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Abstract:

In Yemen, since medications are often purchased without
adequately referenced quality standards and are not routinely
evaluated, continuous evaluation of marketed drug products
remains essential to ensure that the required quality is maintained
post- marketing, which lead to protect public health,, maintain
physicians' trust and save time and cost. The current study aimed
to compare the quality of three different brands of B1, B6 and
B12 tablets that are commercially marketed at two thermally
different zones in Yemen. The same patch of the three brands
were collected from Dhamar and Al- Hodidah cities and named
as brand A, brand B and brand C. The quality control testing
were determined through weight variation, hardness,
disintegration, dissolution and content uniformity tests. All

brands have been evaluated for compliance with United State

Pharmacopeia standards. Quality control tests showed that B1, B6 and B12 of all brands were complied
with the United State Pharmacopeia limits, except for B1 from Al-Hodidah city, and B6 from Dhamar
city did not comply in content uniformity tests with pharmacopeia limits with by + 2%. The brand B and
C were physically and chemically good compared to the original brand A. in-vitro CQ testing of drug
products after their marketing should be applied as replacement to in vivo bioequivalence testing under
certain circumstances to maintain their safety and effectiveness, and to improve accessibility to health

care and save money and time.
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Introduction

The quality of a generic drug product is an
important factor to support its commercial
marketing, saving money, improving
accessibility and delivery to healthcare, and
promoting patient's adherence [1-4]. However,
general people and healthcare providers, rarely
question the quality of marketed generic drug
products, which may result in suboptimal use of

them [2 -5].

Quality control (QC) is a part of the Good
manufacture practice (GMP), and it involves
tests of  friability, weight variation,
disintegration, dissolution, and drug assay [6-8].
It ensures that the drug adheres to the details as
per the description and data stated on the drug
label [9-10]. Furthermore, QC testing also
ensures the safety, and effectiveness of the drug,
and checks its purities and impurities, that may
lead to potential degradation and alteration of
chemical and pharmacological properties of
pharmaceutical products, which have a
significant effect on drug product quality, safety

and efficacy [8-11].

Drug stability means the ability of the
pharmaceutical dosage form to maintain the
physical, chemical, therapeutic properties during
the time of storage and usage by the patient
[12,13]. The minor objective of pharmaceutical
product stability is to find out the quality

assurance that the product will remain at a

desirable level of fitness throughout its validity
during its existence in the pharmacy or its
treatment regimen [14,15]. Therefore, one of the
primary reasons for stability testing is to create
confidence in the patient who is suffering from a
disease and avoid the decomposition of unstable
products to yield toxic material or losing its
activity which leads to death due to the failure of
treatment [15-18]. The second reason is related
to the drug manufacturer protecting his brand
name which evidenced and proved that it remains
with effectiveness. In another way, the stability
studies are used by manufacturers during the
development of drug formulation to select the
suitable excipients, to distinguish the best storage
conditions, to determine the claimed drug
product shelf life, and finally to verify that the
manufacturing method or drug formulation has
no changes which can adversely influence the
product stability [17-19].

On the other hand, to maintain the activity and
integrity of the pharmaceutical products, they
should be stored in appropriate conditions to
protect their composition, which is sensitive
and/or decomposed by environmental factors.
High  temperature accelerates oxidation,
reduction and hydrolysis reaction which lead to
drug degradation, acidic and alkaline pH
influence the rate of decomposition of most
drugs, and moisture can catalyze chemical
reactions as oxidation, hydrolysis and reduction

reactions and promotes microbial growth, and
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light affects drug stability through its energy or
thermal effect which lead to oxidation [20-21].

The B1, B6, and B12 vitamin is a micronutrient
that comprises three water-soluble vitamins,
which form essential and closely interrelated
functions [22-24]. Their main physiological
regulation processes are the metabolism of
carbohydrates, amino acids, and fatty acids, and
the synthesis of proteins, cholesterol,
neurotransmitters, S-adenosyl methionine, and
nucleotide bases [25-27]. They also reduce
atherosclerosis-associated secondary outcomes.
Moreover, it is known that B1, B6, and B12
vitamin deficiency leads to anemia, digestive and
skin problems, infections, peripheral neuropathy,

and psychiatric disorders [25-27].

In some countries, quality restricted procedures
are not implemented by non-governmental
organizations (NGOs) which work during drug
purchase [28]. For drug purchase, the registration
in resource-limited countries is usually approved
under a prerequisite of a stability test; however,
the approval of a drug in such countries is
registered based on a simple review of
documentation  [28-30]. Furthermore, the
technical assessment of the drug quality
monitoring is imitated. Even if the efforts of such
drug quality monitoring are being made in
developing countries, only simple pharmacopeia
test methods for quality confirmation exist and

the stability test for generic drug products will

not be performed [28-30].

In Yemen, since drugs are often procured
without the quality standards of sufficient
references and the stability of products not
routinely assessed, ongoing evaluation of
marketed products, including B1, B6, and B12
vitamins, remains essential to ensure that the
desired quality is maintained post-marketing, to
protect public health, and to retain general
people and healthcare workers confidence.
Therefore, this study designed to evaluate
quality of two different national brands of B1,
B6 and B12 tablets, through in vitro QC testing
as per the United States Pharmacopeia (USP)
[31-33] and to compare their quality with a
foreign product that commercially available on
Yemeni pharmaceutical market of two

thermally different zones.

Materials and Methods

Study setting
All the analytical tests for the current study were
carried out in the QC laboratories of Global
Pharma Company, Sana'‘a, Yemen, from April to
August, 2022.

Materials

Chemical agents (B1, B6, and B12 tablets)
The search in literature Supreme Board of Drug
and Medical Appliances and the market survey
indicated that three different brands of B1, B6,
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and B12 tablets were commercially available in
retail pharmacies inthe Yemeni pharmaceutical
market at the study time. Before purchase, label
information of the included brands of B1, B6,
and Bl12
manufacturing company, the strength of B1, B6,
and B12 in tablet, batch number, date of

tablets was checked for

manufacture and expiring dates. Subsequently,
the three different commercial brands of B1, B6,
and B12 tablets were randomly purchased from
different private retail pharmacies in Dhamar and
Al- Hodeida cities. Thereafter, the tablets were
randomly coded with the letters Al, A2, B1, B2,
and C1, C2, as outlined in Table 1.

Table 1: Label information of the included brands of B1, B6, and B12 tablets

M. Country Dosage No. of *M. *EX.
Brand Code | Company of Strength Form Batch Date Date
origin
Neurobion A Merck Austria | B1 100mg Sugar- | 339021A |4/2021 [3/2023
coated
B6 200mg
B12 | 200mcg
B Global Yemen |B1l | 100mg Film- 21346 6/2021 16/2023
Neuromax Pharma coated
B6 | 200mg
B12 | 200mcg
C Biopharma | Yemen |B1 100mg Film- 379T  [11/2021 (4/2023
Three- B coated
B6 200mg
B12 | 200mcg

*M. date: Manufacturing date  *Ex. Date: Expiry date

Equipments
Table 2: Equipments

No Name of equipment Company Country of origin
1. | Hardness tester Pharmatest Germany
2. | Analytical balance Mettler Toledo Germany
3. | Disintegration tester Pharmatest Germany
4. | Dissolution tester Pharmatest Germany
5. |HPLC Waters USA
Study design comparative study, where the three brands of B1,

: . B6, and B12 tablets that are commercially
The current study was designed as in vitro
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available in the Yemeni pharmaceutical market

were subjected to the QC tests procedures.

Quiality control tests and calculations
All brands were subjected to the QC tests, that

included method assay tests, hardness, weight
variation test, disintegration time, and dissolution
tests, according to United States Pharmacopoeia
(USP) [31-33].

1. Non-official test methods

Hardness test
The crushing strength of the tablet was measured
using an automatic hardness tester (Pharmatest,
Germany). At first 6 tablets were picked
randomly from 20 tablets. Force has been applied
with the screw thread and pressed until the tablets
have been fractured [22, 34-38].

2. Official test methods

2.1. Weight variation test
Twenty tablets were randomly selected from
each brand and individually weighed using an
analytical balance (Mettler Toledo, Germany).
The mean and standard deviation (SD) were
calculated for the tablets [22, 34-38]. Then the
percentage of weight variation was calculated by

using the following formula:

wl - w2
% weight variation = —————x 100
w2

Where, wl = individual weight of the tablet,

and w2 = average weight of tablets.

Table 3: Weight Variation Limit

IP/USP Limit
[tablet]
<130mg +10
130 - 324 mg 7.5
> 324 mg +5

The result be accepted for the product if not
more than two tablets which under the test be
deviate from the limit of average weight [22, 34-
38].

2.2. Disintegration test

Six tablets were randomly selected from each
brand and placed in the disintegration apparatus
(Pharmatest, Germany), which is filled with 900
mL of distilled water as disintegration medium,
and maintained at 37+1°C. The time taken to
disintegrate the tablet and pass through the mesh
was recorded and the mean of time taken was
calculated [22, 34-38].

2.3. Dissolution test (only Pyridoxine and
Thiamine):

Preparation of mobile Phase

Methanol 700: Buffer 300: Triethylamine 1.
adjust with HsPO4 to a pH of 4.3

Buffer: Dissolve 0.234 g of NaH.PO4 and
transfer 0.1 ml of H3PO4 to 300 ml of water.
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Table. 4: Dissolution parameter

Dissolution parameter
Medium 900 ml of 0.21M HCI.
apparatus 2
time 60 min.
speed 75 rpm

Preparation of the standard
Weigh accurately equivalent to 50 mg of

Thiamine RS and equivalent to 50 mg of

HPLC conditions for Thiamine

Pyridoxine RS into 100 ml V.F, dissolve and
dilute to volume with 0.1 M HCL and mix well.
Transfer 5 ml of this solution to 50 ml V.F dilute
to volume with medium and mix. (0.05 mg/ml of

Thiamine and 0.05 mg of Pyridoxine).

Preparation of sample solution
Use the direct filtrate solution (0.05556 mg/ml of
Pyridoxine & 0.05556 mg of Thiamine).

Column C8, 25 cm hypersil

Wavelength 280 | Flow rate 2
End Time 4

Limit NLT 75 %(Q)

HPLC conditions for Pyridoxine

Column C8, 25 cm hypersail

Wavelength 280 Flow rate 2

limit NLT 75 9%(Q)

End Time

3. Assay methods

3.1. Method:- HPLC Reference:-
Thiamine HCLPreparation of mobile
Phase: -
( Methanol: Buffer: Triethylamine) (700: 300: 1).

adjust with H3PO4to a pH of 4.3 Buffer:
Dissolve 0.234 g of NaH2PO4 and transfer 0.1
ml of H3PO4 to 300 ml of water.

Preparation of the standard
Weigh accurately equivalent to 50 mg of

HPLC conditions

Pyridoxine RS and equivalent to 50 mg of
Thiamine RS into 100 ml V.F, dissolve and dilute
to volume with 0.1 M HCL and mix well.
Transfer 5 ml of this solution to 50 ml V.F dilute
to volume with medium and mix. (0.05 mg/ml of
Pyridoxine & 0.05 mg of Thiamine).

Preparation of sample solution
Use the direct filterate solution (0.05556 mg/ml

of Pyridoxine &0.05556 mg of Thiamine).

Column- C18,15 cm hypersail

Wavelength
280 | Flow rate 2

End Time 4

limit NLT | 90% to 120
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3.2. Method :- HPLC Reference :-
Pyridoxine HCLPreparation of
mobile Phase: -

( Methanol: Buffer: Triethylamine) (700:300:1).

Adjust with H3PO4 to a pH of 4.3 Buffer:
Dissolve 0.234 g of NaH2PO4 and transfer 0.1
ml of H3PO4 to 300 ml of water.

Preparation of the standard:

Weigh accurately equivalent to 50 mg of
Pyridoxine RS and equivalent to 50 mg of
HPLC conditions

Thiamine RS into 100 ml V.F, dissolve and dilute

to volume withmobile phase and mix well.

Preparation of sample solution

Grind not less than 10 tablets and weight
equivalent to one tablet into100 ml V.F dissolves
with mobile phase and sonicates for ten minutes,
thenlet cool and complete to volume with the

mobile phase.

Column:- | C8, 25 cm hyper salil

Wavelength | 280

Flow rate | 2

limit |[NLT[75] %(Q)

End Time | 5

3.3. Method :- HPLC Reference :-
Cyanocobalamin Preparation of
mobile Phase: -

Methanol and water (7:13)

Preparation of the standard:-

5 pg/mL of cyanocobalamin from USP
Cyanocobalamin RS in water.

HPLC conditions:-

Preparation of sample solution: -

Finely powder NLT 20 Tablets. Transfer a
portion of the powder, equivalentto 500 pg of
cyanocobalamin, to a100-mL volumetric flask,
add 60 mL of water, and sonicate for 5 min.

Dilute with water to volume, and filter.

C18, 15 cm hyper sail | Wavelength | 361 9
Column:- Flow rate
Limit NLT 90% to End Time 8
120%

3.4. Content uniformity test
The active ingredient uniformity test of the tablets

was carried out using HPLC (Waters, USA).
Active ingredient chemical identification and
content uniformity tests were carried out
according to the USP [31-33].

Data analysis

Weight uniformity, weight variation, hardness,
dissolution, and disintegration times of B1, B6,
and B12 tablets of each brand were analyzed by
calculating the mean + standard deviation (SD)
for each parameter using the Excel program for

Windows.
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Ethical consideration
This study was carried out after approval of

ethical committee, faculty of medical sciences,
Al-Saeeda University. Although the study did not
involve human or animal subjects, informed
consent was obtained before the collection of

specimens.

Results and Discussion

Ongoing evaluation of the quality of generic drug
products remains crucial to protect public health,,
improve the confidence of clinicians and public

and save money. QC involves specific

Hardness test

instruments to ensure the quality of drug testing
as per set guidelines [2 -5]. We assessed the
pharmaceutical quality of an original brand and
tow generic brands of thiamine, pyridoxine, and
cobalamin tablet, that were commercially
available on the Yemeni pharmaceutical market
at the period of this study. All brands passed in-
vitro quality testing like weight variation, drug
assay, friability, disintegration, and dissolution
tests, according to USP [31-33].

1. Non-official test results

Tables.5: Hardness test results for different brands of B1, B6 and B12 tablets

City

Dhamar Al-Hodidah Limit Conclusion
11.41+1.175 9.98+2.74
5-10 Unconformity
14.545.74 15.96+6.1 | kglcm?
9.1+1.06 8.21+0.94 Conformity

If the tablet is too hard, it may disintegrate in the
required period and if it is too soft, it will not with
stand the handling during subsequent processing
such as coating or packaging and shipping
operations[22, 34-38].Hardness was monitored
using an automatic tablet hardness tester and the

results were tabulated Table 5. Hardness range

specification is 5 to 10 kg [31-33]. Therefore, the
generic brand C was within the USP quality
specification, where it passed the hardness test
and was within the acceptable range in Dhamar
and Al-Hodidah cities. However, the generic
brands A and B in Dhamar and Al-Hodidah cities
not fulfill the USP quality specification of
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hardness test by the average value that were are not similar to those of previous studies
not within the acceptable range. These findings conducted in Albania [22].

2. Official tests results

2.1. Weight Variation test
Tables. 6: Weight Variation test results for different brands of B1, B6and B12 tablets from Dhamar
City

Al B1 C1 Al% | B1% | Cl%
744.6 634.6 598.7 6.6 1.2 -2.4
704.8 635.7 625.2 0.9 1.3 1.8
674.6 632.9 619.5 -3.3 0.9 0.9
665.1 615 599.4 -4.7 -1.9 -2.3
691.4 618.6 607 -0.9 -1.3 -1.07
696.1 625.9 625.2 -0.3 -0.1 1.8
647.2 625.9 617.4 7.2 -0.1 0.6
683.3 590 612.5 2.1 -5 -0.1
683.2 635.2 608.3 2.1 1.3 -0.8
708.1 630.9 622.5 1.4 0.6 1.4 Conformity
713.4 648.3 621.8 2.1 3.3 1.3
684.3 616.5 616.3 -1.9 -1.6 0.4
703.3 619.8 617 0.7 -1.1 0.5
721.3 622.3 602.7 3.3 -0.7 -1.7
728.3 620.8 620.4 4.3 -0.9 1.1

683 632.4 612.1 2.1 0.8 -0.2
719.5 636.2 613.2 3 1.4 -0.06
711.6 636.3 611.3 1.9 1.4 -0.3
706.2 627.2 607 1.1 0.03 -1.07
693.8 636.4 616.2 -0.6 1.4 0.4
698.1 627 613.6

More than 324 +5%

The results showed that the tablets were in limit of weight variation test which is not more than two
tablets deviate from the average > 5 [31-33].
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Tables. 7: Weight Variation test results for different brands of B1, B6 andB12 tablets from Al-Hodidah

City

A2 B2 Cc2 A2 % B2 % C2%
718.7 635.5 628.9 1.2 1.03 2.5
719.4 644.1 614.8 1.3 2.4 0.2
689.6 627.7 615.4 -2.8 -0.2 0.3
678.6 624 619.4 -4.3 -0.7 0.9
705.5 614.1 604.7 -0.5 -2.3 -1.4
693.5 632.8 602.2 -2.2 0.6 -1.8
705.5 647.7 604.9 -0.5 2.9 -1.4
700.7 589.5 602.4 -1.2 -6.2 -1.8 Conformity
7315 627 621.4 3.1 -0.3 1.2
669.5 605.7 609.4 -5.6 -3.7 -0.6
710.8 618.7 617.3 0.1 -1.6 0.6
709.7 622.7 616.4 0.01 -1 0.4
714.6 634.5 613.5 0.7 0.8 0.008
739.5 633.4 619.5 4.2 0.6 0.9
733.2 628.3 610.7 3.3 -0.1 -0.4
735.2 616.9 601.8 3.6 -1.9 -1.9

746 646.6 614.7 5.1 2.7 0.1

699 641.4 609.3 -1.4 1.9 -0.6
705.7 643.2 616.4 -0.5 2.2 0.4
686.9 646.2 626 -3.1 2.7 2
709.6 629 613.5

More than 324 +5%

The results showed that the tablets were in limit
of weight variation test which is not more than
two tablets deviate from the average >5%.
Although the uniformity of weight does serve as a
pointer to GMP, and the amount of the active
pharmaceutical ingredients, especially for
reproducibility of the product which is very
essential for mass production ofany product [31-

33]. Tables 6 and Table 7. show the average

weight and weight variation of the different
brands of tested B1, B6 and B12 tablets. Where,
all brands A, B, and C in Dhamar and Al-
Hodidah Cities conform to USP standards [31-
33]. Therefore, all brands were within the USP
quality specification. These results are consistent
with those of previous studies carried out in
Albania [22]
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2.2. Disintegration test
Tables. 8: Disintegration test results for different brands of B1, B6 andB12 Vitamin tablets

City Differences Dosage Limit Conclusion
Time (min) form
Dhamar Al-
Hodidah
32:35 Sugar <60 Conformity
30:32 coated min
10:30 15:30 Film <30
coated min
10:03 9 Film <30
coated min

Disintegration test plays an important role in a
tablet's dissolution. Therefore, the type,
concentration, and efficiency of disintegrating to
a large extent affected the dissolution [22, 34-
38]. As per USP standards, the disintegration
time limit for coated tablets is 30 minutes for film
coated tablets and 60 minutes for sugar coated
tablets. As per the QC tests performed in this
study, the disintegration time in Dhamar City for
brand Al was 30.23 minutes, while it was 10.30
and 10.03 minutes for brand Bl and C1
respectively. On the other hand, the
disintegration time in Al-Hodidah city for brand
A2 was 32.35 minutes, while it was 15:30 and 9
minutes for brand B2 and C2 respectively, as
shown in Table 8. Subsequently, the

disintegration times of all brands A, B and C were

under the USP Ilimit [31-33], therefore, all
brands in the current study conform to the
disintegration test In addition, although the brand
C had the faster disintegration time compared to
brands A and B, all brands were within the USP
quality specification [31-33]. These findings are
in the line to those of previous studies conducted
in Albania [22].

The disintegration time provides an idea of when
the tablet will disintegrate and reach dissolution.
The tablet disintegration time of brand C is less
as compared to brand B, this can be attributed to
that the powder blend of tablet C could have less
binder excipient or there could be less force

during tablet compression [22, 34-38].

11
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2.3. Dissolution test

Tables.9: Dissolution test results for different brands of B1, B6 and B12 tablets

City Differen.ces Conclusion
ratio
Brand Vitamin Dhamar Al-Hodidah %
A Bl 96.9+0.72 94+0.56 2.9%
B6 117.5+£2.03 115.6+1.13 1.9%
B12 - -
B Bl 90.5+0.66 88.9+027 1.6% Conformity
B6 117.9+4.57 120.1+0.43 2.2%
B12 = =
C B1 88.1+0.99 87.6+0.69 0.5%
B6 117.8+2.61 117+1.33 0.8%
B12 = =
Limited Not less than 75%

The bioavailability and therapeutic effectiveness
of oral conventional tablets of the drug depend
completely on the dissolution rate of the drug.
Therefore, it is very important to estimate the
dissolution rate and compare the dissolution
profiles of different marketed drug products.
Dissolution test measures the extent of solution
formation. In the current study, the rate of drug
release was confirmed by the dissolution tests of
brands of B1, B6 and B12 tablets. It wafound that

more than 80% of film and sugar coated tablets
of all brands that collected from Dhamar and Al-
Hodidah cities released within 30 and 60 minutes
respectively, as outlined in Table 9. This means
all brands meet USP quality specification [31-33]
and was satisfactory from the dissolution point of
view. Furthermore, this findings are in the line to
those of previous studies that conducted in
Albania [22].

12
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2.4. Content uniformity test

Tables 10: Content uniformity test for different brandsof B1, B6 and B12 tablets.

Differences Conclusion
ratio
Brand Vitamin Dhamar Al-Hodidah %
Bl 92.64 97.28 4.64%
A B6 111.36 105.47 5.89%
B12 105.4 97.6 7.8% Conformity
Bl 106.78 90.1 16.68%
B B6 114.65 103.99 10.66%
B12 101.20 96.1 5.1%
Bl 110.85 88.32 22.53%
Unconformity
C B6 122.81 96.07 26.74%
B12 108.50 95.5 13%
Limit Not less than 90-120%

The brands A and B of the B1, B6 and B12
tablets, which marketed in both Dhamar and Al-
Hodidah city, complied to USP limits [22-33].
These results indicate a uniform distribution and
an excellent quantity, as shown in Table6.
However, thiamine of brand C, that marketed in
Al- Hodidah city, and pyridoxine of brand C, that
marketed in Dhamar city, did not comply with
USP limits [31-33]. This can be attributed to a
weak mixing process. These findings are not
similar to those of previous studies carried out in
Albania [22].

Conclusion

It can be concluded that thiamine, pyridoxine,
and cobalamin tablets in all brands that marketed
in two different thermal regions of Yemen
during period of this study were within the USP
limits regarding all QC-related tests, except
thiamine and pyridoxine of brand C, that
respectively collected from Dhamar city, and Al-
Hodidah cities, did not comply with USP limits
in content uniformity test. Therefore, in-vitro CQ
testing of drug products after their marketing
should be applied as replacement to in vivo
under certain

bioequivalence testing

13
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circumstances, and it must be performed from
time to time in order to ensure that the quality of
generic drug products within pharmacopeia
standards and to maintain their safety and
effectiveness, that lead to improve accessibility
to health care and save money and time.
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