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Lindane (y-hexachlorocyclohexane) has round wide 
application as an insecticide since the second world 
war. The metabolic fate of this insecticide in mammals 
however, is still unresolved. Grover and Sims (i) have 
shown that rats metabolize both lindane and u 
6-pentachlorocyclohex-l-ene, (7-PCCH), to 2,3,5-and 
2,4,5-trichlorophenol which are excreted in the urine 
as free phenols, sulfates, and glucuronic acid conju- 
gates. The metabolite, 2,4-dichlorophenylmercapturic 
acid, was also identified in this study (I). Because 
these metabolites resembled those from the degradation 
of 1,2,4-trichlorobenzene in rabbits (2) the authors 
speculated that the metabolism of lindane in rats pro- 
ceeds via u to 1,2, 
4-trichlorobenzene. However two isomers of pentachlor- 
ocyclohexene have since been obtained from the exposure 
of houseflies to lindane (3). The isomer whose config- 
uration is uncertain but is referred to as Iso-PCCH, is 
metabolized more slowly but to a greater extent than 
u (4). Furthermore, a recent report (5) indicates 
that rabbits metabolize lindane to o-dichlorobenzene, 
1,2,4-trichlorobenzene, the three isomers of tetra- 
chlorobenzene, pentachlorobenzene, 2,3-, 2,4- and 2,5- 
dichlorophenol, 2,3,5-, 2,4,5- and 2,4,6-trichlorophen- 
ol 2,3,4,5- and 2,3,4,6-tetrachlorophenol and penta- 
chlorophenol. These data indicate that the metabolism 
in mammals is considerably more complex than was pre- 
viously realized. Through an improved analytical me- 
thod based on gas liquid chromatography and Coulson 
electrolytic conductivity detection, it has been possi- 
ble to characterize five previously unreported metabo- 
lites from the urine of rats fed lindane. This paper 
concerns the isolation and identification of these 
metabolites. 

EXPERIMENTAL 

Twenty-four weanling female Sprague-Dawley rats, 
individually housed in metabolism cages were fed diets 
containing 400 ppm lindane (obtained from the Perrine 
Primate Laboratory repository). After the first week 
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of treatment, GLC analysis of the benzene extracts of 
acidified urine sa/nples (pH=2) indicated the presence 
of at least five unknown metabolites in addition to the 
2,3,5- and 2,4,5-trichlorophenols reported by Grover 
and Sims (i). For the next month, the urine samples 
were pooled daily, acidified to pH=2 and extracted 3 
times with equal volumes of benzene. The combined 
benzene extracts were then partitioned with a volume of 
0.i N sodium hydroxide equivalent to 20% that of the 
organic phase. Neutral metabolites remained in the 
benzene while the polar metabolites were extracted in 
the aqueous phase. The 0.1 N NaOH was acidified and 
extracted 3 times with equal volumes of benzene. 

The neutral henzene soluble metabolite fraction 
was concentrated to about 3 ml and chromatographed on 
an activated silicic acid column under vacuum. The 
column, previously described in the literature (6), is 
36 cm high, 2 cm in diameter and equipped with a 24/40 
ground glass joint that fits the collection flasks used 
in this procedure. The column was packed with 2 cm of 
anhydrous sodium sulfate at the bottom, 20 cm of silic- 
ic acid (activated at 170oc overnight) above this, and 
another 2 cm of anhydrous sodium sulfate at the top. 
The column was first washed with 200 ml of hexane. Then 
the concentrated metabolite fraction was added and the 
column was developed with an additional 500 ml of hexane. 
This was followed by 700 ml of benzene, collected in 
100 ml fractions. The chlorobenzenes were isolated in 
the hexane fraction while a compound tentatively iden- 
tified as a configurational isomer of 2,3,4,5,6-penta- 
chloro-2-cyclohexen-l-ol, (PCCOL), was eluted in the 
fourth and fifth benzene fractions. This metabolite 
was further purified by collection of the effluent, at 
the appropriate retention time, from the gas chromato- 
graphic separation of the Components of the benzene 
fraction. The PCCOL was collected in a sufficient 
quantity and purity to prepare the acetate derivative 
and obtain unadulterated ultraviolet, infrared, NMR and 
mass spectra. 

Similarly, the polar metabolites were purified by 
collection of the individual peaks resulting from gas 
chromatography of the mixture. The polar metabolites 
were identified as chlorophenols by comparison of the 
retention times of both the free phenol and the ethyl 
ether derivative (7) with that of the corresponding 
standard chlorophenol. In addition mass spectra of 
these chlorophenols confirmed the identification. 

AIl standard chlorophenols were obtained from 
Aldrich Chemical Co., Inc. and were purified by recrys- 
tallization where necessary. 
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The gas chromatograph employed was a Tracor MT- 
220 equipped with a Coulson electrolytic conductivity 
detector operated in the oxidative mode. The column 
employed in the analysis and the purification of the 
chlorophenols consisted of a 6'xl/4" U-tube glass 
column packed with 5% DEGS on 80/100 mesh Gas Chrom Q 
isothermally maintained at 180~ The column used for 
the collection of the 2,3,4,5,6-pentachloro-2-cyclo- 
hexen-l-ol contained 5% OV-210 on 100/120 mesh Gas 
Chrom Q and was isothermally maintained at 140~ 
Nitrogen flow was regulated at 90 cc/minute. 

Other instruments employed for identification 
included a model 270 Perkin-Elmer GC mass spectrometer, 
a Perkin-Elmer 621 and a Perkin-Elmer 257 Infrared 
spectrophotometer, a Varian HA-100 NMR spectrometer and 
a Cary-14 recording spectrophotometer. 

RESULTS AND DISCUSSION 

Rats receiving lindane in their diet were found to 
excrete metabolites identified as 3,4-dichlorophenol, 
2,4,6-trichlorophenol, 2,3,4,5- and 2,3,4,6-tetrachloro- 
phenol as well as the previously reported 2,3,5- and 
2,4,5-trichlorophenols. 

TABLE 1 

Molecular Masses and Retention Times (Relative 
to 2,4,5-trichlorophenol) of the Metabolites 

Metabolite m/e 
Identification (Molecular Ion) (d) RRT (e) RRT (f) 

2,4,6-TCP (a) 196 0.61 0.40 
2,3,5-TCP - 0.79 0.99 
2,4,5-TCP - 1.00 1.00 
2,3,4,6-TTCP (b) 230 1.66 0.98 
2,3,4,5-TTCP 230 2.48 2.82 
3,4-DCP (c) 162 3.14 1.51 (g) 

(a) TCP=trichlorophenol 
(b) TTCP=tetrachlorophenol 
(c) DCP=dichlorophenol 
(d) Molecular mass as determined by low resolution 

mass spectrometry 
(e) Retention times of the free chlorophenols 

(relative to 2,4,5-TCP) on 5% DEGS at 180~ 
(f) Retention times of the chlorophenyl ethyl ethers 

(relative to 2,4,5-trichlorophenyl ethyl ether) on 
5% DEGS at 140~ 

(g) Retention time of the ethyl ether of the unknown 
ioeentified as 3,4-dichlorophenol (relative to 
free 2,4,5-TCP) on 5% DEGS at 160~ 
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In the identification of these compounds mass 
spectra of the unknowns indicated that these metabolites 
were di-, tri- and tetrachlorophenols respectively with 
appropriate molecular masses (based on 35CI) (Table i). 
Also, in table i, the retention times "of the unknown 
chlorophenols relative to 2,4,5-trichlorophenol are 
recorded. These retention rimes are identical to those 
of the corresponding standard chlorophenols. The re- 
tent�8 rimes of the ethyl ether derivatives of the 
unknown relative to the ethyl ether of Z,4,5-trichloro- 
phenol are also recorded. Again the relative retention 
rimes of the unknown derivatives are identical to those 
of the ethyl ethers of the standard chlorophenols. 

In addition to the identification of the chloro- 
phenols, a neutral organic-soluble metabolite with the 
empirical formula C 6 H 5 C150 and a molecular mass of 
267.878 (based on 35Ci) was characterized as PCCOL. 

The empirical formula and molecular mass of this 
unknown was determined by high resolution mass spectro- 
metry. The low resolution mass spectrum (figure i) had 
major ion peaks at m/e 268 (M+); 233 (M-CI, Base peak) ; 
197 (233-HCI); 169 (197-CO) and 162 (197-CI)- 

lOC~ 

0 

O~ 

CI~~.,~~Cf 

n i  C[~ C~S~CI 

40 ' ~ 80 ]DO 120 140 160 180 200 229 24~ 26~) 

m/e 

Figure i. Mass spectrum of PCCOL 

Any of the following three structures would accommodate 
the empirical formula. 
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The infrared spectrum of PCCOL, as a KBr pellet, 
had a broad complex absorption band in the 3400 - 3600 
cm -I region (figure 2). That this band indicated the 
presence of an alcohol was confirmed by a second spec- 
trum of the PCCOL in chloroform (figure 2 insert). In 
this second spectrum the absorption of the free alcohol 
at 3600 cm-i is readily apparent. The strong absorption 
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Figure 2. Infrared spectra of PCCOL as a KBr pellet 
and in CHCI 3 (insert) 

peak at 1074 cm-i is indicative of a secondary alcohol 
with eB-unsaturation (8). The presence of a 1629 cm-i 
band and the absence of a C-H stretch band above 3000 
cm -I suggests a chlorine substituted double bond. There 
was no stretching vibration which could be attributed 
to a carbonyl and the 1629 cm -I band could not be 
accounted for by the epoxide isomer (III). 

The NMR spectrum showed a pair of doublets with 
the first doublet at 473.7 Hz. and the second at 453.9 
Hz. The second doublet had an area 3 times greater 
than the first and each doublet was split by a coupling 
constant of 4 Hz. These data indicate two chemically 
inequivalent protons present in a ratio of three to one. 
This may be interpreted as indicating the occurrence of 
one proton on each of three halogenated ring carbons 
and one proton on the carbinol carbon. 

Ultraviolet spectrophotometry lent additional sup- 
port to the suggested occurrence of a double bond with 
a maximum absorption band at 220 mu. Furthermore this 
absorption maximum supports the argument for conjuga- 
tion between the double bond and the hydroxyl group 
since cyclohexene absorbs at 208 mu (9) and dieldrin at 
215 mu. (i0). The further shift of the ~ max to 220 mu 
in the metabolite could be the result of conjugation. 
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The unknown was reacted with MOX (2% methoxyamine 
HCI in pyridine) (11,12). This reaction converts keto 
groups to a methoxime derivative suitable for GLC 
analysis. That no reaction occurred was indicated by 
100% recovery of the parent peak in the GLC analysis. 
Refluxing the unknown metabolite in ethanol-hydrochloric 
acid for 4 hours (13) failed to produce a new product 
based on GLC analysis. This suggested that the compound 
was not an epoxide. Finally the compound was success- 
fully acetylated (14) and a new product was obtained 
which had a GLC retention time of 1.68 on 5% OV-210 at 
140oc relative to the unknown metabolite. The mass 
spectrum of the acetylated metabolite gave a parent ion 
at m/e 310 which would be expected if an alcohol were 
acetylated. In the infrared spectrum of the deriv- 
atized metabolite, the hydroxyl band at 3500 - 3600 cm -I 
was no longer present while two new bands appeared at 
1770 cm -I and 1200 cm -I representing respectively the 
C=O and C-O stretching frequencies of an ester. 

The total amassed data were considered sufficiently 
conclusive to permit the tentative identification of the 
neutral metabolite as a configurational isomex of 
2,3,4,5,6-pentachloro-2-cyclohexen-l-ol. 

Figure 3a illustrates the excretion pattern of the 
lindane metabolites from a pooled urine sample. The 
benzene extract of the acidified pooled urine was 
chromatographed on the 5% DEGS column at 180~ AIl 
the metabolites identified in this paper are readily 
detected except 3,4-dichlorophenol which is present in 
trace quantities. The 3,4-dichlorophenol is a minor 
metabolite found in small concentrations even after 
extended exposure of rats to lindane. However, after 
one week of treatment the 2,3,4,5,6-pentachloro-2-cyclo- 
hexen-l-ol, 2,4,6-trichlorophenol, 2,3,4,5- and 2,3,4, 
6-tetrachlorophenol are excreted in greater quantities 
than either 2,3,5- or 2,4,5-trichlorophenol, the metab- 
olites reported by Grover and Sims in 1965. Figure 3b 
is the gas chromatogram of the extract used in 3a after 
partitioning it into sodium hydroxide as described in 
the experimental section. The polar chlorophenols all 
reappear in 3b while the less polar PCCOL remains 
behind in the benzene residue. 

The excretion of the metabolites reported here 
indicate that major revisions are necessary in the 
currently accepted scheme of lindane metabolism. For 
example, one would not anticipate the excretion of 
tetrachlorophenols via the metabolic pathway proposed 
by Grover and Sims (figure 4). Perhaps the answer may 
lie in the formation of more than one isomer of the 
intermediate metabolite 7-PCCH. For example, the second 
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Figure 3. Chromatograms of the benzene extract of a 
pooled rat urine sample A) Before NaOH 
partition B) The polar metabolites parti- 
tioned into the NaOH. 

PCCH (ISO-PCCH) isolated by Reed and Forgash yields 
1,2,4- and 1,2,3-trichlorobenzene, 1,2,3,4- and 1,2,4, 
5-tetrachlorobenzene and pentachlorobenzene upon appli- 
cation to houseflies while the previously reported 
intermediate, y-PCCH produced only 1,2,4-trichloro- 
benzene and 1,2,4,5-tetrachlorobenzene (15). In mammals, 
the chlorobenzenes are further altered to form the 
corresponsing chlorophenols. Thus the excretion of 
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Figure 4. The lindane metabolic pathway proposed by 
Grover and Sims. Lindane is dehydrochlor- 
inated to y-PCCH which is further metabo- 
lized to either 2,4-dichlorophenyl mercap- 
turic acid or 2,3,5- and 2,4,5-trichloro- 
phenol. 

tetrachlorophenols could be accounted for if mammals 
metabolize lindane via such an intermediate. However, 
even though y-PCCH has been identified as a lindane 
metabolite in flies (16,17,18,19,20,21,22,23,24) plants 
(25,26), and microorganisms (27) there is no evidence 
that mammals produce this intermediate. Indeed it would 
be difficult to account for the formation of the PCCOL 
with its chlorine substituted double bond, by an initial 
step involving dehydrochlorination. Perhaps the metab- 
olic mechanism in mammals involves additional pathways 
or a more efficient pathway than dehydrochlorination to 
y-PCCH. Bradbury and Standen state that the first step 
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in the metabolism of lindane in flies is the removal of 
one chlorine atom and the formation of a C-S bond (25). 
Such a route may also occur in mammals, or alternately, 
the removal of the chlorine atom may be followed by the 
formation of a C-OH bond. In any case, to be acceptable, 
a proposed mechanism will have to account for the forma- 
tion of 2,3,4,5,6-pentachloro-2-cyclohexen-l-ol, an 
unusual lindane metabolite. 

SUMMARY 

Previously unreported metabolites from the urine 
of rats fed lindane have been identified as 3,4-dichloro- 
phenol, 2,4,6-trichlorophenol, 2,3,4,5-tetrachlorophenol, 
2,3,4,6-tetrachlorophenol and 2,3,4,5,6-pentachloro-2- 
cyclohexen-l-ol. While the 3,4-dichlorophenol is a 
minor metabolite, the others are excreted in greater 
quantities than either 2,3,5- or 2,4,5-trichlorophenol, 
previously identified lindane metabolites. The excre- 
tion of tetrachlorophenols and PCCOL require a revision 
in the currently accepted theory regarding the metab- 
olism of lindane by mammals. 
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