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Abstract

This study compares the characterized MCP I-loaded methoxy poly (ethylene glycol)-poly (lactic acid)
polymeric nanomicelles (MCPI-PNs) of different sizes and doses to find out the maximum
antireproductive effects with purified compound of seeds of Carica papaya. The prepared MCPI-PNs
consisting of six groups (n=36), viz., vehicle treated control (group 1), alone MCP | @ 10
mg/animal/day (group 2), 46.03 nm sized blank mPEG-PLA nanomicelles @ 0.3 mL/animal/day (group
3), 100 nm sized MCPI-PNs (1.5, 3.0 and 4.5 pg/animal/day) (group 4), 129 nm sized MCPI-PNs (4.5,
9.0 and 13.5 pg/animal/day) (group 5) and 166 nm sized MCPI-PNs (13.5, 27.0 and 45.0 pg/animal/day)
(group 6) were orally treated for a period of 30 days in albino male rats. Animals of groups 2, 4, 5 and 6
showed significantly altered sperm parameters. However, the sperm concentration maximally dropped in
group 2 and 4 (low dose and mid dose), respectively, indicating the range of oligozoospermia to severe
oligozoospermia in these groups. The fertility declined to zero percent in groups 2 and 4 (low dose),
whereas all animals were 100% fertile in rest of groups. Histopathological studies of testes exhibited
sloughing and eruption of germ cells with inhibition of spermatogenesis in groups 2 and 4, whilst some
conspicuous alterations in spermatogenesis was observed in groups 5 and 6 when compared to groups 1
and 3. Based on the above observations, the group 4 (100 nm sized MCPI-PNs) at low dose regimen (1.5
pg/animal/day) exhibited maximum antifertility effects in male albino rats.
Keywords: Drug delivery systems, mPEG-PLA polymeric nanomicelles, MCPI-PNs, Reproductive
effects, Male albino rats.

1. INRODUCTION

The seed extracts of Carica papaya have
shown promise in male contraception.
Preliminary investigation in rats and
rabbits with different extracts/fractions of
the seeds and variable dose, duration and
mode of administration, revealed max-
imum anti-fertility with the chloroform
extract [1,2]. Further purification of the
product revealed maximum activity was
found in the benzene chromatographic
fraction of the chloroform extract in rats
and rabbits [3,4] without any toxicity [5].
The methanol and ethyl acetate sub-
fractions of the benzene chromatographic
fraction also showed sperm motility
inhibition in rats following 30-60 days of

treatment and azoospermia in rabbits
within 15 days of treatment [2, 6]. The
benzene fraction yielded two principal
components each from the methanol sub-
fraction (MCP I, 1) and the ethyl acetate
sub-fraction (ECP I, II) [7]. The MCP I
exerted systemic action on the sperm
parameters and sperm immobilizing effects
on human spermatozoa in vitro [6-8].
Macromolecules in the past several
decades have developed into a very useful
class of drug delivery system (DDS) [9-
12]. However, their therapeutic appli-
cations are not always successful due to
lack of sustained, controlled and targeted
delivery resulted into poor efficacy of
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active drugs to the target sites [13]. Thus, a
suitable DDS is required that controls the
release of drugs and possesses higher
efficiency. In this direction, several drug
delivery systems (DDSs), such as metal
nanoparticles, liposomes, dendrimers poly-
meric nanomicelles and nanotubes [14-19],
have attracted a lot of interest due to easy
preparation, good biocompatibility and
high efficiency [20]. The polymeric
nanomicelle systems have advantages over
other DDSs due to their amphiphilic nature
for encapsulation of non-water-soluble
agents in their hydrophobic core [21-24].
We  prepared polyethylene  glycol-
polylactic acid (mPEG-PLA) copolymer/
polymer micelle DDS of which chemical
and biological properties have been well
documented [25]. However, the role of
MPEG-PLA polymeric nanomicelles as a
potential DDS in reproductive studies has
not yet been carried out, so far. Therefore,
in the present investigation a comparative
account on different sizes of the mPEG-
PLA nanomicelles, namely MCP | loaded
polymeric nanomicelles (MCPI-PNs), with
already established purified compound of
Carica papaya (MCP 1) as a male
contraceptive, on male reproductive
system and general toxicity have been
made in albino rats.

2. MATERIALS AND METHODS

Test Material

Fresh seeds of Carica papaya L.
(Caricaceae) of honey dew variety
(Voucher No. RUBL 16590 at the
Department of Botany, University of
Rajasthan, Jaipur, India) was procured
from local supplier, powdered and
subjected to chloroform extraction. The
obtained extract was then processed on
silica gel column chromatography for
benzene fraction. The benzene fraction was
further sub-fractionated and the active
compound MCP | was obtained from
methanol sub-fraction as reported earlier

[7]1

Chemicals

Poly (ethylene glycol) methyl ether
(mPEG), D, L-lactide and stannous octoate
were obtained from Sigma Aldrich
Chemical Pvt. Ltd, (Bangalore, India).
Dichloromethane and diethyl ether were
purchased from Merck Specialities Pvt.
Ltd. (Mumbai, India). All other chemicals
were of analytical grade and used as
received.

Animals

Clinically healthy, adult male Wistar
albino rats (Rattus norvegicus) weighing
140-180 g and 5-6 months old were used.
Animals were maintained in the
Departmental experimental animal facility
with 12:12 hrs light and dark schedule in
polypropylene cages (size 43 x 27 x 15
cm). Animals were fed with rat pellet diet
(Ashirwad Industries Limited, Chandigarh)
and free access to water. The temperature
in animal house was maintained at 25+2
°C. Experiments were conducted in
compliance with the Guidelines on the
Regulation of Scientific Experiments on
Animals [26]. The experiment protocol
was approved by the Institutional Animal
Ethics Committee (IAEC).

2.1. Synthesis of Polyethylene Glycol-
Polylactic acid (PEG-PLA) Copolymer/
Polymer

The polyethylene glycol-polylactic acid
(PEG-PLA)  copolymer/polymer  was
synthesized by ring opening polymer-
ization method [27] with certain
modifications. In brief, in a dried round
bottomed flask 10 g of mPEG (Mw=5000
Da) was heated at 130 °C in an oil bath to
eliminate the water content then 1 g of D,
L-lactide, and 4 mL of toluene were added
by continuous stirring with a magnetic
stirring bar. After that, the mixture was
again heated (130 °C) with continuous
stirring and 1 mL of stannous octoate as
catalyst was added for polymerization
process for a period of 22-24 h. The
polymerization process was terminated by
adding 0.1 N methanolic KOH. The
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recrystalization process was carried out by
addition of dichloromethane and then
precipitated via diethyl ether as co-solvent
at -20 °C. The residual solvent was
removed from the purified PEG-PLA
copolymer/polymer by drying in a
desiccator fitted with a vacuum evaporator
at room temperature for a period of 24-48
h.

2.2. Preparation of Blank mPEG-PLA
and MCP | Loaded (MCPI-PNs)
Nanomicelles

The blank mPEG-PLA nanomicelles
were synthesized by direct dissolution
method [27]. Briefly, into a round
bottomed flask the synthesized 0.40 mg of
mPEG-PLA copolymer was added in 1 mL
of Milli-Q water with continuous agitation
on a magnetic stirrer for a period of 30
min. at room temperature. Due to the
amphiphilic properties, the mEG-PLA
copolymer self-assembled into micelles.
After blank mPEG-PLA micelles were
obtained, again four separate sets of round
bottomed flasks were taken and the
measured quantity of 5 pL, 15 yL and 45
puL of MCP | was loaded into mPEG-PLA
micelles for preparation of copolymric/
polymeric nanomicelles (MCPI-PNs) for a
period of 30 min. at room temperature then
the suspension was filtered by a 220 nm
pore size syringe filter (Millex-GP, Merck
Specialities Pvt. Ltd. (Mumbai, India) to
remove the free MCP 1. Finally, the blank
PNs and MCPI-PNs nanomicelles were
used for further application.

2.3. Determination of the Physico-
chemical Properties of Prepared mPEG-
PLA and MCPI-PNs

The !H-Nuclear Magnetic Resonance
Spectroscopy (NMR) analysis of the
polymer was performed using NMR
spectrometer ECS 400 MHz (JEOL,
Tokyo, Japan) supplied with a new
generation 5 mm tunable broad band
gradient probe. Deuterated dimethyl-
sulphoxide (DMSO-ds) and trimethylsilane
(TMS), respectively, used as solvent and

internal standard for baseline corrections.
Proton (*H) spectra (400 MHz) were
recorded with pulse duration of 30 second,
a recycle delay of 2.0 second and 16 scans
[28].

The synthesized mPEG-PLA copolymer/
polymer was carried out for Fourier
transform infrared spectroscopy (FTIR)
analysis [29]. The FTIR spectra were
recorded at room temperature (from 4000-
400 cm? with 16 scanned) using FTIR
Spectrum 2 (Perkin Elmer, New York,
USA).

The synthesized mPEG-PLA copolymer
was carried out for X-ray diffraction
(XRD) measurement using the X-Ray
diffractometer (Panalytical X’Pert Pro,
Almelo, the Netherlands) with CuKa
radiation (A = 1.542 A) operated at 30 kV
and 30 mA. Data were recorded in 20
range of 2°-10° at the scan rate of 2°/min
[30].

The mean diameter (zeta potential),
polydispersity index (PDI) and intercept
unit were determined by dynamic light
scattering (DLS) on a Zetasizer 300 HS
instrument (Malvern Instrument Ltd., UK)
at room temperature [31]. All results were
the mean of 3 test runs.

The morphology of mMPEG-PLA and
MCPI-PNs was studied under a scanning
electron microscope (Nova Nano FE-SEM
450; FEI) at an accelerating voltage of 15
KV [32]. A thin film of polymeric
nanomicelles was smeared on a clean glass
slide, air dried, mounted on SEM stub and
sputter coated with a thin layer of gold (10
nm) prior to observation.

Samples  for  transmission  electron
microscopic (TEM) observation were
prepared by placing a drop of sample
solution on to a carbon coated copper grid
(mesh size 200). Excess solution was
wiped away with filter paper. The grid was
further stained with phosphotungstic acid
(2% wiw) and allowed to dry [33]. The
samples were examined using the Tecnai
G2 20 S-Twin (FEI) at 200 kV
accelerating voltage.
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2.4. Experimental Protocol

Three prepared MCPI-PNs (sizes 100
nm, 129 nm and 166 nm) were orally
treated, containing 3 animals for a dose
regimen of each nanomicelle (three dose
regimens of every prepared nanomicelles)
for a period of 30 days. Animals were
divided into following groups:

Group 1: Animals (vehicle treated control)
were treated with olive oil (0.3
mL/animal/day; oral) for a period of 30
days (n=3)

Group 2: Animals were treated with MCP |
(10 mg/animal/day; oral) for a period of 30
days (n=3)

Group 3: Animals were treated with 46.03
nm sized blank PNs (0.3 mL/animal/day;
oral) for a period of 30 days (n=3)

Group 4: Animals were treated with low
(L), mid (M) and high (H) doses of 100 nm
sized MCPI-PNs (1.5, 3.0 and 45
pg/animal/day; oral) for a period of 30
days [n=9 (3x3)]

Group 5: Animals were treated with low
(L), mid (M) and high doses (H) of 129 nm
sized MCPI-PNs (4.5, 9.0 and 135
pg/animal/day; oral) for a period of 30
days [n=9 (3x3)]

Group 6: Animals were treated with low
(L), mid (M) and high doses (H) of 166 nm
sized MCPI-PNs (13.5, 27.0 and 45.0
pg/animal/day; oral) for a period of 30
days [n=9 (3x3)]

The required doses were suspended in
olive oil (0.3 mL) and the drug was orally
fed with the help of a feeding needle fitted
in a graduated syringe. Due care was taken
to ensure that the complete dose received
by animals. All animals from each group
were sacrificed with a subcutaneous over
dose of thiopentone sodium (Thiosol
sodium, Neon Laboratories Ltd., Mumbai)
at 30 days test period, after collecting the
body weight and completing fertility test.
Upon sacrification, reproductive organ
weights were measured. The separated
testes for histopathology and cauda
epididymides for sperm characteristics
were processed.

PARAMETERS
Body Weight and Organs Weight

The initial and final body weights of
experimental animals were recorded.
Reproductive organs (testes, epididymides,
vas deferens, seminal vesicle and ventral
prostate) were dissected out, freed from fat
and adherent tissues and weighed at the
nearest milligram on an electronic balance.

Cauda Epididymal Sperm
Characteristics

The cauda epididymis (100 mg) was
finely fragmented in 1 mL of normal
physiological saline, and the clear fluid
was used for analyses of sperm
concentration, motility, viability and
abnormality [34].

Fertility Test

Rats were subjected to fertility test
following 30 days of drug administration
with proven fertile female rats at 1:2 ratio.
Success of mating was confirmed by
appearance of vaginal plug and presence of
spermatozoa in the vaginal smear.
Thereafter, the females were caged
separately and kept under observation till
confirmation of pregnancy. Fifty percent
of the pregnant animals were allowed to
complete the term and the pregnhancy
record was maintained. The remaining
females were sacrificed at 3 week of
gestation for teratological observations.

Histopathology of Testes

Testis was fixed in 4%
paraformaldehyde, dehydrated in various
grades of ethanol, cleared in Xxylene,
infiltrated and embedded in paraffin wax.
Sections of 5 pum thickness were cut and
stained with hematoxylin and eosin for
observation under light microscope.

Statistical Analysis

The values were represented as mean +
standard deviation (SD) and one way
analysis of variance (ANOVA) was
applied for statistical comparison using
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SPSS (version 10.0) software. Statistical
significance was determined at a value of p
< 0.05.

3. RESULTS
Characterization of mMPEG-PLA
Copolymer/ Polymer and mPEG-PLA
Nanomicelles
The 'H-NMR results showed peaks at 1.19,
4.53 and 5.35 ppm were assigned methyl
(A), methyne (C) and hydroxyl (D) protons
of poly (D,L-Lactide) (PLA) repeating
unit and the peak at 4.12 (B) ppm were
attributed to the protons of mPEG adjacent
of -COO of PLA end group. The peak at
3.28 (E) ppm was attributed -CH2-CH>-
group of mPEG repeating unit. The NMR
results indicated the synthesis of mPEG-
PLA copolymer/polymer (Fig. 1A).
Coupling reaction was characterized with
FTIR analysis. Fig. 1B shows the IR
spectra of mMPEG-PLA  copolymer/
polymer. For PLA, the band at 3427 cm™
was corresponding to O-H stretching
vibration of end group and the bands at
2885 cm? due to the C-H stretching
vibration of asymmetric —-CHs (Vas CHs)
group. The peak at 1746 cm™ assigned to
the stretching vibration of carboxylic
group and peak at 1631 cm stretching
vibration of ester carbonyl group. The peak
at 1468 cm? and 1358, 1344 cm™ C-H
stretching scissoring of symmetric CH2 and
asymmetric CH3 groups. Peak at 1281 cm
C-O stretching scissoring of asymmetric
C-O-C group and peak at 1146, 1110 cm™
C-O stretching vibration of C-O-C group
of PLA and peak at 1061 cm? C-O
stretching vibration of C-O group of PLA.
The peak at 960, 842 cm™ assigned to the
stretching vibration of CH»>-CH> group and
peak at 600, 529 cm? the stretching
vibration of CHs end group of mPEG. The
FTIR analysis result shows that mPEG unit
attached to PLA unit to form a linear
structure of mPEG-PLA copolymer and
polymer.

The PNs analysis by FTIR indicated the
peak at 3308 cm? due to stretching
vibration of O-H group of water, peak at

1631 cm™ showed stretching vibration of
ester carbonyl group of PLA and peak at
585 cm™ was CH stretching of CH-CH
group of mPEG.

JARFOAS

Figure 1. Characterization of mMPEG-PLA
copolymer/ polymer and PNs. (a) 1H-NMR
spectrum of mPEG-PLA
copolymer/polymer, (b) IR spectra of
mPEG- PLA copolymer/ polymer, (c) IR
spectra of PNs and (d) XRD pattern of
mPEG-PLA copolymer/polymer.

Formation of PNs did not alter bonds
present in copolymer/polymer (Fig. 1C).
The XRD patterns obtained from the
MPEG-PLA copolymer are shown in the
Fig. 1D. The diffraction pattern of the
mPEG-PLA indicates that a broad
amorphous peak of PLA was observed
around 19.23°. This confirms the PLA has
an amorphous microstructure. By adding
of more mPEG, the intensity of the
diffraction peak becomes stronger,
confirming the increased crystallization in
mPEG-PLA at 23.34°. It indicates the
crystalline structure of mPEG-PLA was
slightly increased by formation of
copolymer.

Characterization of MCPI-PNs

The average size (d. nm), polydispersity
index (PDI) and intercept unit of blank
PNs was 46.03 nm, 0.263 and 0.920,
respectively. The average size (d. nm),
polydispersity index (PDI)
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Figure 2. Characterization of PNs and
MCPI-PNS. DLS images: (A) Blank PNs
46.03 nm, different sizes MCPI-PNs (B)
100 nm, (C) 129 nm, and (D) 166 nm.

Table 1. Dynamic light scattering (DLS)
data of blank mPEG-PLA and MCPI-PNs

nanomicelles.
MCP | avezr:a\ o | Polydispersity | Intercept
(1g) (nm;g index (PDI) unit
0 46.03 0.263 0.874
5 100 0.145 0.915
15 129 0.254 0.916
35 154 0.469 0.891
45 166 0.532 0.877

and intercept unit of 5 pug MCP 1 filled
MCPI-PNs was found to be 100 nm, 0.145
and 0.915, respectively. The addition of
more amount of MCP | in PNs enhanced
the average size (d. nm) of MCPI-PNs.
When 15 pg and 45 pg of MCP | added,
accordingly the reported average sizes (d.
nm) of MCPI-PNs, respectively, were 129
nm and 166 nm. The respective PDI and
intercept unit of these MCPI-PNs,
respectively, were 0.254 and 0.916, and
0.532 and 0.877 (Fig. 2A-D, Table 1).

The SEM morphology of blank mPEG-
PLA exhibited smooth contour and
spherical shape with diameters ranged 20
to 70 nm. While, the MCPI-PNs also
indicated smooth surface and spherical
morphology with higher diameters from 50
to 100 nm (Fig. 3A-B).

Figure 3. Characterization of PNs and
MCPI-PNS. SEM images of Blank blank
PNs (A) and MCPI-PNs (B) and TEM
image of Blank PNs (C) and MCPI-PNs

(D).

The TEM of blank and MCPI-PNs also
showed monodispersed and spherical
shape with varied diameters ranged 20 to
100 nm (Fig. 3C-D).

Body and Reproductive Organs Weight
The body weights of animals of all
experimental groups (2 - 6) remain
unaltered when compared with group 1
(vehicle  treated  control)  animals
throughout the study period (data not
shown). The reproductive organs weight of
all experimental groups (2-6) did not
exhibit any remarkable changes as
compared to vehicle treated control (group
1) animals (Table 2).

Cauda Epididymal Sperm
Characteristics

The cauda epididymal sperm
characteristics indicated a reduction in
sperm concentration which was found to
be drastically significant (p<0.001) in
groups 2, 4, 5 and 6 following treatments
when compared to vehicle treated control
(group 1). However, the sperm
concentration maximally dropped in group
2 (10 mg/animal/day), group 4 (low dose
and mid doses).
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Table 2. Cauda epididymal sperm characteristics following treatment with MCP | alone,
blank mMPEG-PLA and MCPI-PNs in dose finding study for a period of 30 days in male albino

rats.
Sperm - o
. Sperm  Motility | Sperm  Viability | Sperm
Groups Doses (Cl\jﬂfﬁ)’:/ﬁtﬂ‘;“ (%) (%) Abnormality (%)
Group 1
(Vehicle treated | 0.5 mL/animal/day | 82.33+1.62 84.25+0.61 86.57+1.38 16.90+0.67
control)
Group 2 10 mg/animal/day
(MCP | alone) (Low tose) 16.13+1.73* 5.00+1.63* 6.28+1.54* 78.50+0.15*
0.3 m(';/a"'ma”day 72.47+8.82 78.33£6.24 84.16+1.63 17.66+0.09
Group 3 (Low ose)_
(Blank  MPEG- ‘(),\ﬁl dmd%/:e”)”“a"day 73.58+3.39 79.33+4.19 79.0040.82 18.71+0.05
PLA) .
0.9 mL/animal/day | 76 45,9 6 80.67+3.09 80.42+1.58 17.64+0.09
(High dose)
15 pgfanimaliday | g, 13 5.33+2.05% 7.67+2.05% 90.54+0.14*
Group 4 (Low dose).
(100 nm sized 3|v|' d'ég/a”'ma'/day 6.80+1.83* 8.33+1.25% 10.330.94% 88.21+0.06*
MCPI-PNs) (Mid dose)
4.5 ugfanimal/day | 44 5,6 gox 13.08+1 53+ 14.83+1.84* 85.58+0.11*
(High dose)
4.5 “(?/a”'ma'/day 48.99+7.03* 15.08+3.44% 59.83+6.86* 80.42+0.11*
Group 5 (Low ose).
(129 nm sized | %0 Woanimaliday | 4 6q.1 gyu 25.33+11.50% 28.42+10.29* 75.57+0.08*
MCPI-PNs) (Mid dose)
13.5 ug/animaliday | 55 5411 g5« 12.75+2.07* 14.75+2.07% 70.45+0.10%
(High dose)
13.5 pgfanimaliday | g o645 gox 16.67+2.87 18,4242 52* 71.32+0.04*
Group 6 (Low dose)_
(166 sized 2&%‘39/&”'”‘3”"” 30.70+4.54* 16.42+1.23* 17.42+1.23* 65.54+0.13*
MCPI-PNs) (Mid dose)
405 pg/animal/day | 59 g6 57+ 20.33+2.05* 21.75+1.14* 66.48+0.10%
(High dose)

“Statistically significant (p<0.001) when compared with group 1 (vehicle treated control); Values are expressed as mean+S.D. (n=3)

| — e ¢ . — | — e . e—_ . .
AN .~ L ~
"oo— " o—

I |.-..'I I Iﬁ---..

S aperimnees -l‘- b et b whal G

Spern Cmmnpityten
Ve
yenMedr C.

e — R v e C— . ' —

Figure 4. Cauda epididymal sperm characteristics following treatment with MCP I, PNs and
MCP I-PNs for a period of 30 days in male albino rats. (A) Cauda epididymal sperm
concentration in different groups. Note variable reduction in sperm counts. (B) Drastic
reduction of sperm motility in different groups. (C) Sperm viability indicates low values in
different groups and (D) An enhancement in the sperm abnormalities in different groups.
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In groups 2, 4, 5 and 6, the sperm significant enhancement in the sperm
motility and viability exhibited a drastic abnormality was noticed following
reduction (p<0.001) following treatment. A
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treatment in groups 2, 4, 5 and 6 (p<0.001)
(Fig. 4A-D).

(A Crogs | & () Cirogs 2. 458 0

RN ¢

Figure 5. Morphology of cauda
epididymal spermatozoa. (A) Groups 1 and
3 showing normal configuration. (B)
Various abnormalities were detected in
spermatozoa of different experimental
groups (2, 4, 5 and 6) during treatment
with MCP | and MCPI-PNs for a period of
30 days in male albino rats. X 1000.

Morphology of Cauda Epididymal
Spermatozoa

The spermatozoa in groups 1 and 3
animal depicted typical hook shaped head
and long tail. The acrosome of head
showed smooth configuration with thick
plasma membrane. Acrosome and post-
acrosomal regions were prominent. Neck
piece was also prominent, characterized by
its distinct constriction. The mid-piece was
long, thick and separated with the tail piece
along with well-defined distinction, the
annuli. The tail piece was long and
cylinder ended with an abrupt narrowing.
In groups 2, 4, 5 and 6 animals, various
degrees of abnormalities such as head-tail
separation, acrosomal damage, bent mid-
piece and coiled tail was seen following
treatment (Fig. 5).

Histopathology of Testes

Group 1: The testis of group 1 (vehicle
treated control) animals showed round or
oval seminiferous tubules containing
Sertoli cells and germ cells of various
stages covering the complete

spermatogenesis. Thin lamina propria
showing closer association with sperm-
atogonia and Sertoli cells were seen.
Spermatogonia were oval in shape, resting
on the basement membrane. Germ cell
differentiation appeared normal and the
spermatocytes and spermatids were
prominent with well-defined nuclei and
distinct cytoplasm. The Sertoli cells
depicted with typical irregular nuclei and
granular cytoplasm and also had closer
association with germ cells and the
elongated  spermatids.  The  lumen
contained abundant spermatozoa. The
interstitium occupied with intertubular
elements and distinct Leydig cells
containing round, granular and prominent
nuclei (Fig. 6A).

Group 2: In group 2 (MCP | @10
mg/animal/day), the testes exhibited
disruption of spermatogenesis in most of
the tubules. Germ cells differentiation
beyond spermatocytes was sparsely seen.
Vacuolization in the Sertoli cells was seen.
Lumen contained numerous erupted germ
cells. The interstitium contained fibroblast
like cells. The Leydig cell nuclei appeared
to be normal (Fig. 6B).

Group 3: Group 3 (blank PNs @0.3
mL/animal/day) animals showed testicular
features alike with that of the group |
animals. In  brief, round or oval
seminiferous tubules with the epithelium
containing Sertoli cells and germ cells with
various spermatogenic stages were seen.
The lumen filled with  numerous
spermatozoa. Normal Leydig cells were
present in the interstitium (Fig. 6C).
Group 4: In group 4 animals treated with
low (1.5 pg/animal/day), mid (3.0
pg/animal/day) and high 4.5
pg/animal/day) doses of 100 nm sized
MCPI-PNs,  exhibited inhibition  of
spermatogenesis mostly at spermatid stage.
Seminiferous tubules filled with masses of
eosinophilic material were noted. Germ
cells appeared to be pycnotic. Eruption of
germ cells was appeared in most of the
seminiferous tubules. The vacuolization of
the Sertoli cells was seen. The fibroblast
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like cells in the interstitium with normal
Leydig cells was present. The effects were
more or less similar in all three dose
regimens (Figs. 6D-F).

Group 5: In group 5 animals treated with
low (4.5 pg/animal/day), mid (9.0
pg/animal/day) and high (13.5
pg/animal/day) doses of 129 nm sized
MCPI-PNs, were present with inhibition of

spermatogenesis in some seminiferous
tubules.  Erupted immature germ cells
were seen in the lumen. All stages of
spermatogenesis were found in majority of
tubules. The vacuolization in Sertoli cells
were seen in these tubules. Normal Leydig
cell nuclei with intertubular elements were
noticed.

Vi, DA g (o

.
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Figure 6. Histopathology of testis following oral treatment for a period of 30 days in Wistar
rats: (A) group 1 (vehicle treated control); (B) group 2 (MCP I @ 10 mg/animal/day); (C)
group 3 (46.3 nm sized blank PNs @ 0.3 mL/animal/day); (D-F) group 4 [100 nm sized
MCPI-PNs @ low dose (1.5 pg/animal/day), mid dose (3.0 pg/animal/day) and high dose (4.5
pg/animal/day)]; (G-1) group 5 [129 nm sized MCPI-PNs @ low dose (4.5ug/animal/day),
mid dose (9.0 pg/animal/day) and high dose (13.5 pg/animal/day)] and (J-L) group 6 [166
nm sized MCPI-PNs @ low dose (13.5 pg/animal/day), mid dose (27.0 pg/animal/day) and
high dose (45.0 pg/animal/day)]. SG: Spermatogonia, SC: Spermatocytes, S: Sertoli Cells,
ST: Spermatid, SP: Spermatozoa L: Lumen, LY: Leydig Cells.
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All three dose regimens showed similar
effects (Figs. 6 G-1).

Group 6: In group 6 animals treated with
low (13.5 pg/animal/day), mid (27.0
pg/animal/day) and  high  (@40.5
pg/animal/day) doses of 166 nm sized
MCPI-PNs exhibited active
spermatogenesis in most of the tubules.
Few seminiferous tubules possessing
inhibition of spermatogenesis also showed
with vacuolization of Sertoli cells. Lumen
contained few erupted germ cells. The
diameter of the seminiferous tubules was

unaltered. The Leydig cells were found to
be normal along with intertubular elements
in the interstitium. All three dose regimens
exhibited more or less similar testicular
features (Figs. 6 J-L).

Fertility Test

In groups 2 and 4, zero fertility was
evident only at low dose regimens. In
remaining groups and their respective dose
regimens, animals showed cent percent
fertility at 30 days of mating schedule
(Table 3).

Table 3. Fertility record following treatment with MCP | alone, blank mPEG-PLA and
MCPI-PNs in dose finding study for a period of 30 days in male albino rats.

Grouns No. of males mated No. of males
P Doses with females in 1:2 showed % fertility
ratio confirmed fertility
Group 1 .
(Vehicle treated 0.5 mL/animal/day 3 3/3 100
control) (Low dose)
(MgFr,olu glgne) 10 mg/animal/day 3 0/3 0
0.3 mL/animal/day 3 33 100
Group 3 (Low QOse)
(Blank mpEG- | 06 ML/animaliday 3 33 100
PLA) (Mid dose)
0.9 mL/animal/day 3 33 100
(High dose)
1.5 pg/animal/day 3 03 0
Group 4 (Low_dose)
(100 nm sized 3 pgfanimal/day 3 33 100
MCPI-PNs) (Mid dose)
4.5 pg/animal/day 3 33 100
(High dose)
4.5 pg/animal/day 3 33 100
Group 5 (Low QOse)
(129 nmsized | 20 Mo/animal/day 3 33 100
MCPI-PNs) (Mid dose)
13.5 pg/animal/day 3 33 100
(High dose)
13.5 pg/animal/day 3 33 100
Group 6 (Low d_ose)
(166 nm sized | 270 Hg/animaliday 3 33 100
MCPI-PNs) (Mid dose)
40.5 pg/animal/day 3 33 100
(High dose)

Values are expressed as mean+S.D. (n=3)

4. DISCUSSION

Polymeric nanomicelle mediated drug
delivery allows prolonged, localized and
target-specific interaction of the drug with
the targeted organ. Development of

nanotechnology-based DDSs improves
therapeutic index of the drug by effective
administration and enhancing the exposure
to target sites. Also, the polymeric
nanomicelles provide an effective way to
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improve drug solubilization, develop clear
aqueous formulations and deliver drugs to
target tissues. The amphiphilic nature of
nanomicelles encapsulates hydrophobic
drugs that enhance drug delivery. Drug
loaded nanomicelles also effectively
enhance the potency of the drug and
combat drug resistance by promoting
cellular uptake, decreasing its efflux and
reduce systemic toxicity of the drug [35].
Results  obtained in the present
investigation demonstrate that the MCP |
of Carica papaya loaded mMPEG-PLA
polymeric  nanomicelles  (MCPI-PNs)
opened a new facade of delivery of drug
for contraceptive studies.

Polymeric  micelles are generally
synthesized by direct dissolution using
stirring, thermal, or ultrasound treatments.
Further, the direct dissolution, solvent
evaporation, and dialysis are three usually
used methods for drug loading in
nanomicelles [36]. In the present study, the
ring opening polymerization method of
[27] with certain modifications like
maintaining the temperature at 130 °C with
continuous stirring was followed for the
synthesis of mMPEG-PLA polymer. The
recrystalization and precipitation,
respectively, were carried out by
dichloromethane and diethyl ether at -20
°C and finally purified the mPEG-PLA
copolymer/polymer dried in a vacuum
evaporator [37]. The successful synthesis
of mPEG-PLA copolymer/polymer took
placed in the present investigation verified
by NMR, linear structure by FTIR and
crystalline structure by X-ray diffraction
[38,39]. Direct dissolution in 1 mL of
Milli-Q water was carried out for loading
of MCP 1 at 5, 15 and 45 uL
concentrations. It imparts the 100 — 166
nm sized MCPI-PNs [40, 41]. The
determination of size of nanomicelles is
commonly analyzed by DLS and further
compared by both SEM and TEM
observations [36, 39]. The average sizes of
empty mPEG-PLA and MCPI-PNs, used in
the present investigation, determined by
DLS were 46.03 nm and 100-166 nm,

respectively. Whilst, the smooth surfaced
and spherical shaped blank and MCP |
loaded nanomicelles observed were in the
range of 20-70 nm and 50-100 nm,
respectively. Also, the spherical morpho-
logy exhibited with TEM showed the size
in the range of 20-100 nm. The variation in
the size obtained by DLS and those from
SEM and TEM could be due to the
dehydration  process during sample
preparation of the object. This observation,
in the present investigation, is in
accordance with the Prabaharan et al. who
obtained larger sized folate-conjugated
amphiphilic hyperbranched block
copolymers by DLS used for tumor-
targeted drug delivery and smaller from
those of TEM observations [42]. Similar
observation was also recorded by other
investigators [27, 43-45].

Due to poor aqueous solubility the
delivery of non-water-soluble drugs to the
target sites are difficult. In the present
study, we developed and characterized a
MPEG-PLA-based nanomicelle system for
MCP | (i.e., MCPI-PNs) delivery. It
facilitated systemic delivery of MCP I,
composed of long chain molecular weight
fatty acids, through a marked increase in
the aqueous solubility. The MCPI-PNs not
only enhanced the adverse effects on
reproductive system, it also reduced the
dose level, in comparison to pure drug,
probably via increased cellular uptake of
drug molecules through blood-testis barrier
and improved drug pharmacokinetics [46].
This is in accordance with the
investigations of Yuan et al., wherein they
demonstrated superior anticancer effects
by reduction of ICso value due to the
increased cellular uptake of ABG-PNs
[47]. The mPEG-PLA copolymer was
selected, in the present study, to
encapsulate MCP | due to its high physical
stability and low critical micelle
concentration value of the copolymer. The
varied responses in the present study
carried out between different groups in
terms of sperm characteristics, fertility and
histopathology of testes confirm size and
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dose dependent reproductive effects of
MCPI-PNs. The optimized MCPI-PNs
exhibited a desired particle size (100 nm),
enormously reduced dose level (from 10
mg/animal/day of MCP | to 15
pg/animal/day of MCPI-PNs), sufficient
for systemic delivery, efficient passive
targeting ability and physical stability
(stable for up to 3 months, study not
shown) [27, 47].

In the present investigation, both MCPI-
PNs (low dose and mid doses) and intact
MCP | exhibited maximal decline in cauda
epididymal sperm count with drastic
decline of percentage of sperm motility
and viability, and enhancement in sperm
abnormalities, inhibition of spermato-
genesis, pyknosis and eruption of gems
cells, and vacuolization in Sertoli cells.
These observations are in agreement with
similar to earlier studies carried out in
different animal models treated with varied
crude extracts, partially purified and
characterized compounds of the seeds of
Carica papaya [1, 4, 6, 7, 48-53]. These
effects seem to both testicular as well as
post-testicular at the level of cauda
epididymis as assumpted in earlier
investigations [7, 51]. The observation of
absolute sterility following 30 days of
administration of MCP | alone and MCPI-
PNs (low dose) treated groups indicate
enhanced potency of the DDS developed
for MCP 1.

The unaltered body and reproductive
organs weight of treated rats suggest that
the MCPI-PNs do not cause any adverse
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