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SIMULTANEOUS DETERMINATION AND VALIDATION OF ANTI-TUBERCULAR DRUGS
IN SIMULATED LUNGS ALVEOLAR MACROPHAGES FLUID
BY ULTRAVIOLET-VISIBLE SPECTROPHOTOMETRIC METHOD
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An ultraviolet-visible (UV-Vis) spectrophotometric method was developed for the simultaneous deter-
mination of isoniazid (INH) and rvifampicin (RIF) using Vierordt’s method. In this method, along with meth-
anol, two other solvents such as phosphate buffer pH 7.4 and citro-phosphate buffer pH 5.0 were also se-
lected, the former of which is simulated with the pH of lung epithelial lining fluid and the latter is simulated
with the phagolysosomal environment. A 1:1.5 ratio of pure INH:RIF was selected and scanned, which
showed similar absorption maxima at three solvents, and on that basis absorption maxima at 263 and 335 nm
of INH and RIF, respectively, were selected. A calibration curve within the concentration ranges between
4 and 24 ug/mL of INH and 636 ug/mL of RIF follows the Beer—Lambert law. It was validated with respect
to linearity, sensitivity, precision, and accuracy according to International Council for Harmonization of
Technical Requirements for Pharmaceuticals for Human Use guidelines.
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Paspaboman cnexmpogomomempuueckuii memoo 6 y1ompaguonemoso u uoUMou obracmu cnekmpa
(UV-Vis) ons 0ono8pemennozo onpedenenust uzonuasuoa (INH) u pugpamnuyuna (RIF) ¢ ucnonvsosanuem
mMemooa Bupooma. Hapsaody ¢ memarnonom ewvibpansvl 08a Opyeux pacmeopumensi — gochamuuiii 6ygep
¢ pH 7.4 u yumpo-pocpamnutii 6ygpep ¢ pH 5.0, nepswiii uz xomopvix moderupyem pH snumenuanvroti
AHCUOKOCMU CIUBUCMOU 000JIOUKU JIeSKUX, A 8MOPOU — ha2oIU30COMANbHOU cpedbl. Bbiopano coomuouenue
1:1.5 uucmoeo nexapcmeennoeo cpeocmea INH:RIF. BvisgneHvl cxodcue MaKCumMymsl HO2TOWEHUSL 8 mpex
pacmeopumensix, u nHO3MOMYy 8blOpaHvl Makcumymvl nocnowjerus npu 263 u 335 um INH u RIF. Kamubpo-
60uHas Kpusas 8 ouanazone Konyewmpayuii 4-24 mxe/mn INH u 6-36 mxe/mn RIF noouunsemcs 3akony
Jlambepma—bepa. Memoo nposepen ¢ mouku 3peHus JUHEUHOCMU, YYECNEBUMENbHOCMU U 00CMOBEPHOCIU
6 coomeemcmeuu ¢ pexomenoayusimu ICH.

Knrwouesvle cnosa: uzonuazuo, pugamnuyutn, o0Ho8pemeHHoe onpedenenue, YD-euoumas cnekmpo-
gomomempus.
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Introduction. Tuberculosis (TB) is a granulomatous airborne infectious disease, caused by Mycobacte-
rium tuberculosis, and is a leading cause of death. It is transmitted by means of invisible droplet nuclei con-
taining the bacterium that have left the reservoir during breathing, sneezing, or coughing, and this organism
may remain airborne for up to 6 h [1, 2]. TB disease commonly affects the lungs; and it is referred to as pul-
monary TB, and extrapulmonary TB is TB affecting the organ other than lungs, including the larynx, the
lymph node, the pleura, the brain, the kidney, or bones and joints [3, 4]. In the treatment of TB, first-line an-
ti-TB drugs such as isoniazid (INH) and rifampicin (RIF) are generally given as a single dosage as well as in
a fixed-dose combination (FDC). The combination of these drugs has high therapeutic advantages as it in-
creases the treatment adherence and reduces the risk of resistance or relapse, treatment costs, and errors in
drug administration; however, the combination of drugs brings new challenges to the pharmaceutical indus-
try with respect to the development of new analytical methods for their simultaneous determination [5].
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Both INH and RIF are officially in the Indian, British, United States, Japanese, and European Pharma-
copoeias [6].

The drug treatment in TB is given in two phases, mainly, the initial phase and the continuation phase.
INH and RIF are given in both phases [7]. However, owing to the shorter half-life of the drugs and first-pass
metabolism, targeting the pulmonary site in the case of pulmonary TB is the best method of treatment, which
is not possible with the conventional route of administration. Thus, in this study, the authors studied the var-
ious solvents for the simultaneous estimation of INH and RIF.

A literature survey revealed the simultaneous determination of INH and RIF by high-performance liquid
chromatography [8] and UV-Vis spectrophotometry using various methods, including the simultaneous es-
timation method, the derivative method, and the multicomponent analysis method, in which the author fo-
cused on the simultaneous determination method, and the results for solvents such as methanol [9] and etha-
nol [10] were reported.

For the simultaneous determination study of INH and RIF, three solvents, namely, methanol, phosphate
buffer pH7.4, and citro-phosphate buffer pH 5.0 were selected. Here, methanol was selected as one of the
solvents for the study because the solubility of RIF in distilled water was very low and both the drugs were
properly solubilized in the methanol. Along with methanol, the other two solvents were also selected be-
cause it will be helpful for targeting the lungs. For pulmonary targeting, the epithelial lining and the alveolar
macrophage fluids of the lungs are most important; thus, the authors have tried to perform the simultaneous
determination of INH and RIF in the above-mentioned solvents. The phosphate buffer pH 7.4 resembles the
pH of epithelial fluid of the lining of the lungs and the citro-phosphate buffer pH 5.0 simulates the phagoly-
sosomal environment [11]. No study has yet been reported on the simultaneous determination of INH and
RIF in simulated alveolar macrophage fluid of the lungs; hence, the aim of this work is to perform the simul-
taneous determination and validation of the method in an organic solvent as well as in other solvents, which
would help scientists in the future to perform the simultaneous estimation of the above-mentioned drugs in
the lung fluid.

Experimental. Isoniazid and rifampicin were received as gratis samples from Lupin Limited,
Chikalthana, Aurangabad, Maharashtra, India. Methanol of analytical reagent grade, and potassium dihydro-
gen phosphate, sodium hydroxide, and citric acid were purchased from Loba Chemie (India). Milli-Q system
(Millipore, USA) water was also used in this study. All the solutions including buffers were prepared fresh
and protected from light. A double-beam UV-Vis (Shimadzu UV-1800) spectrophotometer was used to carry
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out the experiments. Simultaneous determination of INH and RIF was done using Vierordt’s method, which
is known as a simultaneous equation method [12]. This method was simple, rapid, and economical.

Phosphate buffer pH 7.4 resembles simulated lung epithelial lining fluid, and for the preparation of the
latter we used the chemicals potassium dihydrogen phosphate and sodium hydroxide. We took 50 mL of
0.2 M potassium dihydrogen phosphate in a 200-mL volumetric flask, and then added 39.1 mL of 0.2 M so-
dium hydroxide and made up the volume with double-distilled water (Milli-Q system water) [13].

The citro-phosphate buffer pH 5.0 resembles lung alveolar macrophage fluid. It was prepared by mixing
48.0 ml of 0.1 M citric acid with sufficient 0.2 M disodium hydrogen phosphate to produce 100 mL [13].

Here, for the simultaneous determination of INH and RIF, a ratio of 1:1.5 was selected. The ratio was
decided on the basis of data available from the World Health Organization’s international monographs on
INH and RIF for this combined dosage form [14]. Ten milligrams of INH and 15 mg of RIF were dissolved
separately in different solvents: methanol, phosphate buffer pH 7.4, and citro-phosphate buffer pH 5.0. The
solutions were sonicated for 5 min, diluted to a required concentration and scanned separately between 200
and 400 nm for INH and for RIF, the solution was scanned at 200-800 nm against a blank, in order to de-
termine the maximum absorption wavelength of both drugs.

Results and discussion. Spectra of INH and RIF were recorded in methanol, phosphate buffer, and in
citro-phosphate buffer, and the obtained absorption maxima were depicted as in Table 1, which is very simi-
lar with each solvent.

After scanning at absorption of 200400 nm for INH, the absorption maxima were observed at 263 nm
in methanol. In phosphate buffer pH 7.4, and in citro-phosphate buffer pH 5.0, the absorption maxima were
observed at 262 nm, which is similar to methanol. RIF can be determined by UV and visible spectroscopy.
RIF was scanned at 200—800 nm. Three peaks were observed at 254, 334.50, and 481 nm in methanol and
254, 335, and 481 nm in both the phosphate buffer pH 7.4 and the citro-phosphate buffer pH 5.0. Also, from
Table 1, we can see the similar absorption maxima for three solvents. On that basis, the absorption maxima
at 263 and 335 nm for INH and RIF, respectively, were selected for further study. After comparing absorp-
tion maxima of methanol, phosphate buffer pH 7.4, and citro-phosphate buffer pH 5.0, we selected citro-
phosphate buffer pH 5.0 as a solvent, because it resembles the alveolar macrophage fluid environment. The
absorption spectra of INH and RIF in citro-phosphate buffer pH 5.0 are shown in Fig. 1.

TABLE 1. UV Absorption Maxima (A, nm) of INH and RIF in Methanol, Phosphate Buffer pH 7.4,
and Citro-Phosphate Buffer pH 5.0

Analyte Methanol Phosphate buffer pH 7.4 Citro-phosphate buffer pH 5.0
INH 263 262 262
RIF 253 253 252.50
334.50 335 335
481 481 481
Abs a b
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Fig. 1. Absorption spectra of (a) INH and (b) RIF in citro-phosphate buffer pH 5.0.
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Fig. 2. Overlay spectrum of INH (1) and RIF (2) in citro-phosphate buffer pH 5.0.
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Fig. 3. Combined peak of INH and RIF in citro-phosphate buffer pH 5.0.

The overlaid spectra of INH and RIF were depicted in Fig. 2, and 263 and 335 nm for INH and RIF re-
spectively were selected for further study. A mixture of INH and RIF in the ratio of 1:1.5 was measured by
UV-Vis spectrophotometry and it was observed that absorptivity at 263 nm was additive as depicted in Fig. 3.

The overlay spectra of INH and RIF in citro-phosphate buffer pH 5.0 as depicted in Fig. 4 shows the
significant increase in absorbance with the increase in the concentration range of 4-24 ng/mL for INH and
6-36 ug/mL for RIF.

Specific absorbance 4 (1%) was determined at both selected wavelengths A of each drug as

A :Aal}\/cz

where C is the concentration, g/100 mL.
Simultaneous determination was calculated from the following:

CiNg = (Amix 3350mARTF 263nm — Amix 3350mARIF 3350m )/ (AINH 3350mARIF 263nm — AINH 263nmARIF 3350m),
CRIF = (Amix 2630mANH 3350m — Amix 263nmANH 263nm)/ (AINH 3350mARIF 263nm — AINH 263nmARIF 3350m),

where Civu and Cryr are the concentrations of INH and RIF, AN 263nm and AiNw 335nm are the absorptivity of
INH at 263 and 335 nm, Arir 263nm and ARrir 335nm are the absorptivity of RIF at 263 and 335 nm, and Amix 263nm
and Amix 335nm are the absorbance of mixture 1:1.5 (INH:RIF) at 263 and 335 nm, respectively.

The method was validated according to International Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use Q2B guidelines for validation of analytical procedures in order to
determine linearity, precision, and accuracy of the analyte [15].

The linearity of measurement was evaluated by analyzing different concentrations of INH and RIF.
Here, for the simultaneous determination of INH and RIF by the simultaneous equation method, the Beer—
Lambert concentration range was found to be 4-24 pg/mL for INH and 6-36 pg/mL for RIF, as shown in
Fig. 5. The linearity data of INH and RIF in citro-phosphate buffer are following: for INH regression equa-
tion y = 0.037x — 0.008, correlation coefficient 7> = 0.999, and for RIF y = 0.031x + 0.002, 2 = 0.999.

The limit of detection (LOD) and limit of quantification (LOQ) were calculated as

LOD=3.30/s and LOQ=100/s,

where o is the standard deviation of the Y intercept of the calibration curve, and s is the slope of the regres-
sion equation. The sensitivity results of INH and RIF in citro-phosphate buffer pH 5.0 are follows: for INH
LOD = 0.2245 pg/mL, LOQ = 0.6803 pg/mL; for RIF LOD = 0.3194 pg/mL, LOQ = 0.9677 pg/mL.
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Fig. 4. Overlaid spectra of (a) INH and (b) RIF in citro-phosphate buffer pH 5.0.
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Fig. 5. Calibration curve of (a) INH and (b) RIF in citro-phosphate buffer pH 5.0.

The precision of the method was established by carrying out the analysis of INH and RIF (n = 6) by us-
ing the proposed developed method. The low value of relative standard deviation (RSD) showed that the
method was precise, and its results are shown in Table 2.

Inter-day precision was analyzed by the same analyst on alternate days for 3 days. Intra-day precision
was analyzed by the same analyst three times a day at intervals of 1 h. The % RSD is as shown in Table 2.

To determine the accuracy of the simultaneous equation method, percent recovery study was performed,
and it was carried out using a standard addition method at 80, 100, and 120% level. The percentage recovery
was calculated from the total amount of drug found. The results of recovery studies were depicted in Table 2.

TABLE 2. Recovery and Precision Data of INH and RIF in Citro-Phosphate Buffer pH 5.0.

% Recovery| Analyte con- | Pure drug | Concentra- |% Recovery| % MR (£SD) % RSD’
level centration, added, tion found, Inter-day | Intra-day
ug/mL ug/mL ug/mL
INH
80 8 6.4 13.99 97.22
100 8 8 15.52 97.00  ]96.94+0.319739| 0.0964 | 0.6029
120 8 9.6 16.99 96.59
RIF
80 12 9.6 19.79 91.66
100 12 12 22.39 93.33  |93.23£1.517641| 0.1462 | 0.1498
120 12 14.4 24.99 94.69

“Analyte concentration used is 24 ug/mL.
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Conclusions. The proposed simultaneous UV-Vis spectroscopic method was developed and validated.
It was found to be simple, accurate, precise, and an acceptable recovery of isoniazid and rifampicin was ob-
served. It can be concluded that the developed method can be easily applied for routine analysis in quality
control of isoniazid and rifampicin.

Acknowledgments. The authors would like to acknowledge Chhatrapati Shahu Maharaj Research,
Training and Human Development Institute (SARTHI), Pune, Maharashtra, India, for providing financial
support to Vidyadevi Bhoyar through Chhatrapati Shahu Maharaj National Research Fellowship (CSMNRF-
2019). The authors would also like to thank Lupin Limited, Chikalthana, Aurangabad, Maharashtra, India,
for providing gratis samples.

REFERENCES

1. World Health Organisation, End TB Strategy, World Health Organization, 53, 1689-1699 (2013).

2. CDC fact sheet, Tuberculosis : An Overview, National Center for HIV/AIDS, Viral Hepatitis, STD, and
TB Prevention Centers, 2014. Assessed on 10t sept 2021 at
https://www.cdc.gov/tb/publications/factsheets/general/tb.htm#:~:text=Tuberculosis%20(TB)%20is%20a%2
Odisease,they%20d0%20n0t%20get%20treatment.

3.S. D. A. Burke, Rev. Anthropol., 40, 27-52 (2011), doi: 10.1080/00938157.2011.547754.

4. S. M. Swain, L. C. Behera, Egypt. J. Ear, Nose, Throat Allied Sci., 18, 237-240 (2017).

5. M. Tilinca, G. Hancu, E. Mircia, D. Iriminescu, A. Rusu, R. A. Vlad, E. Barabas, Farmacia, 65, 219-224
(2017).

6. U. Shah, A. Jasani, Int. J. Pharm. Pharm. Sci., 6, 274-280 (2014).

7. Interactive Core Curriculum on Tuberculosis, Chapter 6 Treatment of Tuberculosis Disease, Centers for
Disease Control and Prevention 1600 Clifton Rd. Atlanta GA 30329, USA4, Assessed on 1st Sept 2021 at
https://www.cdc.gov/tb/education/corecurr/pdf/chapter6.pdf

8. B. Prasanthi, J. V. Ratna, R. S. C. Phani, J. Anal. Chem., 70, 1015-1022 (2015).

9. M. A. O. Mohamed, S. W. Shantier, M. A. Mohamed, E. A. Gadkariem, E. M. O. Ismail, Int. J. Pharm.
Sci. Rev. Res., 32, 154-156 (2015).

10. S. K. Arifa Begum, D. Basava Raju, N. Rama Rao, Der Pharm. Lett., 5, 419—426 (2013).

11. L. Cunha, A. M. Rosa da Costa, J. P. Lourengo, F. Buttini, A. Grenha, J. Microencapsul., 35, 392—405
(2018), doi: 10.1080/02652048.2018.1513089.

12.J. B. S. A. H. Beckett, In: Pract. Pharm. Chem., pt. 11, 4th Ed., ch. 7, CBS Publishers & Distributors Pvt.
Ltd., 257-337 (2007).

13. The Indian Pharmacopoeia Commission, Indian Pharmacopoeia, 1, 241-243 (2007).

14. Rifampicin and Isoniazid Tablets: Revised Draft Proposal for the International Pharmacopoeia (October
2005), World health organization (2005).

15. Guidance for Industry Q2B Validation of Analytical Procedures: Methodology (1996),
http://www.fda.gov/cder/guidance/index.htmorhttp://www.fda.gov/cber/guidelines.htm, accessed 20 October (2021).



