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MetaboI i sm of Aminoni t r i les  and Re la t ed  Compounds by t he  Rat.* (25378) 
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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 
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TABLE I. Basal Diet A.% 

Ingredient Amt 

Casein (Borden’s), ( vitamin-f ree ’ ’ 120 g 
Cerelose (dextrose) 780 ” 
Corn oil 
Salts (Wesson’s) 
Chsline chloride 
DL-Methionine 
L-Cystine 
Thiamine HC1 
R,iboflavin 
Pyridoxine HC1 
Calcium pantothenate 
Nicotinic acid 
i-Inositol 
Biotin 
PoLic acid 
Menaclione 

60 ” 
40 ” 
1 ” 
1 ” 
1 ” 

25 ing 
3 ” 

25 ” 

20 ” 

10 ” 

10 ” 

.5 ” 

2 ” 

10 ” 

Vitamin A acetate 6000 I U  

a-Tocopherol 100 mg 

* Basal diets A, B, and C were alike except that 
diet B had crude instead of “vitamin-free” cascin, 
and diet C had 240 g crude casein and 660 g cere- 
lose. All minor components mere mixed into the 
dry mixture, except for fat-soluble vitamins ~vhieli 
were blcmded into corn oil before mixing with dry 
i 11 gr edien t s. 

” D 60 ” 

-_- 

collection of urine. Older rats were main- 
tained on commercial Purina pellet diet. Xi- 
triles were injected into these animals intra- 
peritoneally as neutral aqueous solutions or 
suspensions of 1-2 ml volume, equivalent to 
dose of 20-50 mg/rat. For collection of urine 
rats were placed for 18 hours in wire metabo- 
lism cages over large glass funnels. A glass 
baffle a t  funnel outlet and over the bottle re- 
ceiving urine, deflected the solid feces and 
thus minimized contamination. Urine was 
collected from weanling rats after they had 
been kept on control or test diets for 5 weeks. 
In rats to which organic nitriles were admin- 
istered, urine collection was made immedi- 
ately following injection of the chemical be- 
ing studied. During collection period the 
animals were given water ad lib. but no food. 
At end of collection period the funnels were 
rinsed with a few ml of water, and the com- 
bined urine and wash water filtered through 
glass wool. The slightly diluted urine sam- 
ples so obtained were then examined for CAA 
content either by the quantitative method(4), 
or qualitatively by chromatographing on pa- 
per as previously described(2). In  the latter 
case duplicate chromatograms were sometimes 

prepared and sprayed with 0.1% ferric chlor- 
ide, 3% hydrogen peroxide reagent to detect 
thiocyanate ( 7 )  . Colorimetric assay for CAA 
of urine from rat receiving radioactive B A P N .  
Urine was collected from a rat injected with 
C1*-cyano labeled BAPN ( 2 ) .  Parallel radio- 
activity and CAA measurements were carried 
out on an ethyl acetate extract of acidified 
urine. By the colorimetric assay a value of 
2.50 pM of CAA/ml of urine was found. 
Calculations based on radioactivity of the 
extract and the known specific activity of ad- 
ministered BAFN showed that 2.63 pM of 
CAA could have been present. The close agree- 
ment indicated that the ethyl acetate extract of 
acidified urine contained radioactivity mainly 
in the form of CAA. Analysis of urine for 
CAA.  A 1 ml volume of urine, acidified with 
0.1 ml of 1:l  (v/v) sulfuric acid:water, was 
extracted 6 times with 2 ml portions of ethyl 
acetate in 6” test tube or 15 ml centrifuge 
tube. After separation of layers by settling 
or centrifuging, the ethyl acetate layer was 
withdrawn using a glass tube with drawn-out 
capillary tip. The combined ethyl acetate 
extracts were washed twice with 0.2 ml of 
water, then evaporated to dryness in 25 ml 
beaker in the draft of laboratory hood. The 
residue was dissolved in a small measured vol- 
ume of distilled water and used for quantita- 
tive colorimetric determination of CAA as 
previously described (4) . Determination of 
skeletal deformities. Animals on BAPN and 
basal diets were examined for skeletal de- 
formities by manual palpation, primariIy 
noting the everted sterna. Estimations of 
severity of deformities were expressed numeri- 
cally as follows: normal, 0;  minimal, 1; mod- 
erate, 2; severe, 3 .  Rats with grade 0, 1, or 
3 sternal deformities were selected from dif- 
ferent groups for urine collection and urinary 
CAA analysis. At termination of experiment, 
postmortem examinations were performed on 
all animals and deformity ratings as estimated 
on living animals were verified or modified, by 
visual inspection of skeletal structures. 

Results. Urinary CAA and its relationship 
to severity of skeletal deformities. In  Table 
I1 results on relationship between quantity of 
urinary CAA and severity of bony deformities 
in rat lathyrism are presented. Urinary CAA 
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values are given as total amount escreted in 
18 hours. Tn urines from normal rats on 
basal diets A, B and C ,  not receiving BL4PS.  
the observed absorbancy values were calcu- 
lated as “apparent CAA,” and varied from 
0.08 to 0.24 mg, 18 hour urine sample. Since 
examination of extracts of such normal rat 
urines on paper chromatograms failed to indi- 
cate presence of CAA, these values represent 
interfering substances. CA4A values of test 
urine samples were not corrected for this 
“apparent CAA.” 

Range of CAA excretion values for rats 
with minimal (grade 1) bony deformities was 
0.91 to 1.18 mg on the 120L protein diets and 
1.70-2.38 mg on 24% protein diet. For rat5 
with maximal (grade 3 )  osseous changes. oh- 
served in these experiments on the 1 2  ?$ casein 
diets, urinary CAA excretions were definitely 
lower, being 0.62-0.76 in all cases except one 
which was 0.31 mg. Animals with moderate 
(grade 2 )  bony changes were not studied. 

The  higher urinary CAA excretion by rats 
with minimal osseous deformities suggests 
that these animals were better able to detoxify 
BAPN by converting it into CA4A. -4 yuanti- 
tative study of urinary excretion of BAI’N by 
rats having symptoms of varying severity 
would be an interesting supplement to this 

work. The higher C‘AA excretion of rats on 
24F as compared with 12% casein diet, and 
the associated reduction of severity of the 
symptoms, support the previous observations 
of Dasler(8) that high levels of casein exert 
a protective effect. 

Excretion of CA.4 following administration 
of organic nitriles. Tables I11 and TI7 present 
data on urinary C14A excretion following in- 
traperitoneal injection of various organic ni- 
triles related to BAPX. The qualitative re- 
sults of Table TIT were obtained by chromato- 
graphing ethyl acetate extracts of the various 
urines on paper ( 2 ) .  Nitriles, besides BAPN, 
which were thus found to give rise to CAA 
iiz zlivo included IDPN, ethylene cyanohydrin, 
succinoni t rile, 5 -aminovaleroni trile, and n- 
\deronitrile. Traces of CAA were also de- 
tected in urines of some animals which re- 
ceived n-hexanenitrile and 4-aminobutyroni- 
trile, although previously CAA was not 
observed following injection of the latter ( 5 ) .  

Quantitative determinations in Table IV 
were made subsequently to confirm and ex- 
tend the qualitative results. As emphasized 
above, interfering substances in normal rat 
urine result in a blank, “apparent CAA” 
value, the approximate magnitude of which 
may be judged from data on control rats. 
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Another source of error was inefficiency of ex- 
traction procedure as applied to urine. Deter- 
minations of recovery of 50 pg quantities of 
CAA added to 1 ml of normal rat urine indi- 
cated that only 75% of the CAA was recov- 
ered. These 2 errors would tend to counter- 
balance each other to some extent, but no 
effort has been made to apply any correction 
factor to values shown in Table IV. 

of administered ni- 
trile, urinary CAA values following injection 
of BAPK and I D P N  were 11.1 and 15.2, re- 
spectively. The excreted CAA resulting from 
4 to 6 carbon alkyl- and amino-nitriles ac- 
counted for 276 or less of administered ni- 
triles. Although CAA apparently represents 

Expressed as mole 

only a minor metabolic product of 4 to 6 
carbon nitriles related to BAPN, its appear- 
ance in urine demonstrates that both amino- 
and alkyl-nitriles undergo some degradation 
from the end of the molecule opposite the 
cyano group. 

Early studies on nitrile metabolism have 
emphasized direct attack on the nitrile group 
(9)  with conversion either to a carboxyl 
group, or to thiocyanate. Although we ob- 
served traces of thiocyanate (Rf ca 0.25 in a 
butano1:acetic acid:water system, 4: 1: 1 by 
volume) in all rat urines, including normals, 
no marked increase appeared on chromato- 
grams corresponding to any particular nitrile. 
The major form of excretion of most of the 

TABTIE 1 V. Qu:tutitativp Ikterntiita tiori of Nitrile Excreted in Vrine as Cyanoacetic Acid by 

E’raction Intensity of 

Dosage Wt  of anj- CAA” ( p u M  as CAA on chrornato- 

the Rat. 
- 

Urinary recovered CAA zone 

Cornpound (pM/aiiimal) ma1 (g) after 18 Etr) (mole %) avg grams 

BAPN 830 
4-Amiiiobixtyroriitrile H(’1 250 
5-hniinovalcroni trilr HC1 2x0 
N-Butyronitrile 300 
N-Vderonit rile 245 
N- 11 e xa neiii t ri le 205 
J U P S  160 
None (control)  (J 

93, 105 
89, 91 
96, 96 

153, 162 
148, 146 
144, ” 

135, 144 
128, I64  

51.8 
2.9 
4.4 
1.1 

’7.4, 11.9 
2.0, 3.5 

51.1,47.3 
.9, 3.8 

11.2 +++ 
1.0 + 
2.0 + 

15.4 +++ 

- .58 

.I 8 

.67 

- 

- 

_. 

Corrcetjon for apparent CAR of normal nit uriiie Itas not been made. Where one figure is 
* en it reprcscnts avg of 2 vnhies in  C ~ S P  agreement. I n  other cascs, the 2 valucs represent in- 

rminntioits were made on pooled urine from 
0x1 v:rliics are tot,;rls for both animals. 

ritluttl tlrtrrminatioiis. In c;wh casc, h o ~ ~ c v  
1 2 rats useil for  each ~onipouncl, and  (7’4 h 
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nitriles is not disclosed by present studies. 
Unchanged nitriles and ct,-carboxy-nitriles 
which have undergone no degradation of the 
carbon chain may represent the major types 
of urinary excretion products. Identification 
of a-cyanopropionic acid and unchanged 2-  
cpanopropylamine as urinary excretion prod- 
ucts of 2-cyanopropylamine have been re- 
ported ( 10) . 

S u m n z n ~ ~ t .  1. ,4niong weanling rats re- 
ceiving 0.3 7; dietary BAPN fumarate those 
showing less severe skeletal deformities tended 
to excrete relatively larger amounts of cyano- 
acetic acid (CAA) in urine, and vice versa. 
Increasing dietary casein level from 12 to 
24% resulted in less severe skeletal lesions 
and higher urinary CAA4 excretion for a given 
dosage of BAPN. 2. Appreciable urinary 
excretion of C-44A followed injection of the 
following organic nitriles into rats: Z,Z’-imino- 
dipropionitrile ( I U P S )  , ethylene cyanoh\,- 
drin, succinonitrile, 5 -aminovaleroni trile, and 
n-valeronitrile. Traces of VAL\ resulted from 

injection of n-hexanenitrile and 4-amino- 
butyronitrile. 
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Development of Resistance by Cell Cultures to Photodynamic Action. 
(25379) 

ALICE 11. GOCHENOUR AND SAMUEL KAKON (Introduced by Geolrge A. Hottle) 
C.  S.  Department of H.E.T.V., P.H.S., S . I . H  , Ilivi,ion of Biologics Standards, Bethesda, M d .  

During studies of poliovirus by plaque as- 
say technic( 1) it was observed that the upper- 
most layer of monkey kidney (ME;) culture 
would frequently degenerate within 48 hours 
after application of overlay medium. The 
present study was undertaken to determine 
which factors controlled this cell degeneration. 

Materials and methods.  Cell cultures. 
Monolayer cultures of ME; ( 2  ’) in 2 02. bottles 
were grown in Medium 199 containing 27; 
calf serum.* Media .  Four preparations of 
Medium 199(3) were employed in these es- 
periments-Medium 199 containing no dye, 
Medium 199 containing 1 :400.000 phenol red. 
plaque Medium 199 containing no dye. and 
plaque AIediuni 199 containing 1 : 50.000 neu- 

*The  cultures were prepared by the cell culture 
laboratory of Division of Biologics Standards, N.I.H. 
under supervision of Dr. Paul Gerber. 

tral red. Light source. In  most experiments 
a fluorescent desk lamp containing two 15 
watt daylight-type tubes was placed 9 inches 
above the cell cultures. Light intensities were 
measured by a Weston light meter model 715. 
Extraction of neutyal red f r o m  cells. MK cul- 
tures in 2 02. bottles were fed 5 ml fluid Me- 
dium 199 containing 1 : 50,000 neutral red and 
incubated in the dark a t  36°C for 48 hours. 
Each culture was rinsed 3 times with BSS, 
placed in contact with 1.0 ml of 2-fold concen- 
trated JIedium 199, frozen and thawed twice 
and incubated at 36°C for 4 hours. Cell de- 
bris was remoived by low speed centrifugation 
and the clarified plaque medium mixed with 
agar before application to fresh cultures. 

Resul ts .  To determine whether degenera- 
tion of the uppermost layer of MK cultures 
resulted from overheating of top bottles by 


