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Abstract

A procedure based on gas chromatography—mass spectrometry (GC-MS) is described for determination of opiates (6-monoacetylmorphin
morphine and codeine) and cocaine and metabolites (cocaine, benzoylecgonine and cocaethylene) in human teeth. After addition of nalorphi
as internal standard, pulverized samples were incubated in HCt&tfar 18 h. Then, after pH adjustment to 6, and the analytes were extracted
with two volumes of 3 ml of chloroform/isopropanol (9:1).

Chromatography was performed on a fused silica capillary column and analytes were determined in the selected-ion-monitoring (SIM)
mode. The assay was validated in the range 7.5 (6.0 in case of codeine) to 500 ng/g wittbsngaa recoveries ranged between 74.1 and
92.1% for the different analytes and precision and accuracy always better than 15%. The method was applied to the analysis of teeth from dru
addicts to assess past chronic consumption and verify self-reported declarations. In case of opiates, concentration range was 36.5-570.0 n
for 6-monoacetylmorphine, 8.7-154.8 ng/g for morphine and 7.9-127.9 ng/g for codeine. Cocaine concentration ranged between 5.6 an
57.2 ng/g with its principal metabolite benzoylecgonine varying from 12.6 to 81.7 ng/g and cocaethylene present in only one sample at 10 ng/c
value. Teeth can be a promising non-invasive biological matrix in biomedical analysis for both clinical and forensic purposes.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction matrices and fluids. Nonetheless, in the last 2 decades
measurement of drug concentration in fluids and matrices
The accurate assessment of exposure to drugs andther than blood and urine (the so called “non-conventional
xenobiotic through to the objective measure of biomarker fluids and matrices”) gained increasing importafide
could be of a major importance for investigation of both One of the crucial points in the application of drug testing
acute and long-term effects and health outcomes in humansin non-conventional matrices was the possibility to extend
Up to the 1980s, the presence and the disposition of athe time window of detection from hours/days as in case of
drug inside the human body, and eventual association with blood and urine to weeks/months as in case of nails and hair
clinical/subjective effects had been attained by plasma and(meconium in case of newbornd).
urine testing, since it was not always possible or desirable In the particular case of assessment of past chronic expo-
(because difficult and/or invasive) to sample other biological sure to drugs of abuse, both in living and dead humans and
in hair is rightly considered the matrix of choif®3].
* Corresponding author. Tel.: +39 06 49903682; fax: +39 06 49902016,  Recently, deciduous teeth have been proposed as a matrix
E-mail address: pichini@iss.it (S. Pichini). to measure nicotine and cotinine for monitoring cumulative
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exposure to environmental tobacco smoke during the questionnaire regardingillicitdrug use (type of consumption,
entirety of childhood4] and a gas chromatography—mass initial and final age of consumption and date of quitting
spectrometry (GC-MS) method for determination of these habit) drug-free teeth were obtained from healthy donors
two biomarkers in teeth has been developed and validatedattending private dentistry departments. After extraction,
[5]. teeth were cleaned, washed in hypochlorite solution, saline
As a matter of fact, a study on the penetration of solution and distilled water to eliminate blood remainings,
14C Jabeled substances into deciduous and permanent teetliried and stored in plastic tubes at ambient temperature until
demonstrated the potential of this biological matrix as an analysis.
important deposit of exogenous substances, which can accu-
mulate both in the pulp and in the calcified tiss{@&s This
evidence could be of practical value, if penetration of drugs

into en.dodontium and pulp can be applied to treatment of  5-_pg analyses were carried out on a 6890 Series Plus

dental inflammatory processes and supports the role of teethgas chromatograph equipped with an Agilent 7683 autosam-

from a toxicological point of view. ler and coupled to a 5973N mass selective detector (Agilent
Indeed, with respect to drugs of abuse, some authors coul echnologies, Palo Alto, CA, USA). Data acquisition and

identify morphine and codeine in teeth from human remains 54 1ysis were performed using standard software supplied
of individuals known to have died of heroin overd§sg by the manufacturer (Agilent Chemstation).
The authors advocated further studies to verify whether

the detected substances reflected drugs in circulation in an ) o )
acute phase and present in the pulp vessels at the time of-# Preparation of calibration standards and quality
death or whether they represented substances accumulateg?’7o! samples

during life which have penetrated and been stored in dentine
and enamd]7].

The study reported in this paper tried to explore the
unsolved question presenting a reliable and validated , ! X
method for determination of opiates and cocaine in teeth by Methanol and stored at20°C until analysis. The internal
gas chromatography/mass spectrometry and its preliminarySta”dard (IS) working solution was used at a concentration
application to extracted teeth from former drug consumers, ©f 50N9/g.

which quitted habit, to assess and verify self-reported _Calibration standards containing 10, 50, 100, 250 and
chronic consumption. 500 ng/g teeth, were prepared daily for each analytical batch

by adding suitable amounts of methanol working solutions
to 1g of pre-checked drug-free teeth pool. Quality control
(QC) samples of 425 ng/g (high control), 200 ng/g (medium
control), 12 ng/g (low control) and samples at LOQ of each
analyte were prepared in drug-free meconium, aliquoted and
stored at-20°C. They were included in each analytical batch

6-Monoacetylmorphine—HCI (6-MAM), morphine—HClI to check calibration, accuracy and precision and stability of

codeine—HCI, nalorphine—HCI (used as internal standard), S2mples under storage conditions.

cocaine—HCIl and benzoylecgonine tetrahydrate (BEG)

were purchased from Salars (Como, ltaly). Cocaethylene 2.5. Sample preparation and extraction

metanolic solution (10Qg/ml) was a gift from Prof.

J. Segura (IMIM, Barcelona, Spain). Bis(trimethylsilyl) Teeth were firstly pulverized by a ball mill for 3.5 min
trifluorocetamide (BSTFA)-containing 1% trimethylchorosi- at 30 freg/min (mixer mill MM 200, Retsch, GmbH & Co.,
lane (TMCS) from Sigma—Aldrich (Milano, Italy). All Haan, Germany).

reagents of analytical grade were obtained from Carlo Erba One gram of powdered tooth samples witlul5o0f 1S

2.3. Instrumentation

Stock standard solutions (1 mg/ml) were prepared in
methanol. Working solutions at concentrations of 10 and
1 wg/mlwere prepared by dilution of the stock standards with

2. Experimental

2.1. Chemicals and reagents

(Milan, Italy). working solution was incubated in 2ml 0.1 M HCI at 32
for 18 h. Then, samples were centrifuged at 3500 rpm for
2.2. Teeth samples 10 min, pH was adjusted to a final value of 6 usingu2@N

NaOH, and the analytes were extracted with two volumes

Teeth samples came from Dental Clinics of a Public of 3ml of chloroform/isopropanol (9:1) homogenizing by
Detoxification Center where former drug addicts (checked vortex for 2 min and centrifuging at 3500 rpm for 10 min.
for abstinence by urine drug testing) from local maintenance The organic layer was evaporated to dryness aciander
programs were attended for teeth extractions following odon- a nitrogen stream. The dried samples were derivatized
tologic indications (e.g. caries). Participants were informed in capped test tubes with %0 of BSTFA-1%TMCS at
on the aim of the study, signed a written informed consent 70°C for 30 min. For GC/MS analysis, apl amount was
to donate the extracted teeth and completed a structurednjected.



664 M. Pellegrini et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 662—-668

Blank Spiked 9.8 6-MAM
m/z 399
600 6-MAM 800 <+—
400 m/z 399 600
400
200
A 200
700 750 8.00 850 9.00 9.50 10.00 900 950 1000
250 10000 )
200 8000 9.42 Morphine
150 Morphine oo m/z 429
4000
100 <4+—
50 m/z 429 2000
7.00 750 800 850 900 950 10.00 700 780 800 850 900 950 10.00
250 5000
200 4000 915 codeine
150 3000 m/z 371
100 Codeine 2000 <
50% m/z 371 1000
v T T ] p— N, ]
700 750  8.00 B850 9.00 7.00 750 800 850 9.00 950 10.00
Nalorphine
250 Nalorphine 5000 10.15 P
200 4000 . m/z 455
m/z 455 -
150 3000 P —
100 2000
50 ‘ ‘ ) ‘ : i 1000 ~
700 750 800 850 9.00 9.50 10.00 700 750 800 850 9.00 950 10.00
Cocaine 4000 276 Cocaine
600 m/z 303 3000 : m/z 303
Zgg 2000 <+—
1000 J
700 750 800 850 9.00 9.50 10.00 700 750 800 850 9.00 950 10.00
‘ 1400
200 1200 BEG
150) BEG 1000 8.08 m/z 361
100! m/z 361 288 <
400
50 200 Ma o J\JU’LJ\_A -
700 750 800 850 9.00 9.50 10.00 700 750 80D 850 9.00 950 10.00
10000
400 8000 8.06 Cocaethylene
300 Cocaethylene 6000 m/z 196
200 m/z 196 4000 14—
100}./- A 2000 JJL/L A
700 750 800 850 9.00 9.50 10.00 700 750 800 850 9.00 950 10.00
250 ) 5000 ﬁ Nalorphine
so0l Nz/alorphlne gggg 10.15 m/z 455
'z 455 |
150 2000 <
1000 |
A X
700 750 800 850 9.00 950 10.00 700 750 800 850 9.00 9.50 10.00

Fig. 1. SIM chromatogram of an extract of 1g drug-free teeth samples spiked with 100ng 6-MAM, morphine and codeine, and cocaine, BEG and
cocaethylene.

2.6. GC-MS conditions (purity 99%), with a flow rate of 1 ml/min was used as carrier
gas.

Analytes separation was achieved on a fused silica cap- The injection port, ion source, quadrupole and interface
illary column (HP-5MS, 30nx 0.25mm i.d., film thick- temperatures were: 260, 230, 150 and 280respectively.
ness 0.2um) (Agilent Technologies). The oven temperature The electron-impact (EI) mass spectra of the analytes
was programmed at 8€ for 1 min, increased to 23T at were recorded by total ion monitoring mode (scan range
35°C/min, and then raised to 29C at 10°C/min and held 40-550n/7) to determine retention times and character-
for 10 min. Split injection mode (15:1) was used. Helium istic mass fragments. Qualifying ions, monitored in the
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selected-ion-monitoring (SIM) mode weret/z 287, 340 [ _e_cocaine
and 399for 6-MAM; m/z 236, 401 and 42%or morphine; 100 - -M- BEG
mlz 196, 234 and 371or codeine;n/z 82, 182 and 303or —A— 6-MAM
cocainemlz 82, 240 and 361or BEG, m/z 196, 272 and 317 X~ morphine
for cocaethylenen/z 212, 312, and 45%r nalorphine (IS). X codelne

—A— cocaethylene

lon ratio acceptance criterion was a deviatioR0% of the
average of ion ratios of all the calibrators. The underlined
ions were used for quantification.

—O-— nalorphine

2.7. Validation procedures 75 1

Prior to application to real samples, the method was tested
in a 3 days validation protocdB,9]. Selectivity, recovery,
matrix effect, linearity, precision, accuracy and limits of
detection and quantification were evaluated.

A drug-free teeth pool (20 different deciduous teeth
from children attending Pediatric Dentistry Department) was 5, , . ‘
extracted and analyzed for assessment of potential interfer- pH4 pH6 pHS pH 12
ences due to endogenous substances. The apparent responses
at the retention times of the analytes under investigation andFig. 2. Influence of the pH onanalytes extraction recovery. Absolute recover-
IS were compared to the response of analytes atthe LOQ and’es are reported as mean + standard deviatier, analytes concentration:

. i . 200ng/g).
IS at its lowest quantifiable concentration.

Potential interferences from principal amphetamines and
related substances (amphetamine, methylamphetamine, 3,4procedure were compared to the peak areas of pure diluted
methylendioxyamphetamine 3,4-methylendioxymethamph- sybstances.
etamine, ephedrine and norephedrine), cannabinoids (9-te- Calibration curves were tested in triplicate over the
trahydrocannabinol and 11-nor-9-carboxy-tetrahydrocanna- quantification limit 500 ng/g teeth for all the analytes.
binol), benzodiazepines (clorazepate, diazepam, lorazepampeak area ratios between compounds and IS were used for
oxazepam, alprazolam and triazolam) and antidepres-calculations. A weighted (concentratiol) least-squares
sants (imipramine, desipramine, clomipramine, desmethyl- regression analysis was used (SPSS, Version 9.0.2 for

clomipramine, amitriptyline, nortriptyline, fluoxetine, nor-  \indows). Five replicates of blank products samples were
fluoxetine and paroxetine) were also evaluated spiking 19

of pre-checked drug-free teeth pool withud of aforemen-
tioned substances and carried through the entire procedureTable 1 . o
Furthermore, drug-free teeth from healthy donors, under- Recovery of analytes under investigation

gone the digestion and extraction procedure, were analyzedCompound n Concentration Mean recovery  S.D.
as blank samples to verify the possibility of false positive (ng/g) (*0)
samples. 6-MAM 4 12 89.9 1.3
The potential for carryover was investigated by injecting 4 200 92.1 7.2
extracted drug-free teeth pool, with added IS, immediately 4 425 893 0.9
after analysis of the highest concentration point of the cali- Morphine 4 12 72.5 26
bration curve on each of the 3 days of the validation protocol i 421(2)2 ;i-; ég
and measuring the area of eventual peaks, present atthe reten- ' '
tion times of analytes under investigation. Codeine 4 12 90.5 8.1
Absolute analytical recoveries were calculated by com- i 42122 gi'f g;
paring the peak areas obtained when quality control samples ' '
were analyzed by adding the analytical reference standards-°¢aine 44 20102 882097 5359
and the IS in the extract of drug-free teeth pool prior to and 4 425 831 45
after the extraction procedure. The recoveries were assessed
at three concentration levels (12, 200 and 425 ng/g) for dif- BEG j 235 gg% 2‘%
ferent analytes and one concentration for internal standard 4 425 85.5 50
(50 ng/g, the one used within method validation and calibra-
. . . Cocaethylene 4 12 77.5 7.1
tion), using four replicates at each level. 4 200 81.0 17

For an evaluation of matrix effects, the peak areas of 4 425 82.1 25
extracted drug-free teeth pool samples spiked with stan-

. ~_Nalorphine 4 50 97.6 1.3
dards at three QC concentration levels after the extraction
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Table 2

Method calibration
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3. Results and discussion

Analyte Calibration line  Calibration line  Correlation 3.1. GC/MS
intercept slopé coefficient (%)

6-MAM 0.089+ 0.007 0.003+0.001 0.995+ 0.001 Representative chromatograms obtained following the
Morphine 0.015£0.002 0.002:0.001 0.999+:0.002 extraction of drug-free teeth pool (left) and 100 ng 6-MAM,
gOde_'”e 8-21& 8-882 g-ggi 8-88; 8-32% g-gg; morphine, codeine, cocaine, BEG and cocaethylene spiked

ocalne . . . . . . . . .
BEG 0,026+ 0.006 0.004% 0.001 0.996L 0.002 in 1.g of drpg—free tgeth pool (rlght) are showrfiig. L The
Cocaethylene  0.1620.0059  0.01@-0.003 0.995- 0.001 liquid—liquid extraction by organic solvents at a pH value of 6

resulted to be the best compromise for all the analytes under
investigation Fig. 2).

A chromatographic run was completed in 10.5min, and
used for calculating the limits of detection and quantification. initial conditions were restored in 21 min. No additional
Standard deviation (S.D.) of the mean noise level over the peaks due to endogenous substances that could have inter-
retention time window of each analyte was used to determinefered with the detection of compound of interest were
detection limit (LOD=3S.D.) and the quantification limit observed. None of the drugs of abuse other than analytes
(LOQ=10S.D.). Once calculated, LOQ value was tested for under investigation or aforementioned medications carried
precision and accuracy variation to be under the 20% valuethrough the entire procedure interfered with the assay. Blank
as requested by international guidelifi@®]. samples injected after the highest point of the calibration

A total of five replicates at each of QC concentrations curve did not present any traces of carryover. Nonetheless, an

added to drug-free teeth pool, extracted as reported aboveinjection of methanol was introduced between each injection
were analyzed for the determination of intra-assay precision of study.

and accuracy. The inter-assay precision and accuracy were

determined for three independent experimental assays of thes. 2. Validation results

aforementioned replicates. Precision was expressed as the

relative standard deviation (R.S.D.) of concentrations calcu- Tables 1-3summarize the method validation data. The
lated for QC samples. Accuracy was expressed as the relativerecoveries (meait S.D.) obtained after liquid—liquid extrac-
error of the calculated concentrations. tion at different concentration levels showed that there was no

@ Mean and S.D. of three replicates.

Table 3
Intra- (» =5) and inter-assay:E 15) precision and accuracy obtained for analytes under investigation

Analyte Intra-assay precision Intra-assay accuracy Inter-assay precision Inter-assay accuracy
(R.S.D.) (ng/g) (error%) (ng/g) (R.S.D.) (ng/g) (error%) (ng/g)
12 200 425 12 200 425 12 200 425 12 200 425

6-MAM 5.7 9.8 12.1 17 1.2 0.7 3.7 57 7.3 25 22 1.9
Morphine 14.8 7.9 1.0 125 7.3 21 48 7.2 0.6 133 76 18
Codeine 24 47 7.2 10.0 8.5 6.9 12 28 4.4 10.8 8.5 6.3
Cocaine 10.6 7.8 54 9.2 6.5 3.7 6.1 46 3.3 100 7.1 4.2
BEG 38 83 12.6 125 10.2 7.5 42 82 14 11.7 9.6 7.7
Cocaethylene 144 84 2.3 7.5 9.6 11.8 87 95 3.3 6.6 9.0 11.5
Table 4
Opiates and cocaine content in teeth samples from drug consumers
Sample Consumed drug 6-MAM (ng/g) Morphine (ng/g) Codeine (ng/g) Cocaine (ng/g) BEG (ng/g) Cocaethylene (ng/g)

1 Cocaine N.D. N.D. N.D. N.D. 15.9 N.D.

2 Heroin/cocaine 279.3 154.8 16.5 N.D. N.D. N.D.

3 Heroin/cocaine 43.3 47.2 N.D. N.D. 18.7 N.D.

4 Heroin/cocaine 66.5 16.4 N.D. N.D. 13.7 N.D

5 Heroin/cocaine 76.8 8.7 N.D. 20.3 11.7 N.D.

6 Heroin 570.0 42.1 N.D. 29.9 814 N.D.

7 Heroin/cocaine 60.0 20.8 127.9 32.9 81.7 N.D.

8 Heroin 54.0 16.4 7.9 N.D. N.D. N.D.

9 Heroin/cocaine 54.3 10.6 N.D. N.D. N.D. N.D.
10 Heroin/cocaine N.D. N.D. N.D. 57.2 37.0 N.D.
11 Cocaine N.D. N.D. N.D. 5.6 12.6 N.D.
12 Cocaine 45.0 9.5 N.D. 11.7 24.2 N.D.
13 Heroin/cocaine N.D. N.D. N.D. N.D. 17.6 N.D.
14 Heroin/cocaine N.D. N.D. N.D. 26.8 70.3 10.0

N.D., not defined.
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relevant difference in extraction recovery at different concen- . 9.86
. . . . . Participant n.2
tration levels for the analytes under investigation. Linear cal- 5000 6-MAM
ibration curves were obtained for the compounds of interest 1000 m/z 399
with correlation coefficients{) higher than 0.99in all cases. 500 P —
Limits of detection (2.5 ng/g for 6-MAM, morphine, cocaine, 100 :
BEG and cocaethylene and 2.0 ng/g for codeine) and quan- 700 750 800 850 9.00 9.50 10.00
tification (7.5 ng/g for 6-MAM, morphine, cocaine, BEG and 15000 )
. ) 9.42 Morphine
cocaethylene and 6.0 ng/g for codeine) were con&dgrgd ade- 10000 m/z 429
qua'\te' for the purposes of the present study. Coefficient of 544 <
variations for precision and accuracy at LOQ were always \
better that 20%. The results obtained for intra- and inter-assay 700 750 800 850 900 950 10.00
precision and accuracy satisfactorily met the internationally 500 915  Codeine
established acceptance critefi80]. 288 m/z 371
200 <+—
3.3. Application to teeth samples analysis 706 7‘55‘"/\300’&%\’[}3‘30 5851000
The method here presented was applied to teeth samples 5000 101 Nalorphine
from 10 healthy donors (which declared to not have ever 3000 ’ m'z 455
consumed any drug of abuse) and 14 chronic consumers 5399 <
of both hero!n and cocaine, which had a previous history T T oy oy oy g Ty
of consumption (range: 10-20 years of consumption) and
had q_uitted drug abuse unless from a year previous to teeth Participant n.14
donation. 5000 Cocaine
Teeth samples, identified with a arbitrary code were exam- 4000 2 3'03
ined as blind samples (the examiner did not know if teeth 5000 7.76
<+—
were from healthy donors or drug consumers). Data from 1000
the 14 teeth samples donated by drug consumers are shown 7.00 750 800 850 9.00 9.50 10.00
in Table 4and Fig. 3 illustrates chromatograms of teeth 1000 8.08f BEG
extracts from participant no. 2 containing 279.3ng/g 6- 800 m/z 361
MAM, 154.8 ng/g morphine and 16.5 ng/g codeine and from 300 <+—
participant no. 14 containing 26.8ng/g cocaine, 70.3ng/lg 13| A
BEG and 10 ng/g cocaethylene. 700 7.5 S0 9 =0 10.
Both opiates and cocaine and metabolites were absent in 1990 Cocaethylene
o 800 8.06 m/z 196
all the samples from healthy donors (no false positive results). 8%
In teeth from consumers, a false positive result was found in 200 <
case of heroin (participant no. 12) and a false positive for 100
. . . 700 750 800 850 9.00 9.0 10.00
cocaine (participant no. 6). However, it cannot be excluded
recall biases inthese participants or an unconscious consump- iggg 10.15f Nalorphine
tion. On the other hand, 3 false negatives out of 11 samples 3000 m/'z 455
were evidenced for heroin and 2 false negatives out of 12 fggg <+
samples in case of cocaine. 700 750 800 850 9.00 950 10.00

Regarding the panel on investigated analytes, we did not

include heroin among the substances under investigationFig. 3. SIMchromatogram of teeth extracts from participant no. 2 containing
to assess opiates consumption. This choice was based 0A79-3ng/g 6-MAM, 154.8 ng/g morphine and 16.5ng/g codeine and from
previous experience with hair considering that acid incu- participant no. 14 containing 26.8 ng/g cocaine, 70.3 ng/g BEG and 10 ng/g
. . cocaethylene.
bation of teeth samples for analytes extraction could have
likely hydrolyzed heroin eventually present into the samples
[2,3]. samples resulted negative to cocaine. Cocaethylene, a cocaine
6-MAM, the unequivocal marker of heroin abuse, was the metabolite known to be present in biological matrices of both
analyte most frequently found in samples from heroin con- alcohol and cocainfl0], was detected only in one case.
sumers and in the majority of cases (89%) its concentration  Analytes concentration (36.5-570ng/g for 6-monoace-
was higher than that of morphine. Codeine was present onlytylmorphine, 8.7-154.8 ng/g for morphine, 7.9-127.9 ng/g
in three cases. BEG was the analyte most frequently foundfor codeine, 5.6-57.2ng/g for cocaine, 12.6-81.7 ng/g for
in samples from cocaine consumers and, differently from benzoylecgonine and 10 ng/g for cocaethylene) was not cor-
6-MAM and morphine which were always simultaneously related with years of drug consumption, nor with the date
presentin teeth, was the only metabolite found in a four teeth of quitting habit (data not shown). Concentration of opiates
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detected in teeth were generally higher than those encoun-proved to be sensitive enough for determination of all the
tered for cocaine and metabolites. compounds of interest using 1 g of pulverized teeth. Teeth can

Although these data are preliminary and the number of be a promising non-invasive biological matrix in biomedical
analyzed samples does not allow any definite conclusion oranalysis for both clinical and forensic purposes.
a statistical evaluation, it seems that amount of substances
found in teeth related to a consumption of a certain drug
depends on chemical nature of parent drug and metabolites Acknowledgement
which migrate from blood vessels to tooth pulp, dentine and
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