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Abstract: Conventional oral drug systems are unable to keep drug concentration within the therapeutic range, and admin-

istration of the dosage form several times a day can cause significant fluctuations in plasma drug concentration. Therefore, 

floating drug delivery systems are being developed. In this study, floating tablets with a model drug (ampicillin sodium-

Amp.Na) were successfully prepared using different polymers by the lyophilization technique. This study aims to prepare 

and characterize floating lyophilized tablets to understand the effect of different biopolymers on quality control param-

eters more clearly. Within the scope of characterization studies, many parameters were evaluated successfully. All tablets 

showed 24-hour release and had a mesoporous structure, as understood from the Brunauer-Emmett-Teller (BET) analysis. 

It has been determined from the Fourier transform infrared (FTIR) and X-ray diffraction (XRD) analyses that Amp.Na 

doesn’t interact with excipients and is an amorphous form. These formulations can be used for other drugs in the future, 

and optimum properties can be easily characterized.

Keywords: floating tablet, lyophilization, polymers, release kinetics, Brunauer-Emmett-Teller, Fourier transform infrared, 

X-ray diffraction.

Introduction

Oral dosage forms have been an indispensable way of drug 

administration for humankind for centuries. Oral dosage forms 

are very diverse and have many advantages over other dosage 

forms. Oral drug administration is the easiest and most pre-

ferred way of administering therapeutic agents with a single 

dose to achieve the systemic effect since it can be used without 

any assistance in terms of patient compliance. The oral route 

has variable and multifaceted physiological conditions. This 

route allows the development of oral formulations that can 

selectively release the drug for optimum therapeutic benefit. 

Conventional drug systems are unable to keep drug concen-

tration within the therapeutic range, and administration of the 

dosage form several times a day can cause significant fluc-

tuations in plasma drug concentration. Therefore, new carriers 

are being developed for the oral delivery of drugs.1,2 Many 

drug delivery systems (e.g., solid dispersions, nano-sized 

drugs, or controlled release systems) have been investigated to 

increase the bioavailability or efficacy of oral dosage forms. 

Oral sustained release delivery systems can carry active ingre-

dients in the human body that have both a short half-life in 

plasma and good absorption and thereby providing a longer 

duration of the therapeutic effect. However, these systems 

could not achieve sufficient efficacy for some active ingre-

dients that act locally in the stomach, are absorbed in the prox-

imal part of the gastrointestinal system, and have low solubility 

and stability in the gastrointestinal system.3-5 There are also 

disadvantages such as the short residence time of the dosage 

forms in the gastrointestinal tract, degradation of active sub-

stances due to the high activity of the gastrointestinal content, 

and unpredictable gastric emptying and motility. Gastric emp-
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tying is a complex process and makes the performance of drug 

delivery systems uncertain in “in vivo” studies. Gastroretentive 

drug delivery systems are useful systems that can prevent these 

uncertainties by increasing the duration of drug delivery sys-

tems in the stomach. The main rationale for developing gas-

troretentive controlled release systems is to maintain drug 

concentration in the absorption window, reduce the number of 

administrations and side effects and increase the effectiveness 

of drugs.6-8 The gastroretentive drug delivery systems provide 

more extended drug release and the residence time of the drugs 

in the gastrointestinal system until all the active ingredients are 

completely released for many hours. These systems have many 

advantages like a prolonged gastric emptying process, 

increased absorption, bioavailability and therapeutic efficiency, 

reduced drug wastes, improved solubility, and patient com-

pliance. Also, it provides to deliver the drugs to the stomach 

and proximal small intestine locally.3,9 The preparation of gas-

troretentive drug delivery systems has been designed by dif-

ferent approaches like floating (low density), sinking (high 

density), swelling (expandable), mucoadhesive, and magnetic 

systems that proper gastric retention time and control the 

release rate of the drug.3-5,10 The most popular and favorable of 

these systems are floating drug delivery systems because of not 

affected by the motility and content of the gastrointestinal 

tract.9 Floating drug delivery systems, also known as hydro-

dynamically controllable systems, are classified as effervescent 

and non-effervescent systems. These systems are low-density 

systems that have a hydrophilic character and can remain float-

ing without affecting the gastric emptying rate in the stomach 

for a long time. With the gelation of the outer surface, a barrier 

is formed, and the release of the active substance can be con-

trolled from the swelling matrix.11-13 After the finishing of the 

release of the active substance, its residues are removed along 

with the stomach contents. It is possible that these systems can 

control fluctuations in the drug plasma level, increase absorp-

tion, provide local effects in the stomach (such as antacids, 

antibiotics), decrease mucosal irritation/toxicity, and be pro-

duced easily.6,12,14 These systems are matrix-type systems pre-

pared with the help of gel-forming or swellable hydrocolloid 

polymers (hydroxypropyl methylcellulose (HPMC), methylcel-

lulose, sodium carboxymethylcellulose (NaCMC), agar, poly-

acrylate, polycarbonate, polystyrene, carbopol, sodium alginate 

(SA) or chitosan) and/or various effervescent compounds-gas 

forming agents (such as carbonate or bicarbonate salts with/

without tartaric acid and/or citric acid).8 Polymers are of great 

importance for drug delivery systems. In this study, effer-

vescent and non-effervescent floating tablets were studied 

using different polymers like HPMC, NaCMC, and SA, both 

gel-forming and swellable hydrophilic polymers. When these 

polymers come into contact with gastric fluid, they become 

hydrated and form a colloidal gel barrier on the surface. This 

diffusional barrier controls the transition of gastric fluid into 

the tablet and drug molecules release. While the polymer on 

the outer surface of the tablet dissolves over time, the inner gel 

layer is protected by the hydration of the adjacent hydrocolloid 

layer. Also, the air trapped by the swollen polymer lowers the 

density of the tablet and creates adequate lift.15,16 HPMC and 

NaCMC are the semi-synthetic cellulose ether most commonly 

used in drug formulations for controlled drug release. They are 

also used as an emulsifying agent, thickener, suspending agent, 

stabilizer, binder, and film-former in pharmaceuticals and in 

cosmetics.16-18 Alginate is a naturally occurring anionic poly-

saccharide isolated from brown marine algae. Alginate is a 

biocompatible and nontoxic that used as a stabilizer and drug 

release modifier/extender in pharmaceutical formulations.18,19

In this study, the lyophilization technique was used in the 

preparation of effervescent and non-effervescent floating tab-

lets. Freeze-drying or lyophilization is a drying technique in 

which the ice in the frozen product is removed by sublimation. 

The lyophilization technique has been used in the pharma-

ceutical industry for years but has gained popularity in pre-

paring orally fast disintegrating/dissolving tablets (orodispersible

tablets) and films in recent years. Tablets prepared with this 

technique are highly porous and of low density, allowing body 

fluids to penetrate rapidly into the tablet and dissolve quickly 

in the body. Also for freeze-dried films, it provides better fold-

ing durability and shorter disintegration time.4,20 In the last few 

years, this technique has been used to prepare floating tablets, 

too. There are very few lyophilized floating tablet studies in 

the literature. The floating tablets prepared by this technique 

have a highly porous and low-density structure, providing the 

ability to float without delay, and freeze-drying has an advan-

tageous effect on prolonging gastroretension. Moreover, the 

freeze-dried tablet also shows good hardness and low friability 

due to the presence of polymers like HPMC.5,20,21

Antibiotics are often used for stomach or intestinal infections 

(such as peptic ulcers, ulcerative colitis, small intestine infec-

tions, and tuberculosis). Most antibiotics have problems such 

as being unstable in the stomach pH, remaining in the stomach 

for a very short time and low antibiotic concentration in the 

deep stomach mucus layer where bacteria live. In addition, due 

to their low solubility in the lipid membrane, antibiotics either 
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pass little or not through the cell membrane. In recent years, 

many controlled and extended-release pharmaceutical dosage 

forms have been studied to overcome these problems of anti-

biotics and increase their effectiveness. Gastroretentive drug 

delivery systems are one of the best examples of these sys-

tems.22,23 Ampicillin, a broad-spectrum antibiotic, is widely 

used locally or systemically for stomach or intestinal infec-

tions. Therefore, Amp.Na which has a high water solubility, 

was preferred as a model drug in this study. Amp.Na has a 

short biological half-life of 0.74-1.5 hours and is ideal for this 

system. This study aims to prepare and characterize floating 

lyophilized tablets, one of the new drug delivery systems, to 

understand the effect of different biopolymers on quality con-

trol parameters more clearly. Within the scope of character-

ization studies, determination of content uniformity, weight 

deviation, diameter-thickness, hardness and friability, disso-

lution rate and kinetics, swelling and floating degree, mor-

phological control, and Brunauer-Emmett-Teller (BET), X-ray 

diffraction (XRD), Fourier transform infrared (FTIR) analyzes 

were performed.

Experimental

Materials. Amp.Na and HPMC K100 were a gift from İ.E.         

Ulagay İlaç Sanayii A.Ş. (Turkey) and Santa Farma İlaç San-

ayii A.Ş. (Turkey). NaCMC (Mw ~700000), SA (low viscosity) 

and Avicel RC 581 were purchased from Sigma (Germany), 

Alfa Aesar® (Germany) and FMC Biopolymers (Belgium), 

respectively. Calcium chloride (CaCl2) and calcium carbonate 

(CaCO3) were purchased from J. T. Baker (Holland). For pH 

1.2 hydrochloric acid (HCl) buffer (USP30-NF25), HCl and 

potassium hydroxide were purchased from Isolab (Germany) 

and Riedel-de Haën (Germany). For simulated gastric fluid, 

sodium chloride (NaCl) and pepsin (from porcine gastric 

mucosa, ≥500 IU/mg) were purchased from J. T. Baker (Hol-

land) and Sigma (China). All chemicals used were of ana-

lytical or pharmaceutical grade. Ultrapure water was used in all 

studies (Merck Millipore Direct-Q™ 3, Germany).

Preparation of Floating Lyophilized Tablet Formulations.     

The lyophilization technique was used in the preparation of 

floating tablets. In the preliminary studies, the volume of the 

blister to be used was determined first, and the amount of poly-

mer and active substance required for a tablet in accordance 

with this volume was determined by taking into account the 

swelling rates of the polymers. First, Amp.Na (0.25 g) and a 

small amount of CaCl2 as crosslinker were dissolved in ultra-

pure water homogeneously on a multi-point magnetic stirrer 

(2mag, MIX 15 eco, Germany). Then the water-soluble/

swellable polymers (HPMC K100 single and/or with NaCMC 

or SA) were dissolved/swelled in this solution. Avicel RC 581 

was added to this prepared dispersion as a matrix former-thick-

ener and made homogeneous by stirring. For effervescent 

floating tablets, CaCO3 was added as a gas-forming agent at 

the last step. This dispersion was then filled into suitable tablet 

blisters with the aid of a spatula and lyophilized for 24 hours 

(CHRIST Alpha 2-4 LSC plus, Germany) after freezing over-

night at -20 °C (minimum n=30). Amp.Na-free (blank) float-

ing tablets were also prepared without the Amp.Na addition 

only, as described above.5,21

In vitro Characterization of Floating Lyophilized Tablet     

Formulations. Determination of Floating Degrees of Lyo-     

philized Tablet Formulations: The floating degree deter-     

mination of randomly selected lyophilized tablets with Amp.Na

was performed using 50 mL pH 1.2 HCl buffer in 100 mL bea-

kers at a temperature of 37±0.5 °C and 50 rpm in a horizontal 

shaker water bath (Memmert, WNB 14, Germany). Whether 

the tablets swelling over time were floating in the medium at 

certain time intervals (0, 0.5, 1, 2, 4, 8, 24 hours) were eval-

uated for 24 hours, and the results were determined as floated 

or not floated.24 Other experiments were continued with lyo-

philized tablets showing the ability to float for 24 hours.

Determination of Content Uniformity of Floating Lyo-     

philized Tablet Formulations: Randomly selected floating     

lyophilized tablets with Amp.Na were crushed in a mortar and 

stirred in pH 1.2 HCl buffer (50 mL) for 21 hours on a mul-

tipoint magnetic stirrer at 1000 rpm. After the tablets were 

completely disintegrated and the active substance was released,

pre-filtering was performed using filter paper in order to 

remove the tablet residues. Then, supernatants were filtered 

using a 0.45 µm membrane filter (Agilent, USA) again and 

Amp.Na was quantified by using the previously validated UV-

VIS spectrophotometric method (205 nm, R2=0.9998, y= 

0.0462x+0.0162) (Beckman Coulter DU 730, USA). Dilu-

tions, if required, were made with pH 1.2 HCl buffer (min-

imum n=3).25 The assay of the tablets should be within the 

specified 90-120% limits of the USP30-NF25 monograph for 

Amp.Na tablets.26 It has been paid attention that the difference 

in the content uniformity of the tablets is not more than (-10)-

(+20)%. Results are given as mean and standard deviation 

(SD). 

Determination of Swelling Degrees of Floating Lyophilized     
Tablet Formulations: In order to determine the swelling     
 Polym. Korea, Vol. 46, No. 2, 2022
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degree, randomly selected floating lyophilized tablets with 
Amp.Na were weighed and carried out in 50 mL pH 1.2 HCl 
buffer using a horizontal shaker water bath at 37 °C and 50 
rpm. The tablets that swelled over time were weighed by fil-
tering through the filter at certain time intervals (0, 0.5, 1, 2, 4, 
8, 24 hours). The weight before the test was compared with the 
weight resulting from swelling over time, and the degree of 
swelling was expressed in % (minimum n=3). The percentages 
of swelling degree were calculated by using the formula 
below:27

Swelling degree % =

×100

(1)

Determination of Diameter, Thickness and Weight Vari-      

ation of Floating Lyophilized Tablet Formulations: The      

diameters and thicknesses of randomly selected floating lyo-

philized tablets with Amp.Na were measured using a manual 

vernier caliper one by one (n=20). Average and standard devi-

ation values were calculated.28 For weight variation, randomly 

selected floating lyophilized tablets with Amp.Na each indi-

vidually weighed on the calibrated analytical balance (n=20). 

The average weight of the tablets and the deviation values of 

each tablet from the mean were found. The deviation in the 

weight of more than two tablets should not be at least 5% or 

more than 10% in any tablet, as reported in the European Phar-

macopoeia (EP 8.0).29 The percent weight variation was cal-

culated by using the formula below:

Weight variation % = 

×100

(2)

Determination of Hardness of Floating Lyophilized Tablet      

Formulations: The hardness of randomly selected floating      

lyophilized tablets with Amp.Na were measured using a hard-

ness tester (Pharma Test PTB, Germany) (n=10). Results are 

given as mean and SD.29

Determination of Friability of Floating Lyophilized Tablet      

Formulations: For the friability testing of floating lyophilized       

tablets with Amp.Na, 20 randomly selected whole tablets with 

a unit mass of less than 650 mg were taken. The tablets were 

carefully dedusted prior to testing and accurately weighed, 

then placed in the drum. The weighed tablets were rotated for 

4 minutes at 25 rpm per minute in the friabilitor (Pharma Test 

PTF E/ER, Germany). Then, any loose dust from the tablets 

was dedusted and accurately weighed again. The friability 

value should not exceed 1%. If the weight loss is more than 

1% or the results are doubtful, the test is repeated 3 times and 

averaged as reported in the EP 8.0.29 The percent friability was 

calculated by using the formula below:

Friability % = 

×100

(3)

In vitro Release Study and Determination of Release    

Kinetics of Floating Lyophilized Tablet Formulations: In    

order to determine the release, the dissolution study of floating 

lyophilized tablets containing 250 mg Amp.Na was carried out 

in a 900 mL of pH 1.2 simulated gastric fluid with pepsin 

(SGF, USP30-NF25) using USP Type II Apparatus (Paddle 

Type, Pharma Test PTWS IIIE/CE, Germany) at 37±0.5 °C at 

100 rpm for 24 hours. An appropriate amount (10 mL) of sam-

ples were withdrawn at certain time intervals (0.5, 1, 2, 4, 8, 24 

hours) and subsequently, the same amount of fresh pH 1.2 

SGF was added to the samples to maintain the sink conditions. 

Samples were filtered through 0.45 µm membrane filters and 

released Amp.Na amounts were determined by using the pre-

viously validated UV-VIS spectrophotometric method. Dilu-

tions were made with pH 1.2 SGF (n=3). The formula of SGF 

used was26:

Rx

NaCl……………….….2 g

Pepsin…………………3.2 g

HCl……………………7 mL

Ultrapure water…qs…1000 mL

Release results in pH 1.2 SGF were applied to the computer 

program in order to determine the kinetic model of the release 

from floating lyophilized tablets with Amp.Na. Whether for-

mulations are compatible with Zero-Order, First-Order, Higu-

chi, or Korsmeyer-Peppas kinetic models were determined by 

mathematical operations and formulas.30 The release data 

obtained were fitted into the following eqs.;

Zero-Order model: Qt/Q∞ = kt + c (4)

First-Order model: Qt = Q0 + kt (5)

Higuchi model: Qt/Q∞ = kt½ + c (6)

Korsmeyer-Peppas model: Qt/Q∞ = kt  n (7)

Where, Qt is the released amount of Amp.Na at time t, Q0 is 

the initial amount of Amp.Na in the tablet, Q∞ is the released 

amount of Amp.Na at infinite time, k is the release constant of 

each model, n is the exponent and c is an intercept.31,32 In addi-

tion, at the end of this study, the floating ability after 24 hours 

Weight of swollen floating lyophilized tabletsInitial weigh

Initial weight
------------------------------------------------------------------------------------------------------------------------------------------------

Weight of floating lyophilized tablets  Mean weight

Mean weight
------------------------------------------------------------------------------------------------------------------------------

Initial weight of floating lyophilized tablets Final weight–

Initial weight of floating lyophilized tablets
----------------------------------------------------------------------------------------------------------------------------------------
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was also evaluated in pH 1.2 SGF. 

Determination of Surface Area and Pore Diameter      

Analysis of Floating Lyophilized Tablet Formulations: The      

surface areas and average pore diameters for floating lyo-

philized tablets with Amp.Na were obtained via the BET 

method by using nitrogen adsorption isotherms using a 

Micromeritics 3Flex (USA) analyzer. The system temperature 

was maintained at 77 K.33 This study was performed at East 

Anatolian High Technology Research and Application Center 

(DAYTAM) of Atatürk University.

Fourier Transform Infrared (FTIR) Spectroscopy Study     

of Floating Lyophilized Tablet Formulations: Powder sam-      

ples of Amp.Na and floating lyophilized tablets were prepared 

to determine if there were any unwanted interactions between 

the formulations and the active ingredient. Infrared spectra 

were taken by FTIR (ATR) spectrometer (Bruker VERTEX 

70v, USA) directly over the powder sample in the range of 

4000-400 cm-1 wavenumber.33,34 This study was performed at 

East Anatolian High Technology Research and Application 

Center (DAYTAM) of Atatürk University.

X-ray Diffraction (XRD) Study of Floating Lyophilized      

Tablet Formulations: The crystallinities of Amp.Na and float-       

ing lyophilized tablets were determined by the XRD method. 

XRD studies were carried out by using an X-ray diffractometer 

(PANalytical Empyrean XRD) fitted with a copper target, a 

voltage of 45 kV, and a current of 40 mA.35 This study was 

performed at East Anatolian High Technology Research and 

Application Center (DAYTAM) of Atatürk University.

Statistical Analysis: Release data were compared by one-       

way analysis of variance (ANOVA) with LSD using SPSS ver-

sion 13.0 (SPSS Inc., Chicago, USA). The p values were cal-

culated, and p<0.05 was considered as significant.

Results and Discussion

Preparation of Floating Lyophilized Tablet Formulations.     

Floating lyophilized tablets were successfully prepared by lyo-

philization technique using three different polymers (HPMC 

K100 single and/or with NaCMC or SA). The lyophilization 

technique has become highly preferred in recent years in the 

development of non-hygroscopic and highly porous tablets 

with sufficient strength, improved disintegration time, and 

acceptable quality characteristics of the prepared tablets.21,36

The comparison of prepared tablets formulations is given in 

Table 1. Amounts are given in mg. As a result of the pre-for-

mulation studies, different combinations were created by 

changing the formulation components (CaCl2: cross-linker, 

NaCMC, HPMC K100, SA: water-soluble/swellable polymers, 

Amp.Na: model drug, Avicel RC 581: matrix former, CaCO3: 

gas-forming agent). Formulations A, C, E, G and I were pre-

pared as effervescent floating tablets with CaCO3, and for-

mulations B, D, F, H and J were prepared as non-effervescent 

floating tablets without CaCO3. When the formulations were 

examined in terms of shape, only the formulations G and H 

could not reach the desired result. After the lyophilization, 

foaming occurred in formulation G, and mid-breaking occurred 

in formulation H, so they could not show optimum tablet prop-

erties. For this reason, these formulations (G and H) were can-

celed, and all studies have been done with the other 

formulations (A, B, C, D, E, F, I and J). When evaluated in 

terms of formulation components, it was thought that CaCO3

in formulation G also increases foaming with insufficient poly-

mer amount. In addition, HPMC K100 and SA in combination 

in the formulations G and H are less in terms of polymer 

amount compared to the formulations E and F. These small 

amounts of polymers did not provide sufficient matrix struc-

ture and strength to the tablets. In addition, when the for-

mulations are evaluated in terms of color, formulations E, F, G 

and H are yellowish in color due to the use of SA. In contrast, 

the others are white in color. The images of all the tablets 

Figure 1. Digital images of floating lyophilized tablets (left: upside, 
right: downside).
 Polym. Korea, Vol. 46, No. 2, 2022
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obtained are shown in Figure 1.

In vitro Characterization of Floating Lyophilized Tablet      

Formulations. Determination of Floating Degrees of Lyo-      

philized Tablet Formulations: The floating study was suc-       

cessfully performed in pH 1.2 HCl buffer at 37 °C for 24 

hours. The obtained results are shown in Figure 2 in graphic 

form, and the tablet images after 24-hours are shown in Figure 

3. As a result of this study, only formulations B and D were 

unsuccessful, while other formulations did. As seen in the fig-

ure, formulations B and D collapsed with their structural integ-

rity intact. When evaluated in terms of formulation content, 

NaCMC and HPMC K100 in combination were used as poly-

mers, and CaCO3 was not used in both formulations B and D 

because they were non-effervescent floating tablets.

When formulations B and D were compared with formu-

lations A and C, the absence of CaCO3 in their structure pre-

vented them from floating. Especially for these two formulations, 

the presence of CaCO3 is critical because the polymers in the 

structure were not enough for floating. CaCO3, which creates 

gas (CO2) in the acidic buffer medium, leads to the formation 

of pores in the matrix and enables the density to decrease 

below 1 g/mL and float.15,37 The reaction of CaCO3 with HCl 

takes place as shown below38:

2H+ + CaCO3 ↔ CO2 + Ca2+ + H2O

It is known that the amount of gas-forming agent (calcium 

carbonate or sodium bicarbonate) of 5-50% of the total amount 

in floating dosage forms will be beneficial for floating. When 

all our formulations are examined in this respect, it is seen that 

the calcium carbonate amounts are more than 5%.18 In addi-

tion, the other ingredients and their amounts used in the for-

mulation seem ideal in terms of maintaining the tablet’s 

integrity. Except for those, formulation E disintegrated but did 

not collapse. Formulation E was prepared with HPMC K100 

and SA compared to all other formulations. We see that CaCO3

is used together with HPMC K100 and SA in this formulation. 

SA tended to disintegrate faster in the presence of CaCO3. 

Here, we can say that CaCO3 accelerates SA disintegration due 

to the weakening of the polymer chains while forming gas in 

the buffer medium. In the presence of CaCO3, the pores 

formed with the outflow of CO2 increase the surface area and 

also the contact of the polymer with water. Thus, the polymer 

in contact with water begins to decompose over time. In other 

words, the main disintegration mechanism is not due to the 

presence of CaCO3, but to the porous structure formed due to 

the presence of CaCO3. There are very few studies on the abil-

ity of alginates to act as disintegrants in tablets. This feature 

comes from the highly swellable characteristics of alginate.39-41

If we also evaluate the formulations G and H to formulations 

E and F, the low amount of SA (37.5 mg) and HPMC K100 

(37.5 mg) caused a problem during lyophilization (the amounts 

of SA and HPMC K100 in formulations E and F are 50 mg 

each). Here it is understood that the presence of the low 

amount of SA and the presence of CaCO3 together with the SA 

cause problems when preparing the formulation or when trying 

to float. In a study, Jin et al. made wound dressings using 

hydrophilic polymers on wound healing and used SA, NaCMC,

HPMC, PVP, PVA, and poloxamer as polymers. In their exper-

Figure 2. Floating degrees of floating lyophilized tablets.

Table 1. The Comparison of Floating Lyophilized Tablets Formulations

Formulation Code A B C D E F G H I J

CaCl2 5 5 5 5 5 5 5 5 5 5

NaCMC 50 50 37.5 37.5 - - - - - -

HPMC K100 50 50 37.5 37.5 50 50 37.5 37.5 87.5 87.5

SA - - - - 50 50 37.5 37.5 - -

Amp.Na 250 250 250 250 250 250 250 250 250 250

Avicel RC 581 25 25 25 25 25 25 25 25 25 25

CaCO3 30 - 30 - 30 - 30 - 30 -
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iment to compare the degree of swelling of the polymers, they 

found that the polymer that showed the most swelling was SA, 

and the order is: SA > NaCMC = poloxamer = HPMC > PVA 

= PVP.42 From this, we clearly understand that as a result of the 

rapid swelling of SA, the polymer chains begin to loosen and 

break apart but do not lose their buoyancy.

Determination of Content Uniformity of Floating Lyophilized     

Tablet Formulations: The content uniformity study was suc-     

cessfully performed in pH 1.2 HCl buffer at 37 °C for 21 

hours. The content uniformity results are given in Table 2. All 

the prepared formulations did not exceed the 10% limit, and 

the values were found in the range of 99.1±3.6-106.6±2.4%.

Determination of Swelling Degrees of Floating Lyophilized     

Tablet Formulations: The swelling study was successfully     

performed in pH 1.2 HCl buffer at 37 °C for 24 hours. The 

results of the swelling degrees are given in Table 3 below 

Figure 3. Digital images of floating lyophilized tablets after the 24-
hour floating test.

Table 2. The Physicochemical Characterization of Floating Lyophilized Tablets Formulations

Formulation code A B C D E F I J

Content uniformity (%±SD) 106.6±2.4 105.1±5.3 104.7±5.0 106.4±3.1 101.9±2.5 102.4±2.9 100.6±2.4 99.1±3.6

Diameter (mm±SD) 16.4±0.0 16.4±0.0 16.4±0.0 16.4±0.0 16.4±0.0 16.4±0.0 16.4±0.0 16.4±0.0

Thickness (mm±SD) 5.1±0.4 5.7±0.2 6.5±0.6 6.0±0.4 6.0±0.3 6.8±0.5 6.4±0.5 6.4±0.5

Weight variation (mg±SD) 415.4±5.2 379.2±4.8 388.0±7.1 356.0±2.8 408.1±5.8 383.1±10.8 401.6±4.6 371.6±5.7

Hardness (N±SD) 35.4±1.6 30.6±1.1 35.6±7.8 33.2±3.2 23.9±3.1 17.2±1.5 40.1±5.8 29.6±5.5

Friability (%) 0 0.99 0 1.08 0.92 1.98 0.47 0.50

Table 3. Swelling Degrees Data of Floating Lyophilized Tablets

 Formulation 
code

Time 

(hour) 

A B C D E F I J

0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0 100.0±0

0.5 263.4±24.6 254.6±23.5 377.1±22.6 279.3±14.0 260.0±6.4 400.7±9.5 246.8±16.9 246.7±14.9

1 318.2±23.9 316.0±17.3 409.0±18.4 323.3±15.0 306.7±7.0 430.3±16.6 297.2±14.3 327.6±23.6

2 380.0±15.7 378.1±20.5 424.9±2.5 370.3±12.4 323.0±6.8 455.2±33.0 348.4±19.3 399.0±14.0

4 439.2±13.0 437.2±13.0 444.0±12.7 442.7±19.2 351.8±2.2 454.4±16.1 414.3±9.9 494.1±4.7

8 477.9±13.7 497.7±15.5 421.8±26.6 481.9±17.0 392.4±15.8 464.3±16.7 480.6±1.6 542.9±12.3

24 350.3±39.1 477.5±1.9 415.3±25.1 388.5±30.1 280.9±13.8 495.8±12.5 267.8±17.5 481.3±54.4

Figure 4. Swelling degrees of floating lyophilized tablets.
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(mean±SD), and the graph is shown in Figure 4. Cellulose-

based polymers and sodium alginate are polymers with a long 

chain structure. Due to the strong hydrophilicity of these poly-

mers, hydrogen bonds formed between water molecules and 

polar groups (including OH and COO-) along with the poly-

mer. Hydrogen bonds are formed both between the same 

chains of these polymers (intra-molecular) and between neigh-

boring chains (inter-molecular). These strong hydrogen bonds 

make it difficult for polymers to dissolve in aqueous mediums. 

However, breaking these strong bonds causes the polymers to 

swell.43,44 When the tablets come into contact with the buffer 

medium, the hydrogen bonds begin to break, and then swelling 

occurs. Thus a loose and thick gel layer is formed on the tablet 

surface, which erodes for a certain period of time and facil-

itates the release of the active substance.30,45 The data obtained 

in the floating study images and the swelling study confirm 

this information. All of our tablets first swelled and then grad-

ually began to disintegrate from the outside. In addition, the 

degree of swelling is a sign of the hydrophilicity of the poly-

mers. SA, NaCMC and HPMC with more hydrophilic func-

tional groups, such as carboxyl and hydroxyl groups, have 

more swellable characteristics.42

When formulations A and B were examined, NaCMC and 

HPMC K100 were used in combination, and only formulation 

A contained CaCO3. Formulations A and B showed similar 

swelling properties in the first 8 hours of swelling time, but 

formulation A showed more erosion at 24 hours, while for-

mulation B did not show much erosion. We can say that this 

is due to CaCO3 in formulation A.

Again, when we examined the formulations C and D, 

CaCO3 in the formulation C accelerated the swelling with this 

mechanism of action. The formulations C and D erosion has 

increased in the hours after the 4th and the 8th hours, respec-

tively. Comparing formulations C and D with formulations A 

and B, the amount of polymer is lower. This situation indicates 

the presence of a looser polymer chain and also causes faster 

swelling in the first hours. When the formulations E and F 

were examined, HPMC K100 and SA were used in com-

bination. Here, CaCO3 accelerated the swelling and erosion of 

formulation E at the same time (8th hours) like formulations A 

and C, and so, the swelling degree of formulation E was not 

increased like the other formulations. Since the presence of SA 

in formulation E did not create sufficient strength like other 

polymer combinations, the lowest swelling rate was observed 

in formulation E after 8 hours. However, the most effective sit-

uation here is the polymer erosion with swelling. Formulations 

I and J were prepared using HPMC K100 only. Formulation I 

containing CaCO3 behaved like formulations A, B, C, and D in 

the first 4 hours but started to erode rapidly after 8 hours and 

was the formulation showing the most erosion among all for-

mulations at 24 hours. We can say that this is caused by the 

highly hydrophilic nature of HPMC K100 and the presence of 

CaCO3. Contrary to this situation, formulation J shows the 

highest swelling rate from the 4th hours to 8th hours compared 

to all other formulations. Since CaCO3 is not used in this for-

mulation and it consists only of HPMC K100 (the quantity of 

HPMC K100 is the highest), it is seen that swelling pre-

dominates to erosion.37,46

Determination of Diameter, Thickness and Weight     

Variation of Floating Lyophilized Tablet Formulations: The     

diameter, thickness and, weight variation study were suc-

cessfully performed. The results are given in Table 2 as 

mean±SD. The diameters of all formulations are 16.4±0.0 mm. 

The thicknesses of all formulations are in the range of 5.1±0.4 

mm and 6.8±0.5 mm. The weight variations of all formulations 

are in the range of 356.0±2.8-415.4±5.2 mg, that the weight 

deviations are less than 5%. That is, all the tablets meet phar-

macopoeial (EP 8.0) requirements.

Determination of Hardness of Floating Lyophilized     

Tablet Formulations: The hardness study was successfully     

performed. The results are given in Table 2 as mean±SD. The 

hardnesses of all formulations are in the range of 17.2±1.5-

40.1±5.8 N. 

Determination of Friability of Floating Lyophilized Tablet     

Formulations: The friability study was successfully performed.     

The results are given in Table 2 as mean±SD. Except for for-

mulation F only, other formulations passed the friability test; 

that is, they have withstood mechanical stress. When the hard-

ness and friability values of all formulations are compared, it 

is seen that the formulation with the lowest hardness value is 

the F formulation. Compared to the tested formulation E, the 

difference is only CaCO3 present in the E formulation. Here, 

the amount of CaCO3 in the tablet matrix gave the formulation 

sufficient hardness to pass the test. We can say that CaCO3 is 

a water-insoluble substance, and it adds strength to the struc-

ture by filling in between the polymer chains in the envi-

ronment. In addition, if we evaluate in terms of thickness, we 

see that the thickest tablet is the formulation F. We can also say 

that the abrasion is high because the surface area to be eroded 

by hitting the surface in the test device increases due to the 

increase in the thickness as the thickness increases.

In-vitro Release Study and Determination of Release     
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Kinetics of Floating Lyophilized Tablet Formulations: The      

release study was successfully performed in pH 1.2 SGF with 

pepsin at 37 °C and 100 rpm for 24 hours using USP Type II 

Apparatus. In the release study, pH 1.2 SGF with pepsin was 

used to evaluate the release and buoyancy properties of the tab-

lets in the presence of enzymes. The cumulative release results 

are shown in Figure 5 below (mean±SD).

When the release profiles of both effervescent and non-effer-

vescent floating tablets were examined, they all showed similar 

release profiles. When the release amount of all formulations 

in the first half-hour was examined, the lowest 38.45% (for-

mulation A) and the highest 53.94% (formulation D) release 

were observed. In general, we can say that the burst effect is 

caused by the presence of pepsin with SGF,47 the hydrophilic 

structure of Amp.Na and the polymers is seen in all of them in 

the first half-hour. It is seen that 50% release values are 

reached at the latest in formulation B (8th hour) and earlier 

than the 4th hour in all other formulations. We can say that this 

slow release is caused by the high amount of polymer in for-

mulation B (100 mg in total)48 and the absence of CaCO3. 

Here, HPMC K100 swells in the pH 1.2 SGF and forms a 

highly viscous gel structure on the tablet surface, causing the 

release to slow down.48 A similar situation was seen in a study 

by Shinde et al., and increasing the amount of HPMC K100M 

caused the release to slow.49 When the total release values at 24 

hours were examined, the fastest release was seen in for-

mulation C, and the slowest release was seen in formulations 

B and F. The release of formulation C is significantly different 

from the release of other formulations (p<0.05). However, 

100% release was not seen in any formulation. We think that 

this situation is caused by any tablet's structural integrity is not 

disrupted during the release. Thus, since disintegration does 

not occur because the polymer chains in the tablet center do 

not loosen very quickly with the diffusion of water, the release 

slows down and prolongs.50 It is also thought that the presence 

of pepsin in SGF initially does not affect the rapid tablet sur-

face release of Amp.Na but slows the release of Amp.Na near 

the tablet center in the following hours due to its absorption 

into the hydrogel matrix surface. A similar situation was 

observed in the riboflavin-containing chitosan and chitosan-

PEO hydrogels made by Patel et al., and the presence of pep-

sin/pancreatin slowed riboflavin release in all hydrogels.51

It was also evaluated whether the tablets floated after 24 

hours of release, and all tablets were found to float at pH 1.2 

SGF after release. Digital images are shown in Figure 6. In the 

floating study with pH 1.2 HCl buffer, disintegration was 

observed in formulation E. In contrast, in the release study 

with pepsin containing SGF, no degradation was observed in 

any formulation during 24 hours. As a possible explanation for 

this situation, we can say that the enzyme has a more neg-

ligible effect on the relaxation of the polymers' chains with less 

HCl in SGF.52 Formulations A and C are effervescent floating 

tablets, and it is seen that formulation C has less polymer con-

tent (total 75 mg) than formulation A. This situation allows to 

have a looser polymer chain network and accelerates the 

Figure 5. Release profiles of floating lyophilized tablets.

Figure 6. Digital images of floating lyophilized tablets after the 24-
hour floating test.
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release. The release is slow as there is more polymer in for-

mulations A and B, and therefore, a tighter network of polymer 

chains. However, when looking at all formulations in general, 

effervescent floating tablets released more than non-efferves-

cent floating tablets, so the presence of CaCO3 affected the 

release. The release of formulation A (60.76%) was signifi-

cantly different from the releases of formulations B, C and F 

(p<0.05). Again, no significant difference was found with for-

mulation D as it showed a similar release with formulation D 

(61.27%) (p>0.05). When the other four formulations (E, F, I 

and J) are examined, it is seen that there is not much difference 

between them (p>0.05). The polymers in their structures, the 

amount/number of polymers, and the presence/absence of 

CaCO3 did not make a big difference. Non-effervescent for-

mulations B and F showed the same release profile in the first 

1 hour and 24 hours. In these two formulations, NaCMC (50 

mg) and SA (50 mg), which are out of HPMC K100 (50 mg), 

did not make a significant difference on the release even in the 

presence of CaCO3 (formulations A and E) (p>0.05). As a 

result, there are effects of the amount of polymer, the type of 

polymer, the swelling of the polymer to form a dense gel bar-

rier, the presence of CaCO3, the diffusion of the drug, and the 

polymer erosion on drug release.49 

In vitro drug release data in pH 1.2 SGF of all the floating 

lyophilized tablets were subjected to the goodness of fit test by 

linear regression analysis according to Zero-Order, First-Order, 

Higuchi, or Korsmeyer-Peppas kinetic models to ascertain the 

mechanism of drug release. The results of release kinetics are 

given in Table 4. In the evaluation made on the value of R2, the 

highest values in all formulations are seen in the Korsmeyer-

Peppas model. The value of “n” is used to characterize the 

drug release mechanism. According to the limits of the Kors-

meyer-Peppas model, which explains the drug release behavior 

for cylindrical shaped dosage forms such as tablets and formed 

gel patches, n values <0.45 indicate Fickian diffusional release. 

If the value of “n” is 0.45-0.89 shows non-Fickian (anom-

alous) diffusion.50,53 So, this model has shown that all of the 

formulations’ drug release is Fickian diffusion-controlled.

Determination of Surface Area and Pore Diameter     

Analysis of Floating Lyophilized Tablet Formulations: The     

pore characteristics of the floating lyophilized tablets are given 

in Table 5. BET surface areas and average pore diameters of 

the formulations are given. The surface areas of the formu-

lations are in the range of 0.0013-2.1334 m2/g, and formulation 

C has the largest surface area. It is recorded in the literature 

that the surface area and the release influence each other.54

Judging from the release data, it can be said that formulation 

C has the highest release value, and this is related to its high 

surface area.

The surface area of all the effervescent floating tablets was 

greater than the non-effervescent ones. Also, when the pore 

diameters were compared, the pore diameters of the non-effer-

Table 4. Release Kinetics of Floating Lyophilized Tablets

Zero-order First-order Higuchi Korsmeyer-peppas Release mechanism

Formulation code R2 R2 R2 R2 n Fickian diffusion

A 0.663 0.613 0.835 0.951 0.125 Fickian diffusion

B 0.612 0.601 0.682 0.708 0.044 Fickian diffusion

C 0.735 0.695 0.858 0.882 0.091 Fickian diffusion

D 0.427 0.416 0.526 0.805 0.039 Fickian diffusion

E 0.607 0.586 0.770 0.889 0.077 Fickian diffusion

F 0.299 0.302 0.414 0.570 0.047 Fickian diffusion

I 0.498 0.494 0.637 0.754 0.043 Fickian diffusion

J 0.634 0.622 0.771 0.869 0.040 Fickian diffusion

Table 5. BET Surface Areas and Average Pore Diameters of 

Floating Lyophilized Tablets

Formulation 
code

BET surface area
 (m2/g)

Average pore diameter 
(nm)

A 0.9233 5.5952

B 0.4225 6.0411

C 2.1334 7.4749

D 0.5686 9.4719

E 1.3684 7.3397

F 0.0140 8.4921

I 0.1366 9.1741

J 0.1030 13.7972
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vescent ones were larger than the effervescent ones. This sit-

uation is thought to be caused by CaCO3. From the BET 

results, it was supported that the presence of CaCO3 caused the 

CO2 output to increase the surface area and decrease the pore 

diameters. Figure 7 shows N2 adsorption-desorption isotherms 

of floating lyophilized tablets. As it is understood from the fig-

ures, the isotherms conform to type IV. Type IV shows a hys-

teresis loop, i.e., the adsorption and desorption isotherms do 

not coincide over a certain region of external pressures. The 

type IV isotherm is typical for mesoporous materials. At low 

pressures, first, an adsorbate monolayer is formed on the pore 

surface, which is followed by multilayer formation.55 Accord-

ing to the International Union of Pure and Applied Chemistry 

(IUPAC) nomenclature, pores are roughly classified into the 

following groups: macropores >50 nm, mesopores in the range 

of 2.0-50 nm, and micropores <2.0 nm.

The hysteresis loop indicates that the mesoporous structures 

exist in both floating lyophilized tablets.1 All formulations 

have pore size distributions around 5.5952-13.7972 nm. How-

ever, we can identify all of them as mesoporous.

FTIR Study of Floating Lyophilized Tablet Formulations:     

The FTIR spectra of the Amp.Na and floating lyophilized tab-

lets (except C and D formulations) are shown in Figure 8. 

Since all the excipients in formulations A and C and for-

mulations B and D are the same, the spectra of the C and D 

formulations were not taken, and studies were conducted with 

other formulations. IR spectroscopy examines vibrations caused

by infrared rays, stresses of bonds between atoms, and changes 

in bond angles. When molecules absorb this energy, vibra-

tional energy transitions occur in the infrared region. Given 

that the molecule absorbs only certain frequencies by infrared 

rays due to its structure, the vibration frequency is associated 

with a particular bond type. Therefore, each vibration fre-

quency is unique to that region of that molecule. Consequently, 

it is a crucial analysis technique and frequently used in detect-

ing changes in molecular structure.56 When the characteristic 

band voltages of Amp.Na are examined; ~1600 cm-1 (aromatic 

C=C), ~1500 cm-1 (C-H bending), ~1410 cm-1 (-COOH bend-

ing), ~1370 cm-1 (C-H bending), ~1250 cm-1 (C-O strecthing), 

~1090 cm-1 (C-O and O-H bending) and ~940 cm-1 (O-H bend-

ing) specific peaks were observed.56-58

Some characteristic Amp.Na peaks are also included in the 

floating lyophilized tablets spectrum. The decrease was 

observed in sharp peaks of Amp.Na pure peak compared to the 

tablets peaks due to the polymers. When Amp.Na was treated 

or formulated with another chemical, specific sharp peaks of 

Amp.Na were suppressed. This means that Amp.Na is within 

Figure 7. N2 adsorption-desorption isotherms of floating lyo-
philized tablets.

Figure 8. FTIR spectra of Amp.Na and floating lyophilized tablets.
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the tablets, and there was no chemical interaction between the 

drug and the excipients, so Amp.Na is compatible with the 

excipients used in the formulations. Similar situations have 

been observed in other studies as well.57-59 In Vanitha et al.

study, the FTIR spectra of pure hydralazine HCl and optimized 

floating tablet formulation were compared. They stated that 

specific band peaks of hydralazine HCl were seen in tablet for-

mulation with low intensity, and there was no interaction 

between chemicals.48

XRD Study of Floating Lyophilized Tablet Formulations:      

The X-ray diffraction analysis helps to determine the crystal or 

amorphous nature of the active ingredients in drug delivery 

systems. X-ray diffractograms of Amp.Na and the floating lyo-

philized tablets (except formulations C and D) are shown in 

Figure 9.

Since all the excipients in formulations A and C and for-

mulations B and D are the same, the diffractograms of the for-

mulations C and D were not taken, and studies were conducted 

with other formulations. Characteristic crystalline peaks of 

Amp.Na were observed in the diffractogram prominently. The 

main thermal characteristic sharp peaks of crystalline Amp.Na 

were recorded between 0-40° 2θ. While Amp.Na showed a 

dominant crystal phase with sharp and long diffractions in the 

diffractogram; this situation decreased and suppressed in for-

mulations diffractograms. It can be concluded that Amp.Na is 

converted to an amorphous form in formulations. Similar sit-

uations have been observed in other studies as well.60,61

Conclusions

In this study, effervescent and non-effervescent floating lyo-

philized tablets with Amp.Na were successfully prepared with 

polymers and excipients by showing the desired quality control 

and release properties for Amp.Na (the model drug). The lyo-

philization technique was used successfully for the preparation 

of the tablets with HPMC K100 single and/or with NaCMC or 

SA and other excipients. While the lyophilization technique is 

often used for orally fast disintegrating/dissolving tablets (oro-

dispersible tablets) and films in recent years, its suitability for 

floating tablets was also supported by this study. The effects of 

polymers on formulations are discussed in detail, and the quan-

tities, ratios and other properties of polymers affect many 

parameters. The formulations have been successfully char-

acterized and compared by evaluating many parameters like 

floating, content uniformity, swelling, diameter, thickness and 

weight variation, hardness, friability, release and release kinet-

ics. Tablets have mostly passed quality control tests. The tab-

lets have a mesoporous structure as understood from the BET 

analysis, and this porous structure affected swelling, buoyancy 

and release. The release characteristic of Amp.Na conforms to 

the Fickian diffusion mechanism. It has been determined from 

the FTIR and XRD analyses of Amp.Na that it does not inter-

act with other excipients and is in an amorphous form in tab-

lets. These formulations developed using a model drug can be 

used for other drugs in the future, and optimum properties can 

be easily characterized.
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