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ARTICLE INFO ABSTRACT

Keywords: Polyethylene glycol-polylactic acid nanoparticles (PEG-PLA NPs)
PEG-PLA Nanoparticles represent a new generation of parenteral therapeutics systems.
Biodistribution Following administration, these NPs possess the potential to interact
Blood Kinetics with biological machinery. Therefore, it is essential to get a systematic
Oxidative Stress understanding of the biological fate of these NPs to evaluate their safety.
Hemocompatibility In the present study, two doses (20 and 40 mg/kg) of technetium-99m
Genotoxicity labeled PEG-PLA NPs were administered intravenous (i.v.) and oral
Histopathology into mice and the distribution was assessed at 1, 2, 4 and 24 h post

administration. Biodistribution and blood kinetic profiles revealed the
extended systemic circulation of the NPs. Dose-dependent presence of
NPs (p<0.05) was detected in the blood, liver, lung, spleen, and kidney
of i.v. injected mice, and also in the blood, lung, spleen, stomach, and
intestine of oral administered mice. The consequences of NP interaction
with the biological components were studied by measurement of
hematology, oxidative stress, genotoxic and histological parameters.
Significantly increased levels of oxidative stress markers such as
glutathione were observed in the liver, and spleen of i.v. injected mice
and liver, stomach, and intestine of orally treated mice. Decreased lipid
peroxidation levels (p<0.05) were observed in the liver of orally treated
mice versus untreated mice. Even though PEG-PLA NPs have been
shown to induce oxidative DNA damage, interestingly no histological
lesions were observed in selected organs except lung of i.v. treated
mice, which showed moderate vascular congestion. Such insights on in
vivo distribution and understanding of nano-bio interactions at
molecular and genetic levels are considered fundamental for the
designing of safer nanoparticles for biomedical applications.

1. Introduction

Design and exploration of a variety of engineered nanoparticles (NPs) such as polymers,
inorganic materials, hybrid composites etc. for diverse biomedical applications such as drug
carriers/therapeutic agents in disease therapy, magnetic resonance contrasts in diagnosis/imaging
etc. has improved considerably in recent years (Raffaele Conte et al., 2018). Currently,
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polymeric NPs are receiving greater attention in the field of tissue engineering in addition to
the aforementioned applications. These NPs were found to improve the regenerative
capabilities of biomaterials and thus have been explored as promising candidates in tissue
engineering (Pourhojat et al., 2018 & Teleanu et., al 2019). This is supported by the extensive
application of FDA-approved polymers such as polylactic acid (PLA) and its co-polymers in
skin tissue engineering (Saini et al., 2016). PLA has become “material of choice” in
biomedical field due to its biocompatibility, biodegradability, processability etc. Blending
PLA with other polymers such as polyethylene glycol (PEG) presents a convenient choice to
improve its properties or create novel properties for target applications (Aula et al., 2015)
wherein PEGylation enhances the stability of NP systems (Li et al., 2019). Among polymeric
nanotechnologies, PEG-PLA NP systems have been emerging as a revolutionary carrier
establishment of drug delivery, therapy and diagnosis. In these NPs, generally PLA forms the
core and PEG forms the corona, thereby protecting the NPs from aggregation. These NPs can
be used both by oral and by intravenous (i.v.) routes for drug delivery. The key function of
PEG in offering protection to the surface of PEG-PLA NPs is supported by an earlier study
wherein oral administration of these NPs in rats led to only 3% degradation (assessed by
formation of lactate) compared to 9% degradation with PLA NPs (Tobio et al., 2000).
Moreover, i.v. injected PEG-PLA NPs exhibit prolonged systemic circulation and thereby
enhance the half-life of the encapsulated therapeutic agents and their distribution to tissues
possessing leaky endothelium through enhanced permeability and retention (EPR) effect
(Bazile et al., 1995). The significant application of PEG-PLA NPs as carrier systems in
enhancing the delivery of active pharmaceutical ingredients to achieve improved therapeutic
response is also evident from several studies (Yu et al., 2010 & Li et al., 2014). Further
support is provided by the successful use of PEGylated long circulating nano-objects for
therapeutic applications. These include the commercialization of (i) PEGylated liposomal
doxorubicin (Doxil®/Caelyx®), (ii) PEG-PLA micellar formulation, Genexol-PM (an
anticancer agent paclitaxel loaded micelles) for the treatment of metastatic or recurrent breast
cancer, and locally advanced or metastatic non-small cell lung cancer as first-line therapy
(Reddy & Bazile., 2014b), while the docetaxel-loaded PEG-PLA NPs formulation, BIND-
014, intended for treatment of metastatic castration-resistant prostate cancer (mCRPC) is
currently in clinical testing (Autio et al., 2018). The efficacy of methoxy PEG-PLA NPs
(mPEG-PLA NPs) in safe and sustained release of recombinant human growth hormone
(rhGH) has been demonstrated in vitro (Ghasemi et al., 2019). The potential of
((S)-2-(3-((S)-5-amino-1-carboxypentyl) ureido) pentanedioic acid (ACUPA)-conjugated
PEG-PLA nanosystem containing galbanic acid and docetaxel in successfully targeting
prostate-specific membrane antigen (PSMA) in prostate cancer cell lines has paved the way
for its use as an effective carrier for various cancers with limited therapeutic efficacy
(Afsharzadeh et al., 2020).

Even though PEG-PLA NP systems possess several advantages for biomedical applications,
some adverse effects such as hypersensitivity, neuropathy, neutropenia, fatigue, anemia,
thrombocytopenia etc. are associated with their use (Reddy & Bazile., 2014b). The induction
of “Accelerated Blood Clearance (ABC)” phenomenon for PEGylated polymeric NPs has
been reported, however, information on other key factors such as influence of administration
route, dose, consequences of NPs interaction with the biological milieu etc. connected with
their applications are limited and need to be investigated when a new PEGylated NP system
is developed (Reddy et al., 2012). Hence, it is essential to attain a thorough knowledge on the
biodistribution of PEG-PLA NPs, their interaction with the biological components, the
resulting implications at the molecular and genetic levels to assess the NPs safety levels for
the intended application.
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In the present study, we have assessed the biodistribution pattern using two doses of
technetium-99m (**™Tc) labeled PEG-PLA NPs (20 and 40 mg/kg body weight) in mice,
following i.v. and oral routes of administration. Additionally, the effect of dose and
administration route on the toxicity factors such as, hematological, biochemical and
histological parameters were also assessed. The cellular and tissue responses in terms of
oxidative stress, DNA damage, in the organs experiencing high distribution of NPs based on
the biodistribution data were also investigated.

2. Materials and Methods

2.1. Materials

Monomethoxypoly (ethylene glycol)-b-poly (D,L-lactic acid) (mMPEG-PLA) copolymer was a
kind gift from Sanofi R&D, France (number average molecular weights [Mn] of PEG and
PLA are 5000 g/mol and 35,200 g/mol, respectively). Normal melting agarose (NMA),
Ethylenediaminetetraacetic acid (EDTA) disodium salt, sodium lauroyl sarcosinate, cysteine,
diethylene triamine pentaacetic acid (DTPA) and stannous chloride dihydrate (SnCl2.2H20)
were procured from Sigma Aldrich Corporation (St. Louis, MO 63103, USA). Ultra-low
gelling agarose was purchased from BDH Electran, BDH laboratory supplies (Poole,
England; 44415 2G). Propidium iodide (PI) and 4',6-diamidino-2-phenylindole (DAPI) were
obtained from Sigma Aldrich Chemicals Pvt Ltd (Bangalore, Karnataka, India). Boric acid
was purchased from Glaxo Laboratories Ltd (Mumbai, Maharashtra, India). Phosphate
buffered saline (Ca?*, Mg? free PBS), Trypan blue, 2-Thiobarbituric acid (TBA),
Trichloroacetic acid (TCA), Ellman’s reagent (DTNB reagent-5,5'-Dithiobis-[2-Nitro
Benzoic Acid]) were obtained from Himedia Pvt Ltd (Mumbai, Maharashtra, India). Sodium
pertechnetate (NaTcO4) freshly eluted from molybdenum-99 (**Mo) by solvent extraction,
was obtained from the Regional centre for Radiopharmaceutical division, Board of Radiation
and Isotope Technology (BRIT), Institute of Nuclear Medicine and Allied Sciences
(INMAS), Delhi, India. Instant thin layer chromatography sheets coated with silica gel
(ITLC-SG) were obtained from Gelman Sciences Inc., (Ann Arbor, MI). All other chemicals
used in the present study were obtained of analytical reagent grade.

2.2. Methods

2.2.1. Preparation of PEG-PLA NPs dispersion

PEG-PLA NPs dispersion was prepared from its copolymer by nanoprecipitation method.
Briefly, the organic phase prepared by dissolving copolymer in an organic solvent namely
acetone (5 mg/0.5 ml) was added drop-wise to the aqueous phase made by dissolving sodium
cholate (surfactant) in milli Q-water (1 mg/ml), under magnetic stirring leading to their co-
precipitation as nano-objects in the resulting solvent/water mixture. Acetone was then
removed by evaporation under reduced pressure (200 bar) at 37°C using rotavapor (Boeco
rotary evaporator RVO 400 SD, Germany) to obtain an organic solvent-free nanodispersion.

2.2.2. Physicochemical Characterization of PEG-PLA NPs

The morphology (size, shape) of PEG-PLA NPs was examined by transmission electron
microscopy (TEM). A drop of appropriately diluted NPs samples with double distilled water
were loaded onto the copper grid and allowed to dry at room temperature followed by
staining with 2% (weight) phosphotungstic acid. Then, they were examined under
transmission electron microscope (TECNAI-200 kV, FEI Netherlands) at an accelerating
voltage of 80 kV.

2.2.3. Radiolabeling of PEG-PLA NPs
PEG-PLA NPs were radiolabeled with ®™Tc by reduction with SnCl..2H,O as per the
previously reported methods (Richardson et al.,, 1977 & Reddy et al., 2005) and the
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parameters such as SnCl, concentration (25-150 pg), pH (5.0-8.0) and incubation time (0-40
min) required to achieve maximum labeling efficiency were optimized. Briefly, the NaTcO4
(~2 mCi) was reduced with 100 pg SnCl>.2H>O (prepared in 0.1N HCI) and the pH was
adjusted to 7.0 with 0.5M sodium bicarbonate solution. To it, PEG-PLA NPs dispersion (5
mg/ml) was added and incubated at room temperature for 20 min. The quality control was
performed as reported previously [16]. The labeling efficiency of *™Tc-PEG-PLA NPs
complex was determined using ITLC-SG sheets by ascending ITLC and was performed by
placing approximately 3 pl of labeled complex at 1 cm above the bottom of the ITLC-SG
strip and developed using acetone as the mobile phase. The solvent front was permitted to
arrive up to a height of 8 cms from the spotting. The strip was cut into two halves and the
radioactivity in each half was measured using a well-type gamma ray spectrometer
(CAPRAC-R, Capintec, NJ, USA). The free pertechnetate (TcO4’) migrates to the top part of
the ITLC-SG strip (Rt=0.9-1.0), leaving the reduced/hydrolyzed **™Tc along with the labeled
complex at the bottom. Usage of excess SnCl, for TcO4 reduction may lead to the formation
of undesirable radiocolloids. The colloid formation was determined in acetone:saline (0.9%
sodium chloride) (1:1) in which radiocolloids remained at the bottom of the strip, whereas,
both free TcO4 and the labeled complex migrated with the solvent front. The net amount of
9MTc-PEG-PLA NP complex was calculated by subtracting the migration with the solvent
front using acetone, from that using acetone:saline.

2.2.4. Stability study of the ®™Tc¢ -PEG-PLA NPs complex

2.2.4.1. Stability of labeled complex in serum

Determining the stability of labeled complex in serum in vitro is an important factor because
the serum contains proteins which may chelate and bind to *™Tc, disturbing the stability of
labeled complexes. Thus, the stability of labeled complexes post-administration into the body
is supported by their stability in serum. The stability of ®™Tc-PEG-PLA NPs complex was
determined in human serum and also in physiological saline by ascending ITLC. 0.3 ml of
labeled complex was incubated with 0.6 ml of freshly collected human serum and saline
separately at 37°C. The stability was determined based on the changes in labeling efficiency
by subjecting the samples to ITLC at different intervals up to 24 h and analyzing the
chromatograms in gamma ray spectrometer.

2.2.4.2. Stability of labeled complex in presence of DTPA and cysteine

In vitro stability of ®*"Tc-PEG-PLA NPs complex with chelating agents such as DTPA and
cysteine was performed as reported previously (Reddy et al., 2005). Briefly, 0.5 ml of labeled
complex was incubated with freshly prepared solutions of DTPA and cysteine (10, 25, 50, 75
and 100 mM in saline) for 1 h at 37°C. 0.5 ml of saline served as control. The effect of DTPA
on the labeling efficiency of complexes was measured on ITLC-SG strips using acetone as
mobile phase, which allowed the movement of free TcO4 and **™Tc-DTPA complex (Rs=0.8-
1.0) to the top of strip, whereas **"Tc-PEG-PLA NPs complex remained at the spotting
(Re=0). For cysteine 0.1M PBS (pH 7.4) was used as the mobile phase. Free TcO4 and *™Tc-
cysteine complex migrated with the solvent front whereas the labeled complex remained at
the origin.

2.2.5. Animals and treatment

All animal handling procedures and experiments were carried out as per the regulations of
Institutional Animal Ethics Committee (IAEC), Institute of Nuclear Medicine and Allied
Sciences (INMAS), Delhi with their formal consent for using the animals. Male Swiss albino
mice (~6-weeks old, 27+3 g) were obtained from INMAS Animal house central facility and
housed under standard conditions (temperature 23+£2°C, relative humidity 55+5% and 12 h
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light/dark cycle). They had free access to water but deprived of food overnight prior to the
treatment. The NP doses were administered in fasting state to avoid possible food effect on
absorption of NPs from gastrointestinal tract (GIT).

2.2.6. Blood Kinetics

Blood kinetics of ®™Tc-PEG-PLA NPs complex was studied in Sprague Dawley rats
weighing about 250-300 gm. ~0.15 mCi of the labeled complex was injected i.v. through tail
vein, and blood was collected from the retro-orbital plexus of eye at different time intervals
such as 0.01, 0.05, 0.5, 1, 2, 4 and 24 h, and measured the radioactivity per gram of blood by
assuming the total blood as 7.3% of the total body weight.

2.2.7. Biodistribution study

Mice were treated with ®MTc-PEG-PLA NPs complex separately at 20 mg/kg and 40 mg/kg
body weight i.v. and by oral route, and the biodistribution study was performed at 1, 2, 4 and
24 h post-injection. At these time intervals, blood was collected by cardiac puncture, mice
were sacrificed and the organs were isolated. The organs were blotted with tissue paper to
remove adhered blood, weighed, and the radioactivity was measured using gamma ray
spectrometer. The radioactivity was interpreted as percent injected dose (% ID) per gram of
organ/ tissue. To correct for physical decay of radioactive material and to calculate the uptake
of radiolabeled complex in each organ as a fraction of the injected dose, aliquots of the
labeled complex containing 2% of the ID, were counted concurrently at each time point.

2.2.8. Gamma scintigraphy

The biodistribution pattern of *®®*"Tc-PEG-PLA NPs complex in rat was recorded with single
photon emission computed tomography (SPECT, LC 75-005, Diacam, USA) gamma camera
following i.v. injection of 0.1 mCi of the labeled moiety. At 4 h and 24 h post injection, the
mice were anesthetized by i.v. injection of KETAMAX*50, fixed on animal fixing tray board
and imaging was performed at these time intervals using SPECT gamma camera.

For determination of hematological and serum biochemical parameters, measurement of
oxidative stress, genotoxicity and histopathological alterations, unlabeled PEG-PLA NPs (40
mg/kg dose) were administered into mice through i.v. and oral routes. Mice treated with
water were used as control (untreated). After 72 h, the animals were anesthetized, blood was
collected by cardiac puncture and used for hematology and serum biochemistry assays. The
mice were sacrificed, the organs were isolated and used for experiments.

2.2.9. Hemocompatibility

The whole blood collected from mice was mixed with disodium EDTA and analyzed for
hematological parameters such as Red blood cell (RBC) count, Hemoglobin (Hgb),
Hematocrit (HCT), Mean corpuscular volume (MCV), Mean corpuscular Hgb (MCH), Mean
corpuscular Hgb concentration (MCHC), Red cell distribution width (RDW), White blood
cell (WBC) count, Platelet count, Mean platelet volume (MPV), Plateletcrit (PCT) using
Automated Hematology Analyzer (CELLTAC o NIHON KOHDEN, MEK-6450K, Japan).
Serum obtained by centrifugation of whole blood at 2500 rpm for 15 min was used for
estimation of biochemical parameters such as serum glutamate oxaloacetate transaminase
(SGOT), serum glutamate pyruvate transaminase (SGPT), creatinine, bilirubin and urea by a
fully Automated Biochemistry Analyzer (Roche, Hitachi 902, Manheim, Germany). Standard
controls were run before each assay.

2.2.10. Oxidative stress
Markers of oxidative stress such as lipid peroxidation and glutathione levels were assessed in
mice administered with PEG-PLA NPs through i.v and oral routes.
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2.2.10.1. Lipid Peroxidation (LPO) assay

LPO in the liver, spleen, kidney tissues of mice untreated and treated i.v.; liver, stomach,
intestine of untreated and mice administered with PEG-PLA NPs orally was assessed using
TBA method as described by Laughton et al., 1989. A 10% (w/v) homogenate of tissues were
prepared in 0.1 M ice cold PBS (pH 7.4) by homogenization using hand-held homogenizer
(IKA T10, Germany). 600 ul of tissue homogenate was incubated with 100 pl of TCA (10%
wi/v) at 37°C for 1 h and centrifuged at 1000xg in a refrigerated centrifuge (Combi 514R,
Hanil, South Korea) for 10 min at room temperature. To the supernatant, 100 ul of TBA
(0.67% wi/v in 0.025M NaOH) was added and incubated at 80°C for 30 min. The absorbance
of the resultant pink coloured TBA-Malondialdehyde (MDA) complex was measured at 535
nm using Genb software (Powerwave XS2, Biotek, USA). The degree of LPO was expressed
as micromoles (uM) of MDA/mg of protein. Total protein content in the supernatants
obtained by centrifugation of tissue homogenates was estimated by Bradford’s method.

2.2.10.2. Total Glutathione (GSH) measurement

GSH levels in the tissue samples of liver, spleen, kidney of untreated and mice injected i.v.,
liver, stomach, intestine of untreated and mice orally administered with PLA-PEG NPs were
estimated using Ellman’s reagent as described by Beutler et al., 1963. Tissue homogenates
prepared in section 2.2.10.1 were centrifuged at 8,000xg for 10 min at 4°C. The supernatants
obtained were treated with precipitating reagent (in 1:2 ratio) containing metaphosphoric
acid, disodium EDTA and sodium chloride and then centrifuged at 2500xg for 10 min. 200 pl
of supernatant was mixed with 650 pl disodium hydrogen phosphate (NaxHPOs) buffer
(0.3M) and 150 pl Ellman’s reagent and measured the absorbance of yellow color developed
at 412 nm. Blank without sample was prepared similarly and absorbance was recorded at 412
nm.

2.2.11. Genotoxicity
The genotoxic potential of PEG-PLA NPs was assessed by comet assay and micronuclei
(MN) assay.

2.2.11.1. Single cell gel electrophoresis assay (Comet assay)

Liver, spleen, kidney tissues of untreated and mice injected i.v., liver, stomach, intestine of
untreated and mice treated orally with PLA-PEG NPs were minced and single cell
suspensions were prepared in 0.1M chilled PBS. Viability of the single cells was checked as
per the guidelines of Tice et al., 2000. Single cells isolated from all the organs were diluted
with PBS and viability was checked with 0.4% trypan blue dye. The cells with intact cell
membrane excluded the dye considered as viable and were counted using hemocytometer
under inverted phase contrast microscope (CKX 31, Olympus corporation, Japan). Comet
assay was performed as described previously by Khaitan et al., 2006. Briefly, a cell
suspension containing approximately 10,000 cells mixed with pre-warmed 0.75% ultra-low
gelling agarose was layered onto microscopic slides pre-coated with 0.1% NMA and
incubated at 4°C for 10 min. Lysis was performed by placing the slides in neutral lysis buffer
(2.5% sodium dodecyl sulfate, 1% SLS, 25 mM EDTA,; pH 9.5) for 15 min at 25-30°C.
Slides were then washed in distilled water for 5 min and electrophoresis was performed at
2V/cm (400 mA) for 5 min at 10°C in electrophoresis buffer (90 mM Tris base, 90 mM Boric
acid, 2.5 mM EDTA; pH 8.4). Slides were rinsed again in distilled water for 5 min, air dried
at 45°C on a hot plate and stored in a cool humid box until use. Following rehydration in
distilled water, comets were stained with PI (50 pg/ml in PBS) and images were acquired in
fluorescence microscope (BX60, Olympus, Japan) with appropriate fluorescence filter (WG;
Olympus) using FA87 monochrome CCD camera (Grunding, Germany) and Optimas Image
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Analysis Software (Optimas USA,; version 5.2). The comet parameters such as olive tail
moment (OTM) and %Tail DNA were recorded to measure DNA damage in the cells.
Analysis of DNA distribution in the comets was performed using Komet 5.5 software,
Kinetic imaging, USA.

2.2.11.2. Micronuclei (MN) assay

MN assay of liver, spleen, and kidney tissues isolated from untreated and mice treated i.v.,
liver, stomach, intestine of untreated and mice treated orally with PEG-PLA NPs was
performed as described previously (Khaitan et al., 2006) using DAPI method. Air-dried slides
containing methanol:acetic acid (3:1 v/v) fixed cells of the tissues were stained with a DNA
specific fluorochrome DAPI (3 pg/ml). Slides were then examined under fluorescence
microscope using UV excitation filter and fluorescing nuclei were visualized under blue
emission filter. Cells containing MN were counted from >1000 binucleated cells by
employing the criteria of Countryman & Heddle., 1976. The fraction of cells containing MN
(M-fraction %) was calculated as follows:

M-fraction %= Nm/Nt X100, where Nm is the number of cells containing micronuclei and Nt
is the total number of cells analyzed.

2.2.12. Histopathological studies

The tissues namely liver, spleen, kidney and lung isolated from untreated and mice i.v.
injected with PEG-PLA NPs, stomach and intestine isolated from untreated and mice orally
administered with PEG-PLA NPs were fixed in 10% formalin for 48 h at room temperature.
Dehydration of tissues using different concentrations of alcohol (70%, 80%, 95% and 100%)
and the subsequent removal of the dehydrating agent by xylene were carried out using
Automatic Tissue Processor (Spencers, Model No. 1040-STP-004). The dehydrated tissues
were then embedded in paraffin blocks in Tissue Embedding System (Spencers, Model No.
3080-STE-004), which were then sliced into 5 um thick sections using microtome blade and
subsequently placed onto clean glass slides. Following hematoxylin-eosin (H&E) staining,
the slides were examined by light microscopy for histopathological changes.

2.2.13. Statistical analysis

Data represents mean and standard error of the mean (SEM) from seven biological replicates
for each group of experimental mice. The data were analyzed by means of Student’s t-test
and one-way analysis of variance (ANOVA) with Dunnett’s test wherever applicable to
determine the significant difference between treated and untreated groups using Graph pad
prism 6.05 (Graph pad software, Inc., La Jolla, CA, USA). P value less than 0.05 (p<0.05)
was considered statistically significant in all the cases.

3. Results and Discussion

PEG-PLA NPs are one of the promising candidates for drug delivery by i.v. (e.g. small
therapeutic molecules) (Autio et al., 2018) and oral routes (e.g. peptides) (Pridgen et al.,
2013) due to their biocompatibility and their ability to exhibit longer systemic half-life after
i.v. injection. When administered through oral route, these NPs were shown to protect the
encapsulated drug payload from the aggressive gastro-intestinal environment (Tobio et al.,
2000). This study demonstrated the biodistribution pattern of PEG-PLA NPs following i.v.
and oral routes of administration in mice and also the influence of administration route on
induction of oxidative stress, DNA damage, hematological and histopathological effects of
PEG-PLA NPs.
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3.1. Characterization of PEG-PLA NPs
TEM highlighted the spherical morphology of PEG-PLA NPs as shown in Figure 1. The size
of NPs obtained was 100-150 nm.

100 nm

Figure 1. Transmission electron microscopy (TEM) image of PEG-PLA NPs

3.2. Radiolabeling and in vitro stability studies

Radiolabeling experiments revealed that PEG-PLA NPs were labeled with %*™Tc with
maximum labeling efficiency. The SnCl> concentration above the optimum leads to
undesirable colloids formation which distribute widely to the RES organs due to the uptake
by macrophages, whereas the concentration of SnCl> below the optimum results in poor
labeling efficiency due to the partial reduction of TcO4 from its heptavalent oxidation state
(Reddy et al., 2005). Thus, the concentration of SnCl, used for the reduction of TcO4 played
a key role in the labeling procedure. Hence, studies were carried out using different
concentrations of SnCl to optimize maximum labeling efficiency (Table 1(a)). The effect of
pH and incubation time on labeling efficiency is shown in Table 1 ((b) and (c)). The optimal
concentration of SnCl, that resulted in maximum labeling efficiency and low quantity of
radiocolloids was 100 pg at pH 7.0 and incubation period of 20 min.

g)lblﬁ‘lténce of SnCl, concentration on labeling efficiency of PEG-PLA NPs
SnCl2.2H20 (ug) % Labeled % Colloids % Free
25 81.57+£1.10 0.19+0.018 18.24+1.08
50 89.0+1.15 0.27+0.01 10.73+1.16
75 93.13+0.46 0.38+0.005 6.49+0.47
100 99.57+0.06 0.40+0.05 0.03+0.008
150 95.10+0.94 4.49+0.92 0.41+0.1

(b) Effect of pH on labeling efficiency of PEG-PLA NPs

pH % Radiolabeled
5 92.3+0.88

5.5 94.3+0.88

6 97.3+0.66

6.5 97.7+0.39

7 99.5+0.11

7.5 95.8+0.44

8 93+1.15
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(c) Effect of incubation period on labeling efficiency of PEG-PLA NPs
Incubation time

% Radiolabeled

(min)
0 57.3x1.45
5 73.3+3.75
10 78.3+2.6
15 94+1.15
20 99.5+0.12
30 95.3+0.88
40 91+1.15

Determination of stability of the labeled complex in serum is an important factor, which
promises the integrity of the labeled complex in presence of serum components. In vitro
stability data of ®*™Tc-PEG-PLA NP complex in serum and saline shown in Table 2 revealed
that approximately 98% labeling efficiency was retained in serum and physiological saline
even at 24 h time point. The labeled PEG-PLA NPs were found to be highly stable in serum
and also in physiological saline as signified by their greater labeling efficiency.

Table 2.
Stability of “"Tc-PEG-PLA NPs complex in serum and saline
% Radiolabeling

Time (h) In Human Serum In Saline
0 99.4+0.17 99.1+0.17
0.5 99.2+0.17 99+0.17
1 99+0.14 98.9+0.1
2 99+0.11 98.7+0.4
4 99+0.17 98.5+0.28
6 99+0.31 98.2+0.08
24 98.6+0.31 98.2+0.4

The stability of the labeled complex in presence of DTPA and cysteine was assessed to
evaluate whether the labeling efficiency is altered in the presence of these transchelating
agents. These agents exhibit high affinity for °™Tc, and hence cause transchelation on
incubation with labeled complex resulting in reduced labeling. Low level of transchelation of
the labeled complex indicate their in vitro stability. Transchelation studies with DTPA and
cysteine revealed that the labeling efficiency was not changed much in the presence of these
transchelating agents (Figure 2). Even at 100 mM concentration of these agents,
transchelation was found to be less than 8%, supporting the stability of labeled complex in
vitro.

PEG-PLA NPs possess two binding sites on PLA moiety for ®™Tc, namely oxygen atom of
carboxyl group and oxygen atom of hydroxyl group, which can participate in coordination.
Possibly, two molecules of PEG-PLA NPs bind with **™Tc to form stable complexes as
shown in Figure 3.
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Figure 2. Stability of ®™Tc-PEG-PLA NPs complex in presence of transchelating agents.
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Figure 3. Structure of ®"Tc-PEG-PLA NPs complex

3.3. Blood kinetics

Blood kinetics of ®™Tc-PEG-PLA NPs complex following i.v. injection in rat is shown in
Figure 4. It is evident that NP clearance was low initially up to 0.25 h and increased
significantly after 0.5 h. At 1 h post-injection, 33% ID was detected in blood. Even at 24 h,
8% ID was recovered, indicating the prolonged systemic circulation of PEG-PLA NPs.

27



European Journal of Engineering Science and Technology, 3 (2):18-40,2020

% ID per gram of blood

T T 1
o 10 20 30
Time (h)

Figure 4. Blood kinetic profile of i.v. injected ®™Tc-PEG-PLA NPs complex in rat. 2Significant % ID difference
compared to 0.01 h; PSignificant % ID difference compared to 0.05 h; °Significant % ID difference compared to
0.25 h; 9Significant % ID difference compared to 0.5 h; ®Significant % 1D difference compared to 1 h;
fSignificant % ID difference compared to 2 h. p<0.05 was considered statistically significant in all the cases

3.4. Biodistribution studies

Biodistribution studies of ®"Tc-PEG-PLA NPs complex were performed in mice at 1, 2, 4
and 24 h time points following i.v. injection and oral administration. Biodistribution pattern
of i.v. injected NPs in blood and the organs of reticuloendothelial system (RES) such as liver,
spleen, lung and kidney is shown in Figure 5 and Table 3.

The biological fate of *™Tc-PEG-PLA NPs complex was different following i.v. and oral
routes of administrations. After i.v. injection, higher concentrations of NPs were found in
blood followed by liver, kidney, lung and spleen. At different time points tested, significantly
higher radioactivity was observed in blood of 40 mg/kg body weight injected mice compared
to 20 mg/kg body weight at 1, 2 and 4 h time intervals. Even though radioactivity in blood
decreased significantly at 24 h, 5.43% and 7.33% ID was detected at 24 h post injection in 20
and 40 mg/Kg doses treated mice. The dose dependent distribution of NPs was considerably
higher in liver than in spleen at all the time points tested. A significant dose-dependent
distribution of radiolabeled NPs was observed in spleen at all-time points. The higher
concentration of NPs detected in blood compared to RES organs at different time points
could be due to the reduced macrophage uptake of these NPs (as PEG coating dramatically
enhances the plasma half-life of PEG-PLA NPs) (Verrecchia et al., 1995). Moreover, a dose-
dependent distribution of NPs was found in blood and also in RES organs. NP distribution
was found to reduce with time in the organs of RES such as liver, spleen and kidney.

Uptake of radiolabeled NPs by lungs slightly increased from 1 to 4 h post-injection but
decreased at 24 h post injection. However, significantly higher concentrations of NPs were
observed in the lungs of mice injected with 40 mg/kg body weight compared to 20 mg/kg
body weight at all the time points. indicating the rapid distribution of NPs from blood to the
lung. Radioactivity in kidney decreased gradually and the dose-dependent % ID difference
was significant at 1 h and 2 h time intervals. Low radioactivity in the stomach and intestine of
mice injected i.v. with radiolabeled NPs supports the in vivo stability of the labeled complex.
A high radioactivity in these organs may have indicated a dissociation of the label and
consequent accumulation of free technetium in these organs. The increased radioactivity in
brain at 24 h post injection in 20 and 40 mg/kg body weight treated mice indicated a
progressive distribution of NPs to this organ.
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40 1

1 h 20 mg/kg
1 h 40 mg/kg
2 h 20 mg/kg
2 h 40 mg/kg
4 h 20 mg/kg
4 h 40 mg/kg
24 h 20 mg/kg
24 h 40 mg/kg

% ID per gram of organ or tissue

Q}\‘P

Name of the organ

Figure 5. Biodistribution profile of i.v. injected *™Tc-PEG-PLA NPs complex into mice. *Significant % ID difference compared to 20 mg/kg body weight.
aSignificant % ID difference between 1 h and 2 h; Significant % ID difference between 1 h and 4 h; °Significant % ID difference between 1 h and 24 h;
dSignificant % ID difference between 2 h and 4 h; ®Significant % ID difference between 2 h and 24 h; Significant % ID difference between 4 h and 24 h. p<0.05

was considered statistically significant in all the cases.

29



European Journal of Engineering Science and Technology, 3 (2):18-40,2020

Table 3.
Biodistribution pattern of i.v. injected *"Tc-PEG-PLA NPs complex in mice
S Name of 1h 2h 4h 24 h

No theorgan 2omg/Kg 40 mg/Kg 20 mg/Kg 40 mg/Kg 20 mg/Kg 40 mg/Kg 20 mg/Kg 40 mg/Kg

1 Heart 0.58+0.03  0.7+0.01* 0.55+0.02 0.56+0.022 0.43+0.04 0.47+0.03° 0.38+0.02°%¢  0.44+0.04¢
Muscle  0.14+0.01  0.34+0.11 0.13+0.02 0.14+0.008 0.14+0.01 0.13+0.01 0.13+0.005  0.13+0.01
Bone 0.61+0.05 0.58+0.11 0.35+0.04% 0.34+0.03  0.32%0.02° 0.32+0.05 0.23+0.01%F  0.29+0.05
Stomach 0.58+0.07 0.66+0.03 0.27+0.03* 0.43+0.07  0.22+0.06° 0.31+0.06 0.29+0.07 0.59+0.06*f
Intestine 1.13+0.31  1.21+0.2  0.5+0.07 0.98+0.11* 0.53+0.05 0.77+0.06  0.5+0.07 0.37+0.03¢&f
Brain 0.06+0.006 0.09+0.01 0.06+0.01  0.13+0.01* 0.07+0.008  0.12+0.01  0.15+0.02°¢  0.24+0.02 o&F

o O wWwN

*Significant % ID difference compared to 20 mg/kg body weight. 2Significant % ID difference between 1 h and 2 h;
bSignificant % ID difference between 1 h and 4 h; Significant % ID difference between 1 h and 24 h; 9Significant %
ID difference between 2 h and 4 h; Significant % ID difference between 2 h and 24 h; *Significant % ID difference
between 4 h and 24 h. p<0.05 was considered statistically significant in all the cases.

Biodistribution of orally administered ®°™Tc-PEG-PLA NPs is shown in Table 4. After oral
administration, the concentration of NPs in all the organs studied was low initially except in
stomach and in intestine. Higher concentrations of NPs were found in the stomach and intestine
at 1 h post treatment. In stomach, radioactivity increased up to 2 h and then decreased
progressively, whereas in intestine radioactivity gradually decreased from 1 h to 24 h time
intervals. Dose-dependent distribution of NPs in the stomach was significant at 1, 2 and 4 h,
whereas in intestine it was significant only at 1 h and 4 h time points. The decreased uptake of
NPs by stomach and intestine at 24 h post-injection could be due to their excretion. Even though
radioactivity in the stomach decreased at 24 h post-injection, 1.53% ID was retained in 40 mg/kg
body weight administered mice, which was higher than the radioactivity observed in all the
organs studied.
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Biodistribution result of *Tc-PEG-PLA NPs administered orally in mice.

S.  Name of 1h 2h 4h 24h

No theorgan 20 mg/Kg 40 mg/Kg 20 mg/Kg 40 mg/Kg 20 mg/Kg 40 mg/Kg 20 mg/Kg 40 mg/Kg
1 Blood 0.013+0.002  0.019+0.002 0.007+0.002 0.044+0.002***  0.019£0.002¢  0.032+0.003*Pd  0.13+0.02¢¢f 0.11+0.02¢&f

a

2 Heart 0.027+£0.009  0.02+0.006 0.033+0.009 0.013+0.003 0.037+0.009 0.017+0.007 0.06+0.009° 0.14+0.02*cef
3 Liver 0.03+0.006 0.033+0.009 0.053+0.015 0.027+0.009 0.033+0.009 0.03+0.006 0.067+0.015 0.053%0.015
4 Lung 0.02+0.006 0.027+0.007 0.03+0.006 0.027+0.009 0.04+0.006 0.037+0.009 0.063+0.01°¢ 0.27%0.03**, cef
5 Spleen 0.02+0.006 0.027+0.009 0.037+0.009 0.02+0.006 0.033+0.009 0.023+0.009 0.12+0.017¢%f  0.13+0.02¢ef
6 Kidney 0.023+0.009  0.03+0.006 0.043+0.015 0.033+0.009 0.033+0.009 0.03+0.006 0.043+0.015 0.03+0.015
7 Muscle 0.02+0.006 0.027+0.009 0.017+0.007 0.067+0.015* 0.043+0.009 0.027+0.012 0.19+0.02¢¢f 0.33x0.08¢¢"
8 Bone 0.03+0.012 0.02+0.006 0.03+0.006 0.023+0.009 0.027+0.009 0.023+0.009 0.067+0.01 0.31£0.03*.cef
9 Stomach  7.48+0.608 25.71+2.40** 17.42+£1.277 35.81+2.15**4 14.18+1.2° 24.35+1.70%*4d 0.163+0.04¢%ef 1.53+0.57¢&f
10 Intestine  7.75+0.73 30.67+2.49***  2.31+0.342 2.82+0.172 0.64+0.07°¢ 1.36+0.058**d  0.077+£0.01°¢"  0.043+0.015%f
11  Brain 0.007+£0.003  0.01+0.006 0.02+0.006 0.007+0.003 0.02+0.006 0.01+0.006 0.09+0.023%*f  0.043+0.015

*p<0.05; **p<0.01; ***p<0.001 indicates statistically significant difference in % ID compared to 20 mg/kg body weight.
aSjgnificant % ID difference between 1 h and 2 h; PSignificant % ID difference between 1 h and 4 h; Significant % ID difference between 1 h and 24 h; 9Significant
% ID difference between 2 h and 4 h; ¢Significant % ID difference between 2 h and 24 h; 'Significant % 1D difference between 4 h and 24 h. p<0.05 was considered
statistically significant in all the cases.
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In addition, 0.163% ID was detected in the stomach of mice treated with 20 mg/kg body weight
at 24 h post-injection. which was higher than the radioactivity observed in all the organs next to
muscle. In the blood of 20 mg/kg body weight treated mice, radioactivity significantly increased
at 4 and 24 h time points as compared to 1 and 2 h. In the blood of 40 mg/kg body weight treated
mice, radioactivity significantly increased from 1 to 2 h, decreased at 4 h time period and again
increased significantly at 24 h. The radioactivity in blood of mice treated with 20 and 40 mg/kg
body weight significantly increased at 24 h compared to 1, 2 and 4 h. The radioactivity in spleen
of mice treated with 20 mg/kg body weight significantly increased at 24 h time point compared
to 1, 2 and 4 h. Dose-dependent distribution of NPs in lungs was significant at 24 h post-
injection. The distribution of NPs to the blood and RES organs was initially low but increased
slowly with time, suggesting potential distribution of radiolabeled NPs to these tissues. The
increased radioactivity in blood at 24 h compared to the initial time points (1, 2 and 4 h) suggests
the progressive absorption of NPs into the blood following oral administration which may
resulted in the increased distribution of NPs to the organs such as heart, lung, liver, spleen,
muscle, bone and brain, as evident from the increased radioactivity in these organs at 24 h post-
injection.

A remarkable difference was observed in the distributed concentrations of " Tc-PEG-PLA NPs
to the blood and organs of RES following i.v. and oral administration routes at all the time points
tested. In addition, higher concentrations of NPs were observed in the heart, bone, intestine and
brain of i.v. treated mice than orally treated mice at 24 h post-injection. The radioactivity in
muscle and stomach was high in orally treated mice than the i.v. treated at 24 h post injection,
which could be due to lower distribution of NPs to these tissues following i.v. injection.

3.5. Gamma scintigraphy

The distribution of PEG-PLA NPs to the organs of RES following i.v. injection in rat was
validated by gamma imaging of whole animal. SPECT-CT images of rat following 4 and 24 h
post-injection of ®MTc-PEG-PLA NPs complex is shown in Figure 6(a) and 6(b). These images
revealed the distribution of NPs to the organs of RES was high at 4 h and then gradually
decreased at 24 h time point.

(a) (b)
Figure 6. SPECT-CT images of i.v. injected ®™Tc-PEG-PLA NPs complex into rat following 4 h (a) and
24 h (b) post treatment.
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3.6. Hematology and serum biochemistry

Hematological parameters in blood of mice treated with PEG-PLA NPs through i.v. and oral
routes, as determined by Automated Hematology Analyzer, are listed in Table 5(a). No
significant change in the hematology parameters was observed in mice treated i.v. and orally
with PEG-PLA NPs, which is consistent with the previous report by Harush-Frenkel et al., 2010.
Biochemical parameters in the serum detected by autoanalyzer are listed in Table 5(b). No
significant change in the serum levels of SGOT, bilirubin, urea and creatinine were observed in
I.v. injected and orally administered mice compared to control and also between the two routes
of administration. A significant increase in SGPT levels were observed in i.v. injected mice
compared to control as well as orally treated groups. SGPT is found mainly in the liver. The
interaction of NPs that are distributed to these organs at the cellular level could be responsible
for the release of SGPT into the blood, which may have resulted in the increased SGPT levels
observed in the present study.

Table 5.

(a) Hematological parameters of mice treated i.v. and oral with PEG-PLA NPs
Name of the parameter Control PEG-PLA NPsi.v. PEG-PLA NPsoral
WBC (x10%/pl) 4.5620.17 4.56%0.26 4.960.12
RBC (x108/l) 8.81+0.17 8.44%0.23 8.41%0.27
Hgb (g/dL) 13.5+0.26 12.5+0.31 12.5+0.32
HCT% 42.5+0.86 41.1+1.16 39.67+1.76
MCYV (fL) 48.0£1.73 49.4+0.98 50.4+2.75
MCH (pg) 15.4+0.86 12.9+0.34 13.5+0.86
MCHC (g/dL) 31.6+£2.02 27.3+£0.85 29.4+0.75
PLT (x10%/ul) 740£23 720+28.8 717+28
LY% 71.1+4.61 71.4+3.58 69.4+3.38
GR% 28.2+4.04 27.8+£2.52 30.9£3.37
RDW% 13.8+1.16 14.9+1.67 16.5+0.83
PCT% 0.27+0.01 0.29+0.01 0.28+0.02
MPV (fL) 3.53+0.31 3.73+0.29 3.3+0.4
PDW% 20.4+1.44 20.9+2.85 20.4+1.34

(b) Serum biochemical parameters following i.v. and oral administration of PEG-PLA NPs in mice

S No. Name of the parameter o) pEG-PLA Egssuil.tv. PEG-PLA NPs oral
1 SGOT (IU/L) 83+4.04 91+8.08 94.6+3.18

2 SGPT (IU/L) 24.6+4.91 62.6+4.33%P 40.314.91

3 Urea (mg/dL) 53.3£3.75 55.6+6.06 55.6+6.06

4 Creatinine (mg/dL) 0.15+£0.03  0.24+0.02 0.2+0.02

5 Total bilirubin (mg/dL) 0.35£0.02  0.30+0.01 0.25+0.04

aSignificant difference compared to control; "Significant difference between i.v. and oral treatments.
p<0.05 was considered statistically significant in all the cases.

3.7. Oxidative stress

Oxidative stress markers such as GSH and LPO levels measured in liver, spleen, and kidney of
mice treated i.v., and liver, stomach, and intestine of mice treated orally with PEG-PLA NPs is
shown in Figures 7 and 8. A significant increase in GSH levels were observed in liver, spleen of
mice injected i.v. shown in Figure 7(a) and liver, stomach, intestine of mice administered orally
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compared to control shown in Figure 7(b). LPO levels were slightly decreased in the liver,
spleen, kidney of mice injected i.v. (Figure 8(a)) and stomach, intestine of mice administered
orally compared to control. Significantly decreased LPO levels were observed in the liver of
mice treated orally compared to control (Figure 8(b)). Following cellular internalization, PEG-
PLA NPs could be responsible for excess ROS generation results in oxidative stress (Zhao et al.,
2008 & Abbott et al., 2009). The enhanced GSH levels observed in the present study in response
to the increased oxidative stress in liver, spleen of mice injected i.v. and liver, stomach, intestine
of mice treated orally with PEG-PLA NPs could neutralize the effects of ROS and may
potentially reduced the levels of LPO.
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Figure 7. Graph shows the GSH Levels of (a) liver, spleen, kidney tissues of mice injected i.v. and (b)

liver, stomach, intestine tissues of mice treated orally with PEG-PLA NPs. *Significant (p<0.05)
difference compared to control. i.v.- intravenous.

Name of the organ

o
)
3
.
in
3

E Control
Il PEG-PLA NPs oral

I Control
I PEG-PLA NPsiv.

bnd
o
r
=
=)
n

e
in

pmoles of MDA per mg protein
e o
(] S

pmoles of MDA per mg protein

=4
(=)
n
o
=)
m

L > ~ & & &
[ & ol

o & & . F-} K

N ‘-___Q\ o8 hd o W

Name of the organ Name of the organ

(a) (b)

Figure 8. Graph indicates the LPO levels of (a) liver, spleen, kidney tissues of mice injected i.v. and (b)
liver, stomach, intestine tissues of mice treated orally with PEG-PLA NPs. *Significant (p<0.05)
difference compared to control. i.v.- intravenous.

3.8. Genotoxicity

The genotoxic potential of PEG-PLA NPs treated through i.v. and oral routes was assessed by
comet and MN formation assays. Results obtained from the evaluation of oxidative DNA
damage in the liver, spleen, kidney cells of mice injected i.v. and the liver, stomach, intestine of
mice administered orally by comet assay after exposure to PEG-PLA NPs is shown in Table 6(a)
and 6(b). Cell viability for all the samples was found to be more than 90% in every experiment.
A statistically significant DNA damage in liver, kidney of mice injected i.v. and stomach,
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intestine of mice administered orally was evident by an increase in comet parameters such as
OTM and %Tail DNA compared to control. Comet parameters in the liver of mice injected i.v.
was higher (p<0.01) compared to orally administered mice. DNA damage in the form of comets
is shown in Figure 9(a) and 9(b).

Table 6.
(a) Comet parameters of liver, spleen, kidney tissues of mice treated i.v. with PEG-PLA NPs.
Name of the Olive tail moment (OTM) % Tail DNA
sample Liver Spleen Kidney Liver Spleen Kidney
Control 1.28 £0.11 2.34£0.08 1.99 +0.06 11.68 £1.3 21.35+0.86 22.51£1.07

PEG-PLANPsi.v. 3.36+0.14* 2.43+0.11 4.01+0.13* 27.32+1.23* 23.78%1.19 31.16 +0.99*
*Significant (p<0.05) difference compared to control

(b) Comet parameters of liver, stomach, intestine tissues of mice treated orally with PEG-PLA NPs.

Name of the Olive tail moment (OTM) % Tail DNA
sample Liver Stomach Intestine Liver Stomach Intestine
Control 1.28+0.11 1.29+0.06 1.70+0.07 11.68 +1.3 13.68 £0.93  13.47 +£0.65

PEG-PLA NPsoral 1.38+0.08 2.09+0.12* 4.01+0.17* 13.52+1.08 23.06+1.19* 28.5+1.17*
* Significant (p<0.05) difference compared to control

(@) (b)
T
"

(al) (b1) (c1)

Figure 9(a). Images (a), (b), (c) and (al), (bl), (c1) showing the comet images of liver, spleen, kidney
tissues of untreated mice and mice treated i.v. with PEG-PLA NPs. Arrows indicate the DNA damage in
the form of comets
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(1) (e1) (1)
Figure 9(b). Images (d), (e), (f) and (d1), (el), (f1) showing the comet images of liver, stomach, intestine
tissues of untreated mice and mice treated orally with PEG-PLA NPs. Arrows indicate the DNA damage
in the form of comets

MN formation was significantly higher in liver, kidney tissues of mice injected i.v. (Table 7(a))
and intestine of mice treated orally (Table 7(b)) with PEG-PLA NPs compared to control.

Table 7.
(a) MN frequency of liver, spleen and kidney tissues of mice injected i.v. with PEG-PLA NPs.

Micronuclei (%)+SEM

S.No. Name of the sample

Liver Spleen Kidney
1 Control 0.740.2 1.340.3 1.740.7
2 PEG-PLA NPsii.v. 1.310.4*  1.9+0.7 2.3+0.3*

* Significant (p<0.05) difference compared to control. i.v.- intravenous; SEM-standard error of mean

(b) MN frequency of liver, stomach and intestine tissues of mice treated orally with PEG-PLA NPs.
Micronuclei (%)+SEM

S.No. Name of the sample

Liver Stomach Intestine
1 Control 0.7+0.2 1.0+0.3 0.9+0.4
2 PEG-PLA NPs oral 1.0+0.4 1.3+0.7 1.9+0.3*

* Significant (p<0.05) difference compared to control. SEM-standard error of mean

DNA damage observed in the tissues tested could be due to the induction of oxidative stress and
also due to the direct interaction of NPs with the cellular DNA. Even though DNA damage was
significant, as evident from genotoxic assays, the elevated GSH levels in response to increased
ROS production may reduce the effects of ROS, thereby preventing further DNA damage.

3.9. Histopathology

The liver, spleen, kidney of mice injected i.v. and stomach, intestine of mice administered
orally with PEG-PLA NPs showed no pathological changes and was also evident from the
insignificant cell damage observed in the organs tested. Even though an increase in the SGPT
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levels and DNA damage were observed in mice treated i.v. with PEG-PLA NPs, there were no
changes in the histology of the liver. The observation of unaltered histology of liver is
supported by findings from a previous study (Zhang et al., 2007) nearly at the same dose
(42.04 mg/kg body weight). The distribution of NPs to the lungs of mice treated i.v. with PEG-
PLA NPs caused moderate vascular congestion knows as “pulmonary vascular congestion”
(PVC) as shown in Figure 10 (a) and 10 (b), which was consistent with a previous report by Li
et al., 2014, who reported lung congestion in beagles injected with PEG-PLA micelles. Such
preclinical assessments on the biodistribution and interaction of NPs with biological
compartment such as cells and blood components could be helpful in understanding the in vivo
fate of NPs intended for therapeutic applications.

Figure 10. Histology mice lung (a) control and (b) treated i.v. with PEG-PLA NPs. PVC-pulmonary
vascular congestion.

4. Conclusion

The present study illustrates the differences in biodistribution patterns following i.v. and oral
routes of administration of two doses of PEG-PLA NPs. The higher concentration of
radiolabeled NPs in blood compared to RES organs indicated the enhanced systemic circulation
of these NPs following i.v. injection. Moreover, a dose-dependent distribution of NPs to the
blood and RES organs following i.v. injection was observed. Furthermore, an increased
distribution of NPs with time following oral administration to the organs such as the heart, lung,
liver, spleen, muscle, bone and brain suggests their absorption after oral route. Such differences
in the biodistribution profile following i.v. and oral administration routes could be due to the
variations in the distributed concentrations of NPs to these organs. PEG-PLA NPs may thus
consider as safe nanocarriers due to their hemocompatibility and potential to balance the
oxidative stress. Even though PEG-PLA NPs induced DNA damage in the tested organs, no
notable cell death was observed, indicating their compatibility at the tissue level. It is expected
that an understanding of the biological interactions of the NPs, the consequences, and the
associated mechanisms in vivo may considerably help in anticipating the safety of NPs. These
investigations are expected to provide key information on the influence of administration route
and dose on biodistribution profile and also on the resulting consequences of the nanoparticles’
interaction with the biological components. A thorough understanding of the relationship
between physicochemistry and pharmacokinetic profile of the carrier in preclinical models is
essential to predict the efficacy and safety of the carrier, which would allow design of safer
nanoparticles for targeted drug delivery systems suitable for human application.
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