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The morphologic nuclear changes reported here were simi-
lar to those observed in the liver®, pancreas’?, parotid® and
embryonic cells'! after actinomycin D-treatment and they
are likely to be caused by blockade of the nucleolar
transcription of 45 S ribosomal RNA precursors?, In fact,
nucleolar ribosomal DNA contains a high percentage of
deoxyguanosine and deoxycytosine bases, and it is known
that actinomycin D selectively binds deoxyguanosine'®.
Since actinomycin D also inhibits phospholipid synthesis'¥,
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mitochondrial changes may be ascribed to this mechapism,
phospholipids being the main component of the extensive
internal membrane system of adrenal mitochondria.

As to the dilation of the Golgi, we have no explanatian yet
for its mode of formation. In the pancreas of animals
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Enhancement by caffeine of the frequency of anaphase-telophase chromatin bridges induced by triethyleneniela-

mine (TEM)!
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Summary. Treatment of BHK cells for § h with triethylenemelamine (TEM) followed by caffeine for 4 or 8 h, increasegi the
frequency of anaphase-telophase chromatin bridges in relation to controls and TEM-treated cells. These results indicate
that TEM-induced chromosome lesions detected as chromatin bridges at anaphase-telophase could be potentiated by

caffeine.

The ability of caffeine to potentiate the frequency of
chromosome aberrations produced by different agents in
animal and plant cells is well known? In mammalian cells
this effect is apparently due to the inhibition by caffeine of
the gap-filling step in post-replication repair processes?
When cells are treated with a chromosome-breaking agent,
only the unrepaired primary DNA lesions can result in
structrual chromosome aberrations. Post-treatment with
caffeine enhances the number of unrepaired lesions and,
consequently, the frequency of derived chromosomal aber-
rations.

Analysis of anaphase-telophase aberrations in mitotic cells
has been ?roposed as an ancillary test-system for chemical
mutagens>* Primary lesions induced by several com-
pounds can be detected as chromosome aberrations at the
1st mitotic metaphase after treatment. Other chemicals do
not produce chromosome aberrations at the 1st mitosis, but
they induce instead chromosome stickiness (detected at
anaphase-telophase as chromatin bridges) due to the entan-
glement of chromatin fibrils*

Polyfunctional alkylating compounds are very efficient
chromosome-breaking agents. The primary lesions induced
by these chemicals in the DNA are both interstrand and
intrastrand cross-links>®. Triethylenemelamine (TEM), a
trifunctional alkylating agent, is able to induce chromo-
somal alterations in both metaphase and anaphase of the
Ist mitosis after treatment”S The experiment described
below was performed in order to investigate the effect of
caffeine on the frequency of anaphase-telophase chromatin
bridges induced by TEM.

Material and methods. Baby hamster kidney (BHK) ¢ells
were cultured in Leighton tubes with Eagle Minimal Essen-
tial Medium plus 10% fetal calf serum and antibiofics.
Treatments were carried out when cells were in the
logarithmic growth phase.

Cultures were treated according to the following prece-
dure: a) 200 pg of caffeine (BDH, product No.27574) per
ml of tissue culture medium for 4 h; b) 200 pg/ml of
caffeine for 8 h; ¢) 0.2 ug/m! of TEM for 8 h; d) 0.2 pg/ml
of TEM for 8 h plus 200 pg/ml of caffeine for the last 4 h;
€) 0.2 pg/ml of TEM plus 200 pg/ml of caffeine for 8 h. 5
Leighton tubes were used for each treatment. Another 5
untreated cultures were used as controls.

At the moment of harvesting, the culture medium Wwas
discarded and the cells were washed twice with methanol/
acetic acid 3:1 and fixed for no less than 5 min with the
methanol/acetic acid mixture. Coverslides were staiped

Treatment Number of  Chromatin  Mitotic index
cells recorded bridges per
100 cells

Control 500 6.8 2.28
Caffeine 4 h 500 6.6 2.80
Caffeine 8 h 500 6.8 2.11
TEM 8 h 500 11.6 1.20
TEM 8 h+

caffeine 4 h 500 16.2 1.55
TEM 8 h+

caffeine 8 h 500 17.0 1.36




Experientia 36 (1980), Birkhiuser Verlag, Basel (Schweiz)

with carbol-fuchsin and attached with Permount onto
slides. :
Preparations were coded and analyzed blind by 1 investiga-
tor. A total number of 100 anaphase-telophase cells per
tube was scored for chromatin bridges. Mitotic index was
determined by counting at least 5000 cells for each ex-
periment. This value was expressed as the number of
mitotic plates per 100 cells. Comparison between treated
and untreated cells was made by the Student t-test.

Results. The table summarizes the results obtained from the
different treatments and controls. In 4 and 8 h caffeine-
treated cells, the frequency of chromatin bridges in ana-
phase-telophase was not statistically different from those of
controls. On the other hand, treatments with TEM alone
induced a significant increase in the frequency of chroma-
tin bridges (p<0.01). In TEM plus caffeine treatments the
percentage of anaphase-telophase cells with chromatin
bridges increased again, showing significant differences
between controls (p<0.001) and TEM-treated cells
(p<0.05).

The analysis of the mitotic index also revealed the effect of
both chemicals. The 4 h caffeine treatments induced a little
increase in the frequency of dividing cells, whereas in 8 h
treatments the mitotic index was slightly lower. However,
there were no statistical differences between caffeine-treat-
ed and control cells. TEM treatment induced a significant
decrease of the mitotic index (p<0.001). Combined treat-
ments with TEM and caffeine exhibited a slight increment
of dividing cells, but the mitotic index was statistically
lower than that of controls (p<0.01 and p<0.001 respec-
tively).

Discussion. Chromatin bridges at anaphase-telophase arise
from: a) Chromosome stickiness; b) dicentric chromosomes
showing criss-cross separation of chromatids; c) dicentric
chromatids with centromeres oriented toward opposite
poles® . However, the origin of chromatin bridges cannot
be determined accurately in anaphase-telophase plates.
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The increase in chromatin bridges in treated cultures could
be a result of chromosome exchanges induced by TEM and
enhanced by caffeine. This assumption is in godd agree-
ment with the well known effects of caffeine in chromo-
some aberration potentiation>® but it would imply that
most of the TEM-induced lesions lead to chromosome
exchanges which will be detected at the Ist mitosis after
treatment. On the other hand, chromatin bridges at ana-
phase-telophase could arise from chromosome stickiness.
In such a case, the potentiating effect of caffeine might be
an indication that, like other subchromatid or chromatid
aberrations, entangled chromatin fibrils are repaired by
post-replication repair or another mechanism which can be
inhibited by caffeine.

Our results do not decisively support any of these hypothe-
sis. The influence of caffeine post-treatment on the fre-
quency of chromatin bridges suggests, however, a relation
between metaphase and anaphase-telophase chromosome
aberrations and is a further evidence of the relevance of
anaphase-telophase analysis for chemical mutagenesis.
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Synthesis of maleimide derivative of cortisol for enzyme coupling in cortisol enzyme immunoassay'
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Summary. A new cortisol derivative, cortisol-21-m-maleimidobenzoate (CMB), was synthesized and conjugated with
sulfhydryl groups of f-galactosidase (BG). Both CMB-BG and CHS-BG conjugates have a high immunoreactivity to
cortisol antibody, and although CHS-BG does not displace well with the added cortisol, CMB-BG does.

We have previously described the use of a novel m-
maleimido-benzoyl derivative of thyroxine (T,) methyl
ester for the development of enzyme-labeled immunoassay
(EIA)®. These studies showed a high efficiency of hapten
coupling to sulfhydryl group of j-galactosidase without
reduction in both enzyme activity and immunoreactivity,
resulting in highly sensitive and reproducible EIA, and
indicated the possibility that the same approach for en-
zyme-hapten conjugation could be applied to other hap-
tens. This report describes the preparation of that m-
maleimidobenzoyl derivative of cortisol and use of the
compound for the development of EIA.

Materials and methods. Cortisol, cortisol-21-hemisuccinate,
cortisone, corticosterone, cortisol-21-acetate and o-nitro-
phenyl-#-D-galacto-pyranoside were obtained from Sigma
Chemical Co. Antiserum fto cortisol-21-hemisuccinate
(CHS, figure 1)-bovine serum albumin (BSA) was raised in

rabbits following the procedure of Ruder et al.%. m-Malei- -
mido-benzoic acid was pregared according to the method
of Kitagawa and Aikawa’. Conversion to its carbonyl
chloride (MBC) was done by the procedure described
previously®, Synthesis of cortisol-21-m-maleimidobenzoate
(CMB) was carried out as follows: 100 mg of MBC
dissolved in 2 ml of tetrahydrofuran (THF) was added
dropwise to 148 mg of cortisol dissolved in 2 ml of THF.
The mixture was refluxed for 1 h and the synthesized
product was monitored by TLC using Eastman chromato-
gram 13179 (Eastman Kodak Co.) as an eluting plate and
ethyl acetate as an eluting solvent (R;=0.67). The product
isolation was carried out by silica gel column chromatogra-
phy (1.5 30 cm) using chloroform-ethyl acetate (3:1) as an
eluting solvent. The isolated product gave a single fluores-
cent spot on TLC by sulfuric acid spray (10% concentration
sulfuric acid in ethanol). Esterification at position 21 was



