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Abstract

Multilayered tablets combine two or more active pharmaceutical ingredients for an improved therapeutic effect or to
achieve a specific drug release profile. In multi-layered tablets two or more active pharmaceutical ingredients can be
combined where one layer or one drug may be for immediate release and the other layer of the drug may be for
sustained release of drug i.e., one layer is a loading dose and the other layer may be a maintenance dose. Multilayered
tablets can help overcome the drug interactions and the disadvantages of non-linearity associated with diffusion-
controlled matrix devices, providing an increased surface area and increasing drug release rate with time. This review
article discusses different techniques involved in the preparation of multi-layered tablets along with research on multi-
layered tablets.
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1. Introduction

The dissolution curve of drug release from a hydrophilic matrix shows a time-dependent profile. The release profile of
the drug dissolved follows the first-order diffusion where the drug release is initially high due to the dissolution of the
drug present at the surface of the matrix accompanied by a rapid decrease in the drug release rate [1]. An enhanced
release rate is observed briefly at the beginning of the release process. This is known as the burst effect which is
undesirable as it has negative therapeutic effects like toxicity due to an increase in the concentration of the drug or
accumulation of the drug on repeated administration.

Later on, the erosion or swelling of the polymer occurs leading to the controlled release of the active principals. This
leads to an increased diffusion path length and a saturation effect is attained resulting in a slow-release rate at the end
of dissolution [2]. To achieve a zero-order or nearly zero-order drug release, multi-layered matrix tablets were
developed as a drug delivery system.

Multi-layered matrix tablet compresses a matrix core of active principal and one or more barriers or modulating layers.
The modulating barriers delay the interaction of the active principle with the dissolution medium by controlling the
penetration rate of solvent and reducing the surface available for the release of solute. The protected core prevents the
water penetration for some time and reduces hydration rate resulting in less or controlled release of active principal at
the core. Thus, the bust effect can be controlled and the release rate can be constantly maintained [3]. A linear drug
release profile can be achieved by combining a time-dependent control of hydration rate with a reduction of tablet
surface exposed to the dissolution medium.

1.1. Advantages of multi-layered tablets [4]

e In the case of drugs having a low half-life, each of the two layers of the tablet contains a loading dose and
maintenance dose of the same, thus increasing the bioavailability of the drug.
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o Immediate-release and sustained-release active principals are combined into a single pill in multi multi-layered
tablet. The pharmacological effect can be short from the immediate release active and over a longer time from
the sustained-release active when the actives are separated into two distinct layers.

e Incompatible active ingredients or excipients, which are harder to blend can be compressed into the same final
formulation as a multi-layer tablet form since the effects of these incompatibilities can be mitigated.

e Reformulation of existing single-layer tablets into new multi-layered variations leading into a new product line,
as a result, a new patent can be accepted for the revised form. They can extend the life of a product line

e Some powerful unintended ingredients in the drugs can be combatted adding an antagonistic layer to the tablet
that stops people from extracting the desired ingredient (i.e. that which may be abused).

1.2. Disadvantages of multi-layered tablets [4]

e Lack of sufficient bonding and adhesion at the interface between the adjacent compacted layers which is often
the result of an interfacial crack and layer separation.

Cross-contamination, or color “bleeding”, between layers

Delamination (when the layers of the final tablet physically separate)

Poor load cell resolution, especially for very thin first layers requiring almost no force

Inefficient first-layer sampling processes, either in terms of speed, or transitional rejects

Off-target weights for individual layers

e Lower output than single-layer tablet operations.

2. Various kinetic models in multi-layered tablet design

Multi-layered tablets are designed on the following aspects [5,6,7] 1) Matrix hydration rate and subsequently decrease
in the dissolution rate. 2) Modulation of the surface matrix through which the drug is delivered.

Different designs:

2.1. Zero-order sustained release

The tablet comprises a hydrophilic or hydrophobic active principal as an intermediate layer and one or two modulated
layers which are coated on both sides leaving the sides of the core uncovered to dissolve the drug in the dissolution
medium. A linear profile can be obtained by applying a hydrophilic modulated layer on both the sides of hydrophobic
core of the active principal or by applying a hydrophilic modulated layer on one face and a hydrophobic modulated layer
on the other face of the matrix tablet.

2.2. Quick or slow delivery system

An initial rapid-release phase followed by a constant slow-released phase is characteristic of this system. So, the tablet
is designed by application of an immediate release layer to the conventional layered matrix tablet. A prompt therapeutic
effect followed by an extended-release phase at a constant rate can be achieved for the drug.

2.3. Time-programmed delivery system

Immediate release of the drug followed by time-controlled release is a time-programmed delivery system. The drug
release is required in the gut in a time-controlled fashion rather than the release of the drug in a continuous manner
according to circadian rhythm. The system consists of a core which is coated with different polymeric barriers. The drug
shows a pulsatile release from the core after the eroding of a hydrophilic or hydrophobic module.

2.4. Bimodal release profile

An initial rapid release followed by a period of constant and slow release is characteristic of a bimodal release system.
It has the advantage that 1) It produces rapid drug release during the initial and later phases to compensate for the
relatively slow absorption in the stomach and intestine. 2) It can be used to design programmed pulse-release oral drug
delivery systems for therapeutic agents that perform more effectively when the druglevel at the site of action undergoes
periodic changes.
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3. Latest preparation technologies in multi-layered drug preparation

3.1. OROS push-pull technique

Here the tablet consists of two or three layers of which one or two consist of the drug while the other is a push layer.
The drug layer consists of osmotic and suspending agents as it is poorly soluble. Moreover, the core is surrounded by a
semipermeable membrane. The bilayer and trilayer OROS push-pull technique is illustrated in Figure 1.
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Figure 1 Bilayer and trilayer OROS push-pull technique [7]

3.2. Compaction

Initially, the die is filled with the required amount of sustained released drug portion and is lightly compressed. The
rapid-release drug portion is placed over this compressed layer and pressed hard to get a bilayered compressed tablet.
The compaction technique is illustrated in Figure 2.
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Figure 2 Compaction technique [8]

3.3. EN SO TROL technique

Multi-layered tablets consist of different layers of drugs, one layer of the drug for immediate release and a second layer
designed to release the drug in extended form. Shire laboratory developed this enhancement technique by introducing
awicking agent into the core to increase the controlled release of the drug. EN SO TROL technique is illustrated in Figure
3.
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Semi- permeabls Merbrane Wicking Agent

Figure 3 EN SO TROL technique [8]

3.4. Gluing pill technique

A gluing agent is used to join two separate layers of multilayered tablets. this technique has been designed to overrule
complications like cross-contamination, contact between the two layers of the tablet, and delamination, which allows
flexibility in fixing dose combinations, and is cost-effective. The first tablet layer is filled into the tablet mold then the
gluing agent is melted and applied with binding agents using a nozzle system. The second tablet layer is then filled and
pressed to harden the gluing agent between the two tablet layers. More tablet layers are produced by this process. A
schematic diagram of the automated gluing pills technique is illustrated in Figure 4

Figure 4 Schematic diagram of automated gluing pills technique [8]

3.5. L OROS TM technique

Alza developed the L-OROS system for poorly soluble and insoluble drugs. The core here is a lipid soft gel product in a
dissolved state containing the drug coated with a soft gelatine capsule acting as a barrier membrane followed by an
osmotic push layer and semipermeable membrane, at the end an exit orifice is drilled. L OROS TM technique is
illustrated in Figure 5.
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Figure 5 L OROS TM technique [9]

3.6. Elan Drug Technique (DUREDASTM Technique)

The Elan Corporation developed the Dual Release Drug Absorption System of bi-layered tablets by direct compression
where one is an immediate release layer for the immediate onset of drug action while the other layer is composed of
a sustained release hydrophobic matrix within the same tablet, which remains intact and slowly absorbs fluid from the
GI tract. The matrix expands and becomes a viscous porous gel acting as a barrier between the surrounding fluid and
the drug. As the gel expands the fluid surrounding it penetrates the drug and dissolves it. The dual Release Drug
Absorption technique is illustrated in Figure 6.

Bilayer tablet Immediate drug release Modified release layer Swelling of polymer &
controlled drug release

Figure 6 DUREDASTM technique [9]

3.7. Geminex

One or more drugs can be administered at various times by this dual medication delivery technique by adjusting the
respective release rates to get the optimum therapeutic efficacy.

3.8. PRODAS or Programmable Oral Drug Absorption System

It is a multi-particulate drug delivery system developed by the Elan Corporation where the mini tablets of diameter
from 1.5 to 4 mm with various drug release profiles are combined and blended into a single tablet. Immediate-release,
delayed-release, and/or controlled-release micro tablet combinations are possible.

3.9. Erodible Moulded Multilayer Tablet

The tablet consists of a coat and a matrix. The matrix erodes when exposed to water whereas, the coat is biodegradable
and prevents the penetration of water as it has a low water permeability. The drug release follows the zero-order release
kinetics.
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4. Marketed products of multilayered tablets
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Multilayered tablets enabled the development of pre-determined release profiles of active ingredients and
the incorporation of incompatible active ingredients into the single-unit dosage form. Some of the marketed products

are illustrated in Table 1.

Table 1 Marketed products of multilayered tablets

symptoms of allergies and the
common cold.

Drugs Product Manufactured by | Uses Image
name
Pioglitazone, Glycinorm Ipca Laboratories | It is an anti-diabetic medicine that
Metformin, Gliclazide | Total Ltd treats type 2 diabetes mellitus. It
helps control blood sugar levels in
adults with diabetes.
Alprazolam, Sertraline | Alprax Plus Torrent To treat depression. By decreasing
Pharmaceuticals the abnormal and excessive activity
Ltd of the nerve cells it calms the brain
Metformin Glycomet- USV Ltd An anti-diabetic drug, to treat type 2 o |
hydrochloride, GP2Forte diabetes mellitus in adult = -
Glimepiride R3E1 8
hieee
Metoprolol succinate, | Tolol-H 50 Unichem To treat Pulmonary arterial { Ry
. L Lo N & 22l 5
Hydrochloro hypertension. i ey
|| Tolol*H «
thiazide ‘ —"
29€
PR E
Desloratadine, Clarinex-D Merck Sharp and | To treat sneezing, runny or stuffy -m
Pseudoephedrine Dhome Corp nose, itchy or watery eyes, hives, | || ===y """
sulfate skin rash, itching, and other -‘ "Il, =
) ) 1 H
symptoms of allergies and the
common cold. E
Guaifenesin, Mucinex D RB Health LLC To treat nasal and sinus congestion. Moes
Pseudoephedrine HCl also to reduce chest congestion | fig
caused by the common cold, = ‘
infections, or allergies "
Dextromethorphan Mucinex DM | RB Health LLC It relieves coughs, common colds, | ——
A0 S
Hydrobromide, bronchitis, and other breathing @.( ==
Guaifenesin illnesses N
Desloratadine, Clarinex-D Merck Sharp and | To treat sneezing, runny or stuffy | S
pseudoephedrine 12h Dhome Corp nose, itchy or watery eyes, hives, e (
skin rash, itching, and other e B -~
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attack.

Glimepiride Glujey-PM2 Ellanjey To control high blood sugar in
Pioglitazone HCl Lifesciences patients with type 2 diabetes. L |
~ J\ Y |
Cetirizine Zyrtec-D 12h | Johnson and | Itis a decongestant used to provide
hydrochloride, Johnson Consumer | relief from nasal congestion, sinus
Pseudoephedrine Inc pressure, and allergy symptoms. =
hydrochloride
Sitagliptin, Metformin | DIASIT-M Omnica It controls high blood sugar in ~ g
Laboratories patients with type 2 diabetes. ‘.,._.7,
o |
Levetiracetam Elepsia XR Tripoint It is an antiepileptic drug used as 7‘__
. . . . 574
Therapeutics adjunctive therapy in the treatment S
of partial-onset seizures.
Diclofenac Sodium, | Diclo + plus Origin Pharmaids To reduce pain and inflammation in
Paracetamol conditions like rheumatoid arthritis.
Tramadol, Diclofenac | Tromacure- | Adwin It relieves severe acute pain and
Sodium D inflammation (redness and i
swelling). ;h’.:.
Metoprolol Succinate, | Supermet- Abbott It helps to control high blood o e
Amlodipine Bisaltae AM pressure and heart rate. Also, for e
heart-related chest pain (angina), 28
abnormal heart rhythms, and =
chronic (long-term) heart failure.
Lamivudine, Triomune Cipla Ltd. In the treatment of HIV infection. [
Stavudine, Nevirapine i =
p e -
E e
Telmisartan, Twynsta Boehringer To treat high blood pressure, —
amlodipine. Ingelheim lowering the risk of a stroke or heart ==

5. Various works in the field of Multilayered Tablets

Alarge number of research works have been carried out in this field. Some of the recent work in this field are illustrated

in Table 2.
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Table 2 Various works in the field of multilayered tablets

sustained release layers.

release tablets

Drugs Dosage form Method of | Uses Reference
preparation

Atorvastatin Modified- Compaction Used in preventing and curing | 12

immediate-release Release Bilayer hyperlipidemia

layer, Ezetimibe | Tablets

sustained-release layer.

Atorvastatin  calcium | Bilayered Compaction Used as an anti-hyperglycaemic agent | 13

immediate release layer, | tablet in patients with type 2 diabetes.

Metformin

hydrochloride sustained

release layer.

Aspirin immediate | Sustained wet granulation | Used for prevention of angina and | 14

release layer, bilayer tablets | and heart disease II

[sosorbide 5- compression

mononitrate sustained technique

release layer.

Cyclobenzaprine Bilayered wet granulation | Used for the effective treatment of | 15

hydrochloride sustained | tablet method severe pain due to inflammation and

release layer, Diclofenac muscle spasms.

potassium immediate

release layer.

Cefixime trihydrate | Bilayered wet granulation | used to treat infections caused by | 16

immediate release layer, | tablet process bacteria such as pneumonia,

Dicloxacillin sodium bronchitis, gonorrhea, and

sustained ear, lung, throat, and urinary tract

release layer. infections.

Cefuroxime and Bilayered Dry Granulation | It is an antibiotic used to cure | 17

clavulanic acid are both | tablet and uncomplicated urinary tract infections

fast-release layers. Compression and reproductive tract infections,
pharyngitis and tonsillitis, gonorrhea
and chronic bronchitis, and skin
infections.

Amoxycillin immediate | Bilayered Dry granulation | Used to treat bacterial infections. 18

release layer, Potassium | Tablets method and

Clavulanate sustained compression

release layer.

Rifampicin and | Fixed-Dose wet granulation | Used for the treatment of | 19

pyrazinamide are both | Combination method and Tuberculosis.

immediate-release Bilayer Tablets | girect

layers, compression

Isoniazid sustained

release layer.

Tramadol 35% | Bilayered Compaction Used in patients with cancer pain. 20

immediate-release layer | sustained-

and a65% sustained- | release tablet

release layer.

Salbutamol and Bilayer wet granulation | Used in asthma for prolonged | 21

theophylline both | sustained and direct | bronchodilation
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compression
method
Atorvastatin  calcium, | Bilayered Aqueous and | Used to reduce the low-density | 22
immediate release layer, | tablets non-aqueous lipoprotein cholesterol.
and  Nicotinic  acid granulation
sustained release layer. method.
Metoclopramide Bilayered Direct Effectively used in the treatment of | 23
hydrochloride tablets compression migraine.
immediate release layer
and Ibuprofen sustained
release layer.
Atenolol immediate | Bilayered Dry Used as an antihypertensive drug. 24
release layer  and | tablets granulation
Amlodipine sustained technique
release layer.
Glipizide immediate | Bilayer matrix | Direct Used in Type 2 diabetes. 25
release layer  and | tablet compression
Metformin technique
hydrochloride sustained
release layer.
Atenolol sustained | Bilayer floating | Direct Used for the treatment of | 26
release layer  and | tablets compression hypertension and
Lovastatin immediate method hypercholesterolemia.
release layer.
Montelukast sustained | Bilayered wet granulation | Used in the treatment of allergic | 27
release layer  and | tablets method rhinitis and bronchial asthma.
levocetirizine
immediate release layer.
Simvastatin Immediate | Gastro-bilayer | Direct Used as a combination therapy for | 28
release layer  and | Floating compression hypertension and dyslipidaemia
Atenolol sustained | Tablets method
release layer.
Aspirin and isosorbide | Sustained wet granulation | Used for the prevention of angina and | 29
5-mononitrate are both | bilayer tablet and heart disease
sustained release layers. compression
technique
Ziprasidone HCl and | Bi-layer Direct Used to treat Schizophrenia. 30
trihexyphenidyl HCI | floating tablets | compression
both sustained release method
layers.
Metformin HCI | Bilayer tablet Direct Used in Type 2 diabetes. 31
sustained release layer compression
and Evogliptin tartrate method
immediate release layer.

6. Conclusion

Multilayered tableting is an inexpensive and simple method of combining incompatible active ingredients into two or
multiple layers of which one layer is an immediate-release initial dose and the second layer is a maintenance dose.
Several pharmaceutical industries and formulating scientists across the globe are working on this technique of
multilayered tableting with the ultimate aim of a better health care system.

186



GSC Biological and Pharmaceutical Sciences, 2024, 29(02), 178-188

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1]

[2]

[13]

[14]

J. Simao, S.A. Chaudhary, A.]J. Ribeiro. Implementation of Quality by Design (QbD) for development of bilayer
tablets. European Journal of Pharmaceutical Sciences 184 (2023) 106412.

Abhay Singh, Sudip Das, Sabnam Gupta, Suman Ghosh. The Challenges of Producing Bilayer Tablet: A Review.
Journal of Drug Delivery & Therapeutics. 2021; 11(4-S):171-175.

Christopher McConville, lan Major, Brid Devlin, Andrew Brimer. Development of a multi-layered vaginal tablet
containing Dapivirine, levonorgestrel and acyclovir for use as a multipurpose prevention technology. European
Journal of Pharmaceutics and Biopharmaceutics 104 (2016) 171-179.

S.More, S. Ghodekar, B. Rane, K. Bavaskar, M. Patil and A. Jain. Multilayered tablet: a novel approach for oral drug
delivery. International Journal of Pharmaceutical Sciences and Research.2018; Vol. 9(3): 872-882

Tomasz Blicharski, Katarzyna Swiader, Sylwia Kulczycka-Mamona, Michal Kolodziejczyk, Aleksandra Szopa,
Anna Serefko. Challenges in technology of bilayer and multi-layer tablets: a mini-review. Curr. Issues Pharm. Med.
Sci,, 10. 2478/cipms-2019-0039.

Shajahan Abdul, S.S. Poddar. A flexible technology for modified release of drugs: multi layered tablets. Journal of
Controlled Release 97 (2004) 393-405.

Ahmed M. Agiba, Soha Sayed Abul-Ella, Rehab A. Abd El-Monem. Pharmacotechnical development and
optimization of multilayered tablets: an updated industrial review with emphasis on bilayer tablets. International
Journal of Applied Pharmaceutics - Int ] App Pharm, Vol 13, Issue 4, 2021, 55-64.

Verma Rameshwar, Devre Kishor, Gangrade Tushar. Bi-layer tablets for various drugs: A review. Scholars
Academic Journal of Pharmacy (SAJP) Sch. Acad. J. Pharm., 2014; 3(3): 271-279

Muthukumar Subramanian, Chellam Sankar, Gayathri Rajaram and Vinesha Ravi. Layered Tablets: A Novel Oral
Solid Dosage Form. Dosage Forms - Innovation and Future Perspectives. DOI: 10.5772 /intechopen.108702.

Ahmed M. Agiba, Soha Sayed Abul-Ella, Rehab A. Abd El-Monem. Pharmacotechnical development and
optimization of multilayered tablets: an updated industrial review with emphasis on bilayer tablets. International
Journal of Applied Pharmaceutics - Int ] App Pharm, Vol 13, Issue 4, 2021, 55-64

Soni Nikita, Joshi Deepak, Jain Vikas and Pal Pradeep. A Review on Applications of Bilayer Tablet Technology for
Drug Combinations. Journal of Drug Delivery & Therapeutics. 2022; 12(1):222-227.

Igra Mubeen, Muhammad Zaman, Muhammad Farooq, Asim Mehmood, Fahad Khan Azeez, Wajiha Rehman,
Sohail Akhtar, Mueen Ahmad Chaudhry, Muhammad Hammad Butt, Qurat-ul-ain Shamim, Sherjeel Adnan,
Muhammad Rizwan Khan and Atta-ur-Rehman. Formulation of Modified-Release Bilayer Tablets of Atorvastatin
and Ezetimibe: An In-Vitro and In-Vivo Analysis. Polymers (Basel). 2022 Sep; 14(18): 3770.

Rohan D Deshpande, D.V. Gowda, Vasanti S, Nawaz Mahammed. Design of polypill for treatment of type -II
diabetes mellitus associated with dyslipidemia. Journal of Scientific & Industrial Research. Vol. 71, August 2012,
pp. 556-561.

Liandong Hu, Qiaofeng Hu, Donggian Kong. Formulation and in vitro evaluation of aspirin and isosorbide 5-
mono-nitrate sustained bilayer tablets. International journal of pharmaceutical sciences and research. IJPSR,
2014; Vol. 5(3): 799-804.

Jamunadhevi V, Sahoo P. K, Kailasam P. Formulation and in vitro evaluation of bi-layer tablet of cyclobenzaprine
hydrochloride ER and diclofenac potassium IR -A novel fixed dose combination. International Journal of
Research in Pharmaceutical Sciences. Int. ]. Res. Pharm. Sci., 2(2), 2011, 170-178.

G.Vinoth Kumar, K.Anand babu, C.Ramasamy. Formulation and Evaluation of Bilayered Tablets of Cefixime
trihydrate and Dicloxacillin sodium. International Journal of PharmTech Research. Int]. PharmTech
Res.2011,3(2).

187



[23]

[24]

GSC Biological and Pharmaceutical Sciences, 2024, 29(02), 178-188

Kumar Vijay Aggarwal, Sanjeev Goel, Umakant Mishra. An optimized bilayered tablet dosage form with a high
rate of bioavailability of two active antibiotics: cefuroxime and clavulanic acid. PCT/IN2011/000685.

Deep Mala, Jugaldas Chudasama, Prabhu Narayan and Pratap Singh Rathore. Formulation and Evaluation of
Amoxyrcillin and Potassium Clavulanate Bilayered Tablets. International journal of pharmaceutical and chemical
sciences. Vol. 3 (1) Jan-Mar 2014.

Silva, A. M., Abrahim-Vieira, B., Carmo, F. A. do, Amaral, L. H. do, Silva, L. C., Escudini, C. S., Lopes, M. A., Sousa, V.
P., Castro, H. C., Veiga, F., Rodrigues, C. R, Ribeiro, A.]. and Cabral, L. M. (2014) “Segregated Delivery of Rifampicin
and Isoniazid from Fixed Dose Combination Bilayer Tablets for the Treatment of Tuberculosis”, Journal of
Pharmaceutical Research International, 4(14), pp. 1781-1801. doi: 10.9734/BJPR/2014/11525.

Masaharu Shinkai, at al. Phase III study of bilayer sustained-release tramadol tablets in patients with cancer pain:
a double-blind parallel-group, non-inferiority study with immediate-release tramadol capsules as an active
comparator. PMCID: PMC10756890.

R. Nagaraju, Rajesh Kaza. Formulation and Evaluation of Bilayer Sustained Release Tablets of Salbutamol and
Theophylline. International Journal of Pharmaceutical Sciences and Nanotechnology (IJPSN): Vol. 12 No. 2
(2019): March-April 2019.

Jayabalan Nirmal, Srinivasan Saisivam, Chintalapati Peddanna, Selvadurai Muralidharan, Sundaram Godwin
Kumar, and Muthuraja Nagarajan. Bilayer Tablets of Atorvastatin Calcium and Nicotinic Acid: Formulation and
Evaluation. Chem. Pharm. Bull. 56(10) 1455—1458 (2008).

Bhavesh Shiyani, Surendra Gattani, and Sanjay Surana. Formulation and Evaluation of Bi-layer Tablet of
Metoclopramide Hydrochloride and Ibuprofen. American Association of Pharmaceutical Scientists. AAPS
PharmSciTech. 2008 Sep; 9(3): 818-827.

K. M. Yasif Kayes Sikdar, Ahad Ahamed, Md. Mahbubul Alam, Md. Raihan Sarkar and B. K. Sajeeb. Formulation and
In-vitro Evaluation of Bilayer Tablets of Atenolol and Amlodipine. Bangladesh Pharmaceutical Journal 22(2):
153-169, 2019 (July).

J. Bagyalakshmi, Y. Phani Krishna and T. K. Ravi. Bilayer tablet formulation of metformin hydrochloride and
glipizide: a novel approach in the treatment of diabetes. International Journal of Pharmaceutical Sciences Review
and Research. ISSN 0976 - 044X

Ajit Kulkarni, Manish Bhatia. Development and evaluation of regioselective bilayer floating tablets of Atenolol
and Lovastatin for biphasic release profile. Iranian Journal of Pharmaceutical Research: Vol.8, issue 1; 15-25. Iran
] Pharm Res. 2009;8(1):e128610.

Moiz Md, Prathima Srinivas M, Sadanandam M. Formulation and evaluation of bilayered tablets of montelukast
and levocetirizine dihydrochloride Using natural and synthetic polymers. International Journal of Drug Delivery
3(4):597-618

R. P. Swain, Shilpa Pendela and S. Panda. Formulation and Evaluation of Gastro-bilayer Floating Tablets of
Simvastatin as Immediate Release Layer and Atenolol as Sustained Release Layer. Indian Journal of
Pharmaceutical Sciences. 10.4172 /pharmaceutical-sciences.1000140.

Liandong Hu, Qiaofeng Hu, Donggian Kong. Formulation and in vitro evaluation of aspirin and isosorbide 5-
mono-nitrate sustained bilayer tablets. International Journal Of Pharmaceutical Sciences And Research. IJPSR,
2014; Vol. 5(3): 799-804.

Sathis Kumar Dinakaran, Santhos Kumar, David Banji, Harani Avasarala, Venkateshwar Rao. Formulation and
evaluation of bi-layer floating tablets of ziprasidone HCl and trihexyphenidyl HCl. Brazilian Journal of
Pharmaceutical Sciences vol. 47, n. 3, jul./sep., 2011.

Han Won, Heejun Park, Eun-Sol Ha , Hwan-Ho Kim, Sun Woo Jang, Min-Soo Kim. Optimization of bilayer tablet
manufacturing process for fixed-dose combination of sustained-release high-dose drug and immediate-release
low-dose drug based on quality by design (QbD). International journal of pharmaceutics.

188



