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Abstract

The general belief that chemical structure determines the biological effect of drugs has led to several techniques to establish
structure—activity relationships (SAR) that is useful in the development of more active compounds. Predicting toxic effects
based on SAR, one can obtain toxicological data with a low cost-benefit ratio. Chlorophenols that represent a class of toxic
agents frequently used in industrial processes are not satisfactorily described in the literature in relation to their toxicity. The main
objective of this work is to relate the microbial activities of phenol, anisole and their chlorinated derivat®esomobacterium
violaceumrespiration with their physicochemical properties. Anisole and its chlorinated derivatives were used to evaluate the
influence of phenol acidity on biological activity. The calculations were carried out at the semi-empirical AM1 and ab initio
DFT levels employing the basis sets CEP-31G, CEP-31+Ge CEP-314 were parameterized using the continuum-solvation
model COSMO for solvent contribution. Both empirical and theoretical properties were evaluated by chemometric analyses
(hierarchical cluster analysis (HCA) and principal component analysis (PCA)), to correlate the physicochemical properties of
the phenol, anisole and their chlorinated derivatives with their biological activities. The results obtained for the current work
indicate that the biological activities of these compounds increase asittanol/water (logP) partition coefficients, ionization
energies (IP), melting points (mp) and dissociation constants increase and the solvent effects (SE), enthalpies of formation
(A¢H°) and proton affinities (PA) decrease.
© 2004 Elsevier B.V. All rights reserved.
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products are ubiquitous in air, water, sediments and or-

ganisms Devillers and Chambon, 1986; IPCS, 1989
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details of metabolism has, naturally, been extended to
antibacterial activity Yolpe, 1997, drug—cell interac-

All of these compounds are active antimicrobial agents tions Beezer et al., 198§abioassay Beezer et al.,

to various degreesjonzalez and Hu, 1991

Following our previous work and experience on bio-
logical flow and batch microcalorimetri3éezer et al.,
19864a, 1986h, 1986¢; Volpe, 1997; O'Neill etal., 2004;
Critter et al., 200¥we now report results of an in vitro
study, in real time, of the antibacterial activity of phenol

19861 and to many other pharmaceutical applications
(Koenigbauer, 1994

In this investigation, the main objective is to relate
the inhibition effect of CIPs and CIAs on the respiration
of C. violaceunwith some physicochemical properties:
solvent effect (SE), ionization energy (IE), enthalpy of

and anisole and their chlorinated derivatives (CIPs) and formation (A:H®), proton affinity (PA), melting point

(CIAS): p-chlorophenol (4-MCIP) ang-chloroanisole
(4-MCIA); 3,4-dichlorophenol (3,4-DCIP) and 3,4-
dichloroanisole (3,4-DCIA); 2,4,6-trichlorophenol
(2,4,6-TCIP) and 2,4,6-trichloroanisole (2,4,6-TCIA);
2,3,4,5-tetrachlorophenol (T4CIP) and 2,3,4,5-tetra-
chloroanisole (2,3,4,5-T4CIA); pentachlorophenol
(PCIP) and pentachloroanisole (PCIA) on the respi-
ration of Chromobacterium violaceurasing a flow
microcalorimetric technique.

C. violaceumis a Gram-negative, rod-shaped bac-
terium. It is a common saprophyte found in water and
soil from tropical and subtropical regions of the world,

(mp), dissociation constant increment of phenki p
less the K4 of the phenol derivative compoundsK)
and the partition coefficient in-octanol/water (logp).
The present study is based on earlier studies in which
acidic effects were assumed to be the dominant factor in
governing the microbial activities of the chlorophenol
derivatives Rutgers et al., 1998

Anisole and its chlorinated derivativeg-chlo-
roanisole, 3,4-dichloroanisole, 2,4,6-trichloroanisole,
2,3,4,5-tetrachloroanisole and pentachloroanisole
were investigated to verify the influence of phenol
acidities on the biologic activity. The microcalorimet-

and is generally considered to be non-pathogenic ric data were complemented by semi-empirical and

(Sneath, 198/ despite the fact that a few cases of fatal
septicemia caused Y. violaceunhave been reported
(Kaufman et al., 1986; Ponte and Jenkins, 1992
Brazil, large amounts df. violaceumare found in the
waters and in the soil of the banks of the Negro river,
one of the largest affluent of the Amazon riv€aldas,
1977).

Flow microcalorimetry has been proposed as a use-

ful tool for monitoring microorganism growth and
respiration Beezer, 1980 The heat output of the
microcalorimeter, d/dt (uW) versus time (min), a

response—-time curve, provides a continuous record of
the progress of the metabolic process which, in con-

ab initio calculations. Both empirical and theoretical
properties were evaluated through hierarchical cluster
analysis (HCA) and principal component analysis
(PCA) to correlate the physicochemical properties
with biological activities.

2. Experimental

2.1. Reagents

All chemicals used such as glucose (Hoescht) and
ammonium sulphate (Baker) were reagent grade. Phe-

trast to many classical procedures, responds in realnol, anisole, the chlorophenols and the chloroanisoles

time to the metabolic activity of the only active mi-

were purchased from Acros and were used without

croorganism present and thus displays details of the purification.

dynamic and complex process of respiration. The ad-

vantages cited are sensitivity, reproducibility, real time
monitoring and an improvement in “time-per-test”,
when compared to usual bioassay proceduBegter,

1980. An advantage possessed by flow microcalorime-

try is that there is no requirement for optically clear

2.2. Bacterial culture

C. violaceumCCT3496 was grown in a 1.50 dm
reaction flask (B. Braun Biotech., Biostat B2) con-
taining a sterilized culture medium of composition:

solutions. Indeed, suspensions of cells pass through3.0gdnT3 yeast extract, 7.5gdnf glucose and

the calorimetric measuring chamber without difficulty.
This ability of flow microcalorimeters to follow the

7.5gdnr3 bacteriologic peptone in distilled water in
sterilized phosphate buffered solution (PBS) composed



M.M. Basheer et al. / International Journal of Pharmaceutics 282 (2004) 163-171

of 8.0gdn3 NaCl, 0.20gdm?3 KCI, 1.15gdm3
NapHPO; and 0.20 g dm3 KH,POy, with a final pH

of 7.0. One flask was inoculated with 1.0¢mf C.
violaceumand incubated at 298K on a rotary shaker
(200 rpm; Gallenkamp, UK). After 14 h of incubation,
the cells were separated from the culture medium by
centrifugation (4000 rpm per 20 min). The cells were
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bioreactor) was always done immediately after thaw-
ing the ampoule for 3min in a water bath at 310K,

followed by agitation of 20 s.

The flow microcalorimeter cannot be sterilized
by conventional methods but can be decontaminated
by successively pumping solutions. After each res-
piration experiment, the flow cell and Teflon tubes

washed three times by suspending in PBS solution andWere rinsed with the following solutions for 40 min:

then centrifuged. After the last centrifugation, the cells
were suspended again in 100trmf PBS solution
containing 10% DMSO and conditioned in 1.0&m
cryogenic polypropylene ampoules (Corning).

The ampoules were inserted into a thin perforated
Styrofoam plate which was placed 8 cm above the lig-
uid nitrogen level in an aluminum container for liquid
nitrogen. When the temperature in the control ampoule
reached 193K (measured with a solvent thermome-
ter), the ampoules were immersed in liquid nitrogen
and stored in a cryogenic cylindei¢sop and Snell,
1984. A viable count, which was performed periodi-
cally, gave 1.3< 10'%cells cn1 3. The cells were stored
for 6 months and recovered with 95% viability.

2.3. Calorimetry

The calorimetric response (CR) is defined by com-
paring the maximum height of the calorimetric power
(dg/dt) versus time curve for each compound with
the maximum height of a control curve (100% CR)
(Beezer, 1980; Beezer et al.,, 1986dhe CR was
determined by a Thermal Activity Monitor-2277 mi-
crocalorimeter (Thermometric AB, Sweden) at 298.15
+ 0.02K, fitted with a flow-through cell. The me-
dia was pumped from a Biostat B2 bioreactor into
the microcalorimeter (30 cih~1) by a P-1 Pharma-
cia Biotech peristaltic pump. The microcalorimeter
calibration was verified by determining the enthalpy
of reaction of tris(hydroxymethylamino)methane in
0.1 moldnt? hydrochloric acid. The result{29.69
+ 0.04kJ mot?) is in agreement with the value rec-
ommended by IUPAC +29.763+ 0.003 kJmot?)
(Herrington, 1974

The composition of the culture media used for the
respiration ofC. violaceunwas: 1.80 g dm? glucose,
8.75gdnT3 K,HPO, and 1.88g dm?® KH,POy, at pH
7. Without the compound addition, this media was de-
fined as a control preparation. The inoculation of mi-
croorganisms (90QL of the cell suspension into the

sodium hydroxide (0.10 mol dn¥), hydrochloric acid
(0.10 moldnt3), water, sodium dodecyl sulphate
(8.0mmol dnt3), and finally, sterile deionized water.

3. Theoretical

3.1. Theoretical calculations on the
physicochemical properties

Physicochemical properties of phenol, anisole, the
chlorophenols and the chloroanisoles are calculated in
the gas phase using quantum chemical methods at ab
initio level of computation at the Hartree—Fock and
B3LYP levels, employing CEP-31G, CEP-31+G and
CEP-31G* basis sets and modeling their atomic basis
set conjunctions by Stevens—Basch—Krauss compact
effective pseudopotential (CEP). Such procedures re-
duced considerably the computational demands when
compared with calculations employing all electrons
(Stevens et al., 1984

Proton affinity (PA) and ionization potential (IP)
were calculated as the differences in absolute en-
thalpies of reactions that characterize these processes:

ionization energy :
IP= H(AT) — H(A)
HAg — A~ +Hg"
AH = HHT + A7) — H(HA)

By = A" +e;

proton affinity :

In the last expressiotd(X) = Egjectr + Evib + Erot
+ Eyrans + NRT, whereEgeyr is the electronic energy
which was computed by the structural optimization for
both neutral and anionic species via density functional
theory (DFT) levels employing the CEP-31G and CEP-
31+G basis seEyj is the vibrational energ¥;ot is the
rotational energy anBiansis the translational energy,
all of which were computed at the Hartree—Fock level
employing the CEP-31G basis.
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The enthalpy of formationAsH°) was calculated ties, is decomposed into two matricdsandP, such
directly by the quantum chemical method AM1. that:
Solvent effect was obtained through the COSMO x—T1p" 1)
method Klamt and Jonas, 1996invoking quantum -
chemical methods at ab initio B3LYP level and The matrixT, known as the “score” matrix, repre-
employing CEP-31G" basis sets. The free energy of sents the positions of the compounds in the new coordi-
solvationAG can be calculated a&G = (E + AGpg) nate system where the PC is the ax&is.the “loading”
— E°, whereE® is the total energy of the molecule in matrix whose columns describe how the new axis, i.e.,
a vacuum andk is the total energy of the molecule in  the PC is built from the old axes.
the solventAGpe is the non-electrostatic contribution The PC contains most of the variability in the
from dispersion and cavity formation effect8en- dataset, albeit in a much lower dimensional space. The
Naim and Marcus, 1984 All the calculations were first principal component, PC1, is defined in the direc-
carried out with the Gaussian 98 prograRrigéch et tion of maximum variance of the whole dataset. PC2 is
al., 1999. The n-octanol/water partition coefficients the direction that describes the maximum variance in
(logP), the dissociation constant increments relative to the subspace orthogonal to PC1. The subsequent com-
phenol (K, of phenol minus K, of phenol derivatives  ponents are taken as orthogonal to those previously
(ApK)) and the melting points (mp) were obtained chosen and describe the maxima of the remaining vari-
from the literature $aito et al., 1991; Devillers and  ances. Once redundancy is removed, only the first few
Chambon, 1986; Mulller et al., 1986 principal components are required to describe most of

the information contained in the original dataset.
3.2. Chemometric methods
3.2.3. Hierarchical cluster analysis

Structure—activity relationships (SAR) were deter- Hierarchical cluster analysis has become, together
mined by hierarchical cluster analysis and principal with principal components PC, another important tool
component analysisSparaf et al., 1986; Cronin and  in multivariate data analysiBgebe et al., 1998 Its

Schultz, 1997; de Souza et al., 1999 primary purpose is to display the data in such a way
as to emphasize its natural clusters and patterns. The
3.2.1. Notation results, which are qualitative in nature, are presented

Boldface letters represent matrices (upper case) andin the form of a dendogram allowing one to visualize
column vectors (lower case), suchXaandx. Scalars the samples or variables in two-dimensional space. The
are represented by lowercase italic letters, such as distances between samples or variables are calculated
andd. Transposition of a matrix is symbolized by a and transformed into a similarity matr&whose ele-
superscripted “T"XT, and indices for matrix and vec-  ments are the similarity indexegd. (2). For any two
tor dimensions are indicated by uppercase italic letters, samplesk andl, the similarity index is defined as:
such ag andJ, are indicated by lowercase italic letters

; . d

i andj. Sy =1.0— ul (2)
max

3.2.2. Principal components analysis whereS, is an element 08, dmay is the largest dis-

Principal component analysis is a data compres- tance for any pair of samples in the dataskt.is the
sion method based on the correlation among variables Euclidean distance between samitesd|. The sim-
(Beebe etal., 1998Its aim is to group those correlated ilarity scale ranges from zero to one. Itis clear that the
variables, replacing the original descriptors by a new larger the inde)§,, the smaller the distance betwden
set called principal components (PC) onto which the andl. Therefore S, directly reflects their similarity.
data are projected. These PC are completely uncorre- Animportant part of this investigation was to deter-
lated and are built as a simple linear combination of mine the relationships between the inhibition effects
the original variables. In mathematical forms, PCA is of phenol, anisole and their chlorinated derivatives on
represented big. (1) where the data matrX(l x J), C. violaceunrespiration and the structural characteris-
corresponding td molecules and chemical proper- tics related to the physicochemical properties. For that,
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PCA and HCA analysis were applied to the theoretical Table 1

and experimental physicochemical data (PAAFHO Calorimetric response (CR) of phenol, anisole and chlorinated
SE |OgP ApK and mp) Y derivatives on the respiration @. violaceumcompared with con-

trol in which the maximum value of (CR) represents 100% of the
microcalorimeter baseline deflection

. ) Molecule CR (W) Percentage

4. Results and discussion Control 922 100
) ) ) Phenol 75 79

The calorimetric responses, CR, Gf violaceum Anisole 862 93
respiration the addition of phenol, anisole and their 4-mCIP 678 74
chlorinated derivatives are listed able 1 The CR 4-MCIA 70.9 "7
values show that inhibition effects increase with the g’j:gg:i 62;33 3}1
degree of chlorination of the phenol ring, presumably ;4 5 tcip 164 18
as a result of increasing lipophilicity and acidity of 246-TclA 668 73
these compounds. The experimental calorimetric heat 2,3,4,5-T4CIP B 8
output records are presentedFig. 1, which shows, ggi;‘f"T“C'A 5?; 53
in real time, the effect of the increasing degree of POIA 696 76

chlorination of phenol, anisole and their chlorinated
derivatives on the respiration processobifviolaceum
The power-time curves ifrig. 1 and the CR values  PCIA (69.9uW) is an intermediate one. By comparing
in Table 1gives the sequence for the phenolic com- the CR values for anisole and phenol series, the high-
pounds: PCIP (6.aW) > 2,3,4,5-TACIP (7.3W) est acidic results for phenol derivatives gave a high
> 2,4,6-TCIP (16.4W) > 3,4-DCIP (28.9.W) > toxicity effect, as shown through listed dataliable 1
4-MCIP (67.8uW) > phenol (72..W). The CR The discrepancy in the value of CR of PCIA led us to
values for anisole and chloroanisoles Table 1 raise the hypothesis that since PCIAis avery hydropho-
indicate that these compounds are less efficient for bic molecule, it could adsorb on the Teflon tubing of
inhibition of C. violaceunrespiration, but dataindicate  the microcalorimeter, thus decreasing its concentration
the same trends: 2,3,4,5-T4CIA (53.8V) > 2,4,6- in theC. violaceuntulture that then reflects on the CR
TCIA (66.8uW) = 3,4-DCIA (67.7,.W) > 4-MCIA value. An experiment was then performed in the ab-
(70.9uW) > anisole (86.24W). The value of CR for  sence of cells to verify if anisole and its chlorinated

100

(a)

o 2 a4 o o _m % 40
Time(min) Time (min})

Fig. 1. Microcalorimetric response curves for (a): control (1), phenol (2), 4-MCIP (3), 3,4-DCIP (4), 2,4,6-TCIP (5), 2,3,4,5-T4CIP (6), PCIP (7);
and (b): control (8), anisole (9), 4-MCIA (10), 3,4-DCIA (11), 2,4,6-TCIA (12), 2,3,4,5-T4CIA (13), PCIA (14) o€ thiolaceunrtespiration.
Concentration: 0.30 mmol dr.
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Table 2
Calculated and experimental values of physicochemical properties for phenol and chlorophenols: proton affinity (PA), ionization energy (IP),

enthalpy of formation 4¢H®), solvent effect (SE), experimentaKpvalues, experimental Idg values, dissociation constant incremefpK)
relative to phenol is equal to 9.8 g for phenol

Compound PA (kJ mott) IP (kJmot1) AfH® SE pKa logP®  ApK®  mpP
kJmot1 kJmott experimenta K
G A G A ( ) ) (exp ) (K)
Phenol 1408.2 1151.5 816 567 —-93 —-49 9.82 1.48 0.00 314
1 5
4-MCIP 1373.8 1148.5 824 576 —-122 -52 9.37 3.44 0.45 316
.6 3
3,4-DCIP 1340.6 1119.3 842 598 —145 —-43 8.68 3.44 1.14 338
.0 .6
2,4,6-TCIP 1311.3 1113.6 864 620 —160 -25 5.99 3.75 3.83 341
3 2
2,3,4,5-T4CIP 1286.3 1112.5 893 654 —-181 -37 5.64 4.21 4.18 390
1 3
PCIP 1274.3 1096.5 907 674 —-187 5 4.74 5.07 5.07 463
2 1

G and A represent the gas and aqueous phases, respectively.
& ScHilirmann (1998)
b Mulller et al. (1986)
¢ Devillers and Chambon (1986)

derivatives, especially PCIA, could be adsorbed onto compounds. Part 4 iRig. 2 displays the loading vec-
Teflon. However, over 50 min no change was observed tors for these first two principal components, PC1 and
on the absorbance intensity of the solutions at 327 nm. PC2.The first principal component, PC1, has all vari-
The total of thirteen theoretical and empirical antswith similar coefficients: PC1=0.38AP +0.39IP
physicochemical properties of phenol, anisole and their — 0.38A;H° + 0.37SE + 0.3910@ + 0.38ApK +
chlorinated derivatives, which are the variables used in 0.36mp. For PC2, the total data variance also is rep-
the PCA and HCA chemometric analysis, are shown in resented by the all variants: PC2 = +0.27AP + 0.041P
Tables 2 and 3Before applying PCA and HCA meth-
ods, each one of the variables was autoscaldald et Table 3

al., 1983' Calculated and experimental values of physicochemical properties
The results of this investigation for the phenolic for anisole and chloroanisoles: ionization energy (IP), enthalpy of

species are shown in part 2kig. 2. The first two PC formation (A¢H°), solvent effect (SE). G and A represent the gas

describe 96.28% of the total variance: PC1 = 92.28% and aqueous phases, respectively

and PC2 = 3.80%. Score plots were examined and the Compound IP (kJmott) AfH° SE

most informative ones are shown in part 3Fig. 2, —— (KJmor!)  (kJmol?)

G A
which shows that the first principal component against —
the second component (PC1 versus PC2) and also inAnISOIe 76 o8l ;66 320
part 4, which shows the loading vectors for PC1 and s-mcia 788 501 _96 317
PC2. 3

The HCA dendrogram analysis in part 1 and PC1 3:4-DCIA 808 610 —1119 —244
analysis in part 3 irFig. 2, discriminate among three '

. . 2,4,6-TCIA 1 21 12 -10.

groups: (A) low activity (phenol and 4-MCIP); (B) in- 6-Tc 818 © 5 > 06
termediate activity (3,4-DCIP, 2,4,6-TCIP and 2,3,4,5- 2345.T4CIA 829 636 —146 0.7
T4CIP); and (C) highly active (PCIP). It can be noted 9
from part 3 that PC1 alone is responsible for the sep- PCIA 836 646 —152 7.5

aration among the high, intermediate and low activity 6
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Fig. 2. HCA and PCA plots for phenols and chlorophenols: (1) dendrogram plot; (2) PC results; (3) scores plot; (4) loadings plot.
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(1) 18 HCA similarity 0.
PP =
(Group &
7345T 4L F\\
246 TCIP
) (Group B)
340CTP
17
4HCTP 5
( ) (Group A)
Fhenol
(3) PCA scores
.78+
» Phenal FCIP
LR
a1
e u 4HCIP
-8.20-|
b = 246TE g5 Tar
—8.50 4 = 340C1P
T T T T T T T T T
-8 ~1d 2 18 2
PC 1

@)

18 HCA similarity 8.8
FCIA A ¥
(Group C)
23457401 of
246TCIA oy
) (Group B) -
24DC1A
4MCIA it
(Group &) !
Anisole ok
3) PCA scores
8.4 = fAnisole
8.2+ FCIA
0.0 « 246TCIR 2345T4C1
-8.24 « 4MCIA
—8.4 4 = 34DCTA
—— T
-2.5 -1.5 -8.5 8.5 1.5
PC 1

Fig. 3. HCA and PCA plots for anisole and chloroanisoles: (1) dendrogram plot; (2) scores plot; (3) loadings plot.

PC 2

Percent Cunulat

2)

PC1 9z .48 97 .48
PC 2 3.88 96 .28
Coefficients
PC 1 PC 2
PA -8.38 B.27
1E Ba.39 a.84
DHf -8.38 a.47
SE B.37 B.48
logP B.39 -a.29
DpH 8.38 -8.87
mp B.36 B.62
PCA loadings )
i " np
B39 owe «SE
831« Ffa
8.1
1 J{E
.1 OpH
-8.34 TogP
a4 -2 | e8| w2 64
PC 1

Percent Cunulat

@

PC1 97.81 97 .81
PC2 2.88 99.89
Coefficients
PC 1 PC 2
IE Aa.59 -8.82
DHf -g.57 8.78
SE a.57 a.72
PCA loadings “@
1 ow 33
8.6
8.4
8.2
0.6 «IEq
8.8 0,30 0.0 8.30 2.60
PC 1

169



170 M.M. Basheer et al. / International Journal of Pharmaceutics 282 (2004) 163-171

+ 0.47AtH° + 0.48SE— 0.29logP — 0.07ApK + The calorimetric responses to phenol, anisole and
0.62mp. However, it is dominated by the +0.62mp, the their chlorinated derivatives showed that the inhibition
+0.48SE and the +0.4%:H°, as shown irFig. 2, parts effect on the respiration @. violaceunmincreases with
2 and 4. the degree of chlorination of the phenol and anisole
Based on the results of the principal component as rings, leading to changes in the phenol and anisole
shown inFig. 2, the results reveal in a convincing way characteristics (Iog, IP, AtH°, ApK, mp, PA and SE).
how the highly active molecule (PCIP) depends on all Through principal component analysis, the highly ac-
high values of lod, IE, mp,ApK andA¢ H° variables, tive compound PCIP depends on high values offpg
which combine with small SE and PA values. These IP, mp,ApK andA;H°® variables, which combine with
results indicate the same behavior as observed in thesmall SE and PA values. The PCA and HCA methods
calorimetric response ifiable 1, which divides these  reveal in a convincing way how a low activity com-
compounds into three distinct groups of bioactivity. pound (anisole) depends on small values for IE and
For anisole and its chlorinated derivatives, PC1 ex- SE, which were combined with a smallH° value.
plain 97.01% of the total variance of the data and PC2 The behavior of the set of variables related to phenol,
only 2.88% of the remaining variance, as shown in part anisole and the respective chlorinated compounds can
2 inFig. 3 Analogously, the same behavior was found be useful to obtain new derivatives with high or low bio-
as for phenols, even using a small number of available logic activities, suggesting that bioactive molecules can
variables, as shown in part 4kig. 3. The PC1 scores  be predicted from experimental and theoretical data.
are responsible for the separation of the high, inter-
mediate and low activity compounds and this separa-
tion also can be seen clearly in the HCA dendrogram
in part 1 inFig. 3. On other hand, the PC1 loadings
show that the variables responsible for the separation
of the anisoles into three groups are |IE, SE aq#i°.
The first principal component, PC1 is represented by
all variants with similar coefficients: PC1 = +0.59IE
— 0.57A¢H° + 0.57SE, whereas PC2 is dominated by References
the +0.72SE + 0.78¢H°. This classification, which is
based on the variables of PCA and HCA, as shown in Beebe, K.R., Pell, R.J., Seasholtz, M.B., 1998. Chemometrics: A
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