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Controlled osteolathyrism, for many 
years a laboratory curiosity, is now emerg- 
ing as a clinical tool of potential importance. 
The successful use of beta-aminopropioni- 
trile (BAPN) in prevention of esophageal 
stricture and in overcoming the restrictive 
effects of peritendinous adhesions in animal 
experiments (1-3) had led to human clinical 
trials. Results with BAPN in treatment of 
patients with urethral stricture3 and tendon 
adhesions indicate that the physical proper- 
ties of scar tissue may be amenable to bio- 
chemical control (4, 5). 

In these preliminary trials, discrepancies 
have been noted between the clinical data 
and the predicted biochemical reactions 
from the dose of BAPN administered. 
These observations have raised questions 
concerning the uptake, metabolism, and ex- 
cretion of BAPN. Information in such areas 
would contribute to safer and more effective 
dosage of BAPN as well as to the interpreta- 
tion of future clinical studies. 

This report describes a method based 
upon thin-layer chromatography (tlc) for 
measurement of BAPN directly in urine and 
body tissues of rats. Because the major me- 
tabolite of BAPN in the rat is cyanoacetic 
acid (CAA) (6), which is nonlathyrogenic 
(7), CAA was measured concurrently by a 
modification of the method of Sievert et al. 
(8). Utilization of [ 14C]nitrile-labeled 
BAPN made it possible to measure the rate 
of conversion of BAPN to CAA by tissue 
homogenates. 

Materials and methods. Beta-aminopro- 
pionitrile fumarate and CAA were pur- 
chased from commercial sources. Plastic 

Supported in part by NIH Grants No. AM 18706 
and No. AM 14047. 

Presented in part at the annual meeting of the 
FSEB, Anaheim, California, April 1976 (Abstr. 
#2606, Fed. Proc. 35, 679, 1976). 

E .  E .  Peacock, Jr. ,  unpublished data. 

precoated silica gel sheets (250 p M )  with- 
out CaSO, binder (Macherey Nagel) and 
ninhydrin aerosol spray4 were purchased 
from Brinkmann Instruments, Westbury, 
New York. [ 14C]Nitrile-labeled BAPN 
(2.03 mCi/mmole) and [2-14C]CAA (55 -5 
mCi/mmole) were obtained from Hoffman- 
LaRoche, Inc., Nutley, N.J.,5 and ICN Iso- 
tope and Nuclear Division, Irvine , Calif., 
respectively. Both gave single radioactive 
peaks by tlc. 

Female Sprague-Dawley rats weighing 
200-250 g were used in groups of three for 
the in vivo studies. BAPN was diluted in 
sterile saline and injected ip at 400 mg/kg 
into one group. Diuresis was produced in a 
second group by administering 15 ml of sa- 
line sc prior to ip injection of BAPN. A 
third group was injected ip with 456 mg/kg 
of CAA (equivalent to BAPN dosage). Ur- 
ine was collected under toluene at 2 , 3 , 4 , 6 ,  
12, and 48 hr, the volume was recorded, 
and the sample frozen at -20" until ana- 
lyzed for BAPN and CAA. 

Tlc of BA PN in urine. Urine samples were 
centrifuged and an aliquot of the superna- 
tant from samples collected at 2, 3, 4, and 6 
hr was diluted 1 : l O  with 80% ethanol. The 
12-hr sample was diluted 1:5 with 100% 
ethanol. The 24- and 48-hr samples were 
not diluted. Two-microliter aliquots of all of 
the samples except the 48-hr sample were 
spotted on a tlc plate. The 48-hr sample 
required a 1 0-pl aliquot for assay. A BAPN 
standard in 80% ethanol (100 pg/ml) and 
control urine taken prior to administration 
of BAPN were cochromatographed. The tlc 
plate was developed in acetone, 1 M 
NH40H (9:l) for 10 cm, removed, dried in 

Ninhydrin aerosol spray (0.1% in isopropanol) 
from E. Merck (Catalog no. 6758). 

r, We are grateful to Hoffmann-LaRoche, Inc., of 
Nutley, N.J. ,  for a supply of ['4C]nitrile-labeled 
BAPN. 
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air, then heated at 90-100" for 30 min. The 
plate was sprayed with ninhydrin aerosol 
and reheated for 8-10 min at 90-100". The 
violet spots corresponding to an Rf of 0.6 
were scanned with a Beckman R-1 10 Micro- 
zone Densitometer after cutting the tlc plate 
into suitable strips. The tracings were cut 
out, weighed on an analytical balance, and 
the BAPN in the urine sample calculated 
utilizing the formula: 

experimental trace (mg) 
standard trace (mg) 

X BAPN standard spotted (pg) 

X dilution factor 

vol of urine (ml) 
X 

vol spotted (ml x ' 

CAA in Urine. Aliquots (0.1 ml) of cen- 
trifuged urine corresponding to the samples 
used in the BAPN study were diluted to 1 .O 
ml with H 2 0 .  Sixty percent H,SO, (0.2 ml) 
was added, followed by 10 ml of ethyl ace- 
tate (EA) saturated with H,O. Samples 
were extracted for 10 min on a mechanical 
shaker, centrifuged at 2000 rpm for 5 min, 
and 5 ml of supernatant was transferred to 
graduated tubes containing 0.5 ml of 0.1 M 
acetate buffer at pH 5.0. The contents were 
shaken and the ethyl acetate evaporated un- 
der N, at 55-65". All samples were brought 
to 10 ml with H,O. Control specimens of 
urine with and without 100 pug of CAA were 
run concurrently as a standard and specimen 
blank, respectively. Aliquots of the final 10- 
ml dilution ranging from 0.1 to 1 .O ml were 
analyzed colorimetrically as described by 
Sievert et al. (7). The maximum optical den- 
sity obtained against a water reference at 
490 nm and corrected for the specimen 
blank was used to calculate the CAA con- 
tent in the experimental urines according to 
the following formula: 

O D  of experimental 
OD of standard 

x standard (pg) 

10 ml 
aliquot for colorimetry (ml) 

EA aliquoted (ml) 0.1 ml 

X 

10 ml urine vol (ml) 
X X 

Characterization of the radioactivity in rat 

liver and brain after injection of [14C]BAPN. 
Determination of CAA . In a preliminary ex- 
periment, the partition coefficient of 
[ 14C]BAPN and [14C]CAA was separately 
determined in 0.01 M unlabeled BAPN and 
CAA, respectively. The solutions were acid- 
ified with H2S04 as in the previous determi- 
nation. Ten volumes of diethyl ether previ- 
ously saturated with H 2 0  were added and 
the mixture agitated for 10 min. After cen- 
trifugation, aliquots of the ether layer were 
added to scintillation vials containing 1 ml 
of 0.01 M BAPN and CAA in H 2 0 ,  and the 
ether was evaporated by an air current. 
Only 1 5 0.2% (SD) of the radioactivity 
from [14C]BAPN was found in the ether 
layer, while 80.0 2 0.6% (SD) of the 
[14C]CAA (six trials) was extracted by 
ether. Similar recoveries were obtained in 
the presence of liver and brain tissue as 
described below. 

BAPN (8.3 mg) containing 4.95 pCi of 
[l,C]BAPN was injected iv into each of 
three rats. After 24 hr, the animals were 
sacrificed and the brain and liver were re- 
moved, blotted, and weighed. Tissue was 
stored at -20". Thirty percent homogenates 
were prepared in 0.01 M CaC1,. Two-tenths 
milliliter of liver and 0.5 ml of brain homog- 
enate received 0.1 ml of 1% Triton X-100 
in 0.01 M CaCl, and were brought to 1 .O ml 
with the CaCl, solution. After incubating 
for 1 hr at 37" to allow the Triton X-100 to 
further solubilize the tissue, the CAA pres- 
ent in the tissue was estimated by ether 
extraction. The radioactivity ascribable to 
I4CAA in disintegrations per minute per 
gram of tissue was calculated by the follow- 
ing formula: 

net cpm 
~~ 

counting efficiency 

10 ml 
vol of ether aliquoted 

X 

x partition ratio 

1000 mg 
wt of tissue (mg) ' 

X 

The nanomoles of CAA/g equivalent to the 
dpm/g were calculated from the specific ac- 
tivity of the [14C]BAPN administered. 

Test for BAPN in brain tksue. One-milli- 
liter aliquots of the 30% homogenates of 
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brain tissue were added to 4 ml of ice-cold 
ethanol. After 30 min in ice, samples were 
centrifuged at 2000 rpm for 10 min. Four- 
and-five-tenths milliliters of supernatant 
was reduced to less than 1.0 ml by drying 
under N2 at 60-70". All samples were ad- 
justed to 1 .O ml with 80% ethanol. Aliquots 
(0.9 ml) were transferred to microvials and 
again evaporated to dryness under N, at 60- 
70". The residues were suspended in 50 pl  
of 80% ethanol on a Vortex mixer. Radio- 
activity was measured by counting a 5-pl 
aliquot in 1 ml of H 2 0  containing 0.01 M 
unlabeled BAPN and CAA as carrier. Unla- 
beled BAPN was added to the remaining 45 
p1 of the experimental samples to provide 
0.5 pg of BAPN per 10-p1 aliquot of sample 
spotted on the tlc plate. A BAPN standard 
(0.5 pg) in 80% ethanol was spotted also. A 
tissue control from a rat not injected with 
[14C]BAPN but receiving a radioactive spike 
in vitro was cochromatographed. All spots 
corresponding to an R f  of 0.6 were scraped 
into scintillation vials; 1 ml of carrier BAPN 
was added and the samples counted. 

Conversion of BAPN to C A A  in vitro. 
[14C]BAPN was added to sufficient carrier 
BAPN so that 2 p M  contained 5 X lo5 
dpm. Labeled BAPN (20 pl) was added to 
0.16 ml of 0.2 M phosphate buffer (pH 7.4) 
to yield concentrations of BAPN in the 
range of 2.5 to 40 mM. Next, 20 pl of 
freshly prepared 5% rat liver homogenate 
was added to the experimental samples. The 
same volume of boiled homogenate was 
added as a control for each BAPN concen- 
tration. A blank containing tissue alone (no 
BAPN) and tissue containing [14C]CAA to 
evaluate the recovery of the metabolite 
were also analyzed. All samples were 
flushed with 0, for 15 sec, and screw caps 
were tightened on the centrifuge tubes con- 
taining the samples. Samples were incu- 
bated at 37" for 30 min and 0.2 ml of 2 N 
HCl added to terminate the reaction. One- 
tenth milliliter of carrier CAA was added to 
0.01 M concentration, followed by 5 ml of 
diethyl ether equilibrated with 1 N HCl. 
Tubes were agitated mechanically for 10 
min, centrifuged, and 4-ml aliquots of the 
ether layer transferred to scintillation vials 
containing 1.0 ml of 0.01 M CAA. Ether 
was evaporated with an air stream at am- 
bient temperature, 10 ml of aquasol was 

added, and the samples were counted. Ra- 
dioactivity was converted to pM of CAA/g/ 
hr by use of the specific activity value for the 
[14C]BAPN added. 

Results. Recovery of BAPN in rat urine. 
Figure 1 shows mean values for unchanged 
BAPN in the urine of three rats for 48 hr 
following an ip injection of 400 mg/kg of 
BAPN. Saline diuresis in the second group 
of rats produces earlier and more rapid ex- 
cretion of urinary BAPN. The diuresed rats 
also excreted more BAPN in 24 hr than 
those not receiving diuresis; both groups 
showed negligible excretion of unchanged 
BAPN thereafter. 

Recovery of C A A  in the urine of rats given 
400 rnglkg of BAPN or the equivalent dose 
of C A A  directly. Mean values for CAA in 
urine of rats undergoing saline diuresis and 
treated with BAPN were compared with the 
urinary CAA found in similarly diuresed 
animals given the equivalent dose of CAA 
(456 mg/kg ip) (Fig. 2). Direct injection of 
CAA is followed by rapid and almost com- 
plete excretion of the compound within 48 
hr. Almost 60% of directly injected CAA 
could be recovered contrasted to 2% recov- 
ery of BAPN-derived CAA in urine 6 hr 
following ip injection. Thereafter, urinary 
CAA excretion in animals given BAPN in- 
creased gradually over 48 hr to approxi- 
mately 22% of the dose administered. 

Recovery of C A A  porn rat liver and bruin 
afier injection of [14C] BAPN.  The partition 
study described in the Methods section 
showed 99% of [14C]BAPN remained in the 
aqueous phase after extraction with diethyl 
ether; 80% of [14C]CAA was extracted by 
ether under identical conditions. Radioac- 
tivity recovered by ether from rat brain and 

d 

2 4 6 8 10 12 24 48 

Time After Injection (Hours) 

FIG. 1 .  Recovery of BAPN from rat urine. BAPN, 
400 mg/kg, was injected into two groups of three rats 
each. One group received 15 ml of saline sc concurrent 
with BAPN dosage. The curves represent mean recov- 
eries from each group. 
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FIG. 2. Cyanoacetic acid in rat urine after injection 
of BAPN or cyanoacetic acid (CAA). BAPN, 400 mg/ 
kg, or CAA, 456 mg/kg (dosage equivalent to BAPN), 
was injected ip into two groups of three rats given 15 ml 
of saline sc concurrent with drug dosage. The histo- 
grams represent mean recoveries from each group. 

liver in animals injected with [14C]BAPN 
and sacrificed 24 hr later is therefore taken 
as [14C]CAA (Table I) .  

When the aqueous phase remaining from 
the experimental samples of rat liver was 
extracted with ether a second time, 80% of 
the radioactivity again distributed itself into 
the ether phase, suggesting that the BAPN- 
derived radioactivity remaining in the 
aqueous phase after the first extraction was 
also CAA. 

Tlc for BAPN in brain tissue afrer iv injec- 
tion of [14C]BAPN into rats. An aliquot of 
tissue homogenate prepared from brains of 
rats sacrificed 24 hr after iv injection with 
[14C]BAPN was analyzed for BAPN as de- 
scribed. Calculations from Table I1 show 
that 76% of the radioactivity added as 
[14C]BAPN to the control and measured 
prior to chromatography could be recovered 
from the spot corresponding to BAPN (I?, = 
0.6) after chromatography. Experimental 
tissues yielded no radioactivity in the corre- 
sponding spots from the unlabeled carrier 
BAPN added (Table 11). 

Conversion of [14C]BAPN to CAA by rat 
liver hornogenate in vitro. Conversion of 
[ 14C]BAPN to [ 14C]CAA appears approxi- 
mately linear in the range of 2.5 to 10 mM 
inclusive of [14C]BAPN added (Table 111). 
The data indicate that a small percentage of 
BAPN added was changed to CAA. Table 
I11 also shows that under the conditions of 

this experiment addition of a starting con- 
centration of 40 mM BAPN resulted in for- 
mation of a lesser amount of CAA than that 
obtained from a 30 mM BAPN concentra- 
tion. 

Discussion. Results of these experiments 
indicate that active half life of BAPN, ad- 
ministered to rats as a single ip dose, is 
short. Urinary excretion of unchanged 
BAPN began shortly after injection and a p  
proached maximum within 12 hr at which 
time approximately 33% of the adminis- 
tered dose was excreted (Fig. 1). This effect 
was exaggerated by saline diuresis, presum- 
ably by increasing renal excretion before 
BAPN could be deposited in tissues. Negli- 
gible BAPN was recovered in urine after 24 
hr in both nondiuresed and diuresed rats 
(Fig. 1). The radioactivity in rat brain and 

TABLE I. RECOVERY OF CAA FROM RAT LIVER 
A N D  BRAIN AFTER INTRAVENOUS INJECTION OF 

[14C]BAPN." 

[14C]CAA Re- 
Tissue coveredb 

Control (no 17 

Experimental: A 14,062 
B 8,872 
C 10,453 

Control (no 15 

Experimental: A 7,894 
B 6,733 
C 7,198 

A. Liver 

BAPN) 

B. Brain 

BAPN) 

CAA Re- 
covered 

(nmoles/g) 

152 
96 

113 

85 
73 
78 

8.3 mg of BAPN containing 4.95 pCi were in- 

Corrected for 95% recovery of [14C]CAA added to 
jected. 24 x lo3 nmole = 1 pCi (2.22 X lo6 dpm). 

liver tissue from control rats (no BAPN). 

TABLE 11. EFFECT OF TLC ON THE RADIOACTIVITY 
IN BRAIN HOMOGENATES OF RATS INJECTED WITH 

[14C]BAPN." 

Radioactivity (dpm/g) 

Sample Before tlc After tlc 
Control + [I4C]BAPNb 1925 1472 

Rat no. 2 4822 0 
Rat no. 3 7002 0 

Experimental, Rat no. 1 7105 0 

8.3 mg of BAPN + [14C]BAPN (4.95 pCi) were 
injected and the animal sacrificed 24 h later. 

Control brain homogenate received 3360 dpm of 
[ 14C]BAPN and was analyzed and cochromatographed 
along with the experimental brain tissues. 
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TABLE 111. CONVERSION OF [I4C]BAPN TO CAA 
BY RAT LIVER HOMOGENATE~ in v i m .  

Sam- 
ple 

[14ccl 
BAPN" 
Initial 

["C] concen- 
CAAb tration 
(dpm) (M) 
- - 

5875 - 
2.5 
5 .O 

- 10.0 
- 20 .o 
- 30.0 
- 40 .O 

- 
- 

Ether 
layer (A- 

B) PM 
(dpm) CAA/g/hr 

15 - 
4870 - 

140 1.12 
296 2.37 
570 4.56 
702 5.62 
992 7.94 
886 7.09 

a Twenty microliters of fresh (A) or boiled (B) 5% 
rat liver homogenate equivalent to 1 mg of tissue was 
incubated with the concentrations of [I4C]BAPN listed 
at 37" for 30 min in 0.2 ml of 0.2 M phosphate buffer. 

I, The partition ratio of 4870 dpm in the ether layer 
from the 5875 dpm added as [14C]CAA provided a 
correction factor for the dpm obtained with experimen- 
tal samples. 

" 5 X lo5 dpm of [14C]BAPN = 2 pmole of the 
compound. 

liver in animals sacrificed 24 hr after injec- 
tion of [14C]BAPN appeared to be exclu- 
sively nonlathyrogenic [ 14C]CAA (Tables I 
and 11). Although based on a limited num- 
ber of animals, the observations in the urine 
and tissues suggest that concentrations of 
BAPN could have diminished within 24 hr 
to levels that were not pharmacologically 
effective. 

Excretion of BAPN-derived CAA in the 
urine occurred over a longer time course, 
appearing several hours after injection and 
increasing slowly and gradually throughout 
the 48-hr study period (Fig. 2). An equiva- 
lent dose of CAA was promptly excreted 
(Fig. 2). Because the pK of CAA is 2.45 
(9), at physiological pH, directly injected 
CAA would exist as a polar anion suscepti- 
ble to glomerular filtration (10). The rapid 
excretion of directly injected CAA (Fig. 2) 
is consistent with this mechanism. Slower 
excretion of BAPN-derived CAA supports 
the hypothesis that unexcreted BAPN is se- 
questered in tissues where it is stored and 
subsequently metabolised to CAA before 
being slowly released. This hypothesis is 
strengthened further by the finding that 24 
hr after an injection of isotopically labeled 
BAPN virtually all radioactivity extracted 
from rat brain and liver was present as 

[14C]CAA (Tables I and 11). Similar findings 
were reported by Waddel et al. (1 1). 

The work of Haney et al. (12) also points 
to the transient existence of the biological 
activity of BAPN in vivo. Single daily doses 
of BAPN (23 mg/kg) for 10 days did not 
inhibit totally collagen cross-linking because 
an additive effect was obtained by adminis- 
tering D-penicillamine . These data suggest 
that renewed lysyl oxidase activity (13) and 
collagen cross-linking had time to occur be- 
tween BAPN doses. 

The teratological properties of BAPN 
(14, 15) in the rat show similar pharmacoki- 
netic limitations. Pratt and King (15) dem- 
onstrated a close correlation between cleft 
palate induction and inhibition of collagen 
cross-linking when BAPN was administered 
to pregnant rats on Day 15 of gestation but 
not on Day 14. Our data (Fig. 1; Table 11) 
are in accord with the notion that BAPN 
may decrease in both maternal and fetal 
tissues within 24 hr following dosage on Day 
14 to levels below those required to produce 
this abnormality in the fetus. 

Although the major location, rate, and 
mechanism of BAPN degradation are not 
known, the in situ conversion of retained 
BAPN to CAA strongly suggests a meta- 
bolic system presumably including mono- 
amine oxidase found in a number of tissues. 
Data reported in this paper substantiate the 
relatively slow kinetics of this system in the 
rat (Table 111). Earlier findings of Sievert et 
al. (8) also show enzymatic conversion of 
BAPN to CAA in vitro by rat liver homoge- 
nate to occur more slowly than with similar 
preparations from seven other species. In 
the radiometric assay, with [14C]BAPN 
made to contain 2.5 x lo5 cpm/pm the 
enzyme activity of 1 mg of rat liver homoge- 
nate could be readily measured and the per- 
centage conversion of BAPN to CAA was 
extremely small (Table 111). Such observa- 
tions are in agreement with the small con- 
version of BAPN to CAA noted in isolated 
rat livers profused with BAPN.6 It is of 
interest that an initial concentration of 40 
mM BAPN added as substrate to rat liver 
homogenate (Table 111) showed inhibition 
analogous to that reported by Page and 

J .  H .  Fleisher, K. Brendel, M. Chvapil, and E. E. 
Peacock, Jr. ,  submitted for publication. 
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Benditt (16) with pig plasma amine oxidase 
and kynuramine as substrate. 

Because oxidative deamination appears 
to be the rate-limiting step in the ultimate 
metabolic disposition of BAPN in rats, un- 
predicted dose-response patterns following 
chronic administration of BAPN may be 
due to “overloading” of the degradative 
pathway, with storage of active BAPN and 
prolongation of lathyritic effect. Such data 
may explain prolonged elevation of collagen 
a:B ratios observed by Bentley et a f .  (17) 
after 17 days of BAPN administration. In- 
terference with drug degradation by a spe- 
cific monoamine oxidase inhibitor also 
might be expected to enhance osteolathyri- 
tic effect of BAPN in the rat (1  8). 

As yet, detailed studies of BAPN metabo- 
lism in man have not been carried out. How- 
ever, amine oxidase systems demonstrate 
enormous species variability in kine tics, 
substrate specificity. and cofactor require- 
ments. In  addition, the potential role of 
plasma amine oxidase, present in man but 
not in the rat, has not been explored with 
respect to BAPN metabolism. Further stud- 
ies will be necessary to delineate the phar- 
macologic parameters for controlled lathy- 
rism in humans. 

Summary. Enzymatic conversion of the 
lathyrogen, P-aminopropionitrile (BAPN) 
to the deaminated, nonlathyrogenic metab- 
olite, cyanoacetic acid (CAA) by rat liver 
homogenates was found to be less than 1 % .  
Urine of rats injected with 400 mg/kg of 
BAPN ip contained 32% unchanged BAPN 
in 24 hr, with negligible recovery thereafter. 
BAPN-derived CAA showed 12 and 22% 
recovery in the urine in 24 and 48 hr, re- 
spectively. These data suggest that signifi- 
cant amounts of unchanged BAPN may not 
exist in rat tissues after 24 hr, and that 
BAPN-derived CAA in such tissues is grad- 

ually excreted. The observation that radio- 
activity in rat brain and liver 24 hr after 
[‘TIBAPN injection is present exclusively 
as [ ‘TICAA supports this interpretation. 
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