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phenylacetyl-a-amino isobutyric acid, pr-e¢-benzyloxy-a-
phenylacetamidopropionic acid 8, bL-s~-methoxy-«-phenyl-
acetamidopropionic acid methyl ester®, chloroacetyl-«-
amino isobutyric acid.

‘With the amino acid derivatives tested, it was possible
to observe cleavage only in those belonging to the L-series,
the acyl group being phenylacetic or chloroacetic acid and
the carbon atom not being completely substituted.

For the above-mentioned compounds, which undergo
enzymatic hydrolysis and have the asymmetric carbon
atom containing the amide group, the configuration at
asymmetric centre is known. We, however, also utilized
a-benzyloxy-phenaceturic acid®, whose configuration is
not known. In our experiments with the pr-compound,
one of the two forms was completely hydrolysed after
65 h, while the other was unchanged. This latter gave

Amino acid Time % of phenylacetic
derivatives inh acid produced
Phenylacetyl-L-alanine 48 77
Phenylacetyl-L-valine 100 10
Phenylacetyl-L-leucine 48 50
Phenylacetyl-L-a-amino-

n-butyric acid 48 66
Phenylacetyl-L-phenyl-

alanine 48 48

Synergism Between lonizing Radiation and a
Cytotoxic Methylhydrazine Derivative: Effect on
DNA-Degradation

The degradation of deoxyribonucleic acid (DNA) by
methylhydrazine derivatives has recently been de-
scribed . It has been pointed out that the mechanism of
action of these antitumour agents seems to show a simi-
larity with the indirect effect of ionizing radiation?, e.g.
formation of strongly oxidizing and reducing free radicals.
It therefore appeared desirable to investigate the effect of
the combined action of the above mentioned compounds
and of ionizing radiation on deoxyribonucleic acid.

The experiments were carried out with a 0.05%, solu-
tion of sodium deoxyribonucleate prepared from calf
thymus glands in 1/30 M/ phosphate buffer of pH 7, with
the addition of 109, sodium chloride® as well as 0.002
moles/l sodium pyrophosphate to eliminate iron ions%.
The cytotoxic compound® N-isopropyl-p-{2-methyl-
hydrazinomethyl)benzamide hydrochloride (Natulan®)
was added in solid form. The degradation of the DNA
was checked by viscosity measurements with an Ostwald
type viscometer (sheer stress about 200 to 500 sec-') and
by the determination of sedimentation constants (extra-
polation to concentration limes zero) with a Spinco
analytical ultracentrifuge type E. Further experimental
details have been described in previous papers!. For the
irradiation experiments a cobalt-60 y-ray source of 112
curies was used®. 10 ml of the solutions in cylindrical
flasks were placed at a distance of 11.5 cm from the
radiation source, the dose rate being 11,000 rad/h, The
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m.p. 106-108°, [a]p = — 2.05° {c = 3.8%)¢. The config-
uration of the asymmetric carbon atom present in the
isolated optically active compound is probably as follows:

COOH
HmeC<=NH—CO—CH,—CgHy

H

o

f
CH,

|
CeHs

Riassunto. 1.’azione delle acilasi presenti nelle cellule di
E. coli A.T.C.C. 9637 & stata studiata utilizzando diversi
substrati. Si & cosl trovato che alcuni cloroacetil e fenil-
acetil amino acidi subiscono un’idrolisi asimmetrica.

G. LuceENTE, A. RoMEo,
and D. RossI

Istituto di Chimica Farmaceutica Applicata,
Universita di Roma (Italy), December 4, 71964.

3 We shall report on thc preparation of the w-alkoxy-x-phenyl-
acetamido acids in a further note.

& Satisfactory elemental analyses were obtained for each new com-
pound and optical rotation values were determined in ethanol
solution,

irradiation was carried out at room temperature. About
30 min after termination of the irradiation, the sampels
were put in a thermostat and kept at 37°C.

Figure 1 presents the viscosity decrease of the DNA
solution initiated by the following treatments: I = irra-
diation with 11,000 rad, 1I = addition of 0.0005 moles/i
Natulan, I1I = irradiation with 11,000 rad followed imme-
diately by addition of 0.0005 moles/l Natulan. According
to the experimental results, the decrease in specific vis-
cosity caused by the combined action of irradiation and of
Natulan is substantially greater than that expected from
a simple addition of both treatments. The maximum effect
was obtained when Natulan was added immediately after
termination of the irradiation. The effect decreased gra-
dually as the interval between the termination of irradia-
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Weiss, Nature 753, 748 (1944). — R. A, Cox, W. G. OVEREND,
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tion and the addition of Natulan increased. The effect of
Natulan decreased also when it was added before the
irradiation. This was probably due to competitive radio-
protective reactions of Natulan during irradiation result-
ing from its reducing power, e.g. ‘repair’ of DNA radicals.

In Figure 2 the correlation between specific viscosity
of the DNA solution and the sedimentation constant of
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Fig. 1. Change in the specific viscosity of a 0.05% solution of DNA
after the following treatments: (C} Control (without treatment).
{I) Irradiation with 11,000 rad. (II} Addition of 0.0003 moles/l N-iso-
propyl-p-{2-methylhydrazinomethyl}benzamide hydrochloride. (111}
Irradiation with 11,000 rad and addition of 0.0005 moles/l N-isopro-
pyl-p-(2-methylhydrazinomethyljbenzamide hydrochloride imme-
diately after termination of irradiation.
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Fig. 2. Correlation between specific viscosity and sedimentation con-
stant of DNA degraded with different doses of N-isopropyl-p-(2-
methylhydrazinomethyl)benzamide hydrochloride with and without
preceding irradiation. Circles: Degradation by 11,000 rad and N-iso-
propyl-p-(2-methylhydrazinomethyljbenzamide hydrochloride. Tri-
angles: Degradation by N-isopropyl-p-(2-methylhydrazinomethyl)-
benzamide hydrochloride alone,
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the DNA is given. These results were obtained with DNA
degraded by different doses of Natulan with and without
preceding irradiation, The results suggest that the same
correlation exists between specific viscosity and sedi-
mentation constant for both DNA degraded by Natulan
alone and by a combination of Natulan and irradiation.

In Figure 3 the specific viscosities of IFigure 1 were
converted to ‘average molar concentrations’ of DNA,
For this calculation the relationship given in Figure 2
between specific viscosity and sedimentation constants
was used. The latter were transformed into average mole-
cular weights using the relationship of Doty et al.’. The
increase in ‘average molar concentration’ is a measure of
the number of double breaks that have occurred in the
DNA molecule®. Figure 3 thus represents the increase in
‘average molar concentration’ of DNA with time after
the following treatments: I == irradiation with 11,000 rad,
II = addition of 0.0005 moles/l Natulan, 111 = irradiation
with 11,000 rad and addition of 0.000% moles/l Natulan
immediately after termination of the irradiation. Accord-
ing to these results the combined action of jonizing
radiation and of Natulan causcs more double breaks in
the DNA molecule than would be expected from a simple
summation of the effects of radiation and of the cytotoxic
agent.

A remarkable feature is the synergistic effect of jonizing
radiation and of the cytotoxic methylhydrazine com-
pound on DNA fragmentation and the fact that the maxi-
mum effcct was observed only when Natulan was added
immediately after the irradiation. No such effects were
obtained with a nitrogen mustard [methyl-bis{g-chlor-
ethyljamine hydrochloride]. Added hydrogen peroxide
had a much smaller enhancing effect on the degradation
than the cquimolar amount of Natulan. Interestingly
enough, the effect of hydrogen peroxide was greater when
it was already present during irradiation than when
added afterwards,
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Fig. 3. Effect of ionizing radiation and of a cytotoxic methylhydrazine

derivative and of their combination on the ‘average molar concen-

tration’ of DNA. {C) Control, {1} 11,000 rad. (11) 0.0005 moles/l N-iso-

propyl-p-(2-methylhydrazinomethyl)benzamide hydrochloride. (111)

11,000 rad and 0.0005 moles/l N-isopropyl-p-(2-methylhydrazino-

methyl)benzamide hydrochloride added émmediately after termina-
tion of irradiation,

7 P, Doty, B. Bunce McGiwy, and 8. A, Rick, P'roc. Nat. Acad. Sci.
44,432 (1958).
8 A, R. PEAcockE and B. N. Preston, J. Polymer Sci. 37, 1 (1958).
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According to the results, ionizing radiation seems to
have a sensitizing effect on DNA subjected to the action
of Natulan. This may be explained by the formation of
unstable peroxides during irradiation®, which yield free
radicals as a result of their decomposition®®. SCHOLES et
al.1* have demonstrated that the organic peroxides
formed by X-irradiation of DNA in the presence of oxygen
show a marked post-irradiation decay which mainly
takes place within a few hours after termination of the
irradiation. The free radicals formed during this decay
may act as initiators'® of the autoxidation of cytotoxic
methylhydrazine compounds®. The higher rate of autoxi-
dation will result in an increase of both the formation?
and of the activation?® of hydrogen peroxide and thus
enhance the degradation of DNA.

Zusammenfassung. Die kombinierte Einwirkung von
ionisierender Strahlung und N-Isopropyl-p-(2-methyl-
hydrazinomethyl)benzamid hydrochlorid (Natulan®)
fithrt zu einem wesentlich stirkeren Abbau von Desoxy-
ribonucleinsaure (DIN'S) als auf Grund der linearen Super-
position zu erwarten wire. Der Synergismus ist am aus-
geprigtesten, wenn der Zusatz von Natulan unmittelbar
nach der Bestrahlung erfolgt. Dieser Effekt kann als Folge
der Bildung instabiler Peroxide wihrend der Bestrahlung
erklirt werden. Bekanntlich zerfallen die bei der Be-

Determination of the Dry Mass of Nervous and
Glial Cell Nuclei by Interference Microscopy!?

Bratrearp and Hypen?22 and HYpEN® measured the
dry mass concentration of nerve cells by means of X-ray
microscopy and calculated indirectly the total dry mass
of the same cells on the basis of the area.

This method is laborious and does not seem well snited
for the determination of the dry mass of the nuclei.
Interference microscopy seems to show marked advan-
tages for this purpose, and in this paper the values ob-
tained in the measurements of the dry mass of nervous
and glial cell nuclei of albino rats are described.

Samples were taken from white matter {corona radiata,
lumbar enlargement of the spinal cord) and from grey
matter (lumbar enlargement of the spinal cord).

The tissue {5 mg) was dispersed in anhydrous glycerol
(Merk) after previous freeze-drying, or directly in BarNES,
Esxour, and STocKEN fluid®. For preparation of the dry
nuclei, the tissue was dropped immediately after dissec-
tion into semifrozen Freon 12 and rapidly transferred to
the histological freeze-drying apparatus (TD2, Edwards
Crowley). After completion of the drying, the tissue was
dispersed in anhydrous glycerol by Potter-Elvejhem ap-
paratus.

In the second case, the nuclei were dispersed directly in
Barngs, Esnour, and STockeN® solution and the nuclear
fraction was separated from the homogenate by centrifu-
gation in a refrigerated centrifuge (Eispirouette, Phywe},
which was rapidly accelerated to 3000 g and then left to
decelerate until it stopped.

The nuclei prepared according to this method undergo
a notable loss of the soluble proteins and their dry mass
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strahlung entstandenen organischen Peroxide zum gross-
ten Teil innerhalb der ersten zwei bis drei Stunden nach
der Bestrahlung unter Bildung freier Radikale. Diese
koénnen als Startradikale bei der Autoxydation von
Natulan wirken und daher den Abbau von DNS beschleu-
nigen.
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values correspond substantially to the content of insol-
uble proteins, whereas the nuclei prepared in anhydrous
glycerol possess their full complement of proteins. The
difference in the values obtained with the two methods
gives an indication of the nuclear content of soluble
proteins$.

Nuclei were measured in a chamber about 40 g thick
(obtained by interposing thin mica foils between slide and
coverslip) in order to maintain their spherical shape,
which is altered by compression when they are placed
directly between slide and coverslip.

Dry mass measurements were made with a Smith-Baker
interference microscope using a X 100 ‘shearing’ objective
and ‘half-shade’ eyepiece. The formula used for the calcu-
lation of the total dry mass was:

M= KQAj100a,

where M is the total dry mass, K is a constant (calculated
by PELLEGRINO et al.?), Q is the optical path difference,
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