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_ ' Orlistat reduces dietary fat absorption, whereas PEG-coated
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PEG-SPIONs can augment orlistat’s metabolic effects in obesity remains
uncertain. Seventy adult male mice were allocated to five groups (n=14
each group): control (A), obese untreated (B), orlistat (C), PEG-SPIONs
(D), and orlistat+PEG-SPIONSs (E). Treatments were given orally; subsets
were sampled at 7 and 21 days. Fasting glucose, serum insulin, and leptin
were measured and the fasting glucose was higher in all experimental
groups than in controls (A), with the greatest elevation in obese mice (B).
PEG-SPIONs (D) and the combination (E) showed lower glucose than
obese mice (B), whereas orlistat alone (C) did not differ from B and was
statistically comparable to D and E. Insulin concentrations did not differ
among groups. For leptin, orlistat (C) and the combination (E) were higher
than control (A) and PEG-SPIONs (D); control (A) and obese (B) did not
differ, and B was comparable to C and E. PEG-SPIONs (D) were lower
than obese (B) and orlistat (C/E) for leptin. In this model, PEG-SPIONSs
produced clearer improvements in fasting glycemia and a more favorable
leptin profile than orlistat, without detectable changes in basal insulin.
Co-administration with orlistat improved glucose versus obesity but did
not surpass PEG-SPIONs alone and offered no advantage for leptin. These
findings prioritize PEG-SPIONSs as the main driver of benefit under the
present regimen and motivate dose duration optimization and direct
assessments of insulin sensitivity in future work.
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INTRODUCTION

Obesity  perturbs  whole-body  energy
homeostasis and drives metabolic derangements
that include insulin resistance, dysregulated
glucose handling, and altered adipokine signaling.
Expansion of white adipose depots elevates
circulating free fatty acids (FFAs), attenuating
insulin’santilipolyticaction and diminishing glucose

* Corresponding Author Email: aswan.abboodi@uomisan.edu.iq

uptake [1]. Oxidative stress further impairs insulin
signaling and amplifies these defects [2]. Leptin,
an adipocyte-derived hormone that links energy
stores to appetite and expenditure, typically rises
with adiposity, whereas central responsiveness to
leptin declines so-called leptin resistance owing in
part to limitations in transport and signaling at the
blood—brain barrier [3, 4].
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Orlistat, a gastrointestinal lipase inhibitor,
reduces dietary fat absorption and can mitigate
weight gain and improve indices of insulin
resistance and oxidative stress in rodent models
[5]. However, the magnitude of benefit varies with
dose, exposure time, and dietary background.
In  parallel, superparamagnetic iron-oxide
nanoparticles (SPIONs; Fe30,4) especially when
polyethylene-glycol (PEG)-coated to enhance
dispersion and biocompatibility have emerged
as a materials-driven strategy to influence
adiposity. Several studies indicate that iron-
oxide nanoparticles can promote browning
of white adipose tissue and augment brown
adipose activity, shifting energy balance away
from storage and improving glycemic control [6,
7]. At the nanoscale, surface chemistry critically
determines biointerface behavior PEGylation and
related surface modifications modulate protein
adsorption, cell material interactions, and colloidal
stability [8- 15]. A recent study shows that aligning
surface chemistry, microtopography, and release
kinetics with the local tissue milieu governs
adhesion, fouling, and therapeutic performance
principles that likewise motivate PEG-based
surface engineering of SPIONSs for stable dispersion
and a favorable biointerface [16- 18].

The broad biomedical footprintof nanomaterials
including antimicrobial applications of nanoparticle
effects within biofilms also highlights issues of
safety, delivery, and host interaction that are
relevant to metabolic uses [19- 22]. Findings from
biologically templated titanium nanoparticles

show that core composition and biosynthetic
route strongly shape antimicrobial potency and
biocompatibility principles directly relevant to
choosing PEG coatings and vehicles for SPIONs [9,
22, 23]. Experience from dental nanotechnology
shows that nanoparticle surface chemistry and
coating critically shape mucosal compatibility,
biofilm interactions, and functional performance
points directly relevant to PEG-SPION dispersion
and host response [24- 26]. Formulation work with
iron-oxide—based systems in other indications
further illustrates practical considerations for dose
and vehicle selection [27]. Concurrently, artificial
intelligence is accelerating nanomaterials research
supporting design, screening, and optimization
of nanosystems through data-driven models that
shorten iteration cycles and improve translatability
[28]. Regional deployments of machine learning
pipelines illustrate robust feature engineering
and validation workflows that can be adapted
for preclinical biomarker prediction and dose-
response modeling [29]. This can be applied in
many fields such as parasite epidemiology [30-32],
microorganisms’ molecular detection [33- 35] and
environment pollution [36- 40].

Despite these advances, direct head-to-
head evaluations of PEG-SPIONs versus orlistat
and tests of whether combining them vyields
additional metabolic benefit remain limited and
sometimes report divergent outcomes [6, 7].
Clarifying their relative and combined effects on
core metabolic readouts is therefore warranted.
Here, we assess the comparative and combined

Table 1. Fasting glucose (mg/dl), serum insulin (uU/ml), and leptin (ng/ml) in control and obese mice after treatment with orlistat,
PEG-coated superparamagnetic iron-oxide nanoparticles (SPIONs), or both.

Insulin Leptin
Groups Glucose (mg /dI
P (me /d) (uu/mi) (ng/mi)
ac
§ 2 42.509 +10.717
A (Control) 167.428 + 33.806 1.412 +0.483 =07 0.
ab
b 2 54.459 + 16.370
B (Obese mice) 288.428 +47.243 1.573 £0.531 ’ -
b
be a 56.460 + 16.463
C (Orlistat) 264.500 + 49.985 1.263+0.721 4oL 26,
(o} a C
D (Iron oxide) 236.071+ 32.638 1386 +0.576 33.764 + 11.670
c a b
E (Orlistat + Iron oxide) 238.285 + 26.733 1.476 +0.488 56.569 + 21.655

a, b, c: Means within a column sharing different superscripts differ significantly (P < 0.05).
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impacts of orlistat and PEG-coated SPIONs in an
obese male mouse model. We quantify fasting
glucose, serum insulin, and leptin after short-term
exposure to orlistat alone, PEG-SPIONs alone,
or co-administration, alongside obese and non-
obese controls. Our working premise was that
PEG-SPIONs would match or surpass orlistat with
respect to glycemic control and adipokine profile,
and that co-treatment might confer additive
effects. This design enables a direct appraisal of
two mechanistically distinct interventions fat-
absorption blockade versus nanoparticle-driven
thermogenic or adipose remodeling using clinically
relevant biochemical endpoints.

MATERIALS AND METHODS
Animal Ethics and Housing

Seventy adult male Swiss albino mice (20-25
g) were obtained from the Animal Husbandry
Unit, Biology Department, College of Science,
University of Misan. All procedures adhered to
institutional guidelines for animal care and use.
Mice were housed in standard plastic cages at 20-
25 °Cwith a 12 h light and 12 h dark cycle and had
ad libitum access to food and water. Animals were
acclimatized for one week before experimental
interventions.

Induction of Obesity

All mice, except the control group (A), were
fed a high-fat diet (HFD; 60 % kcal from fat) for
four weeks to induce obesity. Body weight and
food intake were measured weekly. Obesity was
confirmed when mice gained > 20 % of baseline
body weight.

Experimental Design

Once obesity was established, mice were
randomly assigned (n = 14 per group) into five
groups: Group A (Control): Standard diet + saline
(0.2 mL/d, oral), Group B (Obese): HFD + saline
(0.2 mL/d, oral), Group C (Orlistat): HFD + orlistat
(120 mg/kg/d in 0.2 mL saline, oral), Group D
(SPIONs): HFD + iron oxide nanoparticles (Fes30a;
dose proportional to body weight, in 0.2 mL
saline, oral) and Group E (Orlistat + SPIONs): HFD
+ orlistat (120 mg/kg/d) + FesO4 SPIONs (same
dose as Group D). Treatments were administered
once daily for 21 days. Seven mice per group were
sacrificed on day 7, and the remaining seven on
day 21 for biochemical analyses.

Reagents and dosing
Orlistat Capsules (Pharma International,
Jordan) were administered at 120 mg/kg/
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Fig. 1. Fasting blood glucoseacross the study groups.
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day in a daily oral volume of 0.2 ml. Iron-oxide
nanoparticles. Fes0; nanoparticles [PEG-coated,
if applicable] were obtained from US Research
Nanomaterials, Inc. Suspensions were prepared
and given once daily by oral gavage at a body-
weight—adjusted dose in a total volume of 0.2 ml.
Combination. Group E received both agents in the
same daily volume (0.2 mL), each at the doses
described above.

Blood Collection and Serum Preparation

At each time point (days 7 and 21), mice were
euthanized by chloroform inhalation. Cardiac
puncture was performed using a 3 mL syringe to
collect blood into gel-coated tubes. Samples were
allowed to clot at room temperature for 30 min,
then centrifuged at 3,000 rpm for 15 min. Serum
was aliquoted into pre-labeled Eppendorf tubes
and stored at =80 °C until analysis.

Biochemical assays

Serum glucose, insulin, and leptin were
quantified. Glucose was measured. Insulin and
leptin were determined by immunoassay using
the Cobas e 411 analyzer (Roche, Germany).

Statistical Analysis

Data were presented as Mean % standard
error (SE). Statistical comparisons among groups
were performed using one-way analysis of
variance (ANOVA), followed by Tukey’s multiple-
comparisons test. A P-value < 0.05 was considered
statistically significant. Allanalyses were conducted
using SPSS version 24.0 (IBM Corp., USA).

RESULTS AND DISCUSSION

The effects of orlistat, PEG-coated SPIONs,
and their combination on fasting glucose, serum
insulin, and leptin are presented in Table 1. Data
are mean * SD for each group: A (Control), B
(Obese mice), C (Orlistat), D (Iron oxide), and E
(Orlistat + Iron oxide). Within each analyte, values
that do not share a superscript letter are different
at P < 0.05; values that share at least one letter are
not different (P > 0.05).

Fasting glucose was elevated in all experimental
groups relative to controls (A: 167.428 + 33.806
mg/dl). Values were highest in obese untreated
mice (B: 288.428 * 47.243 mg/dl) and exceeded
those of the iron-oxide group (D: 236.071 + 32.638

Serum Insulin
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Fig. 2. Serum insulin levels across the study groups.
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mg/dl) and the combination group (E: 238.285 +
26.733 mg/dl) (P < 0.05). Orlistat alone (C: 264.500
+ 49.985 mg/dl) did not differ from B (P > 0.05)
and was statistically comparable to D and E (P >
0.05). Thus, B, C, D, and E were each higher than
A (P < 0.05), B was higher than D and E (P < 0.05),
and no differences were detected among C, D, and
E (P >0.05) (Fig. 1).

Serum insulin showed no between-group
differences (A: 1.412 + 0.483; B: 1.573 + 0.531; C:
1.263 + 0.721; D: 1.386 + 0.576; E: 1.476 + 0.488
pU/ml; all P > 0.05) as shown in Fig. 2.

Leptin concentrations were higherin the orlistat
(C: 56.460 % 16.463 ng/ml) and combination (E:
56.569 + 21.655 ng/ml) groups compared with
control (A: 42.509 + 10.717 ng/ml) and iron-oxide
alone (D:33.764+11.670 ng/ml) (P <0.05). Control
and obese untreated mice (B: 54.459 + 16.370 ng/
ml) did not differ (P > 0.05), nor did B vs C or B vs
E (P> 0.05), and A vs D was also not different (P >
0.05). Consistent with the grouping letters in the
table (A=ac,B=ab,C=b,D=c, E=b), B exceeded
D (P < 0.05), whereas C and E were comparable to
each other (P > 0.05) as shown in Fig. 3.

In the present model, fasting glucose was
higher in all experimental groups than in controls,
with the greatest elevation in obese untreated
mice. This pattern accords with prior reports

in obese male rodents [41]. The hyperglycemia
observed in obesity is well explained by insulin
resistance, in which adipose expansion increases
circulating free fatty acids (FFAs), blunting insulin’s
anti-lipolytic action and impairing whole-body
glucose disposal [1]. Obesity-associated oxidative
stress further disrupts insulin signaling, reinforcing
insulin resistance [2].

Despite these metabolic disturbances, insulin
concentrations did not differ among groups in our
study. This lack of divergence may reflect biological
variability, fasting conditions at sampling, and/
or limited duration of the interventions, even
though the literature frequently describes
hyperinsulinemia in obese models [1]. In other
words, the direction of effect in the literature is
consistent with insulin resistance, but our cohort
did not reach statistical separation.

Administration of orlistat reduced glucose
relative to obese controls only numerically (the B vs
C contrast was not significant), aligning with work
in rats and mice showingimprovementsin glycemia
and insulin action [42- 44]. Mechanistically,
orlistat can improve insulin sensitivity by lowering
fat mass [5, 45] and mitigating oxidative stress,
including through reduced LDL oxidation [46]. In
our dataset, these effects were modest within
the study window and did not translate into a

Serum Leptin

co
o
T

~
o
T

[«)]
o
T

(%}
(=]
T

IS
o
T

Leptin (ng/ml)

N w
o =]
T T

=
o
T

(=]

A (Control) B (Obese mice)

C (Orlistat)

E (Orlistat +
Iron oxide)

D (Iron oxide)

Different letters indicate groups that differ at P < 0.05.

Fig. 3. Serum leptin levels across the study groups.
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detectable change in insulin.

Treatment with iron-oxide nanoparticles
(IONPs) vyielded a clearer glycemic benefit:
glucose was significantly lower than in obese
mice, consistent with prior rat studies [6, 7].
Proposed mechanisms include promotion of
brown adipocyte biogenesis and activity, shifting
energy balance away from storage and thereby
improving glucose—insulin homeostasis [47- 50].
Notably, the glucose reduction with IONPs was
greater than with orlistat alone in our study similar
to Alsenousy et al. [7] but differing from Refaat et
al. [6]. Conversely, the insulin decreases favored
orlistat numerically over IONPs, paralleling Refaat
et al. (2024) [6] and Alsenousy et al. (2022), [7] yet
again without statistical separation in our data.

For the combination (orlistat + IONPs), we
observed improved glucose relative to obese
controls, but no superiority over IONPs alone.
Prior work in rats reported greater improvements
with the combination [6, 7]. The absence of
additivity here may relate to dosing, exposure
time, formulation, or route factors that can
influence the pharmacodynamic overlap between
fat-absorption blockade and thermogenic or
browning pathways.

Regarding leptin, obese mice showed a
higher mean than controls but the difference
was not statistically significant in our study. The
literature generally reports elevated leptin with
obesity in male mice [51], a response linked to
hyperinsulinemia and leptin resistance [3, 4, 52,
53]. Orlistat did not reduce leptin relative to obese
controls in our cohort, which may reflect the short
intervention, dose, or administration method [54,
55]. By contrast, IONPs lowered leptin compared
with obese and orlistat groups, consistent with
reports that IONPs suppress WAT expansion and
enhance BAT activity [6, 7]. The combination
failed to lower leptin versus obese controls and
was higher than IONPs alone, suggesting that,
under our conditions, the leptin-lowering signal
from IONPs was not preserved when paired with
orlistat.

CONCLUSION

In this obesity model, none of the interventions
restored fasting glycemia to control values.
Nevertheless, PEG-coated superparamagnetic
iron-oxide nanoparticles (IONPs) either alone
or combined with orlistat lowered glucose
relative to obese untreated mice, whereas
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orlistat monotherapy did not. Fasting insulin
was unchanged across groups, indicating
that the glycemic effects observed were not
accompanied by detectable shifts in basal insulin
concentrations over the study period. Leptin
responded divergently: IONPs alone produced
lower leptin than both control and orlistat groups,
while orlistat alone or with IONPs showed higher
leptin than control and IONPs, and did not differ
from obese animals. Taken together, these data
identify IONPs as the principal driver of metabolic
benefit in this design, with no clear additive
advantage from co-administration with orlistat
under the doses, route, and duration tested. The
findings suggest that IONPs may improve glycemic
control and adipokine profile through mechanisms
independent of fasting insulin, whereas orlistat’s
expected benefits were not realized within the
current regimen and may counter the leptin-
lowering signal. Future studies should optimize
dosing and exposure, extend treatment duration,
and incorporate direct indices of insulin sensitivity
(e.g., ITT/HOMA-IR), oxidative stress markers, and
adipose/browning readouts to define mechanism.
On present evidence, IONP monotherapy merits
priority for further development, and combination
therapy with orlistat should be revisited only after
pharmacologic optimization. As Al tools move
into biomedicine, parallel advances in healthcare
cybersecurity underscore the need for rigorous
data stewardship when integrating ML analytics
into preclinical pipelines.
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