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ABSTRACT

A second derivative spectrophotometric method was validation for determination of ternary mixtures of Isoniazide
(INH), Pyrazinamide (PRZ), Rifampicin (RIF) that available in fixed dose combination (FDC) of antituberculosis.
The aim the research to test the validation of second derivative spectrophotometry method for determination of
INH, PRZ and RIF combinations in commercial tablets.The determination of INH, PRZ and RIF can use the second
derivative spectrophotometry method with zero crossing technique and use 0.1N HCI as a solvent, and measured at
AZ 2 nm with wavelength of 302.40 nm for INH, and 299.80 nm for RIF, measured at A/ 16 nm with wavelength of
253.60 nm for PRZ.. The validation test in commercial tablets showed that the recovery percentage for INH are
99.88% wirh Relative Sandard Deviation (RSD) = 1.318%, PRZ are 99.84% with RSD = 1.39%, and RIF are
100.95% with RSD = 0.415%. The proposed of second derivative spectrophotometry method was validated and
successfully applied for the assay of INH, PRZ and RIF in combined pharmaceutical doses form.
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INTRODUCTION

Isoniazide (INH) is one of the effective anti-tuberculosis drugke use of INH is usually combined with other
antituberculosis drpgs such as Rifampin and Pyaazide. Assay using HPLC, where the mobile phaaesisiution
of 4.4 grams of sodium docusate P in P 600 mL ahaml, add 400 ml of water, adjust to pH 2.5 véthfuric
acid 2 N [1].Pyrazinamide (PRZ) is ratherdifficult to dissolve in water and difficult to dislveethanol, ether and
chloroform. Identification using ultraviolet speatn showed maximum absorption at a wavelength ofcaqmately
268 nm differ not more than 3.0% [Rifampicin (RIF) is ratherdifficult to dissolvein water; easily soluble in
chloroform; soluble in ethyl acetate and methanBIF assay using HPLC, where the mobile phase issé¢ue
water mixture: acetonitrile P: a solution of 1.0p¥osphate buffer-citric acid, 0.5 M sodium percater{1].
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Figure 1. Chemical structure of (a) INH, (b) PRZ, ¢) RIF [1]
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One of the main challenges facing analytical ch&smis the spectrophotometry determination of twonare
compounds in the same sample without preliminarpassion. Resolving the overlapped spectra of
multicomponent mixtures dosage forms whether tgrrar more as mixtures was rather a difficult tagf. [
Derivative spectrophotometry, a well establishedlgital technique which is frequently used in twntemporary
analysis of drpgs in mixtures when the spectrasitabands of components are overlapped [3].

Researchers have conducted research using deesapectrophotometry method to establish the lexfelsnary
and ternary mixtures , that is the zero-crossirgghod [3,4,5,6,7]. Althopgh this method is rarebed for the
determination of ternary mixtures, but in the apgtion at the higher derivatives , determinatioteohary mixtures
can be done . This method is faster and simpler [8]

The aim of this work is to validation a secondidtive spectrophotometry method for determinatad this
ternary mixture in tablet dosage form using 0.1 GlLlHas solvent.

MATERIALS AND METHODS

Apparatus The spectrophotometric measurements were caruedm a Shimadzu UV-1800 spectrophotometer.
The absorbance spectrum were measured using 1 anzceells. For the derivative method, The abswba
spectrum were recorded on the same spectrophotometie 1 cm quartz cells and supported with UVir@:34
software.

Materials and reagentsAll materials and reagents were analytical reaggatle. Materials used are 0.1N HCI,
Rifampicin (Shenyang Antibiotic Manufacturer), INfindonesian Reference Substance), PyrazinamideafAse
Reference Substance), 3-FDC tablet (containingm@@yrazinamide, rifampicin 150 mg and INH 75 mg).

Preparation of standard solutionsStock solutions containing 50 mg/mL INH, 50 mg/fRZ and 50 mg/mL RIF
were prepared in 0.1IN HCI. Further dilutions welene using 0.1N HCI as described under construation
calibration graphs.

Preparation of calibration graphs Different aliquouts of the standard solution ofHNPRZ and RIF, was
transferred into 50 ml volumetrric flask. The dans were then completed to the volume with 0.16l,+0 that
the final concentration for INH were 5.0 mg/mL; #rig/mL, 10.0 mg/mL; 12.5 mg/mL and 15.0 mg / mL,ZPR
were 6.0 mg/mL; 7.5 mg/m, 9.0 mg/mL, 10.5 mg/mL,0Lehg/mL and RIF were 6.0 mg/mL, 9.0 mg/mL mg/mL,
12.0 mg/mL, 15.0 mg/mL and 18 mg/ml. The absorptapectrum of each solution was recorded within the
wavelength range of 200-400 nm and stored.

Maximum Absorbance Spectrum
Pipette 2.2 mL INH, 1.2 mL PRZ and 2.7 mL RIF. Adsance was measured at a wavelength of 200-400 nm.

Derivatives Absorbance Spectrum

Prepared Absorbance spectrum from INH standangtieal with a concentration of 5.0 pg/mL, 7.5 pg/nil0.0
pg/mL, 12.5 pg/mL, and 15.0 pg/mL PRZ standardtewiuwith a concentration of 6.0 pg/mL, 7.5 pg/ne.0
pg/mL, 10.5 pg/mL and 12 pg/mL and RIF standardtsmi with a concentration of 6.0 pg/mL, 9.0 pg/mP.0
pg/mL, 15.0 pg/umL, and 18.0 pg/mL at a wavelemdtB00-400 nm, the absorbance spectrum is transfimto
the first and second derivatives with 2 nm, 4 nm, 8 nm, 16 nm.

Determination of Zero Crossing

Determination of the zero crossing is obtained wsriapping the absorbance spectrum of each derératia range
of concentration of the solution. Each substanzei® crossing shown by the wavelength that has alesorbance
at various concentrations.

Determination of Wavelength Analysis

Created INH solution with a concentration of 1§/mL, PRZ solution with a concentration of 1®/mL, RI
Fsolution with a concentration ofy @/mL, and a ternary mixture solution of u§/mL INH, 12pug/mL PRZ and 9
pg/mL RIF. The four solutions was measured theisoabance at a wavelength of 200-400 nm, and then
transformed into an first and second derivativesogtition spectrum of each single substances aadhary mixture
PRZ solution of INH and RIF. The second derivatisorbance spectrum of single substances and yesolation
mixture was overlapped. The selected wavelengthes wgavelengths where absorption of single two surtusts
provide a value of zero while the other compound Barnary mixture similar to or exactly the same.
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Preparation and Determination Calibration Curve Lin earity

Created INH standard solution with a concentrathrb.0 pg/mL, 7.5ug/mL, 10.0ug/mL, 12.5pg/mL and 15
ug/mL, then measured the second derivative absoeb@ic= 2 nm), PRZ standard solution with a concentratib
6.0 pg/mL; 7.5 pg/mL, 9.0 pg/mL, 10.5ug/mL pg/mL, and 12.0ug/mL, then measured the second derivative
absorbanceA)} = 16 nm), RIF standard solution with a concermratvf 6.0ug/mL; 9.0pg/mL; 12.0pg/mL; 15.0
ug/mL, and 18.Qug/mL, then measured the second derivative absoeb@iic= 2 nm) in predetermined wavelength
analysis. Conducted analysis of the relationsk@fwben concentration and absorbance values thasnebtby
linear regression equation y = ax + b. Based ernvttiue of absorbance at a wavelength analysis,led the limit

of detection and the limit of quantitation [9,10]Determination of the limits of detection and theit of
guantitation can use the formula:

2 y-vi)

SD =
n-2
3x3D
LOD =
slope
10x SD
LOQ =—
slope
Explanation SD = Deviation Standard

LOD = Limit of Detection
LOQ = Limit of Quantitation [9.10].

Determination of INH, RIF PRZ mixture in Tablet

Twenty 3-FDC tablet weighed and crushed homogenddmsder weighed equivalent to 50 mg PRZ, put 0@
ml flask, added approximately 50 mL of 0.1N HCInmsated for 10 minutes, then added 0.1 N HCI uh#l line
mark. Shaken and filtered (the first few mL ofrfite discarded). Pipette 1.2 mL filtrate intdask of 50 mL, 0.1
N HCI is added to the line mark. Detection by gsldV spectrophotometric at a wavelength of 200-400
analysis.

Method of Validation
The proposed method has been extensively validatestms of linearity, accuracy, precision. Thewacy of the
method was determined by calculating the recovétid, PRZ and RIF by the standard addition metf@do].

RESULTS AND DISCUSSION

Determination of the Maximum Absorbance Spectrum

Determination of maximum absorbance spectrum pexdrat a wavelength of 200-400 nm. Measuremenmts fo
INH at a concentration of 11 mg/mL, PRZ at a com@ion of 6.5 mg/ mL, and RIF at a concentratiéri®.5
mg/mL. Based on the research results, obtainedndeémum wavelength INH at 266,40nm. PRZ at 26860
and RIF at 228.20 nm
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Figure 2. The maximum absorbanc"énspectrum of 11pgmL INH

11



Muchlisyam et al Der Pharma Chemica, 2016, 8 (9):9-17

0.88827

0.20000 [

0.60000

0.40000

Abs,

No. Wavelength| Absorbanc | Description
26860 0.43544

o.zoo00

0.00000

-0.08968 L L L
200.00 Zs0.00 200.00 350.00 400.00
nm.

Figure 3. The maximum absorbance spectrum of 6.5 jigl PRZ
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Figure 4. The maximum absorpbance spectrum of 135g/ml RIF

Determination of Absorbance Spectrum

The results of the determination of the absorbapeactrum made for solution 7.5 pg/mL INH, solutioihl2
ug/mL PRZ, and solution of @g/mL RIF, then made absorbance spectrum at a wayief 200 -400 nm. As for
the comparison of the content of INH: PRZ: RIF i5:2: 3.

Determination of Zero crossing of First DerivativesAbsorbance

Absorbance spectrum of INH concentration of 7.5mlg/PRZ concentration of 12 pg/mL and RIF a coneiun

of 9 ug/mL is transformed into the first derivati@bsorbance spectrum witth 2 nm, 4 nm, 8 nm and 16 nm. The
determination result of zero crossing of the fitetivative absorbance obtained by overlapping itis¢ derivative
absorbance spectrum of each substances. Zero ngossithe first derivative spectrum of each substanis
indicated by the wavelength which has a zero alesortINH, PRZ and RIZ overlap absorption spectrcam be
seen in Figure 5.
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Figure 5. Overlap absorption spectrum of INH, PRZand RIP on the first derivatives
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Based of the results shown in the figure 5 abdwan be seen that the overlap of the first déineaabsorption of
INH, PRZ, and RIF zero crossing is not obtainedit®an not be performed determination of each tsuice then
continued on the second derivative.

Determination of Zero Crossing on the second derieve absorbance

The determination results of the second derivatiilsorbance spectrum is made by first making therphen
spectrum from INH solution with a concentration7gh pg/mL, solution PRZ with a concentration of @g/mL and
RIF solution with a concentration of 8y/mL at a wavelength of 200-400 nm. The obatinesbedmce spectrum
transformed into a second derivative absorbancetspe with AL 2 nm, 4 nm, 8 nm and 16 nm. The second
derivatives absorbance spectrum of each of theds&tamces was overlapped. The overlapping INH, RFZ and
the second derivative absorbance can be seenuneFggand Figure 7.
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Figure 6. The overlapping second derivative absorlvce spectrumAi 2 for INH, PRZ and RIF
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Figure 7. The overlapping second derivative absorlvae spectraAi 16 for INH, PRZ and RIF
Based of Figure 6 it can be seen from the overtappibsorbance INH, PRZ and RIF obtained a resuiteod

crossing in the second derivative absorbance MiitR at a wavelength of 219.00 nm, 265.40 nm and4808m to
INH. Meanwhile, at a wavelength of 240.80 nm f&ZPand at a wavelength of 299.80 to RIF.

Based of Figure 7 from the overlapping absorbdhit¢, PRZ and RIF obtained a result of zero crossimghe

second derivative absorbance with 16 at a wavelength of 222.20 nm, 253.60 nm 28aratand 316.40 nm for
PRZ. The result of the zero crossing of INH, PR&@ RIF can be usefor to assay the mixture of thudstances.
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Determination of Wavelength AnalysisINH, PRZ and RIF

Determination of the wavelength analysis is donentmking the INH solution of 7.ng/mL, PRZ solution of
ug/mL, RIF solution of ug/mL and mixed solution of 7.5g/mL INH, 12ug/mL PRZ, and 9 pg/mL RIF. Created
the first derivative absorbance spectrum of eadttiso 7.5 pg/mL INH, 12 pg/mL PRZ, 9ug/mL RIF, and the
mixture of 7.5 pg/mL INH, 12 pg/mL PRZ, 9 pg/mL RéAd then overlap. The same prosedure was dortador
second derivative spectrum. Determination of theelength analysis of absorption spectrum on eacivateve is
done by observing aertain wavelengths where alisarpf a single two compounds provide a value abzghile
the other substance and mixtures three identicaxactly the same. INH, PRZ, and RIF wavelengthcspm
analysis can be seen in Figure 8, Figure 9 andr&ig0.
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Figure 8. Wavelength Analysis of PRZ withi 253.60 nm
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Figure 9. Wavelength Analysis of RIF withA 299.80 nm
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Figure 10 Wavelength Analysis' of RIF. = 302.40 nm
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Based on Figure 8, Figure 9 and Figure 10, obtamadelengths that can be used for the determinatfaiNH,
PRZ and RIF mixtur. Determination of the PRZ comgat used the second derivativeaatl6, while for RIF and
INH components used second derivatives\at2. It is known based on wavelength selection aislfor each
derivative. Wavelength analysis is obtained bydaining thezero crossing for INH, PRZ and RIF

Wavelength analysis is determined by overlappirggahsorbance spectrum of each derivative INH, HRE,in
single form and Mixture of INH, PRZ and RIF. Wasegthsis determinde where the absorbance of the two
compounds give zero value while the absorbancheobther compounds and ternary mixture of INH, RIRd RIF
about the same or exactly the same. At first @tine absorbance spectrum, the wavelengths analf/$isH, RIF

PRZ and can not be found.

Therefore, the second derivative absorbance specaittA) 2, the wavelength analysis of RIF and INH can be
found. But wavelength analysis for PRZ can notfdaend. PRZ wavelengths for analysis can be foundhe
second derivative absorbance spectruiat6.

Based on the results of the second derivative Bhsge spectrum 2, it is known that the zero crossing of PRZ at
a wavelength of 299.80 nm, zero crossing for RIFaavavelength of 299.80 nm and zero crossing INHh at
wavelength of 219.00 nm, 265.40 nm and 302.40 mwhile based on the second derivative absorbancerspe
A) 16, it is known that theero crossing for PRZ is at a wavelength of 222.40 nm, 253.6Q 880.20 nm and
316.40 nm. After the second derivative absorpspectrum of the three substances and the mixturiret
components overlapped, wavelength analysis for BRZ53.60 nm in the second derivative absorbaneetispn at
AL 16, while for RIF at 299.80 nm and INH at 302.40 the second derivative absorbance spectiAin
2.Wavelength and absorbance analysis on the setmmative atAL 2 andAA 16 can be seen in Table 1 and Table
2.

Table 1 Analysis Wavelength and Absorbance on Seaderivatives with AL 2

Wavelengtt Absorbance
(nm) PRZ RIF INH Mixture of INH,PRZ and RIF
12 pgmL 9 pgmL 7.5 pg/ nh
219.00 -0.0003 -0.0001 -0.0027 -0.0025
240.80 0.0013 0.0000 0.0003 0.0019
265.40 -0.0002 -0.0004 -0.0014 -0.0022
299.80 0.0000 0.0002 0.0000 0.0002
302.40 -0.0000 0.0000 0.0001 0.0001

Table 2. Analysis Wavelength and Absorbance on Sewd Derivatives with AL 16

Wavelengtt Absorbance
(nm) PRZ RIF INH Mixture of INH,PRZ and RII
12 pgmL 9 pgmL 7.5 pg/ nh
222.40 0.0030 - 0.0001 -0.0003 0.0022
253.60 0.0013 - 0.0000 0.0000 0.0013
280.20 0.0006 0.0001 0.0001 0.0013
316.40 -0.0002 0.0000 0.0000 -0.0002

Based on Table 1 and Table 2 the obtained waviilsrapalysis of PRZ, RIF and INH used is 253.60 289.80
nm and 302.40 nm, respectively. Determination afvelength analysis is based on the value of thettfou
absorbance solution at these wavelengths.

Based on the results of the second derivative absoe spectrum at a wavelength16 253.60nm, the absorbance
value of RIF and INH is zero, while the absorbawmakie for PRZ and Mixture solution of INH, PRZ aRtF have
the same absorption value of 0.0013, so for PRZwiivelength analysis is at 253.60 nm.

Based on the results of the second derivative pbsoice spectrum &\ 2, the RIF wavelengths analysisused was
299.80 nm as at this wavelength, the absorbance yat PRZ and INH is zero, while for RIF and midsolution

of INH, PRZ and RIF have the same absorption vakege 0.0002. The INH wavelength analysis used 3@&s40
nm because at this wavelength, the absorbance f@ll®RZ and RIF is zero, while for INH and Mixtuselution

of INH, PRZ and RIF have the same absorption vakexe 0.0001. The of the mixture can be done withwior
separation, because the wavelength of the zersingef each compound are not the same [11].
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When the ternary mixture has a zero crossmgelength more than one, then the chosen wavdlemgtlysis is the
zero crossingvavelength that the absorbance partner and theureixt exactly the same, because this wavelength
can selectively measure the abosrbance of it's caimg partner and has the biggest absorption. dnbtbgest
absorption, the absorbance is more stable, satbeaf analysis can be minimized [11].

Detection Limit and Quantitation Limits

The detection limit and quantitation limit were @alated from the regression equation obtained fitwarcalibration
curve. The limit of detection of INH | s1.4080 pd/, RIF is 0,1424 pg/mL and PRZ is 1.2560 ug/mtd &mit of
guantitation of INH, PRZ and RIF is 4.6934 pg/ml4280 pg/mL and 4.1867 pg/mL. It shows that the
determination of PRZ with a concentration of 12 mig/ RIF with concentration of 9 mg/mL and INH with
concentration of 7.5 mg/mL can be detected and wmeaby second derivative spectrophotometric withoze
crossing method.

The limit of detection is the lowest concentratafrthe analyte in the sample that can still be ctet The limit of
guantitation was defined as the lowest analyte eomation in a sample that can still meet the cauafid thoropugh
criteria [10].

Assay of INH, RIF PRZ and Tablet Preparation

Assay of INH, RIF PRZ in each tablet contains 751, 400 mg PRZ and 150 mg INH. The assay of IRZ
and RIF at each dosage is 7.5 mg/mL INH,12 mg/mEZ BRRd 9 mg/mL RIF.The achievement of the compagativ
test can be done by an addition of the standardisnl4.51ug/mL for RIF from standard solution of RIF and 5.25
pg/mL for INH from standard solution of INH, so thiacan be measured by derivative spectrophotometethod.
The absorbance spectrum results is transformedaiisiecond derivative absorbance spectrum Wit andAL 16
nm. Based on the determined absorbance spectruiHyf RIF PRZ at the wavelength analysis that hasnbe
obtained previously, That is wavelengths 253.60 289,80 nm and 302.40 nm. The assay of INH, RIF RRBe
Tablet with the trade name of 3-FDC after analyztadistically in table 3.

Table 3. Contents of INH and RIF PRZ in Tablets 3DC

No. Samples Amount (mg) Requirements (m¢
1 INH  75.96-77.745 67.5-825
2 PRZ 394.92t04164 360 - 440
3 RIF 144.81to0154.2 135 - 165

It can be seen in Table 3, the contents of INH, RIRZ in the tablet Rimcufé@meets the requirements of the United
States Pharmacopoeia XXX[12].

Validation test

Accuracy Test Results

Accuracy test with the parameter of the recovenggmtage is performed using 3-FDC tablets bystahdddition
method in a range in the sample. In this casegetBpecific ranges used was 80%, 100% and 120% hwkic
composed of 70% and 30% of raw samples [9,10].

Table 4 Results of recovery of INH, RIF PRZ by stadard addition method on a 3-FDC tablet.

Specific range % Reacquisition PRZ (¥Reacquisition RIF (%Reacquisition INH (%
101.99 99.13 98.87
80 101.57 101.41 100.26
101.15 100.58 97.99
99.42 100.59 101.42
100 99.76 100.92 101.76
99.08 100.25 101.09
98.25 100.99 99.47
120 98.53 101.26 99.75
98.82 101.53 10 0:03
Mean (%recovery ) 99.84 100.74 10 0:07
Sandard Deviation (SD ) 1.39 7347 1.22
Relative Standard Deviation ( RSD ) (%) 1.39 0.7 1.22

Based of Table 3 shows that the average percené@geery obtained for PRZ is 99.84%, for RIF is J@0%,for
INH is 100.07%. The obtained accuracy value shaat this method qualifies validation requirementsc(aacy
value requirements is 98% -102%) [9,10].
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Precision Test Value

Precision test is a parameter that indicates aclasalysis which done in several repetitions. iBi@t test is done
by calculation of the relative standard deviatiBased on calculation data on the assay of INH, RRZ RIF
obtained relative standard deviation of 1.39% f&ZP0.7% for RIF and 1.22% for INH. The resultsatile
standard deviation for INH, PRZ and RIF meet trguieements, namelyg2% [10].

CONCLUSION

1. Derivative spectrophotometric method with zero siog can be used to establish the levels of termaxyures
of INH, PRZ and RIF.
2. The assay of ternary mixtures of INH, RIF, PR#d the 3-FDC tablets meet the requirements of MRR
(2007).
3. Validation test performed on 3-FDC tablet that 8exond derivative spectrophotometric method vabdat
meets the requirements.
4,
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