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ABSTRACT 
Background and Objective: The purpose of this study was to determine the in vitro release kinetics of five 
brands of Clonazepam tablets available in the local pharmaceutical market of Bangladesh. Methodology: In 
this study, five widely prescribed brands C1, C2, C3, C4 and C5 were chosen. All of these brands were 0.5 mg 
Clonazepam with strip packaging. The dissolution was carried out using USP apparatus-II and the analysis 
was performed with the UV spectroscopy. To find out the release kinetics, K0 (for zero order), K1 (for first 
order), Kh (for Higuchi model) were determined. The R2 values for each kinetics were also determined which 
indicated the linearity of release kinetics for each brand. Result: The study found no brand to follow the 
zero-order and first order kinetics mostly except Higuchi’s drug release profile. The brands showing different 
R2 values for Higuchi Drug release profiles are C1 (R2=0.9843), C2 (R2=0.9548), C3 (R2=0.9726), C4 
(R2=0.9578), C5 (R2=0.9334) which were the highest amongst the R2 values comparing to zero order and first 
order values. Conclusion: It is concluded that the available Clonazepam tablet brands available in 
Bangladesh generally follow the Higuchi’s drug release kinetics. 
Keywords: Clonazepam, Dissolution, release kinetics, In-vitro drug dissolution, drug release equations. 

1.0. Introduction 

Benzodiazepines, remarkably a potent 
antipsychotic drug class, mechanizes by 
enhancing the effect of neurotransmitter 
gamma-aminobutyric acid (GABA) at the GABAA 
receptor[1] and hence it acts on the central 
nervous system, produce sedation, hypnosis, 
muscle relaxation, down regulate the anxiety 
levels and also effectively used in the treatment 
of ‘Lennox-Gastaut syndrome’[2]. Clonazepam, 
a major oral tranquilizer of choice classified 
under the Benzodiazepines was patented in 
1964 followed by successful marketing after 
being invented by ‘Roche’[3] which began to be 
indicated for treating mainly epilepsy, panic 
attacks, insomnia, anxiety, seizures, muscle 
disorders etc[4][5]. Due to its widespread 
availability, Clonazepam has also been used as 
abusive purposes such as leading to various 
physical and psychic dependence causing 
withdrawal reactions, showing major side 

effects like drowsiness, dizziness, depression, 
fatigue[6], coordination and movement 
obstacles etc.[7] Clonazepam is highly 
contraindicated for patients with severe liver, 
kidney, lung and narrow angle glaucoma[8]. The 
pharmacokinetic property shows the dose-
dependency throughout the whole dose-
regimen and typically the elimination half-life is 
around 30 to 40 h[9]. The inhibitory action of 
central nervous system by clonazepam may be 
potentiated by alcohol, narcotics, barbiturates, 
nonbarbiturates, antianxiety agents etc. In 
addition, Clonazepam has a tendency to 
interact with opioids causing respiratory 
depression when combined together[10]. Both 
Cytochrome P-450 and CYP3A have an 
important role in clonazepam reduction and 
oxidation[11].  

In the pharmaceutical industry, drug dissolution 
testing is conducted to determine in vitro drug 
release information for both quality control 
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purposes and drug development[12]. To 
determine the rate of dissolution, when a solid 
oral dosage form like tablets or capsules are 
taken, the effectiveness depends on the 
whether the drug dissolves in the fluids of the 
gastrointestinal tract before it is absorbed into 
the systemic circulation[13]. Dissolution is how 
an active product ingredient is extracted out of 
the dosage form into the solution within the 
gastrointestinal tract whereas the term ‘in vitro’ 
defines the testing method of how a drug after 
being released from its bounded form is mixed 
in a particular dissolution media examined by 
the use of a USP dissolution apparatus in a 
dissolution tester[14]. Release kinetics is 
nothing but a mathematical model that is used 
to evaluate the kinetics and mechanism of the 
performance of drug release with time. The 
best fitted release kinetic model will be the one 
with the highest correlation coefficient (R2) 
value[15].  

This study showed the method of determining 
the release of kinetics of five different 
renowned brands of Bangladesh. Dissolution 
was carried out to determine the percent drug 
release data and with the help of various 
mathematical release kinetic models, the best 
fitted model was determined for each of the 
brands from their highest R2 value.  

2.0.  Materials and methods:  

This in vitro study was conducted at the 
Advanced Pharmaceutical analysis laboratory of 
East West University during the period 
November-December, 2016 with the materials 
0.5 mg Clonazepam tablets, deionized water 
media, dissolution apparatus, UV 
spectrophotometer and analytical balance. Five 
brands which were undergone dissolution study 
in deionized water media were collected from 
the various local pharmacy shop of Bangladesh. 
All the five brands were randomly coded as C1, 
C2, C3, C4 and C5 respectively and used 
aluminium strip packaging with 0.5 mg 
Clonazepam. The in vitro dissolution study was 
performed with the help of a dissolution 
apparatus. The tablets were undergone a 
dissolution study for 60 minutes period and the 

samples taken at an interval of 10 minutes were 
analyzed under UV spectrophotometer to build 
release kinetic models graphically in Microsoft 
Excel Software 2016.   

In-vitro dissolution study: 

The in vitro dissolution study was conducted by 
USP type II apparatus at 75 rpm with a 
temperature of 37±0.5°C that was divided into 
six section assembly. Dissolution was carried 
out in 900 mL deionized/distilled water in each 
of the assembly. Ten milliliters of dissolution 
medium was withdrawn by pipette during 1 h 
duration of dissolution study. It was analyzed at 
273 nm after filtration. The percent drug 
release data was determined separately with 
the help of UV spectroscopic analysis by 
keeping time along x-axis against the variables 
of drug releases in accordance with the 
equation along the y-axis concerned such as 
zero order, first order and Higuchi equation 
models to calculate the R2 value from where the 
highest one concludes about the release 
kinetics model[16][17].  

Determination of Release kinetics: Generally, 
for an immediate solid dosage form like 
Clonazepam, zero order, first and Higuchi 
equation for drug release is applied to 
determine the actual release kinetics.  

Equation for zero order kinetics: The equation 
for zero order drug release is- Qt = Q0 + K0t 
where, Q0 = initial amount of drug, Qt = 
cumulative amount of drug release at time‘t’, K0 
= zero order release constant, t= time in hours. 
It describes the system where the rate of drug 
release is independent of its concentration of 
the dissolved substance. A linear graph may be 
obtained keeping the cumulative percent of 
drug release at y-axis and time (in hours) along 
x-axis[18][19]. 

Equation for first order kinetics: The equation 
for first order drug release is- Log Qt = Log Q0 + 
Kt / 2.303 or Qt = Q0.e-kt. Here, Q0 = initial 
amount of drug, Qt= cumulative amount of drug 
release at time‘t’, K= first order release 
constant, t= time in hours. In this case, the drug 
release rate depends on its concentration. A 
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graph is plotted between the time taken on X 
axis and log of cumulative percentage of the 
remaining drug to be released on Y axis that 
gives a straight line. [18] [19] 

Equation for Higuchi drug release: The 
equation for Higuchi drug release is- Q = KHt1/2. 
Here, Q= cumulative amount of drug release at 
time‘t’, KH= Higuchi constant, t=time in hours. It 
describes the drug release as a diffusion 
process. A graph is plotted between the square 
root of time taken on the x-axis and the 
cumulative percentage of drug release on y-axis 
and it gives a straight line[18][19]. 

The method of this study was based on 
constant cumulative percent release of drug 
with time. In an excel spreadsheet, the 
necessary data were input and scattered 
diagram of both the standard curve as well 
dissolution curves were graphically produced to 
obtain the equations which resemble the 
standard equation of a slope, y=mx+c and also 
to obtain the values of R2. Calculating the values 
of x in the equation ultimately led us to the 
percent drug release data that helped to build 
the release kinetic model based on zero order, 
first order and Higuchi release equations 
graphically represented by line scattered 
diagram.  

3.0. Results and Discussion:  

A standard curve is usually prepare using 
standard Active product ingredient (API) of the 

dosage form but in this case due to the non-
availability of raw API, the 0.5 mg tablet of a 
renowned brand C4 was dissolved in the 
dissolution media (deionized water) in a 50 ml 
of volumetric flask preparing a solution of 
40µg/ml. After proper filtration, the effect of 
excipients was nullified out as much as possible 
and hence with the data obtained from the UV 
spectroscopy analysis, a standard curve was 
prepared using a concentration range of 0-40 
microgram per milliliter that provided an 
equation y = 0.0146x + 0.0025 with a value of 
(R2= 0.9996) clearly indicating the proficient 
linearity of the curve. (Fig. 1)  

 
Figure 01: Standard curve of Clonazepam 

prepared using brand C4. 

 

Table 01: Cumulative percentage of drug release from different brands of Clonazepam 

 

 

 

 

 

 

Time (minute) C1 C2 C3 C4 C5 

0 0 0 0 0 0 

10 32.72 36 36.51 56.57 37.71 

20 49.09 40.5 54.95 69.42 44.57 

30 65.45 58.5 58.64 72 48 

40 76.36 67.5 69.71 82.28 75.42 

50 92.72 90 91.84 92.57 89.14 
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 a) 
Figure 2a: Zero order plots of five brands of Clonazepam tablets. 

b) 
Figure 2b: First order plot of five brands of Clonazepam tablets. 

 
Figure 3: Higuchi plot of five brands of Clonazepam tablets. 
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Clonazepam is a commonly used anti-
depressant drug which is commercially available 
in pharmaceutical market manufactured by 
various pharmaceutical companies of 
Bangladesh. This study was aimed at conducting 
an experiment based on in-vitro drug 
dissolution to evaluate the release kinetics of 
drugs from the drug matrix. Three 
mathematical equations were used to come to 
a conclusion about interpreting the release 
kinetic model of the drugs from their solid 
matrix. It is noteworthy that the R2 value 
obtained from the curves of zero order, first 
order and Higuchi drug release profile provided 
an idea about the drug release kinetics.   

The cumulative drug release vs. time has been 
shown in Table 1. A zero order drug release is 
always constant over a particular time 
period[20]. Hence, a zero order graph was 
plotted with the help of cumulative drug release 
pattern against time. After 10 minutes, all the 
brands were released at a range of around 32 to 
36 %. After 50 minutes had passed of drug 
dissolution, all the brands (C1, C2, C3, C4 and 
C5) provided a cumulative drug release of 
92.72%, 90%, 91.84%, 92.57% and 89.14% 
respectively. The zero order release rate 
constants (K0) were calculated from the zero 
order equation as well as the correlation 
coefficient values (R2 values) that were 
determined from the graph. From the Fig. 2a, it 
was evident that brand C4 displayed least R2 

value of 0.7825 whereas the R2 value 0.9669 of 
brand C1 was found maximum (Table 2). On the 
other hand, the release rate constants ranged 
from 0.84 to 1.2.  

According to the first order drug release kinetic 
model, the rate of drug release is directly 
proportional to the drug concentration which 
remains in the drug matrix i.e. it’s a 
concentration dependent process[21][22]. In 
this regard, the graph of first order release 
kinetic model was prepared by plotting the time 
(min) on x-axis and percent (%) logarithm of the 
remaining drug on  y-axis. The release rate 
constants were found in Fig. 2b and it was 
within the range of values (-0.0205 to 1.04). The 
R2 values were also obtained from the graph 
where brand C4 having R2 value of 0.0707 was 
the least and that of brand C1 (R2=0.9212) was 
the highest indicating sufficiency of the linearity 
of first order release kinetics (Table 2).   

A Higuchi's model assumes that diffusion of 
dissolved drug through the matrix is the rate-
limiting stage while determining the release 
kinetic model[23]. In the Higuchi plot, square 
root of time was plotted along x-axis against the 
cumulative percent of drug plotted along y-axis. 
The release rate constants for this model were 
in the range of 10.34 to 13.11. In Fig 3, the 
highest R2 value was provided by the brand C1 
(R2=0.9843) and the least linearity was 
displayed by the brand C5 (R2=0.9334) (Table 2).

   
Table 02: Comparison of R2 values of five different brands of Clonazepam to determine the release 

kinetic model of drug release. 
 
 
 
 
 
 
 

 
4.0.  
5.0. Conclusion: 
The R2 value is the indicative of the release 
kinetics for the different brands. The highest R2 

values for a particular brand that was obtained 
either from Zero order/First order/Higuchi's 
drug release profile were assumed to have been 

Brands  R2 values zero order R2 values first order R2 values Higuchi's  
C1 0.9669 0.9212 0.9843 
C2 0.9505 0.8719 0.9548 
C3 0.9228 0.0968 0.9726 
C4 0.7825 0.0707 0.9578 
C5 0.9296 0.8836 0.9334 
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released following that particular release kinetic 
equation. For C1, the highest R2 value=0.9843 is 
for Higuchi's equation so it will be released from 
its solid matrix in the dissolution media 
following Higuchi's mathematical model 
presumably. Similarly, the highest R2 values for 
C2, C3, C4 and C5 are 0.9548, 0.9726, 0.9578 
and 0.9334 that clearly indicated that all of the 
rest brands of Clonazepam also followed 
Higuchi's equation profile of release kinetics 
respectively.  

Acknowledgement:  

The authors are highly thankful to the 
“Advanced Pharmaceutical Analysis” laboratory 
of East West University for providing necessary 
supporting materials while conducting the 
study.  

Reference 

1. Huguenard JR, Prince DA. Clonazepam 
suppresses GABAB-mediated inhibition in 
thalamic relay neurons through effects in 
nucleus reticularis. Journal of 
Neurophysiology. 1994 Jun 1;71(6):2576-81. 

2. Riss J, Cloyd J, Gates J, Collins S. 
Benzodiazepines in epilepsy: pharmacology 
and pharmacokinetics. Acta neurologica 
scandinavica. 2008 Aug 1; 118(2):69-86. 

3. Brande L. Drugabuse.com. Sober media 
group. Klonopin History and Statistics. 
[updated on 2017 Jul 8], Available from: 
http://drugabuse.com/library/klonopin-
history-and-statistics/ 

4. Landmark CJ, Larsson PG, Rytter E, 
Johannessen SI. Antiepileptic drugs in 
epilepsy and other disorders—a population-
based study of prescriptions. Epilepsy 
research. 2009 Nov 30; 87(1):31-9. 

5. Pollack MH, Simon NM, Worthington JJ, 
Doyle AL, Peters P, Toshkov F, Otto MW. 
Combined paroxetine and clonazepam 
treatment strategies compared to 
paroxetine monotherapy for panic disorder. 
Journal of Psychopharmacology. 2003 Sep; 
17(3):276-82. 

6. Nardi AE, Valenca AM, Freire RC, 
Mochcovitch MD, Amrein R, Sardinha A, 
Levitan MN, Nascimento I, de-Melo-Neto 

VL, King AL, de O e Silva AC. 
Psychopharmacotherapy of panic disorder: 
8-week randomized trial with clonazepam 
and paroxetine. Brazilian Journal of Medical 
and Biological Research. 2011 Apr; 
44(4):366-73. 

7. Longo LP, Johnson B. Addiction: Part I. 
Benzodiazepines-side effects, abuse risk 
and alternatives. American family physician. 
2000 Apr 1; 61(7):2121-8. 

8. Smith HS. Opioid metabolism. Elsevier. 
InMayo Clinic Proceedings; 2009 Jul 31, Vol. 
84, No. 7, p. 613-624. 

9. Hoffmann O, Mossberg L, Heine L. 
Benzodiazepine treatment in criminal 
medicine: careful control and strong 
indications are required. Lakartidningen. 
2006; 103(28-29):2131. 

10. Kratochvil CJ, Owens JA. Pharmacotherapy 
of pediatric insomnia. Journal of the 
American Academy of Child & Adolescent 
Psychiatry. 2009 Feb 1; 48(2):99-107. 

11. Crevoisier C, Delisle MC, Joseph I, Foletti G. 
Comparative single-dose pharmacokinetics 
of clonazepam following intravenous, 
intramuscular and oral administration to 
healthy volunteers. European neurology. 
2003; 49(3):173-7. 

12. Azarmi S, Roa W, Löbenberg R. Current 
perspectives in dissolution testing of 
conventional and novel dosage forms. 
International journal of pharmaceutics. 
2007 Jan 2; 328(1):12-21. 

13. Zhao N, Augsburger LL. Functionality 
comparison of 3 classes of 
superdisintegrants in promoting aspirin 
tablet disintegration and dissolution. AAPS 
pharmscitech. 2005 Dec 1; 6(4):E634-40. 

14. Sepulveda P, Jones JR, Hench LL. In vitro 
dissolution of melt‐derived 45S5 and sol‐gel 
derived 58S bioactive glasses. Journal of 
Biomedical Materials Research Part A. 2002 
Aug 1; 61(2):301-11. 

15. Reddy V. Slideshare.net. Linkedin 
Corporation. Drug release mechanism and 
kinetics. [Updated on 2017 Jul]. Available 
from: https://www.slideshare.net/vamsi-

http://drugabuse.com/library/klonopin-history-and-statistics/
http://drugabuse.com/library/klonopin-history-and-statistics/


 Tirtha Nandi, et al., In-Vitro Release Kinetics of Clonazepam from Five Brands of Clonazepam Available in 
Bangladesh Using UV Spectroscopic Analysis in Deionized Water Media  

 

© 2017 All Rights Reserved.                                                                                                                                         CODEN (USA): JBPRAU 24 

krishnareddy57/drug-release-mechanism-
and-kinetics 

16. D'souza SS, DeLuca PP. Methods to assess in 
vitro drug release from injectable polymeric 
particulate systems. Pharmaceutical 
research. 2006 Mar 1; 23(3):460-74. 

17. Kim HJ, Jeong YI, Kim SH, Lee YM, Cho CS. 
Clonazepam release from core-shell type 
nanoparticlesin vitro. Archives of pharmacal 
research. 1997 Aug 1; 20(4):324-9. 

18. Reddy V, slideshare.net. LinkedIn 
Corporation. Drug release mechanism and 
kinetics; 2010 [Cited on 2017 Jul 28]. 
Available from: https://www.slideshare. 
net/vamsikrishnareddy57/drug-release-
mechanism-and-kinetics 

19. Savale S. slideshare.net. LinkedIn 
Corporation. Drug release kinetics; 2016. 
Available from: https://www.slideshare.net 
/sagarsavale1/drug-release-kinetics 

20. Rhine WD, Sukhatme V, Hsieh DS, Langer R. 
A new approach to achieve zero-order 

release kinetics from diffusion-controlled 
polymer matrix systems. Controlled Release 
of Bioactive Materials 1980; 1980:177-86. 

21. T Nandi, MA Rahman, Jahan N, Islam RS, 
Pavel OF. Determination of In-vitro release 
kinetics of Metformin hydrochloride from 
six brands of Metformin hydrochloride 
tablets available Bangladesh using water 
media: A UV spectroscopic analysis. Science 
Arena Publications. Specialty Journal of 
Medical Research and Health Science. 2017, 
2(2):8-16.  

22.  Dash 22. S, Murthy PN, Nath L, Chowdhury 
P. Kinetic modeling on drug release from               
controlled drug delivery systems. Acta Pol 
Pharm. 2010 May 1; 67(3):217-3. 

23. Schwartz JB, Simonelli AP, Higuchi WI. Drug 
release from wax matrices I. Analysis of 
data with first‐order kinetics and with the 
diffusion‐controlled model. Journal of 
pharmaceutical sciences. 1968 Feb 1; 
57(2):274-7.

 

https://www.slideshare.net/sagarsavale1/drug-release-kinetics
https://www.slideshare.net/sagarsavale1/drug-release-kinetics

