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ABSTRACT

Tetracyclines are widely used for the treatment of infections of the lower respiratory tract and other systems. In Brazil,
tetracyclines are available as generic and similar products. The aim of this study was to evaluate the in vitro release of
tetracycline capsules (500 mg) and doxycycline tablets (100 mg) in different reaction media, from dissolution profiles,
using sensitive and rapid ultraviolet spectrophotometric methods. The dissolution test was used to obtain and compare
dissolution profiles and establish similarities of pharmaceutical formulations in compliance with the Brazilian (for
tetracycline hydrochloride capsules) and United States (USP) (for doxycycline hydrochloride tablets) pharmacopoeia.
For both drugs, the dissolution studies were conducted using an USP type 2 apparatus at 75 rpm with 1000 mL distilled
water at 37.0 + 0.5 2C for 90 minutes, to evaluate the influence of pH (1.0-8.0) on the release of drugs. The methods
were validated, showing precision, linearity, and accuracy. All the products satisfactorily released tetracycline and
doxycycline, with at least 80% of the drug dissolved within 30 minutes. Tetracycline and doxycycline are weak acids,
which favors their dissolution in acid media (pH range 1.0-6.0). This research contributes to studies that guarantee
the quality control of tetracyclines and to the expansion of the novel methodologies established by the Brazilian
Pharmacopoeia for doxycycline.

KEYWORDS: Dissolution profile, tetracycline capsules, doxycycline tablets, medium pH

INTRODUCTION

a) b)
death in the world, especially in infections of the

lower respiratory tract (1). Among the several
useful antibiotics in its treatment, tetracyclines can be
highlighted, due to their low cost, easy access and lower
occurrence of adverse effects (2-5). The main drugs
representing this class are tetracycline and doxycycline

Bacterial infections are among the main causes of

Figure 1. Molecular structures of tetracycline (a) and doxycycline (b).

(Fig. 1), which have mechanisms of action explained
basically by inhibiting bacterial protein synthesis, through

binding to the 30S subunit of the ribosomes, preventing
the aminoacyl-tRNA binding (6). Recently, studies
linked doxycycline as a possible drug for the treatment
of Parkinson's disease, due to the inhibition of alpha-
synuclein aggregation, which do not evolve to fibrils,
forming species with different structural arrangements
that avoid the destabilization of biological membranes
and the formation of additional toxic species (7—9).

In Brazil, tetracycline can be found in generic and
similar specialties in the form of 500-mg capsules, and
doxycycline can be found in reference, generic, and
similar specialties in the form of 100-mg tablets. In
addition, Brazilian health agencies require comparative
studies of pharmaceutical and therapeutic equivalence
with the reference drug through in vitro and in vivo tests
for generic and similar drugs (10, 11).
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Generic products are intended to be interchangeable
with a reference or innovative product and are
frequently produced after the expiration or waiver
of the protection patent or other exclusive rights,
provided that similar effectiveness, safety, and quality
are proven (12). The registration of the reference drug
for tetracycline was canceled in 2012 by the National
Health Surveillance Agency (ANVISA), and generic
drugs were then created with the aim of improving
the population’s access to treatment through products
with reduced prices. A “similar” drug product contains
the same active pharmaceutical ingredient (API) and has
the same concentration, pharmaceutical form, route
of administration, posology, and therapeutic indication
as the reference and generic products (13). These
pharmaceutical specialties (reference, similar, and generic)
differ in characteristics such as size and formulation, with
a variety of excipients, and these variations may affect the
dissolution kinetics of the solid oral dosage forms.

Tetracycline is an older and more hydrophilic drug and
belongs to class 3 (high solubility and low permeability)
of the Biopharmaceutical Classification System (BCS).
Doxycycline is a more lipophilic drug (a characteristic that
gives it a greater absorption and distribution capacity
in the body) and belongs to BCS class 1 (high solubility
and high permeability) (14). A drug must be released in
the pharmaceutical form in the appropriate amount, so
that the onset and duration of its action are as desired.
Any factor that alters disintegration and dissolution
processes of solid oral dosage forms (such as volume of
the reaction medium, pH, temperature, and oil/water
partition coefficient of the compound) may directly affect
their bioavailability (3, 15-19). In general, pharmacopoeias
are official guides that indicate methodologies for quality
control of medicines, in several countries. Sinceitis an older
drug, most of these compendiums indicate tests for the
physicochemical evaluation of tetracycline. The Brazilian
Pharmacopoeia does not yet include methodologies for
the evaluation of doxycycline solid oral dosage forms (20).
To guarantee the efficacy of a product, it is important that
the characteristics of the drug as well as the presence of
excipients and the manufacturing techniques used are
well developed, established, and controlled (21, 22).

In this study, analytical methodologies were developed
and validated using molecular ultraviolet (UV) absorption
spectrophotometry to evaluate the in vitro release of
tetracycline capsules (500 mg) and doxycycline tablets
(100 mg) in different reaction media from dissolution
profiles, there by adding to the studies that guarantee
quality control of drugs and to expansion of methodologies

established by the Brazilian Pharmacopoeia for
doxycycline.
MATERIALS AND METHODS

Chemicals, Reagents, and Samples

All reagents were of analytical grade. Hydrochloric acid
(HCl) was obtained from Neon Comercial (Sdo Paulo, SP,
Brazil). Boric acid (H3BO3) and glacial acetic acid (CH;COOH)
were obtained from Labsynth (Sdo Paulo, SP, Brazil). The
reference chemicals of tetracycline and doxycycline were
obtained from Sigma-Aldrich (Sdo Paulo, SP, Brazil) and
Plantarium Pharmacy (Salvador, BA, Brazil), respectively.
All labware was immersed in a 10% (v/v) HNOs solution
bath for 24 hours, rinsed with high-purity water and dried
at room temperature.

Distilled water was obtained from a Q341 Quimis
distiller (S3o Paulo, SP, Brazil) and used throughout the
experiments. For the preparation of all standard and
sample solutions, in all analyses, ultrapure water (with
resistivity 18 MQ cm™) was obtained from a Milli-Q Plus
water purification system (Merck Millipore, Molsheim,
France). The solutions used in this study were prepared by
appropriate dilution (1.25-15.0 pg/mL and 2.5-30.0 pg/
mL) and stored in decontaminated polyethylene bottles.

Generic and similar 500-mg tetracycline HCl capsules and
100-mg doxycycline HCl tablets were purchased from
local pharmacies in Salvador, Bahia, Brazil. All tests were
performed on products within their expiration date. Solid
oral dosage forms were submitted to average weight,
disintegration, and dissolution tests, following the official
compendia: Brazilian Pharmacopoeia for tetracycline
HCl capsules and United States Pharmacopeia (USP) for
doxycycline HCl tablets (23). The characteristics of the four
products as described in their drug labels:

e T1: generic tetracycline HCl excipients: colloidal
silicon dioxide, magnesium stearate, sodium lauryl
sulfate, and talc.

e T2: similar tetracycline HCl excipients: magnesium
stearate, sodium starch glycolate, sodium lauryl
sulfate, and talc.

e DI1: generic doxycycline HClI excipients:
croscarmellose sodium, microcrystalline cellulose,
lactose monohydrate, magnesium stearate,
hypromellose, macrogol, ethylcellulose, and
titanium dioxide.

e D2: similar doxycycline HCl excipients: isopropyl
alcohol, ethyl alcohol, copolymer of methacrylic
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acid, titanium dioxide, magnesium stearate,
macrogol, povidone, mannitol, microcrystalline
cellulose, and talc.

Instrumentation

The analysis of weight uniformity was performed in
an electronic analytical balance (BEL Engineering,
Piracicaba, SP, Brazil) and pH measurements were made
on a pH meter (PG 2000, Gehaka, Sdo Paulo, SP, Brazil).
An Ethik Technologies (Sdo Paulo, Brazil) disintegration
test apparatus (301/AC) and dissolution test apparatus
(299) multi-bath (n = 6) were used in accordance with
the Brazilian Pharmacopoeia and the USP general
methods. All spectrophotometric measurements were
carried out using a Shimadzu (Kyoto, Japan) UV-Vis
spectrophotometer (UV-1240, 190-1100 nm) equipped
with a diode array detector. The absorbances of reference
and sample solutions were read in 1-cm quartz cells. The
detector was set at 276 nm.

Calibration Standards

Stock standard solutions of tetracycline and doxycycline
(500 ug/mL) were prepared for analysis by dissolving 25
mg of reference substance in a 50 mL volumetric flask
with distilled water. For each drug, a solution with a
final concentration of 50 ug/mL was used to obtain the
standard curves (1.25-15.0 pg/mL for tetracycline and
2.5-30.0 pg/mL for doxycycline), which were prepared
daily and analyzed in triplicate by UV spectrophotometry.

Dissolution Test Conditions and Kinetic Dissolution
Studies

Dissolution tests were performed in compliance with
Brazilian (for tetracycline HCl capsules) and USP (for
doxycycline HCl tablets) pharmacopoeia. For both drugs
(6 capsules for tetracycline and 6 tablets for doxycycline),
the dissolution studies were conducted using an
apparatus 2 (paddle) at 75 rpm with 1000 mL of dissolution
medium (distilled water at 37.0 + 0.5 °C) for 90 minutes.
All experiments were performed in triplicate. Manual
samplingaliquots of 10.0 mLweretakenat1,3,5, 10, 15, 20,
30, 45, 60, and 90 minutes after dissolution optimization
and analyzed. The medium was replaced at 37 + 0.5 °C to
a constant volume. The collected aliquots were filtered
and transferred to amber vials for subsequent reading at
276 nm in a UV-VIS spectrophotometer. The absorbance
values were converted to concentration values with the
standard curve equation, taking into account the amount
of drug removed in each aliquot. The percentage of drug
was expressed as a function of time.

In addition, a study was carried out to evaluate the
influence of pH on the release of tetracycline and
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doxycycline from the oral solid dosage forms studied.
Three different reaction media were tested, based on the
physiological pH range with different pH values: 0.1 mol/L
HCI (pH 1.0), sodium acetate (pH 4.5), distilled water (pH
6.0), and boric buffer (pH 8.0). Only the generic products
of each drug studied in these experiments were chosen
for use, due to the greater sample availability. Dissolution
test conditions (time, apparatus, and temperature) were
the same as previously quoted, according to the official
compendium. Collection times were simplified for
tetracycline (1, 3, 5, 20, 75, and 90 minutes) by virtue of
their rapid release from the pharmaceutical form, based
on previous studies described above.

Dissolution Efficiency

One of the ways to obtain a more reliable comparison
between dissolution profiles of different pharmaceutical
formulas is by calculating dissolution efficiency (DE%).
This parameter was obtained from the area under the
dissolution curve (ASC) of the drug up to time (t) in
minutes (ASCoy.t), relative to 100% of the product value
label (ASCtg) (24). DE is determined by the following
equation, where tis time (min) and TR is the label value of
the product: DE% = ASCq.; / ASCtg x 100.

Validation of the Analytical Method

To demonstrate the suitability of the dissolution test, it
was validated following Brazilian Resolution 166/2017
(25) and International Conference on Harmonisation (ICH)
guidance (25, 26). Thus, analyses of linearity, precision
(repeatability and intermediate precision), and accuracy
were performed. Possible interferences were assessed by
testing the constituents (excipients) of the formulations
and comparing them with a placebo.

Linearity was obtained by the correlation coefficient
(evaluated by linear regression analysis using the
least squares regression method) of three analytical
curves with 10 different concentrations ranging from
1.25 to 15.0 pg/mL for tetracycline and 2.5 to 30.0 pg/
mL for doxycycline. Repeatability and intermediate
precision were carried out to assess the precision of the
method. Relative standard deviation (RSD) was used to
calculate the precision of quantification of three known
concentrations of tetracycline (1.25, 7.5, and 12.5 pg/
mL) and doxycycline (2.5, 10.0 and 25.0 pug/mL) on the
same day and on alternate days. Accuracy was expressed
as the agreement between the set reference value
and the measured values of each concentration. Each
concentration of tetracyclines was analyzed in triplicate,
by a UV-VIS spectrophotometer.



Statistical Analysis

A Student’s t-test for paired samples and ANOVA one-
way by Tukey’s Multiple Comparison Test for p-value <
0.05 were used to compare the dissolving ability of the
tetracyclines.

RESULTS AND DISCUSSION

Validation of the Analytical Method

Linearity was evaluated from the calibration curve for
tetracycline with the regression equation (y = 0.0307x —
0.0019) and determination coefficient (r? = 0.9997) in the
studied linear concentration range (1.25-15.0 pg/mL).
For doxycycline, the regression equation (y = 0.0335x
+ 0.0055) and determination coefficient (r> = 0.9991)
were obtained, in the studied linear concentration range
(2.5-30 pg/mL). The quantity of drug dissolved, in each
sample, was calculated from these equations. The values
for precision (repeatability and intermediate precision)
and accuracy of the analytical method are shown in
Table 1.

Table 1. Evaluation of Precision (Repeatability and Intermediate
Precision) and Accuracy

Tetracycline 1.25 5.76; 2.85 95.9
7.5 4.59;0.22 101.7
12.5 0.91; 0.52 99.7
Doxycycline 2.5 6.64; 1.88 98.9
10.0 1.94;0.42 97.6
25.0 0.69; 0.17 98.7

RSD, Relative standard deviation.

Precision was obtained on the same day (intra-day) and
alternate days (inter-days) for the UV spectrophotometric
method under standard conditions of dissolution tests.
RSD values below 10% were obtained; therefore, the
proposed method was considered satisfactory, according
to Anvisa Resolution 166/2017 and ICH. Accuracy was
expressed as a percentage of the agreement between
the set reference value and the measured value of each
concentration, in triplicate in a UV-VIS spectrophotometer
at 276 nm. The mean recovery obtained ranged from
95.9% to 101.7%. There was no interference from
matrix components. The proposed method proved to
be advantageous as it is economical, easy to apply, has
good analytical frequency and robustness, and is useful
for quality control of tetracycline products.

Formulation Composition, Weight Uniformity, and
Disintegration Tests

Excipients that make oral solid dosage forms may have
a direct influence on disintegration and dissolution
processes (27). Capsule formulations containing
tetracycline basically had the same excipients; however,
it was observed that product T2 (similar) contains sodium
starch glycollate, a disintegrating agent, which facilitates
wettability of the pharmaceutical form, leading to rapid
disintegration. In addition, sodium starch glycollate has
the advantage of not having its efficiency affected by the
presence of hydrophobic excipients, such as lubricants.
For the doxycycline-containing tablets, the composition
of products D1 (generic) and D2 (similar) was quite varied.
Product D1 contains ethylcellulose (as a possible coating
agent), which has a hydrophobic character and may delay
the release of the drug from the tablet. It was observed
that product D2 contains a copolymer of methacrylic acid,
a coating agent which generally favors dissolution of the
tablet in solutions with pH above 5.5, such as the upper
intestine (28).

Weight uniformity is a test that allows to evaluate
the homogeneity of the weight of the units of each
lot, as well as to obtain an indirect prediction of dose
uniformity, since the formulas are based on the weight of
the pharmaceutical forms, which will also influence the
concentration of active principles in each unit (19). The
results showed that weight values varied for tetracycline
(T1and T2:513.1+3.45and 538.3 + 3.26 mg, respectively)
and doxycycline (D1 and D2: 370.1 + 2.10 and 248.8 +
1.76 mg, respectively) and have satisfactory averages,
according to the Brazilian Pharmacopoeia (for hard
capsules weighing 500 mg and tablets containing 100 mg
of the drug, the allowable variation range is + 7.5 %) (20).
Small differences in weight between the formulations
of each medicament were observed, which may, for
example, be related to a greater amount or proportion of
excipients (29).

All  formulations met the official compendium
requirements for tablets (disintegration time < 30 minutes
for tablets and < 45 minutes for capsules). The differences
observed may be associated to the different disintegrating
agents used in the formulations of the analyzed products.
In addition, for the tablets, the production process and
the compression force used may have an influence (i.e.,
the greater the force used, the longer the disintegration
time) (30).
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Dissolution Test, Dissolution Profiles, and Dissolution
Efficiency (DE)

The Brazilian Pharmacopoeia recommends that not less
than 80% of the tetracycline label amount (500 mg) must
dissolve within 90 minutes. For doxycycline tablets, the
USP recommends that not less than 85% of doxycycline
label amount (100 mg) must dissolve, also within 90
minutes. For the dissolution tests of the solid oral
pharmaceutical forms, the results were in accordance
with the pharmacopoeias.

Several factors may affect dissolution results, such as
the nature of the excipients used and the disintegration
rate. In general, intestinal absorption of drugs from solid
oral dosage forms is associated with four main factors:
available surface area, intestinal transit, membrane
permeability, and drug concentration profile by time in
the lumen (31). Therefore, the dissolution test functions
as a predictor of the solubility behavior of the drug in
the chosen medium (in vitro), so that it is available to
be absorbed, in a suitable time and, to have therapeutic
effect. Also, fromitsresults, itallows the interchangeability
between different products, as reference, generic, and
similar (32, 33). Multipoint analysis graphs were plotted
(Fig. 2) to evaluate the percentage of drugs, across
dissolution profiles for tetracycline capsules (500 mg)
and doxycycline tablets (100 mg).

All capsules (generic and similar) containing tetracycline
(500 mg) dissolved in accordance with the Brazilian
Pharmacopoeia recommendations (> 80% of drug within
30 minutes). T1 and T2 products showed comparable
levels of drug release within the time range (106.26% and
104.38% of the dissolved tetracycline in the dissolution
media at 90 minutes). It was observed that T1 had a

dissolution rate slightly faster than T2, and in less than
10 minutes the samples had already released almost all
the drug. This observation can be explained by the fact
that tetracycline is a BCS class 3 drug. Although the similar
product contains sodium starch glycollate (disintegrant)
in its formulation, the delay of its disintegration and the
release of the drug from the generic can be attributed
to the differences between the casing of capsules of
different manufacturers. The results of this study are
consistent with Fahmy et al., who showed that, at 10
minutes, tetracycline boluses had already released 100%
of the drug (34).

Narkhede et al. conducted a study on the dissolution
of tetracycline HClI microcapsules developed with
ethylcellulose polymer for sustained release (35). The
authors observed that some formulations reached about
100% of the drug release in 8 hours, which shows that,
although tetracycline is a very soluble class 3 drug, the use
of hydrophobic substances in the formulation may delay
the dissolution of medicaments containing this drug (35).

Dissolution profiles of generic and similar doxycycline
(100 mg) tablets showed similar behavior, in accordance
with the USP recommendations (> 85% of drug within 90
minutes). Initially, D2 showed the release of the drug at a
slightly higher rate when compared to D1. This fact may
be related to the formulation of these products, due to
the presence of povidone in the similar product, which
acts as a disintegrant, favoring the dissolution process
(28, 35). In addition, the generic product has higher
average weight and a greater amount of excipients, which
results in longer disintegration and dissolution times.
Although D1 has croscarmellose sodium (disintegrating
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Figure 2. Comparative dissolution profiles of 500-mg tetracycline capsules (A) and 100-mg doxycycline tablets (B) by USP type 2 apparatus at

75 rpm with 1000 mL distilled water at 37.0 + 0.5 °C for 90 min.
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agent), it contains ethylcellulose (coating agent), which
can delay the disintegration and release of the drug in
aqueous medium due to its hydrophobic character. The
data obtained in this study are concordant with Aguiar et
al., who evaluated the dissolution kinetics of doxycycline
tablets and reported that, in about 30 minutes, all
products had already released 80% of the drug (36).
Shah et al. produced and evaluated the dissolution
profile of doxycycline hydrochloride gelatin capsules and
demonstrated that, in less than 5 minutes, all products
released more than 70% of the drug. In that case, the
pharmaceutical form influenced the rapid release of the
drug (37).

DE values were calculated, as a comparison tool of the
dissolution profiles. DE is a variable related to the real
amount of drug that is dissolved in the medium (38,
39). DE values for tetracycline capsules (500 mg) and
doxycycline tablets (100 mg) were 98.6% and 78.5% for
similar (T1 and D1, respectively) and 103.5% and 82.9%
for generic products (T2 and D2, respectively). These
data demonstrate that generic drugs showed better
dissolution performance compared to similar drugs. In a
study conducted by Aguiar et al., the DE of doxycycline
reference drugs presented results of 77.33% and 78.39%,
and these values were close to those obtained for the
generic drugs in this study (36). No data were found in the
literature concerning DE of solid pharmaceutical forms
containing tetracycline.

In Brazil, ANVISA Resolution 31/2010 provides for the
necessary requirements for pharmaceutical equivalence
and comparative dissolution profile studies (10). The
results showed a very rapid dissolution (> 85% drug
release) in 15 minutes for Tetracycline and, according to
ANVISA Resolution 31/2010, in Brazil, the calculations of
f1 and f, are not necessary. For Doxycycline, comparative
dissolution profiles were only evaluated using the
similarity factor (f,). The calculation for doxycycline
comparison was performed according to the equation
below, where n is the number of collection times
considered for the calculation of f,; R; is the percentage
value dissolved at time t obtained with the comparator
drug (generic); and T; is the dissolved percentage value of
test drug (similar) at time t.

| 0,5
F2:5(J><Iog“]+(l)Z(R;—T:)J} xl(_){)JL
L i 3

The f, value obtained for doxycycline was 55.5. This result
shows that the dissolution profiles of D1 and D2 are similar,
since the value is between 50 and 100, according to the
criterion established by ANVISA Resolution 31/2010 (10).

The rate-limiting step of drug absorption from the
gastrointestinal tract is frequently dissolution from the
dosage form (40). Factors related to the drug, production
technology, and the reaction medium influence this
process. The physiological pH is a limiting factor for the
release and dissolution of the drug in the biological fluids
and, consequently, for its absorption (27, 30). In this
study, the investigation of other means of dissolution
was proposed, aiming to expand the studies about the
behavior of the release of tetracyclines (tetracycline and
doxycycline) in other reactional media from the oral solid
dosage forms, in addition to contributing with the Brazilian
Pharmacopoeia, which does not present methodology
for dissolution tests for doxycycline. The influence of pH
on the release of tetracyclines from capsules and tablets
(generic products) was studied in four different reaction
media, based on the physiological pH range with different
pH values (1.0; 4.5; 6.0, and 8.0). Regarding the influence
of pH on the dissolution of tetracycline and doxycycline,
the obtained data agreed with the literature, indicating
that this drug has a higher solubility in water and in acidic
medium (Fig. 3).

Tetracycline is a weak acid (pKa 3.3), which favors its
dissolution in acid media (41). After 20 minutes, more than
80% of the drug was released, regardless of the pH value
of the medium. This suggests that its greatest absorption
will be in the stomach and in some parts of the small
intestine, such as the duodenum. In other regions, asin the
jejunum, the solubility and, consequently, its absorption
may be reduced (42, 43). For doxycycline (pKa = 3.5), the
same behavior of tetracycline was observed. However, in
basic pH there was no change in solubility and dissolution
profiles in the different reaction media. Doxycycline is a
more lipophilic drug and belongs to class 1 (high solubility
and high permeability) of BCS (14, 43). After 30 minutes,
more than 85% of the drug was released, regardless of
the pH value of the medium. The study of the dissolution
behavior of tetracyclines at different pH values can mimic
conditions for dissolution in the gastrointestinal tract.

CONCLUSION

Biopharmaceutical studies are essential to ensure
the quality control of solid oral dosage forms, as well
as providing information that contributes to better
management of drugs, from manufacturing to clinical use.
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Figure 3. Comparative dissolution profiles of generic 500-mg tetracycline capsules (A) and 100-mg doxycycline tablets (B) in different pH
solutions by USP type 2 apparatus at 75 rom with 1000 mL solution at 37.0 + 0.5 °C for 90 min.

The results showed that both drugs studied, tetracycline
and doxycycline, are in accordance with the specifications
recommended by the Brazilian Pharmacopoeia and USP
for weight uniformity, disintegration, and dissolution.
Tetracycline samples (generic and similar products)
were analyzed using a validated UV spectrophotometric
method. Minor differences observed in the evaluation of
dissolution kinetics showed that the excipients, as well as
the industrial processes, can influence test results.

Drug release was satisfactory for all products, because at
least > 80% of drugs were dissolved in the medium within
90 minutes. The release of tetracycline is influenced by
the pH of the medium, demonstrating reduced basic
conditions. The dissolution test for doxycycline was
validated to contribute to the Brazilian Pharmacopeia.
Therefore, it was observed that it is possible to use
dissolution tests for quality control of tetracyclines
including doxycycline.
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