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The purpose of this article is to present the results of some experi- 
ments undertaken at the Ohio State University to determine, first, the 
degree of toxicity possessed by normal urine, and, secondly, the 
nature of the substance or substances lending toxic properties to this 
fluid. The importance of this line of work was pointed out by Prof. 
Bleil G and the investigations were carried on under his supervision. 

t~efore giving the results of these experiments, however, it may 
be stated, as a matter of history, that poisonous substances were long 
ago believed by some to exist in normal urine. There were many, 
on the other hand, who denied the presence of such toxic bodies in 
this excretion, and, as a eonsequene% experimental evidence was 
sought to support each side of the question. Investigations along this 
line were instigated, in the first place, by the discussion, in the early 
part of this century, of the cause or causes of urmmia. The first 
work of any importance was done about that time by Vauquelin and 
others, who made actual demonstrations of the toxicity of normal 
urine by intravenous injections. 7~"rerichs, however, claimed that 
death resulting from such procedures was due to suspended solid 
elements in the urine and to poisonous ammonium carbonate formed 
in it by fermentation. Volt was the first to point out that potassium 
salts, on aeeonnt of their toxicity, could play an important part in 
urmmia, and Feltz and l~itter, and Astasehewsky concluded that these 
salts were the chief toxic bodies in normal urine. Among those who 
opposed this view were such workers as Sehiffer, Pouchet and 
Bouchard, who satisfied themselves that the toxicity was due largely 
to the presence of organic compounds of an alkaloidal nature. 

L6pin% Guerin, Griffiths, Feltz and others performed experiments 
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showing that these alkaloidM bodies were increased in certain morbid 
states, as in measles, dii)htheria , pneumonia, cholera, etc. Grifflths 
claims to have isolated toxines from the urine of pleurisy, influenza, 
cancer, and epilepsy. Prof. Bleile found that the urine was decid- 
edly more toxic after epileptic attacks, but the alkaloid which Grif- 
fiths claims to have isolated from such urine was not found, although 
his methods were closely followed. Observations on the urine of 
pathological conditions have lately been very numerous, but satis- 
factory experimental elucidation of the degree and cause of the 
toxicity of normal llrine is wanting. ~ 

A complete account of the methods which yielded the results to be 
stated presently is omitted from this article, as those methods have 
been published elsewhere. It  will suNce to outline the work merely, 
and to give the more important results. 

Urine was collected, usually to the amount of 4 litres, from healthy 
adults who were not, and never had been, users of tobacco. It was 
then extracted by Brieger's method, ~ which after various trims was 

I Tile f o l l o w i u g  are a m o n g  the  w o r k s  wh ich  may  be c o n s u l t e d  fo r  a c o n s i d e r a t i o n  

of  the  s u b j e c t  of  the  t o x i c i t y  of  the  u r ine ,  and  fo r  r e f e r e n c e s  to  the  a u t h o r s  c i t ed  

and  the  o t h e r  r a t h e r  ~ ' o l u m i n o u s  l i t e r a t u r e  : 

C. Bouchard .  Lemons su r  les  a u t o - i n t o x i c a t i o n s  dans  les  m a l a d i e s ,  Par is ,  1887, 

a l so  l ,  e c t u r e s  on a u t o - i n t o x i c a t i o n  in d isease .  T r a n s l a t e d  by T h o m a s  ( ) l iver .  Ph i l a -  

de lph i a ,  1894. 
N c u b a u e r  and  V o g e l  (Hupper t ) .  Ana ly se  d e s H a r n s ,  W i e s b a d e n ,  1898. 

t L  Roger .  " L e s  i n t o x i c a t i o n s "  in  B o u c h a r d ' s  Trait(~ de pa th .  gdn., T. i, p. 77:}, 

Pa r i s ,  1895. 
H y m a n s  van  den  Bergh .  Uebe r  die G i f t i g k e i t  des  l l a r n s .  Zcilsd~r. f .  klD~. Jled. ,  

1898, xxxv ,  p. 53. 
A. G o t t h e i n e r .  Die L e h r e  you  den t I a r n g i f t e n  in  p a t h o l o g i s e h e u  Zus t i inden .  

~l[onatsb. lib. d. Gesammtleist. d. tG'ank]~, d. t[~rn- u. ~S~.eua~-Appar~tcs, 1897, ii, lop. 

6 4 9  ; 713. 
A. Beck .  U e b e r  dic G i f t w i r k u n g  des  Harnes .  P f i i i g e r ' s  A'r(ldr, 1898, ]xxi ,  p. 560. 

W. P. I t e r r i n o ' h a m .  An a c c o u n t  of some  e x p e r i m e n t s  u p o n  t he  t o x i c i t y  of n o r m a l  

u r ine .  Tru.m~. l)at/~. ,S'~c., I ,ond(m, 1899, 1, p. ,'~93. 
F o r c h h e i m e r  and S t ewar t .  On t he  t ( )x ic i ty  of t im ur ine .  Am. Jo~rJ,  Mcd. ,S'c., 

t899, exv i i i ,  p. 297. 

"-" B r i e g c r ' s  m e t h o d  (Ueber  P t o m a i n e  and  W c i t e r e  Unte r su ( 'h .  iih. P t o m a i n e ,  Ber l in ,  

1885) is  d e s c r i b e d  in V a a g h a n  and  N o v y ' s  P t o m a i n s ,  L e u e o m a i n s ,  T o x i n s  and  An t i -  
t o x i n s ,  P h i l a d e l p h i a  and  New Y o r k ,  18!16, as we l l  as in o t h e r  w o r k s  t r e a t i n g  of the  

s a m e  s u b j e c t .  The m e t h o d ,  as  f o l l o w e d  by the  w r i t e r ,  was  e s s e n t i a l l y  as f o l l o w s :  

F o u r  l i t r e s  of  u r i n e  were  t r e a t e d  w i t h  lead  a c e t a t e  ( suga r  of lead)  u n t i l  no p ree ip -  
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found to be the best for  extraction of normal urine. The  product  

thus obtained was then injected in a concentrated watery solution 

subcutaneously into white mice in doses varying f rom three to seven 

minims. The following are in br ief  some of the effects of these 

injections: 

1. Mouse injected with 5 minims of extract of 4 L. normal urine. 
Somnolence came on in 10 minutes. In 45 minutes severe spasmodic 
movements appeared. At one time the spasm was general and very vio- 
lent: These symptoms decreased gradually and recovery took place in 
about- 24 hours. 

Seven minims of the same material killed a mouse in .10 minutes, the 
animal dying in violent convulsions. 

2. Seven minims of an extract from another urine killed a mouse in 
16 minutes. Respiration became very irregular, the mouse dying in 
clonic convulsions. 

3. Six and one-half minims of another extract caused spasms in the 
legs. Sometimes the legs would all jerk together, or would be jerked 
separately, first the front legs together, then the hind legs together. 
Respiration was irregular and difficult. There was exophthalmus. The 
symptoms had all disappeared in three hours. 

4. Two litres of urine gave two separate masses after removal of the 
mercury with tt~S, the one soluble in alcohol and the other in water. 
The alcohol was evaporated from the one part and the mass extracted 
several times with more alcohol, which was finally evaporated and the 
residue taken up with water, the slight residue remaining being filtered 
off. Six minims of this produced in 20 minutes deep somnolence and 
dilatation of the external arterioles and capillaries. No other symptoms. 

i t a t e  w a s  f o r m e d .  T h e  p r e c i p i t a t e  w a s  t h e n  f l t e r e d  off  a n d  t h e  f i l t r a t e  c o n c e n t r a t e d  

c a r e f u l l y  t o  a s y r u p .  T h i s  s y r u p  w a s  t h e n  e x t r a c t e d  w i t h  96% a l c o h o l  a n d  the  fil- 

t e r e d  e x t r a c t  w a s  t r e a t e d  w i t h  a n  a l c o h o l i c  s o l u t i o n  o f  t h e  l e a d  a c e t a t e .  A n y  p r e c i p -  

i t a t e  t h a t  f o l l o w e d  w a s  f i l t e r e d  off, a n d  t h e  f i l t r a t e  a g a i n  c o n c e n t r a t e d  a n d  e x t r a c t e d  

w i t h  96~  a l c o h o l .  T h i s  a l c o h o l i c  e x t r a c t  w a s  t h e n  c o n c e n t r a t e d  a g a i n  a n d  t a k e n  u p  

w i t h  w a t e r ,  t h e  l e ad  in  t h e  w a t e r y  s o l u t i o n  b e i n g  r e m o v e d  b y  h y d r o g e n  s u l p h i d e .  

A f t e r  f i l t e r i n g  of f  t h e  p r e c i p i t a t e  o f  P b S  t h e  f i l t r a t e  w a s  a c i d i f i e d  w i t h  h y d r o c h l o r i c  

a c i d  a n d  o n c e  m o r e  c o n c e n t r a t e d  to  a s y r u p  a n d  e x t r a c t e d  w i t h  a l c o h o l .  T o  t h i s  

e x t r a c t  a s a t u r a t e d  a l c o h o l i c  s o l u t i o n  o f  m e r c u r i c  c h l o r i d e  w a s  a d d e d  t i l l  n o  f u r t h e r  

p r e c i p i t a t e  w a s  f o r m e d .  T h i s  p r e c i p i t a t e  w a s  d i s s o l v e d  in a l a r g e  q u a n t i t y  o f  h o t  

w a t e r  a n d  t h e  m e r c u r y  w a s  r e m o v e d  b y  h y d r o g e n  s u l p h i d e .  T h e  w a t e r  w a s  e v a p -  

o r a t e d  a n d  t h e  r e s i d u e  t a k e n  u p  f i n a l l y  in  a l c o h o l ,  w h i c h  w a s  e v a p o r a t e d  w h e n  
m a t e r i a l  in  s o l u t i o n  w a s  to  b e  i n j e c t e d .  
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Six minims of tile original mass soluble in water produced the oppo- 
site condition in the external vessels. In 20 minutes the respiration was 
very weak. In one hour the reflexes were much heightened. These 
conditions lasted about 6 hours. Mouse recovered. 

5. Six minims of extract of 4 L. of urine caused drowsiness only. 
6. Fonr and one-half minims of extract from 4 L. of another sample 

caused twitching in 2} minutes. This developed into severe elonie 
spasms which occurred every few minutes. Respiration was very irregu- 
lar and finally dyspncea became pronounced. The reflexes were greatly 
heightened in 21 minutes, a snap of the finger causing spasm. The 
exophthalmns was extreme. In 25 minutes the reflexes were abolished. 
He died in elonic convulsions 26 minutes after injection. The action 
of this material was much like that of strychnine. 

I t  is apparent, as might be expected, that these urines varied in 

their toxicity. There was likewise variation in the symptoms. The 
nervous system was affected most strongly in nearly every case. 

Respiration was often very irregular and labored. In  one case a 
disturbance of respiration was the only symptom observed. Some- 
times the arterioles of the extremities were dilated; at other times they 

were not. The condition of tile heart and pulse was not observed, 

but it is reasonable to suppose that they were disturbed. 

We particularly desired to ]earn whether these extracts contained 

any mineral matter. To determine this, in each case a quantity of 

the extract equal to that injected was evaporated to dryness. Usually 

a large residue remained. This residue, however, could be easily de- 

stroyed by heat, practically no ash remaining after incineration with 

a Bunsen flame. There was, therefore, no mineral matter  in these 

extracts. Tests for xanthin compounds, it may be stated, gave also 

negative results. 
Evidently we obtained from normal urine a substance, or sub- 

stances, of an organic nature, possessing marked to.xie properties. The 

effects described above could have been due neither to potassimn 

salts nor to any of the organic bodies usually included in the list of 
compounds contained in normal urine. No attempt was made to 

isolate the substance, or substances, that produced the results pre- 

sented, the intention being to undertake that  work at the earliest 

opportunity. 
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