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Abstract

The purpose of this study to evaluate the efficacy and safety of methotrexate (MTX) nanoparticle in
paediatric patients with inflammatory bowel disease (IBD).
The paediatric patients with moderate to severe IBD were enrolled in randomized, open-label clinical
study. All eligible presents randomized in two groups. One group is treated with MTX nanoparticle (15
mg/week) while other groups were received azathioprine (AZA) (2 mg/kg/day). The nanoparticle was
synthesized according to the procedure previously described. The erythrocyte sedimentation rate, C-
reactive protein, aspartate aminotransferase, alanine transaminase and disease activity score were used
to determine the remission.
Total 28 patients were enrolled in the study and randomized into two arms. After 12 weeks of therapy,
the mean PCDAI for control and treatment groups were 22.3 ± 2.14 and 16.8 ± 1.87, respectively.
Similarly, the mean PUCAI for control and treatment groups were 24.3 ± 1.47 and 18.7 ± 1.92,
respectively. At the end of 12 weeks, eight patients in the treatment and five patients in the control group
achieved remission.
Conclusion: As per our knowledge, our study is the first to evaluate the safety and efficacy of
nanoparticle formulation in paediatric IBD patients. We conclude that the MTX nanoparticle safe and
more effective as compared to the slandered formulations.
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Introduction
Inflammatory bowel disease (IBD) is a multi-factorial disorder
characterised by inappropriate immune response which
represents a group of inflammatory intestinal idiopathic and
chronic diseases, which includes Crohn’s disease (CD) and
Ulcerative colitis (UC) [1]. The IBD may present at any age;
however, the peak period of presentation for UC and CD is the
second and third decades of life, particularly in adolescence
[2,3]. Over a recent decade, a growing incidence of IBD,
mainly of CD, has been reported in early age [1-4].

The treatment strategies for IBD in children have dramatically
changed over the past decade. The aim of therapy to control the
chronic inflammatory process [5,6]. The role of
immunomodulators and biologics like anti-tumour necrosis
factor (TNF)-α are very important in the management of
chronic inflammatory disorders, mainly the diseases, which are
refractory to traditional medications [5-9]. However, the
intolerance or unresponsiveness to immunomodulators like
azathioprine (AZA) and 6-mercaptopurine (6MP) occurs in
30% to 50% of patients [10]. The patients unresponsive to an
immunomodulator were treated with an alternative
immunomodulator like methotrexate (MTX) or to introduce a
biologic treatment (anti-TNF α) [11]. The MTX shown to be

effective in induction and maintenance of remission in adult, as
well as paediatrics patients with CD [12,13]; however, it did
not show any advantage over placebo in UC [14]. Even though,
few retrospective studies have demonstrated a clinical response
in 60%-70% of patients with UC [15,16].

The effect of MTX in refractory inflammatory bowel disease
(IBD) was first reported by Kozarek et al. [17]. Five controlled
and several uncontrolled studies have demonstrated the
effectiveness of MTX in inducing remission of steroid-
dependent or chronic active CD [18-20], and as a steroid-
sparing agent in refractory IBD. The reduction in the steroid
use could also reduce the steroid-related adverse effects in the
patients with chronic IBD; however high dose MTX are
associated with some common side effects including nausea,
vomiting, headache, abdominal pain, diarrhoea and skin rash.
The active ingredient can be delivered to the site of
inflammation to overcome this limitation. A site-directed
targeting may result in higher drug concentrations at the site of
inflammation, less unintended systemic drug absorption, and
eventually less adverse effects.

Now a days, the targeted deliveries of drugs to specific
anatomical sites by nanoparticle have turned into be promising
tools for the management of chronic inflammatory diseases.
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The nanoparticles are designed to control drug release after
oral administration; the development of such nanoparticles
may reduce the dosage frequency as well as adverse effects of
the drug. Furthermore, the nanoparticles may protect
encapsulated drugs from mucosal metabolism; consequently,
an increased intracellular drug concentration was achieved
[21].

Alginic acid, and sodium and potassium alginates have emerge
as one of the most widely used mucoadhesive biomaterials
because of their good biocompatibility, biodegradation [22],
sol-gel transition properties, and chemical versatility that make
it possible for further modifications [23]. From a regulatory
prospective, the US Food and Drug Administration (US-FDA)
recognizes alginates as a “Generally Referred As Safe”
(GRAS) material, a designation that applies to substances
accepted as safe for alimentary use [24]. GRAS excipients are
listed in the Code of Federal Regulations Title 21 (21 CFR)
parts 182 and 184 [25]. Due to very good biocompatibility,
compatibility for oral use and USFDA approval the alginate is
extensively used in the development of nanomedicines.

In the present study our aim to evaluate the safety and efficacy
of MTX-alginate nanoparticles in paediatric patients with
inflammatory bowel disease.

Experimental

Materials
Methotrexate was obtained from BBI (USA). Sodium Alginate
with molecular weight 12000–40000 and poly-L-lysine were
purchased from Sigma - Aldrich, Germany. Calcium chloride
(CaCl2) and sodium chloride (NaCl) were supplied from
Merck Chemicals Co. All the reagents used in this research
were obtained as an analytical grade.

Patient selection and study design
A randomized, open-label, pilot clinical study was conducted
at hospital of Taishan medical university. The study protocol
was approved by the local ethics committee of Taishan medical
university. Children and adolescents of age between 8 to 17
years with moderate to severe IBD were recruited in the study.
The patients with Paediatric ulcerative colitis activity index
(PUCAI) score >34 or Paediatric Crohn’s Disease Activity
Index (PCDAI) >30 were included in this study. The patients
with ileostomy or colostomy, toxic megacolon, prior sensitivity
or allergy to methotrexate and who received anti-tumour
necrosis factor in the previous 8 weeks were excluded from the
study. The written informed consent was obtained from all the
parents, and assent was obtained from all the participants. The
study was conducted according to the International Conference
on Harmonization (ICH) Good Clinical Practices (GCP) and in
compliance with the Declaration of Helsinki 1975.

All eligible patients were randomized in to two groups. The
patients of the treatment group received MTX nanoparticle and
control group consisted of patients receiving azathioprine. The
patients in the treatment group received the oral MTX

nanoparticles equivalent to 15 mg of MTX per week for 12
weeks. The patients in the control group received 2 mg/kg/day
of oral AZA for 12 weeks. The daily folic acid supplement was
prescribed to all patients in the treatment group.
Corticosteroids were used in 64.2% treatment and by 71.4% in
the control group. After the 4 weeks of study, if the patient’s
condition was remained stable the steroid tempering was
started by 5 mg/week. During the study, all patients were
refrained from other immunosuppressants, antibiotics and
aminosalicylates.

Preparation of MTX nanoparticle
The MTX nanoparticle was synthesized by the method
previously reported by Rajaonarivony et al. [26]. Briefly, 4 mL
of 18 mM calcium chloride was added in to 76 ml of 0.06%
sodium alginate solution that contained MTX under stirring
condition. Then, 16 ml of 0.05% w/v of a poly-L-lysine
aqueous solution was added. Afterwards, the solution was
stirred for 2 hours and kept at room temperature overnight.
Subsequently, this solution was centrifuged at 18000 rpm for
30 minutes and washed three times with distilled water to
acquire the nanoparticles.

Characterization of nanoparticles
Particle size measurement: The mean particle size was
determined by Photon correlation spectroscopy (PCS)
(NANOPHOX, Sympatec GmbH, Germany). The MTX loaded
nanoparticle formulation was diluted with deionized water up
to a pertinent scattering intensity. The data analysis was
performed by the cumulative method, considering spherical
particles. The results were evaluated as the effective diameter,
and the poly-dispersity index (PDI) was calculated as the
relative width of the particle size distribution.

Determination of zeta potential
The MTX nanoparticle formulation’s zeta potential was
determined by the NanoSight (NS500, Malvern Instruments
Ltd, UK). To obtain the zeta potential, the MTX nanoparticles
sample was prepared by diluting nanoparticle in double-
distilled water and kept in an electrophoretic cell.

Fourier transform infra-red spectroscopy (FTIR)
FTIR transmission spectra were determined using a
FTIR-8400S spectrophotometer (Shimadzu, Japan). The
sample for analysis was prepared by mixing of pure drug and
nanoparticle samples (1% of the potassium bromide amount)
with potassium bromide powder. Potassium bromide disc was
prepared by a hydraulic compression at 10000 psi. The
potassium bromide disc was scanned over 400-4000 cm-1 wave
number regions.

Determination of drug encapsulation efficiency
The drug encapsulation efficiency of nanoparticle formulation
was obtained by separation of the MTX nanoparticles from the
aqueous medium holding free MTX. In the present study, a
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separation was achieved by dialysis bag method [27]. The
nanoparticle was first taken into the dialysis bag (Spectra/Por®

3,500 MWCO, Spectrum Medical Industries, CA, USA), which
allows dialyzing the free drug till the complete release of the
encapsulated drug. At the time of the dialysis, the medium
0.9% NaCl was changed in every half an hour, to determine the
accurate amount of drug. The formulation was separated when
there was not any detection of free drug concentration. To the 2
ml of sample solution, Triton X 100 (0.1 ml) was added which
results in a clear solution. Then the percentage of encapsulation
efficiency (E%) of MTX of nanoparticle was measured by UV
spectrophotometry (UV-2600, Shimadzu Co. Ltd. China) at
303 nm and calculated as follows:

E%=100 × (Drug concentrations before the dialysis-Drug
concentrations after the dialysis)/Drug concentrations before
the dialysis.

In vitro release studies
The MTX nanoparticle formulation’s in-vitro release was
obtained by dialysis bag method in phosphate buffer saline
solution with pH 7.4. The optimized MTX nanoparticles
(equivalent to 2.5 mg of drug) were filled in a dialysis bag and
kept in 50 mL of dissolute on a medium, placed in shaker
incubator that was persistently rotated at 100 rpm at 37°C. A
small amount of solution was withdrawn for the analysis. The
amount of MTX released from nanoparticles was determined
according to the UV absorbance intensity at 303 nm. The
values were evaluated according to the standard curve of the
Methotrexate. All of the experimental procedure was
performed three times. The cumulative release percentage (CR
%) of MTX at each time point was calculated using the
following equation:

CR%=(The amount of drug released at the time t/Initial
amount of drug encapsulated in the nanoparticle)×100

Outcome measures
The primary outcome was to determine the feasibility and
safety of administering methotrexate nanoparticle in children
by recording any probable adverse reactions. The secondary
outcome was calculation of the efficacy of MTX nanoparticle
on the disease activity. The clinical response was interpreted as

a decrease in10-point on PCDAI or PUCAI score as compared
to the pre-treatment scores, and a score of <10 defined as
inactive disease or complete remission. Patients could be
withdrawn from the study in case of severe infection, persistent
thrombocytopenia or leukopenia, imminent surgery,
unacceptable adverse reaction, deterioration of disease
symptoms, noncompliance or on patient’s request.

Follow-up
Patients were followed up at 2, 4, 8 and 12 weeks after
randomization and afterwards, in every 4 weeks for subsequent
6 months. At each follow-up visits, the patients were evaluated
according to the PCDAI or PUCAI score. At each visit, the
patients underwent complete blood count, haemoglobin, C-
reactive protein (CRP), aspartate aminotransferase (AST),
alanine transaminase (ALT) and erythrocyte sedimentation rate
(ESR).

Statistical analysis
All pre- and post-treatment data were analysed by using
Student's paired t test. All data are presented as mean values ±
standard error. A P value of <0.05 was considered as statically
significant. All count variables were calculated by the chi-
square test. The adverse events were reported quantitatively as
well as qualitatively by using CTCAE grade. SPSS 9.0
program was used in the statistical analysis.

Results

Clinical characteristics of patients
The baseline characteristics of patients in each arm were
shown in Table 1. Thirty-three patients was screened for the
study; however, five patients were excluded due to prior
history of colostomy (1 patient), exposure to infliximab (1
patient) and too mild disease (3 patients). Total 28 patients (17
male and 11 female) were enrolled in the study and
randomized into two arms. Fourteen patients were included in
each arm. There were 21 patients with CD and 7 patients with
UC with a mean age at the time of enrolment 13.15 years.
Corticosteroids were used in 64.2% treatment and by 71.4% in
the control group.

Table 1. Baseline characteristics of patients in each arm.

Characteristic Control group Treatment group

No. of patients 14 14

Male (female) 9 (5) 8 (6)

Age, (years), mean ± S.E.M (Range, years) 12.7 ± 1.6 (9.1-16.8) 13.6 ± 1.4 (8.6-16)

BMI ( range),

kg/m2

19.6 ± 1.5 (15.4-25.6) 18.2 ± 1.2 (14.4-25.2)

Type of disease

CD

10

4

11

3
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UC

PCDAI

PUCAI

48.6 ± 2.2

49.1 ± 2.3

47.3 ± 1.9

49.2 ± 1.7

AST 37.4 ± 2.9 39.3 ± 2.3

ALT 19.3± 1.7 15.7± 1.3

CRP 3.8 ± 2.1 4.1 ± 1.7

Characterization of MTX nanoparticle
The characteristics of MTX nanoparticles were summarised in
table II. The particle sizes of the nanoparticles are the most
important characteristics formulation. The mean particle size of
the nanoparticle formulation was 164.4 nm with PDI of 0.218.
The low value of PDI showed a uniform particle size
distribution. The encapsulation efficacy was found to be
97.8%. The zeta potential was found to be -32.6 mV that
indicates a good stability of the formulation. This was
attributed to the decrease in electrostatic repulsion between the
particles and their stabilization due to the formation of a coat
over their surfaces.

Table 2. The characteristics of MTX nanoparticle.

Characteristic Value (Mean ± standard error)

Entrapment efficiency (%) 97.8 ± 4.2

Particle size (nm) 164.4 ± 6.9

Zeta-potential (mV) -32.6 ± 3.7

FTIR analysis
The FTIR spectra of MTX and MTX alginate nanoparticle was
showed in Figure 1. In these spectra a significant peak at 3391
cm-1 was obtained due to -NH stretching and characteristic
MTX peaks of 1644 cm-1 and 1603 cm-1. In the spectrum of
MTX alginate nanoparticle formulation, significant peaks at
3437 cm-1, 1644 cm-1 and 1603 cm-1 were obtained. Some
additional peaks were present due to presence of polymer. This
indicates that there were no interactions between the polymer
and drug in this nanoparticle formulation.

In-vitro release
The Figure 2 shows in-vitro release of the MTX nanoparticle.
The in-vitro releases of MTX were obtained by the percentage
of MTX release with respect to an amount of MTX loaded in
nanoparticles. The MTX nanoparticles showed initial burst
release with about 32.7% followed by a sustained release up to
48 hours. The early burst release was possibly because of the
drug precipitation from the nanoparticles or absorbed drug over
the nanoparticles surface. Due to slow diffusion of the drug
from polymer matrix, a prolonged release occurred.

Figure 1. FTIR spectra of pure MTX and MTX nanoparticle.

Figure 2. Release profile of the MTX nanoparticles.

Response evaluation
At the start of the study, all the patients had a moderate to
severe disease with a mean PCDAI of 48 (range 33-59) and
PUCAI of 49.1 (range 35-61). On the comparison of the both
groups at baseline then there is no significance difference was
observed. A significant deference was observed (p<0.05) when
comparing PCDAI (Figure 3) or PUCAI (Figure 4) scores after
4, 8 and 12 weeks of treatment. At 12 weeks, the mean PCDAI
for control and treatment groups were 22.3 ± 2.14 and 16.8 ±
1.87, respectively with a p value of 0.022. Similarly, the mean
PUCAI for control and treatment groups were 24.3 ± 1.47 and
18.7 ± 1.92, respectively with a p value of 0.02. The table III
shows laboratory tests of control and treatment groups at
different time intervals. At 8 and 12 weeks of study, a
significant statistical difference in the mean CRP and ESR
values between the control and treatment groups was noted. At
the beginning of the study, 9 treatment group patients in the
treatment group and 10 control group patients were receiving
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steroids. A significant tampering in steroid dose was noted in
both groups with total 12 patients (8 in MTX group and 5 in
AZA group) were steroid free. At the end of 12 weeks, total 13
out of 28 patients achieved remission, 8 from treatment group
and 5 in the control group.

Figure 3. PCDAI Score of each group at different time intervals of
study.

Figure 4. PUCAI Score of each group at different time intervals of
study.

Toxicity
The adverse events observed during the study were shown in
Table 4. No deaths were reported in both groups. The
commonly reported adverse events thrombocytopenia,
leukopenia, nausea and vomiting were noted in azathioprine
groups and thrombocytopenia, leukopenia and liver enzyme
elevation in methotrexate groups. No serious adverse events
were reported in both groups except one patient developed
grade 3 leukopenia related to azathioprine which recovered
after the discontinuation of the drug. No permanent
discontinuation of treatments was required in treatment groups.

Discussion
In recent times, many studies of nanoparticle formulation in
cell culture and small-animal models especially in the rodent
model have been performed; however, only a few numbers of
studies for evaluating nanoparticle formulation are being
conducted in human till now. The nanoparticle application in
IBD patients was first studied by Schmidt et al. [28]. The
present study, methotrexate nanoparticle was evaluated in
children with moderate to severe active IBD for safety and
efficacy. We compared MTX nanoparticle with AZA. At
baseline, the disease activity score (PCDAI or PUCAI), ESR,
CRP and monthly steroid dose were almost similar in both
groups (p>0.05).

One previous study showed the evidence that the low-dose
weekly oral methotrexate may be safe and effective as a steroid
sparing agent in IBD patients those have not responded to other
therapies, particularly in Crohn's disease [17]. In the current
study, that’s why we used a low dose of MTX was used in this
study.

Table 3: The laboratory tests of treatment and control groups at different time intervals of study.

Tests At 4 Weeks At 8 Weeks At 12 weeks

Control Treatment P value Control Treatment P value Control Treatment P value

CRP (mg/L) 2.9 ± 0.11 2.5 ± 0.12 0.031* 2.4 ± 0.21 2.01 ± 0.17 0.013* 1.8 ± 0.19 1.2 ± 0.23 0.023*

ESR (mm/hr) 34.4 ± 1.53 32.6 ± 1.72 0.35 26.6 ± 1.93 21.4 ± 1.36 0.012* 19.7 ± 2.13 13.9. ± 1.87 0.0413*

AST (U/L) 33.9 ± 2.37 31.6 ± 1.97 0.40 31.4 ± 2.17 28.9 ± 2.76 0.36 29.7 ± 1.85 24.3 ± 2.13 0.035*

ALT (U/L) 16.3 ± 1.47 20.6 ± 1.54 0.02* 19.7 ± 1.77 21.9 ± 1.95 0.49 20.6 ± 1.69 24.3 ± 1.37 0.1

*P<0.05

Table 4. The side effects reported in the study.

Side Effect Control group Treatment group

Thrombocytopenia 4 1

Leukopenia 2* 1

Nausea 4 0

Vomiting 5 0

Elevated lever enzyme 0 2

*One patient developed grade 3 leukopenia

The numbers of controlled studies were conducted on the
effect of MTX in IBD patients. Oren et al presented a double-
blind, randomized, placebo-controlled study of the MTX in the
chronic active ulcerative colitis. This study results
demonstrated that there is no advantage of MTX over placebo
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in patients with moderate to severe UC [14]. Although, our
study showed a significant advantage of MTX nanoparticle
when compared the PUCAI scores between treatment and
control groups, as well as with the baseline values.

Other study conducted by Ardizzone et al. showed that the
MTX is useful in inducing remission in patients with chronic
active CD; however, its efficacy is almost equal to AZA [29].
Although, the current study showed that the efficacy of MTX
nanoparticle is significantly higher than AZA. The increased
effect of MTX nanoparticle may be due to the property of
nanoparticle. Many published reports revealed that the
nanoparticle formulation have an increased therapeutic efficacy
and low toxicities in comparison to the standard drugs for
example, by the use rolipram, 5-ASA, tacrolimus and heparin
[20,29-31]. The nanoparticle also hind the encapsulated drugs
from P-glycoprotein, which is the mucosal enzyme that
metabolized the drugs, resulting in an increased intracellular
concentration of the drugs [8].

In current study, the disease activity scores were significantly
less in the treatment group as compared to control group. A
significant number of patients were achieved remissions in
both groups; however, more number of patients in MTX group
was achieved complete remission. It is quite clear that;
methotrexate nanoparticle provides significant advantages over
conventional therapy. In addition, unlike other methotrexate
trials low incident and less severe adverse event were reported
in our study without any discontinuation of the drug because of
toxicities.

The favourable results in our study may be due to targeted and
sustained drug delivery by nanoparticle formulation. The
accumulation of nanoparticle in ulcerated lesions in IBD
patients were already reported by Schmidt et al. The increased
efficacy and low toxicity in our study may be due to this
increased accumulation effect. Additionally, preferential uptake
of nanoparticle into the inflamed tissue has been confirmed in
many animal and cell culture studies [31-34]. These pieces of
evidence are suggestive of the increased efficacy of MTX in
our study. We speculated that the increased efficacy and low
toxicity of MTX as compared to previous study may be
because of the capability of nanoparticles to hide the drug from
the systemic absorption, increased accumulation effect at
inflamed tissue and the preferential nanoparticle uptake into
the inflamed tissue.

Our study had some limitations such as a small number of
participants, and an open label nature that have the potentials
for biasness. Although, the random assignment of the patients
in both groups was reduce the chances of potential biasness. So
the randomized double-blinded clinical trial is recommended to
confirm these results.

Conclusion
To our knowledge, the current study is the first to evaluate the
drug loaded nanoparticle formulation in paediatric IBD
patients. Many studied showed that the MTX is a good
alternative in patients with AZA/6MP intolerant or resistant

patients. Because of the high cost of biologics, the MTX
should be considered before the induction of biological
therapy. However, the systemic adverse reaction of MTX is the
major limitation of MTX therapy. These limitations can be
overcome by using nanoparticle drug delivery system. Due to
the selectively targeting of inflamed tissue the increased
efficacy and low toxicity as compared with the conventional
formulation were noted. In the current study, we conclude that
MTX nanoparticle safe and more effective in paediatric
patients as compared to the slandered formulations.
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