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Livestock breeding plays a key role in sub-Saharan Africa because it is an important
source of highly valued protein in the human diet, and because it is an essential driver
for socio-economic development. It represents a form of investment and is also
important from a socio-cultural point of view (ceremonies, social position, etc.).
Livestock is an important source of income, livelihood, nutrition, and food security.
However, livestock breeding faces, among other things, major sanitary constraints.
Furthermore, the circulation of non-compliant antibiotics on the market constitutes
a major threat to animal health, public health, and the environment. This research
aims to develop and validate a UV-vis method for quantifying pharmaceutical
oxytetracycline. The method developed was validated following the total error
strategy as a decision tool in the accuracy profile. After its completion, the
method demonstrated good absolute and relative bias and was within a tolerable
interval of [−2%, +2%]. The method was also repeatable with intermediate precision,
with respectively lower values than 2% and 4%. We also assessed the recovery and
accuracy of the method as fitting with the specification limits. After its validation, the
method was quantified in 47 oxytetracycline injectable samples, where we obtained
28 samples complyingwith specifications and 19 that did not. That led us to conclude
that the developed method was validated and appropriate for quantification in terms
of the routine quality control of oxytetracycline injection. The method needs to be
reviewed and revalidated accordingly for other pharmaceutical presentations.
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Introduction

In sub-Saharan Africa, breeding plays a key role because it is an important source of highly
valued protein in the human diet, and also because it is an essential driver for socio-economic
development in view of its multiple roles (Zongo, 2014). It represents a form of investment and
is also important from a socio-cultural point of view (ceremonies, social position, etc.).
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Livestock is an important source of income, livelihoods, nutrition, and
food security (Herrero et al., 2014; World Bank, 2016).

Approximately one billion people in South Asia and sub-Saharan
Africa living on less than $2 per day raise animals (Herrero et al.,
2014). However, this breeding is confronted, among other things, with
major sanitary constraints which limit its effectiveness. Major
epizootics in these regions include foot-and-mouth disease,
contagious bovine pleuropneumonia, bovine and ovine
pasteurellosis, symptomatic anthrax, bovine lumpy skin disease,
gastrointestinal parasitosis, and haemoparasitosis, including
trypanosomiasis (Kane, 2008). According to the World
Organization for Animal Health (OIE), approximately 90% of
livestock and poultry diseases on its list are present in Africa (OIE,
2008).

Experts in the sector thus believe that the development of livestock
farming in Africa requires the intervention of veterinary programs to
protect and fight against the various animal diseases, based on
vaccination, treatment, and other prophylactic methods through an
effective animal health policy based largely on the use of quality
veterinary drugs (Kane, 2008; OIE, 2008). The use of drugs for
veterinary use, in particular antibiotics for prophylaxis, metaphylaxis,
and therapeutic treatments, has greatly encouraged the intensification of
animal production in recent decades (OIE, 2016; Abdouel, 2019).
However, some breeders have criticized the quality of veterinary
medicines available on the market, arguing that certain medicines,
particularly veterinary antibiotics, are less effective or are ineffective,
and lead to a residual presence in foodstuffs of animal origin and to
the development and transmission of antibiotic resistance from animals to
humans (AFSSA, 2006; OIE, 2016; Dognon, 2018).

Studies carried out in Senegal, Benin, Cameroon, Rwanda, Mali,
and other West African countries have revealed the circulation of
counterfeit veterinary medicines, sub-standard products, and products
that would not pass authorization (Teko-agbo, 2008). However, data
on the quality of drugs consumed in the animal sector are not very
precise or are even non-existent in certain African countries, such as
the Democratic Republic of Congo (DRC) (Essene, 2009; Ernesto,
2020; Okombe, 2017; Dognon, 2018).

Since medicinal products for veterinary use are one of the essential
tools for safeguarding both public and animal health, it is vital to
ensure that these products have a high level of quality, safety, and
efficacy (Goose, 2010). This study, therefore, aims to contribute to the
physicochemical quality of injectable oxytetracycline for veterinary
use marketed in Kinshasa by developing a UV-vis spectrometric
method for its quantification. A developed analytical method
within well-defined limits will validate the reliability of results
(Bipon, 2008; Swiss Accreditation Service, 2017; French Association
for Standardization (AFNOR), 2017; International Organization for
Standardization, 2017).

Materials and methods

Materials

We performed spectrophotometric analysis using a GENESYS 10S
UV-vis brand single-beam UV-visible spectrometer (Series:
2M1N299002, with a xenon lamp), an Agilent 8453 brand double-
beam UV-visible spectrophotometer (2140-0605, with deuterium
lamp), and a 1 cm-wide quartz cell. The analytical balance we used

for weighing was Gram FV-220C (IPESAGE S.A.S, France). A
HANNA brand HI 9126 pH meter was used.

Reagents

The following chemicals were used as reagents to perform this
method: concentrated hydrochloric acid (37%) for analysis of brand
univ AR® (SAAR3063054LCA), concentrated sulfuric acid (98%) for
analysis from Merck (CAS 7664-93-9/112080), oxytetracycline RS
(96%) from VWR Chemicals (CAS 2058-46-0/6153-64-6), and
distilled water from the Medicines and Foodstuffs Quality Control
Laboratory (LACOMEDA) of the Faculty of Pharmaceutical Sciences
of the University of Kinshasa.

Methods

Method selection
The instrumental analysis technique selected for this study was

UV-visible spectrophotometry because of its availability in the DRC,
its ease of use, the reliability of its results, and the availability of
reagents.

Method development and validation
We determined the targeted wavelength (268 nm) by scanning a

reference solution in the targeted concentration (5 μg/ml) with the
DAD and prepared sample solutions at different levels of
concentration.

The purpose of method validation is to provide laboratories and
competent authorities with sufficient guarantees for each measurement
that will subsequently be carried out routinely. Once validated, the
method should afford results that will be sufficiently close to the
unknown “true value” of the sample or at least within an acceptable
limit, depending on the purpose of the procedure (Swiss Accreditation
Service, 2017; French Association for Standardization (AFNOR), 2017;
International Organization for Standardization, 2017).

Solutions preparation

Identification of oxytetracycline
The analyte was subjected to identification before the preparation

of standards and quantification of the collected samples. This was
done by spectrophotometry UV-vis by comparing the oxytetracycline
spectrum either for raw material, dedicated for standards preparation,
or for samples to the spectrum obtained with the reference
oxytetracycline.

Both reference and sample were prepared by dissolving an
appropriate quantity of the pharmaceutically active ingredient in
aqueous hydrochloride solution 0.1 N. The spectra measurements
were performed at a maximum wavelength of 268 nm (by Clarck, 4th
edition). To reach a conclusion about the identity between the
reference and the sample, both their UV spectra should be
stackable; this was the case with ours.

Calibration standard
The stock solution was prepared by dissolving, in a 200 mL

volumetric flask, 50 mg of oxytetracycline RS powder in 50 mL of
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0.01 N HCl; we then brought to volume with the same solvent to have
the stock solution concentrated to 250 μg/mL.

From this stock solution, we took three volumes respectively of 1,
3, and 5 mL, which were placed into three 50 mL volumetric flasks. We
then brought to volume with 0.01 N HCl to obtain calibration
standards of 5, 15, and 25 μg/ml of oxytetracycline.

Validation standard
Independent stock solutions were prepared in the same way as

those of the calibration standards, but this time in the matrix (sodium
hydroxy methane sulfinate, magnesium oxide, povidone, methyl-1
pyrrolidone, and water for injection). They were successively diluted
with 0.01 N HCl to obtain daughter solutions.

Blank solution
This was prepared using a hydrochloride acidic solution at 0.01 N

without adding other components.

Analytical solution
For each sample, we took a volume of solution containing 50 mg of

oxytetracycline powder (pharmaceutical active ingredient) placed in a
200 mL volumetric flask and brought to volume with 0.01 N HCl to
obtain solution A (solution A = 0.25 mg/mL). Then from this Solution A,
we took 1 mL that we placed in a 50 mL volumetric flask and brought to
volume with 0.01 N HCl to obtain the final solution of 5 μg/mL.

Formulation of tested dosage forms
All the studied dosage formswere selected based on their composition

in active pharmaceutical ingredients on one hand and excipients on the
other. Hence, the commonly-used matrix for analyzed samples was
described above and the formulation made as follows:

⁃ Dissolve the magnesium oxide and methyl-1 pyrrolidone in the
povidone (a).

⁃ Dissolve the sodium hydroxy methane sulfinate in the obtained
Solution A to produce I.

⁃ Stir Solution I until the complete dissolution of components.
⁃ Incorporate Solution I under shaking in a quantity of sufficient water
for injection to dissolve all components within the solution to
produce Mixture B.

⁃ Measure the pH which is to be comprised between 5 and
5.5 before completing the water injection to fill the required
volume.

⁃ Filtration of Mixture B on 0.22 μm filter paper under vacuum, using
Buchner funnel.

⁃ Filling the sterilized vials with sufficient oxytetracycline volume.

Note that all the formulation steps were conducted under UV light
conditions and the tested dosage forms were currently dosed at 20%
for 45 oxytetracycline injectable samples and 5% for two
oxytetracycline injectable samples.

Results and discussion

Method development

The following conditions were determined for the analysis of
oxytetracycline using a UV spectrophotometer: 0.01 N hydrochloric
acid as the dissolution solvent; 268 nm as the working wavelength;
5 μg/ml as the target concentration (after three repeated
measurements with precision and specificity to the analyte) and a
blank which constituted 0.01 N hydrochloric acid.

TABLE 1 Absolute and relative bias.

Concentration levels Mean of introduced concentrations (µg/mL) Absolute bias (µg/mL) Relative bias (%)

1 5.000 −0.0066 −0.1316

2 15.00 0.0313 0.2088

3 25.00 −0.0083 −0.0333

TABLE 2 Recovery rate.

Concentration levels
(µg/mL)

Mean of introduced
concentrations (µg/mL)

Mean of calculated
concentrations (µg/mL)

Recovery
rate (%)

Confidence interval of
recovery (%)

1 5.000 4.993 99.87 [98.09, 101.7]

2 15.00 15.03 100.2 [99.23, 101.2]

3 25.00 24.99 99.97 [98.78, 101.2]

TABLE 3 Precision in terms of repeatability RSD (% and intermediate precision RSD (%).

Concentration levels Mean of introduced concentrations (µg/mL) Repeatability (RSD%) Intermediate precision (RSD%)

1 5,000 1.162 2.192

2 1,500 0.9230 1.369

3 2,500 0.4713 1.762
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Method validation

In this research, we defined the calibration range from 5 to 25 μg/
ml. Over this interval, we evaluated the different validation criteria of
the analytical methods. These criteria focused on accuracy, precision
in terms of repeatability and inter-series precision, measurement
uncertainty, accuracy profile, and linearity (using a range of
concentrations with five points). The validation was carried out at
three concentration levels, with three repetitions for 3 days.

Specificity/selectivity

For the first studied criterion of the validation, we assessed the
specificity/selectivity of the developed method by scanning both the
standard calibration and the standard of validation solutions prepared
at the target concentration level with different wavelengths using the
DAD. This was to determine, within the interval of between 200nm
and 400 nm, what the maximal absorption wavelength would be when
only the analyte could absorb UV. The matrix effect was then

suppressed from the whole solution to avoid its impact during
measurements. The specific wavelength was established at 268 nm
for selective determination without the detection of impurities, matrix,
or degradation products.

Based on ICH guidelines Q2, we assessed the interference
influence using the matrix components. The validation standard
was scanned within the wavelength 200–400 nm and no excipient
was absorbed at the targeted wavelength (268 nm). Some of the
components showed a significant absorption over the target.
Povidone was absorbed at 365 nm, but sodium hydroxy methane
sulfinate, magnesium oxide, and methyl-1 pyrrolidone did not show
significant absorption. After scanning, all excipients’ influence was
suppressed to perform analysis at the analyte’s maximal absorption
wavelength.

Trueness

Table 1 illustrates the results of calculated bias at the different
concentration levels. Based on these results, we found that the absolute

TABLE 4 Uncertainty evaluation.

Concentration levels Mean of introduced
concentrations (µg/mL)

Bias uncertainty
(µg/mL

Extended uncertainty
(µg/mL)

Extended relative
uncertainty (%)

1 5.000 0.0579 0.2480 4.961

2 15.00 0.0990 0.4561 3.041

3 25.00 0.2481 1.011 4.044

FIGURE 1
Accuracy profile of the developed method.

TABLE 5 Method accuracy expressed using beta-tolerance.

Concentration levels
(µg/mL)

Mean of introduced
concentration1 (µg/mL)

Tolerance limit "β-
expectation” (µg/mL)

Tolerance limit "β-expectation”
relatives (%)

Risk2

(%)

1 5.000 [4.581, 5.406] [-8.378, 8.114] 3.149

2 15.00 [14.39, 15.67] [-4.068, 4.486] 0.3110

3 25.00 [23.00, 26.98] [-8.006, 7.940] 3.157
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bias at all levels was between −0.0066 and +0.0313, and the relative bias
(%) was between −0.0333 and +0.2888. As these results were within
specified limits included in the [-2%, +2%] interval, we concluded that
the estimated bias at each level of concentration was acceptable.

The acceptance limits for the relative bias are ±2% for a drug
product assay (International Organization for Standardization, 2017).

Table 2 shows that the recovery rate (%) is 98.09–101.7 using the
95%–105% confidence interval.

Thus, by observing the results of Tables 1 and 2, we can determine
that the developed oxytetracycline assay method is true and can give
appropriate results at the proposed concentration levels.

Precision

Table 3 groups the method’s precision results in terms of
repeatability and intermediate precision. This was assessed by
determining the three replicates of the three sample solutions
obtained separately at different levels of concentration. Their
preparations were made to be close so that the repeatability was
constant across the concentration range. The acceptance limits for the
relative bias are ±2% for a drug product assay (International
Organization for Standardization, 2017; USP XL, 2020). The

intermediate precision was also studied to evaluate the effect of
random events on the method precision. For this purpose, we
considered additional parameters such as performing analysis on
different days, the use of a secondary UV-spectrophotometer
different from the first, and the method used by different analysts.
Additionally, the intermediate precision afforded acceptable values,
comprised within [-3%, +3%] as required for the drug product assay
(USP XL, 2020).

The relative standard deviation for the repeatability at the different
concentration levels was between 0.471 and 1.162. We found that, at
all concentration levels, the repeatability RSD was less than 2%
(International Organization for Standardization, 2017). This reflects
the low intra-day dispersion of the results obtained.

Moreover, the RSD for intermediate precision at the different
levels was between 1.762 and 2.192 at all concentration levels, and the
intermediate precision RSD was less than 3% (International
Organization for Standardization, 2017).

Observing these results, we can therefore determine that the
method is acceptable in the dosage range of 5–25 μg/ml according
to the precision criterion.

Measurement uncertainty

According to the general approach, uncertainty evaluation
requires estimating the random and systematic errors of the
method. This should provide estimates of the within- and between-
lab components of variance combined with an estimate of uncertainty
coupled with the method trueness (Bratinova et al., 2009). Therefore,
in this research, we determined random error separately using within-
laboratory reproducibility and systematic error, and then calculated
the uncertainty following the formula given in the literature.

Table 4 presents the results of the measurement uncertainty
calculation. The uncertainty of a measurement, is broadly defined,
as the area within which the true value is likely to lie. The relative
expanded uncertainties (%) observed at the different concentration
levels are between +3.041 and +4.961. We found that, at all
concentration levels, the relative expanded uncertainty was less
than 5% (International Organization for Standardization, 2017).

FIGURE 3
The developed method linearity profile.

FIGURE 2
Developed method linearity.
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TABLE 6 Analytical results of 47 monitored samples.

Sample Batch number Identification Essay (%) Analytical decisiona

1 JC0205 Positive 93.2 Conform

2 001K Positive 98.0 Conform

3 A206ZC Positive 84.9 Not conform

4 A206ZC Positive 95.0 Conform

5 A206ZC Positive 95.6 Conform

6 A206ZC Positive 75.0 Not conform

7 KEVO4 Positive 99.0 Conform

8 0721 Positive 88.1 Not conform

9 0721 Positive 105.6 Conform

10 00K9 Positive 113 Conform

11 20H7 Positive 94.9 Conform

12 00344J Positive 101.7 Conform

13 FA0548829 Positive 84.9 Not conform

14 4286601G Positive 90.5 Conform

15 4286601G Positive 100.3 Conform

16 4286601G Positive 95.0 Conform

17 FEK660B Positive 83.2 Not conform

18 Q0O22 Positive 89.2 Not conform

19 BOK534 Positive 93.9 Conform

20 BOK533 Positive 97.0 Conform

21 BOK007 Positive 88.2 Not conform

22 JQ036782K Positive 90.2 Conform

23 602HI14 Positive 82.7 Not conform

24 FO046 Positive 99.5 Conform

25 HH03L Positive 100.7 Conform

26 A0266 Positive 83.8 Not conform

27 670 Positive 101.0 Conform

28 332 Positive 99.6 Conform

29 332 Positive 79.2 Not conform

30 8UJ Positive 98.4 Conform

31 EdIK703PP Positive 86.4 Not conform

32 EdIK703PP Positive 100.3 Conform

33 EdIK703PP Positive 74.9 Not conform

34 AT22ER3VI Positive 109.0 Conform

35 DO021 Positive 81.9 Not conform

36 ITH01 Positive 95.7 Conform

37 ITH01 Positive 79.9 Not conform

38 kK05K Positive 102.3 Conform

39 773562 Positive 100.8 Conform

(Continued on following page)
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Accuracy

As presented in the Figure 1 and Table 5, the method accuracy
profile was etablished on three concentration levels. This criterion
allowed us to assess the difference between each individual result and
the accepted reference value from both the random and systematic
errors. The calculated results used for calculating beta tolerance were
first multiplied by an appropriate factor and then utilized for accuracy
determination, as given in the following table.

The method accuracy was assessed by determining the recovery
using well-known analyte concentrations in an appropriate matrix. As
we developed a UV-vis method, the assay results obtained were
compared with those from an established analytical method for
more certainty. For drug product assay, the acceptance criteria are
fixed between 95.0% and 105.0% (USP XL, 2020).

The β tolerance intervals were located within the acceptance limits,
referring to the linear regression model, the risks of having
measurements outside the acceptance limits observed at the
different concentration levels were between +0.3110 and +3.157.
The literature indicates that the risk that the β tolerance intervals
are outside the acceptance limits should not exceed 5% (International
Organization for Standardization, 2017).

We found that the risk is less than 5% at all levels of concentration;
thus, the developed method is accurate and fits analytical
determination at all levels of concentration.

Linearity

Figure 2 shows the linearity curve of the oxytetracycline assay
method by UV-Visible.

In Figure 2, we observe that the determination coefficient (R2) of
the developed method is equal to 0.9997. This value is close to the
values determined by Prasad (2010), Sebayim and hasson (2019), and
Naumoska et al. (20122)—0.9994, 0.9999, and 1, respectively.

Linearity is proven when R2 is greater than 0.99 (International
Organization for Standardization, 2017); thus the linearity of our
method is proven.

For a better appreciation of this linearity, we used the linearity
profile based on the tolerance interval and acceptance limits shown
in Figure 3.

As can be seen in Figure 3, which presents the linearity profile of
the method, the tolerated interval represented by the broken blue lines

is inside the acceptance limits defined by the black dotted lines; thus,
the linearity of this method is proven.

Method application

The validated method was then successfully applied to 47 samples,
divided into three doses (50 mg/ml, 100 mg/ml, and 200 mg/ml),
18 batches which were manufactured by eight pharmaceutical
companies in five countries.

All the results were calculated following the Beer-Lambert law to
express the analyte concentration thus:

A � l × ε × c

where A is the analyte absorbance, ε is the specific absorption
coefficient, and l is the optical trajectory distance.

The assay was performed with UV-visible spectrophotometry.
However, this method requires precise dilutions and a good cleaning of
the cuvette, as well as avoiding any pipetting error. For this study, the
acceptable content of oxytetracycline should be between 90% and 110%
(Naumoska et al., 2012). Based on these limits, out of the 47 samples
analyzed (Table 6), 28 samples were compliant (i.e. 59.57%) against 19
samples non-compliant (i.e. 40.43%).

The cases of non-compliance observed after the determination of the
active ingredient using the developed and validated method were under-
dosing (18 samples, i.e. 38.3%) and over-dosing (01 sample, i.e. 2.13%).

Studies carried out on the quality control of injectable oxytetracycline
for veterinary use in Mali revealed a non-compliance rate of 41.86%
(15.38% of these non-compliant samples presented a low content of active
ingredient) for N’DONG et al. and 10.83% for DICKO Sako A.A., while
that carried out in Niamey in Niger on the quality control of antibiotics by
Amadou et al. showed a non-compliance rate (under dosage) of 14.28%
(Dicko, 2010; USP, 2019).

Conclusion

The objective of this study was to develop and validate a simple
method to analyze oxytetracycline used in veterinary medicine in the
treatment of microbial diseases of the pulmonary, digestive and
genitourinary systems such as pasteurellosis, contagious bovine
pleuropneumonia, brucellosis, rickettsioses, in prophylaxis, after local
treatment of wounds, and with withers’ disease or foot rot.

TABLE 6 (Continued) Analytical results of 47 monitored samples.

Sample Batch number Identification Essay (%) Analytical decisiona

40 907T9O Positive 88.4 Not conform

41 XXO033 Positive 90.5 Conform

42 72455P Positive 89.1 Not conform

43 ERAT9 Positive 82.8 Not conform

44 883199 Positive 98.2 Conform

45 7634A Positive 106.5 Conform

46 HGO32 Positive 82.0 Not conform

47 KOA98ML Positive 100.9 Conform

aEstablished according to USP XXX NF, 25.
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The non-separating technique of UV-visible spectrophotometry
was chosen in this study due to its accessibility in most quality control
laboratories in developing countries.

The obtained results show that the developed method has good
reliability (precision, trueness, accuracy, and linearity) in the studied
working area.

The validated method was successfully applied to control the quality
of 47 samplesmarketed inKinshasa.We found that 19 samples were non-
compliant (i.e., 40.43%). This situation confirms the problem of the
circulation of low-quality veterinary drugs in the city of Kinshasa and in
the DRC. This circulation of non-compliant antibiotics on the market
constitutes a major threat to animal health, public health, and the
environment. These non-compliant antibiotics can slow the normal
treatment of an infection, prolong illness, increase mortality, and
promote the spread of pathogens, including resistant agents. They do
not guarantee the cure of the ailments from which the treated animals
suffer. In addition, foodstuffs from these animals can have deleterious
effects on consumer health.
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