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ABSTRACT

This in vitro study evaluated the therapeutic equivalence of two multisource (generic) formulations of 100-mg phenytoin
as immediate-release tablets available in the Peruvian pharmaceutical market, compared with the reference medicine,
to establish interchangeability. The mean weight, hardness, and content of active substance were evaluated, prior to
analyzing the dissolution profile. USP dissolution apparatus 2 (paddle) was used at 75 rpm with 900 mL of dissolution
medium at 37 £ 0.5 °Cat pH levels of 1.2, 4.5, and 6.8. The generic and reference formulations had similar weight or drug
content, but hardness values were significantly different (p = 0.029). At pH 1.2, the generic products were considered
therapeutically equivalent to the reference product based on similarity factor (f,) and dissolution efficiency values;
however, at pH 4.5 and 6.8, there were differences in dissolution performance based on f, values below the acceptable

range.
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INTRODUCTION

he quality of an oral solid pharmaceutical form
Tis guaranteed by quality control tests such as

the variability of weight, hardness, friability, and
content of the active substance, and the performance of
the medicine is guaranteed by analyzing the dissolution
profile (1, 2). Dissolution is a kinetic process in which a
solid dosage form dissolves in a dissolution medium,
thereby releasing the drug within a specific amount of
time (1). To demonstrate therapeutic equivalence, it is
necessary to do bioequivalence studies in vitro and in
vivo (i.e., relative bioavailability, pharmacodynamics, and
clinical trials) (3—7). In vivo studies are performed when
there are differences in bioequivalence that indicate a
lack of therapeutic equivalence (3, 8).

In vitro bioequivalence studies are carried out between
pharmaceutical equivalents (same dose, active
ingredient, and route of administration), comparing the
kinetic dissolution profiles of a multisource (generic)
product with the reference. The same dissolution test is
performed in three dissolution media at pH 1.2, 4.5, and

6.8, which allows the interchangeability to be guaranteed
in the clinic based on the bio-exemption criteria of the
Biopharmaceutical Classification System (BSC) (1, 3, 6—7,
9, 10). Results are then evaluated by two independent
statistical models: the difference factor (f1) and similarity
factor (f,) (4, 7, 9-11).

The difference factor measures the percentage of error
between the two dissolution profiles in pre-established
sampling times. An f; value of exactly zero indicates
that the two profiles are equal; if the value is less than
15, then the two profiles are similar, and if the value is
greater than 15, the profiles are different (12, 13). The
similarity factor (f,), proposed by Moore and Flanner
(the logarithmic transformation of the reciprocal of the
square root of the sum of the squared errors), indicates
the similarity between the dissolution profiles (14). The
f> value is determined from the difference between the
mean dissolution percentage between the generic drug
and reference (13). An f, value of exactly 100 means that
the profile of the generic drug is identical to the reference;
if the value is 50—99, then the profiles are similar (10, 12,
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13), and in both cases, the profiles are considered to be
bioequivalent in vitro. But, if the value is less than 50,
it indicates that there is at least a 10% difference in the
curves (13).

Additionally, dissolution efficiency (DE) and average
dissolution time are studied. DE describes the area
under the dissolution curve (AUC) at a certain time point,
expressed as a percentage of the rectangle described for
100% dissolution at the same time. DE must be greater
than 50% for immediate-release medications. DE indicates
the percentage of dissolved drug in the intestinal mucosa
after a certain amount of time. The degree of absorption
of a drug in vivo is proportional to the amount of drug
dissolved in the dissolution medium. The mean dissolution
time (MDT) is the residence time of the drug in the solid
state within a solution (1, 12, 15).

Phenytoin has a dissociation constant (pKa) value of 8.3,
so it is absorbed in its non-ionized form at the stomach
level (pH of 1.5). This gives us the basis for establishing
therapeutic equivalence in vitro in a pH 1.2 dissolution
medium. Because phenytoin is a class 2 drug according to
the Biopharmaceutical Classification System (BSC), a bio-
exemption can be done if the generic medication dissolves
rapidly (at least 85% in 30 min) and if the dissolution
profile is similar to the reference medicine at pH 1.2,
4.5, and 6.8. However, because phenytoin is a drug of
narrow therapeutic scope, in vivo studies should always
be considered to demonstrate its interchangeability (6, 16,
17).

In the Hospitals of the Ministry of Health of Peru, phenytoin
is prescribed in different oral dosage forms, such as 100-
mg sodium phenytoin tablets, liquid phenytoin at 125
mg/5 mL, and parenteral sodium phenytoin at 50 mg/mL
(18). In private pharmacies, the Epamin brand is available
in 100 mg capsules, but it cannot be used as a reference
medicine for bioequivalence studies because the dosage
form is different. Therefore, for the present study, we
have acquired 100 mg sodium phenytoin tablets for
comparison.

The objective of this research was to determine the
therapeutic equivalence by means of in vitro studies
of two generic formulations of 100-mg phenytoin
immediate-release tablets available in the Peruvian
pharmaceutical market, compared with the reference
medicine, to establish interchangeability (19, 20). As a
statistical indicator of equivalence, similarity factor, and
DE were used.
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MATERIALS AND METHODS

Chemicals and Reagents

A primary USP phenytoin standard was used, and all
reagents were of analytical grade and quality (American
Chemical Society), including 36% hydrochloric acid (HCI),
anhydrous sodium acetate, sodium hydroxide, potassium
monobasic phosphate, and methanol. These reagents
were purchased from Mercantil Laboratory SAC (Lima,
Peru). Xtra PVDF-45/25 chromafil filters were used (0.45
pum/25 mm).

Tablet Samples

The study was analytical, experimental, and transversal.
The study samples consisted of 200 tablets of the
reference and generic products from the same (respective)
batch. The reference product was 100-mg sodium
phenytoin tablets (bioequivalent LCh) (lot E0517, RS IPS
N° F-1371-Chile, Chile Laboratory), purchased at the Cruz
Verde Pharmacy in Santiago de Chile. The two generic
products were 100-mg sodium phenytoin tablets, labeled
T-1 (lot E1017, RS EE00640, Laboratory Teva) and T-2 (lot
E0416, RS EE-00640, Marfan Laboratory) and acquired
from a drugstore and hospital pharmacy, respectively, in
Lima, Peru.

Quality Control Tests

Quiality control tests were performed to meet the quality
criteria of USP and WHO (2, 14). For the hardness test,
a sample of 20 tablets of each formulation was placed
one by one in a digital durometer (THT-3, BIOBASE). The
force (kgf) needed to cause the rupture was measured.
The weight variation test was individually analyzed for
20 tablets of each formulation on an analytical balance
(BBL31, Boeco) with sensitivity of 0.1 mg. The mean values
and standard deviation of each test were calculated using
Microsoft Excel 2007.

Drug content was measured as follows. The phenytoin
tablets (n = 20) were individually weighed, ground to fine
powder, and a powder amount equivalent to 100 mg of
sodium phenytoin was weighed and added to a 100 mL
volumetric flask. Then, 5 mL of methanol was added to the
flask, mixed, and subjected to the ultrasound bath action
(UCP-10 ultrasonic cleaner, Lab Companion) for 10 min.
The volume was completed to 100 mL with distilled water,
then 25 mL of filtrate was diluted to 100 mL with a mixture
of methanol and water (1:2). It was filtered through a 0.45-
um porosity filter, discarding the first 5 mL of the filtrate.
The absorbances were then read at a wavelength of 205
nm using UV/Vis spectrophotometers (50 BIO, Varian). A
calibration curve with a R? value of 0.992 was applied to
calculate the concentration and drug content percentage.



Dissolution Profile

To perform the dissolution profile, 12 tablets were
used for each formulation (reference, T-1, T-2) and USP
dissolution apparatus 2 (paddle), with a study time of
90 minutes, rotation speed: 75 rpm, dissolution medium
temperature: 37 £ 0.5 °C, dissolution medium volume:
900 mL of HCI, pH 1.2, buffer acetate pH 4.5, or phosphate
buffer pH 6.8, and an eight-vessel dissolution tester (EDT
08LX, Electrolab). The deaeration of the medium was
carried out by applying vacuum and filtering through a
0.45 pm membrane filter while sonicating with a water
bath.

The 5 mL samples were extracted through 0.45 um
chromafil filters at the pre-established times of 5, 10, 15,
30, 45, 60, and 90 minutes without medium replacement,
based on the FDA guidance (21).

The absorbances were determined by UV/Vis
spectrophotometry at a wavelength of 205 nm, and fresh
medium was used as blank (6). A calibration curve (0.8,
0.16, 0.20, 0.24, 0.28, 0.32, and 0.36 mg/mL) was applied
with an R? value of 0.992 to calculate the concentration
and percentage of drug content.

Statistical Analysis

Statistical analyses were performed with the GraphPad
Prism software, version 5.00, and Microsoft Excel 2007
was used for data organization and to calculate standard
deviation, coefficient of variation (CV), similarity and

difference factors, DE%, MDT, and AUC. As a statistical
indicator of in vitro therapeutic equivalence, the similarity
factor was used (1, 22, 23). In addition, the AUC was
calculated by the trapezius method (AUC,!) (3, 24). From
these values, DE and MDT were calculated (1,3, 25, 26).
The Dunnett method compared the reference formulation
(control) with the other formulations and gave the values
of p; a p-value less than 0.05 was considered significant.

RESULTS

Table 1 shows the trial of the formulations tested. The
phenytoin reference tablets and generic tablets had
similar weight (p = 0.07). The hardness test was performed
because it is a factor that influences the dissolution
of the tablets (27). The reference product had a mean
hardness of 7.51 kgf (+ 0.0945 SD), which was statistically
significantly different from T-1 (7.54 + 0.0507 kgf) and T-2
(7.48 + 0.910 kgf). Drug content was 100% for all three
formulations, which satisfies the USP criteria.

Table 2 reports the dissolution profile of the 100-mg
phenytoin sodium tablets in the three pH levels, and none
of the study samples released 85% of the active principle
within 30 minutes (coefficient of variation, > 4%), which
does not meet the BCS criteria. The dissolution profiles
of the three formulations were not significantly different.

Figure 1 shows the dissolution profiles of the two generic
phenytoin formulations, at pH 1.2, 4.5, and 6.8. The
figures show a slow release process up to 45 minutes.

Table 1. Characteristics of 100-mg Phenytoin Immediate-Release Tablet Formulations (n = 20)

R 0.21 0.0046 0.0213 7.51 0.0945 0.0126 100.00% E0517
T-1 0.21 0.0066 0.0310 7.54 0.0507 0.0067 100.00% E1017
T-2 0.21 0.0058 0.0276 7.48 0.0910 0.0122 99.99% E0416

*95% confidence interval, according to Dunnett for the reference vs T1 was -0.09830 to 0.9830 and reference vs T2 was -0.02830 to 0.08830.
SD: standard deviation; CV: coefficient of variation.

Table 2. Percentage of Dissolution of 100-mg Phenytoin Immediate-Release Tablet Formulations

5 1551019 | 208 | 0.16 | 13.3 | 0.19 | 6.9 0.18 | 196 | 0.25 | 176 | 0.07 | 32.7 | 0.41 | 21.8 | 0.17 | 18.1 | 0.24
10 25.6 [ 0.08 | 23.3 | 0.12 | 20.8 | 0.17 | 13.2 | 0.40 | 25.8 | 0.28 | 255 | 0.13 | 254 | 0.26 | 24.2 | 0.14 | 245 | 0.22
15 343 (024 | 275 | 0.10 | 264 | 0.14 | 216 | 039 | 354 | 0.22 | 40.0 | 0.16 | 28.1 | 0.16 | 30.6 | 0.15 | 389 | 0.41
30 549 | 0.17 | 49.8 | 0.13 | 49.6 | 0.08 | 40.6 | 0.19 | 514 ( 0.19 | 546 | 0.19 | 56.1 | 0.21 | 49.7 | 0.32 | 70.9 | 0.26
a5 755 [ 0.17 | 694 | 0.07 | 659 | 0.05 | 62.4 | 0.15 | 65.6 [ 0.18 | 645 | 0.11 | 813 | 0.13 | 60.6 | 0.31 | 8.4 | 0.17
60 89.7 | 0.06 | 85.9 | 0.08 | 819 | 0.04 | 826 | 0.08 | 823 | 0.11 | 823 | 0.12 | 838 | 0.13 | 66.8 | 0.29 | 92.0 | 0.10
20 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 100 | 0.00 | 100 | ©0.00
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Figure 1. Dissolution profile of 100-mg phenytoin formulations at pH 1.2
(A), 4.5 (B), and 6.8 (C).

At pH 1.2, the difference (f1) and similarity (f;) factors
were 4.8 and 66.2 for T-1 and 9.5 and 60.3 for T-2,
respectively, which are within the acceptance range (fi:
0-15 and f,: 50-100). At pH 4.5, T-1 f; was less than 0
(-16.1), reflecting a difference, which was confirmed an f,
of 50.9. This indicates a 10% difference in the dissolution
profile for T-1 compared to the reference. T-2 presented
an f, of -17.4 and an f, of 48.5, indicating a difference in
the dissolution profiles of -15% to 10%. At pH 6.8, T-1 and
T-2 did not meet the acceptance criteria. For the curves to
be considered similar, f; must be close to 0 and the f, must
be 100; a negative f; reflects the cumulative difference
between both curves at all sampling points (Table 3).

At pH 1.2, the reference product had an AUC value of
6023.7 during the 90-minute period, and the AUC values
for T-1 and T-2 were 5717.8. At pH 4.5, the AUC values
for T-1 and T-2 were higher compared to the reference.
At pH 6.8, T-1 had a much lower AUC value than T-2 and
the reference. As for the DE, the reference product was
3.4% higher than T-1 and T-2 t at pH 1.2 and 5-6% lower
at pH 4.5. At pH 6.8, DE for the reference product was
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9.2% higher than T-1 and 5.5% lower than T-2. Regarding
MDT, the reference product was 3.5 minutes less than T-1
and T-2 at pH 1.2 and 5—6 minutes faster at pH 4.5. At pH
6.8, T-2 had the lowest MDT (30.9 mins), followed by the
reference (37.2 mins) and T-1 (46.5 mins). These results
are presented in Table 4.

DISCUSSION

For the selection of the reference medicine, we have relied
on the WHO guide, which indicates that first, a nationally
available reference medicine should be chosen; second,
the WHO reference list should be used; and third, look for
a reference in the list of the International Conference on
Harmonization (ICH). If none of the above are available,
an appropriate reference (including a generic one)
that has similar safety, quality, and effectiveness of the
innovator can be used (1). For the present study, we used
100-mg sodium phenytoin tablets (bioequivalent LCh)
from the Chile Laboratory as a reference, with relative
bioavailability studies. According to the quality control
results, the formulations investigated in weight and
hardness were within the range of £+ 5% SD for tablets
with a mean weight of 0.21 g (p > 0.05) and hardness of
7.48-7.54 kgf (p < 0.05). The drug content was within the
acceptance range of 90-110% (99.99-100%) according
to USP 37; these tests should be performed before
dissolution profile studies to ensure the quality of oral
solid pharmaceutical forms meets the quality criteria of
the USP and WHO (1, 2, 14). Fretes et al. performed the
quality controls according to the general criteria of the
official pharmacopoeias prior to the dissolution profiles
of lamotrigine (28). Grande-Ortiz et al. also performed
the quality control tests of amoxicillin, doxycycline, and
fluconazole before performing dissolution profiles (29).
In a study conducted by Fonseca et al. they mention
that the criteria for acceptance of hardness values must
be 7.0-16.5 kgf (27). In our study, we have found that
hardness values are within that range. If the compression
force is increased, the resistance to rupture (hardness) of
the tablet is greater. The increase in compression force
can cause lamination, affecting friability, disintegration
time, and dissolution profiles (22). It is reported that if
the hardness of the furosemide tablets is 8.0-12.0 kgf,
the percentage of content is 101.2-100.1%, respectively
(22). Ghayas et al. mention that the formulation and
manufacturing factors, the amount of disintegrant,
lubricant, compression force, and mixing time influence
the bioavailability of the drug (30). Alvarado et al.
observed that the multisource tablets of digoxin encoded
as TDF25 have a lower hardness value, indicating a low
concentration of binder or a weak compression that
can accelerate the dissolution profile (31). Leén et al.



Table 3. Similarity (f,) and Difference (f;) Factors for Generic Products (T-1, T-2) Compared to the Reference Product (Immediate-Release

Tablets Containing 100-mg Phenytoin)

f f fi f fi f f f fi f fi f
4.8 66.2 9.5 60.3 -16.1 50.9 -17.4 48.5 13.2 47.4 -5.5 48.5
Y Y Y Y D Y D N Y N D N

Y: within acceptable range; N: not within acceptable range; D: f; < O reflects the cumulative difference between both curves at all sampling points.

Table 4. Parameters of Drug Release for Generic (T-1, T-2) and Reference (R) Products (Immediate-Release Tablets Containing 100-mg

Phenytoin)

R 6023.7 66.9 36.4 5221.3 57.9 45.5 6018.4 66.9 37.2
T-1 5717.8 63.5 39.9 5688.5 63.2 40.2 5193.9 57.7 46.5
T-2 5717.8 63.5 39.9 5754.9 63.9 39.3 6519.5 72.4 30.9

T: trapezius method; DE: dissolution efficiency; MDT: mean dissolution time.

reported that the hardness values of paracetamol tablets
are variable (9.35-15.35 kgf), indicating that those of
lower value have little binder or weak compression, and
those with high values have a greater amount of binder or
have a higher compression, which can increase or delay
the dissolution process, respectively (32).

For oral solid immediate-release dosage forms that
dissolve rapidly, with an average of 85% or more in 30
minutes, USP apparatus 1 at 100 rpm is used for capsules
and products that tend to float; and USP Apparatus 2 is
used at 50-75 rpm for tablets when properly justified at
pH 1.2, 4.5, and 6.8 (2, 20). At the same time, the USP
37 NF 32 suggests using apparatus 2 for chewable tablets
(2). In this regard, we have relied on both documents
to use apparatus 2 in our study. According to the FDA
guide, a quality control test can be done for highly soluble
and rapidly dissolving drugs, taking a single point of
dissolution; if two points are taken, it is to characterize
the quality and as a control of quality of slowly dissolving
or water-soluble drugs (e.g., carbamazepine). Dissolution
profiles are made to accept the equality of medicines,
to exempt from in vivo bioequivalence studies, and to
support in vitro bioequivalence studies. In the present
study, the dissolution profiles of the two formulations of
the phenytoin generic tablets and their reference were
analyzed in three dissolution media that simulate the
gastrointestinal tract (pH 1.2, 4.5, and 6.8).

The World Health Organization (WHO) considers class
2 drugs (low solubility and high permeability) for in
vitro bioequivalence studies, meeting the following
requirements (6): 1) When permeability is not a
limitation, weak acidic drugs are highly soluble at pH

6.8 (85% or more in 30 minutes or less) where the non-
ionized form predominates, therefore, it will have good
absorption because it will be in an area with a larger
surface area for absorption; 2) when they have the
same dissolution profiles in the three media at pH 1.2,
4.5, and 6.8, determined with the value of f,; and 3)
when the excipients of the generic medication should
be evaluated in type and quantity of surfactants. Class
2 drugs have variable bioavailability; carbamazepine,
sodium phenytoin, glibenclamide, ketoprofen, naproxen,
and others belong to this class (6, 33).

Class 4 drugs cannot be exempted from in vivo
bioavailability and bioequivalence studies because they
are drugs that have low solubility and low permeability,
that is, they are not absorbed very well through the
intestinal membrane. Furosemide, hydrochlorothiazide,
taxol, and others belong to this class (6, 33). Both
WHO and the FDA consider bio-exemption to perform
bioequivalence studies in vitro for solid oral dosage forms
with immediate release of class 1 and 3 drugs based on
the BCS criteria (6, 20, 33, 34). The drugs found in class 1
are of high solubility and high permeability, so the generic
and reference medicines have to release more than 85%
of the active substance in 30 minutes. In this case, the rate
of gastric emptying becomes the determining stage of the
absorption rate, and the excipients do not significantly
affect the bioavailability of the drug; to this group
belongs diltiazem, metoprolol, propranolol, verapamil,
and others. Medications containing class 3 drugs (high
solubility and low permeability) should dissolve rapidly
(> 85% in 15 min), at all physiological pH levels. In this
case, the physiological alteration and the permeability
Dissolution
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through biological membranes is the limiting step of the
speed of drug absorption, so the drug’s bioavailability
is variable; the release of the active principle does not
depend on the pharmaceutical form. In addition, the
multisource medicine must contain the same excipients
as the reference medicine, so that the excipients do not
influence absorption, have the same dose, and the same
pharmaceutical form. To this class belongs acyclovir,
metformin, ranitidine, and others (20). In our study, the
percentage of dissolution observed in the three media
was less than 85% in after 30 minutes, which did not
meet the criteria for bio-exemption (34, 35). However,
the optimal dissolution profile was found to be pH 1.2,
which is predictable because phenytoin has a pKa of 8.3,
and in an acidic medium (stomach pH 1.5) phenytoin is
in its non-ionized form, which is corroborated with the
equation, pKa — pH = fu/fi, where fu is the non-ionized
fraction and fi is the ionized fraction of the drug. ANOVA
and Dunnett's method were used to statistically verify
that dissolution of all formulations was not significantly
different (p > 0.05).

The variation of the dissolution profiles in this study may
be due to the dissolution medium or to the manufacturing
and formulation processes. Regarding the dissolution
medium, Markopoulos et al. mention that pH is a
determining element of the solution (36). Dressman et al.
explained that the change in pH affects the solubility of the
drugs and, therefore, in their oral bioavailability; whereas
Krieg et al. demonstrated that the dissolution medium
influences the release and dissolution of the drug (37, 38).
Also, the amount and type of excipient, the manufacturing
process, or both, influence the dissolution profile (1).
Block et al. demonstrated this in a study of dissolution
of metformin tablets; and Battu et al. demonstrated
that disintegrating and superdisintegrating excipients
(crosslinked polymers that swell in contact with water)
influence the disintegration process (39, 40). Although
the correlation of the solution with absorption and
bioavailability is not well established, many researchers
state that the solution is a limiting factor of bioavailability
and influences the pharmacological response (41, 42).
The similarity factor is used to determine the in vitro
therapeutic equivalence of the multisource drugs (Z,
36). At pH similar to the gastrointestinal tract (pH 1.2),
the generic formulations in our study (T-1 and T-2) had
an f, value greater than 50, which indicates similarity of
dissolution performance in the acid medium. At pH 4.5,
the f, value of T-1 exceeded 50 and T-2 was less than 50.
At pH 6.8, both T-1 and T-2 had an f, value less than 50,
indicating a difference in the dissolution performance
in the phosphate medium. Additionally, we measured
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DE, the value of which must be greater than 50% for
immediate-release drugs (12, 15).,, In our study, we
obtained a value of 63.5% for the two generic products
and 66.9% for the reference product in the acidic medium
(pH 1.2), which represents the degree of absorption of the
drug in vivo based on its two variables: the concentration
of the drug in the solution and the contact with the gastric
mucosa where absorption will begin, and MDT indicates
the residence time of the drug in the solid state in the
dissolution medium (12, 15).

Bioavailability and bioequivalence studies should be
carried out in drugs with a narrow therapeutic range,
such as phenytoin, which has a minimum effective
concentration of 10 mg/L and an effective maximum
of 20 mg/L (43-45). In this sense, a poor solution or
a small change in the dose would lead to changes in
bioavailability and plasma levels (46). At the same time,
because these types of drugs form strong bonds with
plasma proteins (i.e., albumin), they are displaced from
binding with usual proteins by drugs that have a higher
affinity for those proteins, which generates toxicity when
the maximum concentration is exceeded (45). It is also
known that phenytoin is metabolized by CYP2C9, and
patients who are slow metabolizers are more likely to
have toxicity (47). In this regard, it is proposed to conduct
relative bioavailability studies to demonstrate therapeutic
equivalence and interchangeability in clinical practice.

CONCLUSIONS

Based onsimilarfactoranalysis, the present study revealed
differences in the dissolution performance of generic and
reference formulations of immediate-release phenytoin
tablets (100 mg) at pH 4.5 and 6.8, but the formulations
were considered to be therapeutically equivalent in
vitro at pH 1.2. It is recommended to perform relative
bioavailability studies for phenytoin and other drugs that

have a narrow therapeutic margin.
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