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Abstract: Clonidine hydrochloride (CHL) is a centrally acting alpha two adrenergic agonist. It crosses the blood brain barrier
and acts in hypothalamus to induce a decrease in blood pressure. The objective of the present study was to develop and
evaluate sublingual tablet of Clonidine Hcl for rapid action and to improve patient compliance to therapy. Wet granulation
method was used to prepare sublingual tablet of Clonidine HCL. 32 factorial designs were used to study the effect of binder
concentration on dependent variables such as friability disintegration time and wetting time. The prepared formulations were
evaluated for various parameters such diameter, thickness, weight variation, hardness, friability, wetting time, drug content, in
?
vitro disintegration time and stability studies Results (Hausner’s ratio 1.24, Carrs index less than 13% and angle of repose 29 )
revealed that all pre compression parameters meet the standard values indicating good flow properties. The average weight,
friability and hardness were within compendial limits which showed that all formulations possessed good mechanical strength.
The formulation F8 containing 5 % binder and 6 % disintegrant showed minimum disintegration time and wetting time, good
friability, drug content and rapid drug release. Prepared sublingual tablets of Clonidine Hcl, were able to provide rapid drug
release (94% drug release in 10 minutes) which is a prerequisite for the treatment of hypertension.
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1.

INTRODUCTION

Systemic drug delivery through the sublingual route had
emerged from the desire to provide immediate onset of
pharmacological effect. Dysphagia (difficulty in swallowing) is
a common problem of all age groups, especially elderly,
children and patients who are mentally restarted,
uncooperative, nauseated or on reduced liquid intake/diet
have difficulties in swallowing these dosage forms1,2. The
sublingual tablet, in comparison to the other conventional
dosage forms have increased bioavailability, which may be
attributed to direct absorption of drug into systemic
circulation via sublingual blood vessels and lymphatic system,
which bypasses the liver3. Systemic hypertension is a
common disorder that, if not effectively treated, results in a
greatly increased probability of coronary thrombosis,
strokes and renal4. Clonidine is an imidazoline-derivative
hypotensive agent is a centrally-acting alpha two adrenergic
agonist. It is the first choice for the treatment of
hypertension and also used in the treatment of ADHD
(Attention Deficit Hyperactivity Disorder). It crosses the
blood-brain barrier and acts in the hypothalamus to induce a
decrease in blood pressure. Clonidine is having higher
solubility as well as permeability5,6. Oral bioavailability of
Clonidine Hcl is 25-48%7. About 50% of the absorbed dose
is metabolized in the liver orally8. Also many geriatric
patients suffering from hypertension, face difficulty in
swallowing tablets and hard gelatin capsules, therefore do
not take medication as prescribed by physicians9. Hence
there is a need to develop a Clonidine sublingual tablet
which will have following advantages immediate response,
escape from first pass metabolism, improvement in
bioavailability and also reduced manufacturing difficulty and
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cost effectiveness. Moreover, sublingual tablet overcomes
the shortfalls of conventional quick dispersing /dissolving
intraoral tablets and overcome patent impediments. Hence
the aim of the present investigation is to formulate, evaluate
and optimize sublingual tablet of Clonidine Hcl.
2.

MATERIALS AND METHODS

2.1

Materials

Clonidine hydrochloride was received as gift sample from
Alembic pharma. Mannitol, aspartame, cremophor RH 40,
PVP K 30, sodium starch glycolate, Talc and Magnesium
stearate were purchased from suvidhinath laboratories. All
other chemicals were of analytical grade.
2.2

Methods

2.2.1 Formulation of Clonidine Hcl sublingual tablets
using 32 factorial design
A 32 randomized full factorial design (as shown in Table 1)
was used in the present study for the preparation of
sublingual tablets10. In this design 2 independent factors were
evaluated, each at 3 levels, and experimental trials were
performed for all 9 possible combinations. The
concentration of binder (X1) and concentration super
disintegrate (X2) were chosen as independent variables in 32
full factorial designs. Friability (Y1), wetting time (Y2) and
disintegration time (Y3) were taken as dependent variables.
A statistical model was developed to evaluate the responses,
where Y stands for dependent variable and b0 is arithmetic
mean for all the nine runs respectively.

Table 1 Percentage composition of different factorial batches (F1 to F9)
Ingredient
F1
F2
F3
F4
F5
F6
F7
F8
Clonidine HCl
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
Mannitol
85.5
83.5
81.5
83.5
81.5
79.5
81.5
79.5
Aspartame
4
4
4
4
4
4
4
4
Cremophor RH 40
2
2
2
2
2
2
2
2
PVP K 30
3
5
7
3
5
7
3
5
SSG
2
2
2
4
4
4
6
6
Talc
2
2
2
2
2
2
2
2
Mg stearate
1
1
1
1
1
1
1
1
Total (%)
100
100
100
100
100
100
100
100
2.2.2 Method of preparation of sublingual tablets
The Clonidine Hcl sublingual tablets were prepared by wet
granulation11. The ingredients were weighed accurately and
passed through sieve no. 60# separately. Mannitol,
aspartame and PVP K30 (concentration taken as per the
factorial design) were weighed accurately and mixed in
mortar. Clonidine Hcl was dissolved in water. To this
cremophor RH 40 was added to prepare a solution. The
powder mass was granulated with above prepared solution
to prepare wet mass which was passed through 20# sieve to
form the granules. The granules were dried in tray drier at
40oC. The dried granules were mixed with calculated
quantity of SSG (quantity taken as per the factorial design,
table 1), talc & magnesium stearate as per the formula &
blended for 5 min. separately. The granules were subjected
to pre-compression evaluation like angle of repose, bulk
density, tapped density, Carr's index, Hausner's ratio. The

F9
0.5
77.5
4
2
7
6
2
1
100

granules were compressed using 6mm diameter punch and
tablets with average weight of 60mg were prepared.
2.3

Evaluation of Clonidine HCl sublingual tablets

2.3.1 Precompression characteristic
Before compression of tablets, granules were subjected for
evaluation of various micromeritics properties such as angle
of repose, carr’s index and Hausner ratio12. The bulk and
tapped density were calculated using following formula:
Bulk density = W/Vp and Tapped density = W/ Vt
Where W is the mass of powder, Vp and Vt is the bulk
volume and tapped volume of powder. The carr’s
compressibility index was determined using following
equation.
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Carr’s index = (Vp – Vt / Vp) * 100
Hausner's ratio was calculated by following equation
Hausner ratio = Tapped density / Bulk density
2.4

Post compression evaluation13
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using modified dissolution apparatus consisting of 50 ml
beaker and magnetic stirrer. The tablet was placed in the
beaker containing 30 ml phosphate buffer 6.8 as dissolution
medium at 37° C. Aliquots of 5 ml were withdrawn at every
2, 4, 6, 8, 10, 12, 14 and 16 minutes. After each withdrawal
the volume removed was compensated by fresh 5 ml of
phosphate buffer 6.8. The drug content was analyzed
spectrophotometrically at 215 nm against reagent blank15.

2.4.1 Hardness
2.4.8 Stability studies
The hardness of three randomly selected tablets from each
formulation is determined by placing each tablet diagonally
between the two plungers of tablet hardness tester
(monsanto type) and applying pressure until the tablet broke
down into two parts completely and the reading on the
scale is noted down.
2.4.2 Thickness
The thickness of three randomly selected tablets from each
formulation is determined in mm using a vernier caliper. The
average values are calculated.
2.4.3 Friability test
Friability was evaluated as the percentage weight loss of 20
tablets tumbled in friabilator for 100 revolutions, at 25rpm.
The tablets were dedusted & the loss in weight caused by
fracture or abrasion was recorded as the percentage
friability.

Stability studies of clonidine HCl sublingual tablets were
carried out according to ICH guidelines by storing the
○
samples at 40 ± 5 C and 75 ± 5 % RH for 1 month using
stability chamber. The samples were evaluated for
physicochemical parameters namely hardness, friability,
disintegration time, wetting time, % drug release and drug
content. Similarity factor f2 was used to check the similarity
between release profile of optimized formulation before and
after the stability testing16.
3.

STATISTICAL ANALYSIS

Stat Ease software (Design Expert version, 7.0) was used to
generate the polynomial equations for the selected
dependent variables such as disintegration time (Y1), wetting
time (Y2), and friability (Y3). One way ANOVA was applied
to prove the significant coefficients at 95% confidence (P ˂
0.05).
4.

RESULTS AND DISCUSSION

2.4.4 Weight variation

The time taken for a tablet to disintegrate is measured by
USP disintegration apparatus without disk using water as
medium at 37°C. According to USP, all the tablets should
disintegrate completely within 2 min.

Sublingual tablets of Clonidine Hcl were prepared by wet
granulation method. Mannitol was used as filler. Clonidine
Hcl is a slightly bitter drug. In Clonidine HCl sublingual
tablets aspartame was used as a sweetening agent. Along
with sweetening agent, cremophor RH 40 was also added
into the formulation which acted as a taste masking agent. In
the US patent and various research articles it been reported
that cremophor RH 40 is used as a taste masking
agent17,18.Cremophor RH 40 is a hydrogenated castor oil
which binds and coats the taste receptors (coats the surface
protein receptors) responsible for the taste masking of the
drugs

2.4.6 Wetting time

4.1

To study weight variation, twenty tablets were taken and
their weight was determined individually and collectively on
a digital weighing balance. The average weight of one tablet
was determined from the collective weight.
2.4.5 Disintegration time

Using this test, the time required for moisture to penetrate
the tablet completely is measured and possibly represents
the time required to release drug in the presence of minute
volumes of saliva. The tablet was placed above absorbent
paper fitted into a petri dish. After the paper is thoroughly
wetted with distilled water, excess water is completely
drained out of the dish. The time required for the water to
diffuse from the wetted absorbent paper throughout the
entire tablet is then recorded using a stopwatch14.
2.4.7 In vitro dissolution

Pre and post compression properties of
sublingual tablets

Results of precompression properties of Clonidine HCl
sublingual tablets are shown in Table 2 Bulk density and
tapped density of formulation F1 to F9 was found to be in
the range of 0.25-0.35 gm/ml and 0.31-0.43 gm/ml
○
○
respectively. Values for angle of repose 20 -30 generally
indicate good flow property. A hausner ratio of less than
1.25 and carr’s index 12-20 indicate good flow and
compressibility19. All the pre-compression parameters meet
the standard values. So, all the formulations showed good
flow properties.

The sublingual tablets were subjected to dissolution study by
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Table 2 Precompression properties of Clonidine HCl sublingual
tablets (n=3)
Batches
Bulk
Tapped
Carr’s
Hausner’s
Angle
Density
Density
index
ratio
of
(gm/ml) (gm/ml)
repose
F1
0.35
0.43
18.60
1.22
25.32
F2
0.34
0.41
17.07
1.20
24.68
F3
0.31
0.37
17.81
1.19
25.56
F4
0.28
0.33
15.15
1.17
24.44
F5
0.30
0.38
17.14
1.26
23.96
F6
0.27
0.35
20.01
1.18
27.15
F7
0.38
0.47
19.15
1.23
26.56
F8
0.25
0.31
13.85
1.24
29.01
F9
0.39
0.34
12.28
1.13
29.68
Table 3 shows the evaluation data of post compression
properties of clonidine Hcl sublingual tablets. As we know
thickness is one of the criteria for packing so the tablets
should have appropriate thickness. The thickness and
diameter for all the formulations were measured. It was
observed that thickness ranged from 1.5-1.79mm and the
diameter ranged from 6.03-6.06mm. All the formulations
were tested for hardness by Monsanto type hardness tester.
The hardness of all formulations was found to be in the
range of 2-5 kg/cm2 which indicated good mechanical

strength. The percentage drug content of all tablets was
found to be between 92- 100 % which was within the
acceptable limits. The average weight of the tablets was
60mg ± 2%. As the weight of the tablets was 60mg, the
acceptable weight variation range is 60 mg or less (±10%).
Hence all the tablet formulations were within the limits and
passed the weight variation test. Result showed that as the
concentration of binder increases, disintegration time
increases and friability decreases due to increase in
hardness. Formulation F8 shows less D.T and good friability

Table 3 Post compression properties of Clonidine Hcl sublingual tablets(n=3)
Batches
DT
Friability
Wetting
Hardness
Drug
(Sec)
(%)
time
Kg/cm2
Content
(Sec)
%
F1
125
0.94
117
2.5
94.37
F2
177
0.72
168
2.5
95.93
F3
200
0.35
192
3
92.61
F4
82
0.89
73
3
96.80
F5
71
0.44
65
3.5
97.34
F6
136
0.39
128
4
95.01
F7
57
0.91
48
4
100.28
F8
54
0.53
42
4.5
98.44
F9
75
0.28
69
5
97.20
4.2

Effects of formulation variable on D.T (Y1)

Multiple linear regression analysis showed that coefficient b1
bear a positive sign and coefficient b2 bear a negative sign.
The positive coefficient indicates that as the concentration
of X1 (PVP K-30) increases, there is increase in the
disintegration time. The negative X2 coefficient indicates
that as the concentration of X2 (SSG) increases; there is

decrease in the value of disintegration time. The Y1 for all
batches F1 to F9 shows good correlation coefficient of
0.9586. Low disintegration time value is very important
parameter for sublingual tablets. 3-D surface plot for D.T is
shown in figure 1. Here, X2 variable is responsible for low
disintegration time value. The fitted equation for the
response Y1 is shown below.

P-4

ijlpr 2020; doi 10.22376/ijpbs/lpr.2020.10.2.P1-8

Pharmaceutics

Fig 1. 3-D surface plot for D.T(Y1)
4.3

Effects of formulation variable on Friability
(Y2)

Concerning Y2, the results of multiple linear regression
analysis showed that coefficient b1(it is the estimated
coefficient for factor X1, negative values indicates that if we
increase the PVP K-30 concentration there is decrease in
the friability) bear a negative sign and coefficient b2 also bear
a negative sign. The b2 coefficient indicates that as the

concentration of X2 (SSG) increases, there is decrease in
the friability value, but the coefficient of b2 is very low as
compared to b1. 3-D surface plot for friability is shown in
figure 2. The Y2 for all batches F1 to F9 shows good
correlation coefficient of 0.9468. Low friability value is very
important parameter for sublingual tablets. Here, X1
variable is responsible for low friability value. The fitted
equation for the response Y2 is shown below.

Fig 2. 3-D surface plot for Friability (Y2)
4.4

Effects of formulation variable on Wetting
time (Y3)

The b1 coefficient indicates that as the concentration of X1
(PVP K-30) increases, there is increase in the wetting time.
3-D surface plot for wetting time is shown in figure 3.The b2
coefficient indicates that as the concentration of X2 (SSG)

increases, there is decrease in the value of wetting time. The
Y3 for all batches F1 to F9 shows good correlation
coefficient of 0.9642. Low wetting time value is very
important parameter for sublingual tablets. Here, X2
variable is responsible for low disintegration time value. The
fitted equation for the response Y3 is shown below
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Fig 3. 3-D surface plot for Wetting time (Y3)
The dissolution study was carried out using 30 ml of
phosphate buffer 6.8 dissolution medium at 50rpm at 37°C
± 0.5 °C. It was observed that formulations F5 F7 and F8,
showed rapid drug release. The percentage cumulative drug
release (figure 4) of formulation F5, F7 and F8 after 8

minutes found to be more than 80 %. Results of ANOVA
study for the dependent variables are summarized in Table
no 4. Model ia said to be significant when p value is less than
0.05.

Fig 4. Plot of %cumulative drug release versus time of batches F1 to F9(n=3)

Response
D.T (Y1)
Friability (Y2)
Wetting time (Y3)

Table 4. Results of ANOVA study for the dependent variables
Sum of square
Degree of freedom
Mean square F value
22725
5
4545
13.90
0.52
5
0.10
10.67
23325
5
4665
16.15

P value
0.0275
0.0397
0.0223

If P value less 0.05 then model is significant

4.5

Optimization of formulations

Optimization of sublingual tablets was done by using
desirability function (by use of design expert software). The
red dot on the ramp graph indicates the desired
concentration of independent factors. Ramp graph (as
shown in figure 5) gives desired concentration of binder
(5%) and disintegrate (6%) for the desired constraint. For
example in sublingual dosage desired constraint are

minimum disintegration time, minimum wetting time and
optimum friability. The values of the desired responses
(dependent variables) are also shown in the ramp graphs
which are responsible for the overall desirability of the
formulation. It has been reported that, we have to choose
the optimum formulation which will have desirability value
closer to 1. The desirability function for formulation F8 was
found to be 0.994. Hence it was selected as an optimized
formulation.
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Fig 5. Ramps graph for overall desirability values
4.6

Stability studies

Results of stability studies showed (Table 4) (figure 6) that
there is no significant change in the parameters like
hardness, friability, disintegration time, wetting time, drug
○
content and %CDR when stored at 40 C and 75% RH for

period of one month. Similarity factor was used to calculate
drug release. The curves are thought to be statistically
similar if f2 value was above 50. f2 value was found to be
83.91. Results of stability studies concluded that there was
no significant change in drug release when stored at 40oC
and 75% RH for a period of one month.

Table 4. Stability data of optimized formulation
Parameters
Before
After 30 days
Hardness
4.5 kg/cm2 4.3 kg/cm2
Friability (%)
0.53
0.49
DT(sec)
54
48
Wetting time (sec)
42
35
Drug content (%)
98.44
95.84

Fig 6. Plot of Percentage Cumulative Drug Release vs Time of optimized batch
before and after stability
5.

CONCLUSION

The concept of sublingual tablets containing Clonidine Hcl
offers a suitable and practical approach in serving the
desired objective of management of hypertension. The
excipients used in the formulation were inexpensive and are

easily available. Most of the excipients used in formulation
are water-soluble and hence have a better patient
acceptability. The optimized formulation F8 containing 5 %
binder and 6 % disintegrant showed minimum disintegration
time (54 sec) and wetting time (42 sec) and rapid drug
release. From the study it can be concluded that, sublingual
P-7
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tablets of clonidine Hcl can provide rapid drug release within
a short period time which a prerequisite for the treatment
of hypertension.
6.
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regarding optimization of formulation by Stat Ease software.
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