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Determination of human exposure to polycyclic aromatic
hydrocarbons (PAHs) is challenging because they are so
broadly distributed in the environment and often difficult to
quantitate using questionnaire methods. To enhance the
ability to non-invasively evaluate markers of both internal
dose and biologically effective dose we have developed
methods for the identification and quantitation of 
1-hydroxypyrene± glucuronide and r-7,t-8,t-9,c-10-
tetrahydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene (BP-7,10/
8,9-tetrol) in human urine. In the current study we applied
these assays to urine samples collected from 43 hospitalized
psoriasis patients treated with coal tar medication and 39
non-treated volunteer controls. BP-7,10/8,9-tetrol was
detected in 20 of 43 (47%) patients, ranging from £  1 (not
detected) to 124 fmol l mol± 1 creatinine. In contrast, BP-
7,10/8,9-tetrol was detected in only 4 of 39 (10%) controls,
range £  1  to 20.6 fmol l mol± 1 creatinine (p =  0.0006,
Wilcoxon rank sum test). A second, more polar PAH
metabolite, identified as 1-hydroxypyrene± glucuronide, was
present in all urine samples. Mean 1-hydroxypyrene±
glucuronide levels were 40.96±72.62 pmol l mol± 1 creatinine
in patients and 0.38±0.32 pmol l mol± 1 creatinine in control
subjects (p £  0.0001). The ratio of urinary levels of BP-
7,10/8,9-tetrol to 1-hydroxypyrene± glucuronide was
examined in the coal tar-treated patients. This ratio was found
to vary by approximately 6000-fold. This parameter cannot
be explained by measurement error because the coefficients
of variation for these assays are only 12 and 10%
respectively, nor can it be explained by use of different coal
tar products. These results provide further evidence that
substantial interindividual variation in activation of
benzo[a]pyrene and other PAHs exists, which may have
implications for disease risk.

Keywords: benzo[a]pyrene, biomonitoring, carcinogen,
metabolism, pyrene.

Abbreviations: BP, benzo[a]pyrene; BPDE, r-7,t-8-dihydroxy-t-
9,10-epoxy-7,8,9,10-tetrahydrobenzo[a]pyrene; BP-7,10/8,9-
tetrol, r-7,t-8,t-9,c-10-tetrahydroxy-7,8,9,10-
tetrahydrobenzo[a]pyrene; ELISA, enzyme linked immunosorbant
assay; GC/MS, gas chromatography± mass spectrometry; HPLC,
high performance liquid chromatography; ND, not detected; PAH,
polycylcic aromatic hydrocarbon; PC, personal computer; SD,
standard deviation; UVB, ultraviolet B.

Introduction
Case  re p o rts and epidem iolog ica l  o bserv atio ns b etw een the

18th  and  21st  cen turies  in dicate  an associat ion  betw een

ex p o s u re to  certain  co mp lex chem ic al  m ix tures (soo t,  

cutt ing oi ls  and coal  tar )  and sk in cancer in  hum ans (P hil ips

1983).  Medicinal  application of  coal tar  to  psoriasis pat ients

p re se nts  th e o pp ortunity  to  s tudy the metabolic  fate  of

ca rc in og ens i n  hum a ns.  T h e c urrent  s tu dy  ex am in es t he

metabolism  of a  poten t carc inogen, BP, and a  co-carc inog en,

p y rene  (Van  D uu ren and G oldsch midt  1 976, Rice et al . 

1984) .

E xtensive enviro nm ental  an alyses h ave sh ow n that  BP  an d

oth er PAHs contam in ate  air, food,  so i l,  and water,  m aking

h u m an  e x p o s u re unavoidable (IARC 1973) . Biomarkers of

ex p o s u re  p rovide valuable  tools  to  assess th e ex tent  and

signif ican ce  of  hu man contac t .  A num ber of  m ethods for

m o ni tor ing  h u m an  ex p osu re to  en viro nm e ntal  or  o ccu pationa l

ca rc ino gens hav e been develo ped.  T h ese  includ e:

m e as u rem ents of  m utag en s in  urin e, determ inatio n o f

PAH±DNA  adducts in  hum an t issues  by E LIS A assays, 
3 2P-postl abell ing ,  f luorescence o r  m ass sp ec tro m et ry,

m e as u rement of  aro m ati c  ad du cts  in  surrogate

m a c ro m o lec ul es a nd  m easu rem ent of  1 -hydro xy p yre n e  in

urine (A m es et  al.  1975, Jongenee len  et  al. 1985, P oir ie r  and

Weston 1996).

T he developm ent o f  assays that use  urine fo r  biom ar ker

detect ion  is  im p ortant  f or  hum an b iom onitor ing b ecau se

sam ple co llec t io n is  sim ple,  n on-in vasive and the am o unts  of

mater ial available  for  study are  rel atively  large.  U rinary  assay s

w e re ini t ia l ly  used to  indirect ly  determ in e th e p resence of

m utage ns a nd  ca rc in ogens using  the A mes m utagenici ty  tests

(Am es et al . 1975) . More  sop hist i cat ed  and  chem ically  specif ic

assay s have previou sly been  used  to  d etect  PAH  m etaboli tes

such as 1 -h ydro x yp y rene an d 3-h yd roxybenzo[a ]p yren e by

fluorescence  detect ion  af ter  HPL C (Jongeneelen  et  al. 1 987,

Arise  et al . 1994), as well  as metabolites of  PAHs by ELISA

(Santel la et  al. 1994) . A recent  add it io n to  the se  m eth ods

described the dev elopm ent of  an  assay based  on

im m u n o aff ini ty  p urif icat ion and  synchro nou s f lu ore sce n ce

sp ec tro sco py to  m easu re BP-7 ,10/8,9 -tetro l  i n  h um an  u r in e

sam p les (Westo n  et al . 1993).  T his m etaboli te m ay be more

re levant for  est imating PAH associated r isk for  subsequent

di sease th an  m e asures of  1-hydro xy p yrene or  

3-h yd rox yb en zop yrene because act ivation of  BP thro u g h
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form ation of  BPDE  (an ul timate carc inogen) must  occur prior

to  form ation of  the correspo nd in g te t ra hy dro tetro l .

High PAH  exp o su res are  en co un te red  t h ro ug h sm ok ing

tobacco (IARC 1986) and the use  of  medic inal coa l tar

p rep ar ation s fo r  sk in condit ions,  such as p soriasis,  as part of

the Goeckerm an therapy (G oeck erm an 1925 ).  T her ap eu tic  coal

tar  oin tm ent is f orme d f ro m  p roducts  of  the pyro lytic

deco mp osit ion of  coal  u nder  therm o d yn am ic co n di t i on s,  an d

coal ta r  contains a  wide range of  substances.  In  addit ion to  an

asso rtment of  PAHs,  coal  ta r  conta ins  a large nu mber of

c om p ou n d s w ith  org an ical ly  b ou n d sulp h ur,  ni trog en ,  an d

oxygen ,  most ly  in  the form  of hetero cycli c  com p ou nds (Wrigh t

et al. 19 85).  The m echanism  of the therapeutic  action of  this

di st i l la t ion  p ro duct  has not  been clearly  described , but  i t  has

be en dem on strat ed t hat  PAHs are  absorb ed thro ug h the skin

(Storer  et  al . 1984).

H ere  we re p o rt  on the detect ion of  PAH  m etabo li tes

(specif ically BP-7,10 /8,9-tetro l  an d th e glu curon ide co njug ate

of 1-hydro x yp y rene)  in  psoriasis  pat ients  t re at e d

therapeutical ly  w ith coal  tar  oin tment.  Urin e sam ples were

analysed f rom 4 3 treated pat ient s and  39  u ntreat ed,  vo lun teer

c on t ro ls. The BP-7,10 /8,9-tet ro l  and glu curonide conjugate  of

1 -h yd ro xy p yre ne  w ere  ex trac ted  from  the urin e using si l ica

co lum n s,  im m u no aff ini ty  chrom atography and  HPL C.

Metaboli tes  were  detected by  synch rono us f luore sc en c e

sp e ct ro s co p y,  and tested for  associated smoking history,  diet

and d em ograp hic characteris t ics of  study  sub jects .

M ATERIALS AND METHODS

Subject enrolment
Patients were recruited from the in-patient service of the Department of

Dermatology at the Presbyterian Hospital at Columbia-Presbyterian Medical

Center. Subjects were enrolled and consent obtained using Institutional Review

Board-approved procedures. Eligibility criteria for cases were a diagnosis of

plaque-stage psoriasis and having undergone modified Goeckerman therapy for at

least 1 day (typically 7± 14 days). Controls were recruited by advertisement in the

medical centre, and individually-matched to patients by age (2-year intervals), sex

and current tobacco smoking status. Exclusion criteria for controls were use of

coal tar preparations (e.g. shampoos) or psoriasis. Initially, 57 patients and 53

controls were recruited as previously reported (Santella et al. 1994). Using

different methods to those described here, Santella et al., (1994) reported on a

battery of PAH tests for a larger set of psoriasis patient samples that include the

subset reported here. Their method for measurement of urinary 1-hydroxypyrene

was based on that of Jongeneelen et al. (1985), and although measurements for

coal tar-treated persons were comparable to those reported here, many control

levels were below the limit of detection, which precludes comparison. Goals of 

the current study were to use a more sensitive and specific assay for 1-

hydroxypyrene± glucuronide levels and additionally measure the benzo[a]pyrene-

7,10/8,9-tetrol. For the current study, urine samples (24 h) were available for

analysis of only 43 cases and 39 controls; statistical calculations were limited to

37 controls because of the lack of creatinine levels for two of the control subjects.

A questionnaire was administered by trained interviewers that requested

demographic information, current occupation, tobacco smoking history and a

brief history of recent consumption of foods with relatively high levels of PAHs. For

cases, medical records were abstracted for the number of days each subject had

been treated with coal tar ointments and for current medications.

Chemicals
Affinica Antibody Orientation Kit Protein A Agarose was obtained from Schleicher

and Schuell (Keene, NH). b -glucuronidase (type-B3) was purchased from Sigma

Chemical Corp. (St Louis, MO). (±)-r-7,t-8-Dihydroxy-t-9,10-epoxy-7,8,9,10-

tetrahydro[1,3-3H]-benzo[a]pyrene was purchased from Chemsyn Scientific

Laboratories (Lenexa, KA) through the National Cancer Institute Chemical

Carcinogen Reference Standard Repository (Bethesda, MD) and hydrolysed to the

BP-7,10/8,9-tetrol in aqueous acid (0.1 N HCl, 90 °C, 3 h). Solid phase extraction

cartridges (C18 Sep-Pak Plus) were purchased from Millipore Corp. (Milford, MA)

and C18 reverse phase HPLC columns were purchased from Vydac (Hesperia,

CA). All other reagents were HPLC grade or comparable (J. T. Baker, Phillipsberg,

NJ). GC/MS analysis of coal tar ointment was performed by META Environ, Inc.

(Boston, MA).

Antibody and immunoaffinity columns
An anti-N2-(7,8,9-trihydroxy[10-yl])guanosin-7,8,9,10-tetrahydrobenzo[a]pyrene

monoclonal antibody was purified from a hybridoma cell line (8E11) (Santella et al.

1984). This antibody, which is known to have a broad substrate specificity

(Bowman et al. 1990), was coupled to the Protein A Agarose following the

manufacturer’s directions and packed into plastic columns with a total binding

capacity of > 200 nmol BP-7,10/8,9-tetrol ligand. Preparation of anti-BP-7,10/

8,9-tetrol immonoaffinity columns is described in detail elsewhere (Weston et al.

1993).

Sample preparation
Urine samples were prepared as previously described (Weston et al. 1993).

Briefly, urine samples (10 ml) were acidified to 0.1 N HCl with concentrated acid

and heated at 90 °C for 3 h to release conjugated BP metabolites. Reverse phase

solid phase extraction cartridges (C-18) were prepared by pre-washing with

methanol (6 ml) and then flushing with water (12 ml). The cooled urine samples 

(4 °C) were loaded onto the cartridges and then washed with water (6 ml).

Hydrophobic compounds were eluted with methanol (6 ml, 80%), dried in vacuo to

remove the methanol, and resuspended in Tris± HCl (6 ml, 10 mM, pH 7.5). This

eluate was loaded onto the 8E11 immunoaffinity columns (anti-PAH) and washed

with Tris± HCl (6 ml, 10 mM, pH 7.5). Bound material was eluted with methanol in

water (60%, 2 ml) and the volume was reduced under reduced pressure to 500 m l.

Urinary creatinine levels were determined using a kit from Sigma Chemical Co. 

(St Louis, MO).

High performance liquid chromatography and detection

of PAH-metabolites
Liquid chromatography was performed using a Gilson HPLC system. A Vydac C-18

reverse phase column was eluted with a linear gradient (30 to 60% methanol over

20 min and a 100% methanol wash between samples). HPLC fractions were dried

under reduced pressure to remove solvent and resuspended in water (500 m l) and

analysed using a Perkin Elmer MPF-66 fluorescence spectrophotometer (Norwalk,

CT) in the synchronous scanning mode.

For BP-7,10/8,9-tetrol appropriate fractions (18.5± 19.0 min) were analysed.

BP-7,10/8,9-tetrol has a peak emission at 379 nm when the monochromators are

driven synchronously with a wavelength difference of 34 nm. Samples were

quantitated by comparison of fluorescence yields (peak heights) with a standard-

curve determined using dilutions of authentic BP-7,10/8,9-tetrol. The limit of

detection for this assay is 2.5 fmol ml± 1 for a 10 ml urine sample.

To address the question of reproducibility, six aliquots (10 ml) from a person

testing negative for BP-7,10/8,9-tetrol were dispensed from a single fresh urine

sample, and known quantities of tritiated BP-7,10/8,9-tetrol were added to three

of them. All six samples were handled in a manner identical to the urine samples

E. D. Bowman et al.322
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obtained from the psoriasis patients and their controls. After HPLC, the samples

were analysed for BP-7,10/8,9-tetrol by both synchronous fluorescence

spectroscopy and liquid scintillation counting of appropriate fractions. The

coefficient of variation for this assay was determined to be 12% (Weston et al.

1994, Kang et al. 1995).

For 1-hydroxypyrene± glucuronide conjugate elution (6 min), samples were also

subjected to fluorescence analysis using the same conditions. Determination of

the absolute levels was made from comparison with the BP-7,10/8,9-tetrol

standard curve using a 4.5́ correction factor since the fluorescence quantum

yield for the 1-hydroxypyrene± glucuronide metabolite is 4.5́ less than that for BP-

7,10/8,9-tetrol (Bowman et al. 1990, Strickland et al. 1994). The detection limit

for this metabolite is 12 fmol ml± 1 urine, given a 10 ml urine sample (Bowman et

al. 1993, Weston et al. 1993, 1994). The coefficient of variation for this assay

has been determined to be 8± 10% (Bowman et al. 1993, Weston et al. 1994,

Kang et al. 1995). To confirm the identity of the 1-hydroxypyrene± glucuronide

these fractions were digested (37 °C, 30 min) by mixing  b -glucuronidase (300 U)

with sodium acetate buffer (100 mM, pH 5.0) and an equal volume of the substrate

(aqueous HPLC fraction). Materials were then subjected to HPLC (Strickland et al.

1994). For the purpose of determining BP-7,10/8,9-tetrol/1-

hydroxypyrene± glucuronide (́  100) ratios, samples in which BP-7,10/8,9-tetrol

could not be detected were assigned a value of half the limit of detection.

Statistical analysis
Data were analysed using SASr for PC version 6.04 (SASr Institute, Inc. Cary, NC,

1987). Summary values are expressed as mean (standard deviation) and as

median (range). Since only subsamples of the original patients and controls were

available for analysis (based upon availability of urine samples), unmatched tests

of significance were used. However, the original matching variables (i.e. age, sex,

smoking status) were evaluated for potential confounding for each outcome.

Group differences in each variable were tested by the Wilcoxon rank sum test for

continuous variables, and by Fisher’s exact test for categorical variables.

Spearman rank order correlation was used to test for the association between

each biomarker and various sources of PAHs (i.e. diet, tobacco smoking and the

number of treatment days for patients).

The distribution of 1-hydroxypyrene± glucuronide levels was normalized with a

natural logarithmic transformation. Since the BP-7,10/8,9-tetrol distribution could

not be normalized with standard transformations, a rank transformation was used

to allow for multivariable analyses (Conover and Iman 1981). Group differences in

each biomarker were then adjusted for age, race, sex, and current tobacco

smoking status (yes/no; and number of cigarettes smoked per day) using analysis

of covariance. Only the range of values for metabolites in these samples were

previously documented in a report describing the methodology (Weston et al.

1994). The current report focuses on interindividual variation in metabolite levels.

Results
Concentrations of  se lected PAHs in  a  re p resentat ive coal tar

o in tm en t sa m ple  are  p resente d in  Table 1 .  T hese

m e a su rem e n ts  w ere  con sistent  w ith prev io usly  p ub lish ed  d ata

(IARC 1985). T he  da ta  obtained here  indica ted  that f ive-fold

m o re  p yrene  (700 mg kg±1)  than benzo[a ]pyrene  (140  mg kg±1)

w as  p resen t  in  these p reparat ion s.  Tab le 2  sho ws d emo graphic

data for  the psorias is  pat ients  (n = 43) and contro ls (n = 39) . No

signif icant difference between the two  grou ps w as fou nd fo r

any of  these var iab les (age , gender,  race  or  cigaret te smoking)

u si ng Fi sh er’s exac t  test .

A ltho ug h the re  w ere  m o re African Am erican  co ntro l s  t h an

p atie nts ,  and  m ore  L atino p at ients  than co ntro ls, the over al l

racial  dist r ibution was not  signif icantly  differen t  be tw een  th e

two grou p s (p = 0.18). Only  three (7% ) contro ls  and four  (10% )

pa tien ts  re p o rt ed co nsum ptio n o f  any charb ro i led  m ea t  w i thin

the  p rev ious 2 weeks. Of  these ,  only tw o contro ls  an d  n o

pat ients  had eaten  ch arb ro iled m eat  within th e las t  48 h.  Since

PAH  metaboli tes fro m  PAH s in  the diet  are ex cre ted m ostly

within  24 h (Buckley  and L ioy 1992, Str ick land et  al. 1994) the

Levels of urinary PAH metabolites 323

Phenanthrene 1600

2-Methylnaphthalene 1200

Fluoranthene 860

Acenaphthene 840

Fluorene 770

Pyrene 700

Dibenzofuran 620

1-Methylnaphthalene 510

Anthracene 460

Naphthalene 430

Chrysene 250

Benz[a]anthracene 220

Benzo[b]fluoranthene 160

Benzo[a]pyrene 140

Indeno[1,2,3-cd]pyrene 90

Benz[g,h,i]perylene 80

Benzo[k]fluoranthene 50

Acenapthylene ND

Dibenz[a,h]anthracene ND

Indan ND

Table 1. GC/MS analysis of medicinal coal-tar ointment. Determination of

levels of polycyclic aromatic hydrocarbons (mean of three analyses, mg/kg).

Untreated Treated

controls, patients,

Characteristics n (%) n (%)

Age distribution (years):

< 30 6 (15) 6 (14)

30± 49 20 (52) 17 (40)

50± 69 7 (18) 15 (34)

³ 70 6 (15) 5 (12)

Gender: Male 21 (54) 22 (51)

Female 18 (46) 21 (49)

Race: Caucasian 21 (54) 25 (58)

African American 10 (25) 4 (9)

Latino 5 (13) 11 (26)

Other 3 (8) 3 (7)

Current smoking status:

Non-smoker 27 (69) 30 (70)

Smoker 12 (31) 13 (30)

Consumption of charbroiled meata

None 40 (93) 35 (90)

1 or more 3 (7) 4 (10)

Table 2. Demographic characteristic of case control study subjects.

a Number of portions in last week.
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associat io n b etween this variab le  and m easure d  PA H

m etabol i tes was not  assessed in  subsequ ent  analy ses.

Extrac ts of  urine containing tri t ium-labelled  BP-7,10/8,9-

tet ro l  w ere ana lysed  by HPL C to determ ine  t he re ten tio n t im e

a n d  reco very  (Weston  et  al. 1993 , 1994).  The re ten tio n t im e

w as d ete rm in ed to  be betw een  18 .5 an d 19  m in with  32 ±34 %

recov ery. Figure 1 is a  com posite of  three  sy nc hro n o u s

flu orescence  spectra  ( D l 34 nm ), each  generated  separate ly for

m aterials iso lated  fro m  h um an  u rine.  F igu re 1(a)  shows a

re p resentat iv e sp ectrum for  m ateria ls isola ted  fro m  th e ur in e

of a  psoriasis pat ien t  f ollow in g im m unoaff ini ty

c h rom atography but prior  to  HPL C. T hese m ateria ls have  a

sp e ct ru m which is  characteris t ic of  the pyrene f luoro p h o re ,

h o w e v er,  the mater ia ls are  a  m ix ture  of  c om p ou nd s cap ture d

on th e aff ini ty  columns by the anti -BPDE  antibodies.  Figure

1(b) shows a  f luore sce nce spectrum  of mater ial iso lated fro m

the sam e sam ple   (Figure  1a)  by  HPLC tha t had  a  re ten tio n t im e

ident ical  to  that  of  BP-7,10/8,9-te tro l. BP-7 ,10 /8,9- tet ro l  w a s

detected  in the urine of  20 of  43 (47% ) coal tar- tre at e d

psor iasis pat ien ts  and 4 of  39 (10% ) controls (Table 3) . L eve ls

of  BP-7,10/8,9- tetro l  determ ine d in  ur ine  w ere  signif icantly

higher in  psoriasis pat ien ts  (not  detected to  124 fm ol m m o l±1

c re atinine)  th an i n  u ntrea ted con tro ls ( not  detected  to

20 .6 fmol m m o l±1 c rea tin ine)  (p = 0.0006, Table  3).

A m o re  polar  m etaboli te was also detected by synchro n o u s

flu orescence spect roscopy after  HPL C in these  samples

(re ten tion tim e 6 m in)  (Figure  1c) . T his  com po und has alm ost

iden tical spect ral characteris tics  to  BP-7,10 /8,9-tetro l  by

s y n c h ron ou s f lu orescenc e spe ctroscopy an d by  com par ison  of

f lu orescence excita t ion±em ission matr ices (d ata not  show n)

(Bow m an et al. 1993, Westo n  et  al.  1993) . T he  metabolite  w as

p resent  in  al l  samp les ,  contro ls and  patients al ik e.  F urt h e r

che mical  ch aracter izat io n has show n this  c om po und  to  be the

g lu cu ronic  acid conjugate  of  1-hydro xy py rene (S tr icklan d e t

a l. 1994); thi s was confirm e d u sin g b -glucuron idase dig est ion

and HP LC.

T he 1 -h ydro x yp y re ne ±g lu cu ronid e con jugate  was fo und  in

al l  stud y su bjec ts;  however,  higher  levels were  fo und  in  co al

tar  t reate d cases th an unt reated  co ntro ls.  T he mean 1-

h y d rox y py ren e±glu cu ron ide levels  w ere 40.96‰72.62 (range

0.54±463.90 pm ol m m o l±1 c rea tinine)  for  pat ients and

0.38‰0.32 (range 0.04±1.32 pmol m m o l±1 c reat inine)  for

c on t ro ls . T he  levels of  the 1-hydrox y py ren e±glu cu ro n id e

conjugate  w ere  signif ican tly  greater  in  the coal  tar-t rea t e d

pa tien ts  th an  co nt ro ls (p £ 0.0001 , Table 3) . Grou p  d iffere n c e s

for  each  biom arker w ere  m inim ally  affected after  adjustm en t

for  age, sex, race and  curren t  tobacco sm oking. N one of  these

variab les  th em selves were  associated  with ei ther  biom arker,  in

ei ther  pat ients  or  contro ls ( data  no t show n).  Am ong patients,

tota l  number of  t reatm en t day s wa s correlated  w ith the 

1-h yd rox y py ren e±gluc uronide con jugate  (r = 0.19, p = 0.23, 

n = 41) and BP -7,10 /8,9-te trahydro tetro l  (r = 0.30 , p = 0.05 , 

n = 41)  but was only sta t ist ical ly signif icant for  the lat ter.

F igure  2 show s the re la t ionsh ip betw een BP-7,10/8,9-tetro l

an d 1 -hy dro x yp y rene ±g lu cu ronide levels for  each  indiv idual

in  th e s tu d y. Among patien ts,  BP-7,10/8,9- tet ro l  and  

1-h yd rox y py ren e±gluc uron ide levels  w ere  m o derately

co rrelated (Spearm a n  r = 0.31, p = 0.05).  For the en tire  s tu d y

gro up, F igure  2 show s that  there  was substantia l  variat io n in

the tendency to  form BP-7,10/8,9 -te tro l over  a wide  range of  

1-h yd rox y py ren e±gluc uron ide;  som e p atients  w ith v ery  hig h

levels of  1-hydro xy p yre ne ±g lu cu ronide st i l l  had  un det ectabl e

levels of  BP-7 ,10 /8,9- te tro l

In order  to  furth er  ex plo re  inter ind ividu al  var iat ion  in

ex cre tion of  these  two metabolites,  the rat io  of  urinary BP-

7,10/8,9- tet ro l  to  1-hydro x yp y rene ±g lu cu ro n id e  w as

E. D. Bowman et al.324

Figure 1. Representative synchronous fluorescence spectra (D k 34 nm) for materials isolated from the urine of a coal tar-treated psoriasis patient. (a) Results of

immunoaffinity purification only using an anti-N2-(7,8,9-trihydroxy[10-yl])guanosin-7,8,9,10-tetrahydrobenzo[a]pyrene monoclonal antibody with affinity to other PAH

metabolites; (b) further purification of materials from the immunoaffinity eluates using HPLC, spectrum for materials with an HPLC retention time equal to that of BP-7,10/

8,9-tetrol (18.5± 19.0 min); (c) further purification of materials from the immunoaffinity eluates using HPLC, spectrum for materials with an HPLC retention time equal to

that of 1-hydroxypyrene± glucuronide (5.5± 6.0 min).

Untreated Treated

controls patients p value

PAH metabolite (n = 37)a (n = 43) for differenceb

Levels of BP-7,10/8,9-tetrolc

Mean (±SD) 1.3 (4.2) 15.0 (29.5)

Median (range) 0 (0± 20.6) 0 (0± 124.0) p = 0.0006

Levels of 1-hydroxypyrened

Mean (±SD) 0.38 (0.32) 40.96 (72.62)

Median (range) 0.30 (0.04± 1.32) 22.69 (0.54± 463.90) p £ 0.0001

Table 3. Urinary polycyclic aromatic hydrocarbon metabolites in coal tar-

treated psoriasis patients and controls.

a Creatinine levels were unavailable for two control individuals.

b Wilcoxon rank sum test.

cfmol m mol± 1 creatinine, 20 (47%) of patients and 4 (10%) of controls had

levels above the detection limit of the assay.

d pmol m mol± 1 creatinine, all study subjects had detectable levels.
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calcu lated  for  pat ients ( subjec ts that  were below  the level  of

detec tion for  BP-7,10/8,9- tetro l  we re  assigned a v alu e h al fway

b etw een  ze ro  and the detec t ion lim it  of  the assay).  T his  rat io

ranged  from  0.002 7%  to 16.24% , m ore  than  6000-fold (Figure

3) . W hen the data  for  23  individuals  with no n-detec table  levels

of BP-7 ,10/ 8,9- tetro l  w ere  excluded,  the rang e rem ain e d  in

excess of  350-fold. W hen var iation in  this  ra tio  was evaluated

w i th in  rel at ive ly  homogeneous  categories of  1-hydrox yp y re n e±

g lu cu ronide levels ( i .e.  1±10 pmol,  10±100 pmol and > 100

p m ol  1 -h yd ro xy py ren e±gluc uro n id e m m o l±1 c reatinine)  

t h e re  w a s a pp roximately 300-fold variation in  urinary BP-

7,10 /8,9-te tro l :1-hydro xy p yre ne±g lu cu ro n id e w i th in  eac h

gro u p .

W he n th e d ata  w ere  re - exa m ined  w ith out  co ntro ll ing for

c reat inin e con centr at ion  in  the urine th ere  w ere  on ly  m in im a l

d ifferences  in  the ana lyses. L evels of  both BP-7,10/8,9-tet ro l

(coal  tar  t rea ted  psorias is  pat ients  ND-330 fm ol ml±1 a n d

c o n tro ls ND-40 fmol ml±1 )  and  1-hy drox y py ren e±gluc uro n id e

(coa l ta r- treated  pso riasis pat ien ts  0 .8±7 6.1 pm ol m l±1 a n d

co n t ro ls 0 .2±2.9 pmol m l±1)  were  signif icantly  elevated in  th e

pa ti ent s .

Discussion
T h e im m u no aff in i ty/HP L C/syn ch rono us f luore sc en c e

sp ec troscopy assay descr ibed for  the detect ion of  m etaboli tes

of  PAH s in  hu m an u rin e sam ple s is a  n on- inv asive techn ique

that  can  be used for  human biomonitoring.  BP-7,10/8,9-tet ro l

was detected in  the u rine o f  m ore  coal  tar- treat ed p atie nts

(20/43) than contro ls (4/39) and at higher levels (mean

15.0‰29.5 fmol m m o l±1 c reat inine for  cases and  1.3‰4.2  fmol

m m o l±1 c reat inine for  contro ls,  p = 0.0006). In  addit ion, a

g lu cu ronide conjugate of  1-hydrox y py rene w as also d etected.

T his m etabolite , s table to  ac id trea tm ent (0 .1N HCl, 90  °C, 3 h),

was detected in  al l  sam ples (co ntrol s: 40±1320  fm ol  m m o l±1

c reatinine and psoriasis  patients:  5 40±463900 fmol m m o l±1

c reatinin e) ;  no  sam ples were  below the l im it  of  detect ion.

T hus,  a l though a  w id e v ar ia t ion in  total  levels  was observ e d ,

v irtual ly  no over lap w as seen between  expo sed  psori as is

pa tien ts  and  c on tro ls  for  the 1-hydro xy p yren e±gluc uro n id e  

(p £ 0.0001, for  differen ce).  In  l ight of  the diff icult ies with  dose

assessm ent in  coal  tar-tre ated pso riasis p at ien ts (expo sure

assessmen t extrapo la ted from  m edical  re co rds) ,  these me tho ds

could be of  potential  c l inica l  value.

D eterm ination o f  exact  chem ica l  d ose  in  medicinal  coal  

ta r- treated  patien ts is  prob lem atic .  Patients  use their  hands to

daub the coal  tar  on aff ected  regions of  sk in, a  nurse ,  using

glov ed  hand s,  assis ts in  this  process to coat area s of  skin

inaccessible  to  the patient . Th us,  wh ile  absolute  dosage is

var iable from  patient  to  pat ient  and d espite  p oss ible  u se  o f

d ifferen t  coal  tar  oin tm ents,  the rat io  of  pyrene  t o

ben zo[a ]py ren e sho u ld  rem ain  a p pro xim ately constant  a t

3.5±5:1 (IARC 1985). However,  the ratio of  BP-7,10/8,9 -

tetro l :1-hydro xy p yre ne±g lu cu ronide var ied over  a  scale  of

m o re than  3 logar i thms (range > 6000-fold, al though we

ack nowledge that  m in im ally this r an ge co uld be as l i t t le  as

3000-fo ld  if  all the BP-7,10/8,9 -tetro l  non -detectab le  sam ples

w e re just  below the detect ion lim it  of  the assay).  These

ob servatio ns sho w wid e in terin div idual  var iat io n in  th e

h um an  po p u la t i o n w i th  respec t  to  m etabolism of these PA H

co m po un ds.  T hi s ob servatio n i s consistent  w ith  descrip t ion s

of  po lym o rph ism s in  an  increasing num ber of  enzy mes that

metabolize xenobiotics (Guengerich 1992, S hie lds et al. 1 993,

S h o u  et al . 1994), and varia t ion am ong differen t  ind iv idu als  to

absorb and excre te  chem icals .

Two typ es  of  assay  have been u sed to  m easure 1-

h y d ro x yp y rene in  urine for  a variety  of  exposure  se t t ings

(occupat ional , tobacco, diet  and medicinal ) .  Jon geneelen  et al.

(1985, 1987, 1988) have pioneered  an d establ ished  a  widely

used assay for  the detect ion of  free 1-hyd ro x yp y rene fol lowing

reverse m etabolism  ( b -glucuro nid a se/ ary lsulphatase)  of   urine

ex tracts.  Alternati vely,  t he m eth od  u sed here  is  m ore  sensi t iv e

becau se  the g lucuro nide co njugate  i s ap proxim ately  f ive- times

m o re f luorescent  th an 1 -h yd ro x yp y rene (Str ickland et al.

1994) .

Jongeneelen et al. (198 5) rep o rted  1-hy dro xy p yren e lev els

between  0 .05 ( thei r  s tated detect ion l im it )  and 0 .15 p mol

Levels of urinary PAH metabolites 325

Figure 2. Correlation of urinary BP-7,10/8,9-tetrol levels (fmol m mol± 1 creatinine)

with those of 1-hydroxypyrene± glucuronide (pmol m mol± 1 creatinine) in coal tar-

treated psoriasis patients and untreated volunteer controls.

Figure 3. Histogram of the distribution of polycyclic aromatic hydrocarbon

metabolite ratios (benzo[a]pyrene-7,10/8,9-tetrahydrotetrol [BP-tetrol]/

1-hydroxypyrene± glucuronide [1-OHpyrene-glucuron]) among 43 coal tar-treated

psoriasis patients. The bar represents the number of individuals within the range

depicted on the X-axis. The ratio ranged from 0.0027% to 16.24%, 6015-fold.
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m m o l±1 c reat inine for  co ntro ls,  with  n o differen ce  b etw een

sm oker s and non -sm ok ers.  H ansen et  al . (1993) measure d  

1 -h yd ro xy p yren e in  o ccup ation ally  ex po sed  in div idu als  u si ng

an H PLC/fluorescence  assay  w ith  a  detect ion l imit  of  1 .06

p m o l  m l±1.  T he upper l im it  of  their  m easured  values was 1.1 5

p m o l  m l±1 for  contro ls ( 28/32 sam ples w ere neg at ive in  the

a ssay, i.e. £ 1.0 6 p m ol m l±1 for  occupational  contro ls  (w ith

60/122  negative)  an d 39 pm ol m l±1 for  occu pationally-exp osed

individuals (6/108 negative) .  Schal ler  et  al . (1993) m easured 1-

h y d rox y py rene levels  in  sm oking and  non- sm oking work er s at

a  gar bage incineration plant;  a l though the range of  values was

similar  (0 .05±0.41 pm ol m m o l±1 c reat inine in  no n- sm o ker s an d

0.07±0.4 1 pmol m m o l±1 c reat inine in  sm okers) ,  there  w as a

statist ical ly  signif icant diffe rence betw een  the g ro u p s

(detect io n l imit  0 .5  pm ol m l±1 using a  10 ml ur in e sam ple) .  In

each of  these s tudies,  the levels of  1-hydro x yp y re n e recovere d

fro m  the ur ine are clear ly  in  the sam e range as those  re p o rt e d

h e re  for  the 1-hydro xy p yre ne±g lu cu ro nide conju gate .

H o we ve r, i t  is  al so  important  to  recognize that  the curre n t

m etho d  is  m o re sensi t ive and for  a l l sam ples leve ls of  

1 -h yd ro xy p yren e±g lu curo n id e  m ea su red  w ere great er  than  th e

detec t ion l imit  of  th e assay. Most rec en tly, Si thisarank ul et  al .

(1997 ) re p o rted higher levels of  1-hydrox y py ren e±glu cu ro n id e

in urine of  sm okers (1 .04 pm ol m l±1)  than non-sm okers (0 .55

p m o l  m l±1).

Kang  et al. (1995) have measured  levels of  1-hydrox yp yre n e ±

g lu cu ronid e in  per so ns before  and af ter  eat ing charbro i le d

m eat. Baseline ur inary  levels of  1-hydrox y py ren e±glucu ro n id e

w e re 0.23‰0 .11 pm ol m l±1 w h ic h  rose  to  6 .50‰1.50  pm ol  m l±1

du rin g the ch arb ro iled meat  feed ing period.  The range of

values that  they observed (2.00±16.60 pm ol ml±1)  in dicat ed

con siderable  in ter indiv idual  variat ion  in  respo nse t o  exp osu re

to the sam e amo unt of  ingested  PAHs,  similar  observa ti on s

hav e b een m ad e b y v an M aanen  et  al . (199 4) and S ithisarankul

et al. (1997 ).

Jongeneelen  et al. (1985) measure d 1-hy dro xy p yren e in  a

l im ited num ber of  p sor ias is pat ien ts  t reated  with coal  tar  

(n = 2) . Levels of  1-hydrox y py ren e  w ere  5 and 25 0 pm ol m m o l±1

c reatinine ( ex tracted f rom 25 m l urine) ,  values s imilar  to  those

re p o rt ed  h e re .

No associat ion was found between ex creti on of  e ithe r BP-

7,10 /8,9-tet ro l  or  1-hydro xy py ren e±g lucu ro n id e a nd  c urre n t

sm oking in  either  pat ien ts or  contro ls.  However, there  was on ly

a rel at ively  sm al l number  of  smokers in  each  gro up (n = 12/39

for contro ls and 13 /43  for  pat ients) ; and cigare t tes  sm oked per

day w as low to m oderate (20‰14 cigare t t es/d ay, both group s) .

T h us th ere was limited  stat ist ica l power  to  evaluate  th is effe ct.

An im al s tu dies in  n eonat al  ro den ts  h ave show n  th at  top ical

adm inist r at io n of  cru de coal  tar  prep arat io ns and ultr aviolet

i rr ad iat io n leads to  the ind uction of  m icro so m al cytochro m e

P 45 0 dep end en t en zym e s such  as ary l  hy d ro ca rb o n

h y d roxylase , 7-ethoxycoum arin O -d eethylase,  epox ide

h y d rolase , and glu tath ione transferase (Das et al. 1 985,

M u kh ta r  et al. 1 986 ) w hich in  turn  h ave b een l i nked  to

squa mo us cel l  carc in om a. T here  hav e been  several

epid emio logical  stud ies an d case re p o rts  th at  indi ca te  that

Goeckerm an th er apy may  also  lead to  an increased r isk  of  skin

cancer  (Stern  et  al. 1980 , Bickers et al . 1981, Bridges et al.

1981 , IARC 1985, Moy et  al . 19 86) in  h um ans. How ever,

negative  studies  also  exis t (P itte lkow et al. 1981, Tor in u k i  a nd

Tagam i 1988).  Addit ional  s tudies  are  need ed to  resolv e this

quest ion.  Chemica l iden tif ica t ion of  BP-7,10 /8,9-tet ro l,  a

metabolite  of  the poten t  carcinogen BPD E in hum an urine after

e x p o su re to coal  ta r,  suggests tha t  system ic circulation of  PA H s

oc cur s i n  pa tien ts  w ho  u nd ergo Goec kerm an  th er a py,  an d tha t

these  patien ts m ay b e at  increased r isk  of  cancers a t s ites other

than the sk in,  e .g . th e u rinary  bladder (Tola 1980). T he  data

p re sen te d  h ere  dem on st r ate  wid e int erin dividual  var iat ion  in

the m etabolism  of  BP and urinary  excretio n of BP-7,10/8,9 -

tetro l,  th is  is  consistent  with in  v itro studies (H arr is 1987) .

T hese  d ata further  suggest  that  som e individ uals  m ay be at

greater  r isk of  cancer fol lowing m edicinal  exposure  to  coal tar

p ro ducts than other s.  Use of  the biom onito ring m ethod s

de sc ribed  here  in  epid em iological  studies  of  cancer r isk in  coal

ta r- treated psor ias is pat ients may  help to  reso lve these

qu est ion s.
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