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TARlJ2 11. Data froni 7 Consecutive Dye-Dilution Curves. 
- 
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* Mcan. t Stand. error. 

effect may be seen a t  extreme right end of 
cycle 7 ,  Fig. 2.  However, the descending 
limbs of the curves do not reach base line 
before onset of the following curve due to! 
accumulation of dye in the circulating pool 
and a “tailing off” of curves which seems to 
be associated with a binding of the dye to 
glass surfaces of the densitometer cuvette. 
For these reasons a base line must be con- 
structed for each curve. The point of abrupt 
increase in optical density is determined and a 
base line constructed parallel to the record 
base line (dashed horizolntal lines, Fig. 2 ) .  
The point a t  which the descending limb should 
intersect this base line is determined by plot- 
ting the slope of the descending limb against 
time on semilogarithmic paper (see dashed ex- 
trapolation lines, Fig. 2 )  according to the 
method of Hamilton( 2,3). Areas under the 
curves were measured with a planimeter and 
the calculation of cardiac outputs made by 
the classical Stewart formula. 

Table I1 presents results of calculations 
made on the recolrd shown in Fig. 2. Data on 
several parameters, in addition to cardiac out- 
put, are included for the benefit of those in- 
terested in the more theoretical aspects of in- 
dicator dilution curves. 

Discussion. Under conditions of cardio- 
vascular equilibrium reproducibility of these 
consecutive dye-dilution curves is impressive. 
More so, because it was thought probable that 
mixing of the dye in the left atrium and ven- 
tricle would be incomplete. It seems unlikely 
that results as remarkably consistent as those 
shown in Table I1 could be obtained routinely 
if this is the case. Data from 30 experiments 
indicate that variation of calculated cardiac 
output under conditions of cardiovascular 

equilibrium is no more than t 5% which is 
just about the magnitude of inherent error of 
the instruments used. 

Some precautions are necessary to obtain 
consistent results. Most important is the 
necessity of phasing the dye injection with 
some point in the respiratory cycle, since car- 
diac output may vary as much as 301% during 
the respiratory cycle. In  8 experiments 
cardiac output averaged 20.8% less when the 
dye injection was made during lung inflation 
than when the injection was made during the 
expiratory pause (lung deflated). 

This application of the indicatar-dilution 
principle is made possible, of courseye, by the 
characteristics of the tricarbocyanine dye (4) . 
Its  rapid clearance permits numerous injec- 
tions without reaching a point of olptical 
saturation. Although the disappearance curve 
af the dye is steep, no colrrection has been 
necessary for colntinuous runs of less than 80 
seconds involving a total injection olf about 
9 mg of dye. Light transmission characteris- 
tics of the dye make fluctuations of arterial 
oxygen saturation unimportant and permit 
application of the method to experiments in- 
volving asphyxia or marked respiratory 
changes. 

Since quantitative accuracy of the method 
has not been checked by doming simultaneous 
Fick determinations, i t  is not known how the 
2 determinations would compare. However, 
cardiac outputs as measured by the rapidly 
repeated injection technic are within expected 
ranges and change in the expected direction 
and to the expected degree when conditions 
are changed. 

Sumnzary. Injection of 0.5 mg of a tricar- 
bocyanine dye into the left atrium of anesthe- 
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MetaboI i sm of Aminoni t r i les  and Re la t ed  Compounds by t he  Rat.* (25378) 

L. P. NEKKOW, S. H. LIPTOS, J .  J. LALICII AND F .  ill. STRONG 
Depts. o f  Biorheniistrji nttd P a f  h o l o , q ~ ,  l 'n iaers i ty  of Wisconsin, Madison 

During our studies on metabolism of /3- 
amino-propionitrile (BAPX) ,  the rat lathyr- 
ism factor, considerable variation in severity 
of symptoms was observed among individual 
animals ( 1 ) . The rat eliminated unchanged 
BAPN in the urine and also a metabolite 
identified as cyanoacetic acid (CAA) ( 2 ) .  
Since the latter compound produced none of 
the symptoms of B A P S  toxicity when fed to 
weanling ra t s (3) ,  it  presumably is a detosi- 
fication product. Vsing a method for quanti- 
tative determination of CALL\ ( 4 ) ,  a study has 
been carried out on relationship between efii- 
ciency of conversion of BAPS into urinary 
CAA and severity of skeletal deformities. 
The metabolism of a number of organic ni- 
triles related to BAPN has also been investi- 
gated to determine whether other nitriles are 
likewise detoxified by conversion into CA4. 
A preliminary account of part of the latter 
work has been reported( 5 ) .  

Methods and materials. BAPN was used as 
the crystalline fumaric acid salt ( 2  BAPS 
1 fumaric acid), aminoacetonitrile as the hy- 
drogen sulfate acid salt, and 2,2'-iminodipro- 
pionitrile (IDPX) as the free base.t The 
aminonitrile analogs, 4-aminobutyronitrile hy- 
drochloride (mp 144.5-145.5') and 5-amino- 

* Published with approval of Director of Wisconsin 
Agri. Exp. Station. Supported in part by grants 
from Nat. Inst. Health, P.H.S. 

t These compounds were kindly supplied by Ab- 
bott Labs., North Chicago, Ill. 

valeronitrile hydrochloride (mp 121-122.5') 
were synthesized from corresponding chloro- 
nitriles by procedure of Goldberg and Kelley 
( 6 ) . Analysis of 4-aminobutyronitrile hydro- 
chloride. Calc'd for C4H!,N2Cl: N ,  23.23 ; 
C!, 29.40. Found: N ,  23.50; C1, 29.50. 
Analysis of 5-aminovaleronitrile hydrochlor- 
ide. Calc'd. for C5Hl1N2C1: N, 20.81; C1, 
26.34. Found: N ,  20.84; C1, 26.70. The in- 
termediate 4-phthalimidobutyronitrile melted 
a t  79-81" instead of 65-66' as reported(6) 
and the intermediate S-phthalimidovaleroni- 
trile had mp 77.579". Analysis of 4-phthali- 
midobutyronitrile. Calc'd. for ClaHloOZNZ: 
S, 13.09. Found: N, 13.90. Analysis of 5- 
phthalimidovaleronitrile. Calc'd. for C13H13- 
OZNz: N, 12.27. Found: N ,  12.62. Pro- 
pionitrile, n-butyronitrile, n-valeronitrile, n- 
hesanenitrile, succinonitrile, and CAA were 
Eastman products. Ethylene cyanohydrin 
was furnished by American Cyanamid Co. 
Animal experiments. Sprague-Dawley female 
rats were used for studies of relationship be- 
tween urinary CAA levels and severity of 
skeletal deformities. Older rats weighing 90- 
300 g were used for study of metabolism of 
various organic nitriles related to BAPN. 
The weanling rats (6/group) were fed one of 
3 basal diets which differed only in their pro- 
tein composition (see Table I) .  Test diets 
corresponding to the 3 basals were prepared 
by addition of 3 g of BAPN fumarate to 1 kg 
of diet. Feeding was ad lib. except during 


