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Abstract

A simple, rapid reverse - phase high performance liquid chromatographic method has been developed
and validated for the simultaneous estimation of lamivudine and tenofovir disoproxil fumarate in pure
and in tablet dosage form. The estimation was carried out on a Phenomenax Luna C18 (150 mm x 4.6
mm 1i.d., particle size Sum) column with a mixture of acetonitrile: methanol: water in the ratio of
30:50:20 (v/v) as mobile phase. UV detection was performed at 258 nm. The method was validated for
linearity, accuracy, precision, specificity and sensitivity as per ICH norms. The developed and
validated method was successfully used for the quantitative analysis of commercially available dosage
form. The retention time was 3.27 and 4.15 min. for lamivudine and tenofovir disoproxil fumarate,
respectively. The flow rate was 1.0 mL min™'. The calibration curve was linear over the concentration
range of 2 —12 pg mL™ for both lamivudine and tenofovir disoproxil fumarate. The LOD and LOQ
values were found to be 0.0099 and 0.0299 pg mL™ for lamivudine and 0.0328 and 0.0994 pg mL"' for
tenofovir disoproxil fumarate, respectively. The high percentage of recovery and low percentage
coefficient of variance confirm the suitability of the method for the simultaneous estimation of
lamivudine and tenofovir disoproxil fumarate in pure and in tablet dosage form.
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1. Introduction

Lamivudine (LAM) is a nucleoside reverse transcriptase inhibitor (NRTIs).
Chemically it is 4 — amino — 1 — [(2R, 5S) — 2 — (hydroxyl methyl) — 1, 3 — oxathiolan — 5 —
yl] — 1, 2 — dihydro pyrimidin — 2 — one. It can inhibit both types (I and II) of HIV reverse
transcriptase and also the reverse transcriptase of Hepatitis B. Tenofovir disoproxil Fumarate
(TDF) is fumaric acid salt of the bis isopropoxy carbonyl oxy methyl ester derivative of
tenofovir. Chemically it is 9-[(R)-2-[[(isopropoxcarbonyl)- oxy] methoxy] phosphinyl]
methoxy] propyl] adeninefumarate [1-3]. Fig.1 show the nucleotide reverse transcriptase
inhibitors (NtRTIs) used in combination for the treatment of HIV infection. Lamivudine is
official in IP [4], BP [5] and USP [6]. TDF is official in IP [7]. Literature survey reveals that
TDF is estimated individually by UV [8], derivative-HPLC [9], Plasma RP-HPLC [10-11]
and Plasma LC/MS/MS [12-14] methods. Similarly for LAM, HPLC [15], Titrimetry [16-17]
and HPLC in plasma [18-20] were reported. Few RP-HPLC [21-23] methods were reported
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for estimation of Emtricitabine, Tenofovir and efavirenz in pharmaceutical formulation.
RP-HPLC [24] and LC-MS/MS [25] and HPTLC [26] methods were reported for the
simultaneous estimation of Emtricitabine and TDF in human plasma and in formulations.
Also UV [27-32], HPLC [33-39], LC — MS [40], HPTLC [41-42] and enzymatic assay [43]
methods were reported for the simultaneous estimation of LAM with other antiretero viral
drugs. The purpose of this study was to develop simple, rapid, precise and accurate RP-HPLC
method for the simultaneous estimation of TDF and LAM in pure and in combined tablet
dosage form.
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Fig 1.The chemical structures of LAM and TDF
2. Experimental
2.1 Apparatus

RP-HPLC was performed with a Shimadzu LC-10 AT vp solvent-delivery system, a
Shimadzu SPD-10 Avp UV-visible detector, and a Rheodyne 77251 universal loop injector of
injection capacity 20 pL. The monitoring software was Winchrom. The equipment was
controlled by a PC workstation. Compounds were separated on a Phenomenex Luna C18
column (150 mmx4.6 mm 1i.d, 5-pum particle) under reversed-phase chromatographic
conditions. Ultrasonicator Model Soltec — 2200 MH was used. The work was carried out in an
air-conditioned room maintained at temperature 25 + 2°C. The flow rate was 1mL min™' and
the analytes were monitored at 258 nm.

2.2. Chemicals and Reagents

Working standards of pharmaceutical grade LAM and TDF were obtained as gift
samples from Strides Arcolabs Bangalore, India. The tablet dosage form, TENVIR - L,
manufactured by Cipla Limited, Mumbai, India (Label Claim: LAM 300 mg and TDF
300 mg), was procured from the local pharmacy. All the chemicals and reagents used were of
HPLC grade and purchased from Qualigens Fine Chemicals, Mumbai, India.

2.3. Mobile phase

The mobile phase consisting of acetonitrile: methanol: water in the ratio of
30: 50: 20% v/v was prepared and degassed with ultrasonicator.

2.4. Standard stock solution and Construction of Calibration curve

Standard stock solution of LAM and TDF (25 mg of each) were prepared separately in
25 mL of mobile phase to get the final concentration of 1 mg mL™'. From the standard stock
solution of drugs, different dilutions were prepared, injected and their peak area was
measured.
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A calibration curve was constructed by plotting concentration in X axis and peak area in Y
axis. The amount of LAM and TDF were calculated by using their respective calibration
curves.

2.5. Standard mixture solution

Mixed standard analysis was performed to validate the procedure. From the standard
stock solutions of the drugs, different mixed standard solutions of 2:12, 4:10, 6:8, 8:6, 10:4,
12:2 of LAM and TDF respectively were prepared and analyzed, statistical results were
within the range of acceptance i.e. %COV<2.0 and S.D.<1.0.

2.6. Sample preparation

For the analysis of tablet dosage form, twenty tablets (TENVIR - L) were weighed and
their average weight was determined. The tablets were then crushed to a fine powder and the
tablet powder equivalent to 25 mg of TDF was transferred to a 25 mL volumetric flask and
dissolved in about 20 mL of methanol. The solution was shaken for 5 min. Sonicated for 15-
20 min at 100 rpm and made up to the volume with methanol. The solution was filtered
through Whatman filter paper # 41. This filtrate was further diluted with mobile phase to get
the final concentration of 6 ug mL™! for both the drugs theoretically. 20 uL of the sample
solution was injected for quantitative analysis. The identities of both the compounds were
established by comparing retention time of the sample solution with those of standard mixed
solution. The amount of LAM and TDF per tablet was calculated by extrapolating the peak
area from the calibration curve.

3. Results and Discussion
3.1. HPLC method development and optimization

Column chemistry, solvent type, solvent strength, detection wavelength and flow rate
were varied to determine the chromatographic conditions giving the best separation. The
mobile phase conditions were optimized so that the components were not interfered from the
solvent and excipients. After trying column C8 and C18, the final choice of stationary phase
giving satisfactory resolution and run time was the reversed phase column phenomenax Luna
C18. Mobile phase and flow rate selection was based on peak parameters (height, area,
tailing, theoretical plates, capacity factor and resolution) and run time. The best result was
obtained by use of 30: 50: 20 (v/v) ratio of acetonitrile, methanol and water with
1.0 mL min.! From the overlain UV spectra (Shimadzu-1700), suitable wavelength
considered for monitoring the drugs was 258 nm (Fig 2). Solutions of LAM and TDF in
diluents were also injected directly for HPLC analysis and the responses (peak area) were
recorded. It was observed that there was no interference from the mobile phase or baseline
disturbances and both the analytes absorbed well at 258 nm. The chromatogram of placebo
and standard mixture is shown in Fig 3 and 4 respectively. Under the optimum
chromatographic conditions, the retention time obtained for LAM and TDF were 3.27 and
4.15 min, respectively for sample preparation and is shown in Fig 5. The results of system
suitability parameters [44, 45] of relative retention time, response factor, capacity factor,
tailing factor, Number of theoretical plates and resolution are reported in Table 1. The values
obtained for these properties (1<k<10, Rs>2) shows that, the chromatographic conditions are
appropriate for separation and determination of compounds.

3.2. Validation of the developed method

The method was validated for linearity, accuracy, precision, repeatability, selectivity
and specificity study as per ICH norms [46]. All the validation studies were carried out by
replicate injection of the sample and standard solutions.
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3.3. Linearity

Linearity was found to be 2 - 12 ug mL' for both LAM and TDF. The linear
regression equations for LAM and TDF were

LAM Y =594995.71x + 53624.08 (n=6, r> = 0.9993)
TDF Y =908701x + 140693 (n=6, 1> = 0.9991)
Where Y is response (peak area) and x is the concentration.

The standard deviation of the relative residuals [47] was calculated with n — 2 degrees
of freedom. The calculated value was found to be 0.06 for LAM and 0.02 for TDF. These
calculated values were in good agreement with standard limit, i.e., a good calibration curve
has a standard deviation of relative residuals less than 0.1. The standard deviation of the
relative residuals clearly better to interpret than r, because of their linear response to the
random errors of the signals combined with possible systematic errors produced by the non
linearity of the real calibration function. By using this concept, problems due to different
numbers of degrees of freedom between calibration and analytical data could be avoided.
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Fig 2. Overlain Spectra of LAM and TDF

Table 1. System suitability parameters

Property LAM TDF

Rt 3.27 4.15
RRT 1.009 0.998
RF 928024.7 595932.6
Tf 1.32 1.29
As 1.53 1.51
k’ 1.11 1.68

N 4307 5562
Rs Between LAM and TDF 3.52

Rt-Retention time; Tf - Tailing factor; k'~ Capacity factor; N- Number of
theoretical plates; Rs- Resolution
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Fig 3. Chromatogram of Placebo
3.4. Precision
3.4.1. Repeatability

The formulation was analyzed in same day for repeatability and the results were
subjected to statistical analysis. The %RSD for LAM was 1.1735 and for TEN it was 0.3855
which is according to ICH norms. The results of analysis are shown in table 2.

Table 2. Assay of Tablet Formulation

Drug TENVIR - L Amount Found SD RSD% SE
Label Claim 5
mg/ tab (n=6) Mg /o
LAM 300 301.97 100.66 1.1812 1.1735  0.1172
TDF 300 302.89 10096 0.3892 0.3855  0.1589

S.D.: Standard deviation, COV: Coefficient of variance, S.E.: Standard error.

3.4.2. Intermediate Precision

This parameter was confirmed by intraday and inter day analysis of formulation. This
was performed for three times in a same day and one time in three consecutive days. The %

RSD values were found to be less than 2.
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Fig 4. Chromatogram of mixed standard solutions
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Fig 5. Chromatogram of LAM and TDF in sample solution with their retention time

3.5. Accuracy

Accuracy of developed method was confirmed by doing recovery study as per ICH
norms at three different concentration levels by replicate analysis (n=3). The result of
accuracy study was reported in Table 3. From the recovery study it was clear that the method
is very accurate for quantitative estimation of LAM and TDF in tablet dosage form as all the
statistical results were within the range of acceptance i.e. %COV< 2.0

3.6. Limit of Detection, and Limit of Quantitation

LOD is calculated by use of the equation LOD = 3.36/S and and LOQ were calculated by the
use of the equation LOQ = 100/S, where o is the standard deviation and S is the slope of the
calibration curve. The results are reported in Table 4.
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Table 3. Recovery Studies

Drug Am(olylllgnrtnir?)s ent Am((;lugr;é%ded Recovery% RSD%
LAM 6.06 2 101.0241 1.732403
4 101.1464 0.683219
6 100.4808 0.517331
TDF 6.03 2 100.1127 1.354876
4 100.8231 1.338464
6 100.5526 0.92333

COV: Coefficient of variance

Table 4. Intra Day and Inter Day Precision, LOD and LOQ Studies

Drug Intra day Precision Interday Precision RSD% LOD LOQ
RSD% (n =6) Dayl  Day2  Day3  (hemL’)  (ugmL")

LAM 0.416438 0.764084 0.772634 0.827447 0.0099 0.0299

TDF 0.651821 1.230288 1.147076 1.067622 0.0328 0.0994

Mean of six determinations, COV: Coefficient of variance, LOD: Limit of detection,
LOQ: Limit of quantitation.

3.6.1. Instrument detection limit (IDL)

The IDL is treated as the minimum concentration of pure drug solution that can be
reliably detected by the HPLC system used in this study under the stated conditions of
analysis. For this blank solvent was used to compare the results from noise. The IDLs for
LAM and TDF were estimated through 10 repetitive injections of a standard solution
containing 10 ug mL™! of each drug as follows:

IDL (ug mL™!) = SD X tos

Where SD is the standard deviation of the peak areas for the replicate injections, and tos is the
Student’s ¢ at the 95% level of confidence. This theoretical IDL was finally injected in HPLC
to confirm the detection limit. IDL was found to be 3.38 and 3.07 ug mL™! for LAM and TDF,
respectively.

3.6.2. Estimated method detection limit (EMDL)

The estimated method detection limit is defined as the approximate minimum
concentration of drug that can be determined from a particular matrix by a particular method.
It depends upon the recovery of drug by the given method and can be different for different
matrices.

The EMDLs were estimated from the IDLs as follows:

IDLx100xV

EMD =
(g g™) MxRec%

With M being the mass of sample (g) and %Rec is the average percent recovery of the drug in
the method. EMDL for LAM and TDF were found to be 7.95 and 7.5 pg g, respectively.
3.7. Selectivity and Specificity

The selectivity of the method was confirmed by injecting the solution of both the
drugs into the system and it was observed that two sharp peaks of LAM and TDF having
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resolution of 3.52 were obtained at retention time of 3.27 and 4.15 min, respectively in
reference to placebo solution.

Comparing the chromatograms obtained from standard drugs, with the chromatogram
obtained from tablet solutions, the specificity of the method was assessed. As the retention
time of standard drugs and the retention time of the drugs in sample solution was same, so the
method was specific. The developed method was found specific and selective, as there was no
interference of excipients found.

4. Conclusion

A new, reversed-phase HPLC method has been developed for simultaneous analysis of
LAM and TDF in a tablet formulation. It was shown that, the method was linear, accurate,
reproducible, repeatable, precise, selective and specific proving the reliability of the method.
The run time is relatively short, i.e. 6 min, which enable rapid determination of any samples
in routine and quality control analysis of tablet formulations. The same solvent was used
throughout the experimental work and no interference from any excipient was observed.
Hence, the proposed method was successfully applied to analyze the tablet formulation
containing LAM and TDF.

Acknowledgement

The authors are thankful to ACMEC Trust, Melmaruvathur for providing necessary
facilities to carry out this work. Also the authors are thankful to Strides Arco Labs, Bangalore
for providing the gift samples of LAM and TDF.

References
1. Budawari S (2006) The Merck Index, 14th Edition, Merck and Co. Inc. Whitehouse
Station. NJ, p 927’ 1573.

2. Martindale (2005) The Complete Drug Reference, 34 th Edition, Pharmaceutical
Press, London, p 648, 655.

3. Rang H W Dale M M, Ritter ] M and Moore P K (2005) Pharmacolgy, 5 th Edition,
Churchill Livingstone, Edinburgh, p 660.

4. Indian Pharmacopoeia (2007), Volume II, The Indian Pharmacopoeia Commision,
Ghaziabad, p 1276.

5. British Pharmacopoeia (2009), Volume I and II, The Stationary Office, British
Pharmacopoeia Commission, UK, p 3407.

6. United States of Pharmacopoeia (2009), Volume II, United States Pharmacopoeial
Convention, Rockville, MD, p 2747.

7. Indian Pharmacopoeia (2007), The Indian Pharmacopoeia Commision, Ghaziabad,
Volume III, p 1782 — 1783.

8. Shirkhedkar A A, Bhirud C H, Surana S J (2009) Application of
UVSpectrophotometric Methods for Estimation of Tenofovir Disoproxil Fumarate in
Tablets. Pak J Pharm Sci 22(1): 27-29.

9. Sparidans R W, Crommentuyn K M, Schellens J H, Beijnen J H (2003) Liquid-
Chromatography assay for the antiviral nucleotide analogue tenofovir in plasma using
derivitization with chloroacetaldehyde. J] Chromatogr B 791: 227-33.

63



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Eurasian J Anal Chem 7(1): 56-66, 2012

Sentenac S, Fernandez C, Thuillier A, Lechat P and Aymard G (2003) Sensitive
determination of tenofovir in human plasma samples using reversed-phase
liquidchromatography. J Chromatogr B 793(2): 317-24.

Kandagal P B, Manjunatha D H, Seetharamappa J and Kalanur S S (2008) RP-HPLC
method for the determination of tenofovir in pharmaceutical formulations and spiked
human plasma. Anal Lett 41(4): 561-70.

Delahunty T, Bushman L, Fletcher C V (2006) Sensitive assay for determining plasma
tenofovir concentrations by LC/MS/MS. J Chromatogr B 830: 6-12.

Massaki T, Yuichi K, Naoya O, Atsushi H, Kazuhide B, Tsuguhiro K (2007)
Determination of plasma tenofovir concentration using a conventional LC-MS
method. Biol Pharm Bull 30: 1784-86.

King T, Bushman L, Kiser J, Anderson P L, Michelle R, Delahunty T and Fletcher C
V (2006) Liquid chromatography-tandem mass spectrometric determination of

tenofovir-diphosphate in human peripheral blood mononuclear cells. J] Chromato B
843(2,7): 147-56.

Marc Schuman, Serge Schneider,Christine Omes, Robert Wennig, Leon Fundira, Jean-
Claude Tayari and Vic Arendt (2005) HPLC analysis of generic antiretroviral drugs
purchased in Rwanda. Bull Soc Sci Med 3: 317 — 325.

Basavaiah K and Somashekar B C (2006) Titrimetric and Spectrophotometric methods
for the assay of Lamivudine in Pharmaceuticals. J Sci Ind Res 65: 349 — 354.

Basavaiah K, Somashekar B C and Ramakrishna V (2007) Rapid titrimetric and
spectrophotometric assay methods for the determination of lamivudine in
Pharmaceuticals using iodate and two dyes. J Anal Chem 62 (6): 542 — 548.

Gholamreza Bahrami, Shahla Mirzaeei, Amir Kiani and Bahareh Mohammadi (2005)

High-performance liquid chromatographic determination of lamivudine in human
serum using liquid-liquid extraction; application to pharmacokinetic studies. J
Chromatogr B 823 (2): 213 — 217.

Sibel A, OzkanBengi and Uslu (2002) Rapid HPLC Assay for Lamivudine in
Pharmaceuticals and Human Serum. J Liq Chromatogr and Rel Tech 25 (9): 1447 —
1456.

Eunice Kazue Kano, Cristina Helena dos Reis Serra, Eunice Emiko Mori Koono and
Simone Schramm (2006) Determination of lamivudine in human plasma by HPLC and
its use in bioequivalence studies. J Pharm Biomed Anal 4 (3): 761 — 765.

Mangoankar K and Desai A (2008) Simultaneous estimation of emtricitabine,
tenofovir disoproxil fumarate and efavirenz from tablets by reverse phase
highperformance liquid chromatography method. Indian Drugs 45(3): 188-92.

Appala N R, Rao V J, Vanitha P K, Mukilteo K and Srinivasu K (2008) Simultaneous
estimation of tenofovir disoproxil, emtricitabine and efavirenz in tablet dosage form
by RP- HPLC. Orient J] Chem 24(2): in press.

Raju N A, Begum S (2008) Simultaneous RP-HPLC Method for the Estimation of
theEmtricitabine, Tenofovir Disoproxil fumarate and Efavirenz in Tablet Dosage
form. Research J Pharm and Tech 1(4):522-25.

64



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Karunakaran et. al.

Unnam S, Bodepudi H, Kottapalli C B (2007) Development and Validation of
Stability indicating liquid chromatographic method for determination of emtricitabine
and related impurities in drug substances. J Sep Sci 30: 999-1004.

Rezk N L , Crutchley R D , Kashuba A D M ( 2005) Simultaneous quantification of
emtricitabine and tenofovir in human plasma using high performance liquid
chromatography after solid phase extraction. J Chromatogr B 822: 201-8.

Gomes N A, Vaidya V V, Pudage A, Joshi S S and Parekh S A (2008) Liquid
chromatography—tandem mass spectrometry (LC-MS/MS) method for simultaneous
determination of tenofovir and emtricitabine in human plasma and its application to a
bioequivalence study. J Pharm Biomed Anal 48(3): 918-26.

V.P. Devmurari (2010) Simultaneous Spectrophotometric Determination of
Lamivudine and Abacavir in the Mixture. Int J Pharm Sci and Res 1 (7): 82 — 86.

Devyani dube and Vyas S P (2009) Simultaneous Spectrophotometric Estimation of
Lamivudine and Silymarin in Mixture. Int J Pharmacy and Pharm Sci 1 (2): 107 — 111.

Abd El-Maaboud [.Mohamed and Workalemahu Mikre (2009) Determination of
Lamivudine and Stavudine in Pharmaceutical Preparations using Chemometrics-
Assisted Spectrophotometry. Saudhi Pharm J 17 (4): 286 — 293.

Namita Kapoor, Sateesh Khandavilli and Ramesh Panchagnula (2006) Simultaneous
determination of lamivudine and stavudine in antiretroviral fixed dose combinations
by first derivative spectrophotometry and high performance liquid chromatography. J
Pharm Biomed Anal 3 (7): 761 — 765.

Nagulwar V and Bhusari K (2009) First order derivative spectrophotometric method
for simultaneous estimation of lamivudine, nevirapine and zidovudine in tablets. Asian
J Chem 21 (16): 4689 —4693.

Sarkar Mahua, Khandavilli Sateesh and Panchagnula Ramesh (2006) Development
and validation of RP-HPLC and ultraviolet spectrophotometric methods of analysis for

the quantitative estimation of antiretroviral drugs in pharmaceutical dosage forms. J
Chromatogr B 830 (2): 349 — 354.

Anantha Kumar D, Srinivasa Rao G and Seshagiri Rao J V L N (2010) Simultaneous
Determination of Lamivudine, Zidovudine and Abacavir in Tablet Dosage Forms by
RP HPLC Method. E J Chem 7(1): 180 184.

Anantha Kumar D, Naveen Babu M V , Seshagiri Rao J V L N and Jayathirtha Rao V
(2010) Simultaneous Determination of Lamivudine, Zidovudine and Nevirapine in
Tablet Dosageforms by RP-HPLC Method. 3 (1): 94 — 99.

Jayakar B, Kumar M, Saravanan C and Kumudhavalli M V (2010) Method
Development and Validation of RP-HPLC Method for Simultaneous Determination of
Lamivudine and Zidovudine. J Chem Pharm Res 2 (1): 478 — 481.

Weerasak Samee, Paron Srilamai, Sasithorn Ongart, Ritthichai Suwannaratana,
Chayanid Sornchaithawatwong and Suwanna Vorarat (2007) Simultaneous
Determination of Lamivudine, Stavudine and Nevirapine in the Presence of Their
Acid-Induced Degradation Products by HPLC. Thai Pharm Health SciJ 2 (1): 39 —45.

Pai N, Desai AD (2007) Simultaneous reverse phase HPLC estimation of some
antiretroviral drugs from tablets. Indian J Pharm Sci 69:118-20.

65



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Eurasian J Anal Chem 7(1): 56-66, 2012

Saka C (2009) High-performance liquid chromatography methods to simultaneous
determination of anti-retroviral drugs in biological matrices. Critical Rev Anal Chem
39 (2): 108 — 125.

Abhinav Garg, Love Kumar Sonil, Satish G. Kaskhedikar, Kona S. Srinivas,
Loveraj Singh, Kamal K. Gupta and Dhananjay Dwivedi (2009) Development and
Validation of HPLC Method for Analysis of some Antiretroviral agents in their
Pharmaceutical dosage forms 43 (6): 369 — 374.

Kenney KB, Wring SA, Carr RM, Wells GN and Dunn JA (2000) Simultaneous
determination of zidovudine and lamivudine in human serum using HPLC with
tandem mass spectrometry. J Pharm Biomed Anal 22 (6): 967 — 983.

Maithilee Joshi A P, Nikalje M, Shahed, and Dehghan M (2009) HPTLC Method for
the Simultaneous Estimation of Emtricitabine and Tenofovir in Tablet Dosage Form.
Indian J Pharm Sci 71 (1): 95 - 97.

Anbazhagan S, Indumathy N, Shanmugapandiyan P and Sridhar S K (2005)
Simultaneous quantification of stavudine, lamivudine and nevirapine by UV
spectroscopy, reverse phase HPLC and HPTLC in tablets. J Pharm Biomed Anal 39 (3
-4): 801 — 804.

Stephen Kewn, Patrick G. Hoggard, Sean D. Sales, Kevin Jones, Bridget Maher, Saye
H. Khoo and David J. Back (2002) Development of Enzymatic Assays for
Quantification of Intracellular Lamivudine and Carbovir Triphosphate Levels in
Peripheral Blood Mononuclear Cells from Human Immunodeficiency Virus-Infected
Patients. Antimicrobial Agents and Chemotherapy 46 (1): 135 — 143.

Eugenia Soboleva and Arpad Ambrus (2004) Application of system suitability test for
quality assurance and performance optimization of a gas chromatographic system for
pesticide residue analysis. J] Chromatogr A 1027: 55 — 65.

Osman Tiryaki, Dilan Baysoyu, Gulizar Aydin, Emine Secer (2009) Setting system
suitability parameters for performance optimization of GC — NPD detection for
pesticide residue analysis. GU J Sci 22(3): 149 — 155.

International Conference on Harmonization. ICH Harmonised Tripartite Guidelines—
Validation of Analytical Procedures: Methodology, (1997) Q2A and Q2B.

Osman Tiryaki (2006) Method validation for the analysis of pesticide residues in grain
by thin layer chromatography. Accred Qual Assur 11: 506 — 513.

66



