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Structure elucidation of mammalian TCDD-metabolites 

H. Poiger, H.-R. Buser, H. Weber, U. Zweifel  and Ch. Schlatter 1 

Institute of Toxicology, Federal Institute of Technology and University of Zurich, Schorenstr. 16, CH-8603 Schwerzenbach 
(Switzerland), and Federal Agricultural Research Station, CH-8820 Wddenswil (Switzerland), 15 October 1981 

Summary. Thin l~tyer and gas chromatographic examinat ion of  the bile of  dogs which were given tr i t ium-labelled T C D D  
revealed the presence of  several polar  biotransformation products. The structure of  5 phenolic metaboli tes was elucidated 
by combined gas chromatography-mass spectrometry. A metabolic breakdown scheme for T C D D  in the dog is proposed. 

Quite high rates of  conversion o f  2.3.7.8-tetrachlorodiben- 
zo-p-dioxin have recently been found in mammals .  2-4 
whereas the metabolism of  this compound by microorgan- 
isms appears to be very slow 5. The differences among 
species in susceptibility towards T C D D  6'7 could be ex- 
plained, at least partially, by different rates of  metabolism, 
because earlier studies have shown that the dog, which is 
less sensitive to T C D D  6 than the rat. also converts the 
compound at a higher rate 8. In addition, this animal species 
was chosen in our investigation because metabohtes  are 
excreted into the bile and. in the dog, bile duct cannulation 
is an ethically acceptable technique. 
Tri t ium labelled T C D D  (sp. act. 40 C i /mmole ;  source: A. 
Kende. Rochester. NY) was purified by preparative gas 
chromatography (2 m •  mm ID. DC 560. 220~ and 
mixed with unlabelled T C D D  (source: Dow Chemical.  
Midland. MI), which was previously recrystallized several 
times from hot anisole, to yield a product with asp .  act. of  
26.3 m C i / m m o l e .  GC-MS analysis revealed only the pres- 
ence of  a pen ta -CDD (1%) but of?no other isomers of  
TCDD.  The radiochemical purity was higher than 98.5% 
(GC). 

For  the metabol ism experiment a Thomas cannula was 
implanted in a l-year-old beagle dog, weighing about 
14 kg; the animal  was then left to recover for a few weeks. 
A total amount  of  5.4 mg of  T C D D  was administered 
enterally by direct introduction into the duodenal  lumen in 
4 portions of  1-2 mg, leaving time intervals of  2-7 days 
between applications. Treatment  with T C D D  was accom- 
panied by very severe toxic symptoms, such as vomiting, 
anorexia and cachexy which ultimately caused the death of  
the animal (17 days after the 1st dose). 
Since the principal aim of  the experiment  was the isolation 
o f  T C D D  metabofites for structure elucidation, only a few 
parameters concerning the pharmacokinetics o f  the com- 
pound were investigated. Excretion of  radioactivity in the 
bile reached a maximum on day 1 or 2 following adminis- 
tration, then decreased quite rapidly. This is an evident 
contrast to the elimination characteristics in the rat, in 
which the concentration of  radioactivity in the bile 
remained constant over several days. The amount  of  
radioactivity in the bile (expressed as a percentage of  the 
amount  administered) was I I and 8% within 3 days after 
application o f  doses 3 and 4 on days 7 and 14, resPectively. 

GC-MS data of TCDD and methylated metabolites 

Compound Fraction Elution temperature (~ MS-data 
M + No. of C1 atoms Fragmentation 

I (TCDD) 217.3 320 4 M+-63; M+-126 
II C1, C2 231 350 4 M+-15; M+-43 
III C1 223.9 316 3 M+-15; M§ 
IVa C2 227 346 3 M+-15; M+-43 
IVb C2 228.8 346 3 M+-15; M+-43 
V B2 231.8 366 4 M+-50 
VI B1 134.5 206 2 M+-15; M+-43 

Finnigan 4000 quadrupole GC-MS instrument, EI 70 eV 240 ~ 24 m SP 2100 fused silica capillary; column conditions: 50 ~ (2 min 
isothermal), 20 ~ to 160 ~ 5 ~ to 240 ~ Mass-spectra (m/z 100-450, 1.7 see/scan) recorded using Finnigan 6115 data system. 
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This was significantly higher than the 2% excreted after 
doses 1 and 2 on days 0 and 2, respectively, and suggests a 
stimulation of drug-metabolizing enzymes in the liver by 
TCDD. In previous experiments we observed that, at the 
mg-dose level, intestinal absorption of TCDD is rather 
incomplete and does not exceed 50% of the administered 
amount, which implies that at least 15-20% of the TCDD 
absorbed from doses 3 and 4 was metabolized. 
Isolation of metabolites from bile was carried out after dose 
4 on a vacuum-dried sample of bile which was extracted 
twice with cold ethanol. The resulting extract contained 
about 50% of the total radioactivity. Extractability, using 
dichloromethane as extractant, was not increased by treat- 
ment of the bile with glucuronidase/arylsulfatase (Boehrin- 
get), which indicates that conjugation of the metabolites 
with glucuronic acid or sulfate does not occur in the liver of 
the dog. The extract was methylated (CH3I in presence of 
K2CO3, 40-50 ~ improve the volatility and chromato- 
graphic behavior of the compounds. The distribution of 
radioactivity on TLC after this procedure is shown in 
figure 1. 3 main radioactive zones, designated A, B and C 
were located. Zones B and C were separated and extracted 
with hexane or ethyl acetate. TLC-zone A was not investi- 
gated further. Most probably, the tton-methylated radioac- 
tetrachloro-l-methoxydibenzo-p-dioxin as the most prob- 
able pyrolysis product with the CH30-grou p in a peri-(1-, 
4-, 6- or 9-) position. 
Compound III was identified as 2,7,8-trichloro-3-methox- 
ydibenzo-p-dioxin. It was also formed by air oxidation of 
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Figure 1. Radio-TLC of an extract from bile, before (dotted line) 
and after methylation (straight line) with methyliodide. Precoated 
silica gel 60 sheets (Merck) with a mixture of hexane and ethyl 
acetate (9:1) as developing solvent, were used. Zones designated B 
and C were extracted and used as described in the text. 

tive material remained at the starting zone, together with 
the majority of interfering material. TLC of methylated 
TCDD-derived material obtained from the bile of rats 
yielded a different distribution pattern; about 18% was 
located at the starting zone and the rest at rf 0.2-0.4, but no 
radioactivity was detected at rf 0.6-0.9. Both extracts from 
dog bile were concentrated and further purified by prepar- 
ative GC (2 m x 2 mm SE 30, 200 and 220 ~ 2 radioactive 
fractions were trapped from each TLC-extract (designated 
B1, B2 and C1, C2, respectively) and, after reduction to a 
small volume, examined by GC-MS. 
The table summarizes the GC-MS data for chlorinated 
compounds detected in the above fractions, and for TCDD. 
The amounts of the different compounds, as estimated 
from the GC-MS data were in accordance with the 
amounts expected from the radioactivity measured in the 
samples and were between 20 and 60 rig. None of the 
compounds identified was detected in the bile of non- 
treated dogs. The mass-spectrum (fig. 2) of the major com- 
pound II with a molecular ion at m/z 350 and 4 chlorine 
atoms shows a characteristic fragmentation to M+-15 (M +- 
CH3) and M+-43 (M+-CH3-CO), which identifies this 
compound as a methyl ether of a hydroxylated TCDD. The 
strong M+-15 ion is indicative of a CH30-grou p in a lateral 
(2-, 3-, 7- or 8-) position 9 which would then identify this 
compound as 1,3,7,8-tetrachloro-2-methoxydibenzo-p- 
dioxin. This hydroxylated species can only be formed from 
TCDD in a rearrangement reaction involving migration of 
"a chlorine substituent. This could arise via an NIH-shift 
subsequent to enzymatic formation of an arene oxide, 
precedents for which already exist in the case of other 

aromatic corn lO chlorinated " pounds. The assignment of the 
CH30-grou p to a lateral position in compound II is sup- 
ported by the fact that high-temperature air oxidation of 
2,3,7,8-TCDD (8 gg in sealed quartz ampoule, 620~ 
followed by methylation with diazomethane led to the 
formation of a small quantity (0.1%) of an isomer of 
compound II with an elution temperature of 232.5 ~ and 
fragmentation to M+-43. The absence of a strong M+-15 in 
the mass-spectrum of this compound suggests 2 , 3 , 7 , 8 -  

\ 

o o,j 

100 

8 

5o 

,011 I 
h II ,,, ,,), ,,I,, hhl 
250 300 

35 
335. 

I 
id,. It. .  

350 m/z 

Figure 2. Electron impact (EI) mass-spectrum of major metabolite 
II. Experimental conditions see table. 

/ \ Cl'~O"[i~Cl 
V c ' ' , ~ H  OH'~'"C' C , " , , ~ " O - ' , , ~ H  II 

C I ~ O H  Cl"~.~"~ 0 ~ O  H 
CI3,(OH} 2 

VI Ill IVa,b 
Figure 3. Proposed metabolic breakdown scheme of TCDD. The 
Roman numbers (II-VI) refer to the compounds after methylation 
at OH. 
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TCDD. 2 additional chlorinated compounds (IVa and b), a 
major and a minor, were identified as trichloro-dimethox- 
ydibenzo-p-dioxins. The exact position of the substituents 
in these 2 metabolites remains unknown. Hydroxylation 
could take place at position 1, by direct chlorine replace- 
ment or via NIH-shift. In another metabolic study on 
various chlorinated dibenzo-p-dioxins different hydroxylat- 
ed compounds were found but it was not possible to decide 
whether hydroxylation at position 1 does occur.ll The mass- 
spectrum of compound V did not show the characteristic 
fragments of laterally methoxylated dioxins (M+-15, M +- 
43). Exact mass-measurements using high-resolution MS 
(Varian MAT 212 instrument, resolution 4000) indicated a 
composition of C14H~003C14 (experimental mass 365.9352, 
exact mass 365.9385, courtesy J. Schmid, Givaudan 
Research Company Ltd, Dtibendorf, Switzerland), suggest- 
ing a tetrachloro-dimethoxydiphenylether. The fragment 
M+-50 (CH3C1) has been found with other chlorinated 2- 
methoxydiphenyl ethers 12. The formation of this compound 
would have to involve cleavage of one of the ethereal 
bridges in the dioxin molecule, perhaps after epoxide 
formation at the angular carbon atom. Compound VI was 
identified as 1,2-dichloro-4,5-dimethoxybenzene based on 
its mass-spectrum and its co-elution with a synthetic refer- 
ence sample (courtesy C. Rappe, University of Umea, 
Umea, Sweden). This metabolite must have been formed in 
a reaction involving cleavage of both ethereal bridges in the 
dioxin system. 
The proposed metabolic breakdown scheme for TCDD is 
shown in figure 3. The biotransformation of TCDD in the 
dog appears to be a detoxification process, since it could be 
shown that the acute toxicity of the metabolites (using a 
crude extract from the bile of TCDD-treated dogs, which 

contained a mixture of all the compounds mentioned) in 
the guinea-pig is at least 100 times lower than that of the 
parent compound. 13 To our knowledge this is the 1st report 
on the identification of mammalian metabolites of TCDD 
and it demonstrates that this compound, in some organ- 
isms, is not as inert to metabolic attack as has hitherto been 
believed. 
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Urinary catecholamine metabolites (vanylmandelic and homovanillic acids) in the rat after subchronic treatment 
with sodium nitrate or nitrite 

S. Laurens, P. Fritsch and G, de Saint Blanquat 

Groupe de Recherches sur la Toxieologie des Aliments et des Boissons, I N S E R M  U-87, UniversitO Paul Sabatier, 2 rue 
Franfois Magendie, F-31400 Toulouse (France), 24 November 1980 

Summary. Sodium nitrate and nitrite in rat food (5 and 0.5% respectively) result in a decrease of both food intake and 
growth. These agents induce a specific increase in the urinary excretion of 2 catecholamine metabolites: vanylmandelic 
and homovanillic acids. 

According to the studies of GoodaU et al. 2 4 vanilmandelic 
acid (VMA), arising principally from the peripheral organs, 
is the main catabolite of adrenaline and noradrenaline after 
methylation and oxidative deamination. Homovanillic acid 
(HVA), generated through similar degradation pathways, is 

5 the main catabolite of circulating dopamine.  Both these 
acids are eliminated in their free form in urine and 
correspond to the most important forms of excretion for 3- 
O-methylated amines like metadrenaline, normetadrena- 
line and 3-O-methyldopamine. So, the measurement of 
these 2 urinary catabolites of catecholamines can provide 
additional information in this field 6. 
The metabolism of catecholamines, and also their role in 
certain physiological functions (e.g. blood pressure regula- 
tion) have been the subject of many investigations. In the 
present report we consider these basic physiological data 
with respect to nutrition and food toxicology where nitrates 
and nitrites are involved. These compounds pose an impor- 
tant problem because of their high concentrations in food- 
stuffs 7'8, which is due to various factors: accumulation by 

plants, high levels in drinking water, use as preservatives in 
meat products. Their physiopathological effects have often 
been described 9 13 and it is known for example that nitrates 
and nitrites affect the vasomotricity of the blood pres- 
sure 14'15 and the blood supply to various organs 16-1s. Fur- 
thermore, in an epidemiological study, Malberg et al. 19 
found a relationship between the frequency of hyperten- 
sion in a population in the state of Colorado (USA) and the 
high level of nitrate in the drinking water (up to 125 ppm). 
Egashira et al. 2~ reported that nitrates and nitrites disturbed 
monoamine oxidase activity in vitro in various tissues in the 
rat. We have investigated the in vivo impact of these 
compounds on cardiovascular activity by investigating their 
'possible effects on the metabolism of catecholamines. It 
was with this aim that we studied the urinary excretion of 
the two major metabolites of dopamine and noradrenaline 
after subchronic administration of sodium nitrate or nitrite. 
Materials and methods. 1. Experimental material: 49 Spra- 
gue-Dawley rats weighing 75 g at the beginning of ex- 
periment were maintained at 23 +__ 1 ~ in a thermostated 


