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Spectrophotometric Determination of Thioctic Acid in its Dosage Forms
through Complex Formation with Pd(ll)
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A simple and sensitive spectrophotometric method has been developed for the determination of
thioctic acid in pharmaceutical preparations. The proposed method is based upon the formation of a com-
plex with palladium(II) in acetate buffer of pH 4.8 with an absorption maximum at 318 nm. The absorb-
ance obeyed Beer’s law over the range of 2-20 pg mL™" with a minimum detection limit of 0.15 ug mL™'
and molar absorptivity (§) of 7 x 10° L mol”.cm™. The different experimental parameters affecting the de-
velopment and stability of the color were carefully studied and optimized. The proposed method was suc-
cessfully applied to the analysis of commercial tablets and ampoules. The results obtained were in good
agreement with those obtained using a reference spectrophotometric method. A proposal of the reaction

pathway is presented.
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INTRODUCTION

Thioctic acid (TCA), 1,2-Dithiolane-3-pentanoic acid
(Fig. 1), is frequently used in the treatment of liver dys-
function, diabetic neuropathy,’ and in subacute necrotising
encephalopathy. Moreover, it is a useful antidote in amanitin
poisoning following ingestion of the mushroom Amanita
phalloides."

The literature survey reveals few analytical methods
for the determination of thioctic acid in pharmaceutical
preparations and biological fluids; these methods include:
spectrophotometry,™ electrochemistry,™ enzyme immuno-
assay,'’ GC-MS,"" flow injection analysis,'> and HPLC."*"”
These methods are either insufficiently sensitive or tedious
and require highly sophisticated instrumentation.' "’

The reported spectrophotometric methods® based on
the use of sodium azide-iodine reagent,” or alkaline potas-
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Fig. 1. Structural formula of thioctic acid.

sium permanganate’ are non-specific, as they use universal
reagents for oxidation of several compounds. Moreover,
formation of metal chelates renders the method more spe-
cific.

The molecular structure of TCA is characterized by
the presence of a sulphar bridge (S-S) group which is sus-
ceptible to complexation with Pd(IT) and initiated the pres-
ent study. This reaction has been studied in an attempt to
develop a simple and sensitive spectrophotometric method
for determination of TCA in pharmaceutical preparations.
The results obtained were promising.

EXPERIMENTAL

Apparatus

The spectrophotometric measurements were estab-
lished using a Shimadzu UV-Visible 1601 recording Spec-
trophotometer (P/N 206-67001). Recording range, 0-1.0;
wavelength, 318 nm.

Materials and Reagents
All reagents and solvents were of Analytical Reagent
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grade.

Thioctic acid pure drug sample was kindly provided
by Pharco. Phamaceutical Co., Alexandria, Egypt. Its pu-
rity was 99.0%. Commercial tablets labeled to contain 300
mg of thioctic acid/tablet (Batch # 201016) and Thiotacid
ampoules labeled to contain 300 mg of thioctic acid/10 mL
(Batch # 006105) were obtained from commercial sources
in the local market. Pallidium(II) chloride (Sigma, Milwau-
kee, WI, USA) 2 x 10~ M solution was prepared by dissolv-
ing 35.5 mg of palladium(II) chloride in 1 mL of hydrochlo-
ric acid, with the aid of heat, followed by the addition of 50
mL of boiled water then diluting to 100 mL with distilled
water. This solution is stable for two weeks. Acetate buffers
(pH 3.6-5.6)"® were prepared by mixing 0.2 M acetic acid
and 0.2 M sodium acetate; the pH has to be checked period-
ically. Methanol and hydrchloric acid (Merck, Darmstadt,
Germany). Potassium chloride (BDH, UK) 2.5 M aqueous
solution, freshly prepared.

Standard Solutions

A stock solution was prepared by dissolving 20.0 mg
of thioctic acid in 100 mL of methanol and was further di-
luted with the same solvent as appropriate. The standard
solutions were stable for seven days if kept in the refrigera-
tor.

General Procedure
Construction of the Calibration Curve

Transfer aliquot volumes of TCA standard solution
into a series of 10 mL volumetric flasks. Add 2 mL of ace-
tate buffer (pH 4.8) followed by 0.8 mL of palladium(II)
chloride solution and 2 mL of potassium chloride solution.
Complete to the mark with water and mix well. Measure the
absorbance of the resulting solution at 318 nm against a re-
agent blank simultaneously prepared. Base line correction
was carried out to delete any absorbance reading of the
blank. Plot the measured absorbance vs. the final concen-
tration of the drug (ng/mL) to get the calibration curve. Al-
ternatively, derive the corresponding regression equation.

Applications
I- Procedure for the tablets

Weigh and pulverize twenty tablets. Transfer a weighed
quantity of the powder equivalent to 20 mg of TCA into a
small conical flask. Extract three successive times each
with 30 mL of methanol. Filter the extract into a 100 mL
volumetric flask. Wash the conical flask with a few mLs of
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methanol. Pass the washings into the same volumetric flask
and complete to the mark with the same solvent. Transfer
aliquots covering the working concentration range cited in
Table 1 into 10 mL volumetric flasks. Proceed as described
under Construction of the Calibration Curve. Determine
the nominal content of the tablets either from the calibra-
tion curve or using the corresponding regression equation.
ii- Procedure for the ampoules

Mix the contents of five ampoules. Transfer aliquots
of the mixed solution equivalent to 20.0 mg into a 100 mL
measuring flask, dilute and complete to volume with meth-
anol. Transfer aliquots of this solution within the working
concentration range into a series of 10 mL volumetric
flasks. Proceed as described under Construction of the Cal-
ibration Curve. Determine the nominal content of the am-
poule either from the calibration curve or using the corre-
sponding regression equation.

RESULTS AND DISCUSSION

TCA exhibits a low absorption band in the UV region
with Al%lcm =15 at 332 nm. As a consequence, poor sensi-
tivity will be achieved by conventional UV spectrophoto-
metric measurements, and this problem is more aggravated
if it is needed to estimate the drug in biological fluids.
However, the presence of the S-S group and the possibility
of complex formation with PdCl,, initiated the present
study. The complex formed exhibits a maximum absorp-

Table 1. Effect of surfactants and sensitizers on the performance

of the proposed method
Surfactant Sensitizer C(zi;errggﬁl)on Absorbance % Change
No surfactant 0 0.680 -
Cetrimide 2.5 0.515 -24.3%
Sodium lauryl sulfate 2.5 0.658 -3.2%
Gelatine 2.5 0.617 -9.3%
Cetrimide 7.5 0.548 -19.4%
Sodium lauryl sulfate 7.5 0.703 +3.4%
Gelatine 7.5 0.647 -4.9%
Cetrimide 15 0.565 -16.9%
Sodium lauryl sulfate 15 0.682 +0.29%
Gelatine 15 0.668 -1.8%
No sensitizer 0 0.680 -
Quinine 5 0.765 +12.5%
Fluorescein 5 0.721 +6.0%
Rhodamine-B 5 0.705 +3.7%
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tion peak at 318 nm (Fig. 2). The complex was formed in-
stantaneously and remained stable for more than 90 min.
Transition elements are reported to form stable com-
plexes with many ligands containing heteroatoms. There is
a preference for amines, halogens, CN, tertiary phospho-
rines and sulfides. Palladium(II), as one of the transition el-
ements, was reported to form complexes with many phar-
maceutical compounds; viz, phenothiazines,'**° captopril, '
N-acetyl-L-cysteine,” and timonacic.”

Effect of Metal Type and Interference

Various metal salts were studied to select the most
suitable one for the complex formation, viz: AICl;, CuSO,
and PdCl,, the latter was found to be the most suitable one
since it gave the highest net absorbance readings. Other
metal salts gave low absorbance values. Moreover, they

1.0

0.8t

0.6

Absorbance

0.4

0.2

0.0

300.0 350.0 400.0 450.0 5000

Wavelength (nm)

Fig. 2. Absorption spectra of (A) thioctic acid only (20
ug mL1). (B) Pallidium(II) (1.6 x 10 M) only
at pH 4.8. (C) The formed complex of thioctic
acid (20 pg mL!) with Pd(IT) at pH 4.8.
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positively interfered if they were present in the reaction
medium with a percentage error of 29.4% and 32.3% for
AICl; and CuSOQy, respectively.

Optimization of the experimental parameters

The spectrophotometric properties of the colored
product as well as the different experimental parameters af-
fecting the color development and its stability were care-
fully studied and optimized. Such factors were changed in-
dividually while the others were kept constant. The factors
include pH, type of buffer, concentration of buffer solution,
different surfactants, different sensitizers, concentration of
surfactant and palladium(II).

Effect of pH
The study was conducted using 16 pg mL™" of thioctic

acid and 1.6 x 10™* M Pd(II) (final concentration). Using
different buffers such as phosphate, acetate or Britton Rob-
inson Buffers gave almost the same results. However ace-
tate buffer was used throughout the study because of the ab-
sence of possible interference produced by other buffers
such as phosphate buffer. The influence of pH on the absorb-
ance value of the formed complex was investigated over
the pH range 3.6-5.6. Maximum absorbance was achieved
at pH 4.8 (Fig. 3), using 2 mL of acetate buffer.

Effect of Pd(Il) concentration

The effect of Pd(II) concentrations on the absorbance
of the complex was studied. Keeping all other variables
constant, it was found that increasing the concentration of
Pd(II) solution (1 x 10™ M) resulted in a corresponding in-
crease in the absorbance of the complex up to 1.2 x 10 M;
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Fig. 3. Effect of pH on the absorbance of thioctic acid-

Pd(IT) complex. (TCA = 16 ug mL ') at 1.6 +
0.4 x 10* M Pd(IT) concentration.
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it then remains constant up to 2 x 10 M; therefore, 1.6 +
0.4 x 10 M was used throughout the study (Fig. 4).

Effect of different surfactants

The effect of surfactants on the absorbance of the
complex was investigated using different types, such as
cetylpyridinium chloride (cationic), sodium lauryl sulphate
(anionic) and gelatine (non ionic). Hopefully the surfac-
tants may enhance the absorbance reading of the complex,
but unfortunately, it was found that all the studied surfac-
tants had no significant effect on the absorbance of the
formed complex. Therefore, for a simple procedure there is
no need to use surfactants. The results are abridged in Table
1.

Effect of different sensitizers

Similarly different sensitizers were studied, and thus
quinine, fluorescein and rhodamine-B, at concentrations of
5 ug mL" were tested. Addition of sensitizers to the reac-
tion mixture was found to enhance the absorbance of the
complex but with the lack of reproducibility. Therefore, the
study was carried out without the addition of sensitizers.
The results are shown in Table 1.

Analytical Performance

The absorbance-concentration plot was found to be
linear over the range of 2-20 ug mL™'. Linear regression
analysis of the data gave the following equation:

A=-1.056x10°+0.034C  (r=0.9999)

0.8

0.6+

0.4+

Absorbance

0.2+

0.0 T T T T T
0.0 0.4 0.8 1.2 16 20 2.4
Concentration of Pd(ll) (x10-4 M),
final concentration

Fig. 4. Effect of concentration of Pd(II) (x 10™* M), fi-
nal concentration on the absorbance value of
thioctic acid-Pd(II) complex (TCA = 16 pg
mL") at pH 4.8 £ 0.4.
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where A is the absorbance in 1-cm cell and C is the concen-
tration of the drug in pg mL™.

The limit of quantification (LOQ) was determined by
establishing the lowest concentration that can be measured
according to ICH Q2B recommendations,*® it and was
found to be 0.51 ng mL™".

LOQ was calculated according to the following equa-
tion:

LOQ=100/S

where o: the standard deviation of the intercept of regres-
sion line.

S: Slope of the calibration curve.

The limit of detection (LOD) was determined by establish-
ing the minimum level at which the analyte can be reliably
detected and was found to be 0.15 pg mL™" (7 x 107 M).

LOD was calculated according to the following equa-
tion:**

LOD=3.30/S

The proposed method was evaluated by studying the accu-
racy as percent relative error and precision as percent rela-
tive standard deviation (RSD%); the results are abridged in
Table 2.

Validation of the Method

The method was tested for linearity, specificity, accu-
racy and precision. By using the above spectrophotometric
procedure, a linear regression equation was obtained. The
regression plot showed that there was a linear dependence
of the absorbance value on the concentration of the drug
over the range cited in Table 2. The validity of the proposed
method was evaluated by statistical analysis of the regres-
sion data regarding the standard deviation of the residuals
(Syx), the standard deviation of the intercept (S,) and stan-
dard deviation of the slope (Sy).2° The results are given in
Table 2. The small values of the figures point to the low
scattering of the points around the calibration graph and
high precision of the proposed method.

Accuracy
The accuracy of the proposed method was evaluated
by analyzing standard solutions of TCA. The results ob-
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Table 2. Performance data of the proposed method

Parameter Value

- Concentration range (ug mL™) 2-20

- Molar absorptivity (£) (mol™.cm™) 7% 10°
-LOD (ug mL™) 0.15
-LOQ (pg mL™) 0.51

- Correlation coefficient (r) 0.9999

- Slope (A. pugl. mL) 0.034

- Intercept -1.056 x 102
- Sy 2.75%x 107
-S, 1.72 x 107
-S, 1.76 x 107
- %Error 0.35
-RSD % 0.93

N.B.:

-S,/x = standard deviation of the residuals.

-S, = standard deviation of the intercept of regression line.
-Sp = standard deviation of the slope of regression line.
-% Error = RSD%/~/n .

tained by the proposed method were compared with those
obtained by a reference method.’ The latter involved oxida-
tion of TCA with alkaline potassium permanganate and
measuring the absorbance of the oxidation product at 610
nm.’

Statistical analysis® of the results obtained by the
proposed and reference method using Student’s t-test and
variance ratio F-test, show no significant difference be-
tween the performance of the two methods regarding the

accuracy and precision, respectively (Table 3).
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Precision
a- Repeatability

The repeatability was evaluated through replicate
analysis of TCA samples, pure drug or tablets or ampoules
(12 ug mL™"). The percentage recoveries based on the aver-
age of four separate determinations were 99.63 £ 0.77,
99.37 £ 0.33 and 100.83 * 0.83, for pure form, tablets and
ampoules respectively, thus indicating the high precision of
the method (Table 4).
b- Intermediate precision

It was performed through replicate analysis of TCA
samples, pure drug or tablets or ampoules (20 ug mL™). on
four successive days. The percentage recoveries based on
the average of four separate determinations were 99.41 +
0.50, 100.89 £ 0.46 and 100.23 £ 1.19 for pure form, tablets
and ampoules respectively. The results are shown in Table
4.

Robustness of the Method

The robustness of the method adopted is demonstrated
by the consistency of the absorbance values with the delib-
erately minor changes in the experimental parameters such
as pH 4.8 £ 0.4 produces a constant absorbance value of
0.54 at constant TCA concentration (16 pg mL™"); changing
the concentration of Pd(IT) solution (1 x 10™ M) resulted in
a subsequence increase in the absorbance value of the com-
plex up to 1.2 x 10 M, and it remained constant up to 2 x
10™* M; therefore, 1.6 + 0.4 x 10* M was used throughout
the study. This concentration produces a constant absorb-

Table 3. Application of the proposed and reference methods to the determination of thioctic

acid in pure form

Parameter ng taken pg found % recovery Reference method®
2.0 2.03 101.50 100.43
4.0 3.97 99.25 99.55
8.0 8.03 100.38 100.14
10.0 9.89 98.90
12.0 12.09 100.75
16.0 1591 99.44
20.0 20.03 100.15
-X £SD 100.05 £ 0.92 100.04 £ 0.45
- Student’s t-value 0.02 (2.31)
- Variance ratio F-test 4.18 (5.14)

N.B.:

Each result is the average of three separate determinations.
Figures between parentheses are the tabulated t and F values, respectively, at p = 0.05%
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Table 4. Validation of the proposed method for the determination
of thioctic acid in pure and dosage forms

0,
% Recovery o Recovery

Sample Repeatability Intermpfhate
(12 ng mL™) precision 1

(20 pg mL™)
1- Thioctic acid 99.50 98.82
(pure form) 99.00 100.00
100.75 99.26
99.35 99.56
Mean found % 99.63 99.41
+SD 0.77 0.50
RSD, % 0.77 0.50
2- Thiotacid tablets 99.49 100.59
(thioctic acid 300 98.99 101.47
mg/tablet) 99.24 100.74
99.75 101.03
Mean found % 99.37 100.89
+SD 0.33 0.46
RSD, % 0.33 0.46
3- Thiotacid ampoules 101.48 100.78
(thioctic acid 300 100.92 99.22
mg/10 mL) 101.29 101.64
99.63 99.26
Mean found % 100.83 100.23
+SD 0.83 1.19
RSD % 0.83 1.19
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ance value of 0.54 at constant TCA concentration (16 pg
mL™"). These minor changes that may take place during the
experimental operation didn’t greatly affect the absorbance
value of the reaction product.

Pharmaceutical Applications
The proposed method was further applied to the de-
termination of TCA in its tablets and ampoules.

Specificity

Common excipients such as talc, lactose, starch, avisil,
gelatine and magnesium stearate did not interfere with the
assay. The results are abridged in Table 5.

Antioxidants which are frequently added to ampoules
such as ascorbic acid and ethylenediamine tetracetic acid
did produce observed changes.

Accuracy

The results of the proposed method were statistically
compared with those obtained using the reference method.
Statistical analysis of the results, using Student’s t-test and
variance ratio F-test, revealed no significant difference be-
tween the performance of the proposed and reference meth-
ods regarding the accuracy and precision, respectively (Ta-

Table 5. Application of the proposed and reference methods to the determination of thioctic acid

in dosage forms

Pharmaceutical preparation ng taken pg found % recovery Reference method®
1- Thiotacid tablets® 2.0 1.98 99.00 100.07
(thioctic acid 300 mg/tablet) 4.0 3.96 99.00 99.38
8.0 7.93 99.13 98.42
12.0 11.94 99.50
16.0 15.95 99.69
20.0 20.15 100.75
X £SD 99.51 £0.67 99.29 £0.83
- Students t-value 0.42(2.37)
- Variance ratio F-test 1.45(5.79)
2- Thiotacid ampoules® 2.0 2.03 101.50 100.63
(thioctic acid 300 mg/10 mL) 4.0 3.98 99.50 99.69
8.0 7.94 99.25 100.14
12.0 11.88 99.00
16.0 16.07 100.44
20.0 19.84 99.20
X +SD 99.82 £0.97 100.15 £0.47
- Student's t-value 0.54 (2.37)
- Variance ratio F-test 4.26 (5.79)

N.B.:

Figures between parentheses are the tabulated t and F values, respectively, at p = 0.05.%
and ® are products of Eva Pharma for Pharmaceutical Application, Cairo, Egypt.
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ble 5).
The formation constant of the reaction product was
calculated according to the following equation:

A/A

m

Kf=
[(1-A/A, )" ']¢" n"

where A and A,,: are the observed maximum absorbance
and the absorbance obtained from the extrapolation of the
two lines obtained from Job’s continuous variation method,
respectively.

n: is the stoichiometry (the ratio is 1:1) therefore, n =
0.5

C: is the molar concentration of the drug used in Job’s
continuous variation method

Using the above equation Kf was found to be 2.17 x
10°.

Also, the free energy changes (G) were calculated ac-
cording to the following equation:

AG=-2.303 R T log Kf
where

R = gas constant = 8.3 joule/degree”.mole™
T = absolute temperature = °C + 273

Using the above equation AG was found to be -1.9 x
10* Kcal/Mole.

The negative value of AG indicates that the reaction is
spontaneous.

Mechanism of the Reaction

The stoichiometry of the reaction between TCA and
PdCl, has been determined spectrophotometrically adopt-
ing the limiting logarithmic method.*® The absorbance of
the reaction product was alternately measured in the pres-
ence of an excess of PdCl, and TCA. A plot of log absorb-
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ance versus log [PdCl,] and log [TCA] gave straight lines;
the values of the slopes were 0.96 and 1.0, respectively
(Fig. 5). Hence, it is concluded that the molar reactivity of
the reaction is 0.96/1.0, i.e. the reaction proceeds in the ra-
tio of 1:1, pointing out that one molecule of the drug reacts
with one molecule of PdCl, (Fig. 5). The drug reacts via the
two sulfur atoms with Pd(II) ion. Based on the obtained
molar reactivity and by analogy to a previous study,” the
reaction pathway is proposed to proceed as shown in the
following Scheme 1.

-0.25+ (A)

-0.50+

-0.75+

Log absorbance

-1.00

T T T
-4.75 -4.25 -4.00 -3.75

Log [PdCl;]

T
-4.50 -3.50

0.0

(B)

-0.5+

-1.04

Log absorbance

-1.5 T T T T T T
-550 -525 -5.00 -4.75 -450 -425 -4.00 -3.75

Log [thioctic acid]

Fig. 5. Limiting logarithmic plots for the molar ratio.
(A) Log A vs. Log [PdCL>] (B) Log A vs. log
[thioctic acid].

Scheme I Proposal of the reaction pathway between Pd*" and thioctic acid at pH 4.8
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The proposed method could not be applied to the de-
termination of TCA in biological fluids because of the re-
sulting interference from endogenous amino acids and sol-
uble proteins.

The proposed method has the advantages of being
simple, time saving and sensitive with a minimum detec-
tion limit (LOD) of 0.15 pg mL™". It is considered as a sta-
bility indicator, since the decarboxylated derivative of the
drug which is one of its degradation products will not react
with Pd(II). Moreover, the complex formed did not require
a prior extraction procedure. The method is also more spe-
cific than other reported spectrophotometric methods,*”
because it depends on the presence of both a sulphur bridge
and carboxylic groups.

CONCLUSION

A simple and sensitive method has been developed
for the determination of thioctic acid in pharmaceutical
preparations. It can measure as low as 0.51 pg mL™" with
good accuracy. The complex formed did not require a prior
extraction procedure. The proposed method can be used for
routine quality control and it has some distinct advantages
over other existing methods regarding sensitivity, time sav-
ing and a lower detection limit.

Received August 28, 2006.

REFERENCES

1. Martindale: The Complete Drug Reference; Parfitt, K., Ed.;
32nd Edition; The Pharmaceutical Press: Massachusetts,
1999; p 1636.

2. Walash, M.-L.; Metwally, M.-E.-S.; El-Brashy, A.-M.; Abdelal,
A.-A. Farmaco 2003, 58, 1325.

13.
14.
15.
16.
17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

El-Enany et al.

. Walash, M.-1.; Metwally, M.-E.-S.; El-Brashy, A.-M.;

Abdelal, A. A. Bull. Korean Chem. Soc. 2004, 25, 517.

. Gadzekpo, V.-P.-Y.; Xiao, K.-P.; Aoki, H.; Buhlmann, P.;

Umezawa, Y. Anal. Chem. 1999, 71,5109.

. Vaughan, R.-D.; O’Sullivan, C.-K.; Guilbault, G.-G.

Fresenius. J. Anal. Chem. 1999, 364, 54.

. Cheng, Q.; Brajter-Toth, A. Anal. Chem. 1996, 68, 4180.

. Cheng, Q.; Brajter-Toth, A. Anal. Chem. 1995, 67,2767.

. Cheng, Q.; Brajter-Toth, A. Anal. Chem. 1992, 64, 1998.

. Tanaka, S.; Yoshida, H. Talanta 1988, 35, 837.

. Daun, C.; Meyerhoff, M.-E. Anal. Chem. 1994, 66, 1369.

. Pratt, K.-J.; Carles, C.; Carne, T.-J.; Danson, M.-J.; Stevenson,

K.-J. Biochem. J. 1989, 258, 749.

. Liu, M.-L.; Li, Q.-X.; Rechnitz, G.-A. Anal. Chim. Acta

1999, 387, 29.

Haj-Yehia, A.-1.; Assaf, P.; Nassar, T.; Katzhendler, J. J.
Chromatogr. 2000, 870, 381.

Kataoka, H. J. Chromatogr. Biomed. Appl. 1998, 717,247.
Witt,W.; Rustow, B. J. Chromatogr. B 1998, 705, 127.
Gatti, R.; Bousquet, E.; Bonazzi, D.; Cavrini, V. Biomed.
Chromatogr. 1996, 10, 19.

Kamata, K.; Akiyama, K. J. Pharm. Biomed. Anal. 1990, 8,
453,

Scientific Tables Documenta Geigy; Deim, K.; Leutner, C.,
Eds.; 7" Edition., Geigy, J.-R.; Basle, S.-A.; Switzerland,
1970; pp 280-283.

Abdelhay, M.-H.; Barary, M.-H.; Hassan, E.-M.; Elsayed, M.
A.H. Spectrosc. Lett. 1989, 22, 1025.

Ryan, J.-A. J. Am. Pharm. Assoc. 1959, 98, 240.

Jovanovic, T.-S.; Stankovic, B.-S.; Koricanac, Z. J. Pharm.
Biomed. Anal. 1995, 13, 213.

Jovanovic, T.-S.; Stankovic, B.-S. Analyst 1989, 114, 401.
Bakry, R.-S.; Razak, O.-A.; Walily, A.-F.-M.; Belal, S.-F. J.
Pharm. Biomed. Anal. 1998, 17,95-101.

Guidance for Industry; Q2B of Analytical Procedures: Meth-
odology; International Conference on Hormonization (ICH),
November 1996. http://www.fda.gov/eder/guidance/1320fnl.
pdf (accessed September 1, 2004).

Miller, J.-C.; Miller, J.-N. Statistics for Analytical Chemis-
try; Wiley: New York, 1993; p 115.

Rose, J. Advanced Physico-Chemical Experiments; Pitman
& Sons: London, 1964; p 67.



