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ABSTRACT:

The objective of the present investigation is to develop a formulation of Sublingual tablets of Mirtazapine
by Direct compression method. For the preparation of Sublingual tablets various Super disintegrants were
used like sodium starch glycolate (SSG) and Crospovidone. Precompression parameters like Carr’s Index,
Hausner’s Ratio and Angle of Repose meets the standard values of powder flow properties. The average weight
variation, friability and hardness were within compendial limits which showed that all formulations possessed
good mechanical strength. The optimized formulation M3 showed minimum disintegration time of 24.52 + 1.08
secs, and drug release of 97.12 % in 10 mins among all other batches of tablets. The result of stability study of
the batch M3 showed that there were no significant changes in Hardness, In-vitro Disintegration time, Friability,
Drug content and In Vitro dissolution profile when stored at room temperature for period of one month. From
the study it was concluded that Sublingual tablets of Mirtazapine is an acceptable dosage form which suggests
that it is likely to become one of the choices of Mirtazapine preparations for the treatment of Depression.

INTRODUCTION:

Mirtazapine is a tetra-cyclic antidepressant that was FDA approved in 1997 as treatment for moderate and
severe depression. The drug has sedative, antiemetic, anxiolytic, and appetite stimulatory effects, which explains
its off-label use for conditions such as insomnia, panic disorder, posttraumatic stress disorder, obsessive-
compulsive disorder, generalized anxiety disorder, social anxiety disorder, headaches, and migraines.
Clinicians usually prescribe mirtazapine for major depressive disorder after a trial of selective serotonin
reuptake inhibitors (SSRIs). Mirtazapine is primarily prescribed to patients with depression and insomnia or a
low body mass index (BMI). It displays antagonist effects on alpha-adrenergic, muscarinic, and histaminic
receptors. It acts as a serotonin—norepinephrine reuptake inhibitor (SNRI) (a reuptake inhibitor of serotonin and
norepinephrine), with additional antiadrenergic, antihistamine, anti-serotonergic, and anticholinergic activities.?
5
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Mirtazapine’s low bioavailability due to favorable pharmacokinetics can be fixed by producing the drug as a
sublingual tablet. Also, ageing is an important risk factor for the development of depression. However, as
patients age, they often stop taking their medications for a variety of reasons, the most common of which being
swallowing difficulties and changes in the bioavailability profile brought on by biological profile changes.
Therefore, a sublingual tablet containing an anti-depressant medication can help in overcoming those issues.
Therefore, an effort is being made to create a Mirtazapine sublingual tablet as the perfect substitute to improve
oral bioavailability, patient compliance, and drug delivery.®”

Sublingual tablets bypass the gastrointestinal tract and liver, allowing the active ingredient to enter the
bloodstream directly through the mucous membranes under the tongue. This results in faster absorption and
enhanced bioavailability, as the drug avoids the first-pass metabolism that typically occurs when taken orally.
This mechanism can lead to quicker onset of action and more reliable drug levels in the body.81

Sublingual tablets show higher bioavailability in comparison to other conventional dosage forms. This
phenomenon can be explained by the drug's direct absorption into the sublingual blood vessels and lymphatic
system, which promotes systemic circulation without passing through the liver. Therefore, it is expected that
medications will be absorbed under the tongue quickly, producing a therapeutic impact more quickly. So the
objective of the study was to formulate and evaluate Mirtazapine Sublingual Tablets.

However, because it is in BCS class I, its permeability is high, but it offers a very low oral bioavailability of
only 50%. It has a half-life of 20-40 hours and is recommended as a once-daily dose of 15-45 mg.t12

MATERIALS AND METHOD:

Materials:

Mirtazapine an APl was procured from Cadia Pharmaceuticals Ltd, Ahmedabad, Gujarat, India.
Microcrystalline cellulose (MCC) talc, mannitol, magnesium stearate, Sodium starch glycolate (SSG), sodium
lauryl sulphate (SLS), and crospovidone were procured from Chemdyes Corporation, Rajkot, Gujarat, India.

Method: 1314

Mirtazapine sublingual tablets were prepared by the direct compression method. All ingredients were accurately
weighed and passed through a mesh sieve to ensure uniform particle size. The required quantity of Mirtazapine
15 mg was mixed uniformly with excipients such as mannitol, microcrystalline cellulose (MCC), crospovidone,
sodium starch glycolate (SSG), and sodium lauryl sulphate (SLS) as per the formulation table 1. The mixture
was blended thoroughly to obtain a uniform powder. Finally, magnesium stearate and talc were added and
mixed gently for a few minutes. The prepared blend was compressed into tablets using rotary tablet compression
machine.

Table 1: Formulation of batches M1 to M6 by direct compression technique

INGREDIENTS (mg) M1 M2 M3 M4 M5 M6
Mirtazapine 15 15 15 15 15 15
Crospovidone 25 35 4.5 - - -
Sodium starch glycolate - - - 2.5 3.5 45
Microcrystalline cellulose 65.66 64.66 63.66 65.66 64.66 63.66
Mannitol 33 33 33 33 33 33
Sodium lauryl sulphate 0.24 0.24 0.24 0.24 0.24 0.24
Talc 1.2 12 12 1.2 1.2 1.2
Magnesium stearate 24 24 24 24 24 24
Total weight 120 120 120 120 120 120

Determination of Melting point of Mirtazapine: 1

Melting point of Mirtazapine was measured by capillary apparatus. Minimum amount of drug was placed in a
thin-walled capillary tube closed at one end. This capillary was then mounted in a melting point apparatus with
thermometer and then their temperature range over which Mirtazapine melts is measured. The readings were
taken in triplicate.

Estimation of drug by UV Spectroscopy: ¢
Preparation of Phosphate buffer at pH 6.8: Amount of 28.80 gm of Disodium Hydrogen Phosphate, 11.45
gm of potassium Dihydrogen Phosphate and were diluted up to 1000 ml with distilled water to prepare 6.8 PH
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phosphate buffer solution.

Preparation of standard stock solution in phosphate buffer at pH 6.8: Standard stock solution of
Mirtazapine was prepared by dissolving 10 mg of Mirtazapine in 100 ml phosphate buffer (pH 6.8), which make
the stock solution of concentration of 100 pg/ml.

Determination of Amax of Mirtazapine in phosphate buffer at pH 6.8: For determination of Amax, Stock
solution was scanned between 200-400 nm against phosphate buffer (pH 6.8) as a blank in the UV-Visible
spectrophotometer.

Preparation of working solutions: Working solution of concentration 5, 10, 15, 20 and 25 ppm were prepared
by pipette outing 0.5, 1, 1.5, 2 and 2.5 ml respectively from the stock solution of 100 ppm and diluted up to 10
ml volumetric flask. Absorbance of working solutions was measured in triplicate at Amax at 293 nm against
phosphate buffer (pH 6.8) as a blank.

Fourier Transform Infrared Spectroscopy (FTIR): FTIR was performed for identification of pure
Mirtazapine. FTIR spectroscopy was also used for drug and excipients identification and to evaluate their
compatibility. FTIR spectroscopy of pure drug and physical mixture of drug and excipients was carried out to
check the compatibility of drug and excipients.

Precompression parameter ¥’
Flow parameter of powder: Flow properties were determined by various parameters such as bulk density,
tapped density, angle of repose. Carr's index, and Hausner's ratio.

Bulk density: Accurately weighed the powder mixture and transferred to measuring cylinder carefully measures
the volume of powder without compacting. It is expressed as gm/ml.

Mass of powder (gm
Bulk Density = P (gm)

Bulk Volume of powder (ml)

Tapped density: Tapped density was measured by placing graduated cylinder containing formulation blend on
mechanical tapping apparatus. Tapped volume was measured until constant tapped volume is not achieved. It is
expressed as gm/ml.

Mass of powder (gm)

T D ity =
apped Density Tapped Volume of powder (ml)

Hausner’s ratio: Hausner’s ratio is a ratio of tapped density to bulk density. Value of 1.25 Hausner’s ratio
indicates good powder flow and more than 1.25 indicated poor powder flow. Generally, glidant were added to
improve the powder flow of the material.

Tapped density

Bulk density

Hausner's ratio =

Compressibility index: Compressibility index is a ratio of difference of tapped density and bulk density to
tapped density. It is expressed in percentage (%).

. Tapped density — Bulk density
Compressibility Index = - x 100
Tapped density

Angle of repose: Angle of repose was determined by funnel method. Powder blend was poured from funnel that
can be raised vertically until it reaches maximum cone height (h) was obtained. Radius (r) of the pile was
measured. Angle of repose was measured by following formula.

Tan@ = Er 0 = tan‘lg

Post-compression parameter 8

Thickness and diameter: Tablet thickness and diameter were measured by Digimatic Vernier calipers. Five

tablets were randomly collected and their thickness and diameter were measured by placing between two arms
of Vernier calipers.
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Hardness: Tablet hardness is described as the amount of force necessary to cause tablet breakage when pressure
is applied across its diameter. It reflects the crushing strength of the tablet and was evaluated using a Monsanto-
type hardness tester.

Weight variation: Twenty tablets were randomly collected and average weight was determined by using an
electronic balance.

Friability test: The friability of tablets was measured by Roche type friabilator. Twenty tablets were initially
weighed and then tablets were placed in friabilator at 25 rpm for 4 min then tablets were deducted and weighed
again. Loss in weight should not be more than 1%. % friability determined by using following equation.

Initial weight — Final weight

0 . ay= — X
% Friability Initial weight 10

In Vitro Disintegration test °: This test performed on six tablets using digital tablet disintegration test
apparatus. Phosphate buffer (pH 6.8) at 37°+£0.5 °C was used as a disintegration media and time in second was
recorded for complete disintegration of tablet with no residue remaining in apparatus.

Wetting time: Five circular tissue papers of 10-cm diameter were placed in a Petri dish. Ten ml of water at 37+
0.5°C containing eosin, a water-soluble dye, was added to the petri dish. A tablet was carefully placed on the
surface of tissue paper. The time required for water to reach the upper surface of the tablets was noted as the
wetting time.

Drug content: Ten tablets were powdered and equivalent to 15 mg of Mirtazapine was weighed and dissolved
in 100 ml of phosphate buffer pH 6.8. The solution was filtered and 0.5 ml from filtrate was diluted to 10 ml and
absorbance of this solution was analyzed by UV spectrophotometer at 293 nm.

In Vitro Drug release study: % drug release of sublingual tablets was determined by USP type Il (paddle type)
dissolution apparatus. This test performed using 900ml of phosphate buffer (pH 6.8) at 37° + 0.5 °C at 50 rpm. 5
ml sample solution was withdrawn from dissolution apparatus at regular time interval and the same quantity of
sample was replaced with fresh dissolution media. The sample was filtered through 0.45 um membrane filter.
Absorbance of these samples was analyzed by using UV spectrophotometer at 293 nm.

Stability study of optimized batch: In the present study, stability study of optimized batch was carried out at
40° + 2°C / 75 + 5% RH for time period of 1 month by wrapping the formulation in aluminum foil to prevent
the formulation from exposure to light under the 40° £ 2 °C / 75 + 5% RH for 1 month as prescribed by ICH
guidelines for accelerated stability study. After completion of 30 days tablets were evaluated for Hardness,
Friability, Drug content, In Vitro Disintegration time and In Vitro Drug Release study.

RESULTS:

Determination of melting point of Mirtazapine:

Melting point determination is one of the popular techniques used to identify drug using melting point apparatus
and melting point of Mirtazapine was found in the range of 115-117°C. Reported melting point of Mirtazapine
is 114-116°C and is thus similar to the melting point of Mirtazapine.

Estimation of drug by UV Spectroscopy:

The absorbance of Mirtazapine in a phosphate buffer at pH 6.8 was scanned between 200—-400 nm by UV-
Visible spectrophotometer. The spectrum of Mirtazapine showed 293 nm at Amax. Calibration curve of
Mirtazapine is constructed in phosphate buffer of pH 6.8. From stock solution of Mirtazapine, working solution
of concentration range i.e., 5, 10, 15, 20 and 25 ppm were prepared in phosphate buffer of pH 6.8. Absorbance
of prepared working solutions were measured at Amax 293 nm against phosphate buffer of pH 6.8 as a blank in
UV-Visible Spectrophotometer. Calibration curve of prepared working solutions of Mirtazapine was
constructed by plotting a graph between concentration and absorbance (Figure 1) Absorbance of different
concentration is mentioned in Table 2.
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Table 2: Absorbance of different concentration of Mirtazapine in phosphate buffer at pH 6.8

Sr. No. Concentration (ppm) Absorbance Mean Absorbance+ SD
| 11 11
1 5 0.153 0.152 0.154 0.153+0.0011
2 10 0.309 0.307 0.311 0.309+0.002
3 15 0.458 0.456 0.46 0.458+0.002
4 20 0.598 0.6 0.597 0.598+0.0015
5 25 0.731 0.733 0.73 0.731+0.0015
* All values are expressed as mean + SD; (n=3)
Mirtazapine y= 0'121229;_;92'0163
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Figure 1: Calibration curve of Mirtazapine in phosphate buffer at pH 6.8

Fourier Transform Infrared Spectroscopy (FTIR) study:

To identify drug, IR was performed on a pure drug sample. A drug pellet was created by compressing drug with
IR grade potassium bromide under 5.5 metric tons of pressure in a KBr press. Pellet was placed in IR
compartment and scanned with an FTIR spectrophotometer (Model-8400 S, Shimadzu, Japan) between wave
numbers 4000-600 cm-1,

When Mirtazapine was mixed with polymers, no changes in IR peaks were observed. These findings suggest
that polymers are compatible with Mirtazapine. (Figure 2 and figure 3)
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Figure 2: FTIR Spectra of pure Mirtazapine
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Figure 3: FTIR Spectra of Pure Mirtazapine with excipients

Precompression parameter

All formulation blends were evaluated for bulk density and tapped density. Bulk density was found to be
0.49+0.022 gm/ml to 0.55+0.026 gm/ml and tapped density was found to be 0.62+0.026 gm/ml to 0.69+0.029
gm/ml. Percentage Compressibility Index was determined by using bulk density and tapped density. Carr’s
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index of all formulation blend lies within the range of 15.38+1.669 to 28.98+1.543 %. Hausner’s ratio of all
formulation was evaluated from bulk and tapped density and it was found in the range of 1.18+0.205 to
1.81+0.211. Angle of repose of all formulation was in the range of 28.5+1.203°6 to 32.1+1.623°0. From
observed Angle of repose, flow of powder was found to be good flow. All precompression parameters data are
mentioned in table 3.

Table 3: Bulk density, Tapped density, Carr's index, Hausner's ratio and Angle of Repose data

Batch code Bulk density Tapped density Hausner’s ratio Carr’s index (%) Angle of repose (°0)
(gm/ml) (gm/ml)

M1 0.55+0.026 0.69+0.029 1.81+0.211 20.28+1.225 32.1+1.623

M2 0.50+0.023 0.65+0.025 1.30+0.228 23.07+£1.873 30.6+1.374

M3 0.51+0.029 0.62+0.026 1.21+0.207 17.74+1.764 28.5+1.203

M4 0.49+0.022 0.69+0.023 1.40+0.270 28.98+1.543 31.1+1.04

M5 0.53+0.021 0.66+0.020 1.24+0.221 19.69+1.390 30.4+1.408

M6 0.55+0.026 0.65+0.024 1.18+0.205 15.38+1.669 29.2+1.265

* All values are expressed as mean + SD; (n=6)

Post-Compression Parameter:

Thickness of the formulated batches was found to be in the range of 2.96 + 0.021 to 3.95 + 0.044 mm. Diameter
of the formulated batches was in the range of 5.93 + 0.060 mm to 6.10 £ 0.060 mm. Weight variation limits for
tablet weight 120 mg is = 7.5 mg according to Indian Pharmacopoeia. Weight variation range was found to be
from 121.1 + 2.93 mg to 125.75 + 5.14 mg. Thus, all the formulated batches prepared comply with the weight
variation limits of the pharmacopeia. It is well known that tablets with more hardness shows longer
disintegration time. Since mechanical integrity is of paramount importance in successful formulation of
sublingual tablet, hence hardness of tablets was determined. Hardness of sublingual tablet prepared by direct
compression method was found in the range of 2.63+ 0.12 kg/cm?to 3.07 + 0.12 kg/cm?. Friability of the tablets
was found in the range of 0.38 to 0.74 %. According to IP, Limits of Friability is less than 1%. Observed values
of friability indicated that tablets were having a good mechanical stability (Table 4).

Table 4: Weight variation, Thickness, Diameter, Hardness and Friability data

Batch Thickness (mm * Diametermm + S.D.) | Weight variation Hardness (kg/cm?+ S.D.) | Friability (%)
code S.D) (mg+S.D.)

M1 3.07 £ 0.058 6.03 £ 0.012 125.7545.14 2.97+0.15 0.51

M2 2.96 +0.021 6.00 +0.010 121.85+4.25 2.87 +0.21 0.62

M3 3.13+0.058 6.10 + 0.060 121.5+3.72 3.07+0.12 0.38

M4 3.95+0.044 5.93+ 0.060 122.7 £ 5.60 2.87+0.6 0.57

M5 3.13+0.061 5.97+ 0.060 121.1+2.93 3.03+0.15 0.42

M6 3.09+0.012 6.00 +0.010 122.3+3.32 2.63+0.12 0.74

* All values are expressed as mean + SD; (n=6)

Wetting time of all the batches was found to be in the range of 17.33 £+ 0.58 to 31.00 + 2.82 seconds. In Vitro
Disintegration time of the formulated batches was found in the range of 24.52 + 1.08 to 35.64 + 1.63. Drug
content of the tablets prepared by direct compression method was found to be 96.38 % to 98.32 %. These results
of drug content indicated that sublingual tablet had uniform distribution and proper dose of active ingredient
(Table 5).

Table 5: Wetting time, In-Vitro disintegration time and Drug Content

Batch code Wetting time(sec. + S.D.) In Vitro disintegration time(sec. + S.D.) Drug content (%)
M1 21.00+0.73 29.28+ 2.18 97.18
M2 19.00 +1.32 26.81 +1.93 97.45
M3 17.33+0.58 2452 +1.08 98.32
M4 31.00 +2.82 35.64 +£1.63 96.53
M5 28.00+1.73 33.44+1.53 97.42
M6 26.23 + 2.52 30.12+1.43 96.38

* All values are expressed as mean + SD; (n=6)

Based on all above parameter, it was concluded that the batch M3 was an optimized batch, as it had good
surface appearance, Mechanical strength, and Drug Content. Moreover, it showed 97.12+1.65% of drug release
in just 10 mins and In-vitro disintegration time was just 24.52+ 1.08sec which was least as compared to all other
batches. Thus, batch M3 containing crospovidone (3.75%) was selected as an optimized batch. From the data we
can conclude that as the concentration of Crospovidone increases drug release is also increases (Table 6, figure
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4 and figure 5).

Table 6: Percentage drug release of batches M1 to M6
TIME % CDR
(min) M1 M2 M3 M4 M5 M6
0 0 0 0 0 0 0
2 13.8+1.12 27.6+1.23 34.14+1.36 14.61+1.35 16.52 +1.28 20.42+1.51
4 21.5+1.36 38.45+1.45 48.24+154 31.45+1.36 26.71+1.23 30.25 + 1.56
6 32.68 + 1.69 47.36 +2.04 66.94 +2.27 48.67 +1.89 38.92+154 40.16 +1.48
8 49.83+2.01 61.98 +2.47 82.98 + 2.35 62.15+2.16 53.27+234 50.47 + 2.54
10 74.95 +2.36 87.59+2.84 97.12 +1.65 79.48 + 2.67 71.83 +2.36 80.62 + 2.85
12 89.6 +2.15 94.34 +2.47 - 82.92 +2.98 89.47+2.78 95.26 +2.84

* All values are expressed as mean + SD; (n=6)

, % CDR of batches M1-M3 with Crospovidone
100
80
&
8 60
i ——Ml1
40
——M2
20
M3
0
0 2 4 6 8 10 12
Time(min)

Figure 4: In-vitro drug release of Batches M1 to M3

% CDR of batches M4-M6 with Sodium Starch
Glycolate
120
100
g - /74
5] 60
B 40 / —o—M4
20 / —e—MS5
0 M6
0 2 4 6 8 10 12
Time(min)

Figure 5: In-vitro drug release of Batches M4 to M6

Stability studies:

As indicated in Table 7 and Table 8, the optimized batch underwent a month of stability testing and was
determined to be stable in terms of hardness, In Vitro Disintegration Time, drug content, Friability, Weight
variation and in vitro drug release research.

Comparison study between the result of optimized batch and after time period of stability is graphically
illustrated in Figure 6.

Table 7: Results of stability study

Sr. Evaluation parameter Results

No. optimized batch M3 after 1 monthat40°+2°Cand 75+5% RH
1 Hardness 3.07+£0.12 2.93+0.12

2 In Vitro Disintegration Time 2452 +1.08 26.12+1.52

3 Drug Content 98.32 97.22

4 Friability 0.38 0.40

5 Weight variation 121.5+3.72 120.7 £2.59
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Table 8: In Vitro Drug Release study of Stability batch

Time (Min.) % CDR of Optimized Batch M3 (%0) % CDR of batch M3 After Time Period of 1 Month (%)
0 0 0
2 34.14+1.36 33.68+1.25
4 48.24+1.54 47.24+£221
6 66.94 + 2.27 65.93+1.54
8 82.98 + 2.35 81.55+1.03
10 97.12 £+ 1.65 96.89 + 1.05
* All values are expressed as mean + SD; (n=6)
% CDR after Stability Study
120
100 _B ,
20 P —o— % CDE of batch

E = M3

o 60

[

£ 40 f”/ .

-~ %CDER of batch
20 M3 after 1 month
0 (%a)
0 2 4 6 3 10 12
Time(min)

Figure 6: Comparison of In Vitro Drug Release study of Optimized batch and Stability batch

CONCLUSION:

The present study demonstrated that sublingual tablets of Mirtazapine can be effectively prepared by the direct
compression method for the management of depression, anxiety, and insomnia. All precompression and post
compression parameters were found within acceptable limits, indicating good flow properties and satisfactory
mechanical strength of the tablets. There were not any significant changes in FTIR study. Among all
formulations, batch M3 containing 4.5 mg of Crospovidone as a super disintegrant showed the least
disintegration time (24.52 = 1.08 sec) and maximum drug release (97.12 £ 1.65 % in 10 min). Stability studies
of batch M3 revealed no significant changes in hardness, disintegration time, drug content and dissolution
profile after one month at accelerated conditions (40 + 2 °C and 75 + 5% RH). Thus, the optimized formulation
ensures rapid onset of action and enhanced patient compliance, offering a promising approach for effective
treatment of depression across different age groups.
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