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Abstract: Simple, accurate and sensitive spectrophotometric, chemometric and
chromatographic methods were used for the simultaneous determination of
emtricitabine (ETC) and tenofovir disoproxil fumarate (TDF) in tablets. In 1%
derivative spectrophotometry, the first derivative spectra of the solution of ETC
and TDF in water were recorded as A4 = 4 nm and the first derivative absor-
bances were measured at the zero-crossing points at 297.3 and 281.2 nm for
ETC and TDF, respectively. In ratio of the 15 derivative spectrophotometry
measurements were recorded at 239.0 and 270.2 nm for ETC and TDF, respect-
ively. Then analytical signals were measured at the wavelengths corresponding
to either maximum or minimum for both drugs. For these spectrophotometric
methods Beer’s law is obeyed in the concentration range of 2—15 pg mL! for
both drugs. As chemometric method, the PLS technique was used. In chroma-
tographic method, the separation was achieved on a C18 column with DAD
(262 nm) and isocratic elution of methanol, acetonitrile and 0.1 % orthophos-
phoric acid in the volume ratio of 40:40:20, respectively, containing the mob-
ile phase. The mean recovery and the relative standard deviation of the
methods were found as 97.51-100.17 % and 0.55-1.26 % respectively. All
these methods were statistically compared, and they were successfully applied
to a pharmaceutical preparation.

Keywords: tenofovir disoproxil fumarate; emtricitabine; first derivative; ratio;
PLS; HPLC.
INTRODUCTION

ETC (Fig. 1) is a nucleoside reverse transcriptase inhibitor also, chemically
named 4-amino-5-fluoro-1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-5yl]-1,2-
-dihydropyrimidin-2-one. Both it and TDF are active drugs against hepatitis B
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virus and used for the treatment of human immunodeficiency virus (HIV) inf-
ection in adults and children.!-2
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Fig. 1. Chemical structures of: a) tenofovir disoproxil fumarate b) emtricitabine.

TDF (Fig. 1) is an acyclic nucleoside phosphonate di ester analogue of ade-
nosine monophosphate, a nucleoside reverse transcriptase inhibitor. The mole-
cular formula is Cy3H34N5014P and chemically named [[(2R)-1-(6-aminopurin-
-9-yl)propan-2-ylJoxymethyl-(propan-2-yloxycarbonyl-oxymethoxy)phosphoryl]-
oxymethyl propan-2-yl carbonate; (E)-but-2-enedioic acid, respectively.3:4

Several analytical methods were studied using the reverse-phase HPLC (RP-
-HPLC),48 ultra-performance liquid chromatography,’? UV—Vis spectroscopic
methods,!0-15 HPTLC!6 and LC-MS!7-20 which have been reported in literature
for the assessment of TNF and ETC in their single formulations and in combin-
ation together or with other drugs. Limited number of studies?! are available in
literature about chemometric approach for these two substances and so far there
is no study for the determination and the comparison of chemometric approach of
spectrophotometric method and chromatographic method.

The derivative spectrophotometry is an analytical technique of a highly use-
ful method for both qualitative and quantitative analysis of the spectra composed
of unresolved bands. The zero-crossing approach involves measuring the abso-
lute value of the total derivative spectrum at an abscissa value matching the deri-
vative spectra, of the first derivative in this study (!D) of each individual compo-
nent’s zero-crossing wavelengths. The wavelength that is chosen because it has
the best linear correlation to the analyte concentration in terms of the absolute
value of the derivative absorbances at that wavelength.22 In ratio of the 15t deri-
vative spectra method; the ratio spectra of the solutions of ETC or TDF at differ-
ent concentrations were obtained by dividing each with the stored standard spec-
trum of the TDF or ETC and then the first derivatives of these spectra are traced
(IDD). The unknown analyte concentrations can be calculated by reading the
analytical signals at various points within the selected wavelength range.23
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The chemometric approach is the easiest technique for the determination of
active ingredients in mixtures and of pharmaceutical preparation, because using
different solutions that contain various concentrations of active ingredients, with-
out separation methods, each ingredient concentration can be calculated in a few
seconds. There are many techniques available for this purpose, the principal com-
ponent regression (PCR) and the partial least-squares (PLS) are the mainly pre-
ferred. These techniques have some advantages over other multicomponent ana-
lytes.24-27 By creating the matrixes that include such variables, as for instance
the absorbance value and concentration, the assessment of the exact concen-
tration of the active ingredients of preparation can be reached.

The aim of this study was to develop the appropriate spectrophotometric
(derivative and ratio spectra derivative) and chemometric methods for the deter-
mination of ETC and TDF simultaneously in their binary mixture and comparing
these techniques with a new RP-HPLC method. In addition, it was also aimed to
apply all methods developed in order to enable the determination of TDF and
ETC in marketed pharmaceutical formulations, such as a tablet, containing these
two drugs.

EXPERIMENTAL
Materials

Reference standards of ETC, 99.8 % purity and TDF, 99.7 % purity were obtained as a
gift from ILKO Drug Ind. (Istanbul, Tiirkiye). HyPO, were purchased from Sigma Aldrich.
HPLC-grade acetonitrile and methanol were purchased from Merck. Ortho-phosphoric acid,
analytical-grade hydrochloric acid and analytical-grade sodium hydroxide from Merck.
Quercetin (internal standard) was purchased from Merck. “Hivent” is a commercial pharma-
ceutical preparation which includes both TNF and ETC, used for the treatment of HIV, were
obtained as a gift from ILKO Drug Ind. (Istanbul, Tiirkiye and Batch no: 2203910002).

Instrumentation and chromatographic conditions

The spectrophotometric analyses were performed using Jasco V-730 (C246261798) UV—
—Vis spectrophotometer connected to a computer. The standard quartz cuvette (10 mm) was
used for the measurement of the absorbance values. In the PLS method, the multi-variate ana-
lysis Add-ing for Excel v. 1.3 software (Brereton, 2002) was used.?® The zero-order absor-
bance spectra were recorded over the wavelength range of 200-320 nm for the 1% derivative
with the zero-crossing and for the ratio spectra of the the 15t derivative spectra methods. The
suitable settings were response time, 0.015 s; scan speed, 1000 nm min'!; spectral slit width, 1
nm; data interval, 0.2 nm; A1 =4 nm.

The chromatographic system consisted of a Shimadzu liquid chromatograph equipped
with a pump (LC-10AT VP), a controller (SCL-10A VP) connected to a computer using a
software (Class-VP 5.03), an autosampler (SIL-10AD VP), 30 pL injection loop and diode
array detector (DAD, SPD-10A VP). The system was controlled through a system controller
(SCL-10A) using a personal computer using a CLASS-VP 5.0 workstation with a data pro-
cessing system (Shimadzu, Kyoto, Japan) installed on it. The separation was performed on a
XTerra, C18 (100 mmx4.6 mm i.d., 3.5 pm) analytical column (Waters, Milford, MA, USA).
The column temperature was set to 25 °C. The mobile phase consisted of 0.1 vol. % ortho-
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-phosphoric acid, (pH adjusted to 2.5 with NaOH), acetonitrile and methanol in the volme
ratio of 40:40:20 in the isocratic mode and DAD detector was set to the wavelength of 262
nm. 10 pL of the sample solutions were injected into the HPLC system at the flow rate 0.5 mL
min'!. Quercetin was chosen as the internal standard as its peak was very well resolved from
the two drugs peaks and baseline. All solutions were prepared in type 1 water (Simplicity 185
Water System, Millipore Corp., Bedford, MA, USA). The mobile phase was filtered through a
membrane filter with a pore diameter of 0.45 um and kept in an ultrasonic bath for 15 min to
remove the soluble gases. At the end of the analysis column was flushed with approximately
20 times of column volume of HPLC grade water and then methanol. Finally, the column was
stored in pure methanol. This procedure was applied for every analysis.
Chemicals and solutions

The stock solutions of ETC and TDF (1 mg mL!) were prepared in 0.05 M HCI and
stored at —20 °C for one week. Quercetin (IS, 1 mg mL-!) was prepared in methanol. The
standard solutions were prepared daily by diluting the stock solutions with water to the desired
concentrations. All solutions were prepared in type 1 water (Simplicity 185 Water System,
Millipore Corp., Bedford, MA, USA).
Sample preparation

Twenty Hivent tablets (each tablet contains 200 mg ETC and 300 mg TDF) weighed
accurately and crushed in a mortar. An amount equivalent to one tablet was transferred into a
100-mL volumetric flask. Then, it was dissolved in 0.05 M 50 mL HCI, and the volume was
completed to the mark with distilled water. After 30 min of shaking the solution was filtered
through the filter paper and it was used for the spectrophotometric and chemometric analysis
after the dilution with the distilled water in order to obtain the final concentrations within the
specified range of ETC and TDF (Final solution). In RP-HPLC method, this final solution was
sonicated for 45 min. and filtered through a membrane filter with a pore diameter of 0.45 pm.

RESULT AND DISCUSSION

Method development

For the validation, studies were performed within the scope of International
Conference on Harmonization (ICH) requirements.2%-30 In this context, the reten-
tion time, the capacity factor, the tailing factor and the theoretical number of
plates for each active ingredients were calculated according to the data obtained
from the HPLC method. For the validation studies, the specificity, the limit of
detection (LOD), the limit of quantification (LOQ), the linearity, the accuracy
and the intra-day and the inter-day precision parameters were investigated for
spectrophotometric, chemometric and HPLC methods.

For the accuracy, a stock solutions of active ingredients of 1000 pg mL-!
were prepared in 0.05 M HCL. The working standard solutions were prepared in
the range of 1-15 pg mL-1. The linearity was calculated using the regression
equation (y = mx + n) data including concentration the ranges, the correlation
coefficients, and the standard error of intercept.

Using the standard addition method at various concentration the levels were
studied and compared by the difference between the found and the actual value
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show the accuracy of the method. The precision studies were carried out by ana-
lysing three different concentration levels at six replicates. Fig. 2 shows the zero-
-order absorption spectra of the solution of ETC and TDF in water. In the first
derivative by the zero-crossing method the first derivative spectra were traced
with the interval of 4 nm (1D). Fig. 3 shows the 1st derivative spectra obtained at
the increasing concentrations for ETC and TDF. The derivative absorbances
(AA/AJ values) read at 281.2 and 297.3 nm (zero-crossing points for ETC and
TDF, respectively) in their 1D spectra were used for the analysis of ETC and
TDF in pure form and in pharmaceutical tablets.
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Fig. 2. Zero-order absorption spectra of 15 pg mL! solutions of ETC and TDF in water.
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Fig. 3. 15t Derivative absorption spectra of 10 ug mL"! ETC and 10 ug mL-! TDF solutions in
water.

For the ratio of the 15t derivative spectra studies, the solutions containing
both ETC and TDF were prepared in their increasing concentrations. The solut-
ions of the co-existing component were also prepared in a constant concentration
(selected as 10 pg mL-! for both, because the optimum condition were obtained
with this concentration) as divisor and their spectra are stored. The ratio spectra
of different standards at the increasing concentrations were obtained by dividing
each with the stored spectrum of the stored spectra of another drug (divisor).
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Then, their first derivative spectra were recorded as A4 = 4 nm. The analytical
signals were read at 239.0 and 270.2 nm, for ETC and TDF respectively, which
gave a linear correlation for these substances. The obtained spectra are shown in
Fig. 4a and b according to the increasing concentrations of ETC (each solution
composed of 10 pg mL~! TDF and increasing concentration of 2, 5, 7.5, 10, 15
ug mL-! ETC) and TDF (each solution composed of 10 ug mL~! ETC and the
increasing concentration of 2, 5, 7.5, 10, 15 pg mL~! TDF). The divisor con-
centration was kept constant at 10 ug mL~! for both TDF and ETC. Table I
summarized the wavelengths selected and the calibration results for ETC and
TDF. The calibration curves were prepared by plotting the analytical signals read
against to the concentrations.

(a) (b)
Fig. 4. Ratio 1% derivative spectra samples obtained increasing concentrations
(2,7.5,15 ng mL") of both ETC and TDF in water.

TABLE II. Results of regression analysis for TDF and ETC in 1% Derivative and ratio 1%
derivative spectra and HPLC method; SE — standard error

Parameter 1% Derivative — zero ~ Ratio 15t D. spec. HPLC
crossing
ETC TDF ETC TDF TDF ETC
A/ nm 297.3 281.2 239.0 270.2 262 262
Linearity range, pg mL"! 2-15 2-15 2-15 2-15 1-15 1-15

Slope (m) + SE (y = mx+n) 0.001681+£0.001858+ 0.0151+ -0.0191+ 0,396+ 0,447+
0.0001  0.0002  0.003  0.003  0.0004  0.0005

Intercept (n) = SE 0.000606+0.000815+ —0.0007+ —0.0006+ —0.,064+ 0.075+
0.0001  0.00015 0.00016  0.0001 0.0004  0.0001
R? 0.9988  0.9973  0.9999  0.9998  0.9998  0.9998

To optimize the simultaneous determination of ETC and TDF using the ratio
of the 15t derivative spectra method, it is necessary to test the divisor concen-
tration. For this purpose, some different divisor standard concentrations were stu-
died. 10 ug mL~! was found optimal as the divisor concentration. The first deri-
vative spectra were recorded as AA = 4 nm interval and the analytical signals
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were recorded at the selected wavelengths (239.0 and 270.2 nm for ETC and
TDF, respectively) were plotted against the concentration. In the regression ana-
lysis the correlation coefficients obtained in the linear range values of all the
methods studied were very close to 1 (Table I).

For PLS method the absorbance data matrix for the training set in different
compositions (in the working range of 2.0-15.0 ug mL-! for ETC and TDF)
were obtained by the measurements of the absorbance values between 240 and
320 nm in the 4 nm wavelengths intervals in the zero-order absorption spectra.

The PLS technique was chosen as chemometric technique. In this technique,
the calibration or regression was obtained using the absorbance matrix and the
concentration matrix for prediction of the unknown concentrations of ETC and
TDF in their binary mixtures and the pharmaceutical formulations. The standard
error of prediction (SEP) in the prediction step can be used to describe the pre-
diction ability of this technique:

n dded found |2
SEP = \/ 2. (GG

n

(1)
where Cl-added is the added concentration of a drug and # is the total number of
samples. In this method, the absorbance values (4) and the concentration values
(C) are used to create the data matrix using the absorbances read in the UV—Vis
spectra. The multivariate calibration technique was applied for the training set
prepared using 20 mixtures in the concentration range of 2-15 pg mL~! for ETC
and TDF (Table II).

In RP-HPLC method, the retention times for ETC, TDF and IS (quercetin)
were found as 5.623, 6.865 and 10.560 min, respectively, in the chromatogram.
In this method, the calibration curve was obtained by the peak area under the
analyte peak was divided to the peak area of IS peak area and the obtained values
were plotted against the concentration values. For the evaluation of system suit-
ability parameters retention time, the capacity factor, the tailing factor and the
theoretical number of plates for the each active ingredient for the developed new
RP-HPLC method are calculated and given in Table III. No interfering peaks
from the tablet excipients were observed (Fig. 5).

The accuracy and precision were studied using three different solutions for
ETC and TDF for four methods developed. The Inter-day and the intra-day pre-
cision and accuracy values are shown in Table IV. PLS algorithms were per-
formed with four components in the range of 2-15 ug mL-!. After obtaining, the
data prediction was employed using the training set, and the standard errors of
the prediction values were calculated by the PLS software program. The calcul-
ated values are 0.325 and 0.318 from experimental results. The limit of detection
(LOD) and the limit of quantification (LOQ) are calculated by the ratio of the
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standard deviation (SD) of the response to the slope (i) of the calibration curves
(LOQ = 10(SD/m) and LOD = 3.3(SD/m)), where m is the slope of the calibration
curve. LOD and LOQ values in the 15t derivative with zero-crossing, ratio spectra
of the 18t derivative spectra methods and the PLS technique are 0.05 and 0.15 pg
mL-! for ETC and TDF, respectively. In HPLC, LOD and LOQ values are 0.1
and 0.4 ug mL-! for ETC and TDF, respectively.

TABLE II. Training set used in PLS technique for ETC and TDF (C/ pg mL!)

Mixture No. ETC TDF
1 5 2
2 8 2
3 10 2
4 13 2
5 2 2
6 15 2
7 2 5
8 5 5
9 8 5
10 10 5
11 13 5
12 15 5
13 2 8
14 5 8
15 8 8
16 13 8
17 10 10
18 15 10
19 2 15
20 5 15

TABLE III. System suitability parameters

Active ingredients Retenthn time* Capacity factor  Tailing factor Theoretical
min number of plates

TDF 6.865+0.002 5.84 1.19440.002 9841.19

ETZ 5.623+0.001 4.61 1.372+0.001 7480.12

IS 10.56+ 0.002 4.23 1.241+£0.001 6492.41

#Results are given by mean + standard deviation, n =6

Analysis of pharmaceutical preparation

When the results obtained in the pharmaceutical formulation using the 18t
derivative spectra, ratio of the 15t derivative spectra, HPLC and PLS technique
were summarized in Table V, it was observed that the values obtained were very
close to each other when compared for the pharmaceutical formulation selected.
There is no significant difference observed among the value of results using the
ANOVA at the p < 0.05 level for the commercial formulations. It can be said that
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all developed methods were found selective and specific for the simultaneous
determination of ETC and TDF in commercial preparations, such as tablets. No
interfering peaks from the tablet excipients were observed in chromatograms in
RP-HPLC method developed (Fig. 5). When compared the spectra of ETC and
TDF in standard and tablet formulation solutions showed that excipients placed
in the commercial preparations did not interfere the wavelength of maximum
absorbance in the zero-order spectra and the quantitation of active ingredients of
in these methods.

adiuluidy fadiubigidg
ITAOJOUQ;

eyl

3201900

- il

AR | ALY MU AR A At A AL LA ALt L A, S A AL AL AN, AL LR ML MR PR ALY P P
) WL [ 5 VRN R

Fig. 5. Representative chromatogram of tablet form containing ETC (10 ug mL!) and TDF
(15 pg mL1); IS: 1 pg mL-L.

TABLE IV. Inter-day and intra-day precision and accuracy results

Added Inter—day Intra—day
pgmL! Found® Precision®  Accuracy® Found® Precision®  Accuracy®
pgmL! RSD /% Bias, % ugmL! RSD/%  Bias, %
1* derivative—zero crossing (TDF)
2.0 1.96+0.003 0.347 -1.90 1.97+0.05 0.587 -1.73
7.5 7.47+0.015 0.487 —0.67 7.46+0.02 0.67 —0.54
10.0 10.04+1.01 245 0.41 10.05+0.96 2.34 0.54
1* derivative—zero crossing (ETC)
2.0 1.99+0.01 0.87 -0.71 1.99+0.16 1.92 —-0.12
7.5 7.48+0.14 0.47 —0.18 7.51+£0.29 0.96 1,33
10.0 10.10+0.62 1.49 1.02 10.12+0.52 1.27 1.15
Ratio 1* derivative (TDF)
2.0 1.98+0.003 0.39 —0.67 1.99+0.07 0.80 —-0.32
7.5 7.51£0.016 0.54 0.18 7.52+0.022 0.73 0.31

10.0 10.11+0.11 2.54 1.12 10.10+0.11 0.31 1.55
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TABLE IV. Continued

Inter—day Intra—day
Added - — S " — .
L Found Precision®  Accuracy Found Precision® Accuracy
Hem pugmL™! RSD /% Bias, % pugmL! RSD/%  Bias, %
Ratio 1* derivative (ETC)
2.0 1.98+0.12 1.53 —0.65 1.97+0.014 1.72 —1.44
7.5 7.51+0.19 0.65 0.16 7.51+0.022 0.71 0.07
10.0 9.90+0.79 0.16 —0.98 9.87+£0.97 2.39 -1.32
RP-HPLC (TDF)
1.0 1.04+0.022 5.21 0.001 1.04+0.063 5.11 4.39
7.5 7.57+0.056 1.84 0.15 7.49+0.019 0.64 0.89
15.0 14.96+0.072 1.17 0.25 15.07+0.030 1.17 0.47
RP-HPLC (ETC)
1.0 1.05+0.010 2.46 4.23 1.04+0.011 2.58 0.0005
7.5 7.53+0.043 1.40 1.11 7.42+0.029 0.96 0.44
15.0 14.93+0.085 1.40 0.86 14.87+0.026 0.60 0.48
PLS (TDF)
2.0 2.03+0.02 2.37 1.22 2.02+0.02 2.38 1.20
7.5 7.57+0.04 1.22 1.01 7.61£0.02 0.65 1.44
10.0 9.96+0.05 0.98 —0.40 9.99+0.03 0.84 —0.067
PLS (ETC)

2.0 1.99+0.006 0.76 -1.32 1.99+0.007 0.83 -0.37
7.5 7.52+0.017 0.56 0.20 7.52+0.017 0.56 0.20
10.0 9.95+0.062 1.52 —0.536 9.91+0.74 1.83 —0.87

aMean valuetstandard error; Prelative standard deviation; ©1 00(amount found — amount added)/amount found

TABLE V. Results obtained for the commercial preparation “Hivent” (contains 200 mg ETC
and 300 mg TDF per tablet)
Parameter 18t Derivative-  Ratio spectra 1% RP-HPLC PLS

-Z€ero crossing derivative

ETC TDF ETC TDF ETC TDF ETC TDF
Found, mg/tablet 197.12 298.18 197.46 300.52 199.46 299.52 195.62 299.18

RSD? 0.97 0.55 1.26 0.56 0.87 1.25 0.68 0.84
Bias® -1.46 061 -1.29 0.17  -027 -0.16 224 -0.27
Recovery, % 98.56  99.39 98.73 100.17 99.73  99.84 97.81 99.73

“Relative standard deviation (1 = 6), ®100(amount found — amount added)/amount found

CONCLUSIONS

Four new analysis methods, the 15t derivative spectra zero-crossing, the ratio
spectra of the 15t derivative spectra methods, the chemometric method (PLS tech-
nique), and the new HPLC method for the determination of TDF and ETC were
proposed for the simultaneous determination in their mixture. These methods
were also applied for the determination of TDF and ETC in pharmaceutical tab-
lets formulation, containing their binary mixture. All developed methods were
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evaluated according to the ICH guidelines for validation. The comparison of
methods was assessed by the parameters such as linearity, recovery, accuracy,
precision and bias values. When the results of commercial preparation according
to the 15t derivative and ratio of the 15t derivative spectra and the PLS technique
are compared to the HPLC method results, it was found that there was no sig-
nificant difference statistically between the results using these methods in p < 0.05
level. The PLS technique is superior to many analysis methods. It does not
require an excessive time for the preparation of samples, neither liquid-liquid ext-
raction process, complex gradient elution program, pretreatment process nor any
derivatization process. It requires only a computer program for calculations. In
the literature, there are various spectrophotometric methods for the analysis of
ETC and TDF, but there is no study for the simultaneous analysis of ETC and
TDF in their binary mixture using chemometric techniques and spectrophoto-
metric data. For this reason, our developed chemometric method (PLS) gives a
new approach. Also, a few spectrophotometric methods were also available for
the analysis of ETC and TDF in their binary mixture, such as the derivative
methods in the literature, our derivative and the ratio of the 15t derivative spectra
method, which are all different and new methods. After all, in this study four new
accurate, precise, and selective methods for the analysis of ETC and TDF in their
binary mixture were developed and the results obtained by the spectrophotomet-
ric and the chemometric technique (PLS) were compared to our developed and
validated RP-HPLC method.

For the analysis of a selected pharmaceutical formulation that is currently on
the market, all proposed procedures were effectively used. There was no statis-
tically significant difference in the results. These methods were found suitable as
simple, accurate, selective, and precise for the routine analysis of the pharma-
ceutical preparations, such as the tablets, for the simultaneous analysis of ETC
and TDF.
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U3BOJI

CHUMYJITAHO OOPEBUBALE EMTPUIITUTABMHA U TEHO®OBUP IHU30ITPOKCHII-
-OYMAPATAY ®PAPMALEYTCKUM IPEITAPATUMA IIPUMEHOM
CIIEKTPO®OTOMETPHUICKUX, XEMOMETPUJCKHUX U XPOMATOI'PA®CKUX METOIOA

AYSUN DINGEL, ELIF DAMLA GOK-TOPAK u FEYYAZ ONUR

Lokman Hekim University, Faculty of Pharmacy, Department of Analytical Chemistry, 06510, Ankara,
Tiirkiye
Y oBoM pany cy 3a ucrospemeno ogpehusawe emrpunutaduna (ETC) u TeHodoBUD
nusonpokcun-dymapara (TDF) y tabnerama npuMmemeHe jefHOCTaBHE, TaYHE W OCET-
JbUBE CIEKTPOOTOMETPHjCKE, XEMOMETPHjCcKe U xpomartorpadcke merone. [I[pumeHoM
IepuBaTUBHe CleKTpodoToOMeTpHje, IepUBAaTUBHH CIIEKTPH MpBOT pena pactsopa ETC u
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TDF y Bonu cy usamepeHu kao Al = 4 nm, a ancopbaHlle Cy MepeHe Ha HYJITOj TaUKH
npecexa, Ha 297,3 u 281,2 nm 3a ETC u TDF, penom. JepuBaTUBHOM CreKTpodOTO-
MeTpUjoM 3aCHOBAHOj Ha OFHOCY crnekTapa ypahena cy mepewa Ha 239,0 nm 3a ETC u
Ha 270,2 nm 3a TDF. 3aTUM cy MepeHH aHaJUTUYKH CUTHAJM HA TAJACHUM OyKUHaAMa
KOje 0AroBapajy MIM MakCUMyMy WJIM MUHUMYMY 3a oDa neka. bepos 3akoH je, 3a oda
nexa, MPUMEHEH y OIcery KoHueHTpauuja 2—15 pg mL'. Kao xemomerpHjcka mMetozna
kopuirhena je PLS texnuka. [I[pumeHomM xpomarorpaduje, onBajame je MOCTUTHYTO Ha
C18 komonu ca DAD perexTopom (262 nm) U H30KPATCKUM eJyUpameM MODHIHOM
¢asom MetaHom:anetoHuTpun:0,1 % oprodochopHa KkuCeIHHA y 3alpPEMUHCKOM
onHocy 40:40:20. Jobdujenu pesynrart je y oncery 97,51-100,17 %, a penaTtuBHa CTaH-
nappHa pesujauuja 0,55-1,26 %. MeTtone cy ycmemHo MpUMeweHe y aHanu3u ¢apma-
LEYTCKUX y3opaka, a JoDWjeHH MmojalM Cy aHalM3upaHU U nopeheHu nmpumeHom cTa-
TUCTUYKHUX TECTOBA.

(ITpumiseno 9. centembpa 2023, pesunupano 14. janyapa, npuxsaheno 12. mapra 2024)
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