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Abstract

Context: Vonoprazan fumarate is the first-in-class innovative P-CAB (potas-
sium-competitive acid blocker) authorized and launched in the Bangladeshi
pharmaceutical market in June 2023. There is no study yet on the pharmaceu-
tical quality of Vonoprazan fumarate products manufactured and marketed in
Bangladesh. Systematic assessment of pharmaceutical quality parameters is
a crucial part of the continuous quality improvement and monitoring of phar-
maceutical products. It is also an outstanding component of pharmacovigi-
lance and post-marketing surveillance. Objective: This study aims to assess the
physicochemical quality parameters of different marketed brands of Vonopra-
zan fumarate available in Bangladesh. As part of quality factors, uniformity of
weight, hardness, moisture content, disintegration time, identification, disso-
lution, and potency test were considered in the present study. Methodology:
Five brands of samples of Vonoprazan fumarate tablets were randomly chosen
and purchased from different pharmacies located in Dhaka, Bangladesh. Mul-
tiple in vitro tools were used to predict and scrutinize the collected medication
formulations to assess and ensure product quality and patient safety. Among
others, USP (United States Pharmacopeia), Apparatus 2 (Paddle System), and
HPLC (High-Performance Liquid Chromatography) were used for dissolution
and potency evaluation, respectively. These tests were considered to measure
the actual drug content and physical properties, as well as to forecast how spe-
cific products will behave in vivo. Results: During this investigation, it was found
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that the tested results of the five brands of Vonoprazan fumarate tablets complied
with the quality specifications described in USP 43-NF 38 (United States Phar-
macopeia 43-National Formulary 38). Conclusion: All five tested samples from
the five distinct brands met the acceptability standards. The products may meet
patients’ demands and provide the intended therapeutic effects.
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Public Health
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1. Introduction

Vonoprazan fumarate has emerged as a novel, highly efficacious, and long-lasting
P-CAB (potassium-competitive acid blocker) that acts through competitive bind-
ing and blocking the H*/K*-ATPase enzyme of the stomach’s parietal cells [1] [2].
The chemical name of Vonoprazan fumarate is 1-[5-(2-Fluorophenyl)-1-(pyridin-
3-ylsulfonyl)-1H-pyrrol-3-yl]-N-methylmethanamine monofumarate and the alter-
native names are TAK 438, TAK-438 and Takecab. Vonoprazan has been approved
to treat adult patients suffering from a gastric acid-related disorder, such as reflux
esophagitis, duodenal ulcer, or gastric ulcer, for the avoidance of recurrence of a
gastric or duodenal ulcer when taking low-dose aspirin or NSAIDs (non-steroidal
anti-inflammatory drugs). Additionally, it is used as a supplement to annihilate
Helicobacter pylori among those who have H. pylori gastritis, eradicate duodenal
ulcers, gastric ulcers, idiopathic thrombocytopenic purpura, and gastric MALT (mu-
cosa-associated lymphatic tissue) lymphoma [3]-[6].

Although PPIs (proton pump inhibitors) have been widely used for GI (gastro-
intestinal) acid suppression for a long time, some distinct properties of Vonopra-
zan, such as its rapid onset of action [4] without prior activation [7] and its inde-
pendence on pH and meal [8], make it prove to be superior to PPIs. Further, the
PPIs are insufficient to effectively inhibit nocturnal acid secretion because their
inhibitory impact on acid secretion is not properly sustained for up to 24 hours.
Still, in such cases, Vonoprazan comes up as a beacon of hope to overcome the sit-
uations [7].

The longer half-life of Vonoprazan is the crucial contributing factor for the erad-
ication of Helicobacter Pyloriin gastric-related disease [9]-[11]. Due to its numer-
ous excellent properties, Vonoprazan has gained global attention in treating gas-
tric acid-related disorders and Bangladesh is not beyond this. Though Vonoprazan
was first approved in Japan in 2015 and in Bangladesh, it was approved in 2023
[12]. Currently, about 22 pharmaceutical companies are manufacturing Vonoprazan
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in Bangladesh. Literature review showed works like method development for
Vonoprazan content analysis [13] [14], bio-equivalence study with Vonoprazan [15],
and so on. However, there is no study available on the quality profiles of Vonopra-
zan that are being manufactured and marketed in Bangladesh. Therefore, this study
aims to perform the first-ever pharmaceutical quality evaluation tests of Vonopra-

zan in Bangladesh.

2. Materials
2.1. Sample Collection

Vonoprazan film-coated tablets were randomly selected and purchased based on
their availability in the local retail pharmacy outlets in Dhaka, Bangladesh. It was
done to ensure that the study sampling reflects the products that the consumers most
commonly access. Since only five brands were selected, this study does not repre-
sent every manufacturer. However, this random selection helped to minimize se-
lection bias and provided a realistic assessment of the quality of these products in
the local market. The purchased samples were then coded (coded as Sample 1, Sam-
ple 2, Sample 3, Sample 4, and Sample 5) and evaluated for various physicochem-

ical quality attributes, including their potency.
2.2. Chemicals and Reagents
Acetonitrile, Triethylamine, Orthophosphoric acid, and Milli-Q water were used

in this study.

3. Solution Preparations

3.1. Preparation of Buffer at pH = 6.3

One milliliter of phosphoric acid was added into a 1000 mL beaker containing 900
mL Milli-Q water and mixed well. The solution was adjusted with triethylamine to
a pH of 6.3 and volume to 1000 mL with Milli-Q water. pH of the prepared buffer
solution was measured and adjusted using a pH meter (Horiba Scientific LAQUA
F-72, Japan). Finally, this solution was filtered through a 0.45 pm membrane filter
and degassed before use.

3.2. Preparation of Mobile Phase

Acetonitrile and buffer were mixed at a ratio of 30:70 to prepare 3000 mL of mo-
bile phase. The mobile phase was filtered through a membrane filter and sonicated

before use.

3.3. Preparation of Diluent

Acetonitrile and Milli-Q water were mixed at a ratio of 5:95 to prepare 5000 mL of

diluent.

3.4. Preparation of Standard Solution for Assay

13.40 mg of Vonoprazan Fumarate (which is equivalent to 10.0 mg of Vonoprazan)
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working standard was taken in a 100 mL volumetric flask. Sixty milliliters of diluent
was added into the volumetric flask, and then the content was sonicated for about
10 minutes. The flask was cooled to room temperature, and the volume was made
up to the mark of the flask with diluent. Finally, 1.5 mL was vialed up after filtering
through a 0.45 um PTFE (Poly Tetra Fluoro Ethylene) filter.

3.5. Preparation of Standard Solution for Dissolution

13.40 mg of Vonoprazan Fumarate (which is equivalent to 10.0 mg of Vonoprazan)
working standard was taken in a 100 mL volumetric flask. Sixty milliliters of Milli-
Q water was added and then sonicated for about 10 minutes. It was cooled at room
temperature and 5 mL of this solution was transferred into a 25 mL volumetric
flask and Milli-Q water was added up to the mark of the volumetric flask. Finally,
1.5 mL was vialed up after filtering through a 0.45 pm PTFE filter.

3.6. Preparation of Sample Solution for Dissolution

Dissolution Sample preparation was carried out separately for five of the test sam-
ples. For each of them, the following procedure was followed.

The dissolution test was carried out utilizing USP Apparatus 2 (Paddle System)
according to the method delineated in USP 43-NF 38. Milli-Q water was used as
a dissolution medium. The temperature was set at 37°C.

3.7. Preparation of Sample Solution for Assay

Sample 1A: 142.53 mg powdered Vonoprazan Fumarate tablets sample and 60 mL
diluent were taken into a 100 mL volumetric flask, and the flask was placed into
a sonicator for sonication for about 10 minutes. The mixture was cooled at room
temperature, and then diluent was added up to the mark of the volumetric flask. Fi-
nally, 1.5 mL was vialed up through a 0.45 um PTFE filter. Similarly, Sample 1B
was prepared for the present study where the sample weight was 142.65 mg.
For further samples, the preparation procedure was the same, except for the
changes in sample weights. Those samples (2A, 2B, 3A, 3B, 4A, 4B, 5A, and 5B) had
123.45 mg, 123.67 mg, 144.96 mg, 145.67 mg, 100.7 mg, 100.2 mg, 133.34 mg, 134.65

mg sample weights, respectively.

4. Methods

Vonoprazan is yet under review and was not included in any version of USP, BP,
or other accessible compendia at the time when the tests were carried out. Never-
theless, the general quality parameters or specifications for assay, as well as all the
tests conducted throughout this research work, were carried out by following
the general chapters (chapters: 621, 631, 701, 711, 730, 851, and 905) of USP 43-
NF 38.

4.1. Visual Inspection and Description

Sample 1: White color, oval-shaped film-coated tablet having both sides plain and
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free from foreign particles. Sample 2: White color, round-shaped film-coated tablet,
and both sides biconvex. Free from foreign particles. Sample 3: White color, round-
shaped film-coated tablet having one side plain and the manufacturer’s logo embed-
ded on the other side. Free from foreign particles. Sample 4: White color, round-
shaped film-coated tablet having both sides plain and free from foreign particles.
Sample 5: White color, round-shaped film-coated tablet, both sides plain and both
sides are slightly biconvex. Final Evaluation: the visual appearance of all the sam-

ples was acceptable.

4.2. Test for Uniformity of Weight

4.2.1. Average Weight per Tablet

Twenty tablets were taken to calculate the average weight of individual tablets. The
claimed weight of Vonoprazan in each tablet was 10 mg. The authors of the pre-
sent study used standard analytical balance (Radwag AS82/220.R2, Poland) for meas-
uring the perfect weight of each tablet. Each tablet was weighed and the weight was

recorded. Finally, the average weight was calculated.

4.2.2. Uniformity of Weight
To know the uniformity of weight of the tablets of various samples, the positive de-
viation, the negative deviation in weight of the tablets, and the percent of relative
standard deviation were calculated using Microsoft Excel.

The following formulas were used for positive and negative deviation calculation

purposes:

Highest weight of tablet — Average weight of tablets

Positive deviation = -
Average weight of tablets

Lowest weight of tablet — Average weight of tablets

Negative deviation = -
Average weight of tablets

4.3. Hardness Test Procedure

Hardness testing is an important quality aspect. In the present study, six tablets
were taken for hardness testing using a hardness tester (Dr. Schleuniger Pharma-
tron, Switzerland). Each tablet was positioned properly into the tester and subse-
quently, the force was applied onto the tablet. The required force to break the tablet
was recorded and the average value (in kg) was taken as a result of the hardness of
the tablets.

4.4. Moisture Content Test Procedure

A 2 g sample was taken on a weighing pan of automatic moisture balance (Radwag
PMC 210, Poland), the temperature was set at 105°C, and the operation was started.

The reading of moisture balance was taken when the value was stable.

4.5. Disintegration Time Test Procedure

The disintegration test was carried out according to the specification provided in
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the USP 43-NF 38. A Disintegration tester (Labindia 1000, India) was used to
accomplish the test and Milli-Q water was used as a disintegration medium. Firstly,
the disintegration beaker was filled up with sufficient medium and waited to raise
the temperature to 37.0°C of the disintegration tester. Then, six tablets were taken
and one tablet was poured into each tube and a disc was added to each tube. The
operation was started and observed. Disintegration was considered to be achieved
when no residue, except fragments of the tablet, remains on the screen of the test
apparatus. Disintegration time was recorded and the average time was used as the

disintegration time of the tablets.

4.6. Identification Test Procedure

Identification of Vonoprazan in Vonoprazan tablet formulations was done by chro-
matographic analysis. When the prepared sample’s chromatogram shows a prom-
inent Vonoprazan peak at the retention time, the Vonoprazan is deemed to have
been detected.

4.7. Dissolution Test Procedure

The dissolution of Vonoprazan Fumarate tablets was tested after method valida-
tion was carried out to determine accuracy, precision, linearity, range, system suit-
ability, and specificity.

Dissolution media (Milli-Q water as required) was poured into six of the disso-
lution vessels of the Dissolution Tester (Electrolab Inspire 8, India) and the heater
was turned on to achieve 37°C temperature. When the temperature was achieved,
one tablet was placed in each of the six dissolution vessels. For every brand, the
device was operated with a paddle system for 45 minutes at 75 rpm. Subsequently,
after the specified time, a sample solution was collected from the midzone of dis-
solution vessels. After filtering the solution through filter papers, it was vialed
through a 0.45 um PTFE disc filter. Finally, dissolution test solutions were tested
with the aid of HPLC. The following formula was used for the calculation of %

dissolution:

AuxWsx5x500 mL x Pstd x100

% Dissolved =
’ Asx100x25x10x100x Factor (1.34)

where,
Au = Peak area of sample solution;
As = Peak area of standard solution;
Ws = Weight (mg) of working standard taken;
Pstd = Potency of working standard in percentage (%).

4.8. Potency Evaluation of Vonoprazan Tablets

High-Performance Liquid Chromatography (Shimadzu LC-2030C 3D Plus Prom-
inence-1, Japan) after proper validation was used for the assay. A stainless-steel col-
umn (15 cm x 4.6 mm) having C8 packing was used for the HPLC analysis. The

flow rate was 0.80 mL/min and the injection volume was 10 uL. Run time was 15
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minutes and the column temperature was maintained at 40°C. A PDA (photodiode
array) detector was used to detect the active pharmaceutical ingredient (Vonopra-

zan) at 230 nm. The Assay result was calculated by using the following formula:

A, xW,,, x100 mlx Pstd x Aw

Sp

Ay x100 mIx W, x F x100

Content of Vonoprazan per tablet =

Stated Potency = CLW x100
label Claim

where,
Asy = Peak area of sample solution;
Aya= Peak area of standard solution;
Wsa = Weight (mg) of working standard taken;
Wsp = Weight (mg) of sample taken;
Pstd = Potency of working standard in percentage (%);
Aw = Average weight (mg) of tablet;

F = Factor of Vonoprazan Fumarate to Vonoprazan = 1.34.

5. Statistical Analysis

The data were analyzed using Microsoft Excel 2013 (MS Excel 2013). Mean, stand-
ard deviation (SD), and relative standard deviation (RSD) were calculated using the
functions = AVERAGE (A:A;), = STDEV.S (AxAs), and = (STDEV (A2:A3)/AV-
ERAGE (A2:A3)) x 100, respectively, where A; and A; indicate the cell number of
MS Excel.

6. Results and Discussions

Continuous quality management is the precondition for manufacturing good qual-
ity pharmaceutical products with sustainable market demand. Generic pharmaceu-
tical products must adhere to a similar quality, effectiveness, and safety profile
compared to the innovator’s product. This study focused on conducting the phar-
maceutical quality assessment tests of Vonoprazan following the general chapters
(chapters: 621, 631, 701, 711, 730, 851, and 905) of USP 43-NF 38. In the absence
of a specialized USP monograph for Vonoprazan fumarate, there is no other way
than to follow the general chapters though they do not fully reflect the utmost unique-
ness in procedures for analysis of a specific drug product such as Vonoprazan
fumarate. In this paper, the mean and, when applicable, the RSD (relative standard
deviation) in percentage were used to express the results of different quality pa-

rameters.

6.1. Uniformity of Weight Test

Uniformity of the tablet and its drug content weight is the precondition for ob-
taining therapeutic outcomes from patient care with drug therapy avoiding unto-
ward effects. Tablet contents and content uniformity are very critical quality attrib-

utes of solid dosage forms since they may affect the patient’ safety and effectiveness
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[16]. Weight variation of individual tablets affects their content uniformity. The
differences in the weight of individual tablets impact the consistency of their con-
tent, which can lead to production batch failures that incur significant financial
losses. Extreme inter-tablet weight variations have even resulted from marketed
product recalls also [17]. Therefore, the maintenance of uniformity of weight of
each tablet in every representative batch must be ensured by the manufacturer. Some-
times, weight variation tests are utilized indirectly to confirm that a drug product’s
dosage units consistently contain the prescribed dosage of the medicine [18]. In
this study, the positive and negative deviation of each tablet of the five test samples
was within £7.5% of the average tablet weight and thus the tested samples com-
plied with the quality specifications (positive and negative deviation should be
within +7.5% of average weight) stated in USP. The results of the test are placed in
Table 1, which confirms the consistency of tablet wights.

Table 1. Test results for uniformity of weight of five brands of Vonoprazan fumarate film-
coated tablets (n = 20) marketed and manufactured in Bangladesh.

Brands code The mean weight of tablets RSD (%)
Sample 1 142.56 2.95
Sample 2 123.88 3.47
Sample 3 145.32 2.86
Sample 4 102.16 3.82
Sample 5 133.06 3.19

6.2. Hardness Test

The mechanical strength of tablets is a crucial property for the effective advance-
ment and production of solid pharmaceutical products, especially tablets. Inade-
quate mechanical strength can lead to problems like patients and regulating author-
ities seeing tablets as being of low quality because of undesirable looks like chip-
ping, lamination, and dustiness, and problems like incorrect dosage due to drug
loss during shipping and handling [19]. As a result, the potency may be affected by
the lower or higher hardness of the tablets [20]. So, the manufactured tablets must
have the optimum mechanical strength to be counted as a good-quality pharma-

ceutical product. This study revealed that none of the five test samples from five

Table 2. Hardness test results of different Vonoprazan fumarate film-coated tablets (n = 6)
marketed and manufactured in Bangladesh.

Brands code Mean hardness (kg/cm?) RSD (%)
Sample 1 7.43 0.472
Sample 2 6.02 0.544
Sample 3 7.09 0.372
Sample 4 6.66 0.324
Sample 5 6.85 0.354
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different brands had a hardness of less than 6 kg/cm? (shown in Table 2) which
complies with the quality specification (6 to 12 kg/cm? for film-coated tablets) stated

in British pharmacopeia.

6.3. Moisture Content Test

Moisture content is considered a very critical and influential parameter of phar-
maceutical products. The characteristics of aged tablets made through the wet
granulation method showed significant variation based on the moisture levels
within the granules. Moisture content in drug formulation may affect the stability
of the drug products through hydrolysis and alterations in the crystal habit of sol-
ids. The more moisture they contained, the more influence it had on their prop-
erties. Research findings imply that two controllable variables-tablet crushing
strength and moisture content influence tablet friability. At higher crushing strengths
and ideal moisture concentrations, tablet friability can be significantly decreased
[21]. It was discovered that tablets with a high initial moisture content become
harder during storage which means hardness increases upon storage. A tablet with
increased hardness may lengthen the time for its disintegration which affects the
pattern and times of drug release from the dosage form and finally may affect the
onset of drug action. Tablets along with reduced levels of primary moisture con-
tent are not significantly influenced during storage [22]. In this work, it was found
that none of the five test samples from five different individual brands had a mois-
ture content of more than 3.0% at 105°C temperature (shown in Table 3), which

indicates the optimum level of moisture content in the tablets of all studied brands.

Table 3. Moisture content of Vonoprazan fumarate film-coated tablets (n = 6) marked as
different brands in Bangladesh.

Brands code Mean moisture content (%) RSD (%)
Sample 1 1.13 1.545
Sample 2 2.36 0.758
Sample 3 1.56 1.608
Sample 4 1.96 1.291
Sample 5 1.86 0.927

6.4. Disintegration Time Test

The physical process of mechanically breaking down a tablet or granulated parti-
cle into smaller pieces is known as disintegration [23]. Disintegration occurs in
two stages after the liquid has soaked into and penetrated the tablet’s surface
pores. Two things happen: first, the tablet breaks up into tiny granules, and then
the granule disintegration or disaggregation takes place [24]. Disintegration affects
the initial steps of drug release from its dosage form and mostly influences the rate
of drug dissolution. Disintegration facilitates drug absorption by inducing the sur-
face area of active drugs and it is the prerequisite for the bioavailability of the API

(active pharmaceutical ingredients) [25] [26]. In this analysis, it was observed that
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none of the five test samples of five different brands had a disintegration time
of more than 30 minutes in Milli-Q water at 37°C temperature which indicates
the good disintegration time profile of Vonoprazan fumarate film-coated tablets
(shown in Table 4). This finding implicitly indicates effective in vivo predicted dis-
integration of the investigated drug products, which is crucial for the initial drug
release rate from the tablet and may enhance the drug dissolution rate upon con-

tact with biological fluids.

Table 4. Test results for disintegration time of Vonoprazan fumarate film-coated tablets (n =
6) marked as different brands in Bangladesh.

Brands code Disintegration time (minutes)
Sample 1 11
Sample 2 7
Sample 3 10
Sample 4 8
Sample 5 10

6.5. Identification Test

Anticipating the presence of pure substances or contaminants is the first step to-
wards quantifying and purifying a material and eliminating surplus. For pharma-
ceutical quantitative analysis, it is very important to identify the API and excipi-
ents separately before quantifying. Potency analysis is crucial to ensure the accu-
rate dose of a drug in a particular dosage form or a specified unit dose. But before
quantifying the actual drug content in a pharmaceutical formulation, it must be
ascertained that the substance is the desired drug substance. For this type of as-
surance, an identification test is considered as a benchmark. In this research, before
conducting the dissolution and potency evaluation the authors of the present study
conducted the identification test for vonoprazan comparing the retention time (3.7
min) of Vonoprazan sample chromatogram (Figure 1) with that of the Vonopra-
zan reference standard chromatogram (Figure 5). Vonoprazan was thus properly
identified in each of the six tested samples of five different brands (shown in Table
5), which indicated that patients are taking the right drug labeled on the drug
product.

Table 5. Identification of Vonoprazan fumarate film-coated tablets (n = 2) marked as dif-
ferent brands in Bangladesh.

Brands code/standard Mean retention time (minutes) RSD (%)
Standard 3.777 0.056
Sample 1 3.767 0.019
Sample 2 3.779 0.056
Sample 3 3.772 0.3
Sample 4 3.776 0.393
Sample 5 3.86 0.784
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Figure 1. Chromatogram of Vonoprazan fumarate of Sample 1 (two replicates) confirms the identification of Vonoprazan.

6.6. Dissolution Test

When developing and approving a generic dosage form of a particular drug, in vitro
dissolution testing is considered a crucial technique. Dissolution test is commonly
used to ensure the quality and stability of both oral and non-oral dose forms. In
another case, it can be utilized to forecast how specific products will behave in
vivo [27] [28]. Additionally, dissolution testing is crucial in determining bio-
equivalence investigations regarding scale-up and post-approval modifications
[29] [30]. Without compromising the caliber of the pharmaceutical items, regu-
latory bodies work to lessen the weight of regulations and avoid needless hu-
man studies. A significant part of this sort of work is the dissolution testing of generic
medication items [31]. In the present study, authors conducted a dissolution test
of Vonoprazan fumarate film-coated tablets with six replicates (Figure 3, a repre-
sentative figure) for each brand. The investigated five different brands manufac-
tured in Bangladesh showed the percentage of dissolution within the acceptance
range which was not less than 75% (Table 6). The dissolution test results of all the
studied samples thus complied with the USP specifications suggesting that the ac-
tive ingredient in the studied brands will achieve the expected dissolution in the
patients’ stomach and result in the distribution of the drug in the bloodstream of
the patient to impart its action properly. The dissolution rate was calculated using
achromatogram of standard for dissolution (Figure 2) and a chromatogram of sam-
ples such as Sample 1 for dissolution (Figure 3) and others (not shown).

Table 6. Dissolution of Vonoprazan fumarate film-coated tablets (n = 6) marked as differ-
ent brands in Bangladesh.

Brands code/standard Mean dissolution rate (%) RSD (%)
Sample 1 89.36 4.592
Sample 2 95.86 0.867
Sample 3 96.47 1.493
Sample 4 89.32 2.023
Sample 5 78.6 5.554
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Figure 2. Chromatogram of the standard Vonoprazan fumarate recorded for its dissolution profile.
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Figure 3. Chromatogram of Vonoprazan fumarate sample-1 (six replicates) recorded for its dissolution profile.

6.7. Potency Test

Potency analysis of the selected brands of Vonoprazan fumarate film-coated tab-
lets was carried out by the validated HPLC method as stated in the method section
of this manuscript. Figure 5 shows the chromatogram of the Vonoprazan fumarate
reference standard. It indicates that Vonoprazan fumarate appears at a retention time
of about 3.7 minutes. Figure 1 and Figure 4 are the chromatograms of Vonopra-
zan fumarate table Sample 1A and Sample 1B, respectively. Peaks at about 3.7 minutes
in these figures indicate that Sample 1A and Sample 1B contain Vonoprazan. Other
samples also show similar chromatograms (figures are not shown). The content of
the Vonoprazan in each sample was calculated utilizing the chromatogram of the
Vonoprazan reference standard for potency (Figure 5) and Vonoprazan samples
such as Figure 1 and Figure 4 and using the formula stated under the method sec-

tion in this paper. The mean potency of each sample was determined from two
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replicates of HPLC measurements. The results and RSD values are presented in
Table 7. Chromatograms of the remaining samples are not shown to save pages

of the journal.
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Figure 4. Chromatogram of Vonoprazan fumarate Sample 1A (two replicates).
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Figure 5. Chromatogram of Vonoprazan fumarate reference standard for potency.

Table 7. Potency and RSD of Vonoprazan fumarate film-coated tablets (n = 2) marked as
different brands in Bangladesh.

Brands code/standard Mean potency (%) RSD (%)
Sample 1 99.55 0.071
Sample 2 100.8 0.281
Sample 3 100.1 0.283
Sample 4 101.6 0.139
Sample 5 101.95 0.624
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In most cases, an upsurge in toxicity occurs along with a rise in therapeutic po-
tency but the therapeutic ratio does not always alter [32]. Drug potency is also re-
lated to AMR (antimicrobial resistance) in the case of antimicrobial drugs. AMR
may develop if an individual takes an antimicrobial medicine with sub-therapeu-
tic potency within the specified time frame. According to certain research, inade-
quate quality control procedures and incompetent regulatory agencies may also
contribute to the release of inferior or overrated pharmaceutical items onto the
market [33]. So, potency evaluation before and after launching a drug into the
market and at rational intervals is crucial for ensuring patient safety. In this study,
each of the five samples from five different brands was shown to have the content
of Vonoprazan within the range of 90% - 110% (Table 7), which fairly complies
with the regulatory specification for film-coated tablets stated in USP 43-NF 38.
These results suggest that each of the studied brands has enough abundance of its
active ingredient to impart pharmacological action and cure patients.

This in vitro study highlights the need for continuous quality management and
broader evaluations. However, in vivo studies could further aid in a deeper assess-
ment of the quality of those drugs. Such efforts can enhance patient care, promote

public confidence, and support sustainable pharmaceutical markets.

7. Conclusion

Finally, it can be summarized that all of the five tested samples from five different
brands manufactured and marketed in Bangladesh have passed the acceptance
quality criteria and the products may satisfy the patients’ needs with desired ther-
apeutic outcomes. All of the brands studied here have proven that the manufac-
turer can manufacture the desired quality and world-class pharmaceutical prod-
ucts in Bangladesh. Monitoring the drug products’ quality involves evaluating dif-
ferent aspects of their quality and disseminating the information gathered. The
results of the current study may help in this regard. Although the studied products
revealed a good state of quality, manufacturers must pay strong attention to preserv-
ing all the quality features of their products to ascertain the effectiveness and safety
of manufactured products for the best utilization of patients’ money with excellent
therapeutic outcomes. Additionally, regulatory bodies must exercise greater caution
and maintain strict pressure on manufacturers to safeguard the production of high-

quality pharmaceutical products.

8. Limitations

Due to financial and resource constraints, the products of Vonoprazan fumarate
of only five brands out of the 22 available were studied in this research. The prod-
ucts of only 10 mg strength were studied, as this strength is common in all of the
manufacturers’ products, but it would have been better if we could have included
the products with various dosage strengths. There was no specialized USP monograph
existed for Vonoprazan fumarate, necessitating reliance on standard USP chapters.

Although general chapters offer effective guidelines and useful recommendations,
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they do not fully reflect the utmost uniqueness.

9. Future Directions

This analysis only focused on in vitro test parameters. Extensive in vivo analysis is
required to ensure the proper safety, efficacy, and overall therapeutic effectiveness
of those products. This study was conducted with self-funding. Later, if we get enough
funds for research, then we will investigate more physicochemical quality param-
eters using other sophisticated analytical tools, various in vivo analyses will be con-

ducted and Vonoprazan fumarate from all available brands will be included.

Funding Statement

This study was conducted with self-funding.

Authors’ Contributions

Shahriyar Tonmoy conducted this study. Md. Ataur Rahman helped in planning and
conducting the study with the necessary supervision during the work. Md. Ataur
Rahman also wrote the initial draft of the manuscript. Besides giving suggestions
from time to time to the members of the research team, Md. Rafiquzzaman compre-
hensively reviewed and edited the manuscript to bring it to the publishable stand-
ard and format. Every author contributed to the background of the work and par-

ticipated in literature work, editing, and preparation of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1]  Ozaki, H., Harada, S., Takeuchi, T., Kawaguchi, S., Takahashi, Y., Kojima, Y., etal (2018)
Vonoprazan, a Novel Potassium-Competitive Acid Blocker, Should Be Used for the Hel-
icobacter Pylori Eradication Therapy as First Choice: A Large Sample Study of Vonopra-
zan in Real World Compared with Our Randomized Control Trial Using Second-Gen-
eration Proton Pump Inhibitors for Helicobacter Pylori Eradication Therapy. Diges-
tion, 97, 212-218. https://doi.org/10.1159/000485097

[2] Akiyama, J., Hosaka, H., Kuribayashi, S., Moriyasu, S., Hisada, Y., Okubo, H., et al
(2019) Efficacy of Vonoprazan, a Novel Potassium-Competitive Acid Blocker, in Patients
with Proton Pump Inhibitor-Refractory Acid Reflux. Digestion, 101, 174-183.
https://doi.org/10.1159/000497775

[3] Marabotto, E., Ziola, S., Savarino, V., Giannini, E.G., Furnari, M., Bodini, G., et al (2020)
Vonoprazan Fumarate for the Treatment of Gastric Ulcers: A Short Review on Emerg-
ing Data. Clinical and Experimental Gastroenterology, 13, 99-104.
https://doi.org/10.2147/ceg.s228352

[4] Garnock-Jones, K.P. (2015) Vonoprazan: First Global Approval. Drugs, 75, 439-443.
https://doi.org/10.1007/s40265-015-0368-z

[5] Martinucci, I., Blandizzi, C., Bodini, G., Marabotto, E., Savarino, V., Marchi, S., et al.
(2017) Vonoprazan Fumarate for the Management of Acid-Related Diseases. Expert
Opinion on Pharmacotherapy; 18, 1145-1152.

DOI: 10.4236/0alib.1112882

15 Open Access Library Journal


https://doi.org/10.4236/oalib.1112882
https://doi.org/10.1159/000485097
https://doi.org/10.1159/000497775
https://doi.org/10.2147/ceg.s228352
https://doi.org/10.1007/s40265-015-0368-z

S. Tonmoy et al.

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

https://doi.org/10.1080/14656566.2017.1346087

Graham, D.Y. and Dore, M.P. (2018) Update on the Use of Vonoprazan: A Competitive
Acid Blocker. Gastroenterology; 154, 462-466.
https://doi.org/10.1053/j.gastro.2018.01.018

Sachs, G., Shin, ].M. and Hunt, R. (2010) Novel Approaches to Inhibition of Gastric
Acid Secretion. Current Gastroenterology Reports, 12, 437-447.
https://doi.org/10.1007/s11894-010-0149-5

Nishida, H. (2016) Discovery of Vonoprazan Fumarate (TAK-438) as a Novel, Potent
and Long-Lasting Potassium-Competitive Acid Blocker. Successful Drug Discovery,

2,215-233.

Sakurai, K., Suda, H., Ido, Y., Takeichi, T., Okuda, A., Hasuda, K., et al (2017) Compar-
ative Study: Vonoprazan and Proton Pump Inhibitors in Helicobacter Pylori Eradication
Therapy. World Journal of Gastroenterology, 23, Article 668.
https://doi.org/10.3748/wjg.v23.i4.668

Maruyama, M., Tanaka, N., Kubota, D., Miyajima, M., Kimura, T., Tokutake, K., et al.
(2017) Vonoprazan-Based Regimen Is More Useful than PPI-Based One as a First-Line-
helicobacter Pylorieradication: A Randomized Controlled Trial. Canadian Journal of

Gastroenterology and Hepatology, 2017, 1-7. https://doi.org/10.1155/2017/4385161

Miftahussurur, M., Pratama Putra, B. and Yamaoka, Y. (2020) The Potential Benefits of
Vonoprazan as Helicobacter Pylori Infection Therapy. Pharmaceuticals, 13, Article 276.
https://doi.org/10.3390/ph13100276

DCC-254: Minutes.

https://dgda.portal.gov.bd/sites/default/files/files/dgda.por-

tal.gov.bd/files/77e84acc 676e 4852 ae56 3fed0b4b3499/2024-07-03-10-33-
d50619€1921ad8d6af094138750960a6.pdf

Muneeb Kanaan, B., Algohary, A.M. and Ibrahim, A.M. (2024) Optimized Reversed Phase
Liquid Chromatography Methodology for the Determination of Vonoprazan Fumarate
Impurities: Towards Six Sigma Quality Standards and Sustainability Assessment. Ai-
crochemical Journal, 206, Article ID: 111535.
https://doi.org/10.1016/j.microc.2024.111535

Saleh, A.M., El-Kosasy, A.M. and Fares, N.V. (2023) UV Spectrophotometric Method
Development and validation of Vonoprazan Fumarate in Bulk and Pharmaceutical Dos-
age Form; Green Profile Evaluation via Eco-Scale and GAPI Tools. Egyptian Journal of
Chemistry, 66, 141-148.

Reza, M.A., Bhowmik, U.K., Tushi, S.A., Ghosh, N., Sahana, N.C., Islam, M.A., et al.
(2024) Pharmacokinetic Comparison and Bioequivalence Evaluation of Two 20-Mg

Vonoprazan Fumarate Tablets in Bangladeshi Healthy Male Subjects. Journal of Bio-
sciences and Medicines, 12, 230-243. https://doi.org/10.4236/jbm.2024.128018

Goodwin, D.J., van den Ban, S., Denham, M. and Barylski, I. (2018) Real Time Release
Testing of Tablet Content and Content Uniformity. International Journal of Pharma-
ceutics, 537, 183-192. https://doi.org/10.1016/j.ijpharm.2017.12.011

Karande, A.D., Heng, P.W.S. and Liew, C.V. (2010) In-Line Quantification of Micronized
Drug and Excipients in Tablets by near Infrared (NIR) Spectroscopy: Real Time Moni-
toring of Tabletting Process. International Journal of Pharmaceutics, 396, 63-74.
https://doi.org/10.1016/j.ijpharm.2010.06.011

Hudson-Curtis, B. and Novick, S. (2016) Assessing Content Uniformity. In: Zhang, L.,
Eds., Nondlinical Statistics for Pharmaceutical and Biotechnology Industries, Springer,
631-651. https://doi.org/10.1007/978-3-319-23558-5 24

DOI: 10.4236/0alib.1112882

16 Open Access Library Journal


https://doi.org/10.4236/oalib.1112882
https://doi.org/10.1080/14656566.2017.1346087
https://doi.org/10.1053/j.gastro.2018.01.018
https://doi.org/10.1007/s11894-010-0149-5
https://doi.org/10.3748/wjg.v23.i4.668
https://doi.org/10.1155/2017/4385161
https://doi.org/10.3390/ph13100276
https://dgda.portal.gov.bd/sites/default/files/files/dgda.portal.gov.bd/files/77e84acc_676e_4852_ae56_3fed0b4b3499/2024-07-03-10-33-d506f9e1921ad8d6af094138750960a6.pdf
https://dgda.portal.gov.bd/sites/default/files/files/dgda.portal.gov.bd/files/77e84acc_676e_4852_ae56_3fed0b4b3499/2024-07-03-10-33-d506f9e1921ad8d6af094138750960a6.pdf
https://dgda.portal.gov.bd/sites/default/files/files/dgda.portal.gov.bd/files/77e84acc_676e_4852_ae56_3fed0b4b3499/2024-07-03-10-33-d506f9e1921ad8d6af094138750960a6.pdf
https://doi.org/10.1016/j.microc.2024.111535
https://doi.org/10.4236/jbm.2024.128018
https://doi.org/10.1016/j.ijpharm.2017.12.011
https://doi.org/10.1016/j.ijpharm.2010.06.011
https://doi.org/10.1007/978-3-319-23558-5_24

S. Tonmoy et al.

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

Patel, S. and Sun, C.C. (2016) Macroindentation Hardness Measurement—Modern-
ization and Applications. International Journal of Pharmaceutics, 506, 262-267.
https://doi.org/10.1016/j.ijpharm.2016.04.068

Sun, C.C. (2016) Microstructure of Tablet—Pharmaceutical Significance, Assessment,
and Engineering. Pharmaceutical Research, 34, 918-928.
https://doi.org/10.1007/s11095-016-1989-y

Chowhan, Z.T., Yang, I.C., Amaro, A.A. and Chi, L. (1982) Effect of Moisture and Crush-
ing Strength on Tablet Friability and in Vitro Dissolution. Journal of Pharmaceutical
Sciences, 71, 1371-1375. https://doi.org/10.1002/jps.2600711215

Molokhia, A.M., Al-Shora, H.I. and Hammad, A.A. (1987) Aging of Tablets Prepared
by Direct Compression of Bases with Different Moisture Content. Drug Development
and Industrial Pharmacy, 13, 1933-1946.
https://doi.org/10.3109/03639048709068700

Markl, D. and Zeitler, J.A. (2017) A Review of Disintegration Mechanisms and Meas-
urement Techniques. Pharmaceutical Research, 34, 890-917.
https://doi.org/10.1007/s11095-017-2129-2

Rubinstein, M.H. and Bodey, D.M. (1976) Disaggregation of Compressed Tablets. Jour-
nal of Pharmaceutical Sciences, 65, 1749-1753.
https://doi.org/10.1002/jps.2600651214

Aulton, M.E. and Taylor, K. (2013) Aulton’s Pharmaceutics: The Design and Manufac-
ture of Medicines. Elsevier Health Sciences.

Silva, D.A., Webster, G.K., Bou-Chacra, N. and Lobenberg, R. (2018) The Significance
of Disintegration Testing in Pharmaceutical Development. Dissolution Technologies,
25, 30-38. https://doi.org/10.14227/dt250318p30

Siewert, M., Dressman, J., Brown, C.K., Shah, V.P., Aiache, J., Aoyagi, N., et al (2003)
FIP/AAPS Guidelines to Dissolution/in Vitro Release Testing of Novel/Special Dosage
Forms. AAPS PharmSciTech, 4, 43-52. https://doi.org/10.1208/pt040107

Shah, V.P., Tymes, N.W. and Skelly, ].P. (1989) In Vitro Release Profiles of Clonidine
Transdermal Therapeutic Systems and Scopolamine Transdermal Patches. Pharmaceu-
tical Research, 6, 346-351.

Guidance, F.D. (1995) Guidance for Industry, Immediate Release Solid Oral Dosage
Forms Scale-Up and Post Approval Changes: Chemistry, Manufacturing, and Controls.

In VitroDissolution Testing, and in VivoBioequivalence Documentation (SUPAC-IR).
US Department of Health and Human Services, Food and Drug Administration, Cen-
ter for Drug Evaluation and Research (CDER).

Food US and Drug Administration (1997) Guidance for Industry: Modified Release
Solid Oral Dosage Forms Scale-Up and Postapproval Changes: Chemistry, Manufactur-
ing, and Controls, in Vitro Dissolution Testing, and in Vivo Bioequivalence Documen-
tation.

Anand, O., Yu, L.X,, Conner, D.P. and Davit, B.M. (2011) Dissolution Testing for Ge-
neric Drugs: An FDA Perspective. The AAPS Journal, 13, 328-335.
https://doi.org/10.1208/s12248-011-9272-y

Weatherall, M. (1966) The Meaning and Importance of Drug Potency in Medicine. Clin-
ical Pharmacology & Therapeutics, 7, 577-582. https://doi.org/10.1002/cpt196675577
Risha, P.G., Vervaet, C., Vergote, G., Bortel, L.V. and Remon, J.P. (2003) Drug For-
mulations Intended for the Global Market Should Be Tested for Stability under Tropical
Climatic Conditions. European Journal of Clinical Pharmacology, 59, 135-141.
https://doi.org/10.1007/s00228-003-0587-1

DOI: 10.4236/0alib.1112882

17 Open Access Library Journal


https://doi.org/10.4236/oalib.1112882
https://doi.org/10.1016/j.ijpharm.2016.04.068
https://doi.org/10.1007/s11095-016-1989-y
https://doi.org/10.1002/jps.2600711215
https://doi.org/10.3109/03639048709068700
https://doi.org/10.1007/s11095-017-2129-z
https://doi.org/10.1002/jps.2600651214
https://doi.org/10.14227/dt250318p30
https://doi.org/10.1208/pt040107
https://doi.org/10.1208/s12248-011-9272-y
https://doi.org/10.1002/cpt196675577
https://doi.org/10.1007/s00228-003-0587-1

	Pharmaceutical Quality Evaluation of Vonoprazan Film Coated Tablets: A Newly Approved and Launched First-in-Class Potassium Competitive Acid Blocker Marketed in Bangladesh
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Materials
	2.1. Sample Collection
	2.2. Chemicals and Reagents

	3. Solution Preparations
	3.1. Preparation of Buffer at pH = 6.3
	3.2. Preparation of Mobile Phase
	3.3. Preparation of Diluent
	3.4. Preparation of Standard Solution for Assay
	3.5. Preparation of Standard Solution for Dissolution
	3.6. Preparation of Sample Solution for Dissolution
	3.7. Preparation of Sample Solution for Assay

	4. Methods
	4.1. Visual Inspection and Description
	4.2. Test for Uniformity of Weight
	4.2.1. Average Weight per Tablet
	4.2.2. Uniformity of Weight

	4.3. Hardness Test Procedure
	4.4. Moisture Content Test Procedure
	4.5. Disintegration Time Test Procedure
	4.6. Identification Test Procedure
	4.7. Dissolution Test Procedure
	4.8. Potency Evaluation of Vonoprazan Tablets

	5. Statistical Analysis
	6. Results and Discussions
	6.1. Uniformity of Weight Test
	6.2. Hardness Test
	6.3. Moisture Content Test
	6.4. Disintegration Time Test
	6.5. Identification Test
	6.6. Dissolution Test
	6.7. Potency Test

	7. Conclusion
	8. Limitations
	9. Future Directions
	Funding Statement
	Authors’ Contributions
	Conflicts of Interest
	References

