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Abstract—Purinyl-6-histamine, which is selectively cytotoxic to tumour cells in tissue
culture, does not inhibit the incorporation of precursors of macromolecular syntheses
into acid insoluble material of ascites tumour cells in virro, but it is bound to RNA
within cells and to isolated RNA in vitro, as demonstrated by sedimentation studies,
Sephadex G50 chromatography, polyacrylamide gel eclectrophoresis and Millipore
filtration. The intrinsic binding constant for the binding to isolated RNA is in the order
of 10° X M~ (0-1 M NaCl). There is some evidence (P < 0-1) that purinyl-6-histamine
has a higher affinity in ascites tumour RNA and yeast SRNA than to liver RNA.

PURINYL-6-HISTAMINE has been described to be only cytotoxic against tumour cells
in vitro in a concentration of 0-6 X 10~* M but shows no effect on normal fibroblasts
in tissue culture in the same or even in higher concentrations.*™® This outstanding
behaviour of the compound has also been studied and demonstrated by cinemato-
graphic techniques. In contrast to this selective cytotoxic effect of purinyl-6-histamine,
some purinyl-6-substituted amines closely related in structure to purinyl-6-histamine
show general cytotoxicity on cells in tissue culture.! Earlier investigations on the
metabolism of purinyl-6-substituted amines have proved that the compound is cata-
bolized and detoxified by xanthine oxidase.*

This catabolism and the rapid excretion of the compound following the injection
into tumour-bearing animals® were considered to be the reasons for the unsatisfactory
curative effects of the substance observed in vivo. Nevertheless the growth of retothel
sarcoma is inhibited to 40 per cent by purinyl-6-histamine in a dosage of 25 mg/kg/
day,® and Ehrlich~Lettré ascites tumour cells which had been incubated in vitro for
4 hr together with purinyl-6-histamine were unable to produce tumours when they
were reinjected into animals, thus indicating that the drug inhibits tumour cell
proliferation after having been in close contact with the cells for at least 4 hr.” On the
basis of these findings it seemed useful to expand the studies to include experiments
concerning the effects of this compound on macromolecular syntheses and interactions
with cellular macromolecules. Some results of these studies are presented in this work.

METHODS
Materials. Purinyl-6-derivatives were synthesized in this laboratory.
Purinyl-6-L-leucine was prepared from 6-chloropurine and L-leucine according to a
general method given for the preparation of purinyl-6-substituted amino acids.®
# This work has been supported by the Karl and Maria Biesinger Foundation.

1 To whom all requests for reprints should be addressed. Dr. P. Gomez wishes to thank the
“Deutscher Akademischer Austauschdienst” for a fellowship.

729



730 P. GoMEz and D. WERNER

Fp.: 246° UV, pH 7-0: 271 nm. Analysis: C 53-21 (53-:00), H 6-31 (6-06), N 27-79
(28-10).

Purinyl-6-histamine was first synthesized from 6-chloropurine and free histamine
base.® We modified the synthesis by using 6-chloropurine, histamine-dihydro-
chloride and 3 moles of sodium-butanolate. This substance is also commercially
available at Fa. PWA, Mannheim, W. Germany. Labelled purinyl-6-histamine has
been prepared in this Institute as described in a previous paper.® In this work we
used labelled purinyl-6-histamine with the specific activities: following purinyl
[8-14C]-6-histamine (ring-[2-1#C]) 0-035 mCi/mmole; purinyl-6-histamine-T (U)
0-3 mCi/mmole.

Purinyl-6-(2-pyridyl-8-ethylene-amine) was prepared from 6-chloropurine and
2 moles of 2-pyridyl-B-ethylene-amine according to the general method for prepara-
tion of purinyl-6-substituted amines.® Fp.: 235°, UV,,., pH 7-4: 268 nm. Analysis:
C 59-96 (59-98), H 5-21 (5-04), N 35-05 (34-98).

Purinyl-6-tryptamine was first synthesized from 6-mercapto-purine and free
tryptamine base.'® We modified the synthesis by using 6-chloropurine, tryptamine-
hydrochloride and 2 moles of sodium-butanolate.

Labelled compounds were bought from Radiochemical Centre Amersham, England,
Unless otherwise stated in the text all other chemicals were products of Fa. Merck.
Darmstadt, W. Germany,

Incorporation of labelled precursors into acid insoluble cellular material. Ehrlich—-
Lettré ascites tumour cells were harvested 7 days after inoculation. Incubation
mixtures contained 0-1 ml of packed cells (107), 2 uCi of labelled precursor (thy-
midine-6-T, 20 Ci/mmole; uridine-5-T, 20 Ci/mmole; DL-lysine-4,5-T, 12-8 Ci/mmole;
inatotal volume of 0-5 ml Hanks’s balanced salt solution.*! The concentration of purinyl-
6-histamine was as indicated in Table 1. Incubations were performed at 37° for 1 hr.
Twenty ul aliquots of each incubation mixture were pipetted on glass filter discs
(Whatman, GF/B 2-1 cm), the acid insoluble material was precipitated by cold TCA
(10%) and submitted to several cold (4°) TCA (5%) washings under the general
conditions described in the literature.!? Mean values of the counts/min/disc detected
by a liquid scintillation spectrometer (Packard, Tricarb, model 3380) and standard
deviations of six identical incubation mixtures are listed in Table 1. The scintillation
fluid used in our experiments consisted of 5 g 2,5-diphenyloxazole (PPO), 0-3 g
1,4-bis-2(5-phenyloxazole)-benzene (POPOP) and 1 litre of toluene.

Incorporation of labelled precursors into acid insoluble material of rat liver slices
under the influence of various drugs was performed as described in a previous paper.'?

RNA preparations. Unlabelled total cellular RNA was prepared from packed
ascites tumour cells and livers of albino rats by the hot phenol method with minor
modifications according to Schiiltz et al.l* sSRNA (yeast) was bought from Fa. Boe-
hringer, Mannheim, W. Germany. Uridine-5-T labelled total cellular RNA was
prepared from ascites tumour cells as follows; incubation mixtures contained 0-5 ml
of packed cells (5 x 107 cells), 10 nCi of uridine-5-T (15-25 Ci/mmole) in a total vol-
ume of 5 ml Hank’s balanced salt solution. Following the incubation for 1 hr at 37°,
ten of these mixtures were combined, the cells collected by centrifugation, and the
RNA was prepared by the hot phenol method.!* The specific activities of these
RNAs (counts/min/oD,¢, unit) were compared with the specific activities of RNA



Purinyl-6-histamine binding to ribonucleic acids 731

samples received under the same conditions but in presence of purinyl-6-histamine
(0-:5 x 103 M) in the incubation mixture. The complete procedure was repeated
seven times. Incubation of Ehrlich-Lettré ascites tumour cells with purinyl-6-hist-
amine-T (U) and isolation of RNA from these cells was performed under the same
conditions except that purinyl-6-histamine was replaced by the same amount of the
labelled derivative.

Sedimentation profiles. RNA samples were dissolved in 1 ml of waterand carefully
layered on 30 ml of sucrose density gradients containing 0-1 M sodium chloride, 0-02
M sodium acetate, 0-001 M EDTA, pH 5:0. The gradients were formed by a Holzl
gradient former (Fa. Holzl Technik, Dorfen, W. Germany). Following the centrifuga-
tion (Beckman ultracentrifuge, model Spinco L-40, SW 25-1 rotor, for 40 hr at 20,000 g)
the gradients were fractionated by a gradient fractionator (ISCO, model 182) con-
nected with a spectrophotometer (Beckman DK 2, equipped with time drive attach-
ment, a Helma flow cuvette of 1 cm path (Fa. Helma, Miihiheim, W. Germany, type
176 QS)) and a fraction collector (LKB Ultrorac 7000). Gradients were fractionated
into 1 ml fractions, and the oD profile was recorded at 260 nm.

Detection of radioactivity: 1 mg of unlabelled RNA in 1 ml of 0-1 M sodium
chloride solution was added to each tube. The RNA was precipitated by addition of
2 vol. of ethanol and collected by centrifugation. The RNA was then redissolved in 1
ml of Protosol (NEN-Chemicals, Dreieichenhain, W. Germany) and the radioactivity
(counts/min/tube) detected as described above. In one experiment (Fig. 2) the values
were taken by a Packard Scintillation Spectrometer (Tricarb 3380) attached to an
analyser for absolute activity counting (model 544).

Polyacrylamide gel electrophoresis. Acrylamide and N,N'-methylene-bis-acrylamide
were products of Fa. Serva, Heidelberg, W. Germany. Gels were prepared under the
general conditions described by Maurer.! 2-375 g (recrystallized) acrylamide and
0:125 g N,N’'methylene-bis-acrylamide were dissolved in 100 ml buffer (0:04 M
Tris, 0-02 M sodium acetate, 0-:002 M EDTA, adjusted to pH 7-2). 25 ml of this
solution were degassed under vacuum, 0-2 ml of 10%, ammonium-peroxo-disulphate
solution and 20 ul of tetramethylene-ethylene-diamine added. Following the prepara-
tion of the gel columns a pre-run of 30 min was carried out in the same buffer as
described above (5 mA/tube constant current). RNA samples (2 OD,¢o units) were
dissolved in electrophoresis buffer (0-1 ml) containing 10 9 of sucrose and then layered
on the tops of the gels. Electrophoresis was performed within 60 min (buffer as
described above, 5 mA/tube constant current). The gels were then stained by methyl-
ene blue and destained by distilled water,!3

Sephadex G-50 chromatography. Ten g Sephadex G-50 (Fa. Pharmacia, Frankfurt,
W. Germany) were swollen for 3 days in 200 m! of Tris-HCI buffer (0-05 M, pH 7-0)
and poured into a column (1-5 X 30 cm). The column was loaded with a mixture
containing 50 0D,¢, units of total cellular RNA from ascites tumour cells and 0-65
pmole of purinyl-6-histamine-T (U) in 2 ml of the buffer described above. Elution was
performed by the same buffer. Twenty-three fractions (each 2-3 ml) were taken by using
a monitored fraction collector (Linear II, Serva, Heidelberg, W. Germany).
Aliquots of the individual fractions were diluted and used for detection of the exact
optical densities (260 nm) (Beckman DK 2 spectrophotometer). Fifty ul aliquots were
filtered through Millipore membrane filters and the radioactivity detected on the filters
as described above. The radioactivity contained in the total fraction was calculated
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from the values obtained by the counting of the aliquots. Fractions 4-9 were brought
to 0-1 M with sodium chloride solution, and the RNA contained in these fractions
precipitated by addition of 2 vol of ethanol. The precipitate was collected by centri-
fugation, redissolved in water and submitted to sucrose density gradient centrifuga-
tion as described above.

Millipore filtration. Mixtures of ['#Cllabelled purinyl-6-histamine and RNAs of
various sources (rat liver, ascites cells, yeast SRNA) were prepared in 0-05 M Tris—
HCI buffer, pH 7-0, containing 0-1 M sodium chloride. Aliquots were filtered through
membrane filters of 0-45 um pore size (Fa. Millipore Filter GmbH., Neu-Isenburg,
W. Germany, filtertype HAWGO 2400). The filters were then washed with 15 ml of
the same buffer (containing the same molarity of sodium chloride as indicated above)
to remove the unbound labelled compound. The radioactivity on the filters was
detected by liquid scintillation spectrometry as described above. Efficiency counting
showed that 65 counts/min were equivalent to 1 pmole of labelled purinyl-6-
histamine.

RESULTS

Inhibition of incorporation of labelled precursors into acid insoluble cellular material
by purinyl-6-substituted amines. Numerous purinyl-6-substituted amines which are
foreign to mammalian cells, show cytotoxic action’ and can also inhibit the incorpora-
tion of labelled precursors of macromolecular syntheses into acid insoluble material
of cells in vitro.'® Disregarding the various causes by which drugs may inhibit the
incorporation of labelled precursors (e.g. inhibition of macromolecular synthesis,
change in precursor pool and membrane permeability) we came to the conclusion
that some selected purinyl-6-substituted amines (formulas I-1V) exert an effect upon this
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incorporation of precursors into Ehrlich-Lettré ascites tumour cells and rat liver
slices correlated to the cytotoxic action of the drugs.1® The derivative I, for example,
is not cytotoxic, nor does it show an effect on the incorporation of labelled precursors.
At concentration of 0-6 x 10~3 M, the derivative ITI which is fairly cytotoxic, inhibits
the incorporation of thymidine (40 per cent), of uridine (45 per cent) and of lysine
(25 per cent) into ascites tumour cells and into rat liver slices [thymidine (60 per cent),
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uridine (45 per cent), lysine (20 per cent)]. When applied in the same concentration,
the derivative IV which is the most cytotoxic, produces anincreased inhibition [ascites
tumour cells: thymidine (80 per cent), uridine (70 per cent), lysine (50 per cent);
rat liver slices: thymidine (95 per cent), uridine (90 per cent), lysine (60 per cent)].1®
The amount of inhibition produced by the cytotoxic substances III and IV and the
lack of inhibition in the case of compound I is as expected. However, we could not
detect any inhibition of incorporation of labelled precursors into ascites tumour cells
by purinyl-6-histamine. Even at concentrations higher than 0-6 x 10=* M, the in-
corporation of the precursors is not affected under the chosen experimental conditions
(Table 1). These experiments demonstrate that the mechanism of action of this

TABLE 1. INCORPORATION OF THYMIDINE-6-T, URIDINE-5-T, DL-LYSINE-4,5-T INTO
ACID INSOLUBLE MATERIAL OF ASCITES TUMOUR CELLS UNDER THE INFLUENCE OF
VARIOUS CONCENTRATIONS OF PURINYL-6-HISTAMINE

Incorporation of labelled:

Conc
Purinyl-6-histamine Thymidine Uridine Lysine
Control 258 + 86 412 4 49 620 4 80
06 x 107> M 259 4+ 63 486 4- 33 596 + 56
13 x 1073 M 188 + 27 441 + 29 584 £ 123
25 x 1073 M 224 4+ 21 445 4- 60 687 + 56
F-value* 217 2:79 1-31

* Analysis of variance: No significant differences between the groups.

The data represent mean values of six individual experiments and the standard
deviations. Counts/min/4 x 10° cells. The cells were incubated after addition
of the labelled precursor and purinyl-6-histamine for 1 hr at 37° in Hanks’s bal-
anced salt solution.

selective cytotoxic substance must be different from that of the closely related com-
pounds III and IV and that the first attack of purinyl-6-histamine on tumour cells
seems to be irrelative to an inhibition of the macromolecular syntheses (DNA, RNA,
protein).

TABLE 2. SPECIFIC ACTIVITIES (counts/min/ODzg, UNIT) OF RNA SAMPLES

PREPARED FROM ASCITES TUMOUR CELLS FOLLOWING THE INCUBATION WITH

URIDINE-5-T WITHOUT PURINYL-6-HISTAMINE (CONTROL RNA) AND IN PRESENCE
OF PURINYL-6-HISTAMINE (0-5 x 103 M) (PH-RNA)

Control RNA PH-RNA Control

Experiment (x10-3%) (x10-3) (%)

1 280 24-8 886

2 54-4 512 94-1

3 555 49-3 88-8

4 571 480 849

5 40-2 357 88-8

6 47-5 370 777

7 650 60-6 93-4

Mean values 49-7 43-8 88-3

P (Wilcoxon) = 0-01.

Variations in specific activities which appear between the individual experi-
ments (1-7)aretheresults of different specificactivities of the uridine-5-T batches.
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Specific radioactivities of RNAs prepared from ascites tumour cells following incuba-
tion with purinyl-6-histamine. Preparations of total cellular RNA from ascites tumour
cells which were incubated with uridine-5-T and purinyl-6-histamine (0-5 X 1073 M)
showed significantly lower specific radioactivities (counts/min/oD,¢, unit) than RNAs
prepared from cells which were only incubated with uridine-5-T (Table 2). These lower
specific activities of RNAs prepared from cells which were in contact with purinyl-6-
histamine for 1 hr (PH-RNAs) could be due to inhibition of uridine-5-T incorporation.
However, this would be in contradiction to the data given in Table 1. It was concluded
therefore that the lower specific activities of these PH-RNAs were due to relatively
higher optical densities resulting from binding of the compound to cellular RNA. As
the effect is to be noticed at the level of isolated RNA, this binding must be stable
enough to withstand the conditions of the hot (65°) phenol extraction.

This stable binding of purinyl-6-histamine to RNA can be proved by the resuits
described below, and one has to take into account that both types of RNA, the control-
RNA and the PH-RNA have the same specific activities, but that one 0OD,4q Unit
of PH-RNA consists of 0-883 0D, 6, units of pure RNA and of an amount of purinyl-
6-histamine which is equivalent to 0-117 0D,¢, units. From the molar absorption of
purinyl-6-histamine (e,6o = 10 x 10* M~ cm~?') it can be calculated that 11-2
pmole of the substance would exhibit an optical density of 0-117 0oD,4, units. Total
RNA from ascites cells which were incubated with purinyl-6-histamine under the
conditions described must therefore be charged with 112 pmole of purinyl-6-hista-
mine per 0-883 OD,go units or with 1 molecule per 9 nucleotides. Sedimentation
studies (Fig. 2) reveal that purinyl-6-histamine is not bound uniformly to all RNA
species so that there must exist RNA species which show more or less affinity.

5 % OD260

0.4
0.2
i |
30 20 10 0
FRACTION NUMBER
Fic. 1. Sedimentation profiles of RNAs from ascites tumour cells: ——— from untreated
cells; — — — — from cells after incubation with purinyl-6-histamine. Sucrose density gradients 5-40

per cent. 115 0D,60 units RNA per centrifuge tube.
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Evidence for the binding of purinyl-6-histamine to cellular RNA. The u.v.-spectras
of RNA preparations from ascites tumour cells which were incubated with purinyl-6-
histamine for 1 hr in vitro show very small (1-2 nm) but significant shifts to higher
wavelengths (OD,,,, of purinyl-6-histamine 273 nm at pH 7-0). Sedimentation profiles
of control-RNA and RNA which was prepared from cells after incubation with
purinyl-6-histamine (PH-RNA) reveal differences between these types of RNA.
Especially the RNAs peak of PH-RNA is shifted to higher S-values (Fig. 1). After
incubation of cells with purinyl-6-histamine-T (U) the radioactivity which can be
detected in the RNA is preferentially associated with RNA species sedimenting
between 5S and 18S and between 18S and 28S (Fig. 2).

Dpm 50% 5% ODZGO
200 |- 45.0
150 | 140
-1 3.0

100

2.0
50

1.0

I 1
30 20 10 0

FRACTION NUMBER

FiG. 2. Sedimentation profile of RNA from ascites tumour cells which had been incubated with
purinyl-6-histamine-T (U) for 1 hr: OD260; O - — — = O radioactivity (dis/min/tube). Sucrose
density gradient 5-50 per cent. 12-5 0D2¢0 units per centrifuge tube,

Binding of purinyl-6-histamine to isolated RNA. It can be demonstrated that purinyl-
6-histamine is also bound to isolated RNA in vitro indicating that this binding
observed after incubation of cells with the compound is not an enzyme catalyzed
process. This binding has been investigated by various techniques including sedimenta-
tion studies, polyacryl-amide gel electrophoresis, Sephadex G-50 chromatography and
Millipore filtration:

(a) Sedimentation studies: Fig. 3 shows a sedimentation profile of a mixture con-
taining 0-040 umole of purinyl-6-histamine-T (U) per 0D,¢, unit of total cellular
RNA from ascites tumour cells. A small amount of RNA containing radio-
activity is sedimented to the bottom of the centrifuge tube and does not appear
in the profile. Figure 4 shows a sedimentation profile of a mixture containing
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FiG. 3. Sedimentation profile of a mixture (1 ml) of 11-S 0D,¢0 units of RNA from ascites tumour
cells and 0-44 umoles of *C-labelled purinyl-6-histamine: ODz60; O — — — = O radioactivity
(counts/min/tube). Sucrose density gradient 5-50 per cent.

x10” | 50% = ol 0D,
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1 0.2
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30 20 10 0

FRACTION NUMBER

FiG. 4. Sedimentation profile of a mixture (1 ml) of 10-5 0D26, units of RNA from ascites tumour
cells and 1-8 umoles of *#C-labelled purinyl-6-histamine: OD260; O ~ — — — O radioactivity
(counts/min/tube). Sucrose density gradient 5-50 per cent.
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Fi1G. 5. Polyacrylamide gel electrophoresis of RNA (2 0D;¢0 units) from ascites tumour cells (5 C)
and of a mixture of the 2 OD;¢0 units of the same RNA with 0-34 pmoles of purinyl-6-histamine
(5 pH).

B.P.—facing page 736
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0-17 pmole of purinyl-6-histamine-T (U) per 0D,40 unit of total cellular RNA
from ascites tumour cells. The bulk of the RNA containing most of the radio-
activity forms a pellet at the bottom of the centrifuge tube indicating that purinyl-
6-histamine combines RNA molecules to aggregates of higher densities.

(b) Polyacrylamide gel electrophpresis: The aggregation of RNA molecules by
purinyl-6-histamine could also be demonstrated by polyacrylamide gel electro-
phoresis. Total cellular RNA from ascites tumour cells can be separated by
electrophoresis in large pore gels into the main RNA species which can also be
obtained by sucrose density gradient centrifugation (Fig. 5C). Polyacrylamide gel
electrophoresis of a mixture containing 0-17 pmole of purinyl-6-histamine per
0D,¢0 Unit RNA (Fig. 5 (PH)) shows that the compound combines various RNA
species to form aggregates which cannot penetrate the gel and which are not
separated by electrophoretic forces.

107 RNA ODy¢5

cpm

10 -1 5.0
8 - -4 4.0
6 - - 3.0
L+ - 2.0
2 = Py 110

| I )

0 5 10 15 20
FRACTION NUMBER

FiG. 6. Elution profile of a Sephadex G-50 column which was loaded with a mixture of 50 0D¢0
units RNA from ascites tumour cells and 0-65 pmoles of purinyl-6-histamine-T (U): 0D260;
QO - - -~ O radioactivity (counts/min/tube). Fractions 4-9 contain RNA.

(c) Sephadex G-50 chromatography: Fig. 6 shows an elution profile of a Sephadex
G-50 column which was loaded with a mixture containing 0-013 pmole of purinyl-
6-histamine-T (U) per 0OD,6, unit of total cellular RNA from ascites cells. A part
of the radioactivity is associated with the RNA-peak. The RNA contained in
fractions 4-9 (Fig. 6) was collected by ethanol precipitation, redissolved in dis-
tilled water and submitted to density gradient centrifugation (Fig. 7). The
distribution of the radioactivity differs from that in RNA received from cells
which were incubated with purinyl-6-histamine-T (U) (Fig. 2), but again the
sRNA species seem to be more charged with the compound.
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Fig. 7. Sedimentation profile of the RNA contained in fractions 4-9 (Fig 6):
O - - - = O radioactivity (counts/min/tube). Sucrose density gradient 5-50 per cent.

OD260;

(d) Millipore filtration: An accurate and quantitative study of the purinyl-6-histamine
binding to RNA as proposed by Dourlent and Héléne” for the proflavine binding
to RNA is not possible because the absorption spectras of RNA and purinyl-6-
histamine are very similar. However, one can estimate the order of the intrinsic
binding constant (k) from the data given in Table 3 according to the simplified
equation;1®

0

T1-9¢

Ko

where 6 is the fraction of occupied sites (occupied nucleotides) and m is the molar
concentration of the free absorbate. The equation implies that nearest neighbour
interactions are negligible and that there exists only one single binding process.
The k-values which were calculated under the assumption that two successive
nucleotides form a potential binding site are in the order of 10®> x M~!. There
exist no differences between the k-values for ascites RNA and the k-values for
yeast SRNA. However, the compound seems to have less affinity for the binding
to liver RNA. The significance of the differences between k-values of liver RNA
and ascites RNA, and between liver RNA and yeast SRNA, are as low as
P<0-1 but cannot be neglected. The P-level of these differences was calculated
by using Student’s t-test for unpaired variates.

DISCUSSION
Purinyl-6-histamine has become a valuable tool for the study of differences between
normal and malignant cells by its outstanding effect on cells in tissue culture. In view
of this behaviour it seems important; (a) to elucidate the reasons for the resistance of
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normal cells against the cytotoxic effect exerted by purinyl-6-histamine and; (b) to
learn more about the molecular mechanism of this cytotoxic effect.

A former hypothesis which was the first attempt to explain this selective effect and
which was based on the theory that normal cells should be able to catabolize the drug
by xanthine oxidase whereas malignant cells (on account of low xanthine oxidase
level) should not,* could be rejected since it had become possible to demonstrate that
the xanthine oxidase levels of normal and malignant cells in culture are not significantly
different.'® Since the resistance of normal cells is not based on such a catabolic
difference between normal and malignant cells, one should rather think of an in-
creased membrane permeability or a higher number of binding sites in tumour cells.

These hypotheses strongly suggested the study of interactions between purinyl-6-
histamine and cellular macromolecules. A first hint at the binding of the compound
to nucleic acids could be derived from autoradiographical studies.?® Inspections of
autoradiographies of cells which had been incubated with labelled purinyl-6-histamine
show that the radioactivity is incorporated and after some hours of incubation
appears associated with cellular structures which can morphologically be attributed
to nucleic acids. The biochemical results presented in this paper support the aspect
that RNA can serve as an intracellular receptor for purinyl-6-histamine. Though there
is some evidence for a higher affinity of the substance to tumour-RNA (Table 3), it
only refers to the RNA preparations used in these experiments while a general
difference of the affinity between tumour-RNA and normal tissue-RNA can hardly
be claimed by these results. The question is whether this differential binding to tumour
and normal tissue RNA or the higher affinity to special RNA species (Fig. 2) stands
in connection with the selective effect. Comparable differences in the binding propor-
tions have shortly been described by Dourlent and Héléne!” for the proflavine binding
to poly(A), poly(U) and tRNA. These differences were explained by the authors by
assigning an important role to the secondary structure in the ability of polynucleotides
to bind cationic dyes and in the distribution of bound dyes between two classes of
complexes.

These considerations, in connection with our results, lead us to the conclusion that
purinyl-6-histamine may also form two classes of complexes with RNA. The first
complex which is preferentially formed with isolated RNA (Figs. 3-6) and which
might be relatively weak and irrelative to the cytotoxic action, originates from electro-
static interactions between the cationic purinyl-6-histamine and the negatively charged
phosphate groups of the RNA. On the cellular level there exists a second type of
complex which is based on Van Der Waals type interactions and a special secondary
structure of the RNA. This second type of complex is stable against the hot phenol
extraction (Table 2, Figs. 1 and 2). Under the assumption that the formation of this
second complex is to be seen in relation to the cytotoxic mechanism of the compound
one should predict two possibilities with respect to the selective action of purinyl-6-
histamine: (a) The compound forms this stable complex with special RNA species
only present or essential in sensitive (tumour) cells. (b) The intracellular concentration
in sensitive (tumour) cells is high enough for complex formation whereas this con-
centration in resistant (normal) cells is too low for the complex formation.

Though these hypotheses for the selective action of the compound are rather tempt-
ing, it still remains unclear by which mechanism this type of complex formation
should lead to the total lysis of sensitive (tumour) cells. It has been demonstrated by
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the results given in Table 1 that the breakdown of DNA, RNA and protein syntheses
is not an early event in the time course of the drug action, and autoradiographical
studies had proved that the incorporation of labelled amino acids is only inhibited by
the substance in a late phase, at a time when the cellular lysis of tumour cells is just
about to begin.2°

1.
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