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ABSTRACT: Administration of drugs, especially antibiotics, via
intravenous injections with different types of solutions is a
common and widely applied treatment method in human and
veterinary medicine. One of these antibiotics is oxytetracycline,
which is a tetracycline. The aim of this article is to study the effect
of temperature (5 °C, 40 °C) and light on the stability of
oxytetracycline injections after dissolving different types of
reconstitution solutions (sodium chloride 0.9%, dextrose 5%,
sodium chloride 0.9% with dextrose 5%, Ringer). After 24 h, the
concentration of the oxytetracycline was determined by the HPLC
method. The results showed a decrease in the concentration of
oxytetracycline due to the effect of high temperature (40 °C) and
light in all solutions. On the other hand, the decrease in the
concentration of oxytetracycline was less than on low temperature
(5 °C) and light protection. The effect of the solution reconstitution solution was also evaluated where the stability of
oxytetracycline was best in dextrose 5% solution, followed by sodium chloride 0.9%, Ringer’s solution, and mixed (dextrose with
sodium chloride 0.9%). This paper recommends reconstituting oxytetracycline with 5% dextrose and storage under refrigeration
away from light to maintain a better stability of oxytetracycline.

1. INTRODUCTION
Antibiotics are heterogeneous organic compounds with low
molecular weights produced by living organisms (microbes,
algae, plants, or animals) that have the ability to inhibit the
growth of other microorganisms in low concentrations; in a
broader sense, they are chemical therapeutic agents that inhibit
the growth of microorganisms such as bacteria.1 Antibiotics
were classified according to several criteria, the best of which
was classification according to the structure of their organic
compounds and their common functional groups.1

Tetracycline is one of the most popular classes of antibiotics,
a subclass of complex organic compounds known as
polyketides that possess the structure of oxyahydrotetracene-
2-carboxamide.2 Tetracycline was first discovered as a
fermentation product for soil bacteria.1 Figure 1 shows the
basic structure of all tetracyclines.
Tetracyclines have been widely used in human and

veterinary medicine as well as in agriculture for the control
of certain bacterial diseases since their discovery,3,4 as they
have shown great effectiveness in the treatment and prevention
of many bacterial infections resulting from various bacteria,
including chlamydia, mycoplasma, and rickettsia, and interest
in these compounds has increased recently due to their use in
contemporary medical fields such as neuroscience, tumors, and
viruses, in addition to their high effectiveness, which allowed

their use in abundance in developing countries with limited
health care budgets.5,6

Oxytetracycline (OXY) (C22H24N2O9) is a broad-spectrum
antibiotic yellow crystal powder. It is used in many
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Figure 1. General formula of tetracyclines.
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pharmaceutical forms (injections, tablets, capsules, ointments,
and oral suspensions). In 1953, the Food and Drug
Administration approved OXY as a feed additive, allowing its
use for the therapeutic treatment of numerous poultry diseases
on commercial farms. The antibiotic could be added directly to
their feed or water or administered via aerosols.7 OXY is also
applied in treating infections in poultry, cattle, sheep, and
swine and is used against foulbrood disease in honeybees.8

Furthermore, its broad antibacterial spectrum and high
potency make OXY a commonly used antibiotic for combating
bacterial infections in aquaculture, including fish farming and
shrimp raised on farms.9 The overuse of antibiotics in human
health, animal husbandry, and food production has compro-
mised their effectiveness due to the rise of bacterial resistance.
Therefore, promoting the judicious use of antimicrobials is
crucial for ensuring their continued safe and effective
application in clinical settings.10 Oxytetracycline (OXY) is
notable among tetracyclines for its wide-ranging efficacy and
cost-effectiveness. However, these attributes have led to its
widespread misuse, particularly in countries like Brazil, where
OXY-containing drugs are dispensed for veterinary purposes
with minimal oversight by regulatory bodies such as the
Ministry of Agriculture, Livestock and Food Supply and the
National Health Surveillance Agency. This unregulated use of
OXY in animals risks not only microbial resistance but also
environmental pollution, as roughly 20% of the medication is
excreted unchanged in feces and urine, ultimately contaminat-
ing soil, rivers, and lakes.11

Stability is a critical aspect of any active pharmaceutical
ingredient (API), which must be taken into account during
various stages, such as early formulation, development,
production, storage, and commercialization. The chemical
and physical stability of an API significantly influences the
safety and effectiveness of the drug products. They should
remain stable throughout their shelf life, unaffected by
environmental factors, such as temperature, moisture, and
light. Understanding the effects of these factors is essential for
establishing appropriate manufacturing and storage conditions,
determining retesting intervals, and assessing the shelf life of an
API.12

Considering the importance of stability for quality control of
pharmaceutical products and the clinical relevance of OXY,
mainly in veterinary medicine, this work provides the effect of
temperature and light on the stability of oxytetracycline in
different types of reconstitution solutions; the reason for
selecting these conditions is that oxytetracycline is influenced
by environmental factors, such as temperature and light, during
the treatment. As for the reconstitution solutions, oxy-
tetracycline in its prepared injection pharmaceutical form is
used in intravenous treatments for farm animals where it is
administered with these solutions to facilitate treatment.

2. METHODS
2.1. Standard Preparation. Oxytetracycline standard (Mw

= 460.434g/mol) was purchased from Hong Kong Lipharma
International Company with assay 96.3%. Standard solutions
were prepared by dissolving oxytetracycline in deionized water
at a concentration of 800 mg/L.
2.2. Control Sample. The control sample was prepared

from a commercial product (OXYDIMA 5% oxytetracycline
for injection) with deionized water at a concentration of 800
mg/L.

2.3. Sample Preparation. All samples were prepared from
OXYDIMA 5% with different diluting solutions: sodium
chloride 0.9%, dextrose 5%, sodium chloride 0.9% + dextrose
5%, Ringer's (NaCl 8.6 g/L, KCl 0.30 g/L, CaCl2 0.33g/L).
The pH of the diluting solutions was determined before
addition of the medicinal substance.
Stability of OXY in four diluting solutions was tested at 5 °C

± 2 and 40 °C ± 2 °C. The solutions were stored in an air
thermostat oven for 24 h. The solutions were placed in
transparent glass containers and others in dark glass containers
covered with cellophane paper in light protection; artificial
light was used to study the effect of light on the stability of
oxytetracycline in these solutions. Time 0 was defined as the
time of addition of the antibiotic to the diluting solution.
2.4. Assay Method. An optimized high-performance liquid

chromatography (HPLC) was performed by the ACDIMA
Veterinary Pharmaceutical Laboratory. The isocratic mobile
phase consisted of a mixture of HPLC-grade A, consisting of
oxalic acid 0.01 M methanol and acetonitrile (55:18:27 v/v),
and B, consisting of oxalic acid 0.01 M (A:80 B:20). All
solutions for HPLC analysis were filtered through a 0.45 μm
microporous membrane before use, at a constant flow rate of
0.6 mL/min. The column was Shim-pack XR-ODS II C18 (3.0
mm i.d. × 100 mm), the ambient temperature of the column
during the procedure was around 25 °C, and the pressure was
6.5 MG Pa. Injection volumes of 20 μg were used. To avoid
interference from degradation products, PDA detection was
performed at a wavelength of 360 nm. Quantitation was
performed by integration of the area under the curve and the
retention time of about 2.6 min.

3. RESULTS
3.1. Standard. Figure 2 shows the HPLC chromatogram of

a standard solution of oxytetracycline.

3.2. Control Sample. Figure 3 shows the HPLC
chromatogram of the control solution of the pharmaceutical
sample. Oxytetracycline retention time was about 2.600 min,
the peak area was 5,838,230, and the peak shape was good.
The tailing factor was 1.12285, while the RSD% was 0.9%
when n = 5.
In order to determine the quality assurance test, the integral

of the area under the curve was calculated for both the
standard sample (Figure 2) and the pharmaceutical sample
(Figure 3). The results show that the concentration of
oxytetracycline on the OXYDIMA 5% was 99.90%.

Figure 2. Representative chromatograms of standard solution
oxytetracycline.
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3.3. Effect of Sodium Chloride 0.9% Solution. Figure 4
shows the HPLC chromatograms of oxytetracycline in sodium
chloride 0.9% at different conditions, A: 40 °C + light − B: 40
°C + without light − C: 5 °C + light − D: 5 °C + without
light.
3.4. Effect of Dextrose 5% Solution. Figure 5 shows

HPLC chromatograms of oxytetracycline in dextrose 5%
solution at different conditions, A: 40 °C + light − B: 40 °C
+ without light − C: 5 °C + light − D: 5 °C + without light.
3.5. Effect of Sodium Chloride 0.9% + Dextrose 5%

Solution. Figure 6 shows HPLC chromatograms of oxy-
tetracycline in sodium chloride 0.9% + dextrose 5% solution at
different conditions, A: 40 °C + light − B: 40 °C + without
light − C: 5 °C + light − D: 5 °C + without light.
3.6. Effect of Ringer's Solution. Figure 7 shows HPLC

chromatograms of oxytetracycline in Ringer's solution at
different conditions, A: 40 °C + light; B, 40 °C + without
light; C, 5 °C + light; D, 5 °C + without light.

4. DISCUSSION
The results in Table 1 show that the highest decrease in the
OXY concentration was at 40 °C in the presence of light,
regardless of the solution used. This is consistent with a
previous study.13 To determine the stability of ampicillin and
ceftriaxone solutions, it was found that the solutions were
stable for 30 h at temperatures of 25 and 30 °C, while none of
the stability criteria were achieved at a temperature of 37 °C.
At 5 °C present with light, the decrease in the OXY

concentration was much less compared to 40 °C with light: it
was 13.6% in the sodium chloride 0.9% + dextrose 5% solution,
9.6% in the Ringer solution, 2.4% in the sodium chloride 0.9%
solution, and finally 1.9% in the dextrose 5% solution; this is
consistent with the literature.14 Penicillin diluted in sodium
chloride 0.9% and dextrose 5% solution was stable when stored
at 5 °C for 21 days with a recovery of no less than 90%.
Additionally, another study found that the stability of
oxytetracycline-methanol solution is related to the preservation
temperature. The solution was more stable under low
temperature conditions than at room temperature.15

We also note that the highest percentage of decrease in the
OXY concentration was in the mixed solution, where it
reached 24.9%, followed by 20.7% in the Ringer solution and
17.3% in the sodium chloride 0.9% solution, while it was 5.7%
in the dextrose 5% solution, which is the lowest percentage of
decrease at a temperature of 40 °C in the presence of light.
Some physical changes were observed on prepared solutions;

the OXY in mixed solution precipitate was observed after 24 h.
This could explain the decrease of its concentration, since
solubility is the most important factor affecting the decrease of

concentration;16 also, a color change was observed after 24 h
when OXY was mixed with Ringer's solution. This change can
be attributed to the binding of OXY to cations in the solution.
Tetracycline was considered as a strong chelating agent, and its
antibacterial properties and pharmacokinetics are affected by
the chelation of metal ions present in food and the biological
environment. OXY forms complexes at several positions in its
molecule due to the presence of different electron donor
groups.17,18 Figure 8 shows the molecular form of the
association of tetracycline with metals.19

Our results showed the impact of direct light on accelerated
degradation. Samples stored without light protection were
unstable even during 24 h. All tetracyclines are sensitive to

Figure 3. Representative chromatograms of control solution.

Figure 4. Representative chromatograms of oxytetracycline diluted in
sodium chloride 0.9%, A: 40 °C with light; B: 40 °C without light; C:
5 °C with light; D: 5 °C without light.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c09760
ACS Omega 2025, 10, 12037−12042

12039

https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09760?fig=fig4&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c09760?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


light, high temperatures, and humidity, and aqueous solutions
of OXY decompose by light in the absence of oxygen, and high
temperature can accelerate photodegradation.20,21 Scheme 1
shows some of the OXY decomposition products.
The pH of diluting solution also has a role in accelerating

the dissolution of OXY, and it forms positive ion (weak acid)
in acidic solutions; the aqueous solutions of OXY are stable at
pH 1.0 to 2.5 for at least 30 days at 30 °C.23 However, in
alkaline solutions, it ionizes and gives the conjugate anion,
which increases the compound’s ability to bond with cations.24

This also explains that OXY is more stable in dextrose solution
at pH = 4.45, which is more acidic than sodium chloride 0.9%
at pH = 5.95, followed by the Ringer’s solution, which is pH =
6.5 OXY reacting with Ca2+. It forms complexes in solutions
whose pH is higher than 6.23 As for the apparent decrease in

the mixed solution, even though its pH is lower than the
Ringer solution, this is due to its precipitation, which was
mentioned previously.

5. CONCLUSIONS
According to the results presented here, the stability of
oxytetracycline-reconstitution solutions is highly related to the
preserved temperature and light. Under the same temperature
preservation and light conditions, the oxytetracyclines were
more stable when diluted with 5% dextrose, followed by
sodium chloride 0.9% and then Ringer, and it was least stable
when diluted with mixed solution. Under these conditions, all
solutions were most stable under conditions of storage at low
temperatures and light protection. Based on the recent results,
when the oxytetracycline solution needs to be stored without
degradation, it is recommended to use the dextrose 5%
solution with oxytetracycline at 5 °C with light protection for

Figure 5. Representative chromatograms of oxytetracycline diluted in
5% dextrose, A, 40 °C with light; B, 40 °C without light; C, 5 °C with
light; D, 5 °C without light. Effect of sodium chloride 0.9% + dextrose
5% solution.

Figure 6. Representative chromatograms of oxytetracycline diluted in
sodium chloride 0.9% + dextrose 5%. A: 40 °C with light − B: 40 °C
without light − C: 5 °C with light − D: 5 °C without light.
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24 h. However, further studies are necessary to better
understand the oxytetracycline degradation process as well as
the biological effects and other properties of the degradation
products.
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