PROLIFERATIVE ACTIVITY OF BONE MARROW
CELLS AFTER BILLROTH I SUBTOTAL GASTRECTOMY
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The effect of the Billroth I subtotal gastrectomy on proliferative activity of the bone mar-
row cells was studied in experiments on rats injected with thymidine-H?, By the Soth day
after gastrectomy hypochromic anemia was observed, accompanied by 2 marked decrease
in the index of labeled nuclei (ILN) of the bone marrow erythronormoblasts to 44.9+5.5%
from 80.8+3.9% in the control. Parallel with the increase in the blood levels 90 days after
the operation, there was some increase in ILN of the erythronormoblasts. DNA synthesis
inthe granulocytes of the bone marrow showed no significant change after subtotal gastrectomy.

Subtotal and total gastrectomy, operations widely used in clinical surgery, frequently lead to distur-
bances of hematopoiesis (1, 2, 6]. Although the pathogenesis of B,-deficient megaloblastic anemia develop-
ing after gastrectomy has now been well-investigated [2, 3], this is not true of the postgastrectomy hypo-
chromic and hypoplastic anemias, and contradictory results have been described. Only a single investiga-
tion has included determination of the mitotic activity of the bone marrow cells in these states [7].

The object of the present investigation was to study the effect of the Billroth I subtctal gastrectomy
on proliferative activity of the erythroid and myeloid series of bone marrow cells.

EXPERIMENTAL METHOD

Experiments were carried out on 40 male rats weighing 100-120 g. Half of the animals underwent
subtotal gastrectomy by the Billroth I method under general ether anesthesia, and the rest acted as the
control. Twenty animals (10 gastrectomized and 10 control) were sacrificed 30 days after the operation
and another 20 animals 90 days thereafter. Both control and gastrectomized animals received an intra-
peritoneal injection of thymidine-H? before sacrifice in a dose of 0.5 uCi/, g body weight. The animals were
killed 1, 2, 4, 6, 8, 12, and 24 h after administration of the thymidine-H?, Forms of the femoral marrow
were fixed in absolute methanol and then coated with type M (Research Institute of Photographic Chemistry)
liquid radiosensitive emulsion by the usual method [4]. After exposure for 20-25 days the films were de-
veloped in amidol developer and stained with azure-eosin by Romanovsky's method. The index of labeled
nuclei (ILN) was determined by counting the number of labeled and unlabeled bone marrow cells, When
ILN of the erythronormoblasts was calculated, all the cells of the erythroid series were divided into two
groups. Group I consisted of young cells, including erythroblasts, pronormoblasts, and basophilic normo-
blasts, while group II included polychromatophilic and oxyphilic normoblasts. ILN of the myeloid series
was calculated for hemocytoblasts, myeloblasts and promyelocytes, metamyelocytes and stab cells, and a
also for polymorphs. Altogether 500 cells of the erythroid and 500 of the myeloid series were counted.
The hematological indices of the peripheral blood and bone marrow (red cell count, hemoglobin concentra-
tion, color index, myelogram, mitotic index, etc.) were determined in all animals simultaneously. The nu-
merical results were subjected to statistical analysis by the Fisher— Student method.

* Academician, Academy of Sciences of the Uzbek SSR.,

Laboratory for Biophysical Problems, Department of Histology, Tashkent Medical Institute., Trans—
lated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 76, No. 8, pp. 114-116, August, 1973,
Original article submitted December 25, 1972,

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without writien permission of the publisher. A
copy of this article is available from the publisher for $15.00.

989



TABLE 1. ILN of Bone Marrow Erythronormoblasts (in %) before and
after Billroth I Subtotal Gastrectomy (M+m)

Time after Time of investigation
injection before operation 30 days after operation | 90 days after operation
of thymi-
dine-H3 T I I 11 I 11
(inh)
1 734%5,2 | 14,1222 | 41,6=4,8 1,9=1,1 | 584+57 | 11,1=234
2 80,8=3.9 29,124 44,9755 12,8+3,2 69,4=5,7 23,5==4,5

Legend: T) young erythronormoblasts (erythroblast, pronormoblast,
and basophilic normoblast), II}) more mature normoblasts (polychromat-
ophilic and oxyphilic normoblasts).

TABLE 2, ILN of Bone Marrow Granulocytes (in %) before and at Various
Times after Billroth I Subtotal Gastrectomy (M+m)

Time of | Time after Myelo- | Neutrophilic| Bosino-
gﬁie;:xl- glsy ?ﬁ}ggﬁe' 5122: e blyasts and myelo}-)- philic %iﬁa-d Poly-
: myelo=- myelo= [Cytesan
(daysy |tion (h) cy};:eso cytes cy};es s and morphs
1 70,3%3,05] 51,4=1,8} 40,1=1,7 [34,7x1,5 — _
Control 24 33,3%3,1 | 43,3=2,2| 48,02,05 | 43,3=1,4]35,9=1,6 [36,1=20,9
I 68,23,1 | 55,6=4,1| 54,3=1,2 |38,0=1,8 . _
30 24 47,9=1,8 | 37,5=1,91 53,9=1,7 |44,0=1,9/55,6=1,3 [33,6=1,0
1 65,5=7,5 | 61,6264 | 42,1=3,7 |43,2%4,0 _ _
90 24 27,7%4,8 | 31,1=6,8 | 51,9%4,9 |51,424,3(56,6=3,7 |37,8=%3,1

EXPERIMENTAL RESULTS

Subtotal gastrectomy caused significant disturbances of hematopoiesis in all animals undergoing the
operation, By the 30th day after the operation a marked hypochromic anemia with disturbances of matura-
tion of the erythroid series of cells had developed. The mitotic index of the erythronormoblasts was con-
siderably reduced.

ILN of the erythronormoblasts was considerably below the control value on the 30th day after the op-.
eration (Table 1). Whereas 2 h after injection of thymidine-H? ILN for the young erythronormoblasts of the
control rats was 80.8+3.9%, for the analogous cells of the gastrectomized animals it was 44.9+5.5%. By the
30th day after the operation the number of erythronormoblasts synthesizing DNA was thus reduced almost
by half compared with the control. Some increase in the peripheral blood and bone marrow indices was ob-
served 90 days after the operation, correlating with the increase-in ILN in the erythronormoblasts.

A decrease in ILN of the erythroid cells has been found in renal failure, when it is attributed to a de-
crease in erythropoietin production by the affected kidney [5]. Additionof erythropoietins to a bone marrow
culture causes the number of cells synthesizing DNA to double [10]. At the same time it has been shown
that the stomach is-one of the main sites of erythropoietin production [8, 9]. Presumably subtotal gastrec-
tomy leads to a decrease in the erythropoietin concentration in the blood serum and to a corresponding de-
crease in the level of proliferative processes in the erythronormoblasts.

ILN of cells of the granulocytic series 1 h after injection of thymidine- H® was not significantly differ-
ent from the control on the 30th day of the experiment (Table 2). However, after 24 h an increase in the
number of labeled granulocytes at the metamyelocyte stage was observed (up to 55.6% 1.8% compared with
35.9+1.6% in the control). A similar increase in ILN of the metamyelocytes was also ocbserved by the 90th
day after the operation (up to 56.6+3.7%). This fact suggests that DNA synthesis in young granulocytes fol-
lows a normal course, but the accumulation of labeled metamyelocytes takes place through a disturbance of
their maturation and their release into the blood stream.

It can be concluded from this description that after subtotal gastrectomy proliferative processes in
the erythronormoblasts are considerably reduced. This, in turn, leads to a decrease in the number of
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erythrocytes, and it is evidently one link in the complex chain of pathogenesis of the ensuing postgastrec-
tomy anemia. DNA synthesis in the granulocytes is not significantly affected under these circumstances.
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