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Abstract-Significant increases in the concentrations of b-aminoisobutyric acid and /Galanine in the 
urine of patients under D-cycloserine treatment for tuberculosis were found during a study of biochemi- 
cal changes caused by surgical operation. /GAlanine increased in all cases on the administration of 
cycloserine at a clinical dose. /%Aminoisobutyric acid excretion was increased by cycloserine treatment 
only in the genetic low excretors of this amino acid. but not in the high excretors who lack the 
degradative enzyme. D-P-aminoisobutyrate:pyruvate aminotransferase. Injection of cycloserine increased 
the concentrations of the amino acids in the liver of rats, and inhibited strongly D-b-aminoisobutyrate: 
pyruvate and b-alanine:x-ketoglutarate aminotransferases. The increase in the amino acids and the 
enzyme inhibition occurred after D-cycloserine disappeared from the liver, The inhibition was not 
caused by D-cycloserine itself, but by its metabolite, D-aminoxyalanine, which was isolated and identified 
from urine of rats after injection of o-cycloserine. The toxicity of D-aminoxyalanine was also determined 
using mice, and the relation with clinical toxic effects of D-cycloserine is discussed. 

D-/$Aminoisobutyric acid (D-BAIB) and /Galanine are 
metabolites of thymine and uracil. respectively. The 
concentrations of these amino acids rise in general 
after surgical operation regardless of the organ in- 
volved or type of operation [l]. This was not ob- 
served after surgery on patients with tuberculosis. It 
was found that patients with tuberculosis under treat- 
ment with cycloserine excrete higher concentrations 
of the amino acids in urine and that the concent- 
rations fall for a few days after the operation during 
which period the drug was withdrawn. It was estab- 
lished that D-cycloserine is metabolized to D-p- 
aminoxyalanine which inhibits D-BAIB:pyruvate 
aminotransferase and p-alanine : x-ketoglutarate 
aminotransferase effectively in ciao. 

METHODS AND MATERIALS 

Determination bf BAIB and fl-alanine in urine and 
rat her. Urine or a trichloroacetic acid extract of 
liver was desalted using ion exchange resin and was 
subjected to high voltage electrophoresis. Amino 
acids were stained by ninhydrin reaction; coloured 
bands corresponding to BAIB and p-alanine were 
extracted and their optical densities were measured 
by the method of Yanai et al. [2] and Takao et al. 
[3], respectively. 

Determination qfcycloserine in rat liver. Cycloserine 
was determined as BAIB. It was extracted from the 
liver with trichloroacetic acid. The extract was de- 
salted and subjected to high voltage electrophoresis. 
The concentration was determined colourimetrically 
with ninhydrin. The drug was resolved well from tis- 
sue amino acids. 

Assay of D-BAIB: pyruvate aminotransferase. Rat 
liver was homogenized in 5 volumes of 0.01 M phos- 
phate buffer. pH 7.5, and the supernatant fraction ob- 

tained by centrifugation at 12,000 g for 20 min was 
used as the enzyme source. The activity was measured 
by the method of Taniguchi rt al. [4] using D-BAIB- 
methyl14C. 

Assay of /I-alanine: r-ketoglutarate aminotransferase. 
To the rat liver extract prepared as above, solid 
ammonium sulfate was added to 550/, saturation. The 
supernatant after centrifugation was brought to 80% 
saturation with ammonium sulfate and the precipitate 
was dissolved in 0.01 M sodium borate buffer, pH 
8.8 and used as the enzyme source. The activity was 
measured by the method of Kakimoto et al. [S]. 

/I-Aminoxyalanine. P-Aminoxyalanine was prepared 
by the method of Stammer [6]. 

Schiffs base of /I-aminoxyalanine with ppridoxal 
phosphate. 387 mg of fl-aminoxyalanine was mixed 
with 750 mg of pyridoxal phosphate in a small vo- 
lume of water. and the mixture was passed through 
a 2 x 20 cm column of Amberlite IR-120. pyridine 
form. The column was washed with 200 ml of water 
and the compound was eluted with 245 ml of pyri- 
dine-acetic acid-water (2: 8: 190). The eluate was eva- 
porated to dryness under reduced pressure. The resi- 
due was crystallized from hot water to obtain 710 
mg of crystalline C, 1H,hN308P.H20. 

Found 

C:36,34. H:5.20. N:ll.15, P:8.45 

Calculated 

C:36.18, H:4.97, N:11.51, P:8.48 

RESULTS 

Concentrations of BAIB and /I-alanine in urine of 
patients with tuberculosis. Concentrations of BAIB 
and fl-alanine in the urine of patients with tuberculo- 
sis fell after surgical operations, and then returned 
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l Under cycloserlne treatment 
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Fig. 1. Change in the concentrations of /?-aminoisobutyric 
acid (la) and /&alanine (lb) in urine of patients with pul- 
monary tuberculosis before and after surgical operation. 

to the preoperative Icvcl. This was observed in pa- 
tients receiving cycloserinc treatment as shown in Fig. 
1. Preoperative lcvcls of the amino acids were higher 
than normal controls. The curve at the top of Fig. 
la which shows the highest concentration of BAIB 
represents the urinary level of the genetic high excre- 
tor of BAIB not under cycloserine treatment. The 
concentrations of BAIB and /Salanine in urine from 
two groups of patients with pulmonary tuberculosis. 
one under cycioserinc treatment and the other with- 
out cycloserine. were determined and are shown in 

Concn of /C?-alanme. mg/g creatinine 

Fig. 2. The concentrations of ~-amino~sobutyric acid (2a) 
and p-alanine (2b) in urine of patients with pulmonary 
tuberculosis. The concentrations in the urine of the 
patients receiving cycloserine and not receiving cycloserine 
were compared. Each dot represents the amount of the 

amino acids for each subject. 

Fig. 2. Patients who were receiving cycloserinc ex- 
creted significantly higher concentrations of BAIB 
and /Galanine. It should be mentioned here that the 
distribution of concentrations of BAIB in a Japanese 
population is bimodal as shown in the lower figure 
of Fig. 2a. Japanese are classified into high and low 
cxcrctors [2]. the ~oncentratiotl of BAIB in urine be- 
ing controlled genetically. The high excretor is lacking 
in I>-BAIB: pyruvate aminotransfcrasc activity 14.71. 
When cycloserine was administered to the patients, 
urinary concentrations of BAIB reached the level of 
the high excretors who lack the above enzyme geneti- 
cally. as shown in Fig. 2. This was verified by observa- 
tion of the change in the concentration of urinary 
BAIB after the administration of cyclosrrine to pa- 
tients and healthy human subjects (Fig. 3). The con- 
centration rose in the low excretors but not in the 
high excretors. fl-Alanine in urine increased concomi- 
tantly. 

Chnngc?s if2 tht, ~~t?c~~~?r~~fj~77 of’ BA I5 umf ~-~~~ff~~~~~~ 
it2 rat fitvr afier c~~~~~~~~~;~?~~ j~~~~~~~i~~~*. I>-Cycloserine 
(200 mg/kg) was injected i.p. into rats weighing lSOg, 
and the rats were killed after various times. The con- 
centrations of BAlB. /Galanine and cycloserine and 
the activities of BAIR: pyruvate and [Manine: r-ke- 
toglutarate aminotransferases were measured using 
j--IO rats for each time. As shown in Fig. 4. cycloser- 
inr disappeared rapidly from liver failing to an unde- 
tectable concentration within 4 hr after the injection, 
while the concentrations of BAIB and p-alanine 
gradually increased for 4 hr; the increased level was 
sustained for 12 hr and then fell slowly. The enzyme 
activities dropped rapidly within 30 min and the inhi- 
bition of D-BAIB: pyruvate aminotransfcrasc lasted 
for more than 24 hr as shown in Fig. 5. Il~hibition 
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l Admmstratlon of cycloserlne 

Fig. 3. Effect of cycloserine administration on the concen- 
trations of /I-aminoisobutyric acid (3a, b) and /I-alanine (3~) 
in human urine. Figure 3a and 3b are the difference in 
/I-aminoisobutyric acid concentration in the urine of gen- 
etic high and low excretors of P-aminoisobutyric acid, 

respectively. 

was more than 90% for the first 4 hr and it was about 
80% even 24 hr after the injection. 

Inhibition of D-BAIB: pyruvate and fi-alanine: cc-ke- 
togkarate aminotransferases by D-cycloserine in vitro. 
Various concentrations of cycloserine were added to 

(b 1 Cycloser~ne mjectlon 
E Cycloserlne 

4 T T 

f p-alanIne 

Time after In]ectlon, hr 

Fig. 4. The concentrations of b-aminoisobutyric acid (4a), 
/?-alanine (4b) and cycloserine in the rat liver after the in- 

traperitoneal injection of cycloserine. 

Time after Injection of cycloserlne. hr 

Fig. 5. Activity of D-fi-aminoisobutyrate:pyruvate amino- 
transferase in rat liver after the intraperitoneal injection 
of cycloserine. The activity of the enzyme is expressed as 
the amount of decreased p-aminoisobutyric acid (rn/,t 

moles) in 20min per g liver. 

the reaction mixtures. A low concentrations cyclo- 
serine did not inhibit the enzyme activities as shown 
in Table 1; about 2 x 10m3 M was required to attain 
50% inhibition. and this concentration was far higher 
than the tissue level of the drug found in rat liver, 
3 x 10m4 M. Combining this finding with the obser- 
vation that the time course of inhibition of the en- 
zyme was not parallel to that of the concentration 
of cycloserine as shown in Fig. 5. it was considered 
that enzyme inhibition is not due to cycloserine itself. 
but probably to its metabolite. 

Pfwence qf‘ UII cnzyfnc inhibitor if7 the liwr cff’ rat 

after injectioff qf’wcycloserine. Five grams of rat liver 
obtained 2 hr after the injection of cycloserine were 
homogenized in 5 vol of 0.01 M potassium phosphate 
buffer. pH 7.5. The homogenate in a cellophane bag 
was dialyzed against 100 ml of the same buffer. The 
concentration of cycloserine in the solution outside 
the bag was 4.9 x lOm6 M. While this concentration 
of cycloserine did not show any detectable inhibition 
of BAIB: pyruvate aminotransferase. the addition of 
0.1 ml of the above solution to 0.5 ml of the reaction 
mixture inhibited the enzyme activity by 357,. The 
extract obtained from normal rat liver did not show 
any inhibitory effect. 

Presence of’ the ifihihitorJ substance in wine of rats 

after if!jrctioff qf’ cJdosrriffr. D-Cycloserine was in- 
jected into 2 rats weighing 150 g at the dose of 500 
mg per kg body wt. Urine was collected for 24 hr 
after the injection. The urine was found to contain 
a substance inhibiting u-BAIB: pyruvate aminotrans- 
ferase. and was purified using the enzyme as an indi- 
cator. Urine was passed through a 2 x 10 cm column 
of Amberlite IR-120. H+ form. lOG200 mesh. The 
resin was washed with water and the compound was 
eluted with 120 ml of I M pyridine. The eluate was 
evaporated to dryness under reduced pressure and the 
residue, dissolved in a small volume of water. was 
passed through a 1 x 10 cm column of Dowex 1 
x 10. acetate form. and the column was washed with 
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Table 1. Effect of D-cycloserine on o-B-arninoisobutyrate: pyruvate and b-alanine: x-keto- 
glutarate aminotransferases 

Concentration of 
cycloserine 

(MI 

% Inhibition of D-~-aminoisob~ltyrate: pyruvate 
aminotransferase 

l/6 x lO-3 12 
l/6 X 10-l 61 
I,/6 x IO-’ 96 

Concentration of 
cycloserine 

(MI 

7; Inhibition of fi-alanine: a-keto- 
glutarate aminotransferase 

l/7 X 10-3 40 
l/7 x lo-’ 64 
117 x 10-l 99 

An aqueous solution of D-cycloserine was added to the enzyme reaction mixtures to obtain 
the final concentrations given in the table. 

30 ml of water. The effluent was evaporated to dry- 
ness. The dried residue was applied to a 2 x 20 cm 
column of Amberlite IR-120. pyridine form, and the 
compound was eluted with 2 M pyridine. Five ml 
fractions were collected. An aliquot of each fraction 
was subjected to paper electrophoresis to locate cyc- 
loserine and another aliquot was used to determine 
the inhibition of RAIB: pyruvate aminotransferase. 
Cycloserine was eluted in the 11 th tube, but an inhibi- 
tory substance was eluted earlier, the maximal inhibi- 
tory activity being in tube 7 as shown in Fig. 6. This 
peak was not observed when normal rat urine was 
processed in the same manner. Judging from its be- 
haviour in ion exchange chromatography and paper 
electrophoresis, the inhibitory compound was neutral, 
and from the chemical structure of D-cycloserine, D-P- 

Extract of urine of rat 
o After cycloserine injection 

X Before cycloserine inJectIon 

' 80- 

s 
F: 

4 

f 
60- 

Fraction number 

Fig. 6. ion exchange chromatography of an inhibitory sub- 
stance extracted from urine of rats injected with cycloser- 
ine. Inhibition was examined by the inhibition of D-/G 

aminoisobutyrate:pyruvate aminotransferase. Chroma- 
tography was carried out on Amberlite IR-120, pyridine 
form, with 2M pyridine. The small peak &responding 

to tube 11 is cycloserine. 

aminoxyalanine was considered to be a probable can- 
didate. 

~~e~~t~c~r~ui~ of the i~l~~i~~tor~ sli~stul~~~ in i~ine f3f 

rats treated with c~~c~os~~~n~, The fraction containing 
the inhibitory substance was purified further by 
chromatography on a 2 x 18 cm column of Dowex 
50 x 2 equilibrated with pyridine-acetic acid-water 
(1: 9: 190), and eluted with pyridine-acetic acid-water 
(3:7:190). A fraction of the eluate between 77 and 
132 ml was evaporated to dryness under reduced 
pressure. Aliquots of this fraction were examined by 
paper chromatography and paper electrophoresis. 
The purified solution contained a substance with 
properties the same as those of fi-aminoxyalanine. 
The chromatographic pattern of the purified fraction 
on Amberlite IR-120, pyridine form, eluted with 2 M 
pyridine was the same as that of ~-aminoxyalanine. 
Because ~-aminoxyalanine was too unstable to purify 
extensively, the inhibitory substance was stabilized by 
making a complex with pyridoxal phosphate to ob- 
tain a final proof of identification. 190 mg of cycloser- 
ine was injected into two rats and 48 hr urine was 
collected. The urine was treated with Amberlite 
IR-120, H’ form. and Dowex 1. acetate form, as de- 
scribed above. To the effluent 50 mg of pyridoxal 
phosphate were added, and the solution was evapor- 
ated to dryness. The residue was dissolved in 5 ml 
of water. The solution was applied to a 1 x 8 cm 
column of Dowex 1 x 10, acetate form, and the resin 
was washed with 100 ml of water. The compound 
was &ted with 3OOml of 1 M acetic acid, The eluate 
was dried and applied to a 2 x 20 cm column of 
Amberlite IR-120, equilibrated with pyridine-acetic 
acid-water (0.5 : 9.5 : 190). The compound was eluted 
with pyridine-acetic acid-water (2 : 8 : 190). The frac- 
tion of the eluate between 15 and 50ml was evapor- 
ated to dryness. The purified complex was identical 
with authentic Schiff’s base of ~-aminoxyalanine with 
pyridoxal phosphate by paper chromatography and 
electrophoresis. The compounds were located by 
fluorescence. U.V. spectra of both the compounds 
matched completely as shown in Fig. 7. 

inhibition of D-RAIB: pymvate and /hlaninr: r-ke- 
to~izftarat~ by ~-u~f~no~~)ala~in~. The inhibitory effect 
of ~-~-amjnox~~aIanin~ on both enzymes is shown in 
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Schlff s base of isolated compwnd wth 
o pynldoxal phosphate 
l Authentic o-P-amlnoxyalanlne 

Table 4. Toxicity of fl-aminoxyalanine to mice 

Amount of p-amino- 
xyalanine injected Number of 

(mg/g body weight) mice Mortality (:I;) 

4.5 10 loo 
4.0 IO 90 
3.5 10 50 
3.0 10 30 
2.5 IO 0 

Wavelength, nm 

Fig. 7. Absorption spectra of Schiff’s bases of the isolated 
compound and of authentic D-P-aminoxyalanine. 

Table 2. The concentration of D-/Saminoxyalanine re- 
quired for 50 “/, inhibition of D-BAIB:pyruvate and 
/Galanine: r-ketoglutarate aminotransferase was less 
than 2 x IO-’ M. The inhibition was abolished by 
the addition of pyridoxal phosphate as shown in 
Table 3. 

of D-cycloserine. 4.30 + 0.35 g [S]. Generalized seiz- 
ures were observed in all mice injected with the lethal 
doses of /I-aminoxyalanine. but were not observed 
with D-cycloserine. The toxic effect of this amino acid 
was not protected by the injection of pyridoxal phos- 
phate, and Schiff’s base of the amino acid with 
pyridoxal phosphate had the same toxicity as p- 
aminoxyalanine. 

DISCUSSION 

Toxicity of p-uminox~ulaninr. Various amounts of Administration of D-cycloserine to pateints led to 
D-fi-aminoxyalanine were injected into mice and the a significant increase in the excretion of BAIB and 
lethal dose was calculated from data in Table 4. The p-alanine in urine. This is due to the inhibition of 
LD,, for the compound was 2.57 t_ 0.02 g per kg, enzymes metabolizing the two amino acids by D-j- 

which is a little lower than the reported LD,, value aminoxyalanine, a metabolite of cycloserine. D-BAIB: 

Table 2. Effect of P-D-aminoxyalanine on D-fl-aminoisobutyrate: pyruvate and /I-alanine: Y- 
ketoglutarate aminotransferases 

Concentration of 
P-aminoxyalanine 

(M) 

y0 Inhibition of 
D+aminoisobutyrate:pyrUVate 

aminotransferase 

l/6 x 10-h 13 
l/6 x IO-’ 66 
l/6 x 1O-4 94 
l/6 x 10m3 98 

Concentration of 
/I-aminoxyalanine 

(M) 

% Inhibition of 
/&alanine:a-ketoglutarate 

aminotransferase 

l/7 x 1om5 63 
117 x 1om4 93 
l/7 x 1o-3 99 

An aqueous solution of D-cycloserine was added to the enzyme reaction mixture to obtain 
the final concentrations given in the table. 

Table 3. Inhibitory rate of D-fi-aminoisobutyrate: pyruvate aminotransferase by p- 
aminoxyalanine in the absence and presence of pyridoxal phosphate 

Final Concentration 
(W 

jj-Aminoxyalanine Pyridoxalphosphate 
Inhibition of the 

enzyme activity (“/,) 

1.3 x 10-5 0 90 
3.4 x 10-s 0 

2.6 x 10-s 0 92 
3.4 x 10-5 4 

3.9 x 10-5 0 94 
3.4 X 1o-5 89 

5.2 x 10-s 0 96 
3.4 X 10-S 96 
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pyruvate aminotransferase in the patients under treat- 
ment with the drug is considered to be inhibited al- 
most completely. The amount of BAIB in the urine 
of pateints reached the level of that of the genetic 
high excretors of BAIB whose BAIB: pyruvate amino- 
transferase activity is almost absent. The possibility 
of the increased amounts of BAIB and fi-alanine in 
urine being due to an increase in the turnover rate 
of nucleotides or breakdown of nucleic acids by D- 
cycloserine is unlikely since the ~~dministration of D- 
cycloserine to the genetic high excretors of BAIB did 
not cause any increase in BAIB concentration. 

Inhibition of various transaminases by cycloserine 
has been reported. Aoki [8] and Barbieri [9] reported 
the inhibition of glutamate: asparate aminotransferase 
and Barbieri [lo] and Porfirieva [I 11 the inhibition 
of glutamate: alanine aminotransferas~. We injected 
200 mg per kg of n-cycloserine intraperitoneally into 
rats. No significant inhibition of the activities of either 
enzyme was found in the liver 6 hr after the injection, 
when BAIB: pyruvatc aminotransferase was almost 
completely inhibited. This enzyme seems to be selec- 
tively inhibited by n-aminoxyalanine, Dann and 
Garter [12] reported the inhibition of ~-aminobuty- 
rate:glutamate aminotransferase by cycloserine, but 
injection of 6 g per kg of the drug was required to 
attain an observable increase in the concentration of 
y-aminobutyrate in rat brain. 

Correlation between the enzyme inhibition, which 
is kstimated by the increase of urinary concentrations 
of BATB and p-alanine. and side effects such as diui- 
ness, headache and convulsion was not found. The 
toxicity of D-aminoxyalanine was similar to that of 
u-cycloserine. It was interesting that r)-fl-aminoxya- 
lanine induced convulsive seizure prior to death with- 
out exception while cycloserine did not. Convulsive 

seizure is a common clinical side effect of cycloserine. 
The antituberculous activity of D-/3-aminoxyalanine 
was a littIe less than D-cycloserine when added to 
a culture medium [l3]. metabolism of u-cycloserine 
to ~-aminoxyalanine therefore seems to be an unde- 
sirable reaction which increases the side effects such 
as convulsions. A derivative of D-cycloserine which 
is resistant to enzymic hydrolysis or a nontoxic in- 
hibitor of the hydrolase of cycloserine may be clini- 
cally a desirable development. 
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