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Abstract

Background: Insulin is available as an injectable drug and remains the mainstay of therapy. Researchers have attempted
to develop an oral formulation of insulin, particularly utilizing nanoparticles (NPs). Objective: To assess the efficacy and
safety of insulin-loaded D-a-Tocopherol polyethylene glycol succinate (TPGS)-emulsified PEG-capped PLGA NP in
comparison to insulin-loaded PLGA NP and subcutaneous (SC) insulin in an in vitro and in vivo diabetic rat model.
Methods: Two biocompatible and biodegradable NPs were used, in which 20 U/kg of recombinant human soluble insulin
was incorporated. NP1 was PLGA-loaded with human insulin, while NP2 was PLGA-PEG-TPGS-loaded with human
insulin. The physical characteristics of the NPs were examined in an in vitro and in vivo study on a hyperglycemic rat
model for a 24-hour duration. Results: For the first 3 hours, SC insulin showed a better reduction in serum glucose levels
(SG) compared to both NP1 and NP2. A smooth, sustained reduction in SG was observed and maintained till the end of
24 hours with both NPs. NP1 maintained SG reduction for 6 hours before experiencing an increase, while NP2
demonstrated superior sustained reduction in SG beyond the 12-hour evaluation period. Conclusions: PLGA-PEG-TPGS
NP can act as a potential carrier for oral insulin delivery and maintain good glycemic control for up to 24 hours.

Keywords: Drug delivery system, Hypoglycemic rats, Insulin nanoparticles, Polylactic acid-polyglycolic acid copolymer,
Polyethylene glycol-polylactide-polyethylene glycol.
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INTRODUCTION

Diabetes mellitus (DM) is a serious global health
concern. The reported prevalence of DM is on the rise
globally, according to recent research [1,2].
Approximately 1.4 million Iraqis suffer from DM [3],
and the prevalence of type 2 (T2DM) in Iraq ranges from
9% to 14% [3]. A study conducted in the city of Basra,
located in southern Iraq, with a sample size of over 5400
individuals revealed a 19.7% age-adjusted prevalence of
diabetes among participants aged 19 to 94 years. [4],
because of the increased burden of DM. There is
growing interest in examining the impact of diabetes and
its association with other conditions in DM Iraq patients
[5-8]. Current therapies for diabetes are directed
towards the substitution of insulin, delivered either by
non-oral mode like IV or SC, or using anti-
hyperglycemic drugs (orally [9, 10], IV, and SC
[11,12]). People with insulin-dependent DM (T1DM)
use insulin as the preferred pharmacological therapy to
control blood glucose levels [13]. Insulin delivered by a
controlled-release  system has faced significant
challenges because of its agglomeration and
precipitation. With a plasma half-life between 3 and 10
minutes for endogenous insulin and after-meal basal
insulin returning to normal after 2—4 hours [14], insulin
exhibits poor physicochemical characteristics. The
principal obstacles to unchanged insulin intake and
transportation into the circulatory system are lower pH
and protease degradation, which are further exacerbated
by its high molecular mass and hydrophilic character
[15,16]. Patients undergoing ongoing diabetes treatment
also prefer to administer insulin orally because it is
easier and more convenient. In this interest, polymeric
NPs, liposomes, and lipids have been developed and
studied as insulin transporters [17]. For controllable and
oral administration of protein and peptide medicines,
biodegradable polymer microspheres or NPs, have
shown promising results. In  comparison to
microspheres, nanoparticles (NPs) offer the advantage
of being capable of traversing the gastrointestinal (GI)
tract and being absorbed by the M cells located in
Peyer's patches, which serve as the primary gateway for
NP absorption [18]. Due to their capacity to contain and
transport pharmaceuticals in a regulated manner, PLGA
NPs were employed in nano-delivery systems in several
applications [19]. Nevertheless, it is crucial to
acknowledge that these NPs possess significant
limitations, including their selectiveness in dealing with
mucous surfaces [20]. On the other hand, the utilization
of poly(ethylene glycol) (PEG) is of significant
importance in the enhancement of colloidal system
stability inside biofluids and enabling them to transmit
across diverse mucosal membranes [21]. The observed
enhancement has been associated with the increased
stability of NPs and their enhanced ability to traverse
mucus barriers [22]. The current study aimed to assess
the insulin-loaded TPGS-emulsified PEG-capped
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PLGA NP in comparison to insulin-loaded PLGA NP
and SC Insulin in an in vitro and in vivo rat animal
model of diabetes and assess the physical characteristics
of synthesized NPs.

METHODS
Study design and settings

We randomly assigned a total of 40 male rats (adult
albino Wistar) weighing between 180 and 250 g to five
groups, with each group consisting of eight animals (40
rats in total). We recognized the rodents by the markings
on various body parts. The range in mean body weight
did not surpass 20%. Before the investigation, we kept
the rat in a temperature-controlled setting (22+2 °C)
with a reversed diurnal period (12/12 hours) and
habituated it for 14 days. Throughout the research,
potable water and conventional food were readily
accessible. To exclude the possibility of spontaneous
diabetes, we measured the SG level of the rodents before
administering STZ obtained from Sigma Chemicals Co.
in St. Louis, MO, USA, for induction purposes. For the
investigation, we chose rats with a normal SBG between
50 and 70 mg/dl [23]. Group | served as the negative
control and received distilled water (DW) orally. Group
Il acted as diabetic control rats without treatment for
DM (induced by IP STZ injection). We administered
human insulin SC at a dosage of 1 1U/kg body weight to
Group Il (positive control) DM rats [24]. Orally
administering 20 1U/kg of body weight of human insulin
coated with PLGA to Group IV DM rats and Group V
DM rats treated with PLGA-PEG-TPGS coated with 20
IU/kg of human insulin; all drugs and interventions for
all groups were administered once after 4 days of
induction by STZ, and evaluation was done for all
groups in the 24-hour interval following the
administration. For groups 1V and V, the appropriate
dried polymeric NPs were suspended in a sodium
carboxymethyl cellulose (NaCMC) solution containing
1 percent (w/v) NaCMC to create an oral preparation, as
this compound is considered a non-toxic, non-irritant
and biocompatible material, making it a suitable
medium to produce stable colloidal solutions with
bioadhesive properties.

Induction of diabetes in rats

The researchers induced diabetes in the rats by
acclimating them to their surroundings, subjecting them
to an overnight period of fasting, and administering a
single intraperitoneal (IP) injection of a newly
formulated solution containing STZ (60 mg/kg of body
weight) [25] in 0.1 M cold citrate buffer (pH 4.5). To
mitigate the risk of severe hypoglycemia resulting from
the excessive release of insulin generated by STZ
destruction of pancreatic cells, we provided the rats with
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a 5% glucose solution overnight. If the rodents' blood
glucose levels surpassed 250 mg/dl 72 hours after the
administration of STZ, they were classified as diabetic.
The administration of therapy for the experiment
commenced four days after the STZ injection, hence
designating this day as the day of the experiment [26].
Non-diabetic rats completed the identical procedures,
receiving distilled water (DW) orally. At the end of this
stage, animals that were not subjected to induction with
SBG levels ranging from 50 to 70 mg/dl were included
in the study.

Preparation of Polymeric NPs
Human insulin, PLGA-NP1

PLGA was purchased from Sigma-Aldrich®
[Resomer® RG 503 H, Poly(D, L-lactide-co-glycolide),
acid terminated, lactide: glycolide 50:50, MW 24,000—
38,000]. We employed the double emulsion method
mentioned in previous studies to prepare the designated
insulin-loaded PLGA NPs [27]. We combined 2 mL of
Huminsulin® (100 1U/mL, Novo Nordisk) and 3 mL of
PLGA (30 mg/mL) in dichloromethane to form a water-
in-oil (W/O) emulsion using a sonicator system
(Misonix Sonicator S-4000, Newtown, USA [35W]) in
an ice bath (about 0 degrees Celsius) for 3-5 minutes.
The researchers incorporated the resulting emulsion
within a PVA aqueous solution with a concentration of
0.5 mgl/l, serving as the secondary water phase, to create
a water-in-oil-in-water (W/O/W) double emulsion. We
evaporated the organic mixture while agitating it
beneath a fume hood at air pressure. We isolated the
concentrated NPs by subjecting the mixture to
centrifugation with a force of 20,424 g. Meticulous
washing with distilled water and collection of the
resulting supernatant came afterward [27].

Human insulin, PLGA, PEG, and TPGS — NP2

As explained by Malathi et al. [26], we made a solution
by mixing 50 mg of TPGS and about 100 mg of PLGA
copolymer, which has the same molar ratio as NP1. We
did this in 5 ml of acetone. The solution was sonicated
with a probe sonicator for 60 seconds, and it swirled
constantly at a temperature of 4°C. Subsequently, a
volume of 2 mL of Huminsulin® was introduced into
the solution with continuous agitation, followed by
sonication for an additional 60 seconds. The resulting
solution was maintained in an ice bath to create a water-
in-oil (W/O) emulsion. Further sonicating for 180
seconds was then done with 10 mL of an aqueous PEG
2000 (0.1 percent w/v) solution of a double emulsion
(W/O/W) and was constantly agitated for a 6-hour
duration for organic solvent elimination. The insulin
polylactic co-glycolic acid TBGS was subsequently
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produced after 15 minutes of centrifugation at 12000
rpm and 4°C.

Nanoparticle characterization

After the synthesis of the NPs, the characterization to
determine various properties was done, and the size and
particle distribution of the NPs were determined by
utilizing dynamic light scattering (DLS) and zeta
potential ({) using a zeta potential analyzer measured by
electrophoretic light scattering (ELS).

Determination of particle size

Particle size and distribution (mean diameter and
polydispersity index) were determined using a DLS
device, a NanoBrook 90Plus (Brookhaven Instruments
Corporation, USA). The measurements of mean particle
size and polydispersion index (PDI) were documented,
and all of these measurements were conducted in
triplicate.

Zeta potential

The { was assessed using a zeta potential analyzer
(Brookhaven NanoBrook ZetaPlus ®), which is
measured by ELS [28].

Determination of Encapsulation Efficiency (EE)

The indirect technique was utilized to evaluate EE%
[29]. Shortly, NPs were centrifuged at 20 krpm for 10
minutes, and the insulin concentration in the supernatant
was quantified utilizing a well-established high-
performance liquid chromatography (HPLC) method.
We measured the duration of insulin retention to be 7.9
+0.05 minutes with an injection volume of 30 pl. Insulin
had a maximum wavelength of detection (Amax) of 210
nm. A quantity of approximately 5 mg of NPs was
solubilized in 5 mL of acetone, utilizing vortex mixing
for 15 minutes. Subsequently, the mixture was subjected
to centrifugation (12 krpm at 4°C) for 10 minutes. We
conducted the spectrophotometric determination of the
concentration of insulin in the supernatant at a
wavelength of 210 nm using a Perkin-Elmer
spectrophotometer (model A35, Waltham, MA, USA)
[26].

In-vitro drug release from NPs

The in vitro release profile of the NPs was observed at a
temperature of 37°C in a medium consisting of
phosphate-buffered saline. At 210 nm, the amount of
insulin released was monitored spectrophotometrically,
and 24 hours of insulin release were seen with both NPs
[26].
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High-performance liquid chromatography (HPLC)

As described previously by Zhang et al. [30], the NPs
were isolated from the aqueous suspension medium
using ultracentrifugation at a speed of 40,000g and a
temperature of 10 °C for 30 minutes. Researchers
measured the quantity of free insulin in the clear
supernatant remaining after centrifugation using high-
performance liquid chromatography (HPLC) with an
HP1100 system manufactured by Angilent in the United
States. The experimental setup involved the utilization
of an HPLC system consisting of a pump and UV-V
detector. Insulin elution was performed using a Hypersil
ODS C18 column with dimensions of 200 x 4.6 mm, 5
pm. The mobile phase consisted of a combination of
water, acetonitrile, and trifluoroacetic acid in a ratio of
82:18:0.3. The flow rate of 1.0 ml/min was utilized in
the experiment, whereas the detection process was done
at a wavelength of 210 nm. We introduced 20 pl of the
transparent supernatant into the High-Performance
Liquid Chromatography (HPLC) apparatus. We then
recorded the insulin peak area and used a standard curve
to calculate the concentration of insulin.

Sample size and randomization

For sample size computation, the program G Power was
utilized [31], based on Cohen's principles [32]. We used
a table of random integers to construct the groupings at
random. We minimized misunderstanding by placing
the animals in labeled containers and giving them tail
tags [33].

QOutcome measures

During the research, we drew blood samples at regular
intervals (baseline, after 30 minutes, after 3 hours, after
12 hours, and after 24 hours) to study SBG levels
(ACCU-CHEK® performa) and serum insulin (ELISA
technique). We assessed the serum levels of aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), total cholesterol (TC), TG (triacyl glycerol, TG),
urea, and creatinine after the experiment. After
completing therapy, we starved all animals for 12 hours
and administered intraperitoneal anesthesia using 80
mg/kg of ketamine and 10 mg/kg of xylazine. After
complete anesthesia, all rats were euthanized using
exsanguination (cardiac puncture), a method appropriate
for tissue collection and preservation [34,35].

Biochemical analysis

The analysis of the biochemical parameters was done
employing specialized kits provided by BIOLABO
S.AS.®: cholesterol (CHOD PAP), triglycerides
(TRIGLYCERIDES GPO Method), ALT (ALT-TGP
Colorimetric Method), AST (AST-TGP Colorimetric
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Method), urea (UREA Colorimetric Method), and
creatinine (CREATININE Colorimetric Method). While
insulin levels (Rat Insulin, INS ELISA Kit, Sunlong®,
China) were measured based on the sandwich-ELISA
method,

Scanning Electron Microscopy (SEM)

The morphology of the surface was imaged by TESCAN
mira3, Czech Republic with a high resolution showing a
scale bar of 200-500 nm [26].

Ethical approval

The animal study protocol received approval from the
ethical committee of the College of Medicine at
Baghdad University (Approval code: PHA 03-5 on
2022-02-21).

Statistical analysis

All calculations were performed using "GraphPad Prism
version 10.0.0 for Windows, GraphPad Software,
Boston, Massachusetts, USA." One-way ANOVA was
used to compare distinct continuous groups (all
variables adhere to the normal distribution as
determined by the Anderson Darling test), a post hoc
Tukey test was performed to compare pairwise
comparisons, and an independent t-test was utilized for
the in vitro release research. P-values were two-tailed
and considered significant if they were less than 0.05.

RESULTS

Table 1 illustrates the physical characteristics of both
NPs; the particle size (PS) and PDI were significantly
higher in NP1 compared to NP2, and NP2 had
significantly higher zeta potential compared to NP1.

Table 1: Assessment of NP characteristics

. Zeta
P‘I’llay‘m‘fr sf;“(‘;i) potential  EE (%) PDI
(mV)
NP1 1978633 260459  569:2.5  0.370.02
NP2 1230443 68804 624553  0.26+0.02
pvalue <0001 0.005 0.179 0.003

Figure 1 illustrates SEM images for the synthesized
NPs. Throughout the experiment, the cumulative insulin
release (CIR) was significantly higher in NP2 compared
to NP1. NP2 showed a steady rate of insulin release,
while for NP1, it was accelerated in the first 6 hours and
started to decrease afterward, as demonstrated by Table
2. The SBG after 3 hours was not statistically significant
compared to group I, while for NP1, the maximum
reduction of SBG was achieved after 6 hours.
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(B) middle image NP2, (C) Right image NP1.

Table 2: Cumulative insulin release from different NPs.

Orally delivered insulin nanoparticles

However, it was significantly higher than that of normal
non-diabetic rats. NP2 achieved the maximum reduction
in SBG after 12 hours. However, it was significantly
higher than in non-diabetic rats, as illustrated by Table
3. The serum insulin levels after 3 hours were not
statistically significant compared to group |, while for
NP1, the maximum increase in serum insulin was
achieved after 6 hours, but it was significantly lower
than in normal non-diabetic rats.

Polymer 0.5 hr 3 hrs 6 hrs 12 hrs 24 hrs
Group IV 18.65+2.91 28.93+2.64 41.3542.00 43.73+£2.48 47.45+2.40
Group V 11.36+2.90 17.20+3.08 25.23+£2.51 38.46+1.71 43.64+1.14
p-value <0.001 <0.001 <0.001 <0.001 <0.001

NP2 achieved the maximum increase in serum insulin
after 1224 hours, and it was not significantly different
compared to non-diabetic rats, as illustrated by Table 4.
Table 5 gives details of changes in biochemical
parameters after the end of the experiment.

DISCUSSION

Researchers frequently use PLGA copolymers as an
insulin delivery system for oral administration [36]. The
absorption of polymer NPs is significantly influenced by
particle size. When compared to particles with a
diameter of >500 nm, NPs with a size of 100 nm have a
hundred times more intestinal absorption [37]. In the
present study, the PS for NP1 was 197.8 + 3.3 nm, and
for NP2, it was 123.0 £ 4.3 nm, and this difference was
statistically significant. This size reduction will enhance
the GIT absorption and delay the release, as shown in
previous studies [24, 30, 37], which was reflected by
enhanced systemic absorption for NPs practically for
NP2. Insulin release in vitro for NP1 was more rapid
compared to NP2, and as the experiment progressed, the
CIR for NP1 reduced. On the other hand, NP2 showed
steady insulin release since some of the insulin will be
localized on the surface of the NP and molecules with a
more negative charge (which is measured by zeta
potential) will adhere more to the surface of the NP.
Since the charge was more negative for NP1 compared
to NP1, as seen in Table 1, this explains the higher and
earlier burst of insulin released from NP1. The extent of
the decrease in insulin burst release [30] suggests that a
significant portion of insulin was enclosed inside the
formulation matrix. Table 1 shows that NP2 has a higher
EE% than NP1 in this regard. GIT is composed of
myocytes with a surface charge of around -50 mV; the
greater the negative surface charge of the NP, the more
difficult it is for the NP to traverse the GIT membranes.
PEG has a hydrophobic interaction with insulin, but it
forms many h-bonds. The peculiar structure of PEG
increases the protein's durability and maintains an
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aqueous coating that sustains the presence of water
molecules necessary for the protein to carry out its
biological function. TPGS exhibits strong emulsifying
properties, leading to increased solubility and
bioavailability. We tuned the analytical settings,
including  sonication  duration, sonication rate,
centrifugal time, and centrifugal speed, to yield NPs of
almost the same size in the series. The particle diameter
should be less than 500 nm to maximize interaction with
the intestinal mucosa and enhance insulin absorption via
the digestive system [38]. For the current investigation,
we administered two oral NP formulations to rats with
induced diabetes. It was observed that both NP
formulations exhibited efficacy in decreasing levels of
blood glucose. The NP1 hypoglycemic effect was
maintained for 6 hours, and then an increase in blood
glucose was seen, while the NP2 hypoglycemic effect
was maintained for 24 hours. In terms of initial blood
glucose reduction, for NP1, the maximum reduction was
around 40% after 6 hours, and after 24 hours, it reached
around 90% of the initial blood glucose, while for NP2,
after 12 hours, the blood glucose was reduced to 30% of
the initial blood glucose and slightly increased to 40%
of the initial blood glucose level. This indicates that NP2
has a longer duration of activity than both NP1 and SC-
soluble insulin (a maximum reduction of 20% after 3
hours and a 90% initial insulin level after 24 hours).
Several studies examined the effect of oral insulin NP
on blood glucose. In the Malathi et al. study, the authors
examined a molecule labeled with the name ISTPPLG,
which is much similar to the NP2 examined in the
current study except for the use of two concentrations of
PLGA (80/20 and 70/30), while in the current study it
was 50/50 PLGA and 20 1U/kg dose of insulin used.
Both NPs showed a significant reduction in blood
glucose levels, which peaked around 6 hours for 80/20
PLGA NP and 12 hours for 70/30 PLGA NP [26].
Whenever delivered orally, insulin degrades in the
stomach in the presence of proteolytic enzymes [39].
Enclosing insulin in a matrix-like structure can protect it
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from digestive enzymes. This would become possible by
coating insulin molecules in a matrix similar to the one
provided in NP2. Insulin coated with polyethylene
glycol (PEG) exhibits resistance to degradation by
digestive enzymes. The formulation exhibited
prolonged concentration in the small intestine and
extended availability in the circulation due to PEG
characteristics, including its mucoadhesive capacities
and soluble properties, as well as its capacity to prevent
protein aggregation. This led to delayed absorption.
PEG serves as a stabilizing agent for nanospheres, hence
enhancing the half-life and intestinal residence duration

Table 3: Assessment of fasting serum glucose

Orally delivered insulin nanoparticles

of insulin. Tobio et al. demonstrated that adding PEG as
a coating to 160 nm polylactic acid NPs (PLA NPs)
makes them even more resistant to the clumping and
breaking down processes caused by enzymes when they
are exposed to simulated gastrointestinal (GI) fluids
[40]. The observed reduction in glucose levels following
insulin oral delivery with several PLGA-based NPs
[41,42] is consistent with the efficiency of NP2 in
lowering the level of blood glucose in rats observed in
the present investigation [43]. Table 3 shows that NP2
effectively reduced blood glucose levels at a dosage of
20 IU/kg.

Groups Baseline 0.5 hr 3 hrs 6 hrs 12 hrs 24 hr

Group I 93.11+5.9* 97.89+8.53¢ 100.34+3.11¢ 96.01£7.16° 98.54+6.19° 100.33+8.17¢
Group 11 568.4+ 77.9° 538.91+40.24 575.43+42.77* 577.80+40.41* 569.43+60.99* 529.11+66.5"
Group 111 5624+ 57.2° 207.53+19.91¢ 122.85+13.07¢ 234.85+29.09° 477.10+42.02° 63.18%+525.86
Group IV 519.8+ 66.0° 326.94+39.64¢ 242.67+£32.99¢ 201.43+50.35° 330.68+44.61¢ 436.03+62.58°
Group V 515.8+ 61.3° 450.21+69.51° 333.66+59.43° 245.29+49.53° 162.24+31.99¢ 208.35+29.94¢
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values with identical superscripts are not significant difference (p>0.05) using One-way ANOVA and post hoc Tukey test.

The glucose-lowering impact of NP1 seemed to peak in
the sixth hour, whereas NP2 exhibited a regulated
maximum level between 12 and 24 hours. NP2 had a
greater hypoglycemic impact than NP1 in the present
experiment. The present study in both in vitro and in
vivo insulin release profiles revealed that in NP1, insulin
release was much accelerated during the first 6 hours,
while in NP2, it was at a steady state (in vitro study).
This was reflected in the in vivo insulin release with

Table 4: Assessment of fasting serum insulin

NP2, which increased serum insulin to a comparable
level to that of normal non-diabetic rats after 12-24
hours of administration, a state that was not achieved by
NP1 and only after 3 hours of SC insulin administration
(Table 4). NP2 effectively and long-lastingly lowers
blood sugar because they protect insulin from being
broken down by enzymes in the GI tract and have a PS
(123 4.3 nm) that makes it easier for insulin to be
absorbed in the gut.

Groups Baseline 0.5 hr 3 hrs 6 hrs 12 hrs 24 hr

Group I 3.19+0.12° 3.26+0.18" 3.1140.11° 3.31+0.118° 3.19+0.20° 3.20+0.19*
Group II 0.51+0.21° 0.41%0.13¢ 0.35+0.11¢ 0.45+0.12¢ 0.43+0.14¢ 0.3620.10¢
Group III 0.36+0.17° 1.76+0.18° 3.12+0.29° 0.52+0.15¢ 0.47+0.19¢ 0.58+0.11%
Group IV 0.59+0.14° 1.2740.35¢ 2.17+0.14° 1.48+0.46¢ 1.34+0.16° 0.7140.20¢
Group V 0.43+0.13° 0.95+0.19¢ 1.4940.22¢ 2.210.50° 3.04+£0.27° 2.9940.23°
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values with identical superscripts are not significant difference (p>0.05) using One-way ANOVA and post hoc Tukey test.

Due to its amphiphilic nature, the addition of PEG to the
surface of NP2 might give a high permeability
characteristic to the intestinal cell membrane [26]. It was
shown that the utilization of Hp55-coated capsules,
which contained insulin-loaded PLGA/RS (Eudragit®
RS, Evonik Industries, Essen, Germany) NPs, resulted
in a prolonged reduction in glucose levels in a rat model
with diabetes induced by STZ, according to Wu et al.
[44]. Comparably, Kumar et al. conducted a study
examining oral insulin delivery for the treatment of DM
employing PLGA-based NPs. The researchers observed
that the formulation in question had effectively reduced
the levels of blood glucose in diabetic rats induced by
STZ [45]. NP2 showed the most substantial decrease in
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triglycerides (TG) and TC levels upon completion of the
experiment, according to the lipid panel analysis (Table
5). While NP1 showed a similar effect on TG
comparable to that of SC insulin but a significantly
higher reduction on TC compared to SC insulin, diabetic
rats” serum TG and TC were significantly higher than
normal non-diabetic rats, much like earlier reports
[26,46]. In terms of liver and kidney effects, both NP1
and NP2 showed a non-significant difference in ALT
and AST, but NP1 showed a slightly higher level of ALT
and AST compared to a normal non-diabetic rate, while
NP2 showed a significant increase. For urea and
creatinine, both NP1 and NP2 showed higher levels
compared to normal non-diabetic rats.
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Table 5: Changes in the studied biochemical parameters

Orally delivered insulin nanoparticles

Groups Triglyceride Total cholesterol ALT AST Urea Creatinine
Group 1 131.65+16.69° 68.20+1.83¢ 49.59+8.04¢ 29.18+5.60¢ 33.3345.22° 0.51+0.08¢
Group II 530.90+19.96° 119.53+2.32¢ 124.28+21.70° 86.48+18.99° 100.39+16.76" 2.23+0.43
Group I1I 481.34+15.60° 109.50+2.90° 106.41+19.24% 67.0+18.99% 77.34+16.83 1.78+0.28"
Group IV 453.18+34.24° 89.65+3.10° 70.24+14.37¢ 41.85+3.14% 63.9+15.84° 1.620.18°
Group V 304.33+30.62¢ 74.16+3.88° 87.99+16.25% 58.62+10.72" 58.10+14.00 0.95+0.13¢
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values with identical superscripts are not significant difference (p>0.05) using One-way ANOVA and post hoc Tukey test.
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