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ABSTRACT

Two parallel methods for assay determination of oxytetracycline (OTC) in a final pharmaceutical product were optimized and
compared. Both methods include solid-liquid extraction; the first one represents a simple extraction procedure; and the second
employed Zirconium (IV) ion to obtain yellow-colored complex with OTC (1:4), whose composition was previously determined
with application of the spectrophotometric method of Job. Water was chosen as a solvent in both of the cases, because of its
availability; and because it is more ecological and cheaper solvent. The assay was determined UV-spectroscopically, with a
VARIAN Carry Win 50 UV/Visible spectrophotometer, in a 1-cm cell at wavelength range 190—500 nm, with resolution 0.5 nm
and scan rate of 300 nm/min.

The linear calibration function was established in the concentration range 1 to 40 pg/mL of OTC in respect of both cases (without
and with Zr(IV) application). Of the analyzed data the following results for parameters were obtained linearity (both cases R? >
0.999), accuracy (without Zr - Recovery = 92.0—-94.0 %; with Zr — Recovery = 97.0—100.0 %), sensitivity (LOD = 0.27 pg/mL;
LOQ =0.89 pg/mL without; and LOD = 0.58 pg/mL and LOQ = 1.96 pg/mL Zr(IV) addition) and precision ( RSD <2.0 %) in the
respective linear concentration ranges.

Both of the presented methods offer the simplicity needed for testing a large numbers of samples, but adding Zirconium is crucial
in the assay determination procedure in order to exclude the possible interferences of the excipients or other active ingredients (in
case of combined dosage forms) in the tested specimens, which improves the sensitivity, accuracy and the precision of the method.
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INTRODUCTION

Since their isolation from different Streptomyces spe-
cies in the late 1940s and early 1950s, the tetracyclines
are widely and commonly used broad spectrum antibiot-
ics in humans, to treat different diseases (acne and skin
infections; systemic infections of the respiratory, urinary
and gastrointestinal tract etc.), and also have a common
and important application in veterinary medicine.

Tetracyclines, generally act as bacteriostatic antibi-
otics, by inhibiting the protein synthesis by reverse bind-
ing the 30S ribosomal subunits of susceptible organisms,
and preventing access of aminoacyl-tRNA to the accep-
tor site on the mRNA-ribosome complex. Tetracyclines
also are believed to reversibly bind to 50S ribosomes and
additionally alter cytoplasmic membrane permeability in
susceptible organisms. In high concentrations, tetracy-
clines can also inhibit protein synthesis by mammalian
cells [1].

cline (OTC) is a common antibiotic used to treat differ-
ent food-producing animals such as cattle, pigs, sheep
and polutrty, as well as in dogs and cats and fish. Usually

mg/kg 1, 2].
Quality assurance and control of OTC in the veteri-

. nary products is important in order to prevent overdos-
: age/toxicity or lack of the therapeutical effect; and usual-
. ly performed with validated and standardized analytical
. methods. The official valid United States Pharmacopoe-
. ia monographs for OTC (and OTC hydrochloride) and
. British Pharmacopoeia, current edition, state High Per-
: formance Liquid Chromatography with UV-detection, as
: an analytical procedure for quantification of our analyte
. of interest. Other HPLC techniques include Photodiode
: array, MS or electrochemical detection. Also throughout
¢ the literature there are other methods reported for OTC
* determination, such as the ones based on microbiological
. assay which is a procedure with limitations (pH-depen-
. dence, low sensitivity, low stability and time consump-
: tion). Metal-chelate affinity chromatography, TLC with
: UV- or FL-detection, UV/FL-spectrophotometry (with
: or without derivations) are also reported and employed;
. as well as electrophoresis [2, 3, 4].

Due to its wide antibacterial spectrum, Oxytetracy- :

Spectrophotometric determination of tetracyclines

¢ with uranyl acetate, among which is OTC as well, was
. reported as well as by using sodium molibdate as analyti-
. cal reagent [5, 6].

it is administrated orally with feed dosage rate of 25—700 :

The aim of our study was to develop a simple, ac-

curate, fast, sensitive and economical method for deter-
: mination of OTC in veterinary drugs that can be readily
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used in every day practice in the analytical and quality :
control laboratories. That is why two parallel methods :
of OTC determination in a final pharmaceutical (veteri- :
nary) product were optimized, then validated, compared :
: coloured complex with OTC (1:4), whose composition
. was previously determined with application of the spec-
. trophotometric method of Job.

and evaluated.

MATERIALS AND METHODS
Apparatus and spectrophotometric conditions

For content determination of OTC, two spectro- :
photometric methods were developed, which include :
“VARIAN Carry Win 50” UV-VIS-spectrophotometer, :
1-cm quartz cell at wavelength range 190 - 500 nm, with :

resolution 0.5 nm and scan rate of 300 nm/min.

Chemicals and Reagents

The Oxytetracycline hydrochloride standard (98.1 :
%) was supplied from Sigma Aldrich. The water that was
used as a solvent was de-ionized water supplied form the :
Faculty of Veterinary Medicine — Skopje, Institute for :
Food. Zirconium and Methanol gradient grade for liquid :

chromatography LiChrosolv® Reag. Ph. Eur, are sup- :
. of the obtained validation parameters are presented in

: Table 1a and 1b. The comparison between the spectral
¢ curves of OTC standard solutions without and with

Two combined veterinary drugs (soluble oral pow- : Zirconium(IV) ion is presented in addition (Figure 1)
ders) were tested: Neosulfox P where OTC represents : [5,8,9].
4 % of the powder (1 g powder contains 100 mg of Sul- :
fadimidine, 60 mg Neomycin sulphate, 40 mg Oxytet- :

racycline Hydrochloride) and Geomycin, where OTC :

represents 5 % of the powder (1 g powder contains 50 : was determined at ten concentration levels ranging from

mg Oxytetracycline in form of hydrochloride and 35 mg : 1-40 ug Oxytetracycline hydrochloride RS/mL (1, 2, 3,

:5,10,12,15, 20, 30 and 40 pg/mL) and calibration curve
: was constructed for both cases by plotting the respec-
. tive concentrationsvs. detector’s response i.e. absorp-
. tion maxima. Linear correlation in the above mentioned
: concentration range was confirmed with the coefficient

20 mg of Oxytetracycline hydrochloride RS precise :

weight is transferred into 20 ml volumetric flask, then : Of, correlation ?f R =1.000 in case of.simple ex'traction
12 mL of Methanol is added, mechanically shaken to : Without,and R*=0.9998 in the case with Zirconium(IV)
achieve complete dissolution (sonicated if necessary) : addition.

and filled up to the mark with the same solvent; concen- :

plied from Merck.

Commercial veterinary formulation

Chlorhexidine digluconate).

Preparation of Standard Stock Solutions of OTC:
e OTC Standard Stock Solution:

tration of about 1 mg/mL Oxytetracycline RS.

Then by applying suitable dilutions with water, de- Ivtical f d and firmed at th
ionized, calibration standard solutions for the range of : ytical recovery was performed and confirmed at three
: concentration levels (5 -15 pg /mL) for both cases, by

. spiking the various pre-analyzed sample formulations

The basic stock solution is prepared identically as : O.f OTC with known ‘quantltles.of OTC standard solu-
previously mentioned with the difference when making : tion, and then analyzing the mixtures by the proposed
the dilutions into suitable concentration range, i.e. from : method.f T121e recivergf res.ulits were(:l found] to beo in th le]
1 to 40 pg/mL, 100 uL of the Zirconium(IV) solution is * rzqnge of 9 13_ 9dd0 % without and 97.0-100.0 % wit

added to produce yellow colored complex. The solvent : irconium(IV) addition.

the method were prepared, i.e. from 1 to 40 pg /mL.
e Zirconium — OTC (1:4) Standard Stock Solution:

is water, de-ionized.

Test solution(s) preparation

minutes and mechanically shaken 15 minutes and then
filled up to the mark with the same solvent.

10 ml of the filtrate.

The filtrate is then used for preparation of suitable

dilutions for further testing.

Procedure

Both methods include solid-liquid extraction; the
first one represents a simple extraction procedure; and
the second emloyes Zirconium(IV) ion to obtain yellow-

When performing the analysis with Zirconium, all
the test solutions preparation steps are the same as pre-
viously, with a difference in the final dilutions, when
Zr(IV) solution is added and then filled to the mark with
water.

Data analysis
For determination of the statistical parameters, the
Microsoft Office Excel is used.

RESULTS AND DISCUSSION

All of the analytical validation parameters for this
proposed method were determined according to the ICH
guidelines. A parallel summary for both veterinary drugs

1. LINEARITY & RANGE
The Linearity of the both spectroscopic methods

2. ACCURACY/ Analytical recovery
The Accuracy of the method with the study of ana-

3. SENSITIVITY
Both the Limit of Detection (LOD) determination at

. . lowest concentration giving response and Limit of Quan-
Neo(s)lflg)lz grzzg)lgg)ﬁ;cei 1? Ozvgi;encli tg; aélfu E?Sh;ig; : tification (LOQ) determination were estimated from the

. ’ .2 . standard deviation of the response and the slope, based
enous powder equivalent to 5 mg OTC hydrochloride : on the data of the calibration curve. The limit of de-
and OTC respectively is weighed and transferred quan- : tection (LOD) and limit of quantiﬁc.ation (LOQ) were
titatively into 50 mL volumetric flask. 30 mL water, de- : found to be 0.27 pg/mL and 0.89 pg/mL without; and
ionized is added and the sample is sonificated about 20 0.58 ug/mL and LOQ = 1.96 H;‘% /mL, respectiv ely,bwith

. Zirconium(IV) addition. The LOD and LOQ showed
¢ that both of the methods are sensitive for OTC deter-

The test solution then is filtered, discarding the first mination.

4. PRECISION/ Repeatability
The method repeatability was performed using 9 de-
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1.69 % without and 1.06 % with Zirconium(IV) addition :

terminations covering the specified range of the proce- : and for Neosulfox P, 1.22 % and 1.49 % respectively.

dure i.e. three concentrations with three replicates each. : The calculated RSD value for Neosulfox P according to

The obtained RSD is lower than 2.0 %, i.e. Geomycin : Horwitz [8] is 4.80 % and for Geomycin 4.60 %.

200 250 300

350 400
Alnm

450 500

Figure 1. Comparison between the UV spectrum of OTC standard solutions without (Amax = 275 and 350 nm) and
with Zirconium(IV) ion is presented (Amax. = 280 and 395 nm)

It can be noted that the spectral curves of OTC-Zr-
complex are more defined than the ones of OTC solely.

were used.

For results evaluation in both cases the data obtained

from Amax. = 350 nm for OTC and 395 nm for OTC-Zr

Table 1a. Validation summary for NEOSULFOX P, without and with Zirconium(IV) introduction into the standard/test

solution.

Analytical technique

UV-Spectrophotometry

UV — VIS Spectrophotometer VARIAN, Carry Win 50

Type of apparature for validation

Validation parameters ' Acceptance criteria

Results

Without Zirconium(IV)

With Zirconium(IV)

RANGE: min. acceptable

I to 40 pg/mL of OTC
Oxytetracycline hydrochloride

1 to 40 pg/mL of OTC
Oxytetracycline hydrochloride

80—1209
A) RS./mL.... RS./ZmLo e
LINEARITY:
Correlation coefficient R 2 0.9900 R#=1.0000 R?=0.9998
SENSEEII;'ITY: 0.27 pg/mL 0.58 pg/mL
LOQ 0.89 pg/mL 1.96 ng/mL
A(I;(ég)ljg}?“ 95 -105% Recovery =93.6 % Recovery =97.02 %
PRECISION: o s=0.1117 s=0.1517
method repeatability B = 1. (] = 1. (]
(method bility) RSD<4.80 % RSD =1.22 % RSD = 1.49 %
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Table 1b: Validation summary for GEOMYCIN, without and with Zirconium(IV) introduction into the standard/test

solution.
Analytical technique UV-Spectrophotometry
Type of apparature for validation UV — VIS Spectrophotometer VARIAN, Carry Win 50
3 Results
Validation parameters Acceptance criteria ) . . ) ) .
Without Zirconium(IV) With Zirconium(IV)
min. accentable 1 to 40 pg/mL of OTC 1 to 40 pg/mL of
RANGE: 3 0 i zg o Oxytetracycline hydrochloride OTC Oxytetracycline
,,,,,,,,,,,,,, ’ RS...... hydrochloride RS
LINEARITY: . .
_ Correlation coefficient R*: """""""" = 0'99(')?” R 710000 R*=0.9998
SENSITIVITY:
"""""""" LoD 0.27 ug/mL 0.58 pg/mL
LOQ 0.89 ng/mL 1.96 pg/mL
ACCURAC.Y: 95 -105 % Recovery =92.18 % Recovery =97.21 %
‘‘‘‘‘‘‘‘‘‘‘‘ Recovery: |
PRECISION: 0 s=0.1240 s =0.0970
(method repeatability) RSD<4.60 % RSD =1.69 % RSD =1.06 %

CONCLUSION

Comparing the results obtained with statistical eval- :
uation from both proposed methods for spectrophoto- :
metric content determination of Oxytetracycline in the :
combined veterinary drugs, it can be concluded that the :
method where Zirconium(IV) ion is added, is more se- :
lective, sensitive, accurate and reproducible, than the :
one that only includes simple extraction procedure with :
water, because when the OTC-Zr complex is made the :
absorption maxima excludes the possible additive effects :
and interferences of the other active compounds, as well :

as the excipients within the formulation.
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AIICTPAKT

OnTUMHU3UPaHU CE U CIIOPEICHH JBa MapalielIHi METO/1a 3a onpeenyBame Ha okcuterpanukint (OTC) Bo ¢puHaneH papmalieBTcKu
mpou3Boz. M aBara MeTozia BKIIydyBaar IIBPCTO-TEUHA EKCTPaKIIMja; IPBHOT MPETCTaByBa SHOCTABHA EKCTPAKIIMOHA MOCTAIKa a
BTOPHOT METO/] BKIy4yBa 1upkoruyM (IV) jou 3a nobusame Ha sxonto o6oen komrieke co OTC (Bo oxHoc 1:4), umj cocras Gerie
MIPETXO/IHO YTBPAEH CO MPUMEHA Ha crieKTpodoromMeTprckuotr Job-meroa. M Bo 1Bara ciydau, Kako pacTBOpyBay Oelire KOpucTeHa
BOJlaTa 3apaJy Hej3MHATa TOCTAIHOCT, HACKAaTa [ICHa M 3aHEeMapiIMBHOT e(eKT Bp3 eKojorujara. AHanu3ara Oelle HalpaBeHa Co
VB-cniekrpockonuja, co VARIAN Carry Win 50 UV/Visible criekrpodoromerap, Bo 1-cm kBapifHa kenuja Bo obnact Ha OpaHOBH
nomxuau o 190-500 nm, co pe3onyiuja 0,5 nm u Op3rHa Ha ckeHuparwe 300 nm/min.

Co nBara meroza (6e3 u co Zr(IV) joH) koHCTpynpaHa ¢ KaauOpalioHa pasa BO KOHIEHTpauucku omncer on 1-40 pg/mL OTC.
Oy aHaM3UpaHUTE MOAATOIM Oea JOOUEHH CIICIHUBE PE3YJITATH 3a apaMeTPUTE Ha JIMHEApPHOCT (M BO aBara ciyvaja R> 0,999),
To4YHOCT (0e3 Zr — ananutnuku npuHoc = 92,0-94,0%; co Zr(IV) - ananutiuku npunoc = 97,0-100,0%), ocetnusoct (LOD = 0,27
pug/mL ; LOQ = 0,89 pg/mL , 6e3 Zr(IV) u LOD = 0,58 pg/mL u LOQ = 1,96 pg/mL co Zr(IV)) u npeunsuoct (RSD < 2,0%) Bo
COO/IBETHHOT JIMHEAPEH KOHLIEHTPALUCKHU OTICET.

JlBata mpeTcTaBeHM METO/a ja HyJaT MoTpeOHaTa €IHOCTABHOCT 3a TECTHpame Ha rojieM Opoj Ha mpumepoi. JoaaBamero
Ha IMPKOHUYM-JOH € OJl KIyYHO 3Hauere BO rocramkara 3a aHanmza Ha OTC, co men Ja ce UCKIydaT MOXKHHTE MPEYKH OJf
SKCLHUIMUEHTUTE WM JAPYTUTE aKTUBHU COCTOJKH (BO Cydaj Ha KOMOMHHUpaHH JO3UpaHu (OPMH) BO TECTUPAHUTE TPUMEPOLH, CO
LITO ce M0100pyBa OCETIIMBOCTA, TOYHOCTA U MPELU3HOCTA HA METOIOT.

Kayunn 360posu: YB-BHC cnekrpockonuja, OKCUTETPAMKIMH-IUPKOHUYM KOMIUIEKC, ONITUMH3alMja U BaIHJalHja
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