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RELATIONSHIPS BETWEEN STRUCTURE 

AND ALBUMIN-BINDING OF AMINES TESTED WITH 

CROSSING-PAPER ELECTROPHORESIS 

(Reccivccl January I.+, ~~$52) 

INTRODUCTION 

The interactions of physiological substances and drugs with blood proteins have been 
studied for decades with a great variety of methods. The results of these investi- 
gations, which have been reviewed by GOLDSTEIN~, illustrate not only this variety, 
but also the many cases of discrepant results obtained by different authors or methods. 
This is due to many factors such as the complexity of the problem, the uncertainty 
of several methods, the instability of many protein-addition compounds. JERCHEL 
et al. introduced paper electrophoresis in this field” as well as its combination with 
the use of radioactive labelled test substances 3. -4 relatively quick and easy method, 
crossing-paper electrophoresis, was published a few years ago by NAICAMURA and 
coworker&O. This method was used for the direct demonstration of the formation of 
loose addition compounds, e.g., between enzymes and substrates. NICKEL AND 
M.4RINI-BETTbL01U have reported recently on this technique and its use in the detec- 
tion of interactions between drugs and blood proteins. 

Owing to the simplicity of the method when it was once standardized, it was 
possible to test a great number of substances and thus to study possible relationships 
between the chemical structure of the substances and their formation of compleses 
with blood proteins. 

hlETHOD 

In our tests with crossing-paper electrophoresis, blood serum was run in the electric 
fielcl so that it crossed a line of the test substance. A deformation of the albumin band 
at the crossing point means complex formation between the two substances, whereas 
if the band remains normal ‘this indicates that no interaction occurs. The value of 
this method has been discussed in our recent paperlo. 

In all experiments dog serum was used as protein. The results refer to the albumin 
fraction only. 

EXPERIIblENTAL 

The technique and the conditions used have been described in detail previouslylo., 

* Present address : Laboratory of Chemical l?harmacology, National I-Ieart Institute, National 
Institutes of I-kalth, Bethesda, Md., U.S.A. 
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RESULTS 

Some 75 substances were screened, and the results are listed in Table I. As all the sub- 
stances contain nitrogen, they are grouped according to the degree of substitution 
of the amino group (primary, secondary, etc.), and the number of nitrogen atoms 
(e.g., I N tert., 2 N sec.). The second column indicates whether interaction with blood 
albumin occurred (+) or not (-). 

DISCUSSION AND CONCLUSIONS 

The results obtained with crossing-paper electrophoresis indicate some basic relation- 
ships between albumin interaction (+) and the structure of the interacting substances. 

All interacting substances contain one or more tertiary amino groups (see Table I, 
groups D, G, L, M, I?, Q, R). No compound without a tertiary amino group shows 

. 
interaction, e.g., p ure primary or secondary amines or quaternary ammonium salts 
(A, 13, E, F, H, I); however, not all tertiary amines interact with albumin. Of these 
tertiary amines two groups can be distinguished: (I) all pure tertiary amines with 
three relatively short substituent groups (C) ; (2) some misecl amines, i.e., tertiary 
amines with another amino group in the same molecule (I<, L, N). 

As these relationships seem to be independent of the presence or absence of 
other chemical groups, such as ester, ether, carbonyl, halogen groups, it can be con- 
clucled that the amino group is the decisive factor for interaction with albumin. 

The affinity of the tertiary amino group to albumin is evident in our experiments. 
In contrast with this “proteinophilic” group, the non-tertiary amino groups are not 
inert, but clearly “proteinophobic”. This fact is demonstrated not only by the lack of 
interaction with all non-tertiary amines (A, B, E, F, I-I, I), but also by the experiments 
with mixed amines (I<, L, M, N). In many of these cases the introduction of a primary, 
secondary or quaternary nitrogen annuls interaction with albumin. As esamples 
compare, e.g., trasentine (D)-procaine (I<), I.S. q.oo or 2422 (G)-I.S. 2324 (L), the first 
eight phenothiazines (Q)-I.S. 964 (L). In these mixed amines there is an antagonism 
between the “proteinophilic” tertiary and the “proteinophobic” non-tertiary groups. 

However, the tertiary amino group becomes “proteinophilic” only if it is com- 
bined with another principle, as is demonstrated by the lack of interaction in the 
case of tertiary amines with small substituent groups (C). 

The relationship between structure and albumin interaction is less clear with 
compounds containing nitrogen in a cyclic system (0, l?, R) ; however, in these cases 
interaction also occurs as a rule if a normal tertiary amino group is present in addition 
to the cyclic nitrogen (P, Q). 

The fact that globulins are not considered in this stucly is of little importance 
as it is known that most interactions with blood proteins occur with the albumin 
fraction. The lack of interaction between the negatively charged blood albumin 
and the highly positively charged quaternary cations is a clear demonstration that 
these interactions are not due to mere electrostatic forces. 

From the point of view of pharmacological classification, it can be said that, as a 
rule, the classical parasympatholytics, antihistamines, antiparkinsonian agents, 
phenothiazines and others, interact with blood albumin, whereas sympathomimetic 
amines, acetylcholine, urea, neuro-muscular blocking agents and others do not. 

J. Clbotvmlog., S (1962) 4GG-474 
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TABLE I 

INTERACTION OP AMINES WITH ULOOD ALUtJI\IIN 

luter- 
actiolr 

(A) ;r iV @vim. 

nnilinc 

Bcnzylaminc 

Pllcnylcthylalnillc 

Amphetamine 

Oxamplictaminc 

Noradrenaline 

Mescaline 

c&IS-NH, 

C,,Hl,- CH,-NH, 

C,HS--CH,-CI-12---NH, 

CY3 
C&I-I,-- CH,- CH-NH, 

- 

- 

- 

- 

CI-r,O, 

CH,O<-> CH,- CI-I,--NI+ 

cI-130~= 

- 

(R) I N sec. 

Di-wamylamine C,EI,,--NJ?I-&J-I,, - 

Adrenaline 

Suprifcn 

(C) 1 N ted. (s?xwt side cl~nlrz) 

Trictl~ylsniinc 

HO, 

HO-&:-CH2-NH-CH3 - 

01-I CH, 

HO$,5 dH--dH-NH- CE-I, - 

(C,EI&N - - 

I -Dimetl~ylamiiio-1-cl~lorol~ropanc 
7’ 

CH,--CH-CH,-N(CH,), - 

Diethylanilinc 

z,S-Dichloro-climc~l~~~lani~ili~~~ 

C,H,N(C&H,), 

___,Cl 

f-)- N(CH,), 

C1-=-- 
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TABLE I (couthwed) 

469 

Sttbstartcc tcsh*d Inter- 
action 

Ethyl-bcnzyl-aniline 
C&I, 

W-I,-N~~H,&~I, - 

Methyl 4-climcthylamil’lo-bctleoatc CH,-OOC<L>N(CI-I,), - 

Dibcnanlinc 

Bcnaclryl 

Dicthyl-tctrahyclronapl~tl~ylnminc 

Cl- CI-I,-- CH,-N (CI-I&,&) 2 + (V 

(C,I-1,)&H-0--CH,-CI-I,-N(C,H& -I- (3 

+ (2 

(Ll) I N Cert. (lolzg side cltnin) 

Trasentinc C&H,--CH-COO-CHB--CH,-N(Et), + 

y&G 
SlCF jZ5-.A C,H,-F-COO-CH2--CH,-N(Ec);! -k 

C&I, 

Parpnnit 

Myoparlcil C,&-CH,-CH,<2>0-(CI-I&-N(Et), + 

r CGl% 
..- /“COO-CH,--CI-I,-N(Et), + 

(E) I N qmt. 
Tctramctl~ylammonium (CH,),N” - 

‘l?etractlrylammoniun~ 

‘.TctraproI~ylar~~lrto~liu~ll~ 

Choline 

(&I-I&N* 

(C,I-$).,N@ - 

I-IO-C~*~-CH,---~(C13,). - 

.kctylclioliiic 

(F) 2N $Jprzkl. 

Urea 

CH,-C00-C*~~-CH,--~(c~r~)~ - 

NH~-cO-Nr-I, - 

Cadnvcrine NH2--(CH,),--NH, 

(G) 3 N ts/4 

I.S.Z‘{OO 

,,CH2--T;T-CH,-CH2-N(Et), 

CH, + 

^- 
(cqulirrrrcd 0)) p. 470) 

J. Clwo~~lzntog., S (r@?) 466-474 
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TABLE I’ (co~/tti~med) 
_--_ 

IlIfer- 
nctiotr 

1,s. 2.*21 

~2=)>,CHz-~;CH’-CH2--N(Et)2 + 

Uis-(dicthylamino-ethyl)-cliphcnyl 
~,L~-clictlwr 

Coralgil 

(Et) ,N- CH,- Cl-I,- 0 _( /--A \ 
=/7; -l- 

( (Et)zN- CI-I,- CH,-o- ’ - lb 
0 

\ CEI- - 
Z /, -I- 

Succinylcholinc 

Gallammonium 

d-Tubocurarinc 

( (CI-I,),LI-I,-. CH,-- ooc-CH,- - \ 

7, 

,o-c;c-I,/ 
,CH,-F?(Et), 

/~‘?\-O-CII,-C~~,-~(~t), 

“KH,-$Et), 

CH,O 

Y q’b 
I_Io,z’ .,,yW%), 

(/) r AT prim,, r A7 sec. 

N-(/?-Phcnylcthyl)-ctl~ylcnediaminc C,I-I,- CI-I, - CH,-NI-I-(XI,-- CH,-NH, - 

I -Amino-- _-(p-hydrosy-snilino)-cthanc 

Arllino-(ih-lipdrosyphenyl-methylamino)- 
methane 13033 CI-I,--NI-I-CH,--NH, 
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TABLE I (contiwred) 

Itltcr- 
flCf icw 

(L) r N ted., r N sec. 

‘I’ctracainc CA-NII$TT\> COO-CH,-CH,-N (Et), -I- 

,._,O,,CH,-NH-CH,- CH,--N(Et), 

I.S. 232‘1 

yH2- CH,-N(CH,) 2 

c;xTF> 

(Ad) 2 N ted., I N SEC. 

Bis-(3-din~etl~ylamino-3-mctl~yl-2- 
phcnyl-propyl) -amine 

y-h pJ% 
(CX-I,) ,N-‘X-I-CI-I-CI-I, 

f 
NH. 

2 
-t- 

(N) I N tevt., I N qzcnt. 

Prostigminc 

0-CH,-CH,--N(Et), 

.A 

I ” 

x0-CI-I -cH -&CH a s 3 3 ) 
-_ 

(0) I N cyctic 

Coniinc 

Ritalin /-)-CI-I-coo-c13, 
‘-NI-I & I_I 

II 5 

Apomorphinc 

+ (?I 

(cotrti~rrred on p. 472) 

J. CflVOMtO~,, s (LOGS!) 466-474 



Sttbstnncl~ IL!slcrl Itttw- 
ttcf iorc 

/ 
Cl-I-_CiH-.-a-I, 

\ 
Scopolntninc 

yr,m 

0 N--Cl-I, Cl3 --.ooC-yI-I - 

\CJ-J-&- C&/ L C&I, 

C~r,---~l-~-Cc)-I-cc(3o-- CH, 
\ 

Cocaine 
I 

y-cl-I, CH - OCX-Cc,& -k (3 

C*-I,-CH-CI-I,/ 

Cl-l’,- 
Cl-I,0 \., -‘,/& ( > 

/-\ -OCH, 
=\OCI_I -t- (?) 

(‘I-I ,,--l,,!‘,,i 
3 

_I 3 

(3’) r iV cyclic, I N fevt. 

Allantan 

N-(Dimetltylamino-ctll~~l)-cJ, to-cliliyclro- 
plvxtat~thriclitic 

hTeoantct-gan 

CJ-I,-- cm,, 
C,,H ,N-- CXL,- _ CH,-- N/-l 

5 \_/ 
-I- (?I 

-I- 

-+ (?I 

+ 

+ 

(Q) F’/tcno6/~iasiues (PHI-) I hT fwt.-q~clic, I A7 fart. 
p-CI-I,-cH,~-N(CEI,), 

/Cl 
Cltlorproniazinc + 
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IXzthnzinc ]>HT- CH,-- CI-T,--N(Et), 

Promcthazinc 

Prophcnaininc 

Io-(Di~7ictl~ylamiiio-~cctyl)-PI-IT 

IO-( l~ictliylnmi~~o-Elcctyl)-P1-1~: 

Io-(/?-l3ietliylamino-propionyl)-PI-IT 

Io-(y-Din~ctl~ylarnino-butyryl) -PI-IT 

TriltL%on 

y-13 
PI-IT-CH,-CI-I-N(llt), 

PI-IT-CO-CH,-N(CH,), 

PI-IT--CO-CH,-N(Er), 

PI-IT-CO- CI-I+ZE+N(Et), 

pHII’- co- cl-r,- CH,-N 
‘7 . 

PHT-CO-CH,-CH,- CH2-N(CII,), 

CI-I,OI-I 

+ 

+ 

+ 

+ 

-I- 

+ 

+ 

+ 

+ 

(2) 2 AT cyclic 

Chlorocyclizinc 

Physostigmine 

IXboznnc - 
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. 
SUMMARY 

Some 75 nitrogen-containing substances have 

BOVET 

been screened with regard to their 
interaction with blood albumin by means of crossing-paper electrophoresis. The results 
show that there are definite relationships between the interaction and the chemical 
structure of the substances. 

Only tertiary amines with at least one substantial radical interact, whereas 
primary and secondary amines ancl quaternary ammonium salts do not. With mised 
amines interaction only occurs if the tertiary nitrogen “dominates” the other amino 
groups. 
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