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A study of DDT-derived products occurring in rat feces and bile, following the ingestion of 
DDT, show!; that the major products are complexed forms of DDA in both bile and feces. 
Uncomplexed DDA is found in the bile, and insignificant amounts of DDE are present in 
both bile and feces. DDT-CI4 was used to demonstrate that the Schechter-Haller method 
fails to account, quantitatively, for these metabolites. Biliary excretion is  responsible for 
almost all of the DDT metabolites in feces. Although bile and fecal metabolites have 
certain similarities, they are not necessarily identical. 

s EXHAYSTWE R E ~ ; I E ~ V  of literature A on the fate of DDT in animals has 
been included in Hayes' work (2) on the 
pharmacology and toxicology of DDT. 
This source shows that DDT, DDE 
11 ,I - dichloro - 2,2-  bis(p - chloropheny1)- 
ethylene], and p,p '-DlD.4 [bis(p-chloro- 
pheny1)acetic acid] are the only com- 
pounds identified so far in animal feces 
after oral ingestion of DDT. 

Only a limited amount of information 
is available on the excretion of DDT and 
its metabolites by way of the bile. Smith 
and Stohlman (7) reported DDT in the 
bile of rabbits dosed orally with DDT. 
:in organic chloride method of analysis 
was used and the results were calculated 
as DDT. Stiff and Castillo ( 8 )  essen- 
tially repeated this work and obtained 
similar results: however, no DDT was 
found when they examined the same 
tissues and fluids. including bile, by their 
xanthydrol- potassium hydroxide - pyri- 
dine colorimetric method. This dis- 
crepancy is explainable on the basis 
that the xanthydrol method will not give a 
color reaction with any of the known 
metabolites of DDT--i.e.: DDE and 
DDA. Yea1 and von Oettingen (4)  
recognized as early as 1946 that DDT was 
rscreted in the bile in an undetermined 
form which was not D:DT per se. Thus 
iL has long been recognized that DDT is 
not present in bile to a major extent, as 
such, but appears largely in a degraded 
or altered form. 

This study \vas undertaken to study 
the nature of the mstabolites in feces 
and bile, and their relationship to each 
other, and to evaluate the use of the 

Schechter-Haller method (4. 9 )  as acetone-extractable, DDT-derived prud- 
compared to radioassay. 

Fecal Metabolites 

Quantitative analysis of 
feces for DDT and Experimental 

DDT-derived products is complicated by 
three major difficulties: failure to ex- 
tract all Schechter-Haller-positive or 
DDT-derived materials by the usual 
organic solvents, interference \vith nitra- 
tion by extraneous extractives, and fail- 
ure of metabolites to respond quantita- 
tively to nitration even under severe 
conditions. 4s much effort has been 
devoted to the study of these analytical 
problems, and as the findings may be 
of value to the work of others Lvho are 
tracing DDT and related compounds 
through insects and mammals, these 
studies will be reported in a separate 
paper. Any special analytical techniques 
employed in the present study xiill be 
indicated. 

The extraction procedure \vhich has 
been found so far to give the highest 
yield of DDT-derived products from 
rat feces consists of refluxing, for several 
hours, the dried and ground feces with 
acetone containing 57, acetic acid. By 
this procedure, 70 to 80% of the total 
DDT-derived products present can usu- 
ally be extracted. The unextracted ma- 
terials appear to be largely aqueous- 
alkali-soluble products which respond 
only very feebly to the Schechter-Haller 
method. The work reported here is 
confined primarily to the acetone- 
extractable products. In  general, the 

ucts occurring in rat feces after oral 
ingestion of DDT consist of 25 to 5070 of 
materials which are predominantly acidic 
and give a red Schechter-Haller color. 
The remaining material is DDT as 
shown by a typical blue Schechter- 
Haller cqlor as well as by direct ultra- 
violet spectra. 

Davidow Column Separation. The 
red Schechter-Haller-positive malerials 
are obviously metabolic products of the 
orally ingested DDT and their acidic 
nature is evident by the fact that they 
can be isolated from the DDT by ex- 
traction from an ether solution with 
aqueous alkali and can be recovered with 
ether from the alkaline solution after 
acidification. This procedure has been 
used as a general method for separating 
the DDT and red Schechter-Haller 
metabolic products occurring in rat 
feces. Evidence that the metabolites are 
not DDE or DDA4 is given in Table I .  
According to these data, the fecal metab- 
olites are retained by both the regular 
and modified Davidow ( 7 ,  9 )  columns, 
whereas DDE is passed by both and DDA 
by the modified column only. How- 
ever, careful examination of some sam- 
ples of fecal metabolites shows that DDE 
may occur in amounts up to 2% of the 
total Schechter-Haller material present. 

In  another experiment, an aliquot of 
an extract of fecal metabolites was re- 
fluxed Ivith 6 S  sulfuric acid for 6 hours. 
Treated and untreated aliquots of the 
metabolites were then passed through 
modified Davidow columns in the usual 
manner. The results are presented in 
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Figure 1 .  
olites in iso-octane-ethyl alcohol system 

Distribution of DDA, fecal metabolites, and HBr-treated metab- 

Table 1. Behavior of DDE, DDA, 
and Fecal Metabolites of DDT in 

Davidow Columns 
Micro- Davidow Recovery, 

Material grams Column % 

DD.4 50 Regular 2 .2  

hfetabolitm 44 Regular 0 0  

DDE 50 Regular. 101 0 
Modifiedh 100.0 

Modified 9 7 . 0  

Modified 0 0  
Fuming HzSOI and concd. H Y S O , ,  1 

to 1. 
b Concd. HpSO,  only. 

Table 11. along with data on untreated 
DDA and DDA subjected to the acid 
treatment. The acid “hydrolysis” has 
little effect on the behavior of DDA in the 
modified Davidow column, but the 
metabolites are apparently partially 
hydrolyzed, so that they behave similarly 
to DD.4. This suggests that the metab- 
olites are complexed forms of DDA. 

Countercurrent Distribution. As a 
means of further differentiating between 
DD.4 and the metabolites. countercur- 
rent distribution techniques were in- 
vestigated. The acidic constituents of 
feces from control rats and from rats on a 
DDT-fortified diet were subjected to a 
10-bottle, countercurrent system using 
iso-octane and 95% ethyl alcohol as the 
solvent pair a t  a 6 to 1 ratio. Pure 
p,p’-DDA was added to the control 
sample and used as a reference. After 
distribution, Schechter-Haller analyses 
were made of the total content of each 
bottle. The distribution behavior of the 
DDA and of the metabolites is shown in 
Figure 1-also distribution of hydrogen 
bromide-treated metabolites. 

The distribution of p.p’-DD.4 is 
totally different from that of the un- 
known DDT metabolites. The greater 
solubility of these metabolites in ethyl 
alcohol indicates that they are more 

Table 11. Behavior of DDA and 
Metabolites in Modified Davidow 
Column after Treatment with 6 N  

Sulfuric Acid 
DDA, Y - 

Identification Present Recovered” 

DDA, untreated 100 97 
DDA, treated 100 90 
Metabolites, 

untreated 60 0 
Metabolites, 

treated 280 188 
a After going through column. 

lites calculated as DDA in all cases. 
Metabo- 

polar than DDA. ,411 other investiga- 
tions using various countercurrent dis- 
tribution systems and different solvent 
pairs gave essentially the same results: 
The fecal acidic metabolites of DDT are 
not simply DDA. 

All attempts to isolate, purify, and 
characterize the extractable fecal metab- 
olites by countercurrent distribution 
systems failed to give satisfactory results. 
Also many chromatographic methods 

including both paper and column tech- 
niques have been tried for this purpose 
without notable success. Recently. how- 
ever, a partition column used by Mos- 
bach, Zomzely, and Kendall (3)  for 
separation of bile acids has been tried 
and found very effective in separating 
the acetone-extractable acidic metab- 
olites of DDT in rat feces. 

Mosbach Partition Column. A num- 
ber of daily samples of feces collected 
from a rat which had been maintained 
continuously for about 9 weeks on a diet 
containing 400 p.p.m. of carbon-14- 
labeled DDT (5) were combined, dried, 
and ground. This composite sample 
was used for all subsequent work in- 
volving radioactive fecal materials. A 
summary of analyses of this sample is 
presented in Table 111. Several points 
are noteworthy. By direct nitration of 
the dry feces using severe nitrating con- 
ditions, only 80y0 of the total reactive 
material could be accounted for by the 
Schechter-Haller method. If the regu- 
lar nitrating conditions are used, only 
about 50% recovery can be realized. 
.41so, the Schechter-Haller data on the 
extract are 1470 low as compared to 
radioassay. About 40% of the red 
Schechter-Haller materials calculated as 
DDA are lost on extraction, whereas the 
DDT is essentially quantitatively re- 
covered. 

Published results for fecal analyses 
using the Schechter-Haller method are 
open to serious question. While it was 
not the primary purpose of this study to 
make a balance study, 9570 of the total 
radioactive DDT ingested by the rat in- 
volved was accounted for by radioassay 
of the feces (687,). fat ( 2 6 7 ~ ) ,  and 
urine (1.3%). 

Radioactive acidic metabolites for 
studies with the Mosbach column were 
prepared by evaporating aliquots of 
acetone extracts of the sample of radio- 
active feces (Table 111) and partitioning 
the oily residue between 2% aqueous 
sodium hydroxide and ether. The acidic 
metabolites were recovered from the 

Table 111. Schechter-Haller Analysis and Radioassay of Feces from Rat 
Fed C14-Labeled DDT 

Radio 

P.P.M. Unaccounted 
S-H., P.P.M.  Assay, % 

rotor  
as as for 

DDAh DDT DDT DDT by S-H 

Direct 4 90 5 42 1154 1440 20 
Acid acetone 

539 extract 
Difference 198 3 

- 292 - 

yo loss on 
extraction 40.4 0 . 6  

1046 14 __ __ 904 
250 394 

21 .6  2 7 . 4  

a Red S-H materials calculated as DDA. 
b .A severe nitration procedure was used: regular procedure will give only about 700 

p.p.m. total as DDT on direct nitration. 
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alkali phase by acidifying and extracting 
with ether. For use on the column, 
ether aliquots were evaporated and the 
residue taken up  in glacial acetic acid. 
The modified Mosbach column was 
used in all subsequent work. 

A glass column with an outer diameter 
of 1.3 cm. was packed to a height of 33 
cm. with a mixture of 15 grams of 
Celite 545 impregnated with 12 ml. of 
70% aqueous acetic acid and made into a 
slurry with iso-octane. The acidic me- 
tabolites were added to the column in 
1 ml. of glacial acetic acid, and the 
column was eluted in accordance with 
the schedule given in Table IV.  All 
eluents were saturated with 70% aqueous 
acetic acid before passing through the 
column. 

Rate of flo\v used was 0.7 to 1.5 ml. 
per minute. Eluate fractions of 7 to 12 
ml. were collected. Radioassay of the 
fractions \vere made directly by evaporat- 
ing aliquots on stainless steel planchets 
and measuring the activity in a gas flow 
counter. The radioactivity I'S. fractions 
collected \\;as then plotted. Figure 2 
gives a typical elution curve which ex- 
hibits five and possibly six peaks, indi- 
cating an equivalent number of different 
metabolites. This type of curve has 
been reproduced several times. Thus, 
the metabolites encountered in rat feces 
seem to be more complex than originally 
anticipated. 

'4s a check on the chromatographic 
procedure itself, the metabolite eluted 
\vith 607, isopropyl ether was rechroma- 
tographed. The metabolite again ap- 
peared primarily in the 607, isopropyl 
ether indicating that the chromato- 
graphic procedure gives a true, repro- 
ducible separation of the metabolites. 

The behavior of DD.4 itself in the 
acetic acid column was studied by 
chromatographing 200 y of radioactive 
DDA along with 600 y of nonradio- 
active fecal metabolites. The radio- 
active DDA appcared quantitatively in 
the iso-octane eluate. The metabolite 
appearing in the iso-octane fraction 
therefore, is either DDA or a material 
so similar to it that this chromatographic 
procedure does not differentiate between 
them. The latter view is supported by 
the data in Table I on the modified 
Davidow column, which show that sub- 
stantially all the acidic metabolites are 
retained by this column, whereas DD.4 
is not. 

The data in Table I1 indicated that 
the metabolites were partially converted 
to DDA when refluxed with 6-l' sulfuric 
acid. This was studied further in an 
effort to determine the effect of both 
acid and alkaline hydrolytic treatments 
on the partitioning of the metabolites by 
the Mosbach column. 

Three aliquots of acidic metabolites 
were subjected to the following experi- 
ment: Aliquot A received no treatment, 

I O  XI 30 
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Figure 2. Separation of fecal acidic metabolites 
column 

40 M 

by modified Mosbach 

aliquot B was refluxed for 6 hours \vith 
6 S  sulfuric acid, and aliquot C was 
refluxed \vith 1070 sodium hydroxide for 
6 hours. The treated products were 
recovered in ether, transferred to glacial 
acetic acid, and chromatographed in the 
modified Mosbach column (Table V). 
The metabolites are shown to be more 
sensitive to the acid treatment than to the 
alkaline treatment. indicating that the 
metabolic complexes are not esters. 
The acid treatment converted most of 
the metabolites occurring in eluates 3, 4> 
and 5 before treatment to a product 
which appears in the first eluate. The 
alkaline treatment had little effect, ex- 
cept for the apparent conversion of 
about 557, of the product which ap- 
peared in eluate 5 (methanol eluate), 
before treatment, to a product Lvhich 
appeared largely in eluate 2 (40% iso- 
propyl ether), after treatment. 

In  another experiment, the acidic 
metabolites were subjected to treatment 
in a n  autoclave in the presence of 6.l' 
sulfuric acid. The data from this ex- 
periment are summarized in Table \'I; 
prolonged treatment with sulfuric acid 
at  high temperatures converts most of 
the materials to a product w-hich appears 
in the first eluate of the column, thus 
behaving as DDA. 

In early work with nonradioactive 
metabolites, some data indicated that 
the metabolites were effected by a Clem- 
mensen reduction. To  follow up this 
lead, an aliquot of radioactive acidic 
metabolites was subjected to the well 
known red phosphorus-hydriodic acid 
reduction reaction in acetic acid and the 
resulting products Lvere chromato- 
graphed in the modified Mosbach col- 
umn. An untreated equal aliquot and 
another equivalent aliquot, after re- 

fluxing with acetic acid, Lvere also chro- 
matographed. A summary of the chro- 
matographic data on the three aliquots 
is presented in Table 1'11. A significant 

Table IV. Eluents Used in Modified 
Mosbach Column 

Eluenf Eloafe MI. 

1 120 Iso-octane 
2 120 40y0 IPE. in iso-octane 
3 120 60% IPE in iso-octane 
4 120 80y0 IPE in iso-octane 
5 120 Methanol 

a IPE = isopropyl ether. 

Table V. Effect of Acid and Alkali 
Treatment on Metabolites 

Total Radioacfivify 
In Eluates, % __ - 

No Acid Alk. 
treatment, hydrolysis, hydrolysis, 

Eluafes A B C 

Iso-octane 32 65 30 

6 1 5  
3 12 

6OY0 IPE 14  

MeOH 18 2 8 

4070 IPE 26 '2 37 

80% IPE 10 

Table VI. Effect of Sulfuric Acid on 
Metabolites Autoclaved at 120" c. 

Tofa1 Radioactivify in 
Eluates, % 

N o  
f rea f .  Aufoclaved, Hours 

Eluafes menf 3 21 42 

Iso-octane 28 63 78 83 
40% IPE 23 20 18 12 
60y0 IPE 35 11 4 5 

1 2 5 0 0  8070 IPE 
MeOH 2 1 0 0  
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resenting the middle portion of each elu- 
ate were also analyzed by the regular 
Schechter-Haller procedure. A sum- 
mary of radioassay, regular, and modified 
Schecther-Hailer data on these compos- 
ite samples is presented in Table 1X. 

These data well illustrate the serious 
error which can be introduced in assum- 
ing that the Schechter-Haller method is 
infallible. Thus, by the regular nitrat- 
ing procedure. the Schechter-Haller 
analyses for all eluates average less than 
50% of the radioassays. This might 
suggest that there is more than one 
metabolite present in each eluate---some 
of which are not Schechter-Hailer posi- 
tive. HoLvever. the increase in Schech- 
ter-Haller-positive material realized by 
increasing the severity of the nitrating 
conditions argues against such an inter- 
pretation. Slore conclusive evidence 
that each eluate consists principally of a 
single metabolite or mixture of ver)- 
closely related metabolites. some of 
which are a t  least qualitatively Schech- 
ter-Haller positive, is furnished by the 
plot of the radioassa>-s and modified 
Schechter-Haller analyses shown in Fig- 
ure 3. The peaks shown in Figure 3 for 
both radioassay and Schechter-Haller 
assay would probably not parallel each 
other so well if there \yere any DDT me- 
tabolites present which were completely 
non-Schechter-Haller positive. 

The iso-octane eluate obtained by 
chromatographing acidic metabolites. 
previously treated by autoclaving with 
6.V sulfuric acid (see Table VI),  !vas ex- 
amined radiometrically and by the 
modified Schechter-Haller method. The 
results agreed within 8%. indicating that 
substantially all of the acetone extract- 
able acidic metabolic products of DDT in 
the feces contain the bis(chloropheny1) 
moiety of DDT. 

‘Oo0 t I I 
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Figure 3. 
separated by  modified Mosbach column 

Radioassay and Schechter-Haller analysis of fecal metabolites 

effect was apparently produced on the 
metabolites by the red phosphorus-hy- 
driodic acid treatment which tended to 
convert them to a product appearing in 
the first eluate. I t  seemed doubtful 
that this was actually a reduction effect. 
as hvdriodic acid can cleave ether link- 
ages and ’or could produce an effect 
identical with the sulfuric acid treat- 
ments (Tables \’ and YI) .  Hence, ra- 
dioactive acidic metabolites were sub- 
ject to treatment with hydrobromic acid. 

An aliquot of metabolites was refluxed 
with 48% hydrogen bromide for 5 hours. 
The products \\ere extracted with 
ether, transferred to glacial acetic acid, 
and chromatographed in the modified 
Mosbach column. An equal aliquot 
of untreated metabolites was chromato- 
graphed simultaneouslv in the same col- 
umn. The results presented in Table 
\‘I11 show that the hydrobromic acid 
treatment is very effective in converting 

Table VII. Effect of Red Phos- 
phorus-Hydriodic Acid Reduction 

on Metabolites 
Total Radioactivity in 

Eluates, 
Re- 

fluxed Re- 
No with duction 

treat- acetic treaf- 
Eluates menf acid ment 

Iso-octane 14 15 56 
40% IPE 31 24 22 
60% IPE 39 43 12 
80% IPE 11 12 6 
h$eOH 5 6 4 

the metabolites to a product appearing 
in the first eluate. 

The material obtained from the iso- 
octane eluate (Table VIII)  from chroma- 
tographing the hydrogen bromide- 
treated acidic metabolites was subjected 
to countercurrent distribution using the 
iso-octane-ethyl alcohol system described 
earlier. Figure 1 illustrates the behav- 
ior of the hydrogen bromide-treated 
metabolites, untreated metabolites, and 
also DD.4 in the countercurrent system 
employed. The hydrogen bromide 
treatment has converted the metabolites 
to a product which behaves identically 
to DDA in this system-strong evidence 
that the acidic metabolites in rat feces 
are largely complexes or conjugates of 
DDA. 

The metabolites of DDT in rat feces 
apparently do not respond quantita- 
tively to the Schechter-Haller method of 
analysis-see Table 111. for example. 
Accordingly. i t  was thought desirable to 
compare radioassays and Schechter- 
Haller analyses of the several fractions 
separated by the modified Xlosbach 
column. For this purpose, a feces ex- 
tract containing about 4 Ing. of radio- 
active acidic metabolites was separated 
with the modified hlosbach column. 
Individual fractions from approximatell- 
the first, middle. and last portions of each 
eluate were combined into composite 
fractions. All composite fractions were 
radioassayed and analyzed by a modified 
Schechter-Haller method, which con- 
sisted of nitrating with 20 nil. of nitrat- 
ing mixture for 2 hours. These radio- 
assay and modified Schechter-Haller data 
for all composite fractions are presented 
in Figure 3. Composite samples rep- 

Bile Metabolites 

Early analyses by the 
S c  h e c  h t e r - H  a l l e r  Experimental 

method (6. 9 )  of small samples of bile 
from rats on DDT-fortified diets indi- 
cated the presence of acidic, red Schech- 
ter-Haller-positive materials, and in one 
case about 10cG of the total Schechter- 
Haller-positive material was DDT. The 
total amounts of Schechter-Haller-posi- 

Table VIII. Effect of Hydrobromic 
Acid on Metabolites 

Total Radioacfivify, 70 
No Refluxed with 

Eluates treatment 48% HBr 

Iso-octane 28 78 
40% IPE 23 18 

MeOH 2 0 

60% IPE 35 4 
80% IPE 12 0 
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Table IX. Analysis of Composite 
Fractions from Separation of Me- 

tabolites with Mosbach Column 
Microarums Calculafed as DDT 
Radio- 
assa),, - Schechter-Holler 

wef Regular Modified 
Fraction combuslion nifrafion nifrafion 

7 
I 105s 524 751 
7 405 105 134 
8 730 435 5 42 

11 200 70 86 
14 186 5 0 65 

rive material found appeared suspiciously 
low and the DDT metabolites were prob- 
ably not responding completely to the 
Schechter-Haller method as had been 
observed in the case of fecal metabolites. 
The use of carbon-14-labeled DDT of- 
fered the best means of resolving this 
question. 

In an exp1orai.ory experiment. a male 
Lvhite rat was trtated intravenously with 
carbon-1 4-labeltd DDT-radiolabel in 
tertiary carbon position-( 5) a t  the rate 
of 17.4 mg. per kg. The dose of 3.9 mg. 
was applied in a gum acacia-peanut oil 
emulsion. Bile was collected continu- 
ously by cannulation of the bile duct? 
each day's collection being kept as a sep- 
arate sample. The animal, given daily 
doses of 5 to 20 ml. of a solution con- 
taining 5Tc dextrose and 0 . 4 7 ~  sodium 
chloride by infusion into the stomach, 
survived 9 days of bile collection. The 
daily bile samples were strongly acidified 
\j-ith acetic acid and extracted three 
times Tvith ether. Both the water and 
ether phases \<ere assayed for radioac- 
tivity after each extraction by evaporat- 
ing small aliquots on planchets and 

counting them in a gas-flow counter. 
This procedure was used to indicate 
when all ether-soluble material had been 
recovered. Finally, all ether extracts 
\\'ere combined and radioassayed by di- 
rect counting of aliquots on planchets. 
The combined ether extracts \yere also 
analyzed b!- the Schechter-Haller 
method. .An estimate of the DDT 
equivalent remaining in the Lvater 
phase, after three ether extractions. was 
made by radioassay. 

A summary of the analytical data ob- 
tained is presented in Table X. For the 
sake of brevity. complete radioassay 
data on ether and lvater phases are given 
for only four of the nine samples col- 
lected. However: complete data on the 
combined ether extracts and final water 
phase are sho\vn for all samples. The 
relative activities in column 4 and 5 
show that two extractions of the acidu- 
lated bile Ivith ether essentially exhaust 
the bile of ether-soluble metabolites. 
The small amounts of activity observed 
in the third ether extract are undoubtedly 
due to incomplete separation of the 
phases. The activity of the water phase 
remains substantially constant after tJvo 
extractions. Columns 6, 7, and 8 of 
Table X indicate the proportion of the 
DDT-derived material in the samples 
which is not extractable with ether. The 
average amount of radioactive material 
remaining in the water phase of the first 
six samples is 12%. In a separate ex- 
periment. 17Yc was found nonextractable 
with ether. The high recovery of ra- 
dioactive material, 65% (2.55 mg.) of 
the amount administered (3.90 mg.): in- 
dicates the importance of bile in the ex- 
cretion of these materials. The results 
(Table X) show again that the Schech- 
ter-Haller results are much lower than 

the radioassay values. Furthermore, 
these metabolites are acidic and give a 
red Schechter-Haller color. 

An opportunity to obtain further in- 
formation on bile metabolites occurred 
in connection Jvith the studies on fecal 
metabolites. The bile duct of a rat on a 
diet containing 400 p.p.m. of carbon-14 
DDT Lias cannulated at  the end of the 
9-week feeding period. Because of inad- 
equate feeding methods, only about 10 
ml. of bile \vas collected before the ani- 
mal died on the second day of bile col- 
lection. 

Exploratory analyses of this bile by 
both radioassay and the Schechter- 
Haller method again indicated that only 
about SOYG of the total DDT-derived 
material present could be accounted for 
b)- the Schechter.Haller method. Rlore- 
over, the ether extractable material was 
largely acidic and red Schechter-Haller 
positive. T o  get some indication of the 
nature of the metabolites and to deter- 
mine Lvhere losses occur in the Schechter- 
Haller analysis, duplicate aliquots of 
bile containing 175 of radioactive 
products calculated as DDT were acid- 
ified and extracted exhaustively with 
ether. An aliquot of one of the ether 
extracts \vas subjected to the regular 
Schechter-Haller procedure and a simi- 
lar aliquot from the other extract was 
subjected to a modified Schechter- 
Haller procedure Ivhich involved severe 
nitrating conditions. In both cases, the 
radioactive products \vere traced by ra- 
dioassay through each step of the Schech- 
ter-Haller procedures used. To provide 
a common basis for comparison, the 
data are expressed as parts per million 
of the orig-inal bile (Table X I ) .  

The radioassay data presented in Ta-  
ble XI were obtained by oxidation of the 

Table X. 

Day 

Radioassay and Schechter-Haller Analyses of Carbon-14-DDT Metabolites in Daily Rat Bile Samples" 
Radioassay S-H  Analysisb o f  Ether Exfracfs  Bile Efher 

% in  % of  after  Sample, Exfracf  C. P. M. /MI .  P.P.M.  DDTC 
Dose MI. Number Efher Wafer  Efher Wafer  wafer P .  P. M. radioasray 

1 11 .5  1 940 270 

2 

3 

4 
5 
6 

7-8 
9 

0 . 6  

1 .6  

0 6 
7 . 1  
8 . 3  
4 . 8  
1 . 3  
1 . 6  

2 
3 

1 

3 

1 
2 
3 

7 
I 

. . .  

. . .  
, . .  
. . .  
. . .  
1 
2 
3 

200 
70 

1650 
320 
90 

2480 
290 
130 
. . .  
. . .  
. . .  
. . .  
. . .  
160 
70 
60 

240 
250 10.0 1 . 3  1 1 . 5  6 6  66.0 

330 

11.6 7 . 4  46 .3  

660 
510 
500 27 0 2 8  9 4  12  n 44 4 

. . .  13.0 7 . 7  37.0 
140 
170 
180 9 .0  6 . 8  43 .0  

Rat treated intravenously with 3.9 mg. C"p,p'  DDT (17.4 mg./kg.). 
All red S-H material; no DDT in evidence. Calculated as DDT. 

c Calculated as IIDT. 
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Table XI. Radioassays vs. Schechter-Holler Analyses of Rat Bile 
P P M  o s D D T  

ftem 

1 Ether extract of bile 
2 Nitrated products 

Extracf l a  Exfracf 2 
Radio- Radio- 
assay S - H  assay S - H  

- _ _ _ _ _ ~  

145.0 . . .  
. . .  . . ,  

147.0 
142.0 

3 Benzene solution for color development 57 , O  53. Ob 83.0 90. Oc 

4 Acid phase after extraction of item 2 27.0 I . .  1 0 . 5  . . .  
5 Ether extract of acidified alkali wash 48.0 . . .  43.0 . . .  

. . .  4.8 . . .  6 Water phase from item 5 
Total of 3, 4: 5, and 6 132.0 53.0 141.3 90 .0  
a Water phase contained 30 p.p.m. by radioassay and 8.7 by S-H (severe nitration). 
b Regular nitration (1-hr. nitration with 5 ml. nitrating mixture). 

Severe nitration (2-hr. nitration with 20 ml. nitrating mixture). 

- __ . . .  - ~ 

samples to carbon dioxide, precipitation 
of the carbon dioxide collected in alkali 
as barium carbonate. and assay of filter 
cakes of the latter a t  infinite thickness 
(70). Generally this procedure agrees 
within 5% with Schechter-Haller analy- 
ses of known amounts of carbon-14 DDT 
added to extracts of various biological 
materials. 

The data on radioassays of the dupli- 
cate ether extracts agree very well. The 
water phase from one extract was as- 
sayed and found to contain 30 p.p.m 
expressed as DDT (see footnote to Table 
XI). Thus, 177, of the metabolic prod- 
ucts were not extractable with ether. 

Radioassay of the nitrated products 
from extract 2 showed 142 p.p.m. as 
compared to 147 p.p.m. by direct assay 
of the original ether extract-little or no 
loss occurred in the nitration process. 
The radioassay of the nitrated products 
from extract 1 was lost during assay. 

The radioassay of the completely proc- 
essed benzene solutions (item 3, Table 
XI)  used for Schechter-Haller color de- 
velopment agree reasonably well with 
the Schechter-Haller calculated values 
in the case of both extracts. However. 
both radio and Schechter-Haller assays 
of the completely processed benzene 
solutions (item 3) are very much lower 
than the original radioassays of the ether 
extracts (item 1). From item 4, extract 
2, Table X I ,  it is noted that 10.5 p.p.m. 
\\'ere lost in recovering the nitrated prod- 
ucts in benzene as this amount was left in 
the acid phase. Almost three times this 
loss occurred in the acid phase in the 
case of the regular nitration. Tests with 
DDT have shown no loss in this step of 
the Schechter-Haller method as used in 
this laboratory. 

The benzene solution of the nitrated 
products is routinely washed with dilute 
alkali until the alkali phase is colorless 
(two or three times, usually) and then 
washed with water and dried with anhy- 
drous sodium sulfate. In Table X I ,  the 
alkali wash was acidified and extracted 
with ether (item 5 )  and aliquots of the 
ether solution were radioassayed. The 
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greatest losses in the Schechter-Haller 
procedures used for the two extracts oc- 
curred at  this point. The ether extracts 
of the acidified alkali washes were sub- 
jected to renitration but no Schechter- 
Haller colors could be observed. Thus, 
the DDT-derived material which ap- 
pears in the alkali wash is very resistant 
to nitration. .4s indicated by item 6, ex- 
tract 2, the water phase from the ether 
extraction of the acidified alkali wash 
contained about 5 p.p.m. of DDT 
equivalent; the water phase from extract 
1 was not examined. 

In  the case of extract 2,141.3 p.p.m. or 
967, of the 147 p.p.m. found in the orig- 
inal ether extract were accounted for by 
radioassay at  each major step in the 
Schechter-Haller procedure. The re- 
covery by radioassay at  identical points 
(except for item 6) for extract 1 was also 
good-Le., 9 1 yo. 

The Schechter-Hal- 
DDT9 DDE9 and ler method as em- 
DDA in Bile ployed in this lab- 
oratory is insensitive to DDT in a ratio of 
less than about 1 to 10 with materials 
like DDE and DDA which give a red 
color; it is uncertain beyond ratios of 1 
to 5. DDE and DDA or other red 
Schechter-Haller acidic metabolites can 
be distinguished from each other only by 
their neutral and acidic properties or by 
chromatographic techniques. In gen- 
eral, the early Schechter-Haller analyses 
of bile made in this laboratory, although 
uncertain, indicated that small amounts 
of DDT may occur in bile but probably 
only trace amounts of DDE. The 
Davidow chromatographic column (2: 9 )  
provides a way of demonstrating the 
presence of both DDT and DDE 1n D u e  

with considerable certainty. Accord- 
ingly, a bile sample obtained from several 
white rats, treated intravenously with 
DDT, was examined using this column. 
The rats were given, by way of the femo- 
ral vein? an emulsion containing 27c 
#&'DDT, 20Y0 peanut oil, 1.2% Asolec- 
tin (a purified soybean lecithin), 0.8yO 
Span 20, 0.8Y0 sodium chloride, and 
0.170 sodium cholate. This emulsion 

F O O D  C H E M I S T R Y  

formulation has been found well toler- 
ated physiologically. Bile was collected 
from each animal for about 50 hours 
following cannulation and DDT admin- 
istration. A large aliquot of the com- 
bined samples was extracted with ether 
and the extract was transferred to carbon 
tetrachloride and chromatographed in a 
Davidow colunin. Schechter-Haller 
analyses of the original extract for acidic 
constituents and of the eluate from the 
Davidow column are presented in Table 
XI1 along with other details of the ex- 
periment. 

The acidic metabolites shown in Table 
XI1 are retained by the Davidow col- 
umn, whereas the DDT and DDE are 
found in the eluate. A two-color analy- 
sis for DDT and DDE in the eluate is 
valid because the ratio of DDT to the 
red DDE is in an accurate range-i.e., 
3.3 to 1. In general, the data in Table 
XI1 indicate that while the bulk of the 
products are acidic materials, some DDT 
and a smaller amount of DDE are no 
doubt present. As indicated in Tables 
X and XI, it is likely that the 355 y of 
acidic metabolites shown in Table XI1 
and found colorimetrically represent only 
about half of the actual total because of 
incomplete response to the Schechter- 
Haller method, and thus the relative 
amounts of D D T  and DDE would be 
further reduced. 

Similar experiments in which a single 
oral dose of DDT was given in peanut oil 
emulsion at  100 mg. per kg. to an animal 
whose bile duct was cannulated showed 
that about 37, of the total DDT-de- 
rived material found in the bile by 
Schechter-Haller analysis was present as 
DDT and about 1% was in the form of 
DDE. DDT and DDE do not occur in 
significant amounts in rat bile in the case 
of either intravenous or oral application 
of DDT. 

To determine if some of the biliary 
DDT metabolites were present in the 
form of free DDA. recourse was made to 

Table XII. DDT, DDE, and Acidic 
Metabolites in Bile from Rats Treated 

Intravenously with DDT" 
Total P.P.M. '?& 

Calcd. as o f  

Acidicmetabolitesh 355 7 2 89 

DDT Eluate from 33 0 . 6 8  8 

Products as DOT DDT Total 

(ether extract) 

IDavidow col- 
DDEj umn 10 0 20 3 

0 48.2 ml. of bile was collected from 3 
rats given a total of 17 mg. of DDT (25 
mg./kg.) and 1.0 ml. was obtained from a 
rat given 10 mg. (50 mg./kg.). 

b An aliquot of ether extract was ex- 
tracted with aqueous alkali, latter was 
acidulated and extracted with ether, which 
was then analyzed by the S-H method using 
regular nitration. 



the modified Davido\+ column used for 
the fecal metabolites ( 7 ) .  An ether 
extract of the same bile sample for which 
data are shown in Table X I  was pre- 
pared. Seventy per cent of the total 
extracted material was retained by the 
column. The retained material is most 
probably complexed DDA similar to fe- 
cal metabolites. However, the 30y0 
that passed through represents free DDA 
(except for small amounts of DDT and 
DDE).  Other experiments in which 
rats were given single oral doses of non- 
radioactive DDT at  50 mg. per kg. 
shoned again that 25 to 3576 of the me- 
tabolites found in the bile was free DDA. 

Bile as a 
Source of 
Fecal 
Metabolites 
of DDT 

Bile seems to be the prin- 
cipal source of DDT 
metabolites occurring in 
rat feces after intravenous 
or oral application of 
DDT. The most direct 

evidence for thid is that observed with 
animals whose bile ducts were cannulated 
so that the bile ‘was prevented from en- 
tering the intestine before giving the ani- 
mals carbon-l4--labeled DDT intrave- 
nously. In three instances, including 
the rat involved in the experiment pre- 
sented in Table X,  both feces and urine 
from the animals were collected and ex- 
amined radiometrically for DDT-de- 
rived materials. In  all cases, only very 
small amounts of radioactive material, 
usually well under 5Yc of the original 
dose, were found in the excreta. For 
example, in the case of the rat used for 
the data in Table X, only 0.3% of the 
dose was found in the feces and 27 ,  in 
the urine, whereas 65% was found in 
the bile. 

In earlier experiments in \vhich rats 
Ivere treated intravenously without can- 
nulation of the bile duct and diversion of 
the bile, relatively large amounts of red 
Schechter-Haller material were found in 
the feces from these rats. Thus: with 
intravenous application, very little DDT- 
derived material appears in the feces 
\?hen the bile i s  diverted; but, i f  the flow 
of bile to the intestine is undisturbed, 
large amounts of metabolites appear in 
the feces. This observation combined 
with the evidence (Table X )  that a n  in- 
travenous dose of D D T  is largely ex- 
creted through the bile is strong support 
for bile as the principal source of fecal 
metabolites. 

Discussion 

Almost all of the DDT metabolites 
found in feces and bile are acidic in na- 
ture. Small amounts of DDE are found 
in both bile and feces and small amounts 
of DDT can be found in the bile. The 
relatively large amount of DDT in the 
feces probably represents unassimilated 
material. 

By using carbon-14-labeled DDT, i t  
has been found that serious losses of 

DDT-derived material may occur in the 
extraction and colorimetric estimation by 
the Schechter-Haller method in both 
feces and bile. As much as 25% of the 
metabolites are not extractable by or- 
ganic solvents. The Schechter-Haller 
method gives quantitative results for the 
analysis of DDT, DDE, and DDA. 
However, in the determination of the un- 
known acidic materials found in both 
feces and bile, serious discrepancies occur 
when compared to radioassay. In- 
creasing the severity of nitrating condi- 
tions increases the colorimetric recovery 
somewhat, indicating that they are re- 
sistant to nitration rather than being to- 
tally unresponsive. The bis(chlor0- 
phenyl) moiety is, therefore, probably 
intact, and the resistance to nitration is 
due to an added constituent. 

The fecal acidic metabolites differ 
from free DDA in a number of respects. 
The acidic metabolites are retained by a 
modified Davidow column, whereas 
DDA is not. Countercurrent distribu- 
tion gives a different distribution pattern 
for the metabolites than for DDA. Fur- 
thermore, these metabolites can be sep- 
arated, by a chromatographic proce- 
dure, into a number of fractions, which 
vary in their quantitative response to the 
Schechter-Haller method. whereas DDA 
gives quantitative results. 

The experimental data presented are 
not sufficient to fully elucidate the chem- 
ical nature of these metabolites. Studies 
indicate, however, that they consist pri- 
marily of complexed DDA. Thus, after 
treatment with acids, a large proportion 
of the metabolites are converted to a 
material which is similar in its behavior 
to DDA. This material is no longer re- 
tained by the modified Davidow column 
and its distribution in the countercurrent 
system employed is similar to that of 
DDA. The amount of conversion is pro- 
portional to severity of conditions during 
the acid Lreatment. This is shown by 
the shift of peaks in the chromatographic 
pattern toward the DDA peak. Further- 
more: analysis of the hydrolyzed material 
found in the DDA peak showed agree- 
ment between the Schechter-Haller and 
radiometric method within 8%. 

In other experiments. not presented, 
the hydrolyzed product had an ultravio- 
let spectrum essentially identical lvith 
that of DD.4. That these complexes 
are not glucuronic acid esters is indicated 
by their stability to alkaline hydrolysis. 
Moreover, qualitative tests failed to show 
the presence of glucuronic acid. Their 
stability to alkaline hydrolysis and insta- 
bility to acid hydrolysis suggests an am- 
ide linkage such as that represented by 
hippuric acid, a n  amide conjugate of 
benzoic acid and glycine. which is pro- 
duced when animals are fed benzoic 
acid. On the other hand, the behavior 
of the metabolites in the Mosbach col- 
umn suggests a possible complexing of 
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DDA with bile acids or related com- 
pounds. as separation is achieved in a 
manner similar to that of the cholanic 
acids for which this column was origi- 
nally developed. 

The bile is apparently the principal 
source of DDT metabolites found in fe- 
ces. Sixty-five per cent of a dose of DDT 
given intravenously was found in the bile 
collected by cannulation of the bile duct. 
Furthermore, practically no metabolites 
are found in the feces of cannulated ani- 
mals, but when the bile flow is unhin- 
dered, relatively large fecal amounts are 
found. 

The fecal and bile acid metabolites 
resemble each other. in that both consist 
partially of materials that cannot be ex- 
tracted by organic solvents; both are 
acidic and both fail to give quantitative 
results by the Schechter-Haller method. 
In addition, the bile metabolites can be 
fractionated by the same chromato- 
graphic system used for fecal metabo- 
lites. However, as bile appears to con- 
tain appreciable amounts of free DDA. 
whereas no significant amounts have 
been found in the feces, the bile metab- 
olites are not necessarily identical. Bile 
metabolites may be subject to modifica- 
tions after entering the intestinal tract. 

Literature Cited 

(1) Davidow, B. J., J .  Assoc. Ojic. Agr.  
Chemists 33, 130-2 (1950). 

(2) Hayes, W. J.? Jr., in “Das Insektizid 
Dichlorodiphenyl -trichloroathan 
und Seine Bedeutung,” P. Mul- 
ler, editor: Chap. on Pharma- 
cology and Toxicology of DDT, 
in press, Verlag Birkhauser, Basel. 
Switzerland. 

(3) Mosbach. E. H. ,  Zomzely. C.! 
Kendall. F. E., Arch. Biochem. 
Biophjs .  48, 95-101 (1954). 

(4) Seal. P. A, .  von Oettingen, W. F.. 
Soap and Sanit .  Chemicals 22,  139- 
43 (1 946). 

(5) Pearce, G. W.. Jensen. J. .4.. J. 
AGR. FOOD CHEM. 1, 776-8 
(1953). 

(6) Schechter. M. S.. Soloway, S. B., 
Hayes, R. A, .  Haller. H.  L.? Znd. 
Eng. Chem.. Anal.  Ed. 17, 704-9 
(1 945). 

(7) Smith, hl. I . .  Stohlman, E. F.. 
Public Health Repts. ( L - .  S . )  60, 

(8) Stiff. H .  A.,  Jr.. Castillo, J. C., J .  
Bid.  Chem. 159, 545-8 (1945). 

(9) Technical Development Labora- 
tories, Technology Branch, CDC, 
U. S. Public Health Service, 
Savannah, Ga., Chemical 
Memorandum No. 1> 1st Revi- 
sion. 1953. 

(10) Technical Development Labora- 
tories: Technology Branch, CDC. 
U. S. Public Health Service, 
Savannah. Ga.. Chemical Memo- 
randum No. 3 (Revised), 1956. 

289-301 (1 945). 

Received for review February 5, 1957. Ac- 
cepted July 1.5, 1957. Division of Agricultural 
and Food Chemistr.y, 130th Meeting, ACS, 
Atlantic Cit,v, S. J. ,  September 7956. 

1 2 ,  D E C E M B E R  1 9 5 7  925 


