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Abstract
The purpose of this study is to evaluate the photostabilization mechanism of risperidone tablets. Risperidone is 
widely used for sensory integration disorder. It is formulated as tablets, orally disintegrating tablets, fine granules, 
oral solutions, and intramuscular injections. We found that risperidone was unstable in tablets and generated 
oxidized products. Formation of the oxidized product R5 was promoted in the presence of hydroxypropylcellulose 
by photoirradiation. On the other hand, photostability improved greatly when carmellose (CMC) or carmellose 
calcium (CMC-Ca) was used as a disintegrant. Since CMC and CMC-Ca are acidic substances, the photostability 
of tablets may have been affected by pH. Therefore, the effects of different pHs were examined. Risperidone was 
dissolved in methanol and the buffer (in the presence or absence of hydroxypropylcellulose) at different pHs (1.2, 
3.0, 4.0, 5.0, and 6.8) was added. The photodegradation of risperidone was not observed at less than pH 3.0 in the 
presence of hydroxypropylcellulose, and low pHs improved the photostability of risperidone. On the other hand, 
risperidone solution without hydroxypropylcellulose was stable at all pH values. Therefore, risperidone was 
photochemically oxidized in the presence of hydroxypropylcellulose at high pHs.
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1. Introduction

Risperidone (3-{2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1- 
piperidinyl]ethyl}-6,7,8,9-tetrahydro-2-methyl-4H-pyrido 
[1,2-α] pyrimidin-4-one) is a benzisoxazol derivative that 
is widely used for sensory integration disorder (Janssen 
P.A.J., 1987); it has both serotonin 5-HT2 and dopamine D2 
antagonistic activities (Janssen P.A.J. et al., 1988; Leysen 
J.E. et al., 1988; Grant S. and Fitton A., 1994).

Risperidone was developed by Janssen Pharmaceutica 
Inc. and won FDA approval in the US on December 29, 
1993 (where it is marketed as RISPERDALTM), and sub-
sequently achieved worldwide acceptance (Germann D. et 
al., 2012).

9-Hydroxylation of risperidone is mainly generated by 
two cytochrome P-450 enzymes, CYP2D6 and CYP3A4. 
9-Hydroxyrisperidone is the major metabolite of risperi-
done in plasma. 9-Hydroxyrisperidone has pharmacologi-
cal activity as well as risperidone (Yasui-Furukori N. et 
al., 2001).

Risperidone is formulated as tablets, orally disintegrat-
ing (OD) tablets, fine granules, oral solutions (Berus P. et 
al., 2005), and intramuscular injections. It is practically 
insoluble in water, freely soluble in methylene chloride, 
and sparingly soluble in ethanol. It dissolves in dilute acid 
solutions (Merck Index, 14th ed., 2006).

This active pharmaceutical ingredient (API) is hydro-
lyzed into the R2 form in the presence of water, and is 
also oxidized into the R5 form during preservation 
(Tomar R.S. et al., 2004; Bharathi Ch. et al., 2008). R5 is 
an N-oxide product of risperidone and one of the major 
degraded substances that is generated by photoirradiation. 
The chemical structures of risperidone, R2, and R5 are 
shown in Fig. 1.

OD tablets are a new type of solid dosage form that are 
easily dispersed or dissolved in the oral cavity and are 
swallowed without water. The compliance and acceptabil-
ity of patients are improved by OD tablets (Rahman Z. et 
al., 2010). The EP (European pharmacopoeia) describes 
OD tablets as uncoated tablets intended to be placed in 
the mouth where they disperse rapidly before being swal-
lowed and as tablets which should disintegrate within 
3 min. FDA defines OD tablet as a solid dosage form 
which contains a medicinal substance or active ingredient 
which disintegrates rapidly within a matter of seconds 
when placed upon a tongue (Bhatu P.B. et al., 2011).

In the case of tablets that are unstable to light, film 
coating technology may be performed to improve the sta-
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bility. For example, titanium oxide, which is often formu-
lated in the film has light shielding properties. However, 
film coating technology is not applicable to OD tablets 
because the film does not dissolve promptly with saliva. 
Also, the surface of the OD tablet is often brittle, the sur-
face may collapse during film coating.

To develop the optimal formulation for risperidone OD 
tablets, the effects of excipients on the stability of risperi-
done were investigated.

When the risperidone OD tablets were previously for-
mulated, the stability of risperidone against heat and pho-
toirradiation was improved by adding carmellose (CMC) 
(Iwakura Y. et al., JP Patent, P2013-60392A).

It is well established that photochemical reactions of 
API are often affected by the excipients. Testing of the 
photostability of a drug substance and of the final dosage 
form is important to ensure the life span of the product 
(Tønnesen H.H., 2001).

The purpose of this study is to evaluate the stabiliza-
tion mechanism of risperidone and other additives in 
risperidone OD tablets against photoirradiation.

2. Materials and methods

2.1 Formulation and manufacturing methods of 
risperidone orally disintegrating tablets

The formulation of risperidone OD tablets is shown in 
Table 1.

Risperidone was obtained from Assia Chemical Indus-

tries Ltd. (Israel) for JP grade. Aspartame was JPE grade. 
Other materials were JP grade.

HPC was obtained for L grade of NISSO HPC (Nippon- 
Soda, Japan).

The OD tables were prepared by three different manu-
facturing methods as follows.

Method A: From No. 1 to No. 6 in Table 1 were mixed 
in a fluidized bed granulator and then granulated by 1 % 
(w/w) HPC aqueous solution. The granules were sieved 
using a 710 μm screen and excipients from No. 8 to No. 
11 were mixed. The mixture was compressed using a tab-
let press.

Method B: From No. 1 to No. 7 in Table 1 were mixed 
in a fluidized bed granulator and then granulated using 
purified water. The granules were sieved using a 710 μm 
screen and excipients from No. 8 to No. 11 were mixed. 
The mixture was compressed using a tablet press.

Method C: From No. 1 to No. 6 in Table 1 were mixed 
in a fluidized bed granulator and then granulated by puri-
fied water. Additionally, 1 % (w/w) HPC aqueous solution 
was sprayed for granulation. The granule was sieved us-
ing a 710 μm screen and excipients from No. 8 to No. 11 
were mixed. The mixture was compressed using a tablet 
press.

Fluidized bed granulator: Multiplex Coater (MP-01, 
Powrex, Japan). Tablet press: PICCOLA (RIVA S.A., Ar-
gentina).

2.2 Irradiation test of risperidone OD tablets

Sample tablets of methods A, B, and C were stored in a 
light-irradiation tester with a D65 lamp (LT-120, Nagano 
Science, Japan), as previously demonstrated (Teraoka R. 

Fig. 1 Structural formulas of risperidone, R2, and R5.

Table 1 Formulation of risperidone OD tablets.

Ingredient Weight 
(mg/tab)

1 Risperidone 0.5

2 D-Mannitol q.s.

3 Corn Starch 3.0

4 Anhydrous Dibasic Calcium Phosphate 10.0

5 Carmellose (CMC) 5.0

6 Carmellose Calcium (CMC-Ca) 5.0

7 Hydroxypropylcellulose (HPC) 0.5

8 Light Anhydrous Silicic Acid 0.75

9 Magnesium Stearate 0.5

10 Aspartame 2.0

11 Flavor 0.15

Total 50.0
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et al., 2001).
Irradiation was carried at 1000 lx for 25 days. The tem-

perature in the light-irradiation tester was kept at 298 K.

2.3 High-performance liquid chromatography 
(HPLC)

The analysis of risperidone and its degradation forms 
by an HPLC system in tablets has been reported (Suthar 
A.P. et al., 2009). The R5 formation rate was analyzed 
with an HPLC system (Prominence UFLC, Shimadzu, 
Japan) equipped with a UV detector (SPD-20AV, Shi-
madzu, Japan) operated at 275 nm. The packaged column 
was a reverse-phase C18 column (Zorbax SB-C18, 3.5 μm, 
3.0×150 mm, Agilent, USA) operated at 298 K. The flow 
rate was kept at 1.1 mL/min. The mobile phase consisted 
of purified water:acetonitrile:trifluoroacetic acid (1600: 
400:3) and the pH value was adjusted to 3.0 by adding NH3 
solution. After photoirradiation, 5 risperidone OD tablets 
were added into 25 mL of 0.1 mol/L hydrochloric acid/
methanol mixture (3:2). After shaking, this solution 
was filtered using a polyolefin disposable syringe filter 
(Chromatdisk 25A, 0.45 μm, GL Science, Japan). A total 
of 10 μL of sample solution was subjected to HPLC analysis.

2.4 Colorimetric measurement

The color of a sample tablet was measured with a chro-
mameter (Spectrophotometer SE6000, Nippon Denshoku, 
Japan) with the L*a*b* colorimetric system.

The average of 5 tablet measurements of ΔE*, before 
and after photoirradiation in the 3-dimensional L*a*b* 
color space, was calculated as follows.

ΔE* = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2

ΔL*: the lightness difference
Δa*: the red/green difference
Δb*: the yellow/blue difference

2.5 Preparation of sample powders

The sample powders of risperidone and other additives 
were prepared as described in Table 2.

2.6 Solid-state UV-VIS spectra

UV-VIS solid-state absorption spectra of samples from 
a) to d) were measured on a UV-2450 system (Shimadzu, 
Japan) equipped with an integrating sphere unit (Shi-
madzu ISR-2200) at room temperature. A cell was filled 
with sample powder and the spectra were acquired with 
0.2 nm sampling pitch in the wavelength range from 300 
to 400 nm.

2.7 Solid-state NMR

13C CP/MAS NMR spectra of samples a)~d) were mea-
sured on a Varian NMR System 500 with a zirconia sam-
ple tube (outer diameter: 5 mm, scanning speed: 20 kHz).

2.8 Formulation of sample tablets to examine the effect 
of CMC amount on stability

To examine the effect of CMC in tablets on photosta-
bility, three different amounts of CMC in tablets were 
prepared, as shown in Table 3. All formulations were 
manufactured by method C described in 2.1. Sample tab-

Table 2 Preparation of sample powders.

Sample Preparation Method

a) RIS/CMC 
(powder)

7.5 g of risperidone and 7.5 g of CMC were 
mixed using a pestle in a mortar for 2 min.

b) RIS/CMC 
(pellet)

7.5 g of risperidone and 7.5 g of CMC were 
mixed and granulated in a mortar with 3 mL 
of purified water. The granules were dried at 
343 K for 2 h by a hot air circulation-type 
constant-temperature oven (MO-921, Toyama 
Sangyo, Japan).

c) RIS/HPC 
(powder)

7.5 g of risperidone and 7.5 g of HPC were 
mixed using a pestle in a mortar for 2 min.

d) RIS/HPC 
(pellet)

7.5 g of risperidone and 7.5 g of HPC were 
mixed and granulated in a mortar with 3 mL 
of purified water. The granules were dried at 
343 K for 2 h by a hot air circulation-type 
constant-temperature oven (MO-921, Toyama 
Sangyo, Japan).

Table 3 Formulation of different amounts of CMC in risperi-
done OD tablets.

Ingredient Weight (mg/tab)

(Amount of CMC) 0 2.5 5.0

1 Risperidone 0.5 0.5 0.5

2 D-Mannitol q.s. q.s. q.s.

3 Corn Starch 3.0 3.0 3.0

4 Anhydrous Dibasic 
Calcium Phosphate 10.0 10.0 10.0

5 CMC 0 2.5 5.0

6 CMC-Ca 5.0 5.0 5.0

7 HPC 0.5 0.5 0.5

8 Light Anhydrous 
Silicic Acid 0.75 0.75 0.75

9 Magnesium Stearate 0.5 0.5 0.5

10 Aspartame 2.0 2.0 2.0

11 Flavor 0.15 0.15 0.15

Total 50.0 50.0 50.0
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lets were stored at 1000 lx for 14 days and R5 was mea-
sured by HPLC.

2.9 Formulation of sample solutions to examine 
the effect of pH on stability

A total of 1 mL of 0.5 mg/mL risperidone in methanol 
was mixed with 2 mL of 1 % (w/w) HPC buffer solution 
with various pHs (1.2, 3.0, 4.0, 5.0, 6.8). Sample solution 
was injected in a quartz cell and stored in a light-irradiation 
tester with a D65 lamp (3500 lx) for 14 days. The R5 for-
mation rate was analyzed by HPLC. Each pH of buffer 
solution is shown as follows.

pH 1.2: 1st fluid for dissolution test (JP)
pH 3.0: Dilute McIlvaine buffer solution, pH 3.0
pH 4.0: Dilute McIlvaine buffer solution, pH 4.0
pH 5.0: Dilute McIlvaine buffer solution, pH 5.0
pH 6.8: 2nd fluid for dissolution test (JP)

2.10 Formulation of sample solutions to examine 
the effect of HPC concentration

A total of 1 mL of 0.5 mg/mL risperidone in methanol 
was mixed with 2 mL of each concentration (0 %, 0.01 %, 
0.1 %, 1 %) of HPC buffer solution at pH 6.8. Sample 
solution was injected in a quartz cell and stored in a 
light-irradiation tester with a D65 lamp (3500 lx) for 14 
days. The R5 generation rate was analyzed by HPLC.

3. Results and discussion

3.1 Photostability of risperidone OD tablets by 
different manufacturing methods

Tablets produced by methods A, B, and C were sub-
jected to accelerated stability testing at 1000 lx for 25 
days using a D65 lamp. The R5 formation rate was mea-
sured by HPLC and color differences were measured us-
ing a chromameter.

The results of photostability testing are shown in 
Table 4. Comparing these three manufacturing methods 
in terms of stability, method A was most unstable and 
method C was most stable. Similarly, the most color 

change was observed in method A. The color difference 
in method C was very limited.

It was considered that method C is the most stable man-
ufacturing method among these three methods.

3.2 Measurement of solid-state UV-VIS spectra 
and solid-state NMR

There was a possibility that the change of photostability 
was due to a shift of the absorption wavelength (Kojima T. 
et al., 2007). Spectrum from 300 nm to 400 nm in a solid 
state was measured and the relative absorbance spectrum 
was plotted with the absorbance of 300 nm set as 1.0.

Sample d) was not measured because rubber-like pel-
lets were obtained and these pellets were not suitable for 
the measurement because they were not solidified by the 
press.

As shown in Fig. 2, a shift of spectrum was not ob-
served in any sample. Therefore, there was no change in 
the absorption wavelength.

Solid-state NMR has developed as an important tech-
nique for the characterization of pharmaceutical solids as 
well as DSC, FT-IR, and PXRD. Physicochemical infor-
mation about both API and the formulated product was 
provided by the measurement (Berendt R.T. et al., 2006). 
It has been reported that risperidone has three poly-
morphs (Karabas I. et al., 2007; Krochmal B. et al., 2004). 
There was a possibility that the crystal form of risperi-
done was changed and a difference in the stability was 
observed. Measurements of samples a)~d) and risperidone 
were performed using solid-state NMR to determine 
whether the crystal form had changed or not and their 
spectra were compared. As shown in Fig. 3, changes in 
the spectra were not observed and it was suggested that 
there were no changes in the crystal forms.

Fig. 2 Solid-state UV-VIS spectra of risperidone and samples 
a)~c).

Table 4 R5 formation rate and color difference of risperidone 
OD tablets after photoirradiation

Method R5 formation 
(%)

Color difference 
(ΔE*)

A 2.7 1.74

B 1.1 0.76

C 0.5 0.40
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3.3 Effect of CMC in tablets on the photostability

CMC is widely used as a relatively acidic disintegrant. 
A total of 1.0 g of CMC was dispersed in 100 mL of puri-
fied water and the suspension showed about pH 3.5 to 5.0 
(European Pharmacopoeia 8th Edition, 2014).

To examine the effect of CMC on the photostability, 
three different amounts of CMC (0, 2.5, 5 mg) in OD tab-
lets were formulated and stored at 1000 lx for 25 days. 
The pH of the tablet was also measured by dispersing the 
tablet in 20 mL of purified water for 20 min.

As the amount of CMC in the tablet increased, the pH 
value was lowered.

As shown in Table 5, No R5 was detected in any sam-
ple before photoirradiation by HPLC analysis. After pho-
toirradiation, R5 was detected and its amount varied in a 
CMC-dependent manner.

3.4 R5 formation rate in different pH solutions

The R5 formation rate of risperidone/HPC solution at 
different pHs was investigated. The results of photostabil-
ity testing are shown in Table 6 and Fig. 4. In light 
shielding conditions, all samples were stable. When sam-
ples were exposed to light, R5 was generated at high-pH 
conditions. It is considered that the photostability of 
risperidone was affected by the pH of the solution.

3.5 R5 formation rate at different hydroxyl-
propylcellulose concentrations

To evaluate the effect of HPC on the stability of API, 
risperidone was dissolved in different concentrations of 
HPC aqueous solution. As shown in Table 7, R5 forma-
tion was not observed at any sample in light shielding 
conditions. On the other hand, R5 formation was in-
creased with increasing HPC concentration when samples 
were exposed to light.

Fig. 3 Solid-state NMR spectra of risperidone and samples 
a)~d).

Table 5 R5 formation rate at different amounts of CMC in OD 
tablets

CMC 
(mg/tab)

pH R5 formation rate (%)

Initial 1000 lx 
25 days

0 7.6 N.D. 4.14

2.5 6.0 N.D. 1.31

5.0 5.1 N.D. 0.87

Table 6 R5 formation rate at different pH solutions (HPC 
concentration: 1 %).

pH R5 formation rate (%)

Initial 3500 lx 14 days

Light 
shielding

Exposure 
to light

1.2 N.D. N.D. N.D.

3.0 N.D. N.D. 0.02

4.0 N.D. N.D. 0.13

5.0 N.D. N.D. 0.63

6.8 N.D. N.D. 1.14

Fig. 4 R5 formation rate in different pH solutions (HPC con-
centration: 1 %).

Table 7 R5 formation rate at different HPC concentrations 
(pH 6.8)

HPC (%) R5 formation rate (%)

Initial 3500 lx 14 days

Light 
shielding

Exposure 
to light

0 N.D. N.D. N.D.

0.01 N.D. N.D. 0.07

0.1 N.D. N.D. 0.15

1 N.D. N.D. 0.86
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4. Conclusions

By the difference of manufacturing method, the photo-
stability of risperidone in OD tablets was changed.

The photostability was significantly improved by add-
ing purified water before granulation. These differences 
in stability suggested that risperidone and HPC reacted 
upon photoirradiation and formed degradation sub-
stances.

From the analysis of solid-state UV-VIS spectrum and 
solid-state NMR, no physical change was observed.

At low pH, risperidone in HPC solution was stable 
upon photoirradiation. On the other hand, risperidone in 
HPC solution was stable at any pH under light shielding 
conditions. It is suggested that this photo-reaction is sup-
pressed at low pH because risperidone has mono- and 
di-protonated forms (pK1 = 8.1–8.6, pK2 = 3.1) (Alparone 
A., 2011).

The photostability of risperidone in HPC solution de-
pended on the concentration of HPC.

To improve the photostability of risperidone OD tab-
lets, it is important to use acidic excipients and a small 
amount of HPC.

Nomenclature

API active pharmaceutical ingredient

CMC carmellose (carboxymethylcellulose)

CMC-Ca carmellose calcium

DSC differential scanning calorimetry

EP European pharmacopoeia

FDA Food and drug administration

FT-IR Fourier transform infrared spectroscopy

h hour

HPC hydroxypropylcellulose

JP Japanese pharmacopoeia

lx lux

min minute

N.D. not detected

NMR nuclear magnetic resonance

OD orally disintegrating

PXRD powder X-ray diffraction

q.s. quantum sufficiat

tab tablet

w weight
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