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DEVELOPMENT AND VALIDATION OF AN UV SPECTROPHOTOMETRIC
METHOD FOR DETERMINATION OF THIAMPHENICOL
IN DOSAGE FORM
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A novel UV spectrophotometric method has been developed for the determination of thiamphenicol in a
solid dosage form. The spectrophotometric detection was carried out at an absorption maximum wavelength
of 224 nm using water as solvent. The method was validated for specificity, linearity, precision, accuracy,
robustness, and limit of detection (LOD) and limit of quantitation (LOQ). The detector response for thiam-
phenicol was linear in the selected concentration range of 5 to 25 ug/ml with a correlation coefficient of
0.9975. The precision (RSD) among six sample preparations was 0.65 and 1.50 % for analysts 1 and 2,
respectively. The average recovery was 99.91 = 0.65%. The LOD and LOQ were respectively 0.59 and
1.99 ug/ml. The results demonstrated that the excipients in thiamphenicol soft capsules did not interfere with
the spectrophotometric determination of the drug. Using the Youden and Steiner approach, the method
proved to be robust. The proposed method can be conveniently employed for routine analysis of thiampheni-
col in bulk drug and soft capsules.
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(Illocmynuna 2 mas 2018)

Paspaboman noguiii Y D-cnexmpogomomempuyeckuiit Memoo onpeoenenuss muam@peHuKonia 6 meepoou
nekapcmeennol opme. Cnexmpogomomempuieckoe 0emeKmuposanie npoeedeHo Ha ONUuHe BOIHbI MaK-
CUMATBLHO20 nozioujerust 224 HyM ¢ ucnoib3oeanuem 00bl 8 Kavecmae pacmeopumens. Memoo nposepen Ha
cneyu@uyHoCmy, TUHEUHOCMb, MOYHOCMb, HAOENHCHOCMb, d makKdce Ha npeden obuapycernusi (LOD) u npe-
den xoauyecmseeHHo2o onpeoenerus (LOQ). Omkraux 0emekmopa Ha Muam@eHuxon IUHelHbll 8 OUAna3one
Konyenmpayuii 5—25 mxe/ma ¢ kodgduyuenmom xoppenayuu 0.9975. Tounocms (RSD) cpeou wecmu npob
npenapamog 0.65 u 1.50% y ananumukos 1 u 2. Cpeonuii npoyenm eoccmanosnenus 99.91 £ 0.65%,; LOD u
LOQ 0.59 u 1.99 mxe/mn. [lokazarno, umo 6cnomozamenbHble eujecmed 8 MASKUx Kancynax muam@pernuxona
He nusAIom Ha pe3ylbmamvl npumenenus memooa. Hcnonvzoeanue nooxooa Hooena u Illmeiinepa cnocot-
CMB0B8ANI0 NOBLIUEHUTO HAOEHCHOCU MEeMOOd.

Knrueevle cnosa: muamgenuxon, cnekmpogpomomempus, 8a1u0ayus, 1eKkapcmeenHas opma.
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Introduction. Thiamphenicol, (D(+)-threo-2-di-choloroacetamido-1-(4-methylsulfonylphenyl)propane-
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is an antimicrobial substance structurally related to chloramphenicol [1], which was first introduced in
1951 [2]. Thiamphenicol has a wide spectrum of action against gram-positive, gram-negative, and anaerobic
bacteria involved in upper and lower respiratory infections, bacterial prostatitis, and sexually transmitted
infections [3].

Thiamphenicol binds to the 50S subunits of the 70S ribosomes to block peptidyl transferase, hence in-
hibiting the extension of peptide chain and synthesis of bacterial protein [3]. The administration of thiam-
phenicol to rats showed hematological toxicity only in relatively high doses [4, 5]. Nevertheless, thiamphen-
icol for humans, livestock, and aquaculture is still used because of its reliable antibiotic effectiveness and
low cost [6]. Currently, the methods and techniques described in the scientific literature for the determina-
tion of thiamphenicol in honey, meat, seafood, milk, egg, plasma, and urine include immunoassay [7], liquid
chromatography tandem mass spectrometry (LC-MS/MS) [8-11], gas chromatography (GC) [12-14],
and capillary electrophoresis (CE) [15]. Despite the fact that thiamphenicol has largely been used and com-
mercialized for more than 60 years, few publications regarding analysis of thiamphenicol in pharmaceutical
formulations and bulk drug have been reported in the scientific literature [16, 17]. The UV spectrophotome-
try method presents notable applications in pharmaceutical analysis as being a suitable method for the quan-
tification of drugs in formulations, and there can be found in the scientific literature lots of examples of the
UV spectrophotometry application in pharmaceutical analysis [18-21]. Accordingly, the aim of the present
study was to develop and validate an analytical methodology by UV spectrophotometry for qualitative and
quantitative determination of thiamphenicol in bulk drug and soft capsules. An extraction method of thiam-
phenicol from its pharmaceutical formulation was first developed since the dosage form consisted of an oily
suspension of the drug.

Experimental. Thiamphenicol was used as standard chemical substance and was acquired from Sigma-
Aldrich® (USA). Glitisol® capsules (Zambon, Sdo Paulo, Brazil) labeled as containing thiamphenicol in
500 mg/capsule were obtained commercially. This drug was used as received, and solutions were freshly
prepared everyday to be used as working standards. All reagents were of analytical grade (Merck®, Germa-
ny). Doubly distilled water was used throughout. All substances and reagents were kept protected from light
throughout the whole procedure.

A Hitatchi-U2900 spectrophotometer with a data processing system (UV-visible ChemStation software)
was used for all absorbance measurements. UV spectra absorbance of reference and sample solutions were
recorded in 10 mm quartz cells at 224 nm.

Stock solution of thiamphenicol (100 pg/ml) was prepared by dissolving 10 mg of thiamphenicol in a
100 ml volumetric flask. The solution was sonicated for 10 min and brought to the mark with distilled water;
3 ml of this solution was scanned from 400 to 200 nm with an UV spectrophotometer. Thiamphenicol
showed maximum absorption at 224 nm, and water was used as blank.

Method of extraction for thiamphenicol and thiamphenicol sample solutions. Twenty capsules were in-
dividually weighed for extraction of thiamphenicol. An accurately weighed quantity containing 1500 mg of
thiamphenicol was dissolved in chloroform and centrifuged for 5 min at 3000 rpm. The supernatant was dis-
carded, and the remaining chloroform was withdrawn by evaporation at 70°C for 50 min in a water bath
(Fig. 1). From the obtained powder, 500 mg was weighed and transferred to a 500 ml volumetric flask;
300 ml of distilled water was added, and the whole shaken for 20 min and brought to the mark to give
a nominal concentration of 1000 pg/ml. Sample solutions were prepared in triplicate at the final concentra-
tion of 12 ug/ml and analyzed.

The process of validation aimed to demonstrate the reliability of the chosen method to achieve the re-
sults. The validity of the proposed method was tested in regard to specificity, linearity, precision, accuracy,
robustness, and limit of detection (LOD) and limit of quantification (LOQ) according to the International
Conference on Harmonization (ICH) guidelines [22].
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Fig. 1. Extraction of thiamphenicol from soft capsules.
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Fig. 2. Analytical curve for thiamphenicol from standard solutions in the range 5 to 25 pg/ml.

Specificity is the ability of the method to accurately measure a compound in the presence of other com-
ponents such as impurities, degradation products, and matrix components. Interference of the excipients (soy
oil and lecithin soy) in the capsules was evaluated. A wavelength scan was performed, and the absorption of
the excipients at 224 nm was analyzed.

Linearity was determined by plotting concentration against corresponding absorbance. The analytical
curve was defined in the concentration in which the intensity of the spectrophotometer response was linearly
proportional to the concentration of the analyzed substance, obeying Beer’s law according to the equation

A=aC+b, (1)
where A is the absorbance; C is sample concentration; « is slope of the curve; and b is y-intercept of the
curve. The analytical curve was made by analyzing six different concentrations of standard solutions, pre-
pared on the same day. The range of solutions varied from 5 to 25 pg/ml (Fig. 2). Linearity was evaluated by
linear regression analysis, which was calculated by the least square regression method. The correlation coef-
ficient (r) indicated the linearity of the method. Analytical curves were made in triplicate on three consecu-
tive days.

The limit of detection (LOD) and limit of quantitation (LOQ) were calculated according to ICH guide-
lines [22]. Intra-day and inter-day precisions were determined by analyzing the samples of thiamphenicol at
the concentration of 12 pg/ml. The analyses took place on three consecutive days with two analysts. Each
analyst prepared six sample solutions on each day. The precision was expressed as relative standard devia-
tion (RSD).
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Accuracy was determined by recovery test. Recovery tests were performed by adding known amounts
of the standard solution to the sample solutions followed by analyses using the proposed method. Method
accuracy was tested (% recovery and % R.S.D. of individual measurements) by analyzing samples of thiam-
phenicol at three different levels using three preparations for each level.

To a thiamphenicol sample solution of 400 pg/ml, different amounts of thiamphenicol standard solu-
tions (3.0, 5.0, and 7.0 ug/ml) were added, yielding solutions at the final concentrations of 15, 17, and
19 pg/ml, respectively. The assay was performed in triplicate.

The percentage of recovery (R) of the added pure drug was calculated as suggested by the Association
of Official Analytical Chemists International [23]:

R =[(Cr— Cu)/C4]x100, )

where Cr is the total drug concentration measured after standard addition; Cy is drug concentration in the
sample solution (before standard addition); and Cj, is drug concentration added to sample solutions.

The robustness evaluation was performed using the method proposed by Youden and Steiner [24]. Sev-
en parameters were selected (wavelength, sonication time, volume of chloroform, centrifugation length, rota-
tion speed, evaporation length, and evaporation temperature), and small variations were induced in the nom-
inal values of the method (Table 1). Eight runs were performed to determine the influence of each parameter
on the final result. To determine the influence of variation of each parameter on the final result, the mean of
the four values corresponding to nominal conditions (designated by uppercase letters) was compared to the
mean of the four values corresponding to the altered conditions (designated by lower case letters) (Table 2).
The values obtained from the equations

Effect C/lc=(s+tu+tw+y)d—(t+v+x+z)/4, 3)
standard value = $V2, 4)

where S is standard deviation of the eight levels (s, t, u, v, w, x, y, z) of the sample analyzed in the test, were
compared for the interpretation of the test.

The value found in Eq. (3) must be smaller than the value determined at Eq. (4) for the effect to be in-
terpreted as not significant. All statistical analysis was calculated using spreadsheet programs and Origin 8.0
software.

TABLE 1. Analytical Parameters and Variations for the Robustness Evaluation of the Method

Parameter Nominal condition Variation
(upper case letters) | (lower case letters)

Wavelength 224 nm (A) 223 nm (a)
Time in sonicator 25 min (B) 23 min (b)
Volume of chloroform 30 ml (C) 28 ml (c)
Centrifugation length 5 min (D) 4.5 min (d)
Rotation speed 800 g (E) 750 g (e)
Evaporation length 50 min (F) 45 min (f)
Evaporation temperature 70° C (G) 65° C (g)

TABLE 2. Factorial Combination of the Analytical Parameters
for Robustness Evaluation by Youden and Steiner’s Test

Parameter Factorial combination

Wavelength

Time in sonicator
Volume of chloroform
Centrifugation length
Rotation speed
Evaporation length
Evaporation temperature
Result
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N o te. C: Upper case letters, nominal conditions, c: Lower case letters, altered conditions.
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Results and discussion. Method development and optimization. Different media were investigated to
develop a suitable UV-spectrophotometric method for the analysis of thiamphenicol in capsules. For the se-
lection of media, the criteria employed were the sensitivity of the method, ease of sample preparation, solu-
bility of the drug, cost of solvents, and applicability of the method in the routine analyses of the pharmaceu-
tical industry. The proposed UV method allowed for a rapid and economical quantitation of thiamphenicol in
capsules without any time-consuming sample preparation. Moreover, the spectrophotometric methods in-
volve simple instrumentation compared to other instrumental techniques. An extraction method of thiam-
phenicol from its pharmaceutical formulation was developed since thiamphenicol capsules consisted of an
oily suspension of the drug. The Amax of thiamphenicol in distilled water was found to be 224 nm. This wave-
length was used for all measurements.

Linearity. The analytical curves were constructed from six points covering the concentration ranges
5-25 pg/ml. Beer’s law was obeyed over the concentration range. The regression equation obtained was
y =0.0403x + 0.0003, where y and x are thiamphenicol absorbance and concentration in pg/ml, respectively.
The linearity was demonstrated by the high value of the correlation coefficient (+* = 0.9975) and the small
value of the y-intercept of the regression equation.

LOD and LOQ of this method were determined from the standard deviation of the response of a known
concentration of thiamphenicol as per ICH [22]. The LOD calculated from three times the noise level of the
response was 0.59 pg/ml. The LOQ calculated from ten times the noise level of the response was
1.99 pg/ml.

Intra-day and inter-day precision. The RSD of the six measurements from the thiamphenicol sample
was found to be 0.65% for analyst 1 and 1.50 % for analyst 2. The percentage contents are presented in Ta-
ble 3 for the three days of analyses. The method was applied for the assay of commercial soft-gel capsules
containing 500 mg of thiamphenicol. Each sample was analyzed in triplicate after extracting the drug as
mentioned in assay sample preparation in the experimental section (see Method of thiamphenicol extraction
and thiamphenicol sample solutions). The results exhibited in Table 3 are in close agreement with the la-
beled content. Assay results, expressed as the percentage of the label claim, were found to be 97.15 % (RSD
0.95%), between different analysts.

The recovery values obtained were 99.91 £ 0.65% for thiamphenicol in dosage form. This result con-
firmed the accuracy of the method. The percentages of the recovery test are presented in Table 4.

TABLE 3. Statistical Data Obtained from the Analysis of Capsule Samples (500 mg)
by Using the Proposed Method

Analyst | Day Content (%)= RSD (%)
RSD* Intra-day Inter-day
1 96.80 £ 0.60
1 2 96.91 £ 0.62 0.65
3 97.30 £ 0.59
1 96.30+£0.21
2 2 96.62 + 0.62 1.50
3 98.98 +0.59

* Mean value of three determinations.

TABLE 4. Recovery Data of Thiamphenicol Standard Solution Added to the Samples Analyzed
by Using the Proposed Spectrophotometric Method

Sample Theoretical con- Theoretical final Found experi- Recovery (%)
concentration | centration added concentration mental concen- Mean + RSD*
(ng/ml) (ng/ml) (ug/ml) tration (pg/ml)
R1 12.0 3.0 15.0 2.98 99.59 +1.40
R2 12.0 5.0 17.0 5.04 100.89 +0.55
R3 12.0 7.0 19.0 6.94 99.24 £ 0.0

* Mean value of three determinations.
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Fig. 3. Overlapping spectra of thiamphenicol capsules and excipients from 200 to 400 nm.

The UV-spectrum of thiamphenicol had no interference in the presence of the excipients used in the
dosage form (Fig. 3). Therefore, the proposed analytical method is specific for determination of thiampheni-
col in pharmaceutical formulation.

The results of robustness obtained in the experiments are shown in Table 5. The mean values of the
nominal were subtracted from the values of the altered conditions. The standard value was calculated, and
the results were compared. For the seven parameters, the results of the effects were less than standard value
(sV2 = 1.42). Therefore, the results achieved with this method were not significantly affected by the slight
modifications from the nominal conditions (Table 5).

TABLE 5. Youden and Steiner’s Test Results

Parameter Content (%)* Standard value (sV2)
Wavelength 100.18 — 101.28 =-1.14
Time in sonicator 100.00 — 101.26 =-1.25
Volume of chloroform 101.60 — 100.45=1.14
Centrifugation length 100.22 — 101.04 =—-0.81 1.42
Rotation speed 100.72 - 101.01 =-0.29
Evaporation length 100.67 — 101.26 = 0.58
Evaporation temperature 100.41 —101.26 =-0.81

*Difference between the mean values obtained from nominal conditions and from altered conditions.

Conclusion. In this study, the developed and validated UV-spectrophotometric method for the determi-
nation of thiamphenicol in pharmaceutical formulation has the advantage of being fast, cheap, simple, highly
accurate and precise, specific, and robust. These advantages support the application of this method in the
routine analysis of thiamphenicol in capsules.

Acknowledgment. The authors thank Fundagdo Cearense de Apoio ao Desenvolvimento Cientifico e
Tecnologico (FUNCAP), Federal University of Ceara (UFC), and UFC School of Pharmacy for the financial
support.

REFERENCES

1. J. Fuglesang, T. Bergan, Antibiot. Chemother., 31, 1-21 (1982).

2. W. Belda, L. F. Siqueira, L. J. Fagundes, Rev. Inst. Med. Trop., Sao Paulo, 42, 133—135 (2000).

3. V. Tullio, A. Cuffini, N. Mandras, J. Roana, G. Banche, D. Ungheri, N. Carlone, Int. J. Antimicrob.
Agents, 24, 381-385 (2004).



DEVELOPMENT AND VALIDATION OF AN UV SPECTROPHOTOMETRIC METHOD 581

4. J. A. Turton, C. M. Andrews, A. C. Havard, S. Robinson, M. York, T. C. Williams, F. M. Gibson, Food
Chem. Toxicol., 40, 1849-1861 (2002).

5. J. A. Turton, A. C. Havard, S. Robinson, D. E. Holt, C. M. Andrews, R. Fagg, T. C. Williams, Food
Chem. Toxicol., 38, 925-938 (2000).

6. Z.Wang, H. Yang, W. Sun, C. K. Huang, X. Cui, X. J. Qiu, Q. Q. Lian, Z. S. Wang, J. Chromatogr. B:
Analyt. Technol. Biomed. Life Sci., 967, 235-239 (2014).

7. T. L. Fodey, S. E. George, I. M. Traynor, P. Delahaut, D. G. Kennedy, C. T. Elliott, S. R. Crooks,
J. Immunol. Methods, 393, 30-33 (2013).

8. D. Tian, F. Feng, Y. Li, J. Yang, X. Tian, F. Mo, J. Pharmaceut. Biomed. Anal., 48, 1015-1019 (2008).
9. P. Luo, X. Chen, C. Liang, H. Kuang, L. Lu, Z. Jiang, Z. Wang, C. Li, S. Zhang, J. Shen, J. Chroma-
togr. B: Analyt. Technol. Biomed. Life Sci., 878,207-212 (2010).

10. S. Zhang, Z. Liu, X. Guo, L. Cheng, Z. Wang, J. Shen, J. Chromatogr. B: Analyt. Technol. Biomed. Life
Sci., 875, 399-404 (2008).

11. X. Chen, Z. Yue, C. Ji, S. Liang, Chin. J. Chromatogr., 23, 92-95 (2005).

12. J. Shen, X. Xia, H. Jiang, C. Li, J. Li, X. Li, S. Ding, J. Chromatogr. B: Analyt. Technol. Biomed. Life
Sci., 877, 1523-1529 (2009).

13. P.Li, Y. Qiu, H. Cai, Y. Kong, Y. Tang, D. Wang, M. Xie, Chin. J. Chromatogr., 24, 14—18 (2016).

14. A.P. Pfenning, J. E. Roybal, H. S. Rupp, S. G. Turnipseed, S. A. Gonzales, J. A. Hurlbut, J. AOAC Int.,
83, 26-30 (2000).

15. C. A. Franje, S. K. Chang, C. L. Shyu, J. L. Davis, Y. W. Lee, R. J. Lee, C. C. Chang, C. C. Chou,
J. Pharm. Biomed. Anal., 53, 869877 (2010).

16. N. Liu, S. Sijak, M. Zheng, L. Tang, G. Xu, M. Wu, Chem. Eng. J., 260, 826-834 (2015).

17. G. Pajchel, K. Michalska, R. German, S. Tyski, Chromatographia, 68, 587-591 (2008).

18. N. Rajendraprasad, K. Basavaiah, J. Appl. Spectr., 81, 127-133 (2014).

19. N. Rajendraprasad, K. Basavaiah, J. Appl. Spectr., 82, 513-519 (2015).

20. A.K. Sahu, V. Jain, J. Appl. Spectr., 83, 878—887 (2016).

21. N. Swamy, K. Basavaiah, J. Appl. Spectr., 84, 694-703 (2017).

22. International Conference on Hormonisation of Technical Requirements for Registration of Pharmaceu-
ticals for Human Use, ICH Harmonised Tripartite Guideline, Validation of Analytical Procedures: Text and
Methodology Q2(R 1), Complementary Guideline on Methodology dated 06 November 1996, incorporated
in November 2005, London.

23. W. Horwitz, Official Methods of Analysis of AOAC International, Gaithersburg, MD, AOAC Interna-
tional (2002).

24. E. Karageorgou, V. Samanidou, J. Chromatogr. A, 1353, 131-139 (2014).



