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Abstract

The objective of this research was to formulate, characterize, interpret and study in-vitro drug release of methotrexate (MTX)
polymeric nano-drug. Methotrexate is frequently used antineoplastic drug for chemotherapy. There are certain hindrances
like increased toxicity problems and brief plasma life that have caused limitations to its usage. Zn/PEG nano-composite was
prepared by sol gel formulation method. Zinc was preferred as it has importance in defense of host against cancer development
by DNA repair of damaged cells and for maintaining DNA integrity of healthy host cell. PEG is an ideal and important drug-
carrier for enhancing therapeutic value of antineoplastic drugs. MTX was loaded in Zn/PEG nano-composite to overcome toxic
side effects and to improve plasma half-life of the loaded drug. The volume mean diameter (D) determined by particle size
analyzer was less than 100nm. X-ray diffraction, FTIR and UV spectroscopy investigations manifested the successful loading of
MTX in Zn/PEG nano-composite. The drug loading content was as high as 15 %. Percentage drug release profile showed that
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up to 18% MTX was released in 3 days from drug loaded nanoparticle.

Introduction

Methotrexate (MTX) is a promising and widely used
anticancer drug belonging to the pharmacological class of
anti-metabolites. It is a folic acid antagonist and has effective
therapeutic value against several types of cancerous cells. It
is a drug of choice and key molecule in treatment of colon
cancer and various other malignancies like Hodgkin's
and Non-Hodgkin's lymphoma ,leukemia ,head and neck
cancer, breast cancer and lung cancer [1]. The MTX
chemotherapeutic action is by the inhibition of dihydrofolate
reductase, the enzyme that is responsible for biosynthesis of
purines and pyrimidines. This inhibition of enzyme results in
disruption of DNA, impairment of tumor growth or apoptosis
[2]. The tumor cells are more sensitive to the activity of anti-
folates as they need ten times more thymidine triphosphate
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then healthy cells [3,4]. The chemical structure of MTX is
shown in Figure 1. Despite the MTX effective antineoplastic
activity, its usage is hampered due to multi drug resistance in
certain cancer cells due to cellular efflux of the molecule [5],
poor-solubility and toxic effects of drug to normal tissues.
One way to solve these problems is by conjugation and
encapsulation of drug with polymeric nanoparticles. These
polymeric nanoparticles provide excellent solubilization
to hydrophobic drugs, long circulation in blood, specificity,
target delivery and reduce side effects to healthy cells. There
are large numbers of cancer nanoparticle-based therapeutics
like Abraxane (Paclitaxel-albumin Nanoparticle), Genexol-
PM (Methoxy-PEG-poly(D, L-lactide) taxol) and Oncaspar
(PEG-L-asparaginas) available on the market. All these
nanoparticles are being effectively used.
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Figure 1: Structure of Methotrexate.

Polyethylene glycol is an ideal and remarkable part as a
drug carrier and many rationales are proposed because of
greater water solubility, regulated permeability via biological
barriers, controlling of drug release, prolonged existence
in blood, killing tumors, modified antitumor effect and
lessened protein immunogenicity [6-10]. A widespread of
biological molecules like enzymes, lipids, proteins and drugs
of low molecular weight are conjugated with PEG to benefit
from these advantages. Polyethylene glycol conjugates
of camptothecin C, doxorubicin [11] and paclitaxel are
developed to enhance water solubility and plasma half-life of
the all three drugs [12]. The retention time of nanoparticles
is prolonged due to its conjugation with PEG by preventing it
to be taken by mononuclear phagocyte system.

Human body requires large number of trace elements
and there deficiency can lead to abnormal body condition
one of which is cancer. Zinc is one of the most abundant and
essential cofactor of proteins that inhibits the induction and
development of cancer. It is important for transcriptional
activation and antioxidant resistance mechanism. The p53
tumor suppressor transcription factor have single zinc ion
at its DNA binding interface. Deficiency of zinc causes p53
mutation, leading to DNA damage and progression of tumor.
Zinc will maintain the p53 integrity, cell cycle arrest G1, DNA
repair and finally tumor apoptosis [13,14]. In this work, we
have formulated polymeric nano anticancer drug loaded
with Zn nanoparticles with enhanced drug released.

Experimental

“Polyethylene Glycol 2000 (Merck)”, “Sodium Hydroxide
pellets (Merck)”, “Zinc Nitrate Hexahydrate (DaeJung)”,
“Standard Methotrexate (USP)”, “Dimethyl Formide (AC
tabscan)”, “Hydrochloric Acid (Merck)”, “Methotrexate
Tablet”, “Potassium Dihydrogen Phosphate (Sigma Aldrich).”

Instrument Used

FTIR(IRaffinity 1)wasusedforstructuralcharacterization
of synthesized nanoparticles in a range starting from 400cm
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1 to 4000cm™. X-ray diffraction (Panalytical powder X-ray
diffractometer) was used to determine crystal structure and
crystallite size by using Cuka radiations having wavelength
1.54A, Transmission Electron Microscopy (JEM-ARM200F
UHR) to study morphology and calculation of particle
size. UV-visible Spectrophotometer (UV 1800 Shimadzu)
for quantification of drug in nanoparticles. Dissolution
Assembly (TDT-08L Electro Lab) for study in-vitro drug
release in phosphate buffer. The nanoparticle size analyzer
(BT 90) by the use of dynamic light scattering calculated the
nanoparticle diameter using Stokes Einstein Equation.

Preparation of Zn/PEG Nano-Composite

The nano-composite was prepared by employing sol
gel method [15]. Took 10 ml of 0.02M polyethylene glycol
2000 (pH =7.5) and added equal volume of 0.04M NaOH (pH
10.5). The solution was sonicated for 30 min using ultra-
sonicator. Clear solution was obtained having (pH=12). Then
added 0.02M Zn(NO,),.6H,0 at a rate of 0.2ml/5min during
magnetic stirring on hot plate. The reaction completed in 4
hrs. Colloidal solution was formed which formed precipitates
on standing. The centrifugation was done at 13000 rpm
for 2 to 3 min and washed several times with water. The
precipitates formed were dried in an oven at 45°C.White
colored powder formed was stored in vial and characterized.

Loading of Methotrexate in Zn/PEG Nano-
particle

Weighed approximately 10mg of Zn/PEG nano-
composite obtained previously and dispersed in 10 ml of
water. The solution was sonicated for 1 hr. in ultrasonic bath.
Colloidal solution was formed. Simultaneously dissolved
approximately 10 mg of methotrexate in 60% of dimethyl
formide (DMF) in water and added at a rate of 0.2ml/5min
in the above solution. Yellow color colloidal solution was
formed which was centrifuged at 13000 rpm and dried at
70°C.The yellow colored dried nanoparticles were then
stored in tightly closed vial for characterization.

Identification of Drug Loading by UV Analysis

To identify the loading of methotrexate in nanoparticles
and verify the interference in quantification of methotrexate,
the nanoparticles were dissolved in three different media i.e.
acid, basicand neutral media. Drugloaded nanoparticle, pure
methotrexate, PEG 2000, Zn(NO,),.6H,0 and Zn/PEG nano-
composite absorbance was measured in the region 230nm
to 400nm. Approximately 10 mg of methotrexate standard
was dissolved in 0.1M NaOH to produce 100ml], filtered and
diluted 10 ml to 100 ml with 0.1M NaOH. Similarly 5.0 mg of
methotrexate standard was dissolved in 50ml of 0.1M HCI.
Pipetted 3ml and diluted to 10 ml with the same solvent.
Then approximately 5 mg of drug loaded nanoparticle was
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dissolved in 50ml of 0.1M NaOH and 0.1M HCI, separately.
Dissolved 5 mg of drug loaded nanoparticle in sufficient
quantity of purified water and made the volume up to 50 ml

FTIR of Methotrexate Loaded Polymeric
Nanoparticle

FTIR of methotrexate polymeric nanoparticles along
with methotrexate pure, PEG, PEG/Zn nano-composite were
subjected to the characterization by FTIR (IR affinity 1).

Drug Content Determination

To determine the methotrexate in nanoparticles, 5.0mg
of MTX loaded nanoparticle was dissolved in 50ml 0.1 M HCI
.Took 1 ml of this solution and made up the volume to 10ml
with 0.1M HCL.5.3 mg of methotrexate standard was dissolved
in 50 ml of 0.1 M HCI. Different concentrations of MTX
standard solutions were prepared by dilution with 0.1 M HCl
(10, 20, 30, 40, 50 pg/ml) [16]. Absorbance was measured
by UV-visible Spectrophotometer (UV 1800 Shimadzu) .The
drug content was determined by plot of calibration curve.
Linear regression analysis was done.

XRD Analysis

XRD measurements were obtained by X-ray diffraction
(Panalytical powder X-ray diffractrometer) using 83 PAN
analytical MPD XPERT PRO to determine crystal structure and
crystallite size by using Cuka radiations having wavelength
1.54A.10 mg of nanoparticles was scanned from 102 to 702
at 25°C.

Dynamic light scattering: The PEG/Zn composite and drug
loaded nanoparticles were dispersed in water, sonicated and
irradiated by stream of laser light by BT 90 nanoparticle size
analyzer .The diameter of nanoparticle was calculated with
the help of Stokes Einstein equation.

Transmission electron microscopy: In this technique an
ultrathin layer of PEG/Zn nano-composite was magnified
and detected by Transmission Electron Microscopy (JEM-
ARMZ200F UHR) in order to determine the morphology and
particle size of PEG/Zn nano-composite.

Dissolution Studies

Dissolution Assembly (TDT-08L Electro Lab) was
used for study of in-vitro drug release in phosphate
buffer. Approximately 50 mg of nanoparticles containing
methotrexate were suspended in 500ml of 0.2 M potassium
dihydrogen phosphate with pH 7.125 and stirred on a
dissolution apparatus at 75 rpm at 37°C. At predetermined
time intervals, 15 ml aliquots were withdrawn and dissolved
methotrexate was determined at 302 nm. A physical mixture
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containing 250 mg of methotrexate standard dissolved in
100 ml of 0.1M potassium dihydrogen phosphate (Sigma
Aldrich). Took aliquot of 2 ml of standard solution and make
volume up to 10ml with same solvent, as a reference solution
for dissolution test.

Result and Discussion
UV Analysis

UV spectra of all compounds used in synthesis were
obtained. The Figures 2 & 3 depicts that the spectrum of
nanoparticle obtained showed absorbance at the same
maxima and minima as that of the standard [17,18]. However
in Figure 4 the maxima of nanoparticle shifted towards higher
wavelength. Hence the solvent in which the absorbing specie
is dissolved also influence the spectrum with increasing
solvent polarity.

Figure 2: Spectra in 0.1M NaOH (a) MTX Loaded Nano
particle (b) Pure MTX (c) PEG/Zn Nano-composite.

Figure 3: Spectra in 0.1M HCI (a) Pure MTX (b) MTX
Loaded Nanoparticle.
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Figure 4: Spectra in Water (a) Pure MTX (b) MTX Loaded
Nanoparticle (c) PEG/Zn Nano-composite.

FTIR Spectra

Figure 5 represented the FTIR spectra of polyethylene
glycol, PEG/Zn nano-composite, pure MTX and MTX in PEG/
Zn nano-composite.

Figure 5: FTIR Spectra (a) Polyethylene glycol (b) PEG/Zn
Nano-composite (c) Pure MTX (d) MTX Loaded Polymeric
Nanoparticle.
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Figure 5 (d) showed the successful loading of MTX in
PEG/Zn nano-composite. The peaks in the range of 3000
cm? to 3500 cm? represented O-H stretching. In pure
MTX the peak at 1614cm? corresponded to C=0 stretching
from COOH group and C=0 stretching from amidic group.
However in methotrexate loaded nanoparticle the peak
shifted to a considerably lower frequency 1605 cm™ due to
chelation of zinc with drug. The peak at 1386 cm™* and 1384
cm’! showed interaction between Zn and PEG by the bending
vibrations of CH, [18]. The peak at 1210 cm™ corresponded
to C-N stretching vibration of R-NH, [19]. The sharp peak at
630 cm™ was also intensified in MTX loaded nanoparticle
showing Zn-0O stretching vibrations [20]. The peak at 468
cm? and 469 cm™ represented stretching vibrations of Zn-0
[11].

Drug Content Determination

The calibration curve of MTX standard was obtained by
charting different standard methotrexate concentration (10
to 50pug/ml) at x axis versus values of absorbance at y axis
306 nm, see Figure 6. The correlation coefficient was 0.9957.
The percentage assay of drug was 15.45%.

Figure 6: Calibration Curve for Drug Content
Determination.

XRD Analysis

In Figure 7 the peaks presentat 26=31.76° (100), 34.48°
(002) and 36.31° (101) represented the formation of zinc
oxide nanoparticle with hexagonal crystal structure [11].
The major peaks at 21.96°,28.07°, 32.95°,58.2° and 59.47°
might be due to Zn(OH), that could be result of unreactive
excess of OH™ of NaOH and Zn*? of Zn(NO), The Zn(OH), peak
may also be due to interaction of Zn*? with OH! of water. The
mean crystallite size was 1.047 nm, as found from Scherer’s
equation [22]. The XRD pattern represented that the MTX
loaded in zinc/PEG nanoparticles had amorphous nature.
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Figure 7: XRD Pattern of Methotrexate Loaded Nano-
particle.

J

Dynamic Light Scattering

The volume mean diameter of Zn/PEG nano-composite
was 137nm and that of methotrexate nanoparticle was 73.7
nm.

TEM Analysis

Average size particle calculated length was 53.88nm and
width 12.19 nm. Zn was present in the form of nanotubes
and PEG as flakes as, illustrated in Figure 8.

Figure 8: TEM Image of PEG/Zn Nano-composite.

In-vitro Drug Release Studies

The percentage of methotrexate release in phosphate
buffer from nanoparticles after 3 days was approximately
18%, see Figure 9(a). It is also reported that release of drug
atpH 7.4 isless as compared to pH 5 and pH 6 [11]. Generally,
the release profile depends on number of parameters most
importantly pH, particle size and dehydration of polymers
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[23,24]. The sustained release of drug may also be due to the
strong chelation between drug and zinc in nanoparticle. The
release of methotrexate from tablet after 3 days was 42%, as
shown in Figure 9(b). The pure drug release after 5 minutes
was 71% and 100% after 30 min as illustrated in Figure 9(c)
[25].

Figure 9 (a): Percentage Release of Methotrexate from
Nanoparticle.

Figure 9 (b): Percentage Release of Methotrexate from
Tablet.

-

Figure 9 (c): Percentage Release of Pure Methotrexate.

This revealed prolonged released of drug from the
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nanoparticle as compared to conventional dosage form and
pure drug. This prolong release may reduce the toxic effects
of drug on the body and can effectively cure the cancerous
cells. The drug loaded polymeric nanoparticle having
controlled and steady release are therapeutically effective
and significant [20].

Proposed Mechanism through which Zn/PEG
Nano-composite interacted with MTX

The proposed mechanism through which methotrexate
interacted with PEG/Zn nano-composite is displayed in
Figure 10. Methotrexate acts as a ligand and zinc as a complex
generator. Firstly, PEG was chelated with Zn*?to form PEG/
Zn nano-composite. Secondly, the obtained PEG/Zn nano-
composite was then reacted with MTX. The MTX molecules
act as a ligand and reacted with COO- anions to form MTX
loaded nanoparticle [26]. The MTX have functional groups
like di-amino, pteridine ring, alkanoyl and two carboxylic
group that favors it to be used as an effective ligand and
carrier for complex agents [20]. As it is well reported that
metals ions have low affinity for nitrogen atom the more
likely coordination site will be that of COO". This fact and
coordination mode of zinc metal was further supported by
FTIR characterization. It is evident from the FTIR spectrum
of pure drug and nanoparticle that the peaks in the range
of (1700-1600cm™®) C=0 stretching from COOH group
disappeared in the drug loaded nanoparticle. An absorption
band above 1700cm™ was not observed, which is due to
COOH group. Furthermore, the interaction between zinc and
oxygen was also verified by the XRD pattern as depicted in
Figure 7 [27-30].

Figure 10: Proposed Schematic Procedure for Synthesis of
MTX Loaded Nanoparticle.
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Figure 11: Graphical Representation.

Conclusion

In the present study, I have first successfully formulated
the PEG/Zn nano-composite followed by loading of MTX in
nanoparticles via sol gel method. The spectroscopic studies
showed the successful loading of methotrexate in the PEG/
Zn nano-composite The UV Spectrophotometer analysis
showed that the drug contents were 15.45pg/ml. The FTIR
spectra of methotrexate loaded polymeric nanoparticle
indicated that all relevant functional group moieties were
present. The drug was safely loaded into PEG polymer and
Zn ion had chelation with MTX. The average crystallite size
of drug loaded nanoparticle was 1.047 nm. The volume mean
diameter (D) methotrexate nanoparticle was 73.7 nm. The
dissolution studies concluded that after in-vitro release
study of methotrexate loaded nanoparticle a prolong and
steady state release pattern was achieved as compared to the
methotrexate conventional dosage form and this nano dosage
form can be successfully used in anticancer treatment.
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