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Binding of colcbicine to dipalrnitoylphosphatidylcholine bilayer vesicles was detected by measuring the ‘H-NMR selective 
spin-lattice relaxation rates of the low-field protons of colchicine. From the temperature dependence of the selective rates, 

preferential binding was observed above the temperature of transition. In the same way, binding of colchicine to red blood cells 
was detected and the equilibrium constant determined. Binding to the lipid matrix of red blood cells accounted only partially 
for the binding of colchicine to whole cells. 

1. Introduction 

It has been recently shown [1,2] that measuring 
‘H-NMR spin-lattice relaxation rates after selec- 
tive excitation of properly chosen resonances is a 
very suitable way of delineating binding interac- 
tions between relatively small ‘NMR-visible’ drugs 
and macromolecular receptors. The method stems 
from the fact that the selective relaxation rate is a 
linear function of the motional correlation time, 
7C, which progressively increases even after molec- 
ular motions have slowed down to the oO T= B 1 
region. As a consequence, provided fast exchange 
between free and bound environments holds, dy- 
namic and/or structural features of the bound site 
can be detected in the bulk. The selective irradia- 
tion method has been indeed applied to systems 
involving enzymes [l], membranes and, even whole 
cells [2]. 

In the present report selective irradiation meth- 
ods have been used for investigating the interac- 
tion of colchicine (I) with membrane models and 
red blood cells. In fact, colchicine, the main al- 

kaloid of Colchicum autumnale and other species 
of Lyliaceae, is a remarkable biologically active 
substance possessing anti-inflammatory, anti- 
mitotic and tumor-inhibiting activities. Previous 
experiments have shown that the alkaloid drug 
affects the lateral mobility of membrane compo- 
nents [3,4], suggesting either intercalation into the 
lipid bilayer or binding to membrane protein [5]. 
ESR studies, using spin-labelled phosphatidyl- 
choline liposomes, have excluded intercalation into 
the lipid bilayer as in the case of cholesterol [6], 
but extensive investigation of the binding interac- 
tion has not yet been reported. We show herein 
that ‘H-NMR selective relaxation methods allow 
suitable delineation of the binding features of col- 
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chicine with phosphatidylcholine bilayers as well 
as with red blood cells. 

2. Materials and methods 

Colchicine and synthetic L-a-dipalmitoylphos- 
phatidylcholine (DPPC) were supplied by Sigma 
Chemical Co. and used without further purifica- 
tion. Solutions of colchicine were obtained either 
in 99.95% ‘H,O (Merck) or in deuterated phos- 
phate buffer. Sonicated DPPC vesicles were pre- 
pared from a 50 mg/ml suspension in 10 mM 
Tris-chloride and 10 mM EDTA solution. The 
suspension was sonicated for 10 mm at relatively 
low power -and the sonicator chamber was main- 
tained at 50°C throughout the sonification. The 
sonicated suspension was centrifuged for 30 min at 
45 000 t-pm at 45°C; the zone containing the clear 
supernatant was removed and stored at 50°C. 

Human group 0 red blood cells were separated 
from freshly drawn blood containing 0.1 M sodium 
citrate, washed in isotonic phosphate buffer, 
centrifuged for 15 min at 2000 rpm, and sus- 
pended in deuterated phosphate buffer. Erythro- 
cyte ghosts were prepared using the method of 
Dodge et al. [7]. 

The NMR measurements were performed using 
a Varian XL-200 NMR spectrometer in the pulsed 
FT mode. The temperature was controlled at 
f 1°C. The non-selective proton spin-lattice re- 
laxation rates, R”“, were measured by using the 
inversion recovery pulse sequence (r - T - r/2 - 
t ) n. The selective proton spin-lattice relaxation 
rates, R”, were measured in the initial rate ap- 
proximation [8] by giving a selective R pulse with 
the proton decoupler at the selected frequency for 
a relatively long time (19-21 ms). After the time T, 
a non-selective n/2 pulse was given to detect the 
longitudinal magnetization. The R”’ or R” values 
were obtained from a three-parameter exponential 
regression analysis of the recovery curve for longi- 
tudinal magnetization. 

3. Results and discussion 

The theoretical approach to selective relaxation 
methods has been thoroughly reported elsewhere 

[1,8,9] and only the most relevant equations will be 
summarized herein. Typical selective relaxation 
rate measurements are shown in fig. 1 and the 
whole relaxation data for the low-field protons of 
colchicine are summarized in table 1. 

For a pure dipole-dipole ‘H-‘H relaxation 
pathway, R”” and RS of any proton i are given by 

[91: 

R)r = c pij + c uij (1) 
i+j i+j 

R; = c P,] (2) 
i#j 

where p,, and a,, are the direct relaxation and the 
cross-relaxation terms for a proton pair: 

where ‘;, is the proton-proton distance. It has 
been shown [8] that a pure dipolar mechanism 
yields, for a given proton pair, Rns/Rs = 1.5 in the 
extreme narrowing region ( wOrF < 1). R”‘/R’ val- 
ues lower than 1.5 are expected either outside the 
extreme narrowing region or in the presence of 
effective relaxation mechanisms other than the 
dipolar one. Since ‘other’ relaxation mechanisms 
are not likely to be effective for ring protons of the 
colchicine molecule (spin-rotational interaction 
may be relevant only for the methyls), the data in 
table 1 suggest that the w,,T, z 1 condition applies, 
allowing evaluation of the modulating correlation 
time [l] (TV = 2.4 X lo-” s at 310 K). However, 
the Rns/Rs values are not significantly different 
from 1.5 such that the calculated rc should be 
taken as an upper limit. Moreover, in the R” 
measurements it is seldom possible to avoid some 
reduction of the intensity of a certain resonance 
when irradiating a nearby NMR line with conse- 
quent reduction of the Rns/Rs value. Neverthe- 
less, the above-reported rc is in very good agree- 
ment with that calculated for the ring carbons 
from 13C spin-lattice relaxation rates [lo], as re- 
ported in table 2. Since colchicine is a rather rigid 
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Fig. 1. Selective partially relaxed spectra of selected protons of 
colchicine (0.1 mol dmm3) in 2H,0 at pH = 7.0 and T = 298 
K. Assignments are reported in the top spectrum. The arrow 
indicates the frequency of selective irradiation. 

structure, the correlation time calculated for C, 
and Cl0 can be identified with the molecular re- 
orientational time whereas the correlation time of 
the methyl groups reflects their relatively free mo- 
tion. 

Table 1 

Non-selective and selective spin-lattice relaxation rates of 
selected protons of colchicine (0.1 mol dmm3) in ‘H,O at 
pH=7.0and T-298K 

*figures denote approx. 95% confidence limits of the regres- 
sion analysis. 

Resonance 

HII 
*3 

H2 

H6 

R”’ (s-l) R* (s-l) Rns/RP 

1.29 k 0.05 0.891tO.04 1.45*0.12 
2.96 & 0.14 2.07 f 0.06 1.43 kO.11 
3.95 *0.19 2.72zt0.12 1.45 f0.14 
4.35 50.18 3.02kO.13 1.44*0.13 

Table 2 

Spin-lattice relaxation rates of selected carbons of colchicine 
(0.1 mol dme3) in ‘H20 at pH = 7.0 and T- 298 K 

+ figures denote approx. 95% confidence limits of the regres- 

sion analysis. 

No. attached 

protons (n) 
R,/n (s-l) 7= (x 10’0) (s) 

c8 ’ 

C 1” 2 

C 18 3 

C,, 3 

6.14k0.41 
4.67 k 0.25 
0.44 * 0.04 
0.45 * 0.04 

2.2a+o.i5 
1.74*0.09 
0.16&0.01 

0.17f0.02 

The effects of adding different preparations to 
the colchicine solution are summarized in table 3. 
As expected, the R”” values were .quite unaffected 
by the addition of whichever preparation, while 
the RS values were greatly enhanced for all the 
low-field protons of colchicine, almost without any 
differential behavior. Binding of a certain fraction 
of colchicine molecules, rather than viscosity ef- 
fects, can be suitably suggested by the observed R” 
enhancements. In fact, the largest R”‘/R value, 
obtained upon addition of the biological prepara- 
tion, would suggest a correlation time almost one 
order of magnitude longer than that of colchicine 
in aqueous solution [l]. In contrast, fast exchange 
of colchicine between environments characterized 
by very different motional freedom can easily 
account for the observed change in R’. The follow- 
ing equation can therefore be suggested to apply: 

Gs = PARS, +pt,R”, (5) 

where f and b refer to free and bound sites and pf 
and pb are the fractions of colchicine molecules in 
the free and bound sites (pt +pb = l), respec- 
tively. As a consequence, differences in Ribs upon 
addition of different biological samples (table 3) 
arise either from pb (which means difference in 
the apparent equilibrium constant) or from Ri 

(which means difference in motional features 
and/or in relaxation mechanism at the bound 
site). The most straightforward interpretation of 
the data in table 3 is that colchicine binds to the 
phospholipid matrix and that the colchicine-lipid 
interaction only partially accounts for the binding 
interaction with red blood cells. Namely the much 
more pronounced R” enhancement upon addition 
of red blood cells is worth considering. The rigid 
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Table 3 

Non-selective and selective spin-lattice relaxation rates (in s-l) of colchicine (0.1 mol dmm3) at pH = 7.0 after the addition of 0.1 ml 
of different biological preparations 

Preparation added HII H3 H2 H6 

RnE R” Rns R’ Rns RS R”= RS 

_ 1.29 0.89 2.96 2.07 3.95 2.72 4.35 3.02 
DPPC vesicles 1.31 1.18 3.08 2.78 3.97 3.65 4.31 3.97 
Red blood cells (4%) 1.42 1.51 3.01 3.48 4.07 4.56 4.36 5.13 
Red blood cell ghosts (4%) 1.34 1.21 3.06 2.81 4.01 3.72 4.30 3.89 

structure of the colchicine molecule, such that no 
differential R” enhancement could be observed, 
does not allow inferences about the binding sites: 
protons in the three rings become affected to the 
same extent by the presence of macromolecular 
receptors. ‘However, the relevance of detecting the 
binding interaction at very low concentration of 
receptor sites is worth underlining. 

Once the lipid-colchicine binding interaction 
was established further details were gained from 
the temperature dependence of the R” enhance- 
ment, as shown in fig. 2. A relatively smooth 
decrease in AI? was apparent on raising the tem- 
perature which can be accounted for either by 
increased molecular tumbling motions or, more 
probably, release of a certain fraction of bound 
colchicine molecules. The break-down of the ARS 

vs. T plots in relation to the temperature of transi- 
tion from gel to liquid crystal of the hydrocarbon 
chains is likely to reflect the change in motional 
freedom of the lipid matrix, suggesting tight bind- 
ing of the colchicine molecule. 

The method of selective relaxation was also 
found to allow evaluation of the apparent equi- 
librium constant, as will be exemplified for the 
binding interaction between colchicine and red 
blood cells. 1: 1 interaction will be assumed for 
simplicity, but from the final result it will be 
evident that the evaluated K is independent of 
such an assumption. For a 1: 1 interaction the 
binding equilibrium can be schematized as (RBC, 
red blood cells): 

C + RBC * RBC-C (6) 

The apparent equilibrium constant is given by 

K= WC-Cl = [ RBC-C] 

[c][RBC] [Cl{ [RBC], - [RBC-Cl} (7) 

where [C] is the concentration of free colchicine 
and [RBC], represents the initial concentration of 
red blood cells. 

The fraction of bound colchicine, P,,, is given 

by 

[ RBC-C] 
Pb= [C] +[RBC-C] = 

[ RBC-C] 

[C] 

Eq. 7 can be rearranged in the following way 

[RBC-Cl = K[CI[RBClo 
1 + KICl 

Substituting eq. 9 into eqs. 5 and 8 yields 
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Fig. 2. AR* vs. T plot for selecwd protonsif colchicine (0.1 
mol dm-‘) in ‘Hz0 at pH = 7.0 in the presence of DPPC 
vesicles. 
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Fig. 3. l/AR” vs [colchicine] plot for the H2 protons in the 
presence of red blood cells. 

Eq. 10 states that extrapolating the plot of l/AR’ 
vs. [C] to zero allows evaluation of K (l/AR” is 
zero when [Cl= -l/K). A typical plot is shown 
in fig. 3 for the H, proton of colcbicine: the linear 
relationship is evident, allowing straightforward 
extrapolation to l/ARS = 0. The existence of n 
receptor sites per cell for the ligand affects the 
linearity of the plot only slightly, since, in that 
case, the following equation can be easily derived: 

1 1 -= 
AR” K[C]“P’ 

(11) 

However, extrapolation to l/A RS = 0 yields a cer- 
tain value of [C] from which K can be obtained if 
n is known or vice versa (l/ARS is zero when 
[Clfl = -l/K). 

It can be concluded that measuring the selective 
proton spin-lattice relaxation rates of the low-field 
protons of colchicine allows detection of binding 
interactions with different macromolecular recep- 
tors. The following further considerations can be 
made. 

(i) Colchicine binds to phosphatidylcholine as 
well as to the lipid matrix of red blood cells; 

(ii) The colchicine-lipid interaction does not 
completely account for the binding of colchicine to 
intact red blood cells; 

(iii) The binding brings about enhancement of 
the selective spin-lattice relaxation rates of protons 
located in different parts of the colchicine mole- 
cule, such that the binding site cannot be delin- 
eated; 

(iv) The R” enhancement ‘senses’ the gel-to- 
liquid transition on the lipid matrix, reflecting the 
difference in molecular motions; 

(v) The plot of l/AR” vs. [C] yields a function 
of the apparent equilibrium association constant 
(K) and of the number of receptor sites per cell 
(n), from which K can be evaluated if n is known 
or vice versa. 
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