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Abstract
Doxycycline, an antimicrobial, is available for free in the Bra-
zilian Public System under medical prescription. Therefore, the 
population have easy access to it. Regarding quality control, 
doxycycline stability studies are important due to the epimeriza-
tion reactions and the formation of degradation products under 
conditions that are not favourable to the drug leading to severe 
damages to the patient. So, the aim of this study was to develop a 
short-term stability study of doxycycline hyclate in intact tablet, 
pulverized tablets and in raw material. It utilized spectrophotom-
etry in the Ultraviolet Region (UV), High Performance Liquid 
Chromatography (HPLC) and microbiologic method of turbidi-
metry. The combination of physicochemical and microbiological 
techniques is important in the sense that it is not enough only to 
identify and quantify the drug, but also to verify the activity. The 
short-term stability study proved that doxycycline hyclate in raw 
material, intact tablet and pulverized tablets was unstable under 
extreme conditions of heat and humidity 40ºC ± 2.0ºC and 75% 
± 5.0%. The results were significantly different at time 0 and 
time 6. Raw material followed order zero degradation equations 
for spectrophotometry and HPLC and second order equation for 
turbidimetry. Intact tablet and pulverized tablets followed order 
zero equations for HPLC and second order equation for spectro-
photometry and turbidimetry. There was a decrease in the anti-
microbial activity and possible formation of degradation prod-
ucts that were detected at the final time of the study. The method 
can also be used in the test routine of pharmaceutical quality 
control for the efficacy and reliability of doxycycline tablets.
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Introduction
Tetracyclines were first discovered around 1945 and were known 
to be produced from species of Streptomyces. In general, tetracy-
clines are bacteriostatic agents and out of several advantages, the 
broad-spectrum activity and low toxicity are the most important 
compared to other classes of antibiotics. The variability in the 
structures of this class of drug is responsible for the broad-spec-
trum activity, that is, this variability allows several interactions 
between the drugs and different molecules of the body [1,2].

This class of antibiotics is considered as a bacteriostatic agent 
because of its mechanism of action. Tetracyclines link to the 
bacteria’s 30S ribosome and in this way the transcription of the 
genetic information is blocked. In a consequence, the production 
of bacterial proteins does not occur [3].

Tetracyclines are divided into three generations: natural, semi-
synthetic of second and of third generation [1]. Within the sem-
isynthetic tetracyclines of second generation, there is Doxycy-
cline (DOX). It is one of the most important compounds because 
it presents a good lipophilicity which makes it possible for DOX 
to permeate into the cell membranes more easily [2].

DOX is produced from oxytetracycline and during the process 
an intermediate product is formed: methacycline. Also, during 
the process, 6-epidoxycycline can be formed as a residual prod-
uct. As being a tetracycline, DOX presents a broad-spectrum 
activity and it acts against Gram-positive and Gram-negative 
bacteria [4,5].

In the framework of Brazilian Public System called “Sistema 
Único de Saúde” (SUS), DOX is in the National Relation of 
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Medicines called RENAME [6] and thereby it is available for 
free at the Health Basic Units under medical prescription. DOX 
is available in RENAME in tablets of 100 mg and powder for 
injectable solution of 100 mg.

Doxycycline hyclate (Figure 1) is chemically named 4- (di-
methylamino)-3,5,10,12,12a-pentahydroxy-6-methyl-1,11-di-
oxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide-
and IUPAC name of Hydrochloride Hemiethanol Hemihydrate 
of Doxycycline (DOXH). It is shown as a yellow, crystalline 
and hygroscopic powder. It has a good solubility in water and 
in methanol and a moderate solubility in ethanol. The content 
limits are in the range of 95% - 102% [7].

chemical, microbiologic and biopharmaceutical properties with-
in its expiration time [18]. Also, it is considered the period that 
the drug keeps its characteristics from the moment of its fabrica-
tion until its use by the patient [19].

This stability depends on several environmental factors, such as 
temperature, humidity and light. Furthermore, the drug’s intrin-
sic factors also have influence on its stability, and these factors 
are related to the pharmaceutical formulae, fabrication process 
and packing materials [20,21].

The stability is important for the pre-registration stage of the 
drug and it is required by the Brazilian regulatory agency - AN-
VISA. In that sense, short and long-term stability studies present 
effective methods to analyse and guarantee the quality of the 
drugs and therefore they play an important role for the pharma-
ceutical industries regarding quality control [19,22,23].

The short-term stability study aims to speed up the chemical 
or physical degradation of the drugs [24,25]. This accelerated 
degradation is important because it makes it possible to identi-
fy degradation products that can be formed during bad stock or 
transportation conditions [21].

The aim of this study was to develop a short-term stability study 
of doxycycline hyclate in intact tablet, pulverized tablets and 
in raw material; it utilized spectrophotometry in the Ultraviolet 
Region, High Performance Liquid Chromatography and micro-
biologic method of turbidimetry.

Experimental Part
Materials

The raw material was doxycycline hyclate provided by União-
QuímicaTM with a content of 97.0%. The sample used in this 
study was doxycycline hyclate 80 mg - DoxitratTM.

Solutions and reagents: The spectrophotometric method used 
hydrochloric acid 0.01 mol/L for the preparation of solutions 
containing the raw material and tablets; purified water was used 
to set the equipment’s baseline.

The HPLC method utilized a mixture of deionized water Milli Q 
+ 0.1% Trifluoroacetic Acid (TFA): Acetonitrile (CAN) + 0.1% 
mol/L and acetonitrile with analytical grade as a mobile phase 
[26].

The microbiological method using turbidimetry utilized Escher-
ichia coli strain ATCC 10536 cultivated and kept in tryptic soy 
agar and replicated to Brain Heart Infusion medium (OxoidTM). 
The samples preparation utilized purified water. Formaldehyde 
12% analytical grade (QuemisTM) was used to stop the growth of 
the microorganisms.

Equipment: The raw material and the samples were weighted 
on analytical scale model H51 (Mettler ToledoTM). All of the oth-

Figure 1: Chemical structure of doxycycline hyclate.

In general, tetracyclines can suffer epimerization under unfa-
vourable conditions of temperature, pH and humidity. In relation 
to DOX, this reaction can occur at C-4 and C-6 positions result-
ing in degradation products [5]. These degradation products are: 
4-epidoxycycline (4-EDOX), 4,6-epidoxycycline (4,6- EDOX) 
and 2-acetyl-2-decarboxiamidodoxycycline (ADDOX) [8]. 
These degradation products reduce antimicrobial activity and 
can lead to severe hepatotoxicity [9].

The limits for each degradation product were established by the 
United States Pharmacopoeia [10], European Pharmacopoeia 
[11] and International Pharmacopoeia and they are: 0.5% for 
4-EDOX, 0.5% for 4,6- EDOX and 0.5% for ADDOX.

Thus, DOX stability studies are important due to the epimeriza-
tion reactions and the formation of degradation products under 
conditions that are not favourable to the drug leading to severe 
damages to the patient. Therefore, the quality control is essential 
to maintain the patient’s security.

According to the literature, physicochemical methods are the 
most utilized in vivo and in vitro identification and quantification 
of DOX, within then, High Performance Liquid Chromatogra-
phy (HPLC) has been considered the main one [3,4] and [12-
14]. However, methods like capillary electrophoresis and spec-
trophotometry are present in those analyses as well and have the 
advantage of being more easily to handle [8] and [15-17].

According to World Health Organization (WHO), the stability 
of a drug is defined as its capability of maintaining its physico-
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er products were weighted on semi-analytical scale model BG 
1000 (GehakaTM).

Samples were maintained into climatic chamber MA 835/UR 
brand MarconiTM at 40ºC and 75% humidity.

Spectrophotometry used UV/Vis spectrophotometer Shimad-
zuTM model UV mini-1240, cell with length path of 1 cm at 
wavelength of 268 nm.

HPLC was carried out on Waters system, model 1525 brand 
WatersTM Chromatography Systems, connected to a 360-wave-
legnth-UV/Visible detector WatersTM 2487 and manual injector 
7725i with loop of 20 µL brand Rheodyne BreezeTM. The drug 
analysis was conducted in Phenomenex Luna CN C15 (5 µ 250 
x 4.6 nm) column with a flow rate of 1.0 mL/min and tempera-
ture kept at 25ºC ± 1ºC.

For the microbiological assay, test tubes were sterilized in verti-
cal autoclave AV brand Phoenix LufercoTM was used for the ma-
terial’s sterilization. The incubation used Shaker model MA420 
brand MarconiTM and hothouse ECB 1.2 digital OdontobrásTM. 
Results were analysed using spectrophotometer model DU530 
brand Beckman CoulterTM.

Methods
Determination of average weight

The average mass is important for the quality control of drugs. 
A total of 20 tablets were weighted in order to determine the 
average weight. Doxycycline hyclate lies under the category of 
“uncoated tablets” and according to the Brazilian Pharmacopoe-
ia [7], 2 out of 20 units can be outside the variation limit.

Sample preparation

In order to obtain the pulverized tablets, 10 of 20 tablets previ-
ously weighted were pulverized in porcelain mortar. The other 
10 tablets were kept intact into climatic chamber and only one 
tablet was pulverized in the moment of the analysis to prepare 
the main solution. Raw material did not suffer any treatment. All 
the samples were kept in glass discs.

Stability study

This study analysed doxycycline hyclate in extreme conditions 
of temperature and humidity (40ºC and 75% humidity) and it 
used methods that were previously developed and validated [26-
28]. Samples were analysed at three different periods: 0, 3 and 6 
months using the methods already mentioned.

UV/Visible spectrophotometry

The main solution of 100 µg/mL contained 0.04608 g of intact 
tablet, 0.04608 g of pulverized tablets and 0.01 g of the raw ma-
terial. They were prepared in amber volumetric flasks with hy-
drochloric acid 0.01 mol/L. An aliquot of 3.75 mL was removed 

from each flask and transferred to a 25-volumetric flask to result 
in a final concentration of 15 µg/mL. The samples were read at 
wavelength of 268 nm.

High Performance Liquid Chromatography

The preparation of the main solutions followed the same steps as 
the spectrophotometry. An aliquot of 20 µL was removed from 
the main solutions (100 µg/mL) and transferred to a 25 mL volr-
umetric flask in order to obtain a final solution of 80 µg/mL. The 
samples were read at wavelength of 360 nm.

Microbiologic analysis - Turbidimetric assay

The preparation of the main solutions followed the same steps as 
the spectrophotometry. An aliquot of 1.5 mL was removed from 
each flask and transferred to a 25 mL volumetric flask resulting 
in a final concentration of 6 µg/mL.

For each sample, 10 test tubes were prepared containing 10 mL 
of broth Brain Heart Infusion (BHI) and 2 tubes were used for 
the negative and positive control. All the samples were steri-
lized. Each tube containing 10 mL of BHI, received 200 µL of 
the samples followed by 1 mL of the inoculum. All the tubes 
were incubated into the Shaker for 4 hours at 35.0ºC and rpm= 
25. At the end of the incubation, 500 µL of formaldehyde 12% 
was added to stop the bacteria growth. The samples were read 
at 530 nm.

Results
Determination of average weight

The average mass of doxycycline tablets was 0.368605g with 
RSD (%) = 2.37. No unit was outside the variation of ± 10% 
from the average mass which followed the requirement of the 
Brazilian Pharmacopoeia [7].

Stability study

The results of the stability study were analysed according to the 
chemical degradation kinetics. The chemical kinetics refers to 
the velocity of the reaction that is influenced by many factors. 
This velocity is represented by a constant k which indicates the 
intensity of degradation or alteration of drug’s compounds dur-
ing a period [29].

There are three types of chemical kinetics reactions, order zero, 
first order and second order. The order of the reaction is exper-
imentally determined by the regression coefficient. The coeffi-
cient (r) that is closer to 1 indicates the order of the reaction 
[30-32].

The zero - order and second - order models were used to de-
scribe the degradation kinetics of doxycycline hyclate samples 
used in this study. The doxycycline content at time zero was 
calculated using previously validated methods of UV, HPLC and 
turbidimetry [26-28].
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Raw material

Table 1 shows the results of content and linear regression coef-
ficients for doxycycline hyclate in raw material obtained by the 
methods at time 0, 3 and 6 months under thermal degradation in 
climatic chamber (40ºC / 75%).

Exposition time 
(months)

UV HPLC Turbidimetry

0 110.82 103.74 103.10

3 109.96 92.98 78.24

6 123.74 127.76 69.17

r Eq. order 0.8378 Order 
zero

0.6774
Order zero

0.9765
Second order

Table 1: Linear regression coefficients of doxycycline hyclate - raw 
material - at 0, 3 and 6 months determined by spectrophotometry 
UV/Vis, HPLC and turbidimetry.

Whereas, figure 2 shows the behaviour of doxycycline hyclate in 
raw material for each method and time.

Figure 2: Behaviour of doxycycline hyclate - raw material - 
analysed by spectrophotometry UV/Vis, HPLC and turbidimetry.

Spectrophotometry and HPCL presented a decrease at time 3 
followed by an increase in content at time 6. This may be due to 
co-elution of degradation products formed during the 6-month 
stability study. These possible degradation products should not 
present microbiological activity, as the turbidimetric analysis 
showed a decrease in the potency of doxycycline after 6 months. 
The statistical analysis showed that the results at time 6 are sig-
nificantly different from the initial time for all the methods.

Intact tablet: Table 2 shows the results of content and linear 
regression coefficients for doxycycline hyclate in intact tablet 
obtained by the methods at time 0, 3 and 6 months under thermal 
degradation in climatic chamber (40ºC / 75%).

Exposition 
time (months)

UV HPLC Turbidimetry

0 128.39 108.01 113.51
3 124.60 107.40 90.35
6 121.84 114.81 84.60

Table 2: Linear regression coefficients of doxycycline hyclate - pul-
verized tablets - at 0, 3 and 6 months determined by spectrophotom-
etry UV/Vis, HPLC and turbidimetry.

r Eq. order 0.9970
Order zero

0.8263
Second order

0.9526
Second order

Whereas, figure 3 shows the behaviour of doxycycline hyclate in 
intact tablet for each method and time.

Figure 3: Behaviour of doxycycline hyclate - intact tablets- 
analysed by spectrophotometry UV/Vis, HPLC and turbidimetry.

Pulverized tablets: Table 3 shows the results of content and lin-
ear regression coefficients for doxycycline hyclate in pulverized 
tablets obtained by the methods at time 0, 3 and 6 months under 
thermal degradation in climatic chamber (40ºC / 75%).

Exposition time 
(months)

UV HPLC Turbidimetry

0 124.94 111.47 109.00

3 121.60 103.17 83.30

6 118.40 115.70 76.36

r Eq. order 0.9998 Order 
zero

0.3320
Order zero

0.9591
Second order

Table 3: Linear regression coefficients of doxycycline hyclate - pul-
verized tablets - at 0, 3 and 6 months determined by spectrophotom-
etry UV/Vis, HPLC and turbidimetry.

Whereas, figure 4 shows the behaviour of doxycycline hyclate in 
intact tablet for each method and time.

Figure 4: Behaviour of doxycycline hyclate - pulverized 
tablets - analysed by spectrophotometry UV/Vis, HPLC and 
turbidimetry.
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The samples of doxycycline hyclate in intact tablet and pulver-
ized tablets showed similar results. The increase in content was 
detected only by HPLC at time 6. Yet, the content decreased 
when the samples were analysed by spectrophotometry UV/Vis 
and turbidimetry during the period of the study. The statistical 
analysis compared time 0 and 6 and it confirmed that the values 
were significantly different.

Statistical analysis

The average of the values obtained from the methods at time 0 
and 6 were statistically analysed and the results are shown in 
tables 4-6.

Test
UV

(0 and 6 
months)

HPLC
(0 and 6 
months)

Turbidimetry
(0 and 6 
months)

F calculated 4.18 23.36 1.99
F critical 4.28 4.28 3.18

T calculated 49.56 17.06 20.17
T critical 2.18 2.36 2.10

Table 4: Calculated values using F and T tests for the variation 
within the obtained results for the stability of doxycycline hyclate - 
raw material - at time 0 and 6.

Test
UV

(0 and 6 
months)

HPLC
(0 and 6 
months)

Turbidimetry
(0 and 6 
months)

F calculated 13.83 4.08 1.54
F critical 4.28 4.28 3.18

T calculated 35.44 3.22 16.07
T critical 2.36 2.18 2.10

Test
UV

(0 and 6 
months)

HPLC
(0 and 6 
months)

Turbidimetry
(0 and 6 
months)

F calculated 15.00 3.49 6.00
F critical 4.28 4.28 3.18

T calculated 46.84 3.12 16.53
T critical 2.36 2.18 2.18

Table 5: Calculated values using F and T tests for the variation 
within the obtained results for the stability of doxycycline hyclate - 
intact tablet - at time 0 and 6.

Table 6: Calculated values using F and T tests for the variation 
within the obtained results for the stability of doxycycline hyclate - 
pulverized tablets - at time 0 and 6.

Discussion
Stability studies can be complex because there are many fac-
tors that may influence the degradation of a drug, for example: 
pharmaceutical form, fabrication process, heat, humidity, stor-
age etc. In a consequence, a range of degradation reactions can 

occur such as oxidation, hydrolysis and epimerization. Such re-
actions result in drug’s modifications and in case of antibiotics it 
can decrease its microbiological activity, as well as formation of 
degradation products [21].

In this sense, tetracyclines are not stable under stress conditions 
so the epimerization can occur. Being part of the family of tet-
racyclines, DOX might also suffer this reaction resulting in a 
change of its properties [5].

This study developed a short-term stability study in doxycycline 
hyclate samples and the results followed degradation kinetics 
reactions of order zero and second order. In order zero reactions 
the velocity of the drug’s degradation is independent of its con-
centration. On the other hand, for second order reactions, the 
velocity does depend on the concentration of the drug [29]. As 
a result, the velocity of degradation of doxycycline hyclate is 
influenced by heat and humidity.

Raw material

This sample followed order zero degradation equations for spec-
trophotometry and HPLC and second order equation for turbi-
dimetry.

Analysing the results by UV and HPLC, the content of DOXH 
in raw material increased significantly at time 6. The degrada-
tion products may have been absorbed at the same wavelength 
as DOXH both for UV and HPLC due to the similarity within 
their structures, what can explain this increase. Besides, HPLC 
was not possible to separate the products from DOXH resulting 
in co-elution.

The microbiological assay showed that despite the increase of 
content detected by the previous methods, there was a signifi-
cant loss of activity at time 6 which dropped to 69.17% in re-
lation to the initial time. This behaviour was already expected 
since the short-term stability study results in a decrease of effi-
ciency of the drug due to the damage of its active ingredient that 
is caused by degradation.

Thus, according to the tests, DOXH in raw material was unstable 
under extreme conditions of heat and humidity after a 6-month 
time of storage in climatic chamber, resulting in degradation 
products and loss of microbiological activity.

Intact tablet and pulverized tablets

Both samples followed order zero equations for HPLC and sec-
ond order equation for spectrophotometry and turbidimetry.

They were grouped together due to the similar results regarding 
their behaviours under the same exposition to stress factors. The 
fact that they are finished products can explain why they were 
different from the raw material.

The spectrophotometry showed that both samples presented a 
decrease in their content from time 0 to time 6. This decrease 
was statistically different when time 0 and 6 were compared. 
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A possible explanation is that the degradation products could 
not be detected by the wavelength set for the experiment (268 
nm) and this could be influenced by the presence of the tablet’s 
excipient.

Nevertheless, when the samples were analysed by HPLC the re-
sults were similar to the ones found for the raw material, which 
makes it a more precise method. The content of intact tablet and 
pulverized tablets increased significantly at the final time, how-
ever this increase was lower than what it was seen for raw ma-
terial. The degradation products can also explain this situation.

In consonance with the results obtained by turbidimetry for raw 
material, the content of intact tablet and pulverized tablets also 
showed a decrease, indicating loss of activity. The decrease in 
content for the tablets was lower than in the raw material be-
cause the tablets can still count on the protection of their excip-
ient which are not present in raw material.

Therefore, both intact tablet and pulverized tablets were unsta-
ble under stress conditions of heat and humidity after a 6-month 
period, presenting a drop of anti-microbiological activity and 
formation of degradation products.

Although the results of intact tablet and pulverized tablets were 
similar, when statistically compared they were considered dif-
ferent for spectrophotometry and turbidimetry. In this sense, the 
content of pulverized tablets was inferior to the content of in-
tact tablet. This may happen due to the overkill process that the 
pulverized tablets go through. The pulverization is a stressing 
procedure and it can lead to a false stability of the drug. Thus, 
it is recommended to carry out a stability study only with intact 
tablets.

The objective of this study was to evaluate the stability of doxy-
cycline hyclate during a 6-month period under stress conditions. 
The changes were significant at the final time of the study and 
this corroborates with results of Rade and collaborators [5] that 
also developed a thermal degradation of doxycycline hyclate.

These results demonstrate the importance of stability studies 
during the fabrication and registration process of drugs and 
medicines, in order to keep with the quality and safety. Besides, 
this study also revealed that physicochemical methods are use-
ful and precise for the quality control, but the combination with 
microbiological tests is indispensable when it comes to obtain 
even more secure results, since they present the activity of the 
drug [33].

Conclusion
The raw material and tablets showed different results when an-
alysed by spectrophotometry and HPLC, possibly due to the 
presence of the excipient in finished products. HPLC and spec-
trophotometry could detect a possible formation of DOXH deg-
radation products at time 6 months.

All the samples presented a decrease of content when analysed 
by turbidimetry, showing a loss of activity. When the results were 
statically compared, they were significantly different at time 0 
and time 6 for all the methods. Therefore, doxycycline hyclate 
in raw material, intact tablet and pulverized tablets was sensible 
under exposition to 40ºC of temperature and 75% of humidity.

For quality control of drugs and medicines, the combination of 
physicochemical and microbiological techniques is important in 
the sense that it is not enough only to identify and quantify the 
drug, but also to verify the activity.
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