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Abstract-L-Alanosine [L-2-amino-3(hydroxynitrosamino)proprionic acid], an anticancer agent recently 
introduced into clinical trial, formed a 1: 1 complex with Cu(II) with an effective stability constant (log 
K,,,) at pH 7.2. determined by the method of competing equilibria, of 22.7 and with Zn(II) of 17.2. The 
intravenous administration of t_-alanosine to rabbits at a dose of 30mgikg resulted in an immediate 
decrease in total plasma copper of up to 17 per cent. Plasma copper levels returned to normal within 
24 hr. There was no increase in urinary copper excretion and a 4-fold increase in urinary zinc excretion. 
Cancer patients receiving L-alanosine also had a transient decrease in plasma copper (up to 30 per cent) 
and an increase in urinary zinc excretion. There was no significant difference in the antitumor effects 
of L-alanosine against intraperitoneally transplated P-388 leukemia in normal. copper-deficient. or 
copper-loaded mice. The Cu(I1) complex of L-alanosine lacked antitumor activity at doses that were 
tolerated by the mice. The increased toxicity of the Cu(I1) complex of L-alanosine compared to L- 

alanosine was attributable to the Cu(I1) 

L-Alanosine [L-2-amino-3(hydroxynitrosamino) 

propionic acid] (Fig. 1) is an antibiotic produced by 
Streptomyces alunosinicus nov. sp. (ATCC-15710) 
which exhibits antiviral activity [I] and immunosup- 
pressive properties [2] and, in addition, antitumor 
activity against SV-40 virus-induced fibrosarcoma in 
hamsters and several tumors in mice, including P- 
388 and L-1210 leukemias and CDSF mammary 
tumor [1,3]. The sodium salt of L-alanosine (NSC 
153353) has been placed in clinical trial for antitumor 

activity. Alanosine inhibits cellular conversion of 

IMP to AMP, with a decrease in ATP levels and an 
increase in GTP levels. There is a decreased synthesis 
of deoxynucleotides and DNA (41. Although the site 
of inhibition appears to be adenylosuccinate synthe- 
tase, alanosine itself has no effect on enzyme activity 
[5]. A metabolite, possibly the alanosine analog of 
N-succinylcarboxamide-aminoimidazole ribotide, is 
believed to be the inhibitor [6,71. Attempts to pro- 
vide unequivocal identification of the inhibitory 
metabolite have not been successful [7]. 

The hydroxynitrosamino functional group of alan- 
osine is not a common group. It is found as the 
ammonium salt in cupferron (N-hydroxy-N-nitro- 
sobenzenamine ammonium salt), a copper chelating 
agent [8]. This suggested to us that L-alanosine might 
also be a chelating agent. Because of the antitumor 
activity and other biological activities of copper che- 
lating agents [9], we studied the copper binding 
activity of L-alanosine in vitro and in vivo and the 
effect of copper upon the biological activity of L- 

alanosine. 

* Author to whom all correspondence should be 
addressed. 

MATERIALS AND METHODS 

The association between Cu(I1) and L-alano- 
sine was measured spectrophotometrically as a 
decrease in the absorption of the hydroxynitrosa- 
mino chromophore at 250 nm. Binding studies were 
conducted at room temperature with 50pM L-alan- 
osine in 5 mM potassium phosphate buffer, pH 7.2. 
Cu(I1) and Zn(I1) were added as the acetate or 
sulfate salts. The ratio of Cu(I1) to L-alanosine in 
the complex was determined by the method of con- 
tinuous variation [lo]. The binding affinity of Cu(I1) 
and Zn(I1) for L-alanosine was measured by the 
method of competing equilibria [ll] with ethylene- 
diamine and histidine as competing ligands. The 
equilibrium is described by 

K 
MA + 2E- e ME? f A’- 

where M is the metal ion, A’- L-alanosine and Em 
the competing ligand (in this case ethylenediamine). 
The equilibrium constant for this system is given by 

K = WE4 b-1 = fi 
[MAI [E-l2 Bz 

where p, and pZ are the equilibrium constants for the 
formation of the metal complexes of ethylenedi- 
amine and L-alanosine. L-Alanosine and CuSOJ or 
ZnSO, were maintained at 50,~M, and ethylenedi- 
amine was varied between 0.1 and 0.5mM, and 

O=N-N-CH2-FH-C+ 

Qt, QNH 3 
Fig. 1. Structure of L-alanosine. 
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histidine between 0.5 and 10mM. Because of the 
high concentrations of competing ligand, it is 
assumed that the metal ligand complex exists entirely 
as ME? Ill]. The Cu(I1) complex of L-alanosine 
was prepared by mixing equimolar amounts of L- 

alanosine and cupric acetate. The light blue precip- 
itate was washed extensively with ice-cold water and 
dried. The copper complex was much less soluble 
than L-alanosine and was suspended in 0.3% hydrox- 
ypropyl cellulose (Klucel, Hercules Inc., Wilming- 
ton, DE) for antitumor testing. Antitumor activity 
was determined in vivo using murine leukemia P- 
388 in BDFl mice according to National Cancer 
Institute protocols [12]. Compounds were adminis- 
tered intraperitoneally to six mice at each dose level, 
starting 1 day after the intraperitoneal implant of 10h 
viable tumor cells. The median lethal dose ( LDJ was 
determined by injecting BDF, mice intraperitoneally 
(four mice at each level) with doses of compound 
that increased geometrically by a factor of 1.26. 
Deaths were recorded for 30 days and the I.D~,~ and 
confidence limits were calculated by the method of 
Weil [13]. Male BDF, mice, weighing between 20 
and 3Og, were housed in plastic and stainless steel 
cages. Control mice were maintained on a normal 
diet (4% mouse and rat diet, Teklad, Winfield, IA) 
and tap water. Copper-deficient mice were main- 
tained on a copper-deficient diet (ICN Nutritional 
Biochemicals, Cleveland, OH) and deionized water 
for 2.5 days prior to and during the antitumor study. 
Copper-loaded mice were maintained on a normal 
diet, and their drinking water was replaced with 
0.025% cupric acetate 4 days before and during the 
antitumor study. The 24-hr urinary excretion of cop- 
per (N = three groups of six mice, 2 S.E.M.) in 
control mice was 1.77 + 0.41 pglsix mice, in copper- 
deprived mice was 0.02 ? 0.01 pgisix mice (P < 
0.05), thus confirming their copper deficiency, and 
in 4-day copper-loaded mice was 1.82 i 1.10 Fig/six 
mice (P > 0.05 compared to control), suggesting that 
the excess dietary copper was accumulating in the 
tissues. L-Alanosine was administered (into an ear 
vein) to male Dutch white rabbits at a dose of 
30mg/kg, and 3 ml blood samples were collected 
from the other ear vein into heparinized tubes at 
various times. Urine was collected over 24 hr, before 
and after administering the drug, with the rabbit in 
a metabolism cage and allowed free access to food 

and water. The cage and containers used to collect 
the urine were acid washed. L-Alanosine in the 
plasma was determined as described previously [ 141. 
Total copper and zinc were determined by atomic 
absorption spectroscopy. Urine and blood samples 
were also collected from patients with advanced can- 
cer receiving L-alanosine as part of a Phase I study. * 
Superoxide dismutase activity was determined at pH 

* A Phase I protocol is a research study designed to 
determine the maximal dose of a new drug that can be 
given with safety and to look for any evidence of therapeutic 
effect in humans with advanced cancer who have failed all 
standard forms of therapy. All patients are fully informed 
as to the purpose of the study and sign an informed consent 
form. This protocol was approved by our Human Studies 
Committee. 

250 300 
Wavelength (nm) 

Fig. 2. Spectral change produced by the bindin: of Cu’- 
to L-alanosine. Key: (solid line) spectrum of SO /LM I.-alan- 
osine in 5 mM potassium phosphate buffer. pH 7.2; and 
(dashed line), following the addition of 501tM cupric 

acetate. 

7.2 by the method of Salin and McCord [lS\. I.- 
Alanosine was supplied by the Division of Cancer 
Treatment, National Cancer Institute. Bethesda. 
MD. 

RESULTS 

Binding of Cu(I1) and Zn(I1) to afanosine. The 
addition of Cu(I1) to a solution of I.-alanosine 
resulted in a bathochromic shift in the ultraviolet 
adsorption due to the hydroxynitrosamino chrom- 
ophore (Fig. 2), which is similar to the shift observed 
at low pH [16]. Maximum complex formation was 

0 I 

0 0.2 OL 
CL?+ 

0.6 0.8 1.0 

Cu2++ Alanosine 

Fig. 3. Stoichiometry of copper alanosine complex for- 
mation. Complex formation was measured at 250 nm by 
mixing different proportions of solutions of SO /LM I.-alan- 
osine and 50 PM cupric acetate, both in 5 mM potassium 
phosphate, pH 7.2 AAbsorbance is the difference in 
absorbance between the L-alanosine-cupric acetate mixture 
and a solution of L-alanosine at the same concentration. 
The dashed lines represent theoretical plots for copper 
ligand complexes of 3: 1 and 2: 1. The experimental data 
correspond to a copper ligand complex of I : I shown hy 

the continuous line. 
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Table 1. Effective stability constants of Zn and Cu-alanosine at pH 7.2* 

773 

Ligand Zn Ligand CU 

added Zn(A) 
(z) 

added Cu(A) E 

(pm) (pm) log K,,, (PM) (uM) (vM) log Kc,, 

Ethylenediamine Ethylenediamine 
200 40 60 16.8 100 39 78 23.0 
300 34 268 17.6 150 29 108 22.6 
400 26 352 17.4 200 2s 150 22.7 
500 8 416 16.5 250 20 189 22.6 

Mean 17. I Mean 22.7 

Histidine Histidine 
1,000 31 963 17.4 500 27 454 22.3 
2,000 17 1,933 17.2 1 JO0 17 935 22.4 

10,000 3 9,905 23.3 
Mean 17.3 Mean 22.7 

* Stability constants were determined at pH 7.2. No correction was made for competitive equilibria with H’. The 
possible formation of mixed complexes of Cu, L-alanosine, and competing ligand has been ignored. ZnA and CuA 

represent the Zn(II) and Cu(I1) chelates of L-alanosine; E stands for unbound ligand. The log cumulative stability 
constants of the comoetine ligands were (Zn (ethylenediamine)zz’]= 13.65; [Zn (histidine):‘+)= 12.44: [Cu (ethylenedia- 
mine)7”+]= 22.72; and [&I rhistidine)z’i] = i2.68 [17]. 

observed at a Cu(I1) to L-alanosine ratio of 1: 1 (Fig. 

3). This was determined by the method of continuous 
variation where, at a constant total concentration of 
metal and chelating agent, the concentration of the 
chelate is the greatest when the metal and chelating 
agent are brought together in the same ratio in which 
they exist in the chelate [lo]. The effective stability 
constants of the Cu(I1) and Zn(I1) complexes of L- 
alanosine at pH 7.2 are shown in Table 1. For cnm- 
parison, log K Cu(II)EDTA is 18.8 and 
Zn(II)EDTA is 16.6 [17]. 

&&+$xz~ actioity of Cu(II) alanosine. The LD~,, 

for L-alanosine in mice is 1497 mgikg. [3]. The copper 
complex was much more toxic, with an LD~(, of 
10.1 mgikg (95 per cent confidence interval limits 9.5 
to 12.9mgikg). If it is assumed, however, that tox- 
icity is due solely to Cu(II). the LD~,, of Cu(II) in the 
chelate is 3.0mgikg which is similar to the toxicity 
of free Cu(II) (administered as cupric acetate). LD~,, 

2.5 mgikg (95 per cent confidence interval limits 2.1 
to 3.0mg/kg). In both cases mice died within 2-5 
days of administration of the compound. 

L-Alanosine was administered on days 1, 5 and 9 
to control, copper-deficient, and copper-loaded mice 
bearing leukemia P-388. There were no significant 
differences between dose-response curves to L-alan- 
osine, measured as the increase in survival times, of 
the three groups of mice (Fig. 4). A repeat experi- 
ment with fewer intermediate dose levels gave the 
same results (not shown). The daily intake of copper 
by even the copper-loaded mice (no more than 1 
m-equiv./kg) was less than some of the doses of L- 
alanosine (0.2 to 3.0 m-equiv./kg), and it is possible 
that insufficient free copper was available in uivo to 
form appreciable levels of the copper chelate of L- 
alanosine. A direct comparison was made, therefore, 
of the antitumor effects of the copper complex of 
L-alanosine and L-alanosine sodium. The copper 
complex of L-alanosine had no measurable antitumor 
activity (Table 2). Repeat experiments gave the same 
result. 

Superoxide dismurase activity. Copper is com- 
monly found to have square planar or tetragonally 

distorted octahedral geometry, although some cop- 
per chelates exist in the square pyramidal, trigonal 
bipyramid, or distorted tetrahedral geometry. 
Regardless of the geometry, L-alanosine can accom- 
modate a maximum of three of the minimum of four 
ligand positions of copper. This means that the L- 

alanosine-copper complex must possess at least one 
open coordination position. It has been shown that 

L-Alonosme i mg/ kg) 

Fig. 4. Antitumor activity of L-alanosine against murine 
leukemia P-388. Key: (0) control mice, (A) copper-defi- 
cient mice, and (0) copper-loaded mice. Mice were treated 
as described in the text. There were six mice in each group. 
L-Alanosine was administered on days 1, 5. and 9 at the 
dose shown, commencing 24 hr after the intraperitoneal 
implantation of 10h P-388 cells. There were no nontumored 
animals in the control group. No drug toxicities were 
observed (more than a 4 g loss of weight per animal between 
days 0 and 5). For example, the weight changes between 
days 0 and 5 observed at the highest dose of L-alanosine 
(500 mg/kg) were: control mice + 0.2 per cent, copper- 
deficient mice - 5.2 per cent and copper-loaded mice 
- 0.4 per cent, compared to weight changes of tumored, 
untreated mice of + 10.0 per cent + 7.1 per cent and + 13.4 
per cent respectively. Groups of data were analyzed by the 
Mann Whitney test with correction for ties [ 181. There was 
no significant difference between the median survival in 
any of the groups of mice receiving the same dose of L- 

alanosine. 
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Table 2. Antitumor activity of copper alanosine against murine leukemia P-388* 

Weight Median life 
Dose change span 

(mgikg) Schedule No. 1%) (days) 

Control 12 +7.6 10.0 
Copper alanosine 2.5 Q4D h -t18.1 9.5 Y5 

5.0 Q4D 6 -1.6 IO.0 100 
1.0 QlD 6 +8.8 10.0 100 

Aianosine 2.5 Q4D 6 + 15.4 9.5 95 
5.0 Q4D h + 16.7 14.0 1 JfH 
1.0 QID 6 +17.x 10.0 100 

Cupric acetate 5.0 Q4D 6 +7.1 9.5 95 

* Compounds were administered daily for 9 days (QlD) or on days 1, 5, and Y (Q4D) at the dose 
shown, commencing 24 hr after the intraperiotoneal implantation of 10’ P-388 cells. There were no 
nontumored animals in the control group. Weight changes were measured between days 0 and 5. 
Survival curves were analyzed by the Mann Whitney test with correction for ties [ 181. 

i P < 0.05, compared to the control survival curve. 

an open coordination position is essential for copper 
complexes to show superoxide dismutase activity 
[19], and copper complexes formed by amino acids 
and several other compounds display superoxide 
dismutase activity [ZO]. The copper complex of L- 
alanosine, however, did not exhibit superoxide dis- 
mutase activity, and L-alanosine even inhibited the 
dismutation of superoxide caused by free Cu(I1) 
(results not shown). 

Plasma and urinary divalent ion levels. Intra- 
venously administered r.-alanosine disappeared rap- 
idly from the plasma in the rabbit in biphasic manner 
(Fig. 5). The dist~butive half-life (Tf) was 4.3 i- 0.1 
min (2 S.E.M.. N = 3), the postdistributive half- 
life (To was 22.0 + 1.7 min, and the steady-state 
volume of distribution of the drug (V$J was 62.6 
t 15 ml/kg body weight. There was an almost 
immediate decrease in plasma copper, maximal at 
17 per cent by 3 hr; by 24 hr plasma copper had 
returned to normal. Plasma zinc exhibited a transient 
decrease at 1 hr and had returned to normal by 2 hr. 
There was a significant decrease in plasma Zn at 
24 hr. There was a transient decrease in plasma 
unionized calcium, from 6.3mgidl to 5.4mgidl by 
5 min, which had returned to normal by 30min 
(results not shown). L-Alanosine had little effect 
upon the 24-hr urinary excretion of copper. Before 
treatment it was 14.0 2 1.9 pgikg and after the drug 
16.7 C 3.9 pgikg (‘t S.E.M., N = 3). The 24-hr 
urinary excretion of zinc was increased from 8.8 + 
0.9 to 37.0 ? 2.7 pgikg. The relatively small effect 
of L-alanosine upon urinary copper excretion was 
confirmed in mice using higher doses of L-alanosine. 
With an intraperitoneal dose of 1OOOmg L-alano- 
sine/kg body weight the 24-hr urinary excretion of 
copper increased from 22.9pgikg in controls to 
60 pglkg. 

In the patients studied, L-alanosine was adminis- 
tered in 0.9% sodium chloride (10 mg L- 
alanosine/mI) at 1000 mg/m’ per hour for 3 or 4 hr 
(a total dose of 3000 mgim’ and 4000 mgi’m respec- 
tively). Serum copper was not significantiy decreased 
after a 3-hr infusion but showed a significant decrease 
(30 per cent) after 4-hr infusion (Table 3). Plasma 
copper concentrations 24 hr after the infusion were 
similar to pretreatment concentrations. Plasma zinc 
concentrations were relatively unaffected by L-alan- 

osine administration. Total serum calcium was not 
significantly decreased after the 4-hr infusion: control 
(2 S.E.M., N = 3), 9.6 t 0.8mg/kl; after L-alano. 
sine, 8.4 + 0.7 mgidl (P > 0.05, paired Student’s t- 
test). The 24-hr urinary excretion of copper was not 
altered by t-alanosine, but there was over a 2-fold 
increase in the 24”hr urinary excretion of zinc. The 
24-hr urinary excretion of calcium was not affected 
by L-alanosine (results not shown). Two patients 
with normal renal function prior to treatment 
received L-alanosine as a 5-hr intravenous infusion 
at l~Omg/m’ per hr. Both of these patients devel- 
oped acute renal failure. Urine collected before the 

Time (hrf 

Fig. 5. Plasma levels of (A) L-alanosine, (B) total copper, 
and (C) total zinc following the intravenous administration 
of L-alanosine at a dose of 30 mg/kg to three rabbits. Bars 
are the S.E. of the means. The dotted lines show the ranges 

of the control values for plasma copper and zinc. 
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Table 3. Urinary excretion and plasma copper and zinc in patients receiving L-alanosine* 

L-Alanosine 
(mg/m*) Metal 

Plasma concentration Urinary excretion 

Before End of infusion 24 hr Before After 
(&lo0 ml) (&loo ml) (&IO0 ml) kg/24 hr) (pgl24 hr) 

3000 Cu(II) 128 -c 13 11s + 18 133 * 26 31 r5 52 ? 30 
Zn(II) 55 k I 57 t 3 65 2 4 982 2 560 2770 ” 738t 

4000 Cu(II) 127 2 IS 89 _t 21t 100 + 28 6Ok 11 
Zn(II) 64 t 4 64 2 6 70 + 4: 2410 k llO$ 

* Patients received L-alanosine as an intravenous infusion at a rate of 1000 mg/m* per hr. Total plasma Cu and Zn 
were measured immediately prior to the infusion, at the end of the infusion, and 24 hr after commencing the infusion. 
Urinary excretion of Cu and Zn was measured over a 24-hr period prior to giving L-alanosine and for 24 hr after 
commencing infusion of the drug. Values are the mean (k S.E.M.) of three patients at each dose level. 

t P < 0.05 by Student’s paired t-test. 
*Control values for uninary Cu and Zn excretion were not obtained in these patients; values were therefore compared 

by Student’s non-paired f-test to control values in the other group of patients, P < 0.05. 

patients became anuric showed no change in the 
levels of copper but a large increase in the concen- 
tration of zinc as seen in patients treated at the lower 
dose of L-alanosine. None of the patients treated 
with the lower doses of L-alanosine showed impair- 
ment of renal function. 

When purified human ceruloplasmin at 1 mgiml, 
a concentration similar to that in plasma, was 
dialyzed for 20 hr against 40~01. of L-alanosine 
(140 pg/ml in 5 mM sodium phosphate buffer, pH 
7.4) there was an 11 per cent decrease in copper 
content [from 2.34 F 0.04 pg/mg protein to 2.09 + 
0.08 pgimg protein (N = 5, 2 S.E.M., P < O.OS)]. 

DISCUSSION 

The precise nature of the complex formed between 
copper and L-alanosine is unknown. It could take 
the form of pure chelate, an inner complex salt (a 
chelate in which both ionic and chelate bonds are 
present), or even a simple salt through the hydroxyls 
of the carboxyl and hydroxynitrosamino groups of 
L-alanosine. Because of the close association 
between copper and L-alanosine, we have chosen to 
regard the complex. as a chelate or inner complex 
salt in which dissociation of the copper from alan- 
osine is retarded when compared to the sodium salt. 
Dreiding molecular models were used to study pos- 
sible configurations of an L-alanosine copper chelate. 
Under no circumstances could L-alanosine be con- 
torted into a position where it could act as a tetra- 
dentate ligand, although mono-, di-, and tri-dentate 
complexes could readily made, depending upon the 
geometry chosen for the complex. Based on mol- 
ecular models, it would appear that the interaction 
of alanosine with copper is through the hydroxyls of 
the hydroxynitrosamino and carboxyl groups and, 
in addition, could involve a coordinate bond formed 
through the nitrogen of the amino group. Depending 
upon whether two or three binding sites are involved, 
the L-alanosine copper complex could accommodate 
a square, distorted octahedral, or perhaps tetrahed- 
ral geometry. Square pyramidal geometry, which is 
known to occur with the copper complex of some 
amino acids [21,22], is also possible. These studies 

provide no evidence to suggest which of these might 
be the preferred geometry. 

The observation that several classes of cystostatic 
agents are able to chelate metal ions [23] has 
prompted interest in metal chelates and chelating 
agents as potential antineoplastic agents. An impor- 
tant group of chelating agents with antitumor activity 
is the bis(thiosemicarbazones), first reported by 
French and Freedlander [24]. The extensive studies 
of Petering and Petering [9] have established that 
the action of the bis(thiosemicarbazones) is due to 
the formation of Cu(I1) chelates in uivo. The com- 
pound H&TS (3-ethoxy-2-oxobutyraldehyde-bis- 
thiosemicarbazone) was found to be devoid of anti- 
tumor activity when administered to animals fed a 
semi-purified diet low in copper. When copper was 
added to the drinking water at doses that had no 
effect upon tumor growth, H*KTS inhibited tumor 
growth in proportion to the amount of copper in the 
drinking water. In some studies, HzKTS had no 
antitumor activity in animals fed a normal diet and 
was active only when administered with Cu(I1) [25]. 
The antitumor activity of Cu(II)KTS is probably 
due to the lipophilicity of the complex that facilitates 
the transport of Cu(I1) into the cell [26]. Within the 
cell, dissociation of the chelate produces Cu(II) poi- 
soning of DNA synthesis and oxidative phosphoryl- 
ation [18,26]. 

L-Alanosine forms a strong 1: 1 association with 
Cu(I1). We found no evidence, however, that copper 
was involved in the antitumor activity of L-alanosine. 
There were no differences in the antitumor effects 
of L-alanosine against leukemia P-388 in control, 
copper-deficient, and copper-loaded mice, and the 
copper complex of L-alanosine had no appreciable 
antitumor activity. The acute toxicity of the copper 
complex of L-alanosine, measured as the LD~,,, is 
similar to that of the free cupric ion. This suggests 
that the complex may be broken down in vioo. Free 
L-alanosine is metabolized mainly by deamination 
[27], which would be expected to reduce the ability 
to bind Cu(I1). The available deaminated metab- 
olites were insufficient to conduct binding studies. 
L-Alanosine administration had little effect upon the 
urinary excretion of copper, which is not surprising 
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since little free t_-alanosine is excreted in the urine. 
In rabbit less than 16 per cent and in man less than 
6 per cent of the dose of L-alanosine is excreted in 
the urine in 24 hr ([ 141, whereas deaminated metab- 
ohtes account for almost 60 per cent of the dose (G. 
Powis, M. M. Ames and J. S. Kovach, unpublished 
observations). The decrease in plasma copper con- 
centrations following L-alanosine administration in 
rabbit and man is consistent with the binding of 
copper by the parent drug with redistribution of 
copper into tissues, and the reappearance of copper 
in plasma as L-aianosine is metabolized. Redistri- 
bution of metal ions, including copper and zinc, is 
one of several mechanisms currently being con- 
sidered as the cause of the acute renal failure seen 
in two patients receiving 5000 mgim” of L-alanosine. 

Over ninety five per cent of the copper in plasma 
is bound in the relatively inert metalloprotein cer- 
uloplasmin that is not in equilibrium with exchange- 
able copper bound to serum alumin 1281. The mag- 
nitude of the decrease in plasma copper produced 
by L-alanosine (17 per cent in the rabbit and up to 
30 per cent in man), is greater than can be accounted 
for by exchangeable copper, suggesting that some 
copper was removed from ceruioplasmin. Dialysis 
experiments demonstrated that, at concentrations 
approximating those found under physiological con- 
ditions, L-alanosine could remove copper bound to 
ceruloplasmin. In vitro studies have shown that cop- 
per chelating agents can remove copper from ceru- 
loplasmin in proportion to their copper-binding 
abilities, the most efficient compound being triethy- 
Ienetetramine 1291. The stability constant of Cu(I1) 
for triethylenetetramine is 20.6 [ll]. Administration 
of triethylenetetramine to man does not produce an 
immediate decrease in serum copper but does induce 
cupruresis 1301. o-Penicillamine, a drug used in the 
treatment of Wilson’s disease [30], produces a much 
larger cupruresis that does triethylenetetramine. D- 

Penicillamine does not remove copper from ceru- 
loplasmin [29] and, in man, it has no acute effect on 
plasma copper levels [30]. L-Alanosine appears to 
be unusual among copper complexing agents in caus- 
ing an immediate decrease in plasma copper with 
little increase in urinary copper excretion. The rea- 
son for the increased urinary zinc excretion is not 
known. Although t-alanosine will bind both copper 
and zinc, the copper complex of L-alanosine appears 
to play no part in antitumor activity. 
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