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Abstract

With the bone marrow of anemic rats, which had received the repeated injections of phenylhy-
drazine once a day for three to four days, the effects of aminopterin and bromouracil on the nucleic
acid metabolism of erythroblasts were observed in vivo experiment. The injection of aminopterin
suppreed DNA synthesis with the lowered labeling index as observed by the incorporation of 3H-
thymidine into DNA in vitro. But the grain count per cell showed the level similar to that of anemic
control. RNA synthesis was not interfered by AP injections. These results indicate that AP mainly
supprees the thymidilate kinase. Bromouracil showed no such effect even on the administration of
a large dose. On the basis of the data obtained from the experiment by using AP, a discuion was
made on the correlation between DNA synthesis, nuclear function and the cell specialization.

∗PMID: 4240919 [PubMed - indexed for MEDLINE] Copyright c©OKAYAMA UNIVERSITY
MEDICAL SCHOOL



Acta Merl. Okayama 22, 319-329 (1968)

STUDIES ON THE RELATION BETWEEN HEME AND
NUCLEIC ACID SYNTHESES IN ERYTHROID CELL

II. NUCLEIC ACID SYNTHESIS IN ERYTH:ROBLAST OF
ANEMIC RAT TREATED WITH AMINO.

PTERIN AND BROMOURACIL

Morio SHIGEHISA

Department of Pathology, Okayama University Medical School, Okayama,
Japan (Director: Prof. S. Seno)

Received for publication, October 10, 1968

In the previous paper (1) the author reported that the synthesis of
DNA is closely correlated to the erythroid cell specialization, i. e., in
anemic rat the suppression of DNA synthesis enhances the hemoglobin
synthesis and denucleation at early stage of specialization. This has been
elucidated by the injection of aminopterin (AP) which is known as the
analogue for folic acid and suppresses the purine synthesis and also the
methylation of uracil. The injection of AP brings about severe inhibition
of the mitosis of erythroid cell, whereas the injection of bromouracil (BU),
which is also known as the inhibitor of DNA synthesis, does not show any
actual effect on the mitosis of erythroblasts and their specialization. In
this paper, it is demonstrated that DNA and RNA syntheses of the erythro.
blasts from the animals treated with AP is severely arrested but the nucleic
acid metabolism is hardly affected by treating with BU.

MATERIALS AND METHODS

Adult Wistar rats weighing about 200 g were used. All the animals were
made anemic by the repeated injections of phenylhydrazine, daily for three
to four days, by the same method as reported in the previous paper (1). On
the recovery stage of phenylhydrazine anemia, i. e. two to three days after the
last injection of phenylhydrazine, the animals were divided into three groups;
the first group receiving the subcutaneous injection of aminopterin, the second
group bromouracil and the third group no further treatment as anemic control.
Dose and method of the injection of the medicaments were the same as those
reported in the previous paper (1). The animals treated with aminopterin and
their anemic controls were killed a few days after two injections of AP, 2mg
per 100 g body weight per day for two successive days, and those treated with
BU and the controls were killed one day after three injections, 25mg per lOOg
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body weight per day for three successive days.
DNA contents per cell were measured by microspectrophotometry on the

cells smeared and stained by Feulgen· reaction. The fresh bone marrow tissue
from femur was taken on an object glass added with one drop of rat serum
and crushed gently sandwiching between two object glasses and the cells were
isolated from the tissue. One drop of the bone marrow-serum mixture was
smeared on the cover slide glass of O. 18 x 25 x 50 mm, dried, fixed with methanol
and stained with Feulgen reaction by the method of SHIBATANI for micro­
spectrophotometry. On these cells photometry was carried out by using the
microspectrophotometer of Olympus Kogaku Co., employing the two-wavelength
method (2,3,4) at 565m,u and 507m,u.

For the observation of nucleic acid synthesis the incorporation of 3H_
thymidine into DNA and 3H-uridine into RNA were observed by autoradio­
graphy. The cells of the femur bone marrow were detached from the tissue
crushing gently in a glass homogenizer by adding cool Hanks' solution con­
taining a trace of heparin. The inner t~be of the homogenizer was moved up
and down quite slowly for two to three times. The free cells were washed
two times with Hanks'· solution by repeated centrifugation. The sedimented
cells were resuspended in an equal volume of Hanks-serum mixture, and one
ml of the cell suspension was incubated with 0.02 ml of 3H-thymidine solution
(l00 pC per ml) at 3rC for 30 minutes shaking gently. Immediately after in­
cubation, the cells were washed two times with Hanks-serum mixture, and the
sedimented cells were smeared, dried and fixed with methanol. These smears
were mounted with liquid film emulsion, SAKURA NR M-I, exposed for 7
days at 4°C, developed and stained with Giemsa at pH 5. O.

For the observation of RNA synthesis the incorporation of 3H-uridine was
observed by the saine mthod as in the observation of DNA synthesis incubat­
ing the cells with O. I ml of :'H-uridine solution (l 0 ftC per ml) and O. I ml of
cold thymidine (l mM per ml). The specific activities of these isotopes were
5 C per ml in 3H-thymidine and 2. 7C per ml in 3H-uridine and both of them
were obtained from the Radiochemical Center in England.

RESULTS

Severe anemia developed after the injections of phenylhydrazine chlo­
ride, once a day for three to four days. Macrocytosis was also induced as
in previous paper, showing almost all the red cells were formed by skipp.
ing one cell division as judged from the cell diameter (20). The treatment
of these anemic animals with AP injection resulted in a marked suppres­
sion of erythropoiesis in bone marrow. The findings were nearly the same
as those observed in the previous experiment (I). By AP injections big
erythroblasts having red.stained cytoplasm appeared in the bone marrow
with the accentuated macrocytosis in the circulating blood. But BD injec­
tion did not show such effect. The mitosis of the erythroblasts was sup-
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Relation of Heme to Nucleic Acid Synthesis in Red Cell 321

pressed by aminopterin administration but not by bromouracil as in the
cases of previous observations (1).

On these animals with anemic controls the DNA contents of erythro­
blast per cell were estimated by microspectrophotometry on the bone mar­
row smears stained with Feulgen reaction. In anemic controls which were
sacrificed four to five days after the last injection of phenylhydrazine the
DNA level of erythroblasts showed a tendency to decrease gradually with
the advance of cell specialization. The DNA level began to decrease
around early basophilic stage (9-11 p in nuclear diameter) and minimized
at polychromatic stage (6-7/-!) where it reached nearly one half value,
probably haploid level (Fig. 1a). The cells corresponding to orthochroma­
tic erythroblast in nuclear diameter (5-5.5 />!) have rarely been encountered.

The erythroblasts from the animals of phenylhydrazine anemia treated
with aminopterin showed a very low level of DNA contents. Twenty-four
hours after the first AP injection many cells showed nearly the similar
DNA level as that of anemic control (Fig. I b), but 24 hours after the
second AP injection most of the cells showed a low DNA level, about one
half of that of anemic control (Fig. Ie). Thus, most of the erythroblasts
at early (9-ll,'-! in nuclear diameter) and late basophilic stages (7-9r!)
and showed to be nearly at haploid level in DNA contents. More mature
cells, the cells comparable to polychromatic cells in their cell size, were
rarely encountered.

In animals treated with bromouracil the bone marrow cells retained
their DNA level at nearly the same as that of anemic control even after
the injection of 50 mg per lOOg for two days (Fig. 1d). But after three
injections, 75 mg BU per lOOg for three days, many cells of 6-11/1. in
nuclear diameter showed slightly low DNA levels (Fig. 1e).

The DNA synthesis of erythroblast observed by the incorporation of
3H-thymidine into DNA revealed that the cells synthesizing DNA were
reduced in number among those from AP-treated animal (Fig. 2), whereas
BU treated animal showed no marked change compared to anemic controls
(Fig. 3). Grain counts per cell were nearly the same in all three groups
(Figs. 2, 3).

In the 3H-uridine incorporation into RNA, the cells from the animals
treated with AP showed a slight reduction in labeling index, but no
appreciable change in the animals treated with BU. Grain count per cell
stood always nearly at the same level in all the animals (Figs. 4, 5).
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Fig. I DNA contents (arbitrary unit) of erythroblast, estimated by micro­

spectrophotometry, 24 hours after the last injection of the medicarr.ents.

Fig. la anemic control

Fig. Ib After one AP injection, 2 rng per 100g

Fig. Ic After two AP injections, 2 rng per 100 g daily for two days

Fig. Id After two BU injections, 25mg per 100g daily for two days

Fig. Ie After three BU injections, 25 mg per 100 g daily for three days
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Fi.s. 2 3H-thymidine incorporation into DNA of erythroblasts of the animal treated with
single injection of aminopterin (AP), 2 mg per 100 g body weight. The cells were taken 24
hours after the AP injection and incubated for 30 minutes with 3H-thymidine in vitro.

(a) Grain co~nt and labeling index of the erythroblasts from the anemic animal
treated with aminopterin

(b) From anemic control

DISCUSSION

The purpose of this experiment was to verify the supposition that the
suppression of DNA synthesis by aminopterin (AP) will promote the cell
specialization or the latter proceeds independent of the suppressed DNA
synthesis which was reasonably deduced from the previous experiment,
showing the suppression of mitosis by AP to result in the hemoglobin
synthesis and denucleation of erythroblast at early stage of its specializa­
tion. In this experiment it was revealed that the administration of AP
actually inhibited the DNA synthesis of erythroblast as understood from
the lowered labeling indices by the incorporation of 3H-thymidine, while
BU administration failed to show such an effect, which did not accelerate
the erythroid cell specialization.
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Fig. 3 3H-thymidine incorporation into DNA of erythroblasts of the animals receiving
three injections of bromouracil (BU) once a day for three days, 75mg as total per lOOg
body weight. The cone marrow cells were taken 24 hours after the last BU injection and
incubated with 3H-thymidine for 30 min. in vitro.

(a) Grain count and labeling index of the cells from the anemic animals treated with
bromouracil.

(b) From anemic control

As discussed precisely in the previous paper AP is the folic acid
antagonist and inhibits highly the activity of the thymidilate kinase or the
methylation of deoxyribose uridine monophosphate (dRUMP) to deoxyri­
bose thymidine monophosphate (dRTMP) but not the incorporation of
thymidine into DNA. It may be reasonably thought that the grain count
by 3B. thymidine-incorporation into DNA should not be affected by AP
administration. Actually, data showed no change in the incorporation of
3B-thymidine into DNA in the animals treated with AP. This means that
the suppression of DNA synthesis is mainly due to thymidine deficiency
but not to the defects of purine ring formation. Many cells were kept at
G1-phase without entering into S-phase probably because of deficiency of
thymidine and the suppressed mitosis is the result. This view is supported
by the DNA content per cell which showed a very low level in the animals
receiving AP injection. After two AP injections the DNA of many
erythroblasts became to hypodiploid and haploid levels.

RNA synthesis was not affected by AP as judged from the incorpora-
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Fig. 4 3H-uridine incorporation into RNA of erythroblasts. Bone marow cells were taken
24 hours after a single aminopterin injection and incubated with 3H-uridine for 30 min, at
37°C in vitro.

(a) Grain count and labeling index of erythroblasts from AP treated animal.
(b) From anemic control

tion of 3H-uridine. This proves again that AP did not suppress purine
formation. The protein or hemoglobin synthesis proceeded irrespective of
the suppression of DNA synthesis. The cytoplasm of erythroblast in early
stage stained red and rich in hemoglobin. This does not necessarily mean
the accelerated hemoglobin synthesis. However, it is very probable as the
maturation of cell is actually promoted by denucleation. It is still uncer·
tain at present what is the control mechanism of the hemoglobin synthesis
which will be controlled at translation level, though histone has been
supposed to be the very controller by SENO (19).

By AP injection the denucleation occurred in the early specialization
stage as in the rabbit receiving mass red cell transfusion (TAKEBAYASHI)

(5). This may mean that the acceleration of the somatic protein synthesis
results in the suppression of DNA synthesis and the accelerated denuclea­
tion, because in the denucleated cell hemoglobin synthesis is accelerated
in the presence of 02' The control of denucleation is also a very impor­
tant factor for the red cell specialization and seems to be concerned with
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Fig. 5-a Fig. 5-b

3H-uridine incorporation into RNA of erythroblast from the anemic animals, receiving
three injections of bromouracil (BU) once a day for three days, 75 mg as total per lOOg body
weight. The bone marrow cells were obtained 24 hours after the last injection of bromoura­
cil, and incubated with 3H-uridine for 30 min. at 37°C in vitro..

(a) Grain count and labeling index of the cells from the BU treated animal.
(b) From anemic control

the lowered DNA synthesis, but what control mechanism IS insolved
remains a problem at present.

SUMMARY

, With the bone marrow of anemic rats, which had received the re­
peated injections of phenylhydrazine once a day for three to four days,
the effects of aminopterin and bromouracil on the nucleic acid metabolism
of erythroblasts were observed in vivo experiment. The injection of amino­
pterin suppressed DNA synthesis with the lowered labeling index as obser­
ved by the incorporation of 3H-thymidine into DNA in vitro. But the grain
count per cell showed the level similar to that of anemic control. RNA
synthesis was not interfered by AP injections. These results indicate that
AP mainly suppresses the thymidilate kinase. Bromouracil showed no such
effect even on the administration of a large dose. On the basis of the data
obtained from the experiment by using AP, a discussion was made on the
correlation between DNA synthesis, nuclear function and the cell speciali-
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