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1. Introduction

Ethambutol, 2,2'(ethyleneimino)-di-1-butanol, has
been shown to be 2 considerably more active antitu-
berculous compound than streptomycin against infec-
tion of mice with Mvcobacterium tuberculosis [1].
‘The iivolvement of the nucleic acids in its mode of ac-
tion has attractad attention, pacticutarly in view of
the finding that the total RNA content of ethambutol
treated cells i less than in the ethambutol free ones
-[2]. It therefore became of interest to Invsigate
whether direct intéraction of the diug with nucleic
acids can take place. The present work is an extension
of the electron spin resonance (ESR) study [3]; pro-
ton magnetic resonance (PMR) technique is used here
to obtain information concerning changes in the mag:
netic surrounding of protons in complexes of etham-
butol with nucleic acids and their components.

2. Material and methods

-. Ethambuto! {Lederle Cyanamid International Cor-

poration) was a gift of Dr. Manue! Rieber. Poly d(A-T),

dG:dC, and polynucleotides, were obtained from
Miles Laboratories, Inc. and used without furthar pur-
ification. The nucleotides, nucleosides and bases were
obtained from Sigma Chemica! Company. D0 (New

England Nuclear) was uséd as solvent in all the experi-

-ments. pH was measured on Corning Model! 10 pH
meter and pD was mlcu]nled according to: pD =
pH+04. .

- The proton magnehc rmmnce spectni were ob-
.ta-lnqd on Varian A-60 and, at 100 MHz, on a Varian

Nrth-Hotland Publishing Company — Amsierdam

HL-100 spectrometer. Unless otherwise indicated the
PMR spectra were gbtained at 35°. Variation of temp-
erature was accomplished with a Varian Variable
Temperatuec Controller and temperature was moni-
tored with a methanol standard. All mixtures were
prepared by pipelting appropriate volumes of stock
solutions into Varian PMR tubes. Deuterated TSP
(sodium-3-trimethyl-silypropionate-2,2,3,2d,,

(CH 3), SiCD ,CD,CO,Na) was obtained from Merck,

Sharp and Dohme of Canada, and was used as inter-
nal standard.

3. Results

l. AR spectra of ethambutol

Fig.'1 represents the 100 MHz PMR spectrum ol
0.1 M solution of ethambutol, pD 5.0, The reso-
nances are identified on the figure. The spectrum is
praciically pD independent between pD 1 and 6. lines
are displaced to higher fields ai pD above 6. No line
broadening or shifts of proton lines have been ob-
served ror ethambutol concentrations between 0,04
M and 0.11 B, At higher concentrations the resonance
lines broaden considerably. Such concentrations were
however not used in the present experimenta.

3.2. PMR of mixtures of ethambutol with bases and
nucieosicles
Equimolar mixtures of ethambutol with the bases
or their nuclecosides (all at 0.05 M} did not exhibit
shifis larger than 0.03 ppm for the resonances of the
base and nucleoside protons, nor for the protons of
ethambutol. The shifts in all the experiments are rela-
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Fig. 1. PME spectrum of 0.1 M ethambutol in D3O a1 100 MHz, pi2 5.0, T = 35°. TSP used as internad standard.

tive chemicai shifts of the proton lines compared to
the positions of the lines in pure substance of the
same molanty and pD. Guanine and guanosine were
excluded because of their low solubility.

We have also examined the effect on the PMR of
variable relative concentration of cyvtosine, or cyli-
dine with respect to ethambutol. The concentration
of ethambirto! was held constant at 0.1 M and the
ratio of base (ot nucleoside) to drug was vavied by
changing the concentration of the former. In ¢yti-
dine maximum shift of 0.04 ppm was observed tor
CH, protons (greup 4 on fig. 1) toward higher ficld.
Protons of group 1 and 2 shifted, a1 35°, about 0.023
ppin.

Data have also been obtained for equimolar smixture
ot ethambutol and cytidine at temperatures between
9% and 79°, Fig. 2 is a plot of the difference in chemi-
cal shifls of ethambutol protons in the presence and
in absence of cytidine. These differcnces were always
positive {toward higher magnetic fields), and were
largesi between 20° and 35°. At the lowest and high-
cst temperatures the shilts in ethimbutol and in the
mixtore vend to be identieal.
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3.3. PMR . f mixtcres of ethambuetol with nucleatides

Similar experlments performed on mixtures of
ethambuial with nucleotides yielded results which
are shown in fig, 3. i is apparent that ethambutol pro-
tons of group 2.4 and 5 shift to higher ticlds in the
presence ol GME sixd CMP, but not in the presence
of AMP or TMP, The largest shil't is exhibited always
by the CH protons of group 4 of the drug, and Is
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Fig. 2. Tempeniture dependence of the chemical shifts of
cthambuto! proton: i cquimolar mixture with oytidine (0.1 4
pD 5.0, Abscissy indicates the diffecence of chemical shiltvof
cthumbutol! with cytkline and of ethambutol alone.
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s R T ‘ - rao considerably’ larget than in the similar series with nu.
e . cleotides (0.3 ppm vs 0.04. ppm), No tine bruadenmg,
el S , N or shifts of the nucleoude proton resonances have been

N ' observed (<0.03 ppm).
L 3.4, PMR of mixtures of ethambutol with polyadenyvlic
3 « AMP 180 acids
o CMP Fig. 4 shows the observed shift of ethambutol pro-
:%g tons of group 4 as a function of the ratio between

ethambutol and adenine (or cytosine) bases in poly A
and poly C, respectively, The concentration of the
2 ] | 120 latter was 0.1 Min ALor €, pD=55in D, 0 ut 35°.
X [t can be observed that the shifts are all toward higher
T'\\ —h‘*.‘: tields, with a pronounced maximum at ethanbuto! to
v base ratio of 1:4. The shifts arc somewhat larger for
poly A than for poly C, and go in the deereasing or-
der for the proton groups: 4> 5> 2> 1,
b A ———— — i o |80 Fig. 5 represents a plot of the shifts of adenine
protons in poly A. The H-2 and 1{-8 protons of ade-
nine shift toward lower ficlds while H-1' protons do
not shift on addition of ethambutol. The H-2 and

0 0 20 Fig, 3. Chemivid shifts of ethambulol protens as a function
of the relative comeentration of sthambutel 10 naclectides.
XMp plr 5.5, cthambatol at .05 M, T = 357,60 Mile.
Eth

IOr Oy Wi poly A
Mo v =it o= X With poly €

Ho S8=0.lppm

S{poly +eth)- &eth (Hz}

e, e Eth
o 025 080 0.7 10 s 2.0 /base

ta 4, Chemsienl shifts of cthambutol Clty (pronp 43 protens as & function of the relative concentzation of ethambutalto bises in
Ply A and poly C. poly A and poly Cat 0.0 Man bases, ph 6T = 337, 100 Mits. 81
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Fig. 5. Chemical shifts of adenine protons ia poly A as a function of the relative concentration of ethambutol to adeniae in poly

A.Psly A0 M, pD 6, T = 35°, 100 MHz.

H.8 rescnances broaden progressively with increased
concentration of ethambutol and cannot be resolved
at the highest concentration.

Cytosine protons in poly C could not be seen in
the presence of as little as 0.02 M of ethambutol,

The temperature dependence of the poly A and
ethumbutol protans showed relative shifis which did
not exceed 0.03 ppm at temperatures between 9° and

79°.

4. Discussion

The observed diamagnetic shifts of ethambutoel pro-
ions are most prabably due to the ring currents of the
neightoring bases. The sialiness of the shifts in mix-
tures with bases and nueleosiles is indicative of poor
complex formations in absence of the phosphate
group. Among the nucleotide s complex formation is
evident with CMP and GMP, but not witl: AMP or
TMP. In 2l cases where PMR shifts are observed, only
one set of lines is seen, tndica*ing that the system is
of rapid exchange type (> 103 sec~1}). Otherwise two
sets of lines, corresponding to free cthambutol and to
ethambutol in complex would he observed.

The results obtained with poly A znd poly C indi-
cate intercatation of the drug molecule between the
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bases. Intercalatizi: has been proposed in the cases of
several drugs {47} where drug—DNA complexes
were analyzed. The maximum ratio of the drug mole-
cules participating in the complex in this study is |
per 4 bases, both in the case of poly A and poly C.
The chemical shift rtoward lower fields of adenine in
poly A is consistent with the intercalation. The H-2
and H-8 araraatic protons are normally shifted to-
ward higher fields in the polynucleotides {8. 9] duc
to the ring currents of the neighbors. Intereatation of
the drug molecule between bases will decrease the
effect of the neighboring bases, hence will shift the
proton esonances toward lower fiekls.

From the observed shift of ethambutof CH, pro-
tons (group 4) and the known concentrations of the
twa species, E (ethambutol) and P (poly A), one can
caleul ate kp the dissociation constant for the system
in rapid equilibrium, as well as the chemical shift of
the bound ethambutol, A, folfowing Dahlquist and
Raftery [10]:

IEL [P}
(EP]

one obtains £, = 1072 and A = 33 Hz (0.33 ppm:.
Ef the ethambutol molecule lines directly batwzen

adeniite bases one should observe a considerably kigh-
er shielding value due to the ring currents in the base.

E-=P=EP; Kp'—':
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gince poly A at pD 6 is in random cail configuration
[11. 12] the results indicaie that the intercalation in-
coniplete in the sense that the drug molecule does not
{ully penetrate into the space betwecen the bases, the
grotons of the groups 1, 2, 3 and 5 being at least 6

ot 7 A trom the perpendicular to the center € ade- -
nine at a distance of 1.7 A. The group 4 protons
worild be somewhat closer. .

The effect of ring currents in poly C should be con-
siderably less pronounced {8] than in poly A, as ob-
served in the present experiments.

The deshielding effect an H-2 and -8 protons in
poly A are roughly of the right order when compared
with [16, 12].

Broadening of adenine and e¢ven more 50, of cyto-
sine lines in poly A and poly C is indicative of increase
of rigidity of the polymer in the presence of etham-
butol.
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