction period in order to determine the oestrous 
cycle irregularity and to confirm PCOS. Subsequently, 
cardiac puncture was used in rats anesthetized with 
diethyl ether in order to obtain blood samples, and se-
rum hormone levels were measured with ELISA. Rat 
serum testosterone and LH levels were found to be 
significantly increased by 72.11% (p=0.003) and 89.25% 
(p=0.001), respectively, in the PCOS group, while the 
serum FSH levels were found to be significantly de-
creased by 38.02% (p<0.001) in the same group when 
compared to those of the control group. The metfor-
min-treated PCOS group exhibited a decrease by 
35.09% (p>0.05) in its serum LH levels when compared 
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to those of the PCOS group. Finally, the herein em-
ployed probiotic supplementation led to a moderate 
reduction of the serum testosterone and LH levels by 
15.31% (p>0.05) and 23.73% (p>0.05), respectively, when 
compared to those of the PCOS group. The serum FSH 
levels were found to be significantly lower (by 30.67%; 
p=0.004) in the probiotic-receiving PCOS group when 
compared to those of the control group. Our findings 
indicate that despite the fact that probiotic supplemen-
tation has an impact on the reproductive axis, it cannot 
be used as the only intervention for the restoration of 
hormonal balance in female rats undergoing an exper-
imental simulation of PCOS. 
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Polycystic ovary syndrome (PCOS) is a common endo-
crine disorder of reproductive-age women, character-
ized by ovulatory dysfunction, hyperandrogenism, and 
polycystic ovarian morphology, and causing a range of 
reproductive, metabolic, dermatological, and psycho-
logical issues. The aetiology of PCOS involves a com-
plex interplay of environmental, genetic, and lifestyle 
factors, where a family history can elevate the risk; alt-
hough the complete pathophysiology remains unclear, 
hyperandrogenism, insulin resistance, inflammation, 
and oxidative stress are considered significant contrib-
utors. Our study’s aim was to investigate the effects of 
telmisartan and of a Taraxacum officinale (common dan-
delion) extract on a rat model of PCOS, by measuring 
the serum levels of testosterone, luteinizing hormone 
(LH), and follicle-stimulating hormone (FSH). A total of 
35 female Wistar rats were randomly divided into five 
groups (n=7 each): a control group, a PCOS group, a 
metformin-treated PCOS group, a telmisartan-treated 
PCOS group, and a Taraxacum officinale extract-treated 
PCOS group. PCOS was induced through high-fat diet 
(HFD) and letrozole administration. The HFD that was 

used in this study was a commercial product obtained 
from Research Diets, Inc. (USA) with a total kcal value 
of 4.73 kcal/g, and it was coupled with letrozole (given 
orally, via gavage, at a dose of 1 mg/kg/day) in order to 
induce PCOS. After 30 days of stimulation, the PCOS 
rats were returned to a normal diet (like the one fed to 
the control group). Metformin was then administered 
at a dose of 300 mg/kg/day, telmisartan at a dose of 10 
mg/kg/day, and the Taraxacum officinale extract at a dose 
of 500 mg/kg/day (via oral gavage) for 28 days. Vaginal 
swabs were obtained daily and throughout the induc-
tion period in order to determine the oestrous cycle 
irregularity and to confirm PCOS. Subsequently, cardi-
ac puncture was used in rats anesthetized with diethyl 
ether in order to obtain blood samples, and serum 
hormone levels were measured with ELISA. The ad-
ministration of HFD and letrozole significantly in-
creased the serum testosterone and LH levels by 
191.53% (p=0.001) and 85.2% (p=0.021), respectively, 
while significantly reducing the serum FSH levels by 
50.1% (p=0.001) when compared to those of the control 
group. On the other hand, the metformin-treated PCOS 
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group exhibited a reduction in its serum testosterone 
and in its LH levels by 50.85% (p=0.012) and 35.86% 
(p=0.136), respectively, and a 52.77% increase (p=0.215) 
in its serum FSH levels when compared to those of the 
PCOS group. The telmisartan-treated PCOS group ex-
hibited a significant reduction in its serum testosterone 
levels by 61.72% (p=0.001), a reduction in its serum LH 
levels by 32.18% (p=0.254), and an increase in its serum 
FSH levels by 40.11% (p=0.751) as compared to those of 
the PCOS group. Finally, the Taraxacum officinale ex-
tract-treated PCOS group exhibited a reduction in its 
serum testosterone and LH levels by 13.1% (p>0.05) and 
21.66% (p>0.05), respectively, while its serum FSH lev-
els were found increased by 27.76% (p>0.05) when 
compared to those of the PCOS group. Overall, the 
administration of telmisartan and of the Taraxacum of-
ficinale extract reduced the serum LH and increased the 
FSH levels, thereby suggesting a potential regulation of 
the gonadotropin signalling; the same treatments also 
managed to reduce the serum testosterone levels, 
thereby suggesting an ability to modulate androgen 
synthesis.  
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The discovery of targeted, biocompatible nanocarriers 
represents a substantial transformation in the field of 
cancer therapeutics by addressing critical limitations of 
conventional chemotherapy (including nonspecific tox-
icity, unfavourable pharmacokinetics, and the emer-
gence of multidrug resistance). Nanotechnology-based 
drug delivery systems have emerged as effective meth-
ods of addressing these limitations. Selenium (Se) na-
noparticles (SeNPs), in particular, have garnered con-
siderable interest due to their unique physicochemical 
and biological characteristics, including low toxicity, 
biocompatibility, antioxidant activity, and prospective 
medicinal utility. The surface modification and func-
tionalization of SeNPs with biocompatible compounds 
can enhance their stability, targeting efficacy, and over-
all performance as nanocarriers. This study has focused 
on varying hyaluronic acid (HA) to Se and gallic acid 
(GA) to Se mass ratios in order to identify the optimal 
formulation for generating SeNPs with desirable parti-
cle size distribution, high homogeneity, and adequate 
colloidal stability for nanodrug delivery applications. 
We have effectively produced and physiochemically 
characterized SeNPs that are stabilized and functional-
ized with HA and GA (HA/GA-SeNPs). HA was chosen 
for its superior biocompatibility and its capacity to im-
prove nanoparticle stability and cellular targeting, 
while GA was used as a natural polyphenolic stabilizer 

and functionalizing agent. The nanoparticles were pro-
duced using sodium selenite (as the Se precursor) and 
ascorbic acid (as the reducing agent) under regulated 
conditions in the presence of HA and GA. HA solutions 
(5 mg/mL) were subsequently added in varying con-
centrations in order to produce several formulations 
with HA to Se ratios of 5:1, 7.5:1, 10:1, and 12.5:1. The 
reaction mixture’s obvious colour change from colour-
less to reddish-orange was the first indication that the 
nanoparticles had been formed, while the produced 
HA/GA-SeNPs were characterized by a variety of tech-
niques, including dynamic light scattering and zeta 
potential assessment. Our results indicate that altera-
tions in the HA to Se and the GA to Se ratios can great-
ly influence nanoparticle size, surface charge, and dis-
persity. The examined HA-SeNPs, with HA to Se ratios 
of 5:1, 7.5:1, 10:1, and 12.5:1, have yielded nanoparticles 
exhibiting Z-average diameters between 123.6 and 
130.8 nm, with polydispersity index (PDI) values rang-
ing from 0.085 to 0.182. Zeta potential tests varied from 
-12.8 to -24.8 mV, thereby signifying adequate colloidal 
stability. The HA to Se ratio of 7.5:1 exhibited optimal 
particle homogeneity, as evidenced by a PDI value of 
0.085. Further optimization was conducted by integrat-
ing GA at various GA to Se ratios (0:1, 2.5:1, and 5:1). 
Our findings indicate that the formulation created at 
HA to Se and GA to Se ratios of 5:1 bears the most ad-
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vantageous physicochemical characteristics, featuring a 
Z-average diameter of 98.91 nm, a low PDI value of 
0.065, and a zeta potential of -16.7 mV. The results 
demonstrate the effective synthesis of highly uniform 
and stable HA/GA-SeNPs of suitable nanoscale dimen-
sions, that could exert enhanced permeability and re-
tention-mediated tumour targeting. In conclusion, the 
HA/GA-SeNPs synthesized in our study constitute a 
viable nanoscale platform with excellent physicochem-
ical characteristics and a promising potential as an effi-
cient and selective nanodrug delivery system for anti-
cancer applications. 
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Invasive fungal infections pose a major global health 
issue, especially those arising from drug-resistant Can-
dida species, highlighting the need for an ongoing crea-
tion of new antifungal medications. This study focuses 
on the development, formulation, and computational 
analysis of a novel series of eight 1,2,4-triazole deriva-
tives (D1, D2, E–J) as potential antifungal agents target-
ing cytochrome P450 14α-demethylase (CYP51). The 
synthetic method utilized a multi-stage process that 
started with the Fischer esterification of a derivative of 
a carboxylic acid and ethanol, resulting in the for-
mation of the corresponding ester. Next, hydrazide was 
produced by reacting with hydrazine hydrate. Follow-
ing nucleophilic addition with aryl isothiocyanate pro-
duced intermediates (C1 and C2), while the base-
promoted cyclization of these intermediates yielded the 
core 1,2,4-triazole-5(4H)-thione frameworks (D1 and 
D2). The last step consisted of alkylating the thione’s 
sulfur atom with a range of alkylating agents such as 
iodoethane, phenacyl bromide derivatives, butyl io-
dide, and ethyl bromo acetate, yielding a varied collec-
tion of target compounds (E–J). All synthesized com-
pounds were analysed and structurally verified 
through Fourier transform infrared (FTIR), proton nu-
clear magnetic resonance (1H-NMR), and carbon-13 
nuclear magnetic resonance (13C-NMR) spectroscopy. 
FTIR spectroscopy demonstrated the disappearance of 

the carbonyl band after cyclization and the forming of 
compounds D1 and D2, the appearance of C=N stretch-
ing around 1608 cm-1, a distinct carbonyl absorption at 
1703 cm-1 for compound F, and ester-related peaks at 
1663 cm-1 and 1259 cm-1 in the case of compound I. The 
spectroscopic data validated the successful creation of 
all intermediates and final products by displaying 
characteristic absorption bands and chemical shifts that 
align with the suggested structures. Molecular docking 
analyses on the CYP51 enzyme (a recognized target for 
azole antifungal drugs) were also performed through 
the use of the Molecular Operating Environment soft-
ware. The docking analysis revealed several of the syn-
thesized compounds to be demonstrating encouraging 
binding affinities that were similar to those of the refer-
ence drug (fluconazole). Throughout the series, the 
binding energies were advantageous, with two com-
pounds exhibiting the most favourable ones: (i) com-
pound F and (ii) compound I. An in-depth examination 
of the protein–ligand interactions revealed that the lead 
compound can establish several hydrogen bonds with 
active site residues such as threonine and serine, along 
with many hydrophobic interactions with alanine, leu-
cine, proline, tyrosine, isoleucine, valine, lysine, and 
cysteine residues. A different promising compound can 
form an essential hydrogen bond with a cysteine resi-
due, along with hydrophobic interactions and a pi–
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sulphur interaction involving phenylalanine. These 
interaction patterns suggest a consistent binding within 
the enzyme’s active site. Subsequently, the compounds’ 
ADME (absorption, distribution, metabolism, and ex-
cretion) characteristics were forecasted in order to 
evaluate their drug-likeness. The majority of the deriv-
atives exhibited advantageous physicochemical charac-
teristics, such as suitable molecular weights, counts of 
hydrogen bond donors and acceptors, and topological 
polar surface areas within acceptable limits. Most of the 
compounds exhibited significant gastrointestinal ab-
sorption and positive bioavailability ratings, but none 
of them demonstrated an ability to cross the blood-
brain barrier. The majority of compounds adhered to 
standard drug-likeness criteria, while one of the com-
pounds deviated because of its elevated molecular 
weight. Consensus log P values reflected significant 
lipophilicity for all compounds, thereby indicating fa-
vourable membrane permeability and potential for 
tissue distribution.  
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A popular corticosteroid with strong anti-inflammatory 
and immune suppressive qualities, methylpredniso-
lone (MP), has a comparatively low cellular absorption 
and a restricted water solubility that limit its therapeu-
tic efficacy and require a greater dosage, thereby rais-
ing the possibility of unfavourable systemic side ef-
fects. Therefore, it is crucial to create a drug delivery 
system that can enhance MP’s solubility, stability and 
targeted distribution; carrier-based nanocarriers have 
been shown to overcome these restrictions. Because of 
its enormous surface area, its abundance of oxygen-
containing functional groups, and its exceptional apti-
tude for drug adsorption through pi–pi stacking and 
hydrogen bonding interactions, graphene oxide (GO) 
has garnered great attention amongst nanomaterials. 
GO is a flexible platform for medication-loading and 
delivery applications. The PEGylation (or surface func-
tionalization with polyethylene glycol; PEG) has been 
used in order to enhance the stability, dispersibility, 
and biocompatibility of nanomaterials for various med-
ical applications. We herein report the development of 
a PEGylated GO nanoparticle as a novel nanocarrier 
system for the transportation of MP and the enhance-
ment of its delivery. A solution blending method was 
used in order to synthesize the nanocomposite via the 
dispersion of GO, first ultrasonically in the deionized 
water and then through the functionalization of its sur-

face so as to improve its stability and compatibility. 
PEG was then added with constant stirring in order to 
encourage the interaction between GO and PEG. The 
mixture was purified using ultracentrifugation so as to 
remove any unbounded components and to produce 
stable GO–PEG nanoparticles. MP was loaded onto the 
PEGylated GO nanocarrier through an adsorption pro-
cedure under carefully regulated heating and stirring 
conditions. Multiple binding sites were made possible 
by the GO’s vast surface area and functional groups, 
which allow the drug molecules on the nanocarrier 
matrix to interact effectively. Several approaches were 
employed in order to clarify the nanocomposite’s phys-
icochemical properties and to verify that the GO was 
successfully functionalized with PEG. In order to detect 
the interaction between the carrier and the loaded med-
ication (MP), we employed Fourier transform infrared 
(FTIR) spectroscopy. The structural features and crys-
talline properties of the developed nanomaterial were 
examined using X-ray diffraction (XRD) analysis, while 
energy dispersive spectroscopy (EDS) was used in or-
der to ascertain the elemental composition of the pro-
duced nanocomposite. Furthermore, scanning electron 
microscopy (SEM) revealed details about the surface 
shape and particle size distribution of the produced 
nanoparticles. In brief, the GO–PEG nanocomposite 
was successfully formed, and MP was found to be ef-
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fectively loaded on it. Successful surface functionaliza-
tion was confirmed through FTIR, displaying distinc-
tive absorption bands related to GO and peaks linked 
to PEG, as well as interactions between the MP and the 
GO–PEG matrix. The undertaken XRD analysis re-
vealed structural changes indicative of the creation of a 
stable structure. Good dispersion was demonstrated by 
the obtained SEM micrographs, with the latter reveal-
ing nanoscale sheets-like structures with comparatively 
homogeneous shapes. EDS demonstrated a successful 
drug integration into the GO-based carrier. Our find-
ings suggest that the PEGylated GO could serve as a 
promising nanocarrier for MP administration due to its 
advantageous properties and drug-carrier interactions. 
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Ulcerative colitis (UC) is a chronic relapsing inflamma-
tory disease with an incompletely understood aetiolo-
gy and no definitive cure, in which toll-like receptor 4 
(TLR4)-mediated inflammation plays a key pathogenic 
role and represents a promising therapeutic target. This 
study aimed at evaluating the protective effects of re-
satorvid compared with those of sulfasalazine in a dex-
tran sulfate sodium (DSS)-induced experimental model 
of UC in mice. To this end, 50 adult male BALB/C mice 
(aged 6–10 weeks; weighing 22–30 g) were randomly 
assigned into five experimental groups: (i) a control 
group, (ii) a DSS-induced UC group (in which DSS was 
administered orally through a cage feeding bottle at a 
concentration of 5% for 10 days), (iii) a group that has 
been exposed to DSS and has also received resatorvid 
(at 3 mg/kg, once daily, intraperitoneally) for 10 days, 
(iv) a group that has been exposed to DSS and has also 
received sulfasalazine (at 100 mg/kg, orally, by gavage 
once, daily) for 10 days, and (v) a vehicle control group 
that has been exposed to DSS and has also received 1% 
DMSO (in normal saline, once daily, intraperitoneally) 
for 10 days. On day 11 of the study, the mice were sac-

rificed, and colonic tissue was collected for biochemical 
and histopathological analysis. The levels of the oxida-
tive stress markers myeloperoxidase (MPO) and iso-
prostane-8, of TLR4, and of the pro-inflammatory cyto-
kines tumour necrosis factor alpha (TNF-α) and inter-
leukin-1 beta (IL-1β) were quantified in the colonic tis-
sues using ELISA kits. Histological examination was 
performed in order to assess the extent of the mucosal 
damage and inflammatory cell infiltration. DSS admin-
istration induced severe experimental colitis, as evi-
denced by a significant elevation of the disease activity 
index (DAI), macroscopic and histopathological scores, 
oxidative stress markers, and pro-inflammatory cyto-
kine levels, as compared to those of the control group 
(p<0.001). The tissue levels of TNF-α, IL-1β, MPO, iso-
prostane-8, and TLR4 were found to be increased by 
approximately 274%, 262%, 136%, 135%, and 118.3%, 
respectively, in the DSS-induced UC model mice when 
compared to those of the control group. No significant 
differences were observed in the herein assessed pa-
rameters between the DSS-induced UC model group 
and the vehicle- and DSS-treated group. The treatment 
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with sulfasalazine significantly reduced the DAI and 
the macroscopic and histopathological scores, as well 
as the colonic tissue TNF-α, IL-1β, MPO, isoprostane-8, 
and TLR4 levels by approximately 51%, 49%, 56%, 44%, 
44%, 37%, 34%, and 25%, respectively, when compared 
with those of the UC model mice (p<0.001). Similarly, 
the administration of resatorvid was found to signifi-
cantly attenuate the DSS-induced colonic injury by re-
ducing the DAI, the macroscopic and histopathological 
scores, and the tissue levels of TNF-α, IL-1β, MPO, iso-
prostane-8, and TLR4 by approximately 47%, 42%, 
47%, 40%, 38%, 35%, 32%, and 44%, respectively, com-
pared with those of the DSS-induced UC model mice 
(p<0.001). No significant differences were observed 
amongst the herein assessed parameters between the 
resatorvid- and the sulfasalazine-treated groups, with 
the exception of resatorvid demonstrating a significant-
ly greater suppression of the colonic TLR4 expression 
compared to sulfasalazine (p<0.001). Our findings are 
supportive of selective TLR4 inhibition as a promising 
therapeutic strategy for the treatment of UC. 
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Polymicrobial infections involving Staphylococcus aureus 
and Candida albicans represent a significant clinical 
challenge due to their synergistic pathogenicity, en-
hanced resistance, and high associated mortality rates. 
These infections are particularly prevalent in immuno-
compromised patients, and are frequently associated 
with biofilm-related conditions and bloodstream infec-
tions, thereby contributing to increased virulence and 
reduced susceptibility to antimicrobial agents [1]. Con-
sistent with these concerns, the present study was de-
signed with the aim to evaluate the pharmacodynamic 
behaviours of vancomycin and caspofungin in combi-
nation, through a dynamic in vitro pharmacokinetics / 
pharmacodynamics (PK/PD) model that simulates clin-
ically relevant human drug exposure while incorporat-
ing key host-related factors, such as albumin and plate-
lets. To ensure alignment with physiologically relevant 
conditions, standard reference strains (S. aureus ATCC 
25923 and C. albicans ATCC 90028) were exposed to 
simulated peak plasma concentrations of vancomycin 
(3 and 5 mg/L) and caspofungin (10 and 20 mg/L), ad-
ministered in combination, as well as in the presence of 

2% human albumin and 2% activated platelets, either 
alone or in combination, so as to better replicate in vivo 
environments and to assess the impact of protein bind-
ing and of the host immune components on antimicro-
bial activity. The PK/PD model employed a peristaltic 
pump system in order to simulate the drug elimination 
kinetics, achieving a half-life of approximately 24 h and 
closely mimicking human pharmacokinetic profiles [2]. 
Pharmacodynamic responses were monitored through 
serial measurements of optical density at 600 nm, 
which were also standardized against colony-forming 
unit counts so as to ensure accuracy and reproducibil-
ity. Data were subsequently analysed using the Emax 
model in order to characterize dose–response relation-
ships and to quantify the extent of the occurring anti-
microbial activity under different experimental condi-
tions [2]. The undertaken pharmacokinetic simulations 
demonstrated high reproducibility, with drug concen-
tration time profiles closely matching those of the ex-
pected human plasma kinetics and exhibiting minimal 
inter-experimental variability. Furthermore, the robust-
ness of the pharmacodynamic modelling was support-
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ed by strong correlation coefficients (R2 values), there-
by confirming the reliability and predictive value of the 
employed system. The results demonstrated that a 
combination therapy with vancomycin and caspofun-
gin can produce significantly enhanced antimicrobial 
effects, particularly in co-infection settings where mi-
crobial interactions typically compromise the treatment 
efficacy. Our findings suggest that a combined admin-
istration can led to improved suppression of both bac-
terial and fungal growth. Notably, the presence of host 
factors had a measurable impact on drug performance. 
The inclusion of albumin is particularly relevant given 
its known effect on reducing the free, pharmacological-
ly-active fraction of highly protein-bound drugs, while 
activated platelets contribute to host defence through 
the release of antimicrobial peptides and the modula-
tion of microbial growth dynamics through platelet-
mediated immune mechanisms. Interestingly, the com-
bined presence of albumin and platelets produced in-
termediate effects, thereby indicating a complex inter-
play between drug binding and host defence factors. In 
conclusion, this study highlights the importance of in-
tegrating host physiological components into in vitro 
PK/PD models so as to achieve a more accurate repre-
sentation of the in vivo conditions. Furthermore, the 
herein demonstrated impact of albumin on drug activi-
ty emphasizes the need to consider protein-binding 
effects when interpreting in vitro results and translating 
them into clinical practice [3]. 
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Infertility represents a major reproductive health prob-
lem, while assisted reproductive technologies, particu-
larly in vitro fertilization (IVF), are widely used as effec-
tive therapeutic strategies for its management. The pre-
sent study aimed at investigating the association be-
tween age, anthropometric measurements, and serum 
levels of key reproductive hormone with IVF outcomes 
among Iraqi women undergoing assisted reproductive 
treatment. This comparative cross-sectional study in-
cluded 101 women undergoing IVF treatment. Partici-
pants were classified into two groups according to IVF 
outcome: a successful IVF group (N=60) and a failed 
IVF group (N=41). Women between 18 and 40 years of 
age with complete clinical and laboratory records were 
included in the study. Participants with diagnosed thy-
roid disease requiring treatment, diabetes mellitus, 
hyperprolactinaemia, or incomplete laboratory data 
were excluded from our study in order to reduce po-
tential confounding variables. Anthropometric meas-
urements, including body mass index (BMI), height, 
and weight, as well as reproductive history (such as 
gravidity) were also recorded. Blood samples were col-
lected from all participants at the Tiba IVF Center (Hil-
lah, Iraq) between November 2025 and March 2026, 
and were used in order to measure in them the serum 
levels of the anti-Müllerian (AMH), follicle-stimulating 
(FSH), luteinizing (LH), and thyroid-stimulating (TSH) 

hormones as well as those of oestradiol and prolactin. 
Hormonal analyses were performed using the VIDAS® 
Blue automated immunoassay system. Our results re-
vealed maternal age to be significantly higher in the 
failed IVF group than in the successful IVF group 
(30.33 versus 28.19 years, p=0.028). The age distribution 
analysis further indicated that IVF success was more 
common among younger women, while the likelihood 
of IVF failure increased progressively with advancing 
maternal age. The anthropometric measurements (in-
cluding BMI, height, and weight) did not differ signifi-
cantly between successful and failed IVF groups. Gra-
vidity was also significantly higher among women who 
achieved successful IVF as compared to those of the 
women who did not (1.75 versus 0.91, p=0.0003). Serum 
prolactin levels were found to be significantly higher in 
the women with successful IVF outcomes when com-
pared with those of the women with failed IVF out-
comes (25.90 versus 18.90 ng/mL, p=0.0002). Similarly, 
serum TSH levels were significantly higher in the suc-
cessful IVF group than in the failed IVF group (2.80 
versus 2.25 µIU/mL, p=0.0228). In contrast, no statistical-
ly significant differences were observed between the 
two groups in terms of their serum levels of AMH, 
FSH, LH, or oestradiol. Moreover, a correlation analy-
sis revealed a significant positive correlation between 
AMH and LH levels (r=0.299, p=0.0025) and a signifi-
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cant negative correlation between AMH and FSH levels 
(r=-0.291, p=0.0033). In conclusion, our findings indicate 
that age, serum prolactin levels, serum TSH levels, and 
gravidity are significantly associated with IVF success 
in Iraqi women, whereas the serum levels of AMH, 
FSH, LH, and oestradiol, as well as the herein assessed 
anthropometric measurements were not predictive of 
the IVF outcome. 
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In the contemporary pharmaceutical sciences and nan-
otechnology, the development of smart drug delivery 
systems remains a pivotal challenge. Our study repre-
sents a comprehensive investigation into the fabrication 
and characterization of advanced nanocomposite hy-
drogels (NCHGs) that are specifically engineered so as 
to optimize structural integrity and morphological per-
formance for drug-loading and various medical appli-
cations. The study focuses on a hybrid polymeric archi-
tecture primarily synthesized from polyvinyl alcohol 
(PVA) and chitosan (CS). These polymers were chosen 
for their inherent biocompatibility and their functional 
adaptability; properties further enhanced through the 
strategic incorporation of silica (silicon dioxide; SiO2) 
nanoparticles. The objective of this formulation was to 
create a robust scaffold through a controlled blending 
and chemical crosslinking, ensuring a highly uniform 
dispersion of SiO2 within the network so as to gain me-
chanical stability and to prevent a premature degrada-
tion at specific environments (such as tumor tissues). 
Hydrogels are widely recognised for their high-water 
absorption capacity, biocompatibility, and structural 
similarity to biological tissues, making them suitable 
for different biomedical applications (such as wound 

healing, tissue engineering, and drug delivery). The 
chemical architecture and the successful integration of 
the components were rigorously validated using Fouri-
er transform infrared spectroscopy. The analysis re-
vealed distinctive characteristic hydroxyl (-OH) and 
amine (-NH2) groups originating from the PVA/CS ma-
trix, which exhibited significant molecular interaction 
with the siloxane (Si-O-Si) networks of the SiO2 nano-
particles. Specifically, the broad band at 3420 cm-1 is 
linked to the overlapping O–H and N–H stretching 
vibrations of CS, thereby reflecting robust H-bonding 
in the hydrogel structure. These interactions enhance 
stability, providing a crosslinked environment that fa-
cilitates the loading and retention of therapeutic agents. 
Furthermore, the structural phase of the composite was 
examined through X-ray diffraction patterns. The re-
sults confirmed that the SiO2 nanoparticles maintained 
a purely amorphous state, as evidenced by a broad 
angle. Conversely, the hydrogel matrix demonstrated a 
semi-crystalline nature, with distinct crystalline peaks 
corresponding to PVA regions. The coexistence of these 
two phases (amorphous SiO2 and semi-crystalline pol-
ymer) proves that the nanoparticles were successfully 
intercalated into the scaffold without disrupting the 
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overall structural continuity. Surface morphology and 
internal architecture were further elucidated using 
scanning electron microscopy; the latter revealed a 
rugged, highly porous polymeric framework, which 
acts as a sophisticated host for the nanoparticles. The 
SiO2 nanoparticles were observed as bright, spherical 
entities distributed across the hydrogel surface. Other 
significant regions demonstrated a highly monodis-
perse and uniform distribution, while the hydrogel 
exhibited high mechanical strength (3.76 MPa) and re-
markable elasticity (338% elongation). The observed 
swelling exhibited a controlled behaviour: it increased 
at acidic pH media and retained its stability in neutral 
environments with controlled swelling over 48 h, so as 
to ensure sustained drug release. By controlling the 
spatial arrangement of these particles, the system is 
capable of facilitating both a sustained and a regulated 
release of drugs, thereby improving therapeutic effica-
cy, ensuring that the drug concentration remains within 
the therapeutic window for an extended period of time 
(as in a tumour environment), and significantly reduc-
ing systemic toxicity. Overall, the produced NCHG 
displays significant potential to be applied in different 
biomedical applications. 
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Parkinson’s disease (PD) is a chronic, progressive neu-
rodegenerative disorder characterized by the selective 
degeneration of dopaminergic neurons in the substan-
tia nigra pars compacta and the widespread accumula-
tion of alpha-synuclein (α-Syn); an intracellular aggre-
gation-prone protein. The resulting dopamine deficien-
cy in the basal ganglia gives rise to the hallmark motor 
features of PD, including resting tremor, bradykinesia, 
gait disturbances, hypophonia, muscle rigidity, postur-
al instability, and dysarthria. This study has investigat-
ed the neuroprotective potential of pioglitazone (PIO; a 
peroxisome proliferator-activated receptor gamma ag-
onist) in attenuating the α-Syn burden and intracellular 
dysfunction in a rotenone-induced model of PD in rats. 
To this end, 48 adult male albino Wistar rats were ran-
domly allocated into six groups: a healthy control 
group, a rotenone-induced PD model group, a vehicle-
treated group receiving carboxymethylcellulose as well 
as rotenone (similarly to the PD model group), a rasa-
giline-treated group (receiving rasagiline at a dose of 1 
mg/kg/day) that also received rotenone (as in the PD 
model group), and two PIO-treated groups receiving 
PIO at doses of 10 or 20 mg/kg/day in combination 
with rotenone (as in the PD model group). Parkinson-

ism was induced through the intraperitoneal admin-
istration of rotenone at a dose of 2.5 mg/kg every 48 h, 
for 21 days. Oral treatments were initiated 3 days be-
fore the first rotenone injection and were continued 
throughout the experimental period. Body weight was 
recorded on days 0, 7, 14, and 21. Behavioural assess-
ments were performed on day 22 (24 h after the final 
treatment dose) using rotarod and open-field tests so as 
to evaluate locomotor activity, exploratory behavior, 
and motor coordination. The α-Syn expression was 
further quantified via brain immunohistochemistry and 
serum ELISA. The rotenone-induced Parkinsonian-like 
changes were evidenced by an 8.18% reduction in body 
weight (compared to a 20.35% increase in the control 
group; p<0.05) as well as by a substantial drop in be-
havioural performance (p<0.05) compared to that of the 
control group. Marked reductions were observed in 
grooming time (74.17%), number of crossing lines 
(70.33%), number of rearing episodes (74.84%), and 
number of visits to the center (85.62%). Motor perfor-
mance was markedly decreased by rotenone, with de-
creases observed in the number of rotations (81.23%), 
the rotation time (69.10%), and the distance of rotation 
(56.90%) relatively to those of the control group. Addi-
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tionally, increased cerebral α-Syn accumulation (p<0.05) 
and a 50.09% decrease in the serum α-Syn levels 
(p<0.05) were recorded in the rotenone-induced PD 
model group compared to those of the control group. 
Treatment with PIO exhibited dose-dependent protec-
tive effects: high-dose PIO administration significantly 
improved body weight, resulting in a 12.28% increase 
of the latter compared to 6.78% and 7.30% increases in 
the low-dose PIO and the rasagiline groups, respective-
ly. Moreover, the high-dose PIO administration result-
ed in remarkable increases in the rats’ behavioural per-
formance in terms of grooming time (157.06%), cross-
ing lines (192.82%), rearing (183.82%), and center visits 
(226.54%) as compared to those of the PD model group 
(p<0.05). Additionally, motor performance was marked-
ly enhanced by the high-dose PIO, as evidenced by an 
increase in rotation number (199.48%), rotation time 
(95.12%), and rotation distance (80.59%) relatively to 
the rotenone-treated PD model group (p<0.05). Finally, 
the cerebral α-Syn accumulation was found to be re-
duced by 25.0%, 50.0%, and 75.0% in the low-dose PIO, 
the high-dose PIO, and the rasagiline groups, respec-
tively (p<0.05), while serum α-Syn levels were found to 
be increased by 13.11%, 38.27%, and 76.73%, respective-
ly, in these same groups and as compared to the rote-
none-induced PD model group’s levels (p<0.05). In con-
clusion, PIO exerted dose-dependent neuroprotective 
effects on the assessed rotenone-induced Parkinsonism, 
improving motor performance and reducing central α-
Syn burden, with the higher dose producing effects 
comparable to those of rasagiline. 
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A novel series of 1,3,4-thiadiazole–urea hybrid deriva-
tives was conceived, synthesized, and assessed for their 
efficacy as vascular endothelial growth factor receptor-
2 (VEGFR-2) inhibitors, thereby aiming at a critical me-
diator of tumour angiogenesis. The synthetic method-
ology adopted a convergent two-step strategy. Initially, 
the intermediate, 1-(5-mercapto-1,3,4-thiadiazol-2-yl)-3-
(p-tolyl)urea (TT), was synthesized through a urea-
forming reaction that involved the interaction between 
5-amino-1,3,4-thiadiazole-2-thiol and p-tolyl isocyanate. 
Subsequently, the target compounds (i.e., TT-Cl, TT-
NO2, TT-OCH3, TT-OH, and TT-CH3) were synthesized 
through an S-alkylation of the free thiol moiety with a 
variety of substituted phenacyl bromides in an aqueous 
environment. The chemical structures of these novel 
1,3,4-thiadiazole–urea hybrid derivatives were validat-
ed through the utilization of Fourier transform infrared 
(FTIR), proton nuclear magnetic resonance (1H-NMR), 
and carbon-13 nuclear magnetic resonance (13C-NMR) 
spectroscopy. The molecular docking investigations 
were executed by employing the Molecular Operating 
Environment v.2024.06 software and by targeting the 
VEGFR-2 kinase domain (PDB ID: 4ASD), with soraf-
enib serving as the reference standard. The docking 

technique received validation via the successful redock-
ing of the reference ligand, culminating in a root mean 
square deviation (RMSD) of 1.60 Å. Each of the synthe-
sized derivatives exhibited a promising binding affini-
ty, with docking scores varying from -8.24 to -9.319 
kcal/mol, which were determined to be comparable to 
that of sorafenib (-9.23 kcal/mol). Importantly, the ni-
tro-substituted derivative (TT-NO2) has risen to the 
forefront as the most captivating compound, as it ex-
hibited a binding affinity (-9.319 kcal/mol) that narrow-
ly outstripped that of sorafenib. This increased affinity 
was ascribed to an optimal amalgamation of conserved 
hydrogen bonding interactions with critical active site 
residues ASP1046 and GLU885 in a distance of 2.94 Å and 
1.82 Å, respectively; these were further augmented by 
hydrophobic interactions with LEU1019, ILE892, LEU889, 
VAL916, VAL899, VAL848, and ALA866. Furthermore, the 
TT-NO2 derivative exhibited a significant pi–sulfur in-
teraction with CYS1045, thereby further enhancing its 
binding stability. Subsequently, and after using the 
SwissADME web tool for the undertaking of an in silico 
ADME (absorption, distribution, metabolism, and ex-
cretion) profiling, it was shown that every compound 
synthesized followed Lipinski’s rule of five with no 
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breaches; a fact that strengthens their qualities as po-
tential drugs. The herein studied derivatives also exhib-
ited advantageous physicochemical features, compris-
ing acceptable molecular weights ranging from 398.50 
to 429.47 g/mol, hydrogen bond donor numbers rang-
ing from 2 to 3, and acceptor values from 4 to 6, plus a 
moderate lipophilicity as reflected in a consensus log P 
ranging from 2.66 to 3.88. Although all compounds 
demonstrated low gastrointestinal absorption due to 
their comparatively high topological polar surface area 
(TPSA; being >137.52 Å2), they also exhibited adequate 
bioavailability scores (0.55). Notably, none of these de-
rivatives exhibited potential for PAINS (pan-assay in-
terference compounds) alerts or were forecasted to be 
able to traverse the blood-brain barrier, which could be 
a beneficial indicator of their ability to not trigger any 
central nervous system-related adverse effects. Howev-
er, findings from the profiling of cytochrome P450 in-
hibition suggest a possible inhibition of CYP2C19, 
CYP2C9, and CYP3A4 by all studied compounds, 
thereby emphasizing the necessity for a further investi-
gation into potential drug–drug interactions. Overall, 
this study presents our findings on a successfully de-
vised and synthesized novel series of thiadiazole–urea 
derivatives with validated structural integrity; of these 
derivatives, the nitro-substituted one (TT-NO2) has 
emerged as a promising candidate for VEGFR-2 inhibi-
tion, exhibiting superior binding affinity through op-
timal molecular interactions within the kinase active 
site of the receptor as well as favourable drug-like 
properties in silico. 
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Acetaminophen (APAP) overdose is a major cause of 
acute drug-induced liver injury worldwide, largely 
mediated by oxidative stress, lipid peroxidation, and 
hepatocellular necrosis. Although silymarin is widely 
used as a hepatoprotective agent, its efficacy may be 
insufficient in severe intoxication, highlighting the 
need for effective adjunct therapies. Capparis spinosa, a 
flavonoid-rich medicinal plant with established antiox-
idant and anti-inflammatory properties, represents a 
promising candidate for complementary hepatoprotec-
tion. In this study, 42 male Wistar rats were randomly 
assigned to seven groups (n=6 each): a vehicle control 
group, an APAP-only treatment group (2 g/kg orally, 
on day 8), an APAP- plus silymarin-treated (100 mg/kg) 
group, three groups receiving APAP plus a C. spinosa 
ethanolic extract at 100, 200, or 400 mg/kg, and a group 
receiving APAP as well as a combined treatment with 
silymarin and the C. spinosa extract (200 mg/kg) group. 
These treatments were administered orally for 10 con-
secutive days, and animals were sacrificed on day 11. 
Hepatic injury was assessed through the measurement 
of the serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), 
total bilirubin, albumin, and total protein levels, in ad-

dition to histopathological evaluation using the modi-
fied Suzuki score (0–4 scale) for centrilobular necrosis, 
sinusoidal congestion, and inflammatory infiltration. 
The undertaken APAP administration induced severe 
hepatic injury that was characterized by centrilobular 
necrosis, inflammatory infiltration, and disruption of 
hepatic architecture, resulting in significantly elevated 
modified Suzuki scores (p<0.001 versus control). Serum 
ALT, AST, ALP, and total bilirubin levels were found 
elevated by more than 100% above those of the control 
group, whereas albumin and total protein were found 
decreased by approximately 52% and 46%, respectively, 
as a result of the APAP administration (p<0.001 versus 
control in all cases). Silymarin treatment markedly at-
tenuated these alterations, by reducing the necrosis 
score to 0.93 (± 0.10) and by decreasing the serum ALT, 
AST, ALP, and total bilirubin levels by approximately 
71%, 81%, 64%, and 65%, respectively, while increasing 
those of albumin and total protein by 69% and 46% 
when compared to those of the APAP-only receiving 
rats (p<0.001 versus APAP-only treatment in all cases). 
The herein employed treatment with the C. spinosa eth-
anolic extract exhibited a dose-dependent hepatopro-
tective effect. The 100 mg/kg dose reduced the serum 
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ALT, AST, ALP, and total bilirubin levels by 48%, 64%, 
43%, and 40%, respectively (p<0.001 versus APAP-only 
treatment in all aforementioned cases), whereas the 200 
mg/kg dose provided greater biochemical and histolog-
ical improvement, with reductions of 62%, 77%, 62%, 
and 58%, respectively in the levels of the aforemen-
tioned biochemical parameters (p<0.001 versus APAP-
only treatment in all cases). Notably, the 400 mg/kg 
dose of the C. spinosa extract restored hepatic architec-
ture and normalized all measured parameters to levels 
comparable with those achieved by silymarin (p>0.05 
versus APAP plus silymarin treatment). The combina-
tion of silymarin with the C. spinosa extract (200 mg/kg) 
produced the strongest hepatoprotective effect against 
the APAP-induced hepatotoxicity, yielding the lowest 
modified Suzuki scores and reducing the serum levels 
of ALT, AST, ALP, and total bilirubin by 77%, 84%, 69%, 
and 81%, respectively, relatively to those of the APAP-
only treatment group; on the other hand, the albumin 
and total protein levels were increased by 96% and 64% 
(p<0.001 versus APAP-only treatment in all cases; p<0.05 
versus APAP plus silymarin treatment in the cases of 
AST, ALP, and total protein). These findings indicate 
that the administration of a C. spinosa ethanolic extract 
can exert a significant and dose-dependent hepatopro-
tection against an APAP-induced liver injury, with the 
400 mg/kg dose demonstrating an efficacy that is com-
parable to that of silymarin. 
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Hydatidiform moles (HMs) – subclassified into com-
plete (CHMs) and partial (PHMs) ones – represent the 
commonest gestational trophoblastic disease and carry 
malignant transformation risks between 15% and 20% 
and between 0.5% and 5% respectively, making accu-
rate subclassification essential for post-evacuation sur-
veillance. Their histopathological examination remains 
the diagnostic cornerstone, yet early-evacuation speci-
mens increasingly lack fully developed hallmark fea-
tures, while ancillary molecular techniques are not uni-
versally accessible. Soluble fms-like tyrosine kinase-1 
(sFlt-1; also designated sVEGFR-1), a circulating anti-
angiogenic splice variant overproduced by syncytio-
trophoblasts in molar tissues, represents a candidate 
serum biomarker, but its quantitative relationship with 
specific histological parameters of the molar pregnancy 
and its utility in CHM-versus-PHM differentiation had 
not yet been characterised in a controlled three-group 
design prior to the present study. This study aimed at 
evaluating the serum sFlt-1 as an ancillary diagnostic 
biomarker in HM, at correlating its concentration with 
binary histological features of molar tissue, and at de-
termining its discriminatory accuracy for CHMs versus 
PHMs and for molar versus normal pregnancies in Iraqi 

women. A cross-sectional observational study was con-
ducted between March 2024 and May 2025 at the Al-
Zahrawi Clinical Laboratory (Babylon, Iraq). The pa-
tients enrolled in this study were primarily admitted 
and treated at the Imam Al-Sadiq Teaching Hospital 
(Babylon, Iraq). A total of 65 subjects were enrolled: 51 
women with histologically confirmed HMs (of which 7 
with CHMs and 44 with PHMs) and 14 gestational age-
matched women with normal pregnancies serving as 
controls. Uterine evacuation specimens were sent to the 
Al-Zahrawi Clinical Laboratory for their histopatholog-
ical examination, and haematoxylin-and-eosin-stained 
sections were examined independently by two blinded 
pathologists, who scored seven binary histological pa-
rameters. The serum sFlt-1 and beta-human chorionic 
gonadotrophin (β-hCG) levels were measured in the 
blood samples (collected at the time of the specimen 
submission) using the Snibe MAGLUMI 800 fully au-
tomated chemiluminescence immunoassay (CLIA) ana-
lyser (Snibe Diagnostic, China). Our statistical analysis 
employed the Kruskal–Wallis and Bonferroni-corrected 
Mann–Whitney U tests, Spearman rank correlations 
with bootstrap 95% confidence intervals, Fisher’s exact 
test, and receiver operating characteristic analysis with 
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Youden’s J optimisation. The herein measured serum 
sFlt-1 levels differed significantly across all three of the 
studied groups, with median values rising 6.7-fold in 
PHM cases (1,721.5 pg/mL) and 16.0-fold in CHM cases 
(4,123.0 pg/mL) over normal controls (257.5 pg/mL; all 
Bonferroni-corrected at p<0.001), with complete separa-
tion of distributions. In the case of the molar-versus-
normal discrimination, the serum sFlt-1 levels achieved 
an area under the curve (AUC) of 1.000 at a cut-off of 
≥1,024 pg/mL (with a sensitivity and a specificity that 
were both 100%), thereby outperforming the β-hCG 
levels (AUC of 0.980). In the case of the CHM-versus-
PHM differentiation, the serum sFlt-1 levels achieved 
an AUC of 0.997 at a cut-off of ≥3,089 pg/mL (with a 
sensitivity of 100%, a specificity of 97.7%, and an over-
all accuracy of 98.0%), with the single false-positive 
case correctly resolved by the concurrent serum β-hCG 
levels (AUC of 1.000 at ≥79,120 IU/mL). The CLIA-
measured serum sFlt-1 levels correlated significantly 
(p<0.001) with trophoblastic hyperplasia (rs=0.54), cis-
tern formation (rs=0.53), and stromal vascularity 
(rs=−0.55), thereby mechanistically grounding this bi-
omarker to the histological parameters of trophoblastic 
overactivity. Our findings establish the automated se-
rum sFlt-1 measurement (through CLIA) as a highly 
accurate ancillary diagnostic biomarker for molar 
pregnancy in Iraqi women. 
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This review provides a critical summary of recent ad-
vances in the development and application of niosomes 
as versatile nanocarriers, emphasizing their potential in 
enhancing drug delivery, improving therapeutic effica-
cy, and enabling targeted treatment. This review also 
attempts to highlight the major challenges associated 
with the formulation and the clinical translation of nio-
somes, and discusses the future directions for their suc-
cessful application in nanomedicine. Niosomes are ve-
sicular drug delivery systems formed from non-ionic 
surfactants that have gained considerable attention as 
versatile and efficient carriers for modern therapeutics. 
Structurally, niosomes consist of a bilayer membrane 
similar to liposomes, but they are more stable and cost-
effective due to the use of non-ionic surfactants instead 
of phospholipids. This bilayer architecture enables the 
simultaneous encapsulation of both hydrophilic drugs 
(within the aqueous core) and lipophilic drugs (within 
the bilayer), making niosomes highly adaptable for a 
wide range of pharmaceutical applications. One of the 
key advantages of niosomes over conventional drug 
delivery systems is their ability to improve the phar-
macokinetic and pharmacodynamic profiles of drugs, 
as they can (i) enhance drug stability by protecting the 
active compound(s) from degradation, (ii) prolong the 
drug circulation time in the bloodstream, and (iii) pro-
vide controlled or sustained drug release. Additionally, 
niosomes can increase drug bioavailability, reduce sys-
temic drug toxicity, and even enable targeted or local-

ized drug delivery, which is particularly important for 
drugs with narrow therapeutic windows or significant 
side effects. To date, traditional methods of niosome 
preparation (such as the thin-film hydration and sol-
vent-based techniques) have been widely used due to 
their simplicity and reproducibility. However, recent 
advancements have introduced more sophisticated and 
precise approaches. For example, the implementation 
of microfluidics allows for a better control over the ves-
icle size and uniformity, while the adoption of quality-
by-design strategies can optimize formulation parame-
ters in order to ensure consistent product quality. Fur-
thermore, the use of surface functionalization has ena-
bled the development of targeted niosomes by attach-
ing to them ligands that recognize specific cells or tis-
sues. Stimuli-responsive systems, which release drugs 
in response to environmental triggers such as pH, tem-
perature, or enzymes, have further enhanced the ther-
apeutic potential of niosomes. The integration of nio-
somes into gels or hybrid platforms has also expanded 
their applicability, particularly in topical and transder-
mal delivery. These technological advancements have 
significantly broadened the clinical applications of nio-
somes, and they are now being explored for oral, topi-
cal, transdermal, ocular, and intranasal drug delivery. 
Furthermore, niosomes exhibit great promise for use in 
anticancer therapies by improving drug targeting and 
reducing toxicity to healthy tissues. The niosome use in 
antimicrobial treatments and vaccine delivery systems 
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is also being investigated, as they can enhance immune 
responses and improve the stability of antigens. Unfor-
tunately, despite these promising developments, sever-
al challenges remain in translating niosomal formula-
tions into clinical practice: issues related to large-scale 
production, batch-to-batch reproducibility, long-term 
stability, sterilization, and regulatory standardization 
still need to be addressed. Of these, ensuring consistent 
quality and efficacy of niosomes across different manu-
facturing scales is particularly critical for commercial 
viability. In conclusion, niosomes represent a highly 
versatile and rapidly evolving platform for drug deliv-
ery. Given the ongoing innovations in formulation de-
sign and manufacturing technologies, they hold signif-
icant potential to bridge the gap between experimental 
research and clinically effective therapies, ultimately 
being able to improve patient outcomes across a wide 
range of medical conditions. 
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The growing global burden of the metabolic syndrome 
and of its complications necessitates the development 
of high-fidelity animal models that can accurately rep-
licate the associated human pathophysiology. To this 
end, transgenic models frequently fail to capture the 
complex environment–gene interactions characteristic 
of the human disease. We herein review recent findings 
and highlight the translational research importance of 
the fat sand rat Psammomys obesus (a desert gerbil spe-
cies that is indigenous to the arid environments of Iraq) 
as a non-genetic model of diet-induced metabolic syn-
drome progression. Psammomys obesus maintains a lean 
phenotype when in its natural habitat, as it has adapted 
to survive on a nutrient-poor, low-calorie halophytic 
diet; however, when this species is transitioned to a 
standard, high-calorie laboratory diet, it exhibits a cas-
cade of metabolic derangements. This response is be-
lieved to mirror that of human populations undergoing 
nutritional transition as part of the adoption of a (more) 
Westernized lifestyle, thereby offering a diet-induced, 
polygenic platform for studying human diseases such 
as type 2 diabetes mellitus, non-alcoholic fatty liver 
disease (NAFLD), cardiovascular remodelling, and the 
metabolic syndrome at large. Our review synthesizes 

established and emerging evidence detailing the mul-
ti-organ effects of dietary interventions in Psammomys 
obesus [1]. The metabolic syndrome-simulating patho-
physiological trajectory in this species follows a well-
characterized progression from an early compensatory 
hyperinsulinaemia to a terminal pancreatic β-cell ex-
haustion and an absolute insulin deficiency [2]. Nota-
bly, Psammomys obesus can develop “clinical” complica-
tions that are notoriously difficult to reproduce in ge-
netically modified rodent models. For example, within 
the cardiovascular system, the diet-induced stress has 
been shown to precipitate arterial wall thickening, pro-
found myocardial fibrosis, and severe endothelial dys-
function. Concurrently, the liver of this desert gerbil 
species is capable of undergoing a rapid diet-induced 
progression toward advanced NAFLD, that is charac-
terized by aggressive steatosis and irreversible fibrosis. 
Studies have also highlighted the model’s importance 
for the simulation and elucidation of metabolic syn-
drome-associated microvascular pathologies, including 
spontaneous diabetic retinopathy (marked by retinal 
microvascular permeability) and diabetic nephropathy 
(featuring significant glomerular basement membrane 
thickening and overt albuminuria). This unique suscep-
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tibility of Psammomys obesus to diet-induced metabolic 
collapse is believed to be driven by uncontrolled oxida-
tive stress and the aberrant expression of key glucose 
transporters. In fact, unlike traditional laboratory ro-
dents, this species possesses an inherently limited en-
dogenous antioxidant capacity; therefore, when Psam-
momys obesus is exposed to a high-calorie diet, this in-
herent deficit leads to an accumulation of reactive oxy-
gen species as well as to an accelerated mitochondrial 
dysfunction across many of the species’ tissues. By cap-
turing these diverse systemic manifestations alongside 
this molecular vulnerability, the diet-induced Psam-
momys obesus model provides a comprehensive repre-
sentation of the metabolic syndrome’s progression that 
closely simulates clinical reality and offers an invalua-
ble experimental platform for the validation of cytopro-
tective and metabolism-modulating agents [3]. From a 
regional perspective, the harnessing of the translational 
research potential of Psammomys obesus may hold stra-
tegic importance for the Iraqi scientific community. As 
a species that is native to Iraq, it represents an accessi-
ble and cost-effective biological resource that circum-
vents many of the logistical and financial burdens asso-
ciated with importing and maintaining specialized 
transgenic models. The systematic use of this species in 
Iraq as a non-genetic model of diet-induced metabolic 
syndrome progression could facilitate, amongst other 
translational research applications, the pharmacologi-
cal screening of bioactive compounds deriving from 
native flora, thereby strengthening the country’s posi-
tion as a drug discovery hub in the Middle East.  
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Type 2 diabetes mellitus (T2DM) is a chronic, progres-
sive metabolic disorder that can trigger profound sys-
temic immune dysfunction, thereby markedly increas-
ing patient susceptibility to severe opportunistic infec-
tions. Chronic hyperglycaemia can impair critical host 
defence mechanisms; as a result, diabetics face a sub-
stantially elevated risk of both mucosal and invasive 
fungal infections, most notably infections caused by a 
Candida species. Although Candida albicans remains the 
predominant isolated pathogen, other species such as 
Candida glabrata are rapidly emerging due to their in-
nate resilience in glucose-rich environments and their 
baseline resistance to standard antifungal therapies [1]. 
Concurrently, increasing amount of evidence suggests 
that common oral antidiabetic drugs (OADs) that are 
traditionally utilized solely for glycaemic control, may 
also possess secondary, off-target, antimicrobial prop-
erties. This study aimed at quantifying and comparing 
the intrinsic in vitro antifungal efficacies of five widely 
prescribed OADs (metformin, pioglitazone, gliclazide, 
vildagliptin, and dapagliflozin) against standard clini-
cal isolates of Candida albicans (ATCC-90028) and Can-
dida glabrata (ATCC-90300). The drugs’ antifungal activ-
ity was initially assessed by employing a highly con-
trolled 96-well static microdilution assay. Serial concen-
trations of each OAD (0.125–8.0 mg/L) were inoculated 
with a standardized fungal suspension (2×104 CFU/mL) 

in an RPMI-1640 growth medium. After a 24-h incuba-
tion at 37oC, the relative optical density was quantified 
spectrophotometrically at 600 nm in order to measure 
dynamic fungal growth inhibition. In an attempt to 
overcome the inherent limitations of static concentra-
tion models and to accurately simulate the in vivo phys-
iological drug clearance, a dynamic in vitro pharmaco-
kinetics / pharmacodynamics (PK/PD) model was em-
ployed using a precision peristaltic pump and a cellu-
lose dialysis membrane (<50-kDa). The system replicat-
ed continuous human plasma clearance and measured 
the cumulative drug exposure–response relationship. 
Comprehensive PD parameters, specifically the half-
maximal inhibitory concentration (IC50), maximum in-
hibitory effect (Emax), and area under the curve (AUC), 
were calculated using a nonlinear variable-slope sig-
moidal regression model. The mathematical modelling 
demonstrated exceptional robustness, with goodness-
of-fit (R2) values exceeding 0.973 across all evaluated 
dose–response curves. Metformin exhibited the most 
potent intrinsic antifungal profile, achieving an Emax of 
72% (IC50: 1.0 mg/L; AUC: 82.85%) against C. albicans as 
well as of 68% (IC50: 2.0 mg/L; AUC: 76.40%) against C. 
glabrata. Pioglitazone exhibited robust secondary effi-
cacy, yielding an Emax of 65% (IC50: 2.0 mg/L) against C. 
albicans and of 56% (IC50: 4.0 mg/L) against C. glabrata. 
Gliclazide showed moderate but consistent fungistatic 
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properties across the two strains (achieving an Emax of 
50% and 45%, respectively). On the other hand, vildag-
liptin and dapagliflozin exhibited the weakest antifun-
gal activities, both requiring the maximum tested con-
centration (IC50: 8.0 mg/L) in order to achieve minimal 
inhibition thresholds (peak Emax of 42% and 40%, re-
spectively, against C. albicans). The employed dynamic 
PK/PD model has confirmed that a sustained drug ex-
posure is directly correlated with compounding anti-
fungal responses, particularly in the case of metformin. 
Our study provides quantitative confirmation that spe-
cific OADs possess highly variable but biologically sig-
nificant, intrinsic antifungal properties. In fact, met-
formin and pioglitazone demonstrate substantial fun-
gistatic efficacy at concentrations approaching clinical-
ly relevant plasma levels. Conversely, the remarkably 
poor intrinsic antifungal activity of dapagliflozin sup-
ports the current clinical consensus that the sodium-
glucose co-transporter-2 (SGLT2) inhibition-associated 
candidiasis is primarily an environmental consequence 
of induced glycosuria that creates a nutrient-rich envi-
ronment for fungal growth rather than a direct immune 
or structural failure induced by the SGLT2 inhibitors 
themselves [2,3]. The antifungal effects of these specific 
agents may offer a secondary clinical advantage against 
opportunistic Candida infections in vulnerable T2DM 
populations. Further in vivo studies are critically war-
ranted in order to translate these dynamic PD findings 
into proactive clinical practice. 
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Pain is a primary driver of emergency department (ED) 
visits. Two high-burden but pathophysiologically dis-
tinct causes of pain are acute renal colic (ARC) and the 
irritable bowel syndrome (IBS). Of these, ARC presents 
with acute, prostaglandin-mediated inflammatory pain 
as a result of ureteral obstruction [1], whereas IBS fea-
tures functional pain driven by visceral hypersensitivi-
ty and gut-brain dysregulation [2]. Despite these dif-
ferences, both require a rapid, effective, opioid-sparing 
analgesia in the ED. The intravenous non-steroidal an-
ti-inflammatory drugs (NSAIDs), such as ketorolac, are 
standard first-line therapies that effectively target the 
prostaglandin synthesis that is central to the patho-
physiology of the ARC-induced pain. However, their 
efficacy in treating the non-inflammatory pain of IBS 
remains poorly defined. Currently, there is a significant 
lack of comparative clinical data evaluating the NSAID 
performance across these two distinct clinical entities; 
addressing this knowledge gap is essential, particularly 
in resource-constrained healthcare systems where most 
treatment decisions heavily depend on drug availabil-
ity, cost, and speed of onset. This prospective study has 
aimed at evaluating and comparing the clinical efficacy 
of intravenous NSAIDs in managing acute abdominal 

and flank pain among patients presenting with ARC 
versus IBS. The investigation was conducted within an 
Iraqi ED setting at the Imam Al-Hujjah Hospital (Kar-
bala, Iraq) over a 12-month period (from June 2024 to 
May 2025). The primary objective was to quantify the 
exact temporal dynamics of the analgesic response. A 
total of 178 adult patients was prospectively enrolled 
and stratified into two groups based on confirmed clin-
ical diagnosis. The first comprised 91 patients present-
ing with ARC (52 males and 39 females, with a mean 
age of 42.4 years), while the second cohort included 87 
patients with an established diagnosis of IBS experienc-
ing acute exacerbations (35 males and 52 females, with 
a mean age of 39.1 years). Pain intensity was objectively 
assessed using a standardized 100-mm paper-based 
visual analogue scale (VAS). Baseline pain scores were 
recorded upon the ED arrival, followed by serial evalu-
ations at continuous 15-min intervals immediately fol-
lowing pharmacological intervention. All participants 
received a uniform protocol of intravenous ketorolac as 
the definitive first-line analgesic agent, and the primary 
outcome measured was the median time required to 
achieve clinically significant pain relief, defined a priori 
as a minimum 50% reduction in the initial VAS score. 
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Secondary outcomes included the absolute magnitude 
of pain score reduction at 1 h and the cumulative pro-
portion of patients successfully achieving predefined 
pain relief thresholds. Results demonstrated that intra-
venous ketorolac provided rapid and clinically mean-
ingful analgesia across both diagnostic cohorts; howev-
er, statistically significant variations were also observed 
regarding the onset speed and trajectory of pain relief. 
Patients with IBS exhibited a significantly faster anal-
gesic response [3], with 82.8% achieving substantial 
pain reduction within the 15- to 30-min observation 
window (p<0.001). Furthermore, the mean VAS reduc-
tion for the IBS group at 30 min was notably higher 
compared to that of the ARC group. In distinct con-
trast, the analgesic effect in the ARC cohort was signifi-
cantly delayed, as 90.2% of these patients required be-
tween 30 and 45 min to reach comparable levels of clin-
ically significant relief (p<0.001). The absolute reduction 
in baseline VAS scores measured at the 60-min mark 
was substantial in both groups, yet marginally superior 
in the ARC group. In conclusion, intravenous ketorolac 
serves as a highly effective, opioid-sparing analgesic 
for managing acute pain presentations in the ED across 
both the ARC and IBS populations, though the distinct 
temporal response dynamics necessitate tailored clini-
cal expectations so as to optimize outcomes. 
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Autoimmune haemolytic anaemia (AIHA) is a clinical-
ly heterogeneous disorder characterized by an immune 
system-mediated destruction of erythrocytes, primarily 
driven by autoantibodies and frequently amplified by 
complement activation. Although conventional labora-
tory parameters such as haemoglobin, lactate dehydro-
genase (LDH), bilirubin, and haptoglobin levels remain 
essential for assessing an haemolysis, they do not ade-
quately capture the underlying immunopathological 
mechanisms that influence disease severity. Increasing 
attention has therefore been directed toward the com-
plement system (particularly its classical pathway) as a 
key mediator of erythrocyte destruction and a potential 
source of clinically relevant biomarkers. In this context, 
the present study (that was conducted between Octo-
ber 2024 and September 2025 at the Haematology De-
partment of the Merjan Teaching Hospital, Hillah, Iraq) 
aimed at evaluating the complement consumption pat-
terns (specifically those of complement C3 and C4) and 
at determining their predictive value for haemolytic 
severity in AIHA by using a multimarker integration 
approach. A total of 40 Iraqi patients with AIHA were 
included in this study (55% females; mean age of 42.6 ± 
14.3 years); these patients were categorized under mild 

(30%), moderate (50%), or severe (20%) haemolysis ac-
cording to their haemoglobin levels. Our findings ex-
hibit a clear severity-associated pattern across the here-
in assessed haematological and biochemical parame-
ters. More specifically, the haemoglobin levels declined 
progressively from 10.8 ± 0.9 g/dL in mild cases to 6.9 ± 
0.7 g/dL in severe cases (p<0.001), while the reticulocyte 
counts increased from 3.2% ± 0.9% to 11.4% ± 2.1%, 
respectively. Similarly, the serum LDH levels rose from 
320 ± 85 U/L to 910 ± 180 U/L, while the indirect biliru-
bin ones were found increased from 1.2 ± 0.4 mg/dL to 
4.6 ± 1.1 mg/dL (p<0.001). The herein undertaken com-
plement profiling revealed reduced C4 levels in 65% of 
the patients and reduced C3 levels in 45% of them, with 
a combined depletion being observed in 37.5% of the 
cohort and in up to 75%–80% of the severe AIHA cases. 
Correlation analysis exhibited significant inverse rela-
tionships between complement levels and haemolytic 
markers (C3 vs. LDH levels: r=-0.62; C4 vs. LDH levels: 
r=-0.68; p<0.01), alongside positive correlations with the 
haemoglobin levels (C3 levels: r=0.58; C4 levels: r=0.63). 
The identified strong positive correlation between C3 
and C4 (r=0.72, p<0.001) – which was found increased 
to 0.81 in severe haemolysis cases – suggests a coordi-
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nated activation of the classical complement pathway. 
Moreover, multivariate logistic regression has identi-
fied the reticulocyte count as an independent predictor 
of severe haemolysis in AIHA (OR=1.88, 95% CI: 1.18–
2.97, p=0.006), whereas the complement components 
displayed strong, yet non-independent associations. In 
the undertaken receiver operating characteristic analy-
sis, a moderate diagnostic performance for individual 
markers (C3: AUC=0.74; C4: AUC=0.78) was identified, 
with the C4 levels showing higher sensitivity (82%) and 
the LDH ones showing higher specificity (85%). Nota-
bly, the combined multimarker model integrating C3, 
C4, and LDH levels is characterized by improved diag-
nostic accuracy (AUC=0.88), achieving balanced sensi-
tivity (85%) and specificity (83%). Finally, the assessed 
multimarker scoring system has demonstrated a step-
wise increase in the probability of severe haemolysis in 
AIHA, rising from less than 10% in the low-score cate-
gories to more than 75% in the high-score ones. In con-
clusion, the complement consumption patterns, partic-
ularly the combined depletion of C3 and C4, are closely 
associated with haemolytic severity in Iraqi AIHA pa-
tients; to this end, the integration of such parameters 
with conventional laboratory markers can significantly 
enhance diagnostic performance, provide a practical 
framework for risk stratification, and even guide clini-
cal decision-making and therapy. 
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Ocular drug delivery still presents a major pharmaceu-
tical challenge. Structures such as the corneal epitheli-
um, the conjunctiva, the tear film, and the nasolacrimal 
drainage system, all restrict drug diffusion and shorten 
drug retention times, while quick blinking and high-
speed tear turnover can dilute the applied drugs and 
remove them, resulting in poor drug absorption. Fur-
thermore, the static and dynamic barriers such as the 
blood–aqueous and the blood–retinal barriers restrict 
drug penetration into deeper ocular tissues, particular-
ly the posterior segment. These factors collectively con-
tribute to a low therapeutic efficiency and necessitate 
frequent dosing. The aim of this review is to compre-
hensively assess conventional ophthalmic formulations 
alongside advanced, emerging drug delivery systems, 
so as to highlight recent progress in overcoming the 
anatomical barriers of the eye, enhancing therapeutic 
efficacy, and improving patient compliance. Conven-
tional ophthalmic dosage forms, including eye drops, 
suspensions, and ointments, are widely used in clinical 
practice due to their ease of administration and patient 
acceptance. However, these formulations are associated 
with significant disadvantages. For example, the bioa-
vailability of topically applied agents is typically very 
poor, often less than or equal to 5%, due to rapid pre-
corneal loss and the lack of corneal permeability. Sus-
pensions, which may enhance drug retention time, of-
ten induce irritation by making the cornea shift or by 
giving rise to inconsistent dosing patterns. Ointments, 

whilst providing a prolonged contact with the ocular 
surface, impair vision and hinder patient acceptability. 
These conventional systems lack the ability to facilitate 
the drug penetration into the posterior segment of the 
eye, thereby precluding their use in diseases such as 
the age-related macular degeneration and diabetic reti-
nopathy. Consequently, invasive treatments in the form 
of intravitreal injections are often necessary, introduc-
ing the likelihood of causing an infection, retinal dam-
age, and discomfort to the patient. In order to over-
come these limitations, novel advanced drug delivery 
systems have been developed with the aim of enhanc-
ing ocular bioavailability, prolonging drug residence 
time, and enabling targeted delivery. Nanotechnology-
based carriers (namely, nanoparticles, liposomes, and 
nanoemulsions) offer improved permeability and con-
trolled drug release, thereby allowing the carried drugs 
to penetrate ocular barriers more effectively. The sur-
face modification of nanoparticles can further enhance 
mucoadhesion and cellular uptake, consequently im-
proving therapeutic outcomes. Another promising ap-
proach involves the use of microneedle-based systems, 
enabling a minimally invasive delivery of drugs to both 
the anterior and the posterior segments while reducing 
the risks associated with conventional injections. In situ 
gels, implants, and biodegradable depots can also pro-
vide sustained drug release, thereby minimizing dos-
ing frequency and improving patient compliance. Fur-
thermore, emerging drug delivery strategies are now 
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exploring systemic drug delivery to the eye by modu-
lating physiological barriers such as the blood–retinal 
barrier and enabling drugs administered via systemic 
routes to achieve therapeutic concentrations at the ocu-
lar tissues. Such an advanced ocular drug delivery sys-
tem can be realized through the use of ligand-receptor 
interactions and cell-penetrating peptides that enhance 
drug uptake by specific ocular tissues. Novel drug de-
livery strategies employing methods involving the use 
of antibody–drug conjugates, aptamer-based targeting, 
and receptor-mediated endocytosis can help drugs ac-
cumulate and target disease-affected cells while spar-
ing healthy ones; this selectivity is particularly valuable 
when treating retinal diseases and intraocular tumours. 
Despite promising progress, challenges related to safe-
ty, scalability, and regulatory approval remain, necessi-
tating continued interdisciplinary research in order to 
translate these innovations into clinical practice. In this 
context, artificial intelligence could prove very helpful 
in designing treatments and predicting responses. 
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Drug-induced toxicity is a major challenge in pharma-
cotherapy and is considered one of the leading causes 
of treatment interruption, hospitalization, and progres-
sive organ dysfunction worldwide. Several commonly 
prescribed drugs (including acetaminophen, cisplatin, 
methotrexate, and doxorubicin) are well-known to ex-
ert toxic effects on organs such as the liver, the kidneys, 
and the heart, and although such drugs might differ in 
their pharmacological actions and therapeutic applica-
tions, they can frequently induce tissue injury through 
overlapping molecular mechanisms. In fact, oxidative 
stress, mitochondrial dysfunction, the activation of in-
flammatory signalling, and apoptosis are considered 
amongst the most important pathogenic pathways in-
volved in drug-induced toxicity. Excessive generation 
of reactive oxygen species disrupts intracellular redox 
balance and promotes lipid peroxidation, protein oxi-
dation, DNA damage, and impairment of normal cellu-
lar metabolism. Additionally, mitochondrial injury con-
tributes to ATP depletion and the activation of apoptot-
ic pathways, while the inflammatory mediators further 
amplify tissue injury and accelerate organ dysfunction. 
The acetaminophen-induced hepatotoxicity is primari-
ly linked to the formation of a highly reactive metabo-
lite that depletes intracellular glutathione stores and 
induces severe oxidative stress in the hepatocytes. Sim-
ilarly, the cisplatin-induced nephrotoxicity involves an 

excessive production of reactive oxygen species, in-
flammatory cytokine release, mitochondrial injury, and 
structural damage to the renal tubular cells. The doxo-
rubicin-induced cardiotoxicity has been linked to mito-
chondrial dysfunction, iron-mediated oxidative reac-
tions, calcium imbalance, and apoptosis of cardiomyo-
cytes, ultimately leading to impaired cardiac perfor-
mance and irreversible cardiac injury in severe cases. 
These overlapping pathogenic pathways emphasize the 
central role of oxidative and inflammatory mechanisms 
in the progression of drug-induced toxicity across mul-
tiple tissues and organ systems. In recent years, herbal 
extracts and phytochemicals have attracted considera-
ble interest as potential protective agents against drug-
induced toxicity. Numerous bioactive compounds iso-
lated from medicinal plants have demonstrated antiox-
idant, anti-inflammatory, antiapoptotic, and cytopro-
tective properties in experimental studies. For example, 
silymarin has been reported to stabilize cellular mem-
branes, enhance antioxidant enzyme activity, and re-
duce lipid peroxidation in hepatocytes, while curcumin 
has been shown to exert potent anti-inflammatory ef-
fects through the inhibition of the nuclear factor kappa-
B signalling pathways and the suppression of inflam-
matory mediator production. Another example is epi-
gallocatechin gallate (the major catechin found in green 
tea), which has been shown to act as a powerful free 
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radical scavenger and to be able to protect macromole-
cules from oxidative injury. Finally, thymoquinone has 
been shown to exhibit both antioxidant as well as anti-
inflammatory properties that can counteract the tissue 
damage caused by toxic metabolites, whereas ginseno-
sides have been shown to improve mitochondrial func-
tion, regulate apoptosis-related pathways, and enhance 
endogenous antioxidant defences. Experimental stud-
ies suggest that these phytochemicals may attenuate 
tissue injury, preserve mitochondrial integrity, improve 
biochemical markers of organ function, and enhance 
cellular resistance against toxic insults. Interestingly, 
several studies also indicate that herbal compounds 
may support cellular recovery processes and improve 
tissue regeneration following drug-induced toxicity. 
This review summarizes the principal molecular mech-
anisms underlying drug-induced toxicity and critically 
evaluates current evidence regarding the protective 
effects of selected herbal extracts and phytochemicals, 
while discussing their potential therapeutic signifi-
cance and the existing limitations for their clinical ap-
plication. 
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Type 2 diabetes mellitus (T2DM) represents a profound 
global health burden that is associated with a height-
ened susceptibility to localized and systemic bacterial 
infections. This enhanced risk profile is primarily driv-
en by chronic hyperglycaemia-induced immune dys-
functions (including compromised neutrophil chemo-
taxis and impaired phagocytic activity), and managing 
infectious morbidities in diabetic patient cohorts re-
mains a clinical challenge. Emerging evidence suggests 
that certain classes of oral antidiabetic drugs (OADs) 
possess pleiotropic, intrinsic antimicrobial properties 
extending beyond their primary role in glycaemic regu-
lation. This study has aimed at rigorously assessing 
and comparatively quantifying the in vitro antibacterial 
efficacy of five structurally distinct OADs (namely, 
metformin, pioglitazone, gliclazide, vildagliptin, and 
dapagliflozin) against two major opportunistic human 
pathogens: Staphylococcus aureus and Escherichia coli. In 
an attempt to fully characterize these antibacterial pro-
files, a standardized in vitro methodological approach 
was employed. Antibacterial activity was quantitatively 
assessed utilizing a high throughput 96-well microdilu-
tion assay. Pathogen isolates were exposed to a cali-
brated, clinically relevant concentration gradient of the 
selected OADs, ranging from 0.125 to 8.0 mg/L, while 
bacterial proliferation was dynamically quantified by 
measuring the relative optical density at regular inter-

vals. In order to translate empirical observations into 
robust quantitative metrics, the herein obtained con-
centration–effect datasets were subjected to advanced 
pharmacodynamic (PD) modelling. In fact, a sigmoidal 
maximum achievable inhibitory effect (Emax) model was 
applied so as to accurately estimate critical PD parame-
ters, encompassing the half maximal inhibitory concen-
tration (IC50), Emax, as well as the comprehensive area 
under the effect curve (AUC). The PD modelling yield-
ed highly robust fits that were validated by stringent 
goodness-of-fit coefficients (R2>0.96), thereby ensuring 
the reliability of the derived parameters. The compara-
tive analysis revealed striking divergences in antimi-
crobial potency amongst the tested OADs. In fact, met-
formin unequivocally demonstrated the highest anti-
bacterial efficacy across the pathogen spectrum, achiev-
ing an impressive Emax of 70% against S. aureus and 
peaking at 78% against E. coli, while simultaneously 
generating the largest AUCs [1]. Gliclazide and vildag-
liptin exhibited moderate, yet notable, bacteriostatic 
activity. On the other hand, pioglitazone displayed the 
most attenuated effect against the Gram-positive S. 
aureus (with a minimal Emax of 28%), yet interestingly 
maintained a moderate inhibitory activity against the 
Gram-negative E. coli (with an Emax of 62%). A critical 
overarching trend in our experimental findings was the 
distinctly greater susceptibility of the Gram-negative 
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strain: collectively, lower IC50 thresholds (predominant-
ly converging at OAD concentrations of 2.0 mg/L) were 
required in order to actively inhibit E. coli compared to 
S. aureus, thereby suggesting specific target vulnerabili-
ties related to different cell envelope architectures. Our 
in vitro study suggests that widely prescribed OADs 
harbour variable but highly quantifiable intrinsic anti-
bacterial properties against foundational human path-
ogens [2,3]. The superior in vitro potency of metformin, 
followed by that of gliclazide and of vildagliptin, sug-
gests a compelling secondary pharmacological benefit. 
While these molecules remain categorically defined by 
their vital role in metabolic management, their latent 
antimicrobial capacity could offer a clinical advantage 
in mitigating the severity of bacterial infections in vul-
nerable T2DM patient populations.  
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The coronavirus disease 2019 (COVID-19) mainly leads 
to symptoms affecting the lower respiratory tract and 
causes pulmonary complications such as the acute res-
piratory distress syndrome; it is now established as a 
multisystem disease exhibiting diverse manifestations. 
This retrospective survey aimed at determining wheth-
er there is an impact of the COVID-19 vaccination on 
hair loss in vaccinated Iraqi individuals. The study was 
conducted online, and the questionnaire was distribut-
ed through electronic media, with all data being col-
lected exclusively through the Google Forms platform. 
The study was carried out from October to March 2024 
and was limited to Iraq’s Babylon Governorate (includ-
ing its districts and sub-districts). The study included a 
total of 221 individuals who had received at least one 
dose of a COVID-19 vaccine in the past; of these partic-
ipants, 78 were men and 143 were women. The average 
age of the participants was 26.61 ± 6.89 years, with an 
age range of 20 to 70 years. Our findings indicated that 
a significant majority of respondents (62.5%) were from 
the city center (Hillah), and it was also noted that 95% 
of the respondents did not have any comorbidity. Our 
data revealed that the majority of respondents (92.3%) 
were within the 20- to 30-year age bracket, with a high-
er proportion of the participants being women (64.7%). 
Post vaccination hair loss was found to be significantly 
higher among females when compared to males (34.1% 

versus 65.9%, p<0.05). Our data also suggest that ap-
proximately three quarters (73.7%) of the study’s partic-
ipants had been vaccinated with the Pfizer–BioNTech 
COVID-19 vaccine, followed by those vaccinated with 
the Sinopharm BIBP COVID-19 vaccine (10.4%) or the 
Oxford–AstraZeneca one (8.6%). A significant correla-
tion was identified between receiving a COVID-19 vac-
cine and hair loss in both sexes. In fact, hair loss was 
quite common among our study’s participants, with 47 
(22.9%) out of 221 of those who had received a COVID-
19 vaccine reporting hair loss following the first or the 
second dose. The lowest hair loss rates amongst men 
and women based on comorbidity status were 5.1% 
and 7.7%, respectively. This was consistent with the 
very low number of participants in our study reporting 
comorbidities compared to healthy participants, while 
no significant differences were noted between men and 
women regarding such comorbidities (namely, diabetes 
mellitus, hypertension, and allergies). Interestingly, no 
significant differences (p>0.05) were recorded between 
the different types of vaccines with regard to hair loss-
triggering in Iraqi men or women. Our study has also 
identified the most common types of hair loss, with a 
higher prevalence in females than in males for alopecia 
areata (70.9%) and androgenetic alopecia (62.5%). In 
conclusion, hair loss may be associated with COVID-19 
vaccination, is more frequent in women than men, and 
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may be influenced by comorbidities such as diabetes 
mellitus and allergies. 
 
Keywords 
 
alopecia; COVID-19; hair loss; Iraq; vaccination 
 
Acknowledgements 
 
The authors gratefully acknowledge the participants of 
the study and the University of Babylon for facilitating 
and supporting this study. 
 
Conflicts of interest statement 
 
None to declare. 
 

Affiliation(s) 
 
Department of Laboratory and Clinical Sciences, Col-
lege of Pharmacy, University of Babylon, Hillah, Iraq 
(OAM) ▪ Department of Medicine, College of Medicine, 
University of Babylon, Hillah, Iraq (ZSS) 
 
Correspondence  
 
Oday A. Mahdi 
Department of Laboratory and Clinical Sciences 
College of Pharmacy 
University of Babylon 
Hillah, Iraq 
phar.oday.adnan@uobabylon.edu.iq  
 

 



 
 

Mahmood S. A., Fadheel Q. J., Jaleel K. M.: Anti-inflammatory and antioxidant effects of medicinal plant extracts: a 
review of pharmacological evidence and mechanisms. Colloq. Erud. 1: 55–56 (2026). 
https://doi.org/10.5281/zenodo.20994483 
 

This proceedings abstract is published in Colloquia Erudita – Volume 1: Proceedings of the 3rd International Babylon 
Conference on Clinical and Experimental Pharmacological Research (Hillah; June 29–30, 2026); a volume of proceedings 
edited by Rafal J. Al-Saigh, Argyro Kyriakaki, and Apostolos Zarros. 
 

This is an open-access proceedings abstract distributed under the terms of the Creative Commons Attribution 4.0 
International (CC BY 4.0) licence. 
https://creativecommons.org/licenses/by/4.0 
 

© 2026 The Author(s)    55 

COLLOQUIA ERUDITA 2026; 1: 55–56 

 
PROCEEDINGS ABSTRACT 
 

Anti-inflammatory and antioxidant effects of medicinal  
plant extracts: a review of pharmacological evidence  
and mechanisms 
 
Safa Adnan Mahmood, Qayssar Joudah Fadheel, and Karar M. Jaleel 

 
Received: 22 April 2026; Revised: 14 June 2026; Accepted: 25 June 2026; Published: 28 June 2026 
 
Several non-communicable diseases (including cardio-
vascular disorders, type 2 diabetes mellitus, most neu-
rodegenerative diseases, autoimmune conditions, and 
cancer) are now known to be directly related to chronic 
inflammation and oxidative stress. Although such dis-
eases significantly vary in their clinical manifestations, 
they tend to share common pathophysiological path-
ways that involve an excessive production of reactive 
oxygen species (ROS) and a persistent activation of the 
inflammatory signalling. The excessive ROS generation 
damages lipids, proteins, and DNA, and activates pro-
inflammatory transcription factors such as the nuclear 
factor-kappa B (NF-κB) and the activator protein-1. The 
activation of these molecules increases the expression 
of inflammatory mediators such as tumor necrosis fac-
tor-alpha (TNF-α), interleukin-1 beta (IL-1β), and inter-
leukin-6 (IL-6). This creates a self-perpetuating cycle in 
which oxidative stress promotes inflammation and the 
latter generates additional ROS, leading to tissue injury 
and disease progression. In this broad context, medici-
nal plant extracts have gained considerable attention 
due to their ability to simultaneously influence multi-
ple biological targets. Plant extracts are known to be 
rich in bioactive phytochemicals (such as polyphenols, 
flavonoids, terpenoids, alkaloids, and phenolic acids), 
and these compounds seem to possess antioxidant and 
anti-inflammatory properties through several comple-

mentary mechanisms. For example, a significant num-
ber of phytochemicals can directly counteract free radi-
cals and ROS: they may have the ability to chelate tran-
sition metals such as iron and copper, which otherwise 
catalyse the formation of more free radicals. They can 
also prevent lipid peroxidation, thereby protecting the 
cellular membranes from oxidative damage. In addi-
tion to these direct effects, plant-derived compounds 
can strength the body’s own defence systems by in-
creasing the activities of endogenous antioxidant en-
zymes (such as superoxide dismutase, catalase, and 
glutathione peroxidase). This effect is mainly mediated 
through the activation of the nuclear factor erythroid 2-
related factor 2 / antioxidant response element signal-
ling pathway, which controls the expression of genes 
involved in antioxidant protection. Additionally, me-
dicinal plant extracts can inhibit key inflammatory 
pathways: numerous phytochemicals are known to be 
able to suppress the expression of cyclooxygenase-2 
and of the inducible nitric oxide synthase; two enzymes 
that are strongly associated with inflammatory dam-
age. Some phytochemicals can also prevent the nuclear 
translocation of NF-κB, thereby lowering the genera-
tion of pro-inflammatory cytokines such as TNF-α, IL-
1β, and IL-6. Data obtained from cell culture and ani-
mal model studies strongly support these positive ef-
fects. Furthermore, a growing number of randomized 
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controlled trials involving the use of medicinal plants 
(such as Curcuma longa, Camellia sinensis, and Zingiber 
officinale) has shown reductions in biomarkers of oxida-
tive stress and inflammation in humans. Despite these 
promising findings, several limitations hamper clinical 
application: numerous phytochemicals have poor bioa-
vailability (meaning that only a small amount reaches 
the bloodstream after administration), while plant ex-
tracts often lack standardisation, resulting in variable 
compositions and potencies. Moreover, large scale clin-
ical trials and long-term safety studies remain limited. 
Further mechanistic research as well as appropriately 
designed evidence-based clinical trials are needed be-
fore medicinal plant extracts can be systematically in-
tegrated into modern pharmacotherapy. 
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Sepsis is a life-threatening syndrome that arises when 
the host response to an infection becomes dysregulated 
and injurious rather than protective. Instead of contain-
ing the infection, the immune, vascular, and metabolic 
responses begin to damage host tissues, leading to pro-
gressive dysfunction in multiple organs. This process 
remains a major cause of death in critically ill patients 
despite advances in intensive care practice, antimicro-
bial therapy, and organ support. The burden of sepsis 
is particularly high in patients with a delayed diagno-
sis, severe comorbidities, advanced age, or a persistent 
shock, and mortality rises markedly once failure devel-
ops in more than one organ system. Its clinical course is 
often heterogeneous, which partly explains why many 
promising interventions have not translated successful-
ly from experimental models into routine clinical care 
across diverse patient populations. The biological basis 
of the sepsis-associated multiple organ dysfunction is 
highly complex. It involves an early surge of inflamma-
tory mediators triggered by both pathogen- and dam-
age-associated molecular patterns, that is followed by 
immune exhaustion or immunosuppression. Endothe-
lial injury, microcirculatory failure, disturbed coagula-
tion, mitochondrial dysfunction, and an altered cellular 
metabolism contribute to the impaired tissue oxygen 
use and the progressive cellular damage. These chang-

es affect the liver, the lungs, the heart, the kidneys, and 
other organs through overlapping mechanisms rather 
than through isolated pathways. Hepatic dysfunction 
may reflect cytokine-driven injury, cholestasis, and im-
paired perfusion; cardiac dysfunction is linked to in-
flammatory signalling, mitochondrial injury, and re-
duced contractile performance; acute lung injury de-
velops through an alveolar–capillary barrier disruption 
and neutrophil recruitment; acute kidney injury in-
volves inflammation, microvascular disturbance, oxida-
tive stress, and tubular dysfunction. Due to the fact that 
the aforementioned organ-specific manifestations share 
common pathophysiological networks, sepsis should 
be viewed as a systemic disorder rather than a series of 
distinct complications. Current management still large-
ly depends on the rapid recognition, the timely (broad-
spectrum) antimicrobial therapy, source control, hae-
modynamic stabilization, and intense organ-supportive 
care. Although these measures are essential, they do 
not directly reverse any of the molecular disturbances 
that drive organ injury. For this reason, increasing at-
tention has turned toward mechanism-based therapies 
that can interrupt disease progression. In fact, recent 
preclinical studies have explored several pharmacolog-
ical agents that exhibit antioxidant, anti-inflammatory, 
immunomodulatory, and even mitochondria-protective 
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properties, including melatonin, metformin, and pal-
mitoylethanolamide. Significant interest has recently 
also grown in therapies aiming at restoring the meta-
bolic balance, improving microcirculatory flow, modu-
lating key inflammatory mediators, and protecting cel-
lular bioenergetics during severe infection. This review 
summarizes the main pathophysiological mechanisms 
involved in the sepsis-associated multiple organ dys-
function and discusses current and emerging pharma-
cological strategies in the field. By bringing these inter-
connected processes together, this review attempts to 
provide a clearer framework for our understanding of 
the disease progression and for the identification of 
more rational therapeutic targets. Such a framework 
can be of high importance, given that a stronger mech-
anistic understanding may help us improve treatment 
selection, optimize the timing of intervention(s), and 
support better clinical outcomes. 
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Pharmacovigilance systems in low- and middle-income 
countries face significant structural, technical, and re-
source-related challenges that can limit their capacity 
to protect patients from medicine-related harm. Iraq, a 
country of approximately 46 million people located in 
Western Asia with a complex recent history, has estab-
lished its national pharmacovigilance system relatively 
late compared to many regional counterparts: the Iraqi 
Pharmacovigilance Center (IPhvC) was founded on 31 
December 2009 under the Ministry of Health’s Direc-
torate of Technical Affairs, with a vision of creating a 
safe medicinal environment and a mission centred on 
strengthening the detection, the assessment, the under-
standing, and the prevention of adverse drug reactions 
and medication errors. Iraq became a full member of 
the World Health Organization Program for Interna-
tional Drug Monitoring in November 2010. Over the 
subsequent 15 years, the IPhvC has pursued a sus-
tained, multi-dimensional program of system devel-
opment spanning ten interconnected areas. The data-
base expansion progressed from a centralised national 
structure to a three-tiered network encompassing over 
510 active VigiFlow (national database) accounts across 
regional centers, hospitals, specialized centers, and 
public health districts, including Kurdistan. The quan-
tity of the reports grew substantially while the report 
quality (measured by VigiGrade completeness scores) 
consistently exceeded the global average of participat-
ing countries, reflecting the impact of structured train-
ing, mentoring, as well as the introduction of a dedicat-

ed pharmacovigilance unit manual. Furthermore, sig-
nal detection evolved from reactive case reviews to a 
more proactive approach using VigiLyze and dispro-
portionality analysis, with the outputs feeding into 
regulatory action and safety communications. More 
importantly, data collection methodologies diversified 
beyond spontaneous reporting so as to include stimu-
lated reporting introduced in 2019 and sentinel site 
active surveillance established in 2021, with the latter 
being applied in the case of the coronavirus disease 
2019 (COVID-19) vaccine safety monitoring. The 
COVID-19 pandemic represented a critical stress test 
and accelerator for the system, prompting expanded 
reporting channels, decentralized surveillance struc-
tures, active membership in the expanded programme 
on immunization causality assessment committee, and 
the production of sixteen periodic safety reports shared 
with national regulatory and immunization bodies. In 
the meantime, marketing authorization holder phar-
macovigilance has been progressively formalized (since 
2012) through successive regulatory circulars, the in-
troduction of national good pharmacovigilance practice 
guideline, requirements for pharmacovigilance system 
master files and periodic safety update reports, and the 
recent introduction of the industry e-reporting system 
that is aligned with the International Council for Har-
monization E2B standard. Additional risk minimiza-
tion measures grew from domestically identified safety 
signals, while a dedicated preventable medication er-
rors project is nearing publication. Finally, substandard 
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and falsified medicine surveillance, academic collabo-
ration, MedSafetyWeek participation since 2018, the 
publication of a biannual pharmacovigilance bulletin, 
and the recent transfer of the national haemovigilance 
functions to the IPhvC further illustrate the breadth of 
the system’s maturity development [1,2]. Despite this 
progress, challenges persist, including an uneven sys-
tem maturity across stakeholders, a variable private-
sector engagement, a limited patient involvement, and 
the need to link pharmacovigilance data with disease 
registries and health insurance systems. Overall, Iraq’s 
experience demonstrates that a functional and improv-
ing national pharmacovigilance system can indeed be 
built within a complex environment through sustained 
political commitment, international partnerships, and 
institution-led capacity building. 
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Selenium (Se) nanoparticles (SeNPs) are widely consid-
ered as promising antimicrobial nanomaterials due to 
their biocompatibility, broad-spectrum biological activ-
ity, and relatively low toxicity compared to inorganic 
Se compounds. However, their poor stability and na-
noparticle aggregation continue to be significant barri-
ers to their use in biomedical applications. The aim of 
this study was to synthesise SeNPs that are stabilised 
and functionalised with chitosan and gallic acid, as 
well as to evaluate their physicochemical characteristics 
and antibacterial efficacy against Staphylococcus aureus 
and Escherichia coli. SeNPs were synthesised by chemi-
cal reduction using sodium selenite as the Se precursor 
and ascorbic acid as the reducing agent, in the presence 
of gallic acid and chitosan. The reaction mixture’s obvi-
ous colour change from colourless to reddish–orange 
was the first indication of the nanoparticles’ formation. 
Subsequently, Fourier-transform infrared (FTIR) spec-
troscopy, dynamic light scattering (DLS), zeta potential 
analysis, and scanning electron microscopy (SEM) were 
used in order to physiochemically characterise the pro-
duced SeNPs. Furthermore, the minimum inhibitory 
(MIC) and minimum bactericidal (MBC) concentrations 
against S. aureus and E. coli were calculated using the 
broth microdilution method in accordance with the 
2020 CLSI M07 criteria. The undertaken FTIR analysis 
confirmed the successful functionalisation and stabili-

sation of the SeNPs by chitosan and gallic acid through 
hydrogen bonding and electrostatic interactions. The 
broad absorption band at 3331 cm-1 corresponded to 
overlapping O–H and N–H stretching vibrations, while 
the absorption band at 1637 cm-1 indicated interactions 
between the carbonyl and the deprotonated carbox-
ylate groups of the gallic acid and the amino groups of 
chitosan. Additional absorption bands at the 1427–1316 
cm-1 range corresponded to COO- and C–N vibrations, 
whereas bands at the 1160–1035 cm-1 range confirmed 
the preservation of chitosan’s backbone structure. The 
undertaken DLS analysis demonstrated that the aver-
age particle sizes of the chitosan-stabilised SeNPs (CS-
SeNPs) and of the gallic acid-functionalised CS-SeNPs 
(GA/CS-SeNPs) were 142.0 and 137.6 nm, respectively. 
Following the addition of gallic acid, the polydispersity 
index values were found to be 0.241 and 0.209, thereby 
showing improved uniformity. The values of the un-
dertaken zeta potential analysis were +38.3 mV for the 
CS-SeNPs and +38.5 mV for the GA/CS-SeNPs, indicat-
ing that these nanoparticles exhibit excellent colloidal 
stability. The creation of mostly spherical nanoparticles 
with particle sizes that are in line with the DLS findings 
was further verified by an SEM examination. Moreover, 
both nanoparticle formulations exhibited better anti-
bacterial effectiveness against S. aureus than against E. 
coli, according to our in vitro studies. While the GA/CS-
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SeNPs exhibited increased antibacterial activity with 
MIC values down to 50 and 100 µg/mL against S. aure-
us and E. coli, respectively, the CS-SeNPs exhibited MIC 
values of 100 and 200 µg/mL against the same patho-
gens. At equal doses, gallic acid by itself did not stop 
bacterial growth, suggesting that the increased antibac-
terial action came from the functionalisation of the na-
noparticles rather than from the free molecule. Moreo-
ver, according to our MBC analysis, the GA/CS-SeNPs 
exhibited values of 100 µg/mL against S. aureus and 200 
µg/mL against E. coli, whereas the CS-SeNPs showed 
bactericidal action at 200 µg/mL against both bacterial 
strains. The developed GA/CS-SeNPs exhibit superior 
antibacterial activity, enhanced physicochemical stabil-
ity, and improved nanoparticle uniformity, thereby in-
dicating their potential as antimicrobial nanomaterials. 
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Heterocyclic compounds constitute a fundamental as-
pect of medicinal chemistry, with nitrogen-containing 
heterocycles being particularly important for drug dis-
covery and development processes. Amongst these, the 
1,2,4-triazole ring structure is a favoured framework 
due to the variety of its biological effects and its capaci-
ty to establish numerous non-covalent interactions with 
biological targets. The increasing occurrence of fungal 
infections and the development of resistance to current 
antifungal treatments highlight the critical demand for 
new therapeutic options. The aim of this study was to 
synthesise and to analyse a novel series of four 1,2,4-
triazole derivatives (namely, compounds 5, 5a, 5b, and 
5c), as well as to assess their antifungal activity poten-
tial. To this end, we have used molecular docking and 
in silico ADMET (absorption, distribution, metabolism, 
excretion, and toxicity) analysis in order to target the 
fungal cytochrome P450 14α-demethylase (CYP51). The 
synthesis began with the Fischer esterification of 4-(4-
chlorophenyl) cyclohexane-1-carboxylic acid, followed 
by the formation of hydrazides, the preparation of the 
thiosemicarbazide intermediate compound 4, and its 
subsequent cyclisation leading to the production of the 
triazole core structure (compound 5). The last step in-

cluded an S-alkylation with different alkylating agents 
so as to produce three unique derivatives (compounds 
5a–5c). All compounds were analysed through the use 
of Fourier-transform infrared (FTIR) and proton nucle-
ar magnetic resonance (1H-NMR) spectroscopy, thereby 
verifying the successful creation of the intended struc-
tures with the identification of the distinctive spectral 
characteristics of the triazole ring system and of the 
added functional groups. The computational assess-
ment of these new 1,2,4-triazole derivatives as prospec-
tive antifungal agents focused on the fungal CYP51; a 
critical target (enzyme) in the ergosterol biosynthesis 
process. Molecular docking analyses were undertaken 
on the fungal CYP51 in order to assess the binding af-
finities and modes of the four synthesized compounds. 
The docking findings have indicated that all four com-
pounds can effectively fit into the enzyme’s active site, 
forming multiple interactions with essential amino acid 
residues. The primary binding interactions comprised 
pi–alkyl, pi–sulphur, and alkyl interactions with im-
portant residues such as LYS151, TYR140, HIS468, PHE463, 
and CYS470. Moreover, the binding affinities of the new-
ly synthesized compounds were found to be similar to 
that of fluconazole (i.e., the reference antifungal medi-
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cation), thereby suggesting a potential antifungal effect 
through the inhibition of CYP51. Compound 5c exhib-
ited particularly notable binding properties, displaying 
extensive interactions within the CYP51 active site with 
a binding affinity of -10.1 kcal/mol. In silico ADMET 
assessments were performed through the use of the 
SwissADME tool in order to assess the drug-likeness 
and the pharmacokinetic properties of the synthesized 
compounds. All of the herein assessed compounds ad-
hered to Lipinski’s rule of five, thereby indicating that 
they possess favourable physicochemical traits for oral 
bioavailability. In fact, the compounds exhibited suita-
ble topological polar surface area values and high bio-
availability scores, revealing a promising potential for 
oral absorption. Interestingly, while most compounds 
were expected to be found to be suitable substrates for 
P-glycoprotein efflux transporters with generally low 
gastrointestinal absorption, compound 5 exhibited high 
gastrointestinal absorption. Finally, none of the herein 
assessed compounds is expected to be able to penetrate 
the blood–brain barrier, suggesting a lower risk of cen-
tral nervous system-associated side effects. The prom-
ise of these novel 1,2,4-triazole derivatives as viable 
candidates for antifungal drug development is sup-
ported by the aforementioned computational findings; 
however, the undertaking of in vitro and in vivo studies 
is required in order to confirm their therapeutic effica-
cy and safety profiles. 
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The polycystic ovary syndrome (PCOS) is an endocrine 
and metabolic disease, and a major cause of anovulato-
ry infertility in women worldwide. The most common-
ly used drug for the treatment of PCOS is metformin, 
which enhances insulin sensitivity and glucose uptake 
into the peripheral tissue, and decreases glucose pro-
duction by the liver. According to recent research, mi-
crobial imbalances may increase intestinal permeability 
resulting in the release of endotoxins into the blood-
stream; these endotoxins can trigger low-grade system-
ic inflammation with high levels of tumor necrosis fac-
tor alpha (TNF-α) and low levels of inerleukin-10 (IL-
10), thereby contributing to the development of insulin 
resistance and ovarian dysfunction. The aim of this 
study was to determine whether a dietary supplemen-
tation with probiotics could reduce the inflammatory 
response (by restoring the serum levels of TNF-α and 
IL-10 to normal ones) in a high-fat diet- and letrozole-
induced model of PCOS in rats. To this end, a total of 
28 female Wistar rats were randomly assigned into four 
groups (n=7 each): a control group, a PCOS (positive 
control) group, a metformin-treated PCOS group, and a 
probiotic-receiving PCOS group. Letrozole (an aroma-
tase inhibitor) was administered orally (via gavage) at a 

dose of 1 mg/kg/day along with a high-fat diet (with a 
total kcal value of 4.73 kcal/g) that was obtained from 
Research Diets, Inc. (USA). The PCOS-undergoing rats 
were returned into the same diet as the control group 
after 21 days of stimulation and the letrozole admin-
istration was then also stopped. The metformin-treated 
PCOS group was treated with 300 mg/kg/day of met-
formin in distilled water, while the rats in the probiotic-
receiving PCOS group were fed with commercially 
available probiotics obtained from Medwise Healthcare 
Limited (UK), at a dose of 1×109 CFU/day for 28 days. 
The measurement of the serum IL-10 and TNF-α levels 
was performed after 28 days of treatment. Our findings 
revealed that the experimental simulation of PCOS in 
rats significantly increased the TNF-α levels by 46.33% 
(p<0.001) and significantly decreased those of IL-10 by 
32.98% (p<0.001) compared to the respective TNF-α and 
IL-10 levels of the control group, thereby highlighting 
the existence of low-grade systemic inflammation in 
the PCOS group. In the rats of the metformin-treated 
PCOS group, a significant increase in their IL-10 levels 
(+36.88%; p<0.001) and a moderate decrease in their 
TNF-α levels (-7.71%; p>0.05) were observed as com-
pared to those of the PCOS group. The serum levels of 
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IL-10 were also found to be significantly increased by 
27.51% (p<0.001) in the probiotic-receiving PCOS group 
when compared with those of the PCOS group, and 
significantly decreased by 14.54% (p=0.003) when com-
pared with those of the control group. Finally, the se-
rum TNF-α levels were found to be slightly decreased 
by 4.69% (p>0.05) in the rats of the probiotic-receiving 
PCOS group when compared with those of the PCOS 
group, and significantly increased by 39.46% (p=0.001) 
when compared with those of the control group. There-
fore, our findings suggest that a supplementation with 
probiotics is not enough in order to achieve normal 
serum IL-10 and TNF-α levels in an experimental mod-
el of PCOS in rats. 
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The dysregulation of neuroendocrine circuits that regu-
late appetite, glucose metabolism, and energy balance 
leads to metabolic diseases such as obesity and type 2 
diabetes mellitus. Semaglutide is a long-acting gluca-
gon-like peptide-1 (GLP-1) receptor agonist capable of 
enhancing glycaemic management and weight loss by 
stimulating glucose-dependent insulin secretion, sup-
pressing glucagon release, delaying stomach emptying, 
and activating central satiety pathways. Moreover, it is 
known to promote weight loss by suppressing appetite 
through the hypothalamic GLP-1 receptors, and it af-
fects the brainstem and the hypothalamus; two parts of 
the brain that regulate satiety. Semaglutide decreases 
food cravings and caloric intake, while weight loss im-
proves metabolic parameters such as insulin sensitivity 
and lipid profile. Through weight loss and increased 
insulin sensitivity, semaglutide improves aspects of the 
metabolic syndrome, such as central obesity, hypergly-
caemia, dyslipidaemia, hypertension, and cardiometa-
bolic disease. On the other hand, nesfatin-1 is an ano-
rexigenic peptide (found in both central and peripheral 
tissues) that has a role in thermogenesis, glucose ho-
meostasis, lipid metabolism, hunger control, and stress 
reactions. Its capacity to reduce food intake results 
from its ability to suppress hunger-promoting neurons 
and to activate hypothalamic satiety centers in hypo-
thalamic satiety signalling. Nesfatin-1 can act in multi-
ple ways in order to prevent hyperglycaemia. Due to 
the fact that nesfatin-1 and insulin are co-localized in 

the β-cells of the pancreatic islets of Langerhans, when 
blood glucose levels rise, insulin and nesfatin-1 are co-
released. In skeletal muscle and adipose tissues, it in-
creases the translocation of the glucose transporter type 
4 to the plasma membrane, enabling cells to more effec-
tively remove glucose from the bloodstream. Further-
more, nesfatin-1 can directly inhibit glucagon secretion 
under hyperglycaemic conditions. It is also known to 
stimulate sympathetic nervous system outflow, brown 
adipose tissue thermogenesis, metabolic rate, and heat 
production, all of which enhance whole-body energy 
expenditure. Consequently, reduced body weight and 
negative energy balance are encouraged by this combi-
nation of reduced intake and increased expenditure. 
Peripherally, nesfatin-1 can directly affect the hepato-
cytes and the adipocytes by downregulating lipogenic 
factors and by upregulating critical lipolytic enzymes; 
increased levels of fatty acid oxidation, decreased tri-
glyceride buildup, and improved blood lipid profiles 
are some of the results of these actions, which have a 
preventive role against metabolic syndrome and obesi-
ty. According to experimental studies, nesfatin-1 seems 
to increase the intestinal L-cells’ production of GLP-1, 
thereby indicating its potential upstream function in 
enhancing the effects of the GLP-1-mediated pathway. 
On the other hand, it has been shown that a semag-
lutide treatment can increase nesfatin-1 expression in 
both central and peripheral tissues, suggesting the ex-
istence of a positive feedback mechanism between the 
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endogenous nesfatin-1-mediated satiety and the GLP-1 
receptor activation. Overall, semaglutide and nesfatin-1 
seem to function similarly by reducing stomach empty-
ing, suppressing food intake, increasing insulin secre-
tion, and inhibiting glucagon release. These findings 
emphasize the overlap of the gut–brain and the neuro-
endocrine pathways in the control of energy balance. 
The strong appetite suppression and weight loss seen 
with GLP-1 receptor agonist therapy may be explained 
mechanistically by nesfatin-1 acting as an endogenous 
mediator and an amplifier of semaglutide’s actions. In 
conclusion, semaglutide and nesfatin-1 are correlated, 
indicating the existence of a synergistic interaction be-
tween endogenous anorexigenic pathways and drug-
induced GLP-1 receptor activation. There is evidence 
that the GLP-1 signalling and the nesfatin-1 pathways 
interact functionally, as the systems have similar mech-
anisms and semaglutide can increase nesfatin-1 expres-
sion. In addition to highlighting nesfatin-1 as a possible 
biomarker and treatment target for obesity and type 2 
diabetes mellitus, this review suggests that an under-
standing of this interplay may offer fresh perspectives 
on metabolic regulation. 
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Liraglutide is a glucagon-like peptide-1 (GLP-1) recep-
tor agonist that is frequently used for the management 
of obesity and type 2 diabetes mellitus. Liraglutide at-
taches to GLP-1 receptors located on pancreatic β-cells, 
leading to the promotion of insulin release exclusively 
when blood sugar levels are elevated. At the same time, 
it suppresses glucagon secretion from α-cells, thereby 
decreasing blood glucose levels. Additionally, the med-
ication reaches the appetite regulation centers (specifi-
cally, the hypothalamus and the brainstem), enhances 
feelings of fullness and diminishes hunger, resulting in 
a reduction of energy intake. Furthermore, liraglutide 
delays gastric emptying, which in turn slows the ab-
sorption of nutrients, including glucose, into the blood-
stream and mitigates postprandial blood sugar surges. 
Its impact on inflammatory pathways, adipokine mod-
ulation, and the biology of adipose tissue is given spe-
cial consideration in this review. The adipokine visfat-
in, which is mostly generated in visceral adipose tissue, 
is crucial for energy balance, inflammatory signalling, 
and metabolic control. This review outlines the func-
tions of both intracellular and extracellular visfatin in 
NAD metabolism, mitochondrial function, and system-
ic inflammation, and focuses on the possible relation-
ship between liraglutide administration and circulating 
visfatin levels through enhanced adipose tissue func-
tion, weight loss, and the suppression of inflammatory 
pathways. Liraglutide-induced improvements in adi-
pose tissue physiology may affect circulating visfatin 

levels because the latter is primarily released by viscer-
al adipose tissue and is linked to metabolic stress and 
inflammation. Visceral adiposity reduction is one of the 
main pathways connecting liraglutide to visfatin. In 
metabolic disorders, visceral adipose tissue is consid-
ered as a key source of circulating visfatin. Liraglutide 
therapy suppresses appetite and modifies central sa-
tiety pathways so as to promote weight loss and to de-
crease the visceral fat mass. Visfatin (as well as other 
pro-inflammatory adipokines) may undergo decreased 
secretion when the adipocyte hypertrophy and the ad-
ipose tissue inflammation are reduced. Liraglutide af-
fects inflammatory pathways in the adipose tissue in 
addition to body weight and adiposity. Increased acti-
vation of inflammatory signalling pathways, including 
those of the nuclear factor kappa-light-chain-enhancer 
of activated B cells and the mitogen-activated protein 
kinase, can promote the synthesis of cytokines (such as 
tumor necrosis factor-α, interleukin-1β, and interleu-
kin-6) and is a hallmark of chronic metabolic diseases. 
It has been observed that visfatin can amplify inflam-
matory signals in the adipose tissue. Liraglutide may 
indirectly lessen inflammatory signals linked to high 
visfatin levels, by inhibiting the generation of inflam-
matory cytokines and by promoting anti-inflammatory 
macrophage phenotypes in the adipose tissue. In con-
clusion, there might be a crucial connection between 
pharmacological GLP-1 receptor activation and adi-
pokine regulation through the interaction between li-
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raglutide and visfatin. By reducing visceral adiposity, 
by improving metabolic homeostasis, and by suppress-
ing inflammatory signalling within the adipose tissue, 
liraglutide may indirectly influence visfatin expression 
and its circulating levels. Our review also suggests that 
visfatin should be further explored as a biomarker for 
treatment responsiveness in obesity and type 2 diabetes 
mellitus. 
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Aging is a complex biological process marked by pro-
gressive cellular and molecular changes that affect all 
physiological processes, especially those related to the 
immune system. Amongst these, increased susceptibil-
ity to infections, decreased vaccine efficacy, and a high-
er incidence of chronic diseases are all consequences of 
immunosenescence. The latter is defined as “the age-
related decline and dysregulation of immune respons-
es”. The tissue accumulation of senescent cells that re-
lease a variety of pro-inflammatory mediators is collec-
tively referred to as the senescence-associated secretory 
phenotype (SASP) and is known to be capable of caus-
ing chronic low-grade inflammation / “inflammaging”. 
Inflammaging is a key component of the process that 
accelerates immune cell aging, reduces the efficient 
clearance of senescent cells, and limits the immune re-
sponse to novel antigens. This decline of both innate 
and adaptive immunity is significantly influenced by 
this ongoing inflammatory state, resulting in delayed 
immune responses and compromised host defence sys-
tems. This review provides an overview of the molecu-
lar drivers of immunosenescence and inflammaging, 
and discusses their roles in age-related diseases and 
their importance for targeted therapeutic interventions. 
Immunosenescence is controlled at the molecular level 
by a number of interrelated molecular signalling path-
ways. Amongst these, the nuclear factor kappa B (NF-

κB) pathway is a major cause of chronic inflammation 
because it inhibits the senescent cells’ ability to under-
go apoptosis and stimulates the production of immune 
mediators. Similarity, immunological dysfunction, and 
decreased T lymphocyte responsiveness are caused by 
a dysregulation of the mammalian target of rapamycin 
(mTOR) pathway, which also affects autophagy and 
cellular metabolism. Furthermore, by detecting cyto-
solic DNA and by inducing type I interferons, the acti-
vation of the cyclic GMP–AMP synthase / stimulator of 
interferon genes (cGAS-STING) pathway has become a 
significant mediator of age-related inflammation. These 
inflammatory signalling pathways are further ampli-
fied by oxidative stress and mitochondrial dysfunction. 
Significant cellular changes are linked to immunose-
nescence and include telomere attrition, thymic involu-
tion, haematopoietic stem cell dysfunction, and re-
duced naïve T lymphocyte production; all these impair 
immune surveillance and response to novel antigens. 
Reduced B lymphocyte diversity and antibody produc-
tion are also consequences of this process. Together, 
these alterations play a key role in the pathophysiology 
of age-related diseases (such as cancer), severe viral 
infections (such as the coronavirus disease 2019), car-
diovascular diseases, neurodegenerative diseases (such 
as Alzheimer’s disease), and type 2 diabetes mellitus. In 
fact, immune dysregulation and chronic inflammation 
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serve as common underlying mechanisms connecting 
immunosenescence to the aforementioned pathologies. 
Recent approaches in the field of therapeutics have 
been targeting the underlying mechanisms of immune 
aging. Senotherapeutics, being the use of senomorphics 
in order to alter the secretory phenotype of senescent 
cells and senolytics that specifically eradicate them, 
have demonstrated encouraging outcomes in both pre-
clinical and clinical studies. Through the modification 
of important pathways such as the mTOR and NF-κB 
ones, pharmaceutical agents like metformin and ra-
pamycin can lower inflammation and boost immunity. 
Cytokine modulation, immune-based treatments, and 
lifestyle modifications (including the adoption of regu-
lar physical activity, balanced nutrition, and adequate 
sleep) have all been shown to exert positive effects on 
immune aging. In conclusion, immunosenescence is a 
multifaceted process that is forced by intricate molecu-
lar pathways and cellular changes, and that has im-
portant ramifications for the emergence of age-related 
diseases. However, the development of targeted thera-
peutic interventions that are meant to improve immune 
function, increase longevity, and encourage healthy 
aging, requires a deeper understanding of these mech-
anisms and their clinical implications. 
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Angiogenesis, the process by which new blood vessels 
emerge from existing ones, is a tightly regulated physi-
ological process vital to growth, tissue regeneration, 
and homeostasis. Abnormal angiogenesis is the feature 
of many pathologies and especially of cancer, where it 
facilitates the growth of tumours, their invasion, and 
their metastasis. The vascular endothelial growth factor 
(VEGF) signalling pathway is central to the regulation 
of angiogenesis, while the vascular endothelial growth 
factor receptor 2 (VEGFR-2) is the primary mediator of 
VEGF-induced endothelial activities. VEGFR-2 has be-
come a key therapeutic target in cancer treatment due 
to its central role in promoting endothelial cell prolifer-
ation, migration, survival, and vascular permeability. 
The aim of this review was to critically assess recent 
developments in the design and synthesis of VEGFR-2 
antagonists, with a focus on innovative small-molecule 
inhibitors, computational drug design methodologies, 
macromolecular therapeutic strategies, and emerging 
approaches to overcome resistance and toxicity associ-
ated with anti-angiogenic therapy. VEGFR-2 is a recep-
tor tyrosine kinase with its structure consisting of an 
extracellular ligand-binding domain, a transmembrane 
domain, and an intracellular tyrosine kinase domain. 
VEGFR-2 stimulation through the VEGF binding in-
duces receptor dimerization and autophosphorylation, 
thereby promoting angiogenesis via downstream sig-

nalling pathways. Detailed knowledge of the VEGFR-2 
structure, particularly of its ATP-binding site, its hinge 
region, its hydrophobic pockets, and its activation loop, 
has enabled the rational design of selective VEGFR-2 
inhibitors targeting its kinase activity. Recent progress 
in medicinal chemistry has led to the emergence of var-
ious classes of VEGFR-2 inhibitors that are more potent 
and selective. Amongst these, nicotinamide-thiadiazol 
hybrids exhibit high inhibitory activity and excellent 
anticancer capacity due to their effective interactions 
with the ATP-binding domain. Benzofuran derivatives, 
including clinically used agents such as sorafenib, have 
exhibited greater selectivity and cytotoxicity against 
hepatocellular carcinoma. On the other hand, peptide-
tetrahydroisoquinoline conjugates represent an emerg-
ing design strategy to enhance solubility, target speci-
ficity, and pharmacokinetic properties through a hybrid 
molecular design. Urea-functionalized 2-oxoindolin-3-
ylidene analogues have exhibited pronounced antipro-
liferative effects through the formation of essential hy-
drogen bonds with the kinase and the stabilization of 
inactive forms of VEGFR-2. Computational approaches 
have also been utilised, thereby enabling the discovery 
of VEGFR-2 inhibitors to proceed even faster: amongst 
these, the employment of three-dimensional quantita-
tive structure–activity relationship modelling, molecu-
lar docking, and molecular dynamics simulations have 
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allowed for accurate predictions of the ligand–receptor 
interactions, optimization of binding affinity, and de-
termination of complex stability. Virtual screening and 
chemical space exploration have also increased the dis-
covery of new scaffolds beyond the traditional kinase 
inhibitor chemotypes, thereby helping overcome the 
shortcomings of resistance and structural redundancy. 
In addition to small molecules, novel therapeutic plat-
forms are currently being explored, including peptide–
drug conjugates and bispecific antibody-drug conju-
gates, such as JSKN027, that combine VEGFR-2 target-
ing with immune checkpoint inhibition (e.g., PD-L1). 
These multipurpose systems could provide synergy by 
combining the anti-angiogenic effects with immuno-
modulatory and targeted cytotoxicity. Nonetheless, the 
acquired resistance, off-target toxicity, and lack of selec-
tivity remain challenges despite the aforementioned 
tremendous pharmacological advancements. Combina-
tion therapies, biomarker-directed therapy, enhanced 
targeting specificity, and sophisticated drug delivery 
systems are among the strategies that can be used in 
order to overcome these problems. Moreover, recent 
advances in structure-based drug design, in silico ap-
proaches, and multifunctional therapeutics are radical-
ly reshaping the VEGFR-2-targeted therapeutics. Final-
ly, the anti-angiogenic therapy for cancer is expected to 
improve in the future through the use of artificial intel-
ligence and precision medicine approaches, thereby 
increasing both treatment safety and clinical efficacy. 
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Cancer remains one of the leading causes of morbidity 
and mortality worldwide, with approximately 20 mil-
lion new cases and 9.7 million deaths reported in 2022. 
Global projections indicate that the annual incidence of 
cancer could exceed 35 million cases by 2050 due to 
population growth, ageing, and increasing exposure to 
risk factors such as smoking and obesity. Although 
surgery, radiotherapy, and conventional chemotherapy 
remain fundamental treatment modalities, their clinical 
utility is often limited by inadequate tumour selectivity, 
systemic toxicity, and the emergence of drug resistance. 
The aim of this narrative review was to summarise the 
utility, therapeutic effectiveness, and current challenges 
associated with antibody–drug conjugates (ADCs) in 
targeted cancer therapy, while highlighting recent in-
novations that may enhance their clinical impact. ADCs 
represent an important advancement in precision on-
cology by combining the high specificity of monoclonal 
antibodies with the cytotoxicity of anticancer agents. 
These agents function through selective binding to tu-
mour-associated antigens expressed on malignant cells, 
followed by the receptor-mediated internalization and 
intracellular release of payloads. This targeted delivery 
strategy allows ADCs to maximize antitumour activity 
while minimizing exposure of healthy tissues. ADCs 
frequently employ humanised IgG1 antibody back-
bones, providing prolonged circulation times and addi-

tional immune-mediated mechanisms such as anti-
body-dependent cytotoxicity and complement activa-
tion. Clinical effectiveness of ADCs has been demon-
strated across a growing range of haematological ma-
lignancies and solid tumours. By late 2024, approxi-
mately 15 ADCs had received approval from the Unit-
ed States FDA for various oncological indications. No-
table examples include gemtuzumab ozogamicin for 
acute myeloid leukaemia and trastuzumab deruxtecan 
for human epidermal growth factor receptor 2 (HER2)-
positive and HER2-low breast cancer. These successes 
have established ADCs as a major therapeutic platform. 
Despite their promise, several challenges continue to 
limit the broader application of ADCs: drug delivery 
efficiency remains relatively low, with only a small 
proportion of the administered dose reaching tumour 
tissues, while clinically significant toxicities (including 
interstitial lung disease, neutropenia, and ocular ad-
verse effects) may compromise the treatment outcomes 
and contribute to trial discontinuation. Additional bar-
riers include complex manufacturing processes, high 
production costs, and limited accessibility in resource-
constrained settings. Moreover, the emergence of ac-
quired resistance through antigen downregulation, 
epitope alterations, and enhanced drug efflux mecha-
nisms further complicates long-term treatment success. 
In order to overcome these limitations, next-generation 
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ADC technologies are being actively developed. These 
include bispecific ADCs capable of targeting multiple 
antigens simultaneously, probody–drug conjugates that 
are designed for selective activation within the tumour 
microenvironment, degrader–antibody conjugates uti-
lising targeted protein degradation strategies, and im-
mune-stimulating ADCs enhancing antitumor immune 
responses. These innovations, together with advances 
in site-specific conjugation and combination therapies 
involving immune checkpoint inhibitors, are expected 
to improve the safety, efficacy, and clinical utility of 
ADCs. The latter are, therefore, likely to remain central 
to the continuing evolution of personalised and target-
ed cancer treatment. 
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Drug-induced toxicity is a major clinical and pharma-
cological challenge that continues to contribute signifi-
cantly to patient morbidity, prolonged hospitalisation, 
and drug withdrawal worldwide. Although drugs are 
developed with the aim to provide therapeutic benefits, 
their biochemical and molecular interactions within the 
body are complex and may lead to unintended harmful 
effects involving multiple organ systems. Such adverse 
effects can arise through several mechanisms of toxici-
ty, involving (but not limited to) dose-dependent toxici-
ty, immune-mediated toxicity, mitochondrial dysfunc-
tion and oxidative stress, disruption of cellular homeo-
stasis, and the activation of inflammatory or apoptotic 
signalling pathways; these processes may be occurring 
individually or may be synergistically leading to tissue 
injury and organ dysfunction. In addition, interindi-
vidual variability (particularly in terms of genetic pol-
ymorphisms affecting drug metabolism and transport, 
as well as detoxification pathways) can play a signifi-
cant role in determining drug disposition and suscepti-
bility to toxicity, making some patients more vulnera-
ble than others even at standard therapeutic doses. In 
addition, environmental factors, drug interactions, and 
underlying comorbidities may further increase the risk 
and severity of toxic responses and drug adverse reac-
tions. Among the organs / systems most frequently 
affected by drug-induced toxicity are the liver, the kid-

neys, the heart, and the auditory system. Hepatotoxici-
ty is commonly associated with the cytochrome P450-
mediated metabolism of drugs into reactive intermedi-
ates, which promote oxidative stress, the depletion of 
intracellular antioxidants such as glutathione, and the 
subsequent hepatocellular injury / necrosis. Nephrotox-
icity often results from mitochondrial impairment, in-
flammatory responses, oxidative damage, as well as 
direct tubular cell damage, particularly with drugs 
such as aminoglycosides and cisplatin. Cardiotoxicity, 
especially the one induced by anthracyclines such as 
doxorubicin, is linked to multiple mechanisms includ-
ing topoisomerase inhibition, iron dysregulation, calci-
um imbalance, excessive reactive oxygen species gen-
eration, and mitochondrial dysfunction, ultimately 
leading to myocardial injury and impaired cardiac 
function. Finally, ototoxicity, which is frequently asso-
ciated with aminoglycosides and platinum-based anti-
cancer drugs, involves a disruption of ion homeostasis, 
the excessive production of reactive oxygen species, 
and an irreversible damage to cochlear hair cells result-
ing in hearing impairment or permanent hearing loss. 
The better understanding of the molecular mechanisms 
involved in such cases of drug-induced organ injury 
has contributed to the development of several protec-
tive pharmacological strategies aimed at minimizing 
toxicity and improving patient safety. These strategies 
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involve the use of antioxidant agents, enzyme modula-
tors, mitochondrial protectants, transporter inhibitors, 
and immunomodulators. A common example of such 
strategies is the use of N-acetylcysteine in counteract-
ing acetaminophen-induced hepatotoxicity by restor-
ing intracellular glutathione levels. Dexrazoxane is also 
commonly employed for the reduction of the anthracy-
cline-induced cardiotoxicity. Other approaches aim at 
the modulation of signalling pathways, the enhance-
ment of endogenous antioxidant defences, the reduc-
tion of inflammatory responses, and the stabilization of 
mitochondrial integrity and function. The further de-
velopment of pharmacogenomics, the establishment of 
nanotechnology-based drug delivery systems, and the 
launch of reliable artificial intelligence-driven toxicity 
prediction platforms are all gaining increasing atten-
tion for their potential to enhance drug safety and sup-
port personalised therapeutic strategies and precision 
medicine. These innovations may allow for the early 
identification of high-risk individuals, the better moni-
toring of drug responses, and a more precise optimiza-
tion of dosing regimens in clinical practice. This review 
provides an overview of key molecular mechanisms 
underlying drug-induced organ toxicity and highlights 
established and emerging protective pharmacological 
strategies. A deeper understanding of these intercon-
nected processes may support safer drug development, 
improve the early detection of adverse effects, and con-
tribute to the development of more individualised 
treatment approaches, thereby enhancing clinical out-
comes and minimizing drug-induced harm in diverse 
patient populations. 
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A novel series of 1,3,4-thiadiazole-thiourea hybrid de-
rivatives (namely, A-Cl, B-NO2, C-OH, D-CH3, and E-
OCH3) was systematically conceived, synthesized, and 
assessed for their efficacy as inhibitors of the vascular 
endothelial growth factor receptor 2 (VEGFR-2), there-
by aimed at a critical mediator of tumour angiogenesis. 
The synthetic methodology adopted a convergent two-
step strategy. Initially, the key intermediate, 5-amino-
1,3,4-thiadiazole-2-thiol, was subjected to S-alkylation 
with a variety of substituted phenacyl bromides (bear-
ing Cl, NO2, OH, CH3, and OCH3) in acetone, at room 
temperature, affording the corresponding S-alkylated 
intermediates (namely, A–E). Subsequently, the target 
compounds were proficiently synthesized through the 
introduction of the thiourea moiety by reacting the 
amino group of each S-alkylated intermediate with 1-
isothiocyanato-4-methoxybenzene in acetonitrile under 
reflux conditions for 24 h. Utilising Fourier transform 
infrared spectroscopy (FTIR) in conjunction with pro-
ton nuclear magnetic resonance (1H-NMR) and carbon-
13 nuclear magnetic resonance (13C-NMR) has led to an 
effective validation of the chemical structures. Subse-
quently, by using the MOE 2024.06 software, we carried 
out molecular docking investigations, centring on the 
VEGFR-2 kinase domain (PDB ID: 4ASD), with soraf-
enib serving as the reference. The method of docking 

was confirmed through the effective re-docking of the 
co-crystallized ligand, resulting in a root mean square 
deviation (RMSD) measurement of 1.60 Å. Each deriva-
tive that was synthesized displayed encouraging bind-
ing affinities, with docking scores ranging from -7.94 to 
-8.64 kcal/mol, which were found to be similar to that 
of sorafenib (-9.23 kcal/mol). Interestingly, the nitro-
substituted derivative (B-NO2) has risen to the forefront 
as the most captivating compound, exhibiting a bind-
ing affinity (-8.64 kcal/mol) that approached much that 
of sorafenib. This increased affinity was ascribed to an 
optimal amalgamation of conserved hydrogen bonding 
interactions with the critical active site residues ASP1046, 
LYS868, and GLY922, further augmented by hydrophobic 
interactions with LEU889, LEU1035, LEU840, ALA866, ILE892, 
VAL899, VAL916, CYS919, LEU1019, VAL898, and ILE1044. Ad-
ditionally, the B-NO2 compound maintained a signifi-
cant pi–sulfur interaction with CYS1045 and a salt bridge 
interaction with GLU885, further enhancing its binding 
stability. By using SwissADME for in silico ADME (ab-
sorption, distribution, metabolism, and excretion) pro-
filing, it was shown that every compound synthesized 
followed the Lipinski rule of five with no violations, 
thereby strengthening their qualities as potential drugs. 
The derivatives exhibited advantageous physicochemi-
cal features, comprising acceptable molecular weights 
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ranging from 430.57 to 461.54 g/mol, hydrogen bond 
donor numbers of 2 to 3, and acceptor values from 4 to 
6, plus a moderate to high lipophilicity reflected in a 
consensus log P of 2.79 to 4.12. While all compounds 
were shown to possess a low gastrointestinal absorp-
tion resulting from their relatively elevated topological 
polar surface area (TPSA; being >161.77 Å2), they exhib-
ited satisfactory bioavailability readings (0.55). More 
importantly, none of these derivatives exhibited poten-
tial PAINS (pan-assay interference compounds) alerts 
and none are anticipated to penetrate the blood–brain 
barrier, which is advantageous for minimising the risk 
of triggering adverse effects associated with the central 
nervous system. However, the profiling of cytochrome 
P450 inhibition has suggested possible inhibitions of 
CYP2C19, CYP2C9, and CYP3A4 from all compounds, 
while the B-NO2 and E-OCH3 ones exerted no inhibi-
tion of CYP1A2, thereby emphasizing the necessity for 
undertaking an assessment of potential drug–drug in-
teractions. In conclusion, we have herein successfully 
devised and synthesized a novel series of thiadiazole–
thiourea derivatives with validated structural integrity; 
the nitro-substituted derivative B-NO2 has emerged as 
a promising candidate for VEGFR-2 inhibition, exhibit-
ing superior binding affinity through optimal molecu-
lar interactions within the kinase active site as well as 
favourable drug-like properties in silico, thereby estab-
lishing a foundation for its further optimization and 
development as an anti-angiogenic drug. 
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Inflammatory diseases remain a clinical challenge as 
persistent or dysregulated inflammation contributes to 
tissue injury and the progression of acute and chronic 
disorders. Conventional anti-inflammatory therapies, 
including those using nonsteroidal anti-inflammatory 
drugs and glucocorticoids, are often limited by system-
ic toxicity, poor tissue specificity, short biological half-
life, and inadequate control of complex inflammatory 
pathways. However, nanocomposite-based drug deliv-
ery systems, particularly polymeric nanoparticle plat-
forms, have emerged as promising strategies to over-
come these limitations through targeted, sustained, and 
disease-responsive drug delivery. The aim of this re-
view was to provide an overview of the role of poly-
mer-based nanocomposite delivery systems in targeted 
anti-inflammatory therapies, with an emphasis on the 
influence of polymer composition, functional proper-
ties, and disease-specific applications on the therapeu-
tic outcomes. Polymeric nanoparticles are nanoscale 
carriers fabricated from synthetic or natural polymers, 
including poly(lactic-co-glycolic acid), chitosan, and 
polyethylene glycol (PEG). These materials enable the 
efficient encapsulation and controlled release of anti-
inflammatory agents while providing advantages such 
as biodegradability, biocompatibility, prolonged circu-
lation time, and reduced immune clearance. The physi-
cochemical properties of the selected polymer strongly 
influence drug-loading capacity, biodistribution, phar-
macokinetics, cellular uptake, and overall therapeutic 

efficacy. Furthermore, hybrid nanocomposite systems 
that combine synthetic and natural polymers offer en-
hanced versatility by integrating the favourable charac-
teristics of multiple materials into a single platform. 
The therapeutic relevance of polymer-based nanocom-
posites is closely linked to their application across di-
verse inflammatory disorders. In autoimmune diseases, 
such as rheumatoid arthritis and inflammatory bowel 
disease, these systems can facilitate targeted delivery of 
anti-inflammatory drugs to inflamed tissues and im-
mune cells, thereby improving local therapeutic effica-
cy while minimizing systemic adverse effects. In acute 
inflammatory conditions, nanocomposite carriers can 
be engineered to respond to pathological stimuli, in-
cluding elevated reactive oxygen species levels, acidic 
pH, hypoxia, and enzyme overexpression, thereby en-
abling localized drug release at the inflammation sites. 
In neuroinflammatory disorders, polymeric nanocarri-
ers offer additional advantages by enhancing transport 
across the blood–brain barrier, reducing microglial ac-
tivation, modulating inflammatory cytokine produc-
tion, and promoting neuronal protection. Beyond func-
tioning as passive drug carriers, polymeric nanocom-
posites can actively modulate inflammatory pathways. 
Experimental studies have demonstrated their ability 
to promote macrophage phenotype reprogramming, 
suppress excessive cytokine production, inhibit nuclear 
factor kappa B signalling, and scavenge reactive oxy-
gen species. Surface functionalization with PEG, target-
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ing ligands, peptides, or antibodies can further enhance 
the selective accumulation within inflamed tissues and 
activated immune cell populations. In addition, stimu-
li-responsive polymer designs can provide precise spa-
tial and temporal control of drug release within dis-
eased microenvironments, thereby supporting the de-
velopment of personalised therapeutic approaches. 
Overall, the success of any nanocomposite-based anti-
inflammatory therapy depends largely on the selection 
of polymer type and its functional characteristics. Syn-
thetic and natural polymers can each offer distinct ad-
vantages, and their rational design has expanded ther-
apeutic opportunities in autoimmune, acute, and neu-
roinflammatory diseases. Although challenges related 
to large-scale manufacturing, reproducibility, regulato-
ry approval, and clinical translation remain, polymer-
based nanocomposite delivery systems represent a 
promising approach for improving the safety, the speci-
ficity, and the effectiveness of anti-inflammatory treat-
ments. 
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The carbon tetrachloride (CCl4)-induced hepatotoxicity 
is widely used as an in vivo experimental model for 
simulating liver injuries that are associated with oxida-
tive stress, hepatocellular degeneration, and impaired 
hepatic function. Tephrosia purpurea is a flowering plant 
species that possesses antioxidant and hepatoprotective 
properties, whereas N-acetylcysteine (NAC) is a well-
established antioxidant that can replenish intracellular 
glutathione stores and limit oxidative tissue damage. 
This study evaluated the protective effects of a Tephrosia 
purpurea extract, administered alone or in combination 
with NAC, against CCl4-induced liver injury in Wistar 
rats. To this end, 48 adult male Wistar rats were ran-
domly allocated into eight groups (n=6 per group): (i) a 
normal control group, (ii) a negative control (olive oil) 
group, (iii) a positive control (CCl4-treated) group, (iv) 
a group receiving NAC (at 150 mg/kg) prior to the CCl4 
administration, (v–vii) three groups receiving Tephrosia 
purpurea extract (at doses of 100, 200, and 400 mg/kg, 
respectively) prior to CCl4 administration, and (viii) a 
combination group receiving NAC (at 150 mg/kg) to-
gether with a Tephrosia purpurea extract (at 200 mg/kg) 
before the CCl4 administration. Treatments were ad-
ministered orally, once daily, for 28 days, while hepato-

toxicity was induced by the intraperitoneal administra-
tion of CCl4 (1 mL/kg; 1:1 in olive oil) twice weekly. 
Hepatoprotection was assessed through histopatholog-
ical examination of the liver and through the measure-
ment of liver function biomarkers. The undertaken his-
topathological examination demonstrated normal he-
patic architecture in both the normal and negative con-
trol groups, whereas the CCl4-treated (positive control) 
group exhibited marked hepatocellular degeneration, 
necrosis, inflammatory cell infiltration, and architec-
tural distortion. Pretreatment with NAC and Tephrosia 
purpurea extract significantly reduced the histological 
injury score when compared with that of the CCl4-
treated (positive control) group (p<0.001). The extract of 
Tephrosia purpurea exerted a dose-dependent improve-
ment, reducing the histological injury score by 45.3%, 
54.1%, and 88.8% at doses of 100, 200, and 400 mg/kg, 
respectively (p<0.001). The combination of NAC with 
the Tephrosia purpurea extract has produced the greatest 
hepatoprotective effect, reducing the histological injury 
score by 91.2% when compared with that of the CCl4-
treated (positive control) group (p<0.001). The under-
taken biochemical analysis demonstrated no significant 
differences between the normal and negative control 
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groups (p>0.05). In contrast, the CCl4-treated (positive 
control) group exhibited significant liver dysfunction, 
characterized by increased serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alka-
line phosphatase (ALP), and total bilirubin levels, 
along with decreased serum albumin and total protein 
concentrations (p<0.001). The NAC pretreatment signif-
icantly attenuated these alterations (p<0.001). Similarly, 
the administration of the Tephrosia purpurea extract im-
proved all biochemical parameters in a dose-dependent 
manner. At 400 mg/kg, the extract significantly reduced 
the serum ALT, AST, ALP, and total bilirubin levels by 
57.8%, 34.9%, 31.7%, and 82.0%, respectively, while it 
also significantly increased the albumin and total pro-
tein levels by 64.0% and 33.9%, respectively, compared 
with those of the CCl4-treated (positive control) group 
(all p<0.001). The combination of NAC with the Tephro-
sia purpurea extract exerted the strongest effect, signifi-
cantly reducing ALT, AST, ALP, and total bilirubin se-
rum levels by 65.2%, 38.5%, 35.1%, and 87.6%, respec-
tively, and significantly increasing the serum albumin 
and total protein levels by 81.5% and 40.7%, respective-
ly, compared with those of the CCl4-treated (positive 
control) group (all p<0.001). In conclusion, the Tephrosia 
purpurea extract can exert a significant, dose-dependent 
protection against CCl4-induced hepatotoxicity, as evi-
denced by marked improvements in rat liver histology 
and hepatic function markers. The co-administration of 
this extract with NAC can further enhance these effects 
and provide a greater preservation of hepatic structure 
and function than either treatment alone. 
 

Keywords 
 
CCl4; hepatoprotection; histopathology; NAC; Tephrosia 
purpurea 
 
Acknowledgements 
 
The authors would like to express their gratitude to the 
College of Pharmacy of the University of Babylon for 
its support, as well as their appreciation to Dr Ahmed 
Hussien Janabi (consultant anaesthesiologist; Baghdad 
Teaching Hospital) for his critical review of this study 
and his expert scientific guidance. 
 
Conflicts of interest statement 
 
None to declare. 
 
Affiliation(s) 
 
College of Pharmacy, University of Babylon, Hillah, 
Iraq (HIA) ▪ Department of Clinical Pharmacy, College 
of Pharmacy, University of Babylon, Hillah, Iraq (QJF) 
 
Correspondence  
 
Huda I. Al-Khafaji 
College of Pharmacy 
University of Babylon 
Hillah, Iraq 
pha842.huda.ismail@student.uobabylon.edu.iq  
 

 



 
 

Saleem M. H., Al-Azzawi S.: The impact of polymeric nanoparticle-based drug delivery systems in cancer therapy: 
a review. Colloq. Erud. 1: 85–86 (2026). 
https://doi.org/10.5281/zenodo.21531463 
 

This proceedings abstract is published in Colloquia Erudita – Volume 1: Proceedings of the 3rd International Babylon 
Conference on Clinical and Experimental Pharmacological Research (Hillah; June 29–30, 2026); a volume of proceedings 
edited by Rafal J. Al-Saigh, Argyro Kyriakaki, and Apostolos Zarros. 
 

This is an open-access proceedings abstract distributed under the terms of the Creative Commons Attribution 4.0 
International (CC BY 4.0) licence. 
https://creativecommons.org/licenses/by/4.0 
 

© 2026 The Author(s)    85 

COLLOQUIA ERUDITA 2026; 1: 85–86 

 
PROCEEDINGS ABSTRACT 
 

The impact of polymeric nanoparticle-based drug  
delivery systems in cancer therapy: a review 
 
Mays Hussein Saleem and Shafq Al-Azzawi 

 
Received: 13 April 2026; Revised: 10 June 2026; Accepted: 28 June 2026; Published: 24 July 2026 
 
Cancer remains one of the leading causes of morbidity 
and mortality, requiring the development of more ef-
fective and targeted therapeutic strategies. Given the 
fact that conventional chemotherapy is often associated 
with significant limitations (including poor selectivity, 
systemic toxicity, and nonoptimal pharmacokinetics), 
polymeric nanoparticle-based drug delivery systems 
are considered a promising approach to the enhance-
ment of the efficacy and safety of anticancer therapies. 
These nanocarriers offer unique physicochemical prop-
erties that enable improved drug solubility, prolonged 
circulation time, and controlled release behaviour. This 
review aims to provide an up-to-date overview of the 
classification, targeting mechanisms, drug-loading ap-
proaches, advantages, limitations, and future potential 
of polymeric nanoparticle-based drug delivery systems 
in cancer therapy. Polymeric nanoparticles are broadly 
classified based on their structure, origin, and func-
tionality. Structurally, they can be classified as nano-
spheres, nanocapsules, polymeric micelles, dendrimers, 
and nanogels. Nanospheres consist of a solid polymer 
matrix in which drugs are uniformly dispersed, where-
as nanocapsules possess a core–shell structure that al-
lows the encapsulation of therapeutic agents within a 
confined cavity. Polymeric micelles, formed from am-
phiphilic block copolymers, are particularly suitable for 
delivering hydrophobic anticancer drugs due to their 
core–shell architecture. Dendrimers, which are highly 
branched, tree-like macromolecules, provide multiple 

functional sites for drug attachment and surface func-
tionalization; to this end, targeting ligands such as an-
tibodies, peptides, folic acid, transferrin, aptamers, and 
small molecules are commonly used in order to en-
hance the selective binding to overexpressed receptors 
on cancer cells and to improve cellular uptake efficien-
cy. Finally, nanogels are cross-linked hydrophilic pol-
ymer networks capable of high drug loading and re-
sponsive release. Based on origin, polymeric nanoparti-
cles may derive from natural polymers such as chitosan 
and alginate, or synthetic polymers such as poly(lactic-
co-glycolic acid) (PLGA), polyethylene glycol (PEG), 
and polylactic acid. Functionally, polymeric nanoparti-
cles can be engineered in targeted, stimuli-responsive, 
or multifunctional systems. The mechanism of tumour 
targeting by polymeric nanoparticles involves passive 
and active processes. The passive targeting is primarily 
mediated through the enhanced permeability and re-
tention effect, where nanoparticles preferentially ac-
cumulate in tumour tissues due to leaky vasculature 
and impaired lymphatic drainage. Alternatively, active 
targeting is achieved through ligand-mediated interac-
tions with cancer cell receptors, followed by cellular 
uptake via endocytosis. The drug is then released intra-
cellularly in response to tumour-specific stimuli such 
as an acidic pH, enzymatic activity, or redox condi-
tions, thereby ensuring localized and controlled thera-
peutic action. Drug loading within polymeric nanopar-
ticles can be accomplished through several strategies, 
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including physical encapsulation within the polymer 
matrix, adsorption onto the nanoparticle’s surface, or 
chemical conjugation to the polymer’s backbone. Each 
method influences drug stability, release kinetics, as 
well as the overall therapeutic performance. Encapsula-
tion is known to protect the drug from premature deg-
radation, while conjugation enables more precise con-
trol over the release profiles. Advances in formulation 
techniques have enabled higher drug-loading efficien-
cies and have improved the nanoparticle systems’ sta-
bility. Overall, polymeric nanoparticle-based drug de-
livery systems, especially those based on PLGA and 
PEG, represent a versatile and powerful approach for 
improving cancer therapy. However, certain challenges 
related to large-scale manufacturing, biological varia-
bility, immune recognition, and clinical translation re-
main obstacles to their clinical applicability. 
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Achieving optimal glycaemic control is the cornerstone 
of effective type 2 diabetes mellitus (T2DM) manage-
ment, as it is strictly required so as to prevent devastat-
ing micro- and macrovascular complications. Despite 
the availability of diverse therapeutic options, a sub-
stantial proportion of patients consistently fails to meet 
their clinical targets, thereby highlighting a significant 
gap in care. This cross-sectional study has aimed at 
determining the prevalence of uncontrolled T2DM 
among Iraqi patients and at systematically investigat-
ing the multi-level determinants contributing to treat-
ment failure, by specifically focusing on lifestyle behav-
iours, prescribed drug regimens, and distinct barriers 
to medication adherence. The study took place between 
November 2025 and February 2026 across specialised 
diabetes management clinics, endocrinology consulta-
tion units, and primary healthcare centers located in 
the city of Hillah of the Babylon Governorate, in Iraq. 
Data were rigorously gathered through the use of a 
structured electronic questionnaire, supplemented by 
face-to-face interviews conducted during routine clini-
cal visits in order to ensure data accuracy. Our study 
enrolled 158 adult patients, with an age range spanning 
from 20 to 60 years, comprising a demographic distri-
bution of 51.9% women and 48.1% men. Strict inclusion 
criteria mandated that all participants possessed a con-
firmed, physician-documented T2DM diagnosis for a 

minimum duration of at least one year. The question-
naire of the study captured demographic data, anthro-
pometric measurements, specific dietary habits, daily 
physical activity levels, as well as detailed medication-
receiving histories. Based on the self-reported glycated 
haemoglobin (HbA1c) levels, participants were careful-
ly stratified into two comparative cohorts: a “controlled 
T2DM” group (in which HbA1c levels were <7%) and 
an “uncontrolled T2DM” group (in which HbA1c lev-
els were ≥7%). All collected data were subjected to rig-
orous statistical analysis utilizing the Chi-square test in 
order to determine statistical significance and to assess 
potential sex-based differences across all of the meas-
ured variables. Our analysis has revealed an alarming-
ly high prevalence of uncontrolled T2DM, negatively 
affecting 55.7% (N=88) of the total study population. 
Importantly, statistical evaluation confirmed no statisti-
cally significant variance regarding sex differences be-
tween the male and female cohorts in relation to their 
overall glycaemic control status. A detailed analysis of 
this uncontrolled patient cohort highlighted severe life-
style-associated deficiencies; more specifically, 89.8% of 
these patients reported complete physical inactivity, 
77.3% demonstrated persistent non-adherence to a low-
carbohydrate dietary plan, while 54.5% were clinically 
classified as “obese”. Moreover, the gathered clinical 
data exposed a substantial degree of clinical inertia that 
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was firmly embedded within the local healthcare deliv-
ery framework. Despite failing to meet therapeutic gly-
caemic targets, 44.3% of the uncontrolled T2DM pa-
tients were inexplicably maintained on a single-agent 
(monotherapy) plan, and 44% remained on their cur-
rently prescribed drug regimen for over 18 consecutive 
months without receiving any necessary treatment in-
tensification or dosage optimization. Notably, despite 
this observed clinical inertia, 64.7% of the uncontrolled 
T2DM patients expressed willingness to immediately 
initiate insulin therapy if explicitly recommended by 
their attending physician. Therapeutic non-compliance 
was conclusively identified in 35.3% of the poorly con-
trolled T2DM group, driven primarily by unintentional 
factors like forgetfulness (41.9%), alongside an inability 
to tolerate bothersome medication side effects (25.8%). 
In conclusion, our study suggests that suboptimal gly-
caemic control is highly prevalent among Iraqi patients 
with T2DM, driven by a complex interplay of physical 
inactivity, obesity, widespread clinical inertia, and med-
ication non-adherence, which necessitates immediate, 
collaborative multidisciplinary interventions involving 
physicians, clinical pharmacists, and dietitians in order 
to optimize treatment intensification and patient edu-
cation. 
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Optimizing antimicrobial treatment of bacterial–fungal 
coinfections remains a major clinical challenge due to 
the combined effects of the pathogen interaction and 
the host-related modifiers of drug activity. In particu-
lar, pharmacodynamic (PD) responses can be substan-
tially altered by physiological factors such as protein 
binding and cellular components of the host environ-
ment, which are often not adequately captured in con-
ventional in vitro models. This study was designed 
with the aim of quantitatively assessing how human 
albumin and platelets can influence the PD behaviour 
of combined antibacterial–antifungal therapies against 
Staphylococcus aureus and Candida albicans, using a dy-
namic in vitro pharmacokinetics / pharmacodynamics 
(PK/PD) model that simulates clinically relevant drug 
exposure. Such models have been shown to improve 
the translational prediction of antimicrobial efficacy [1]. 
Standard strains (S. aureus ATCC 25923 and C. albicans 
ATCC 90028), alone and in coinfection, were exposed to 
clinically relevant concentrations of antibacterial agents 
(vancomycin at 3 and 5 mg/L; clindamycin at 5 and 10 
mg/L) administered as combination therapies with an-
tifungal agents (caspofungin at 10 and 20 mg/L; am-
photericin B at 2.5 and 5 mg/L). Experiments were con-

ducted in the absence and presence of 2% human al-
bumin and / or 2% platelet-rich plasma so as to mimic 
physiological conditions. Subsequently, the antimicro-
bial activity was assessed through relative optical den-
sity measurements and expressed in growth inhibition 
scales, with PD parameters estimated using a sigmoid-
al maximum effects (Emax) model and the area under 
the curve (AUC). The exposure–response relationships 
were defined using the fAUC0–24/Cmax index, demon-
strating an excellent model fitting (mean R2 being ≈0.9) 
that is consistent with those of PK/PD analyses of an-
timicrobial combinations in previous studies [2]. Across 
all experimental conditions, combination therapies ex-
hibited a concentration-dependent antimicrobial activi-
ty with characteristic sigmoidal Emax profiles. Notably, 
quantitative analyses revealed consistent and signifi-
cantly augmented Emax values in the presence of host 
factors. Platelets markedly augmented the antimicrobi-
al activity across all regimens, which may be attributed 
to the platelets essentially acting as key innate immune 
cells that upon activation by microorganisms or in-
flammatory mediators, release antimicrobial peptides 
from their granules in order to kill pathogens. This ef-
fect was further influenced by albumin, while the high-
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est Emax values were consistently observed in conditions 
combining an exposure to both albumin and platelets 
(p<0.001), thereby supporting previous findings on the 
host-mediated modulation of antimicrobial activity [3]. 
Among the tested regimens, vancomycin plus caspo-
fungin demonstrated the highest intrinsic antimicrobial 
activity across mono- and coinfection models, achiev-
ing maximal Emax values. In contrast, vancomycin plus 
amphotericin B showed comparatively lower maximal 
activity, but maintained more stable PD responses 
across the assessed in vitro host conditions. On the oth-
er hand, the clindamycin-based combinations exhibited 
intermediate antimicrobial effects, but were significant-
ly influenced by the host-related factors. Finally, in the 
coinfection models, all combinations exhibited reduced 
PD activity when compared to single-organism condi-
tions, confirming the negative impact of polymicrobial 
interactions on treatment efficacy. Overall, this study 
suggests that while combination antimicrobial thera-
pies can enhance the antimicrobial activity against bac-
terial–fungal coinfections, host-related factors (namely, 
protein binding and platelet interactions) can substan-
tially influence the antimicrobial PD outcomes. These 
findings also underscore the importance of incorporat-
ing physiological conditions into the in vitro PK/PD 
models so as to improve the translational relevance of 
the generated data and to optimize therapeutic strate-
gies for polymicrobial infections. 
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Fluoroquinolones (including widely used agents such 
as ciprofloxacin, delafloxacin, levofloxacin, moxifloxa-
cin, and ofloxacin) represent an important tool of mod-
ern therapeutics. Due to their tissue penetration ability, 
favourable pharmacokinetic profiles, and bactericidal 
activities against a broad spectrum of Gram-positive 
and -negative pathogens, these antibiotics remain clini-
cally important for selected serious infections. Howev-
er, the historical perception of fluoroquinolones as hav-
ing benign safety profiles is now being challenged by a 
growing body of clinical evidence. Over the last dec-
ade, this shifting landscape has redirected medical fo-
cus toward a spectrum of severe (and often debilitat-
ing) neuropsychiatric adverse drug reactions, with 
global regulatory authorities (including the FDA) issu-
ing warnings in order to highlight the potential of this 
class of antibiotics for causing serious central nervous 
system (CNS) toxicities. Suicidal ideation and suicidal 
behaviour have been recognised by regulatory product 
information as rare potential outcomes of fluroquino-
lone-associated psychiatric reactions, although neither 
their frequency nor their period of risk can currently be 
quantified. This narrative review attempts to synthe-
size current clinical evidence, pharmacovigilance data, 
and the findings of mechanistic research in order to 
assess the intricate relationship between fluoroquin-
olones and the risk of severe neuropsychiatric adverse 
events [1]. We have, herein, placed particular emphasis 
on assessing the fluoroquinolone-associated risks of 

suicidal ideation as well as those of acute psychosis 
and major depression. Clinical evidence reveals a dis-
tressing pattern of rapid-onset psychiatric decompen-
sation, and several cases indicate that severe neuropsy-
chiatric symptoms can manifest even after a few doses 
of fluoroquinolones in patients with no prior history of 
psychiatric disease or identified psychological vulnera-
bilities. Case reports and some spontaneous-reporting 
analyses support a potential association between fluro-
quinolones and serious psychiatric reactions, including 
suicidal ideation; however, the findings from pharma-
covigilance and population-based studies are incon-
sistent, and the incidence and magnitude of any excess 
risk remain uncertain [2,3]. The reported symptoms 
exist on a broad and unpredictable continuum that 
ranges from insidious insomnia and mild anxiety to 
profound psychomotor agitation, vivid hallucinations, 
and suicidal behavior. Potential susceptibility factors 
described in the literature include advanced age, renal 
impairment, concomitant medicines, and pre-existing 
neuropsychiatric conditions; however, evidence identi-
fying reliable predictors of suicidal ideation remains 
limited. Proposed mechanisms include antagonism of 
gamma-aminobutyric acid-mediated inhibitory neuro-
transmission, altered excitatory neurotransmission in-
volving N-methyl-D-aspartate receptors, and oxidative 
or mitochondrial effects. However, the relative contri-
bution of these mechanisms to individual psychiatric 
reactions, particularly suicidal ideation, remains uncer-
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tain. Until future studies manage to identify genetic 
markers and / or biological signatures that can accu-
rately predict individual susceptibility to these rare but 
life-threatening fluoroquinolone-induced neuropsychi-
atric adverse events, clinicians will need to prioritize 
the identification of high-risk patient phenotypes and 
to exercise judicious prescribing practices for this class 
of antibiotics, particularly in the cases of uncomplicat-
ed infections for which alternative therapeutic options 
exist. Patients and caregivers should also be counselled 
to seek immediate medical advice if new or worsening 
psychiatric symptoms (including depression, psycho-
sis, or suicidal thoughts) occur, and treatment should 
be discontinued promptly when a serious psychiatric 
reaction develops. 
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