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ABSTRACT 

Background:  Orally disintegrating tablets (ODTs) have gained an increasing interest in the 

pharmaceutical industry for the last years. Several technologies have been sophisticated for ODTs 

to improve patient compliance.  In the present work, an attempt has been made to formulate and 

evaluate cinnarizine, a drug for motion sickness, in an easy to administer, rapid disintegrated 

dosage form (oral lyophilizates with enhanced disintegration and dissolution profile and 

consequent potential improvement in bioavailability.  

Materials and Methods: Cinnarizine oral lyophilizates were prepared by dispersing the drug in 

an aqueous solution of mannitol, hydroxypropyl methyl cellulose, and glycine. Different 

formulations were prepared by freeze-drying (lyophilisation) technique. The effect of 

concentration of mannitol, hydroxypropyl methyl cellulose, and freezing time on the lyophilizates 

characteristics was investigated. The drug-excipient interaction was investigated as well. 

Results: The resulting cinnarizine oral lyophilizates showed an enhanced disintegration 

(27.5±3.53 sec to 56±12.73 sec) and enhanced dissolution profile (25.09% to 44.7% after two 

minutes). The infrared spectroscopic studies showed no drug-excipient interactions. Furthermore, 

increasing the concentration of mannitol, increasing the concentration of hydroxypropyl methyl 

cellulose and duplication of the duration of freezing time had a negative influence on the 

disintegration and dissolution properties of the resulting lyophilizates.  

Conclusion: Cinnarizine oral lyophilizates were successfully prepared and resulted in a rapid 

disintegration, high dissolution profile, with stable characteristics and without noticeable drug-

excipient interaction. 

Keywords: Cinnarizine, oral lyophilizates, freeze-drying, Orally disintegrating tablets.  

 

 

 الخالصة

د من  السنوات الماضية. تم تطوير العدي  صناعة االدوية خالليدا في ا( اهتماما متز ODTS   (االقراص المتحللة فمويا  لقيت

دوار الحركه  مرض لسينازيزين  التقنيات الفموية لتحسين امتثال المريض. في هذا البحث تم اجراء محاولة لصياغة وتقييم دواء 

الذوبان تحسن احتمال  مع تحت الضغط المنخفض   باستخدام التجفيف بالتجميدفمويا  بشكل جرعه سهلة وسريعة التفكك 

 . للدواء التوافر الحيويو

عن طريق نثر الدواء في   بطريقة التجفيف بالتجميد تحت الضغط المنخفض سينازيزين طرق العمل: تم تحضير اقراصمواد وال

دراسة تاثير تركيز  ختلفة و م ليلوز، كاليسين. تم تحضير تراكيبسانيتول، هيدروكسي بيروبيل مثيل لمالمائي ل محلولال

. تم فحص تفاعل االشكال الدوائية ايضا.  ووقت التجمد على خصائص التراكيب، سليلوز ل مثيل المانيتول، وهيدروكسي بروبي  
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  ±27.5)  المعده بطريقة التجفيف بالتجميد تحت الضغط المنخفض سينازيزين فكك اقراصالنتائج: أظهرت النتائج ان زمن ت

هرت  أظ %  بعد دقيقتين(.44.7% الى 25.09قد تحسنت بنسب ) ثانية ( ودرجة الذوبانية  12.73 ± 56ثانية الى  3.53

كما ان زيادة  .المضافة االخرىمواد المادة الفعالة للدواء وال الدراسة الطيفية باالشعة تحت الحمراء عدم وجود تفاعالت بين

ميد كان له تاثير سلبي على خصائص التفكك والذوبانية  زمن التج ل  وهيدروكسي مثيل سيللوز ومضاعفةويتن تركيز الما

  للمركبات الناتجة.

بنجاح وادت الى تفكك سريع ،   بطريقة التجفيف بالتجميد تحت الضغط المنخفض سينازيزين اقراص الخالصة: تم تحضير

. دواء والمواد الغير فعالهين الوذوبانية عالية ، وخصائص ثابتة وبدون تفاعل ملحوظ ب  

تحت   ، تجفيف بالتجميد اقراص فمويه معده بطريقة التجفيف بالتجميد تحت الضغط المنخفض الكلمات المفتاحية:  سيناريزين ، 

، اقراص متحللة فمويا. الضغط المنخفض  

 

INTRODUCTION     

    According to the World Health 

Organization's reports on Global Health and 

Aging, there would be an increase in the 

population aged 65 or older from an 

estimated 0.5 billion in 2010 to nearly 1.5 

billion in 2050.1 Difficulty in swallowing is 

an important problem in orally administered 

drugs in solid dosage form for children and 

elderly patient.2 On the other hand, using of 

the liquid dosage form as an alternative has 

several limitations related to stability, 

storage, transportation and packaging.3 

    For this reason, pharmaceutical industry 

has formulated orally disintegrating tablets 

(ODTs) which combine the advantages of 

both solid and liquid formulations. In 

addition, the bioavailability of a drug in this 

dosage form can be significantly improved 

due to its pre-gastric absorption before 

reaching the stomach.4 ODT disintegrates 

rapidly in the mouth which aids in rapid 

dissolution, improves the drug absorption, 

and accelerates its onset of action.5 An 

enhancement of the dissolution rates of 

water-insoluble drugs is one of the most 

challenging tasks of drug development 

because the enhanced dissolution rates can 

improve drug oral bioavailability.6 

     The first ODT approved by the food and 

drug administration (FDA) in 1996 was 

Zydis®, which was prepared by the 

lyophilization method.5 Oral lyophilizates are 

defined according to European 

Pharmacopoeia as “solid preparations 

intended either to be placed in the mouth or 

to be dispersed or dissolved in water before 

administration”.7 In the lyophilization 

process, the solvent is removed from the 

frozen solution or suspension of a drug and 

excipients under low temperature. This 

results in a light weight, highly porous tablet 

in which the drug would be in the amorphous 

state rather than a crystalline state that results 

in faster disintegration and dissolution rate. 

Examples of techniques based on 

lyophilization are Zydis®, Lyoc®, and 

NanoCrystal™ technologies.8 

     Lyophilization consists of three stages: 

first, the freezing stage which results in the 

transforming of water into ice that is 

separated from solute and other components 

by super-cooling. The temperature should be 

below that of glass transition temperature and 

eutectic temperature for amorphous and 

crystalline compounds, respectively.9 The 

second stage is the primary drying in which 

the chamber pressure is reduced below the 

equilibrium vapor pressure of ice and the 

shelf temperature is elevated. Finally, the 

secondary drying stage, which relies on 

temperature elevation above that of the 

primary drying to reduce the residual water to 

an acceptable level.10 

     Cinnarizine was first synthesized by 

Janssen Pharmaceutical in 1955.11 It is a 

histamine H1-receptor antagonist, used for 

the treatment of motion sickness, vertigo, and 
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vomiting. Cinnarizine belongs to the 

biopharmaceutical classification system 

(BCS) class II, therefore, the drug dissolution 

is the limiting step for its absorption.12 

    Cinnarizine ODT was prepared by various 

methods like direct compression using super 

disintegrants4, and by effervescent and 

sublimation methods.13 The aim of this study 

is to develop new ODTs of cinnarizine using 

the lyophilization method. 

 

 

MATERIALS AND METHODS 

 

    Cinnarizine powder was purchased from 

Apollo Healthcare Resources, Singapore. D-

Mannitol powder was supplied from 

Scharlau, Spain. Hydroxy propyl  methyl 

cellulose (HPMC) was taken from 

Ashland Industries Europe GMBH. Glycine 

99% was provided by Korea. Hydrochloric 

acid was supplied from Scharlau, Spain. 

Preparation of cinnarizine oral lyophilizates 

     Four different formulations of cinnarizine 

oral lyophilizates (25 mg) were prepared, the 

composition of the different formulations is 

presented in table one. Mannitol was used as 

a matrix former, along with hydroxypropyl 

methyl cellulose E5 (HPMC E5) as a 

cellulose binder, while glycine was used to 

form a porous, strong, and elegant cake. 

Glycine can act as a disintegration accelerant 

as well. 14 A solution of HPMC E5 in water 

was prepared and stirred using a magnetic 

stirrer until a clear solution was obtained. 

Mannitol and glycine were added to the 

HPMC solution while stirring. An accurately 

weighed amount of cinnarizine was dispersed 

in the excipient mixture to yield the final 

percentage (6.25%). A specific volume of the 

resulting dispersion was poured into each 

pocket of the tablet blister with a diameter of 

13 mm and a depth of 3 mm. The tablet blister 

packs were covered with aluminum foil with 

multiple punctures, and frozen at -72ºC in a 

deep freezer, then placed in a lyophilizer 

(ALPHA 1-4 LD plus, CHRIST LCG), with 

a condenser temperature of -55ºC and 

pressure of 0.088 mbar for 24hr.15  

Evaluation of  cinnarizine oral  lyophilizates 

Hardness (crushing strength) 

    Hardness determines the ability of a tablet 

to resist mechanical shocks while handling.16 

From each formulation, 10 tablets were taken 

randomly and tested by tablet breaking force 

tester-USP (electrolab, India). The hardness 

was measured in Newton (N), and 

represented as mean ± standard deviation. 

Disintegration test 

    Disintegration time for cinnarizine oral 

lyophilizates was detected using 

disintegration tester-3 USP, (electrolab, 

India),  900 ml of distilled water was used ( 

37 ºC ± 0.5).6,16 The complete disintegration 

time of the tablet with no palpable mass 

remaining in the apparatus was measured.17 

The disintegration test was also performed on 

the marketed cinnarizine conventional tablet 

(Stugeron® 25 mg tablet), to be compared 

with that of the best-prepared formulation of 

cinnarizine oral lyophilizates. 

Dissolution test 

    A dissolution test for cinnarizine oral 

lyophilizates was conducted using 

dissolution test apparatus II (Pharma test, PT-

DT7, Germany) at a speed of 50 rpm. The 

dissolution medium was 0.1N HCl (pH 1.2) 

in a volume of 900 ml, 5 ml of the medium 

was aspirated at different time intervals (1, 2, 

4, 6, 8, 10, 15, 20, 25, and 30 minutes)  and 

replaced by the same volume of fresh drug-

free dissolution medium. The withdrawn 

samples were filtered through a 0.45 μm 

filter,  diluted and the dissolved drug was 

analyzed at 254 nm by UV 

spectrophotometer.17  

Fourier transforms infrared (FTIR) studies 
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    The pure cinnarizine drug powder and the 

main other ingredients were subjected to IR 

analysis, either alone or in combinations as a 

physical mixture that represented the same 

actual ratios of the ingredients that present in 

the best formulation of the prepared 

cinnarizine oral lyophilizates. Thermo 

Mattson IR 300-spectrophotometer, USA, 

was utilized for the analysis, using potassium 

bromide disc and the scanning range was 

500-4000 cm-1.18 

Statistical analysis 

   Results are expressed as mean ±standard 

deviation. Student pair t-test and ANOVA 

were utilized for statistical analysis, the 

difference was considered to be statistically 

significant  when  P < 0.05.  

 

RESULTS AND DISCUSSION 

A. Effect of the concentration of the binder 

(HPMC E5) on hardness 

     There was an increase in the hardness of 

the formulations in the rank of Lyoph 4> 

Lyoph 3> Lyoph 2> Lyoph1, table 2, figure 

2. 

In order to determine the effect of HPMC on 

the characteristics of cinnarizine oral 

lyophilizates, different formulas were 

prepared. It could be recognized that 

increasing the percentage of HPMC from 2% 

to 3% (when 40% of mannitol was used in 

formulas: Lyoph 1 and Lyoph 2) did not 

exhibit a significant increase in the hardness 

of the tablets (P<0.05). 

when 50% of mannitol was used (Lyoph 3 

and Lyoph 4)  the hardness was significantly 

increased when HPMC was increased 

(P<0.05). This could be attributed to the 

higher binding capacity at higher binder 

concentration19, see figure 2. 

B. Effect of the concentration of the bulking 

agent (mannitol) on the hardness 

    It is interesting to note that the hardness of 

the tablets increased with increasing the 

concentration of mannitol in the formulas 3 

and 4 (50% of mannitol) when compared 

with that of formula 1 and 2 (P=0.008 and 

P=0.001 respectively), see figure 2.  Since 

mannitol has the affinity to crystallize from 

the frozen aqueous preparation, it results in 

an elegant cake with the required hardness at 

higher concentrations.20 This is inconsistent 

with the results founded by Safar et al  (2011) 

who prepared new oral lyophilizates of 

diclofenac sodium using mannitol.15 

Disintegration test 

   The results of the disintegration test of 

cinnarizine oral lyophlizates revealed that 

there was a prolongation in the disintegration 

time of the formulations in the rank of Lyoph 

4> Lyoph 3> Lyoph 2> Lyoph1>, see table 2 

and figure 2. 

    The disintegration time of the different 

formulas of cinnarizine oral lyophilizates was 

in the range of (27.5±3.53 sec to 56±12.73 

sec), which was within the pharmacopoeial 

limits of ODTs.7 However, for Stugeron® 25 

mg tablets, the disintegration time was 

relatively long (312±4.32 sec). The 

disintegration time of cinnarizine oral 

lyophilizates was affected by the 

concentration of both the binder and the 

bulking agent as follows:  

    Increasing the concentration of the binder 

from 2% to 3% resulted in the prolongation 

of the disintegration time. However, this 

effect was significant (P<0.05) in formulas 

prepared with a higher percentage of 

mannitol (50%). These results are correlated 

with the results of the hardness test of the 

lyophilizates, where increasing the 

concentration of the cellulose binder resulted 

in increasing the hardness as illustrated in 

figure 2. This may be due to higher binding 

capacity at higher binder concentration. 

These results are in agreement with the 

results obtained by Ahmed et al (2013) who 
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studied, in a factorial design, the effects of 

different variables on the development and 

optimization of lyophilized orally 

disintegrating tablets of anti-inflammatory 

drug, nimesulide.19   

    Concerning the effect of different 

concentrations of mannitol, the results that 

are presented in figure 2 indicated that there 

was a prolongation in the disintegration time 

with increasing the concentration of mannitol 

from 40% to 50%. This result is in agreement 

with the results obtained by Safar et al   

(2011) who reported an increase in the 

disintegration time when using a high 

concentration of mannitol.15 

Dissolution test 

    The percentage of cinnarizine released 

from oral lyophlizates after 2 minutes was in 

the range (25.09±3.22% to 44.75±5.67%) 

while it was 8.75±2.15% for Stugeron® 25 

mg tablet as illustrated in figure 2 and table 

2. The rate and extent of drug dissolution 

from the prepared ODTs were greatly 

enhanced compared to the commercial tablets 

which may be due to the increased surface 

area, and wettability which facilitate tablet 

break down.21 In addition, this enhanced 

dissolution could be due to the solubilizing 

effect of the highly water-soluble carrier 

materials that were used such as mannitol and 

glycine which are freely soluble in water, also 

HPMC can be dissolved in cold water and 

results in a colloidal solution.22 

Effect of the bulking agent (mannitol) and the 

binder (HPMC E5) on the percentage of drug 

release 

   The effect of the bulking agent (mannitol) 

and the binder (HPMC E5) appears clearly in 

figure 2. Both of these affect the dissolution 

of the drug. However, increasing the 

concentration of mannitol from 40% to 50% 

resulted in the reduction of the percentage of 

cinnarizine released from the tablet. This 

reduction in the drug released was more 

pronounced when 3% of HPMC E5 was used 

in the formulations (P<0.0001) compared to 

that of 2% of HPMC (P=0.028). These 

findings were in accordance with the results 

of the disintegration test. The negative effect 

of the higher concentration of mannitol and 

HPMC on the drug release might due to the 

formation of harder tablets with a slower 

disintegration time. 

    The profound effect of the concentration of 

HPMC on the percentage of released 

cinnarizine is not in accordance with the 

results of another study conducted by Ahmed 

et al (2013). They found that the 

concentration of the cellulose binder had a 

clear effect on the disintegration time of 

ODTs of nimesulide but statistically it had no 

significant effect on the percentage of the 

released drug. However, they have used 

maltodextrin as a matrix former.19 

 

Effect of freezing time on hardness, 

disintegration, and dissolution properties of 

the tablet 

    The effect of freezing time on different 

parameters of the lyophilized tablet was 

examined and illustrated in table 3. The main 

drawback of the lyophilization technique is a 

long time of the process, therefore it is 

beneficial to examine the impact of the 

duration of freezing time on the properties of 

the finished product. The results demonstrated 

that freezing for 24 hr is better than freezing 

for 48 hr. It is clear that there is a higher 

percentage of the drug released after 2 minutes 

for the formula Lyoph 2 (44.75±5.67%) when 

compared with Lyoph 2x (30.89±3.98%), 

(P=0.0006), as illustrated in figure 4. This 

might be attributed to the greater hardness of 

the tablets that remained for 48 h under 

freezing in case of Lyoph 2x, which affect 

negatively on the disintegration and 

dissolution time (figure 3).  
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Fourier transforms infrared (FTIR) studies 

The FTIR studies revealed no detected 

chemical interaction between cinnarizine and 

all other excipients in the formula (mannitol, 

HPMC E5, and glycine). Figure 6. shows that 

there are no extra peaks or shift in peaks 

appeared when comparing IR of cinnarizine 

alone23 (figure 6a), mannitol alone (figure 

6b), HPMC E5 alone (figure 6c), glycine 

alone (figure 6d), with the IR chart of the 

physical mixture of cinnarizine and mannitol 

(figure 6e), cinnarizine and HPMC E5 (figure 

6f), and cinnarizine and glycine (figure 6g).  

There is a weak physical interaction between 

the base drug-mannitol, base drug –HPMC, 

and the base drug-glycine.         

 

CONCLUSION 

Lyophilizate can be considered as a new 

dosage form. Its number in the market is 

increasing and there is a need to investigate 

the potential drugs to be formulated as in such 

dosage form. Cinnarizine tablet is available 

years ago, however, there is a need to 

formulate this drug in a rapidly disintegrating 

tablet to achieve a higher absorption rate and 

a shorter onset of action. This work 

succeeded in manufacturing of cinnarizine 

oral lyophilizates. Mannitol was chosen as a 

filler while HPMC E5 was used as binder and 

Glycine as disintegrant accelerator. The 

suitable freezing time was 24 hours rather 

than 48 hours and the lyophilisate product 

demonstrated rapid release and good 

stability. In addition, the lyophilisate did not 

show signs of possible chemical interactions 

between the different ingredients. 
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Table 1: Different formulations of cinnarizine oral lyophilizates 

Ingredients 

(w/v)% 

Role of each ingredient Lyoph 1 Lyoph 2 Lyoph 3 Lyoph 4 

Cinnarizine Active drug 6.25 6.25 6.25 6.25 

Mannitol  Matrix former 40 40 50 50 

HPMC E5  Binder 2 3 2 3 

Glycine  Disintegration accelerant 0.8 0.8 0.8 0.8 
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Table 2: Different evaluations of cinnarizine oral lyophilizates and the marketed cinnarizine 

conventional tablets (Stugeron® 25 mg) 

 

Formulation 

type 

Hardness** 

(N) 

Disintegration 

time* (sec) 

% Cinnarizine 

released after 2 

minutes* 

Cinnarizine 

content** (%) 

Lyoph 1 25.6±1.05 27.5±3.53 38.79±2.10 98.25±4.50 

Lyoph 2 27.1±1.72 32.5±6.36 44.75±5.67 99.06±7.15 

Lyoph 3 31.9±2.03 43±1.4 33.78±4.32 100.6±1.41 

Lyoph 4 37.9±1.57 56±12.73 25.09±3.22 95.01±3.22 

Stugeron® 25 mg 

tablet 

108.1±0.5 312±4.32 8.75±2.15 92.29±1.40 

   *Data are expressed as mean±S.D, n =6  

   **Data are expressed as mean±S.D, n =3 

 

 

Table 3: Effect of preparation conditions on the tablet hardness, disintegration time, and 

percentage of the drug release 

Formulation 

type 

Duration of 

sample freezing in 

deep freezer  

Hardness** 

(N) 

Disintegration 

time* (sec) 

% Drug release  

after 2 minute* 

Lyoph 2 24 hr freezing 

 

27.1±1.72 32.5±6.36 44.75±5.67 

Lyoph 2x 48 hr freezing 

 

35.23±2.5 45±7.07 30.89±3.98 

       *Data are expressed as mean±S.D, n =6 

       **Data are expressed as mean±S.D, n =3 
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Figure 1: The relation between hardness and disintegration time of the different 

formulations of cinnarizine oral lyophilizates 

 

* Stug: Stugeron® 25 mg tablets 

Figure 2: Percentage of the drug release of the prepared cinnarizine oral lyophilizates 

(Lyoph 1, Lyoph 2, Lyoph 3 and Lyoph 4) and the marketed one.  
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Figure 3: Comparison of the disintegration time of the prepared cinnarizine oral 

lyophilizates under different experimental conditions 

 

 

Figure 4: Comparison of the percentage of the drug release of the prepared cinnarizine oral 

lyophilizates (Lyoph 2 and Lyoph 2x) under different preparation conditions (freezing time).  
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Figure 5:  (a) The FTIR spectrum of cinnarizine alone, (b) mannitol alone, (c) HPMC E5 

alone, (d) glycine alone, (e) cinnarizine and mannitol, (f) cinnarizine and HPMC E5, (g) 

cinnarizine and glycine. 
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