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ABSTRACT

Baricitinib is used to treat rheumatoid arthritis. It helps decrease pain, tenderness, and swelling in the joints. The main objective
of the study was to formulate and evaluate bioadhesive buccal tablets Baricitinib. Bioadhesive buccal tablets were prepared by
direct compression method using bioadhesive polymers like Carbopol, Sodium CMC, Sodium alginate and Hydroxy propyl
methyl cellulose K4M in different ratios. The physicochemical compatibility of drug and polymers was studied by FT-IR
spectroscopy. Prepared tablets were evaluated for in vitro drug release,bioadhesion strength, swelling index, moisture
absorbance, surface pH. Among the prepared formulation containing Sodium alginate (Fc2)was found to be best formulation
which showed the higher bioadhesive strength of 2.68+0.03 N (peak detachement force) and 0.95+0.08 mJ (work of adhesion).

Keywords: Baricitinib, Bioadesive buccal tablet in vitro drug release, Bio adhesion strength.

INTRODUCTION

Buccal delivery of drugs provides an attractive alternative to
the oral route of drug administration, particularly in
overcoming deficiencies associated with the latter mode of
dosing .Problems such as first pass metabolism and drug
degradation in the GIT environment can be circumvented by
administering the drug via buccal route. Moreover, the oral
cavity is easily accessible for self medication and be
promptly terminated in case of toxicity by removing the
dosage form from buccal cavity. It is also possible to
administer drugs to patients who cannot be dosed orally via
this route Successful buccal drug delivery using buccal
adhesive system requires at least three of the following (a) A
bioadhesive to retain the system in the oral cavity and
maximize the intimacy of contact with mucosa (b) A vehicle
the release the drug at an appropriate rate under the
conditions prevailing in the mouth and (c) Strategies for
overcoming the low permeability of the oral mucosa. Buccal
adhesive drug delivery stem promote the residence time and
act as controlled release dosage forms.

Author for Correspondence:

Zareena Begum

Department of Pharmaceutics, Deccan School of Pharmacy,
Osmania University, Hyderabad, Telangana, India

The use of many hydrophilic macromolecular drugs as
potential therapeutic agents is their in adequate and erratic
oral absorption. However, therapeutic potential of these
compounds lies in our ability to design and achieve effective
and stable delivery systems. Based on our -current
understanding, it can be said that many drugs can not be
delivered effectively through the conventional oral route.

Baricitinib (Olumiant™) is a type of drug known as a
JAK inhibitor. These drugs work by interfering with the
inflammatory processes within the immune system that lead
to the symptoms of rheumatoid arthritis. Baricitinib is a
long-term treatment.

MATERIALS

Baricitinib Provided by Sura Labs, Dilsukhnagar,
Hyderabad. Carbopol 934was gift sample from Lucid
pharma, Sodium CMC,Sodium alginate and Mannitol was gift
sample from Universal laboratories. HPMC K4M was gift
sample from Loba chem. Pvt Itd, Mumbai. Magnesium
stearate was gift sample from Magnesium stearate. Aerosil
was gift sample from Nice chemicals Ltd.
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METHODOLOGY

Preformulation parameters

The various characteristics of blends Angle of repose,
Bulk density, Tapped density,Carr’s index , tested as per
Pharmacopoeia.

Formulation development of Tablets

Baricitinib and all other ingredients were individually
passed through sieve no # 60. All the ingredients were
mixed thoroughly by triturating up to 15 min. The powder
mixture was lubricated with Magnesium stearate. The
tablets were prepared by using direct compression method.

Table 1: Formulation Chart

FORMULATION CHART

INGREDIENTS Fal Fa2 Fa3 Fbl Fb2 Fb3 Fcl Fc2 Fc3
Baricitinib 2 2 2 2 2 2 2 2
Carbopol 934 25 35 - - - - - -
Sodium CMC - - 25 35 45 - - -
Sodium alginate - - - - - 25 35 45
HPMC K4M 30 30 30 30 30 30 30 30
Magnesium stearate 5 5 5 5 5 5 5 5
Aerosil 5 5 5 5 5 5 5 5
Mannitol 33 23 33 23 13 33 23 13

Total weight (mg) 100 100

100 100 100 100 100 100

Evaluation of
prepared Tablets

post compression parameters for

The designed formulation tablets were studied for their
physicochemical properties like weight variation, hardness,
thickness, friability and drug content as per IP.

In vitro release studies

The drug release rate from buccal tablets was studied
using the USP type II dissolution test apparatus. Tablets
were supposed to release the drug from one side only;
therefore an impermeable backing membrane was placed on
the other side of the tablet. The tablet was further fixed to a
2x2 cm glass slide with a solution of cyanoacrylate
adhesive. Then it was placed in the dissolution apparatus.
The dissolution medium was 500 ml of pH 6.8 phosphate
buffer at 50 rpm at a temperature of 37 £ 0.5 °C. Samples of
5 ml were collected at different time intervals up to 8 hrs
and analyzed after appropriate dilution by using UV
Spectrophotometer at 272nm.

Surface pH

Weighed tablets were placed in boiling tubes and

allowed to swell in contact with pH 6.8 phosphate buffer
(12mL). Thereafter, surface pH measurements at
predetermined intervals of 0.25, 0.5, 1,2, 3,4,5,6,7,and 8
h were recorded with the aid of a digital pH meter. These
measurements were conducted by bringing a pH electrode
near the surface of the tablets and allowing it to equilibrate
for 1 min prior to recording the readings. Experiments were
performed in triplicate (n=3).

Moisture absorption

Agar (5% m/V) was dissolved in hot water. It was
transferred into Petri dishes and allowed to solidify. Six
buccal tablets from each formulation were placed in a
vacuum oven overnight prior to the study to remove
moisture, if any, and laminated on one side with a water
impermeable backing membrane. They were then placed on
the surface of the agar and incubated at 37°C for one hour.
Then the tablets were removed and weighed and the

percentage of moisture absorption was calculated by using

following formula:

% Moisture Absorption =Final weight — Initial weight x 100

Initial weight
Swelling Studies
Buccal tablets were weighed individually (designated as
W,) and placed separately in petri dishes containing 5 mL of
phosphate buffer (pH 6.8) solution. At regular intervals (1, 2,

3, 4, 5 and 6 hrs), the buccal tablets were removed from the

petri dishes and excess surface water was removed carefully
using the filter paper. The swollen tablets were then
reweighed (W,).This experiment was performed in triplicate.
The swelling index (water uptake) calculated according to

the following Eq.
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Swelling index = (W,-W;) X 100

Wi

Ex vivobioadhesion strength

Bioadhesion strength of tablets were evaluated using a
microprocessor based on advanced force guage equipped
with a motorized test stand (Ultra Test Tensile strength
tester, Mecmesin, West Sussex, UK) according to method
describe as it is fitted with 25kg load cell, in this test porcine
membrane was secured tightly to a circular stainless steel
adaptor and the buccal tablet to be tested was adhered to

another cylindrical stainless steel adaptor similar in

diameter using a cyanoacrylate bioadhesive. Mucin 100
puL of 1 %w/v solution was spread over the surface of the
buccal mucosa and the tablet immediately brought in contact
with the mucosa. At the end of the contact time, upper
support was withdrawn at 0.5mm/sec until the tablet was
completely detached from the mucosa. The work of adhesion
was determined from the area under the force distance
curve.The peak detachment force was maximum force to

detach the tablet from the mucosa.

Force of adhesion = Bioadhesion strength x 9.8

1000

Bond strength = Force of adhesion

surface area

Application of Release Rate Kinetics to Dissolution Data

The obtained data were fitted into zero-order, first order,
Higuchi and Korsmeyer-Peppas release model to analyze the
mechanism of the drug release.

Stability studies

RESULTS & DISCUSSION

Preformulation parameters of powder blend

For the determination of stability of prepared different
formulations, accelerated stability studies were carried out
on optimised formulation. Tablets were stored according to
ICH guidelines at 40+2°C/75+5% RH for three months by
storing the samples in (Lab-care, Mumbai) stability
chamber. After completionofrequired duration time,
samplewaswithdrawnandtestedfordifferent
testssuchashardness,drug contentandin vitro drug release.

Table 2:Physical Properties of Precompression Blend

Formulation Angle of repose (0) Bulk density

Tapped density(g/mL) Carr’s index (%) Hausner’s

Code (g/mL) ratio
Fal 25.16+0.8 0.628+2.5 0.714+1.6 14.27+0.12 1.174+0.5
Fa2 27.5442.5 0.662+1.2 0.763£1.3 13.23+0.1 1.1540.05
Fa3 24.68+1.2 0.560+0.5 0.631+1.2 11.25+0.15 1.1240.08
Fbl 22.9+1.4 0.672+1.2 0.742+1.2 12.2+0.1 1.21+0.2
Fb2 28.3+2.2 0.643+2.1 0.624+0.7 14.2+0.9 1.11+0.2
Fb3 24.84+0.4 0.654+1.6 0.755+1.4 13.12+1.8 1.124+0.06
Fcl 28.68+0.8 0.782+1.2 0.869+0.8 11.0£1.2 1.11+0.2
Fc2 24.6542.5 0.695+1.5 0.823+0.8 15.540.08 1.18+0.1
Fc3 26.76+1.2 0.526+1.8 0.612+1.6 14.040.02 1.16+0.1

Each value represents the mean £SD (n =3).

Physicochemical characterization of buccal tablets

Table 3: Physico-chemical parameters of Baricitinib buccal tablets

Formulation Average Weight (mg) Thickness (mm) Hardness Friability (%)  Assay (%)

Code (kg/cm”
Fa, 100.74 + 0.61 2.37+0.03 5.2+0.14 0.55 99.65 + 0.44
Fa, 99.04 + 0.80 2.34+0.02 5.3+0.29 0.63 99.13 £0.75
Fa, 100.38 £0.71 236+ 0.03 5.2+0.49 0.66 99.28 +0.92
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Fb, 99.45 £ 0.64 2.36=+0.02 5.4+0.17 0.58 98.77 £ 1.00
Fb, 100.91 £1.01 2.21+0.02 5.5+0.28 0.64 98.96 + 0.44
Fb; 99.98 £ 0.82 2.34+0.01 5.9+0.24 0.47 98.81 £0.92
Fcl 100.38 = 0.80 2.68+0.02 6.8+0.17 0.66 99.77+£0.72
Fc2 100.04 £ 0.71 2.34+0.03 6.5+0.49 0.65 99.81 £ 0.44
Fe3 99.94 £ 0.75 2.22+0.02 6.0+£0.19 0.43 99.15 £ 0.75

Weight variation test

Each value represents the mean £SD (n =3).
The result showed that thickness of the tablet is raging

The average weight of the tablet is approximately in

range of

99.94 + 0.75 t0100.74 + 0.61mg, so the

permissible limit is £7.5% (>100 mg). The results of the test

showed that, the
pharmacopoeia limit.

Hardness test

tablet

weights  were

within

the

The results showed that the hardness of the tablets is in

from 2.21 to 2.68
Friability

mim.

196

The average friability of all the formulations was less
than 1% as per official requirement of IP indicating a good
mechanical resistance of tablets.

Drug content

From the drug content studies it was concluded that all

range of5.2 — 6.0 kg/cm®,which was within IP limits.
Thickness

the formulations were showing the % drug content values
within 98.69+1.00 to 99.81+£0.04%.All the parameters such
as weight variation, friability, hardness, thickness and drug

In vitro drug release studies

content were found to be within limits.

Table 4:1n vitro drug release profile

Time (hrs) Fal Fa2 Fa3 Fbl Fb2 Fb3 Fcl Fc2 Fe3
0 0 0 0 0 0 0 0 0 0
1 49.67 10.965 21.85 29.125 7.037 1432 338 51.62 35425
2 66.05 13.257 32.15 42.22 9.24 20.867 43.05 58.92 54.675
3 80.05 32.11 47.62 47.12 22536 279 54.82 70.06 83.475
4 843 3844 5122 56.05 29.9 30.85 60.88 82.53 85.925
5 90.02 38.74 53.85 6l.6 32.11  34.62 6222 9785 8775
6 92.23 43.09 5898 65.7 38.4 39.07 69.05 98.32 89.32
120 ~
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Figure 1: Dissolution profile of Baricitinib

Table 5 :Moisture absorption, Surface pH, Bioadhesive strength values of various formulations

Formulation code

Moisture absorbance

Surface pH

Bioadhesive strength

Peak detachment force (N)

Work of adhesion (mJ)

Fal 30.83+£ 0.25 6.96+0.16 1.894+0.55 0.47+0.28
Fa2 25.66 £ 0.25 6.86+0.43 2.34+0.02 0.62+0.04
Fa3 32.45+£0.25 6.9+0.35 2.05+0.42 0.5+0.28
Fbl 17.51 £ 0.30 6.5+0.12 1.244+0.38 0.34+0.17
Fb2 9.61£0.25 6.66+0.23 2.42+0.06 0.74+0.02
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Fb3 20.83+0.25 7.43+0.15 1.30+0.12 0.40+0.38
Fcl 14.16+0.25 6.8+0.43 2.30+0.26 0.61+0.13
Fc2 13.33+0.30 6.77+0.24 2.68+0.03 0.95+0.08
Fc3 19.16+0.30 6.67+0.13 2.44+0.47 0.69+0.41
Each value represents the mean = SD (n=3)
Table 6: Swelling studies of buccal tablets
% Swelling index
Time (hr) Fal Fa2 Fa3 Fbl Fb2 Fb3 Fcl Fc2 Fc3
0 0 0 0 0 0 0 0 0 0
1 19.6 28 40 112 24 38 338 149 18.8
2 39.6 754 107 186 122 144 775 393 263
3 804 847 440 46.0 158 179 855 62.0 589
4 132 1144 998 46.8 354 364 126 1029 102.5
5 175.6 1559 148.1 71.7 37.8 423 130.7 1375 1234
6 197.5 2124 1973 912 41.5 49.7 142.8 143.7 135.7

Table7: Release Kkinetics and correlation coefficients

Formulation code

Mathematical models(Release kinetics)

Zero order First order Higuchi Korsemeyer - peppas
R’ R’ R’ R’ n
Fc2 0.866 0.892 0.982 0.946 0.39

folative Yo dong velase

Figure 2: Zero order release kinetics
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Figure 3: First order release kinetics
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Figure 5 : Peppas release kinetics

The optimized formulation such as Sodium alginate (Fc2)
follows First order and Higuchi order of release kinetics
governed by Fickian diffusion mechanism.

out according to ICH guidelines at 40+2°C/75+5% RH
for three months by storing the samples in (Lab-care,
Mumbai) stability chamber. The results from stability

Accelerated stability studies studies are shown in table.
The stability study of the optimised tablets were carried

Table 8:Stability dissolution profile of Fc2 for 1st, 2nd & 3rd months Dissolution
Profile of Baricitinib optimised formulation (Fc2)

TIME(Hours) Fe2 Fc2 Fe2
(1"month) (2" month) (3" month)

0 0 0 0

1 51.62 50.11 50.06
2 58.92 58.24 57.92
3 70.06 70.01 69.86
4 82.53 82.12 81.98
5 97.85 96.81 96.80
6 98.32 98.30 97.89
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Figure 6: Dissolution Profile of Baricitinib optimised formulation (Fc2) for 3 months

Table 9: Physicochemical parameters of most satisfactory formulation during
stability studies for optimised formulation

Time Period Hardness (kg/cm®) Drug Content (%)

(Month)
1 6.5 99.71
2 6.3 99.12
3 6.2 98.75
There was no major change in the various physicochemical e The in vitro release studies demonstrate a highest
parameters evaluated like hardness, drug content, in vitro percentage of drug release from the formulation Fc¢2
dissolution pattern at the various sampling points. There was containing Sodium alginate.
no statistically significant difference between the initial e In vitro drug release studies demonstrated the suitability
values and the results obtained during stability studies. of developed formulations for the release of Baricitinib.
CONCLUSION e The t?io.adhesi@ strengt.h was stronlg in the formulations
containing Sodium alginate (Fc2); when compared to
Development of bioadhesive buccal tablets of Baricitinib formulations containing Carbopol (Fal) and Sodium
is one is used to treat rheumatoid arthritis. It helps decrease CMC (Fbl).
pain, tenderness, and swelling in the joints. Buccal tablets of e The surface pH of the formulations Fal (6.9+0.16), Fa3
Baricitinib were prepared by direct compression method (6.9+0.35), Fcl (6.8+0.43) and Fc2 (6.77+0.24) and the
using various bioadhesive polymers like Carbopol, Sodium pH was near to the neutral. These results suggested that
CMC, Sodium alginate in the combination of Hydroxy the polymeric blend identified was suitable for oral
propyl methyl cellulose K4M in different concentrations. application and formulations does not irritant to the
The formulated buccal tablets were evaluated for buccal mucosa.
different parameters such as drug excipient compatibility e The moisture absorption studies of selected formulations
studies, physical properties of precompression blend, weight reveals that the formulation containing Carbopol gum
variation, thickness, hardness, content uniformity, in vitro (Fa3) shows maximum moisture absorption capacity than
drug release, surface pH, swelling index,  moisture the formulations containing Sodium CMC (Fb2) and
absorption studies, ex vivo bioadhesive strength tablets. In Sodium alginate gum (Fc2).
vitro drug release studies performed in phosphate buffer pH e The formulations containing Carbopol gum (Fa2) showed
6.8 for 6 hrs in standard dissolution apparatus. higher swelling index values (higher water uptake) than
The following conclusions could be drawn from the results other formulations such as Fb1 containing Sodium CMC
of various experiments and Fc2 containing Sodium alginate.
e FTIR study concluded that there was no interaction e From the results, it was concluded that the in vitro drug
between drug and excipients. release, bioadhesion strength, moisture absorption
e The physico-chemical properties of all the formulations studies, surface pH, swelling studies of the optimized
prepared with different polymers like Carbopol, Sodium formulations are suitable for buccal delivery.
CMC, Sodium alginate in the combination of Hydroxy e The optimized formulation such as Sodium alginate gum
propyl methyl cellulose K4M were shown to be within (Fc2) follows First order and Higuchi order of release
limits. kinetics governed by Fickian diffusion mechanism.
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From the results of this study, it may be concluded that the ACKNOWLEDGEMENT

combination of Sodium alginate and HPMC K4M polymers

are suitable for developing bioadhesive buccal tablets of The Authors are thankful to Deccan School of
Baricitinib. Pharmacy, Osmania University and Sura Labs,

Dilshukhnagar, Hyderabad for providing the necessary
facilities for the research work.

REFERENCES

1. V. T. Iswariya and A. Hari Om Prakash Rao. Buccal Tablets A Comprehensive Review. ejpmr, 2016,3(8), 252-262.

2. S.K.Gupta et al; Buccal adhesive drug delivery system: A review; Asian Journal Of Biochemical and pharmaceutical
research, 2011;1(2): 105-114.

3. Reena Sheoran. Buccal Drug Delivery System: A Review. Int. J. Pharm. Sci. Rev. Res., 50(1), May - June 2018; Article
No. 07, Pages: 40-46.

4, Wertz, P.W. and Squier, C.A., Cellular and molecular basis of barrier function in oral epithelium, Crit. Rev. Ther. Drug
Carr. Sys, 8, 1991, 237-269.

5. Squier, C.A., Cox, P., and Wertz, P.W., Lipid content and water permeability of skin and oral mucosa, The J. Invest.
Dermat, 96, 1991, 123-126.

6. Squier, C.A. and Wertz, P.W. Structure and function of the oral mucosa and implications for drug delivery, in eds. M.J.
Rathbone, Oral Mucosal Drug Delivery, Marcel Dekker, Inc., New York, New York, 1996, 1-26.

7. Galey, W.R., Lonsdale, H.K., and Nacht, S., The in vitro permeability of skin and buccal mucosa to selected drugs and J
Pharm Pharmaceut Sci (www.ualberta.ca/~csps) 1 (1), 1998, 15-30.

8. Gandhi, R.B. and Robinson, J.R., Oral cavity as a site for bioadhesive drug delivery, Adv. Drug Del. Rev., 13, 1994, 43-74.

9. Peppas, N.A. and Buri, P.A., Surface, interfacial and molecular aspects of polymer bioadhesion on soft tissues, J.Control.
Rel., 2, 1985, 257-275.

10.  Duchene D, Touchard F and Peppas N A Pharmaceutical and medical aspects of Bioadhesive system for drug
administration. Drug Dev. Ind. Pharm.; 14, 1998, 283-381.

11.  Parth S. Patel ,Ashish M. Parmar, Nilang S. Doshi, Hardik V. Patel, Raxit R. Patel, Chetan Nayee. Buccal Drug Delivery
System: A Review.

12.  Webster’s Encyclopedic Unabridged Dictionary of the English Language. Thunder Bay Press, Avenel (NJ, USA), 2001.

13. Kaelbe D H and Moacanin J. A surface energy analysis of bioadhesion. Polym.; 18: 475-481, 1977.

14.  Gu J M, Robinson J R and Leung S. binding of acrylic polymers to mucin/epithelial surfaces; Structure property-
relationship. Crit. Rev. Ther. Drug Car. Sys.; 5, 21-67, 1998.

15. Duchene D, Touchard F and Peppas N A. Pharmaceutical and medical aspects of Bioadhesive system for drug
administration. Drug Dev. Ind. Pharm.; 14, 283-381, 1998.

16.  Hollingsbee D A and Timmins P. Topical adhesive system, in Bioadhesion Possibilities and Future Trends, Gurny R and
Junginger H E Eds., Wissenchaftliche verlag Gesellschaft, Stuttgart; 140-164, 1990.

17.  R. Jagadeeshwar Reddy, Maimuna Anjum and Mohammed Asif Hussain. A Comprehensive Review on Buccal Drug
Delivery System. AJADDJ[1][3][2013]300-312.

18.  Wise Donald L, Handbook of Pharmaceutical controlled release technology: 255-265.

19.  Magi. L. et. al., (1994), S.T.P. Pharma Sciences, 4(5), 343.

20.  Jimenez-Castellannos MR. Zia. H., Rhodes CT., (1993), Drug Dev. Ind Phar., 19(142), 143.

WWW.ijpir.com



