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Tables III and IV and compared with the values obtained under 
the same experimental conditions for two of the compounds de­
scribed by Cavallito and coworkers.4 
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In earlier s tudies , Gu th r i e e t al.1 r epor ted on t h e inhibi ­
t ion of swine k idney leucine aminopep t idase (E.C. 3.4.1.1) 
by hal ide complexes of p l a t i num. T h e t e t r a b r o m o p l a t i n a t e 
ion (5 X 10~ 3 M) inh ib i ted t he pep t idase complete ly wi th in 
1 hr a t 38° while t he e thy lened iamine d ib romo complex re­
quired 50 hr of incuba t ion a t 38° a n d t h e same concent ra ­
t ion of inhibi tor to p roduce 80% inhibi t ion of t he pep t idase . 
Melius et al.2 p resen ted evidence for t he P t B r 3 ( H 2 0 ) _ , 
aquop la t i num( I I ) complexes , ac tual ly act ing as t h e enzyme 
inhibi tor so t h a t t h e ra te of inhib i t ion would d e p e n d on the 
ra te of aqua t ion of t h e P t complexes used. Of course, if t h e 
P t complex solut ions are sufficiently aged, t h e r a t e of inhi­
bi t ion will d e p e n d t h e n only on the ra te of a t t ack of nucleo-
philic groups in t he p ro te in on t h e a q u o p l a t i n u m complex. 
T h e final ex t en t of inhibi t ion a t equi l ib r ium will d e p e n d on 
the K\. 

E + P t ( a 2 N C H 2 C H 2 N b 2 ) C l x - i . H 2 0 +± 

E . P t ( a 2 N C H 2 C H 2 N b 2 ) C l x - r ( H 2 0 ) 

= [E] [ P t ( a 2 N C H 2 C H 2 N b 2 ) C l x - r H 2 Q ] 
1 [ E . P t ( a 2 N C H 2 C H 2 N b 2 ) C l I - 1 . ( H 2 0 ) ] 

Var ious s tudies by Melius , 2 F r i e d m a n et al.,3 a n d 
Teggins and F r i e d m a n 4 indica te t he h a l o p l a t i n u m a n d 
h a l o a m m i n e P t complexes are p o t e n t genera l inh ib i tors of 
cer ta in enzymes . As a con t inua t ion of these s tud ies th i s re­
po r t inves t igates t h e modif icat ion of t h e a m m i n e l igand 
wi th various alkyl groups a n d t h e effect on inhibi t ion of 
leucine aminopep t idase . Whereas m a n y o the r labora tor ies 
have concen t r a t ed the i r efforts on t he in te rac t ion of P t 
complexes wi th nucleic acids, our emphas i s has been on t h e 
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P t - p r o t e i n (enzyme) in terac t ions . M a n y p l a t i num com­
plexes have been eva lua ted as an t icancer agents , examples 
of which are d ich loro( l ,2 -d iaminocyc lohexane)p la t inum-
(II) ,5 m - d i c h l o r o d i a m m i n e p l a t i n u m ( I I ) , 6 a n d m - d i c h l o r o -
b i s (cyc lopen ty lamine)p la t inum(I I ) 7 a n d have been found 
to be qui te effective. Complexes 2, 5, a n d 6 r epor t ed here 
have been shown to be active agains t leukemia L1210. 8 T h e 
o the i complexes are cur ren t ly being t e s ted a t t he Ches ter 
Bea t t i e In s t i t u t e and the Imper ia l Cancer Research F u n d . 

F r o m t h e various s tudies per formed in th is labora tory , it 
is well es tabl ished t h a t t he p l a t i n u m complexes react gen­
erally wi th p ro t e in s . 1 " 4 1 2 I t is i m p o r t a n t t h a t more specific 
p l a t i n u m complex agents should be designed to reduce 
the i r toxic in terac t ions wi th enzyme sys tems of t h e normal 
cells. Also t he ra te of react ions wi th pro te ins should be de­
creased so t h a t t he p l a t i n u m complexes will be able t o get 
to t h e app rop r i a t e t u m o r si tes w i thou t p roduc ing toxic re­
act ions in normal t issues. 9 

E x p e r i m e n t a l S e c t i o n 

The substituted ethylenediamine ligands were supplied by the 
Ames Chemical Co. and the platinum salts by Johnson Matthey 
Ltd. 

Preparation of the Complexes. Platinum(II) Complexes. 
Potassium iodide (9.6 mmol) was added to potassium chloroplati-
nate(II) (2.4 mmol) in water (ca. 30 cm3) and the solution was 
stirred. After 10-15 min the diamine (2.4 mmol) was added and 
stirring was continued for 24 hr. The product formed was filtered 
off and washed with water (15 cm3). It was subsequently suspend­
ed in water (25 cm3), silver nitrate (4.8 mmol) was added, and the 
mixture was stirred for 24 hr. The precipitate of Agl was filtered 
off after addition of 0.1 M HC1. Excess potassium chloride was 
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then added to the solution, which was gently warmed until a pre­
cipitate began to form. After cooling in ice for 24 hr, the solid was 
filtered, washed with water (15 cm3) and diethyl ether (25 cm3), 
and dried in vacuo. See Scheme I. 

S c h e m e I 

K2PtCl4 + 4KI —«• K,PtI4 - ^ * as-PtLI2 

„/^2AgN03 

as-[PtL(H20)2](N03), 

/excess \ 
/ K C 1 IconcdHCl.A 

cis-PtLCl, 
ris-PtLCL, 

Platinum(IV) Complexes. These were prepared in a similar 
manner to the platinum(II) complexes, but in the final stage con­
centrated hydrochloric acid (instead of KC1) was added to the so­
lution and boiled until chlorine gas was evolved. See Scheme I. 
The resulting precipitate was worked up in the usual manner. 

Leucine Aminopeptidase. The method of Moseley and Mel­
ius10 as modified by Chen11 was used to prepare aqueous enzyme 
solutions. Protein concentrations of the enzyme solutions were es­
timated by the colorimetric procedure of Miller.12 The enzyme as­
says were performed by measuring the rate of hydrolysis of leu-
cine-p-nitroanilide at 405 nm at 20° in a Tris 0.10 M, pH 8.0, buff­
ered solution. The maximum concentration of the leucine-p-ni-
troanilide was 1 xaM. 

The enzyme solutions were incubated with appropriate concen­
trations of the various platinum complexes at room temperature or 
38° and the enzyme activity was then measured. The platinum 
complexes (Table I) dissolved very slowly in the 0.1 M, Tris buffer, 
pH 8, complexes 5 and 11 dissolved more readily, while 6, 8, and 3 
dissolved more slowly at 25°. Complexes 10, 4, 7, and 2 dissolved 
slowly at 60° and 1 and 9 required much more time at 70° to com­
pletely dissolve. The concentration of enzyme in the incubation 
mixtures was 1-5 X 10 - 6 M and the Pt complexes ranged from 1.0 
to 5.0 X 10~3 M which gave a 1-5.0 X 103 mole ratio of inhibitor to 
enzyme. 

The enzyme was stable at the incubation concentration for at 
least a few days at room temperature; however, about 50 ± 5% of 
the activity was lost after 24 hr at 38-42° at 1 X 10 - 3 M concentra­
tion of the enzyme. Little, if any, inhibition of the enzyme oc­
curred when incubated with the Pt complexes at room tempera­
ture for 24-50 hr. 

A considerable number of experiments were performed in order 
to determine if the P t complex inhibition was the competitive or 
noncompetitive type. In the range of 1-5 X 10~3 M platinum com­
plex and 1 X 10~3-1 X 10~4 M substrate, only mixed inhibition 
rather than competitive or noncompetitive inhibition was ob­
served. 

The inhibition by the Pt complexes could not be reversed by L-
methionine or L-alanyl-L-methionine added before complete inhi­
bition occurred. Friedman and Teggins13 found that cysteine and 
methionine decreased the rate of inhibition of malate dehydroge­
nase by K2PtCl4. They also determined that 38% of the enzyme ac­
tivity could be regenerated by added Met to a sample of enzyme 
which had been completely inhibited by K2PtCl4. Possibly differ­
ent amino acid residues are involved in Pt complex binding to leu­
cine aminopeptidase and malate dehydrogenase. 

Our results indicate a very slow rate of interaction of enzyme 
with the Pt complexes. Half-life of inactivations ranges from 60 to 
ca. 105 hr. The Pt complexes had been dissolved in the Tris, pH 8 
buffer at least a couple of days in advance, so it is assumed that 
the complexes are in the aquated form and the interaction of en­
zyme is with the aquated Pt complex. The half-life for inactivation 
of leucine aminopeptidase by dibromo(ethylenediamine)plati-
num(II) was found to be ca. 15-17 hr by Guthrie et al.1 Thus the 

Table I . Inhib i t ion of Swine Kidney Leucine 
Aminopep t idase by Various P l a t i n u m Complexes 

% inhibn, 

1 
2 
3 
4 
5 
6 
7 
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10 
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EtMe 
Et2 
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EtMe 
EtMe 
Et2 

EtH 
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Me2 

Me2 

Me2 

MeH 
H2 

H2 
Me2 

Me2 

MeEt 
MeEt 
H2 

c° 

Cl4 

Cl2 

Cl4 

Cl2 

Cl2 

Cl2 

Cl2 

Cl2 

Cl4 

Cl4 

Cl4 

10"3 M 

53 
19 
52 
53 
50 
63 
25 
40 
53 
35 
60 

10"3 

31 
10 
30 
35 
40 
42 
12 
24 
24 
21 
47 

aPt(a2NCH2CH2Nb2)c. Enzyme (1 x 10"6 M) was incubated for 
24 hr with the appropriate Pt complex and then assayed for ac­
tivity. All the enzyme activities here were determined with 1 mM 
of substrate concentration at room temperature. 

iV-alkyl-substituted ethylenediamine liganded dihaloplatinum 
compounds react with the enzyme at a much slower rate. It is of in­
terest that a single alkyl substituent is effective in decreasing the 
rate of inhibition of the enzyme (see 5 and 11). This property 
would prevent the alkyl-substituted ethylenediamine complexes 
from reacting rapidly with only blood proteins, for example, and 
never getting to tissue proteins to exert their enzyme-inhibiting ef­
fects. 
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