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Figure 7. Representative chromatogram of standard oxadiazon
and methoxy derivative (a) and hexane partition solvent from
acetonitrile-hull extract of oxadiazon treated peanut plants (b)
and hexane partition solvent from acetonitrile~hull extract of
untreated peanut plants (c) harvested at 131 days.

of the “C residue remained, with benzene used as devel-
oping solvent for TLC. From a different sample, methanol
and water (80:20, v/v) extracted 81% of the C from
peanut hulls (Figure 4).

About 20% of C was partitioned into hexane and
chromatographed as four or more metabolites, including
phenol and alcohol metabolites (II and V) at concentra-
tions approximating 0.01 to 0.04 ppmw each (Table V and
Figure 4) in the hulls,

The hexane fraction from the hull extracts contained
some [*C]oxadiazon (Table V). The [“C]oxadiazon with
plant extract moved slower on TLC plates than standard
[**Cloxadiazon as verified by overspotting on TLC plates
and GLC analysis (Figure 7). The methoxy derivative (IV)
was not detected by TLC or GLC.

Peanut plants absorbed relatively low amounts of
[**C]oxadiazon from the soil during the 131 days of growth
to maturity. Approximately 0.74% of the applied oxa-

diazon equivalent was located in the plants at maturity.
This amount was distributed throughout the plant material
with the largest concentration in or on the peanut hulls.
The nuts contained the lowest concentration of oxadiazon
equivalent of the plant parts.

Oxadiazon metabolism was apparently slow in the pea-
nut hull, with approximately 0.3 ppmw remaining as ox-
adiazon. The major pathway of metabolism involved ox-
idation and dealkylation to phenol and alcohol derivatives,
which accounted for less than 0.16 ppmw of the residue.
Other unidentified material extracted accounted for 0.3
ppmw of the residue and 0.23 ppmw of the residue was not
extracted.
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Metabolic Fate of cis-Photochlordane in the Rat. 1. Excretion, Tissue
Distribution, and Preliminary Characterization of Metabolites

Muhammad Feroz and M. A. Quddus Khan*

Male rats treated orally, or intraperitoneally, with 3.12 mg of cis-photochlordane/rat cumulatively
excreted, respectively, about 86 and 88% of the dose in 3 weeks. The half-life of the compound was
less than 1 day in orally treated and about 7 days in intraperitoneally treated rats. Highest concentration
of the residues at the end of the 3 weeks was found in fat. Intraperitoneally treated rats showed higher
residual radioactivity in all tissues. Analyses of the organic extracts of feces and urine from the treated
rats showed at least 22 compounds in the former and 15 compounds in the latter. These metabolites
were isolated, purified, and chromatographically characterized.

Chlordane has been a widely used insecticide for agri-
cultural, industrial, and household purposes. The technical
product is a mixture of several compounds (Cochrane and
Greenhalgh, 1976) of which cis-chlordane is an important
constituent. cis-Chlordane is more persistent in the en-
vironment (Sanborn et al., 1976) and more toxic to fish
than other related components of technical chlordane

Department of Biological Sciences, University of Illinois
at Chicago Circle, Chicago, Illinois 60680.

(Podowski et al., 1979). Exposure of cis-chlordane to UV
irradiation or sunlight (Benson et al., 1971) results in the
formation of the photoisomer, cis-photochlordane, which
has higher acute toxicity than the parent compound to
several vertebrate species (Podowski et al.,, 1979). Whereas
the fate of photoisomers of other cyclodienes has been
studied in various organisms [photodieldrin in the rat
(Dailey et al., 1970, 1972; Reddy and Khan, 1974), mouse,
housefly, (Reddy and Khan, 1974), rabbit (Reddy and
Khan, 1975, 1977a), and rhesus monkey (Nohynek et al.,
1979); photoisodrin in mouse and houseflies (Reddy and

0021-8561/80/1428-0740$01.00/0 © 1980 American Chemical Society
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v v
Figure 1. Structural formulae of cis-chlordane (I) and some of
its possible photoisomers (II involves C,~C; bridge; III, C,—Cg;
IV, C;-Cg; V, C,—C¢). Among these, IT and IV have been shown
to be produced.

Khan, 1977b); photoheptachlor in rabbit (Feroz and Khan,
1979b)], information on cis-photochlordane, a possible
terminal residue of chlordane, is totally lacking. This
report describes the results of excretion, storage, and
biotransformations of cis-photochlordane in the rat.

MATERIALS AND METHODS

Chemicals. cis-Photochlordane (PC), 14C-labeled and
unlabeled, was prepared from cis-chlordane (1-exo,2-
ex0,4,5,6,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-
methanoindane). The method of synthesis and the sources
of the materials are described elsewhere (Podowski et al.,
1979). Specific activity of [C]PC (uniformly labeled
hexachloro ring) was 10.9 mCi/mmol which was adjusted
to 3.91 mCi/mmol by the addition of unlabeled compound
before dosing the rats.

PC arises from cis-chlordane (Figure 1, I) by intramo-
lecular rearrangement which offers several possibilities.
Benson et al. (1971) proposed two alternate configurations
of the molecule (Figure 1, IT and III) but it was not possible
to decide which of the two isomeric forms was produced
in their experiments. Knox et al. (1973) suggested C, to
C; bridging (Figure 1, II) in the molecule. More recently,
Lahaniatis et al. (1976) have indicated that another isomer
(Figure 1, IV) involving cross-linking between C, and C;
is also produced. Both !4C-labeled and unlabeled com-
pounds used in this study were homogeneous as tested by
gas-liquid chromatography (GLC) (using four different
columns) and identical with a reference standard provided
by Velsicol Chemical Corp., Chicago, IL.. The IR spectrum
of the unlabeled compound was comparable to the one
published by Onuska and Comba (1975). Despite apparent
homogeneity, existence of a mixture of isomeric forms in
PC cannot be ruled out.

Treatment of Rats. Five-month-old male albino rats
(Charles River) were used. They were treated as follows:

(i) For information on elimination, tissue distribution,
and quantitation of metabolic products, four rats were
treated with [“C]PC (3.12 mg in 0.75 mL of corn oil/rat).
Two of the rats (body weight 368.5 and 408.7 g) received
the compound orally and the other two (body weight 376.4
and 423.4 g) intraperitoneally. The dose approximated
7.91 mg/kg (75.4 uCi/kg) and was about one-fifth of the
LDg, level for the strain (Podowski et al., 1979). The
treated animals were individually held in stainless steel
metabolic cages and were provided with Purina rat pellet
and water ad libitum. None of the rats showed toxicity
symptoms.

(ii) For collection of larger amounts of metabolites, 70
rats (7 groups of 10 rats each) were orally treated with 5
mg of unlabeled PC in 0.75 mL of corn oil/rat. The groups
were held in rabbit metabolic cages.
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Collection of Excreta. Feces and urine from the
(“C]PC treated rats were collected daily for 3 weeks when
the study was concluded. The urine from each rat was
made to 25 mL with distilled water, and a 0.25-mL sample
was counted for estimation of renal excretion of radioac-
tivity. The remainder from each treatment was separately
pooled and frozen until analyzed. Daily collections of feces
were kept separate, desiccated over calcium sulfate for 3
days at room temperature, and then extracted as detailed
below. Metabolic cages were washed with methanol and
water every 3 days. The washes were pooled and ra-
dioassayed at the end of the study.

Excreta from the rats treated orally with unlabeled
compound was collected daily for 3 days only as studies
with labeled compound had indicated that the bulk of the
compound was voided during the first 3 days after treat-
ment (see the Results section). These rats were then
disposed of.

Analytical Techniques. Isolation and purification of
metabolites were performed by thin-layer chromatography
(TLC) and column chromatography. TLC was carried out
on silica gel G plates, using the following solvents systems:
(i) heptane (pure), (ii) cyclohexane-chloroform (4:1), (iii)
hexane-methylene chloride (4:1), (iv) hexane-methyl ethyl
ketone (4:1), (v) hexane—ethyl acetate (3:1), (vi) diethyl
ether (pure), (vii) ethyl acetate (pure), (viii) benzene—ethyl
acetate (1:1), (ix) chloroform-methanol (7:3), (x) propa-
nol-ethyl acetate—water (3:2:1).

Column chromatography was performed with Sephadex
LH-20 (bead size, 25-100 um; Sigma Chemical Co., St.
Louis, MO). The gel was swollen overnight in metha-
nol-chloroform (9:1) before packing into a 2-cm i.d. col-
umn.

GLC analyses were carried out by using a Series 7300
Packard gas chromatograph (Packard Instruments,
Downers Grove, IL), equipped with tritium electron-cap-
ture detectors and two 2-mm i.d. glass columns. One of
the columns was 3.5 ft long and packed with 3% SE-30
on 80-100 mesh Gas-Chrom Q with a nitrogen flow rate
of 40 mL/min. The other column was 5 ft long and packed
with 3% QF-1 on 80-100 Chromosorb W-HP. The nitro-
gen flow rate through this column was 30 mL/min. Op-
eration temperatures were as follows: inlet 220 °C, column
190 °C, and detector 220 °C. Purified metabolites were
tested for the presence or absence of hydroxyl groups by
treatment with Tri-Sil Z (Pierce Chemical Co., Rockford,
IL) as described previously (Feroz and Khan, 1979a).

All quantitations were made by liquid scintillation
counting. Techniques used in radioassay, autoradiography,
and tissue sampling and processing have already been
described (Feroz and Khan, 1979a,b,c).

Estimation of Residual Radioactivity in Carcass.
Residual radioactivity in carcass was measured by sepa-
rating skin from muscles, bones, and visceral parts. The
latter were frozen and powdered with dry ice. After
evaporation of dry ice, a portion (5-6 g) of the resulting
paste from each carcass was dried by lyophilization. The
skin was cut into small pieces (about 0.5 cm?), and its
samples were dried similarly. Proportional aliquots of the
dried skin and other parts were taken, mixed, and oxidized
in a Model 306 sample oxidizer (Packard Instruments),
followed by liquid scintillation counting.

Extraction and Isolation of Metabolites. (i) Fecal.
Dried feces (daily, separately) from [“C]PC treated rats
were pulverized to a powder and extracted three times with
acetone (40 + 20 + 20 mL) and four times with methanol
(50 + 25 + 25 + 25 mL). Radioactivity in the acetone and
methanol extracts was measured. The two extracts were
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Table III. R, Values of Metabolites of cis-Photochlordane Excreted by Rats in Feces and Urine
solvent system?
compound ib ii iii iv v vi vii viii ix x

PC¢ 0.33 0.32 0.27 0.43 0.55 0.61 0.65 0.69 0.69 0.72

feces
F22 0.59 0.42 0.39 0.55 0.57 0.63 0.68 0.69 0.72 0.75
F21 0.56 0.41 0.39 0.55 0.57 0.63 0.68 0.69 0.70 0.75
F20 0.51 0.38 0.37 0.55 0.57 0.63 0.68 0.69 0.70 0.75
F19 0.49 0.38 0.35 0.55 0.57 0.63 0.68 0.69 0.70 0.75
F18 0.42 0.36 0.32 0.55 0.57 0.63 0.68 0.69 0.70 0.75
F17 0.31 0.34 0.27 0.45 0.54 0.62 0.68 0.69 0.70 0.75
F1led 0.21 0.25 0.19 0.45 0.51 0.61 0.68 0.65 0.70 0.75
F154 0.20 0.25 0.19 0.40 0.49 0.61 0.68 0.66 0.70 0.75
F14 0.02 0.00 0.00 0.37 0.44 0.61 0.68 0.64 0.70 0.75
F13 0.02 0.00 0.00 0.33 0.38 0.59 0.68 0.64 0.70 0.75
Fl2 0.00 0.00 0.00 0.24 0.29 0.54 0.68 0.61 0.70 0.75
F11¢ 0.00 0.00 0.00 0.20 0.23 0.54 0.68 0.61 0.70 0.75
F10 0.00 0.00 0.00 0.18 0.23 0.54 0.68 0.61 0.70 0.75
F9 0.00 0.00 0.00 0.18 0.21 0.50 0.68 0.60 0.70 0.74
Faf 0.00 0.00 0.00 0.11 0.16 0.50 0.52 0.60 0.74
F17 0.00 0.00 0.00 0.06 0.10 0.40 0.46 0.54 0.74
Fé 0.00 0.00 0.00 0.00 0.40 0.59
F5 0.00 0.00 0.00 0.00 0.33 0.59
F4 0.00 0.00 0.00 0.00 0.00 0.24 0.49
F3 0.00 0.00 0.00 0.00 0.00 0.20 0.43
F2 0.00 0.00 0.00 0.00 0.00 0.12 0.42
F1 0.00 0.00 0.00 0.00 0.00 0.08 0.42

urine
U1ls 0.61 0.43 0.36 0.55 0.58 0.60 0.67 0.66 0.70 0.74
Ul4 0.59 0.43 0.36 0.53 0.53 0.60 0.67 0.66 0.70 0.74
U13 0.50 0.40 0.32 0.53 0.53 0.60 0.67 0.66 0.70 0.74
U12 0.44 0.39 0.32 0.53 0.53 0.60 0.67 0.66 0.70 0.74
U1l1 0.33 0.33 0.25 0.45 0.53 0.60 0.67 0.66 0.70 0.74
Ulo 0.22 0.27 0.20 0.43 0.49 0.58 0.57 0.63 0.70 0.74
U9 0.17 0.27 0.20 0.41 0.49 0.58 0.67 0.63 0.70 0.74
us 0.00 0.00 0.00 . 0.10 0.39 0.63
u7 0.00 0.00 0.00 0.00 0.28 0.52
ueé 0.00 0.00 0.00 0.00 0.00 0.00 0.41
Us 0.00 0.00 0.00 0.00 0.00 0.00 0.34
U4 0.00 0.00 0.00 0.00 0.00 0.00 0.26
U3 0.00 0.00 0.00 0.00 0.00 0.00 0.23
U2 0.00 0.00 0.00 0.00 0.00 0.00 0.20
U1 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.46

@ (i) Heptane (pure), (ii) cyclohexane-chloroform (4:1), (iii) hexane-methylene chloride (4:1), (iv) hexane~methyl ethyl
ketone (4:1), (v) hexane-ethyl acetate (3:1), (vi) diethyl ether (pure), (vii) ethyl acetate (pure), (viii) benzene-ethyl acetate
(1:1), (ix) chloroform-methanol (7:3), (x) propanol-ethyl acetate-water (3:2:1); silica gel G-F254 plates. ® Duplicate de-
velopment, 16 cm each. ¢ Reference standard, cis-photochlordane. ¢ Compounds labile (see text). ¢ Single spot in all
systems, but GLC analysis (Table IV) revealed two components. f Complex of at least four components, values given for

the major compound.

freshly defecated (24-h collection from one rat) rat fecal
pellets. The feces were then subjected to simulated con-
ditions and analyzed. Average recovery of radioactivity
from two such replicates was 94.6% and no product other
than [“C]PC was detected (TLC and autoradiography).
However, similar tests on the stability of other compounds
described in the study were not possible due to the lack
of reference standards.] The number of metabolic prod-
ucts voided through the feces was greater than that via
urine. Comparing the routes of administration of PC, the
urinary metabolic pattern was almost similar qualitatively
as well as quantitatively in orally and intraperitoneally
treated animals. In the fecal metabolic profile, similarity
between orally and intraperitoneally treated rats was ev-
ident in qualitative but not in quantitative terms. The
fecal metabolites F15-22 were more abundant (all nonpolar,
Tables III and IV) in orally treated than in intraperito-
neally treated rats and the reverse was found in other fecal
metabolites.

Fecal Metabolites. TLC characteristics of the major
fecal metabolic products (F) of PC in rats are listed in
Table III. The metabolite F17 was unchanged PC but the
structure of other derivatives is not known except some
indication of their general nature, as seen from their GLC

behavior (Table IV), The produets F18-22 (possibly F16
and F15 also; see below) showed the same retention times
both prior to and after treatment with trimethylsilyl de-
rivatizing reagent, suggesting that they lacked hydroxyl
groups. However, all of them exhibited shorter retention
times than the parent compound, PC. Among other factors
affecting retention times in GLC analyses, one is chlorine
content of the molecule. The molecules with higher
chlorine content tend to have longer retention times; a
criterion widely applied in classification of polychlorinated
biphenyls by GLC. On the assumption that this is the case,
it appears that these compounds may be various products
of reductive dechlorination of the parent molecule. It is
supported by the observation that they were more abun-
dant in the orally treated than in the intraperitoneally
treated rats (Table II). Possibly, they arise by the action
of anaerobic intestinal microflora capable of carrying out
reductive processes more efficiently. Furthermore, expo-
sure of pure [*C]PC in acetone to laboratory light at am-
bient temperature for 8 weeks produced compounds with
TLC and GLC characteristics identical with the metabolic
products under discussion, and such photolytic dechlori-
nations of chlorinated hydrocarbons are not uncommon
(Onuska and Comba, 1975; Parlar and Korte, 1977).



Metabolic Fate of cis-Photochlordane in Rats

Table IV. Gas-Liquid Chromatographic Characteristics
of cis-Photochlordane and Its Major Metabolic Products
Extractable from Feces and Urine of Treated Rats

retention time, min?

SE-30 QF-1
compound  U? Db ub Db
PCe¢ 6.30 6.30 1.97 1.97
feces
F22 1.95 1.95 0.59 0.59
F21 2.13 2.13 0.69 0.69
F20 2.11 2.11 0.73 0.73
F19 2.22 2.22 0.83 0.83
F18 3.54 3.54 1.18 1.18
F17 6.30 6.30 1.97 1.97
F16¢ 5.02 2.09 2.05 0.69
F15¢ 5.07 2.28 2.10 0.79
Fl4 2.76 3.41 1.28 0.85
F13 2.87 3.66 1.14 0.98
F12 7.38 3.39
F11¢ 3.74 3.81 1.44 1.02
(4.33) (4.25) (1.81) (1.14)
F10 4.49 7.97 1.87 2.60
F9 4.13 5.57 2.16 1.97
F8f 6.50 5.51 2.26 0.79
F7 4.45 6.02 2.95 3.11
F6 ND#¢ ND¢
F4 ND#¢ ND#
urine
Uls5 195 1.95 0.59 0.59
Ul4 213 2.13 0.69 0.69
Ul3  2.22 2.22 0.83 0.83
Ul2  3.54 3.54 1.18 1.18
Ull  6.30 6.30 1.97 1.97
U10  5.02 2.09 2.05 0.69
U9 5.07 2.28 2.10 0.79
U8 3.15 1.87
U7 ND# ND?
U4 ND# ND?
U3 ND# ND?

¢ Conditions stated in text. ® U= without Tri-Sil Z
treatment, D = Tri-Sil Z treated. ¢ Reference standard,
cis-photochlordane. ¢ Compounds labile (see text).
¢ Complex of two compounds, values in parentheses for
the other component. ! At least four components.
Values for the major compound. £ Not detectable.

Behavior of the conversion products F15 and F16 was
puzzling. The two PC derivatives were mobile in nonpolar
solvent systems (Table III, solvent systems i, ii, and iii),
a character suggesting lack of hydroxyl groups in the
molecules. However, in GLC analyses, retention times of
the untreated and Tri-Sil Z treated compounds were dif-
ferent (Table IV), indicating their hydroxylated nature.
Besides, both the compounds were labile at room tem-
perature (about 10% degradation in 10 weeks) and pro-
duced molecular species having high R; values (0.5-0.6) in
TLC solvent system i (Table III). These degradation
products exhibited the same retention times as those by
Tri-Sil Z treated compounds, F15 and F16. It, therefore,
appears that the retention times of the metabolites F15
and F16 after treatment with Tri-Sil Z are not real but due
to the products arising from their degradation catalyzed
by Tri-Sil Z by an unknown mechanism.

The products F7-14 appeared to be hydroxylated de-
rivatives of PC (Table IV) as they behaved differently in
GLC analyses, as a result of their conversion to tri-
methylsilyl ethers. Extremely low mobility of the me-
tabolites F1-6 on TLC chromatoplates is indicative of their
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being conjugates or polyhydroxylated derivatives of PC.

It is noteworthy that some of the metabolites occurred
in pairs of compounds exhibiting very close chromato-
graphic characteristics. Pairs of the products F22 and F21,
F20 and F19, F16 and F15, and F14 and F13 had not only
close R, values in all TLC solvent systems (Table III) but
also nearly similar retention times on both the columns
(Table IV) with and without Tri-Sil Z treatment. (F11,
though behaved as a single compound in TLC systems,
showed two overlapping components in GLC analyses.)
Moreover, ratios of the compounds in each pair were al-
most constant (one member of the pair was three-five
times more abundant than the other). Probably, it indi-
cates the presence of two PC isomers undergoing parallel
metabolism and giving rise to the complex metabolic
pattern of the compound.

Urinary Metabolites. From among the compounds
detected in urine extracts (U), U1l was unchanged PC
(Tables III and IV) and corresponded to the fecal com-
pound, F17. The products U15, U14, U13, U12, U10, and
U9 were identical with F22, F21, F19, F18, F16, and F15,
respectively. These biotransformations and intact PC (all
nonpolar or relatively nonpolar) comprised only 8.6% of
the extractable radioactivity in orally treated and 3.4%
in intraperitoneally treated rats (Table II). All other ur-
inary metabolites, Ul to U8, were polar in nature and
appeared to be conjugates/polyhydroxy compounds.
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