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Indole is a colorless crystalline solid which has been isolated 
from c o a l  t a r  f r a c t i o n a t i o n .  This n e u t r a l  (N,O,S,)  h e t e r o c y c l i c  
compound is  a l s o  found in animal t i s s u e s  where p u t r e f a c t i v e  
p roces se s  have o c c u r r e d ,  presumably by the decompos i t ion  o f  
t r yp tophan  (Van Order and L indwal l ,  1942).  High c o n c e n t r a t i o n s  o f  
indole (which is a major ruminal fermentation product of 
L-tryptophan) in blood of cattle causes hemolysis, hemoglobinuria, 
and renal necrosis (Hammond et al., 1980). An end product of 
anaerobic metabolism of the colonic flora, indole has also been 
examined as a marker in patients with unresected large bowel cancer 
or  polyps  ( K a r l i n  e t  a l . ,  1985) .  

With the increased release of numerous chemical substances into the 
biosphere, careful assessment of the health effects of chronic 
exposure to pollutants must be made. Many of these compounds are 
known toxic substances and/or are closely related chemically to 
recognized carcinogens and mutagens. The introduction of various 
chemicals into the food chain will be a major source of human risk. 
Much of the body burden of animals will come from ingested feed and 
water, with the primary route of human exposure being the 
consumption of the contaminated meat, milk, and eggs. Similar 
findings were reported for the diaromatic hydrocarbon naphthalene 
(Eisele, 1985). The purpose of this study was to obtain baseline 
data on the uptake and distribution of indole in dairy cattle, 
swine, and laying pullets and the retention of this chemical in 
consumable products such as milk, meat, and eggs. 

MATERIALS AND METHODS 

Laying p u l l e t s ,  swine,  and d a i r y  c a t t l e  r e c e i v e d ,  v i a  gavage ,  
tracer levels of 14C-indole in ethanol (specific activity 9.5 mCi/m 
mole, radiochemical purity 99%, ICN Pharmaceuticals, Inc.) either 
as an acute single or a chronic (30d) exposure. Pullets (four per 
time point) were individually housed and fed a complete laying 
ration and water ad ~ ,  and eggs were collected daily for 
analysis. The internal yolk sample was comprised of 6-8 of the 
largest yolk on the stalk. Swine (three per time point), weighing 
approximately 23 kg, were maintained in individual holding cages, 
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and the Holstein dairy cow was in an individual paddock area. The 
dairy cow was milked twice daily, and the 14C-residue content of 
the milk was determined. The acutely dosed pigs and chickens were 
killed I or 3 days post exposure, and the chronically dosed animals 
were killed the day after the last exposure (day 31). One dairy 
cow was killed 3 days after the acute exposure and another 3 days 
after the last chronic exposure (34 days). The dairy cow, growing 
swine, and laying pullets received acute doses of 6100 uCs (75.23 
mg), 400 uCs (4.93 mg), and I00 uCs (1.23 mg) of 14C-indole, 
respectively. 

In  the  c h r o n i c  e x p e r i m e n t s ,  the  d a i r y  cow, swine ,  and p u l l e t s  
r e c e i v e d  626 uCi /day  (7 .72  m g / d a y ) ,  76 uCi /day  (0 .94  m g / d a y ) ,  and 
38 uCi /day  (0 .47 m g / day ) ,  o f  1 4 C - i n d o l e ,  r e s p e c t i v e l y ,  f o r  30 
c o n s e c u t i v e  d a y s .  At s a c r i f i c e ,  the  f o l l o w i n g  t i s s u e s  were t aken  
from a l l  a n i m a l s :  two muscle  s am p l e s ,  p e l v i c  f a t ,  and l i v e r .  The 
f o l l o w i n g  musc les  were sampled:  M. pe ronaeus  and M. p e c t o r a l i s ,  
referred to in the text as dark and white meat in pullets; and M. 
longissimus and M. biceps, referred to in the text as loin-and ham 
in swine and loin and flank in dairy cattle. Triplicate samples of 
tissue, each approximately 0.1 g, were placed directly into 
standard scintillation vials to which 1 ml of tissue solubilizer 
(Unisol, Isolab, Inc., Akron, Ohio) was added. After solubili- 
zation, 0.5 ml methanol, 10 ml Unisol Complement (Isolab, Inc., 
Akron, Ohio) and 0.I ml 30Z hydrogen peroxide were added. Samples 
were counted for radioactivity in a Mark Ill liquid scintillation 
counter (Searle Analytic, Inc., Des Plaines, Illinois) which has a 
96Z efficiency for carbon-14 under these conditions. Appropriate 
standards were prepared and counted at the same time as the samples 
to correct for quenching and counter fluctuations. 

RESULTS AND DISCUSSION 

Results obtained with laying pullets following an acute and chronic 
exposure of 14C-indole showed the major tissue sites of deposition 
were the internal yolk and liver, followed by muscle and fat which 
were approximately the same (Table I). The internal yolk 
compartment consists of yolks in various stages of development 
which will be released from the stalk when mature for subsequent 
egg formation. The internal yolk values strongly suggest that even 
after 72 hours following an acute exposure (with slightly less than 
half the 14C-activity removed in the previous 48 hours), eggs from 
these pullets still contained residue of this chemical or its 
metabolite. White and dark meat showed no significant reduction 
between 24 and 72 hours, suggesting a slow removal rate; yet, over 
70Z of the 14C-indole was removed from body fat during this same 
time period. It is interesting to note that dark meat retained 
almost twice as much indole as did white meat. 

The u p t a k e  o f  i ndo l e  by eggs  a f t e r  a c u t e  exposu re  o f  l a y i n g  p u l l e t s  
to  i ndo l e  i s  shown in  F i gu re  I .  The v a l u e s  were d e r i v e d  from two 
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Table I. Distribution of indole or its metabolic products in 
tissues of laying pullets (fraction of dose/kg tissue I0-3) a 

Acute Dose Chronic Dose b 
Tissue 24 hours 72 hours 31 days 

L i v e r  10 .55  • 0 . 9 8  3 . 1 4  • 0 . 3 2  2 .13  • 0 .26  
Fa t  1 .80  • 0 . 5 5  0 .51  • 0 . 0 8  0 .33  • 0 . 0 4  
Dark Meat 2 . 8 9  • 0 .13  2 .35  • 0 . 2 5  0 . 8 8  • 0 .12  
White  Meat 1 .82  • 0 .07  1 .03  • 0 .07  0 . 7 8  • 0 .13  
Internal Yolk 16.14 • 2.55 7.58 • 1.02 1.98 • 0.11 

a - mean • SE, based on four animals 
b - fraction of daily dose 

T a b l e  2 .  D i s t r i b u t i o n  of  i n d o l e  or  i t s  m e t a b o l i t e s  i n  t i s s u e s  
o f  swine  ( f r a c t i o n  o f  d o s e / k g  t i s s u e  10-3)  a 

Acu t e  Dose C h r o n i c  Dose b 
T i s s u e  24 h o u r s  72 h o u r s  31 days  

L i v e r  4 . 8 6  • 0 . 6 0  2 .66  • 0 . 5 3  3 . 9 9  • 0 .41  
Fa t  0 . 7 6  • 0 .12  0 .30  • 0 .07  0 .42  • 0 . 0 8  
L o i n  0 . 7 6  • 0 . 0 4  0 . 6 8  • 0 . 0 8  1 .72  • 0 . 3 2  
Ham 0 . 6 5  • 0 .07  0 .61  • 0 . 1 4  1 .79  • 0 .37  

a - mean • SE, ba sed  on t h r e e  a n i m a l s  
b - f r a c t i o n  o f  d a i l y  dose  

g roups  o f  l a y i n g  p u l l e t s .  The f i r s t  g roup  was k i l l e d  24 h o u r s  
a f t e r  e x p o s u r e ;  t he  o t h e r  v a l u e s  were d e r i v e d  from the  g roup  
m a i n t a i n e d  t h r o u g h  72 h o u r s .  W i t h i n  the  f i r s t  24 h o u r s ,  
d e t e c t a b l e  amounts  o f  i n d o l e  were i n c o r p o r a t e d  i n t o  eggs w i t h  
s u b s e q u e n t  egg f o r m a t i o n  showing c o n t i n u e d  e x c r e t i o n  by t h i s  
r o u t e .  Between g roup  ( a n i m a l )  v a r i a t i o n  i s  shown by one 24 h o u r  
g roup  y i e l d i n g  v a l u e s  a p p r o x i m a t e l y  t w i c e  t h a t  o f  t he  o t h e r  24 
hou r  group  ( F i g u r e  1 ) .  The i n t e r n a l  egg ( i n t .  e g g ) ,  which  i s  an 
egg i n  some s t a g e  o f  d e v e l o p m e n t  w i t h i n  the  t r a c t ,  s t i l l  
m a i n t a i n e d  t h i s  h i g h  l e v e l  o f  i n c o r p o r a t i o n  p a s t  72 h o u r s .  

The c h r o n i c a l l y  exposed  p u l l e t s  ( F i g u r e  2) showed t h a t  w i t h i n  the  
first 24 hours post exposure, little indole was incorporated. 
This incorporation progressively increased up to approximately 16 
days post exposure. After this time the values decline, possibly 
due to activation of the detoxifying processes of the body, and 
egg production was no longer the major excretory route. Within 
the first six days the 14C-residue was about equally distributed 
between yolk and albumin in eggs from chronically exposed 
pullets. After this time, the predominant site of deposition was 
yolk. A similar distribution was implied in eggs from acutely 
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Figure 2. Fraction of dose of s in eggs during a chronic 
exposure (30 days). Each day represents the mean of four eggs. 

exposed p u l l e t s ;  equal  d i s t r i b u t i o n  one and two days l a t e r ,  then 
f i v e  t imes more 14C r e s idue  found in yo lk  on the t h i r d  day .  The 
body d i s t r i b u t i o n  in the c h r o n i c  f eed ing  experiment  shows l i v e r  
and i n t e r n a l  yo lk  r e t a i n i n g  app rox ima te ly  equal  amounts of  the 
14C- re s idue .  In  the acu te  s t u d y ,  the i n t e r n a l  yo lk  was t h r ee  to 
e i g h t  t imes h ighe r  in r e t e n t i o n  than in the ch ron i c  s tudy  
(Table  1 ) ,  which can be seen in the  reduced va lues  found in whole 
eggs ( F i g u r e  2 ) .  In  bo th  the acu t e  and ch ron ic  s t u d i e s ,  no 
adverse effects of 14C-indole ingestion were noted on egg 
production, feed intake, or body weight. 

Resu l t s  o f  the  acute  and ch ron i c  exposure  o f  swine to 14C-indole  
a re  shown in Table 2. The major  s i t e  o f  c o n c e n t r a t i o n  24 hours  
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a f t e r  a d m i n i s t r a t i o n  was t h e  l i v e r ;  a t  72 h o u r s  a f t e r  e x p o s u r e  
t h i s  v a l u e  had d e c r e a s e d  by  a f a c t o r  o f  two .  F a t  and l o i n  and 
ham m u s c l e s  r e t a i n e d  low l e v e l s  o f  14C. The l e v e l  i n  t h e  f a t  was 
r e d u c e d  by  a p p r o x i m a t e l y  o n e - h a l f  a t  72 h o u r s  a f t e r  
a d m i n i s t r a t i o n ,  b u t  t h e r e  was l i t t l e  r e d u c t i o n  i n  t h e  l e v e l  in  
m u s c l e .  The c h r o n i c  e x p o s u r e  d a t a  show l i v e r  t o  be t h e  m a j o r  
s i t e  o f  d i s p o s i t i o n  f o l l o w e d  by  m u s c l e .  The l e v e l  o f  14C r e s i d u e  
i n  t h e  m u s c l e  c o m p a r t m e n t  o f  t h e  c h r o n i c  a n i m a l s  showed t w i c e  t h e  
r e t e n t i o n  t h a n  t h a t  o b s e r v e d  i n  t h e  a c u t e  a n i m a l s ,  s u g g e s t i n g  
t h a t  t h e  t y p e  o f  e x p o s u r e  ( a c u t e  v e r s u s  c h r o n i c )  may have  an 
i m p o r t a n t  b e a r i n g  on r e t e n t i o n .  A l s o ,  f o u r  t i m e s  more 14C 
r e s i d u e  was found  i n  m u s c l e  t h a n  i n  f a t .  

Results of experiments with dairy cows exposed to an acute or 
chronic dose of 14C-indole (Table 3) show that liver was the 
organ of major deposition with pelvic fat having the lowest. 
Although the tissue distribution was comparable in animals 
receiving both the acute and chronic exposures, animals given the 
acute exposure retained approximately two to three times the 
amount of radioactivity in the tissues. The fraction of the 
14C-indole administered acutely that was found in milk is shown 
in Figure 3. Within eight hours after exposure, 14C-indole was 
detected in milk. A maximum value was reached at 24 hours with 
subsequent reductions by 72 hours. The distribution of 
14C-indole in milk during a 30-day exposure is shown in Figure 4. 
The chronic ingestion data suggest a biomagnification in milk. 
The dotted line from 30 to 33 days shows the elimination of 
14C-activity after the last administered dose. Although 
clearance from milk was evident during this three-day period, it 
did not decrease below the 
first day's value, suggesting that a longer time period would be 
required to achieve nondetectable content in milk. 

While this study provides specific data on the uptake and 
distribution of 14C-indole, many other chemicals and their 
metabolites reach humans through the food chain. The primary 
route of exposure to food producing animals will be from ingested 
feed and water at relatively low exposure levels. Few observable 
manifestations, e.g. dysphagia, anorexia, dyspnea, will be 
evident, making an accurate evaluation difficult. Products such 
as milk and eggs are consumed directly and as add-in ingredients 
with a long shelf life, possibly extending the length of the 
insult. 

The level of a chemical in the environment may only be an 
indicator of potentially higher levels in food-producing animals 
and subsequent food products. Biomagnification, the ability of 
animals to biochemically concentrate and accumulate chemicals in 
tissues, plus food producing procedures, may allow greater levels 
to concentrate in food products. The extent of contamination of 
man's food web is also dependent upon the species and the type of 
exposure. The differences between the fraction of the dose 
absorbed, acute versus chronic, indicates that the type of 
exposure is of primary importance in relation to retention. The 
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Figure 4. Fraction of dose of indole in milk of a dairy cow during 
a chronic exposure (30d). Each day represents the mean of the 
morning and evening milking. 

average  y e a r l y  consumption of  eggs and p o u l t r y  ( r eady  to  cook) i s  
app rox ima te ly  37 kg ,  which exc ludes  many p o u l t r y  b y - p r o d u c t s  used 
as filler in other products. Milk is a major constituent in diets 
and is widely used as an add-in ingredient. Data from the 
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T a b l e  3 .  D i s t r i b u t i o n  o f  i n d o l e  o r  i t s  m e t a b o l i t e s  
i n  t i s s u e s  o f  d a i r y  c a t t l e  ( f r a c t i o n  o f  d o s e / k g  10 -3 ) 
~ m m L I J u m a m w ~ m ~ ~ ~ ~ ~ m m ~ u m m  

A c u t e  Dosea  C h r o n i c  Dose a 
T i s s u e  72 h o u r s  34 d a y s  

Liver 2.56 0.76 
Fat 0.12 0.04 
Loin 0.20 0.20 
Flank 0.35 0.19 
m ~ m m n a m s ~ m g a m ~ ~ ~ ~ ~ m  

a - one s a m p l e .  

chronically exposed dairy cow suggests a biomagnification occurring 
in milk, thus increasing exposure by this product. This was also 
observed in eggs. Both milk and eggs are used extensively as 
add-in ingredients in numerous products which have a ~long shelf 
life. If the e x p o s u r e  levels were higher, it is hypothesized that 
higher levels of indole or its metabolites would be found in the 
v a r i o u s  t i s s u e s  and p r o d u c t s .  These  d a t a  s u g g e s t  t h a t  t h e  n e u t r a l  
( N , O , S , )  h e t e r o c y c l l c s ,  such  as  i n d o l e ,  can  e n t e r  m a n ' s  food  c h a i n .  
The e x t e n t  o f  t h i s  i n s u l t  a p p e a r s  to  be  s m a l l ;  h o w e v e r ,  l i t t l e  i s  
known a b o u t  t h e  l o n g - t e r m  c o n s e q u e n c e s  o f  such  e x p o s u r e s  a t  low 
l e v e l s  o v e r  e x t e n d e d  p e r i o d s  o f  t i m e .  
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