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Abstract 

Hola, Jifina, Vacha, J., LukU, P., Znojil, V.: Regeneration of Murine Ery
tliropoiesis in Individual Bone Marrow Regions (Bones) and Spleen in Lethally Ir
radiated Marrow Graft Recipients. Acta vet. Brno, 54, 1985: 53-59. 

Incorporation of 59Fe into the haeme fraction was measured in various marrow 
regions (individual bones) and the spleen of mice-recipients of the C57BL/I0ScSnPh 
strain irradiated with a supralethal gamma exposition, on the 4th, 8th and 11th 
days after the grafting of syngeneic bone marrow. The 59Fe incorporation (erythro
poiesis) reached about 50 ± 5 % of physiological values in the whole bone marrow 
and about 350 ± 70 % in the spleen on the 8th and 11th days. The intensity of 
marrow erythropoiesis related to the unit bone weight correlates very closely with 
the intensity of erythropoiesis determined under physiological conditions; the highest 
was in long bones and spine, the lowest in skull and acral bones. The differences 
are probably not ascribable to differing cytokinetics of erythroblasts, but rather 
to differing anatomical structure of bones. The relation of the results to the seeding 
efficiency of stem cells in different hemopoietic regions is discussed. 

Marrow transplantation, erythropoiesis in individual bones and spleen, haeme iron, 
marrow ferrokinetics. 

The distribution of haematopoietic stem cells in the body of a lethally irradiated marrow graft 
recipient is to a large extent unknown. As regards their distribution in various anatomical regions 
of the bone marrow (in individual bones and bone groups), considerable technical obstacles make 
experimental analysis difficult. Our original method of haeme extraction from the erythropoietic 
organs in connection with labelled iron incorporation enables us to analyze the distribution of one at 
least of the cell lines derived from the injected stem cells, namely the erythropoietic one. In this 
way it was possible to determine the distribution of the erythropoietic tissue derived from the 
transplanted syngeneic marrow in the individual bone marrow regions and to compare it with that 
under physiological conditions. With regard to the clinical use of bone marrow grafting the solution 
of this question is of some interest not only from the experimental but also the practical point of 
view. 

Material and Methods 

Males of the inbred strain C57BL/I0ScSnPh were used, taken from the Institute's own stock 
(maintained here since 1960), age 13 weeks, body mass 25.0 ± 0.7 g. The animals were kept in an 
air-conditioned room (220 C) in cages 22 x 30 x 44 em, containing 20 individuals, floor covering 
wood shavings, diet DOS 2b VELAZ (Prague) containing 6 500 ± 820 nmol Fe/g. 

Two thirds of animals were irradiated with a dose of 9.36 Gy of gamma rays (Chisostat 60CO 
source mfd. by Chirana, Prague; the distance from source to body centre was 124 em, the midline 
tissue dose rate in open space was 0.544 Gy/min., measured on a Victoreen 555 exposimeter, 
Radocon II). One third of the number of experimental animals remained intact. 

The isogeneic suspension of bone marrow cells was transplanted to one half of the irradiated 
mice two hours after irradiation. The shaft of the left femur of the donor mouse was flushed quanti-
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tatively with Hanks' solution, the erythrocytes were haemolyzed with "Zaponin" (Electronics Ltd., 
U.K.) and the nucleated cells were counted with Coulter Counter (the same mfr.). The nucleated 
cell suspension was diluted to give a concentration of 1 x 107 cells/ml and administered in 0.2 ml 
volumes into the tail veins of the recipients (i.e., 2 x IOU of marrow cells per mouse). Three expe
rimental groups were thus formed: 1. intact mice, 2. lethally irradiated non-transplanted mice, 
3. lethally irradiated transplanted mice. 

On the 4th, 8th and 11th days after transplantation three animals from each group were given 
59Fe-citrate i.p. Ferrous citrate (Messrs Rotop) used was supplied in an isotonic buffer solution 
containing ascorbic and citric acid (528 mol/mol Fe and 43.6 mol/mol Fe, respectively), pH 5, 
specific activity 8.66 MBq/{Lmol Fe. 59Fe citrate was diluted with saline so as to give 1.11 x 105 Bq 
(12.8 nmol Fe) per mouse. The solution was administered i.p. in 0.2-ml volumes. 

Six hours after 59Fe-citrate administration c. 10 drops of blood were withdrawn from the orbital 
sinus under ether anaesthesia onto powdered heparin, the erythrocytes washed twice in an excess of 
saline, and following the final centrifugation (20 min. at 1,400 g) they were pipetted in amounts 
of 0.1 ml and haemolyzed with distilled water, and their radioactivity was measured using an 
Automatic Gamma Well Counting System (Nuclear Chicago) in the range 0.5-1.4 MeV, effici
ency 19 %. The complete skeleton, free of all soft tissue, was obtained by placing the carcasses in 
a colony of the beetles Dermestes vulpinus Fbr. (kept according to Grulich 1977). The skeleton 
was divided into 15 bone groups (see Tab. 1) and the intensity of erythropoiesis in individual 
groups (and that of the spleen) was ascertained by out method (Vacha et a!. 1978). Each sample 
was frozen in liquid nitrogen and crushed and the haeme iron was extracted with a mixture of 
ethyl acetate and acetic acid. The efficiency of hemin extraction given by this method is practically 
quantitative (on average 95 %). The radioactivity of the 1 ml aliquots was measured. 

The radioactivity of the haeme extract of each bone group was expressed as a percentage of the 
radioactivity administered and from this value the radioactivity pertaining to the erythrocytes 
circulating in blood vessels of each bone or the spleen was subtracted. This deducted value was 
calculated from the measured radioactivity of 0.1 ml of erythrocytes and from the known volume 
of the erythrocytes contained in the circulation in individual bones in animals of the same strain, 
age and sex (Vacha et a!. 1981, Tab. II, bled apimals). The magnitude of the deducted values 
(i.e., of the correction) amounted to 5 % in experimental group 1, to 0-7 % in group 2 and to 
0.3 - 10 % in group 3. 

The correlations were expressed by means of Spearman's coefficient of rank c)rrelation (Roth 
et a!. 1962). 

Results 

The values of the radioactivity of the haeme fraction extracted after 6-hr 59Fe 
incorporation from individual bones, bone groups and the spleen (in % of the radio
activity administered), after the subtraction of the radioactivity contained in circu
lating erythrocytes, express the intensity of erythropoiesis in individual regions. 
They are given for the 4th, 8th and 11th days post transplantation and for all three 
experimental groups in Tab. 1, together with the weights of bones dried to the con
stant ones (values taken from Vacha et a1. 1981). The bones are grouped for the 
sake of clarity according to the similarity of their ferrokinetic parameters (Vacha 
et a1. 1984). 

It follows from the table that the maximum (plateau) of erythropoiesis is reached 
in the bone marrow and spleen on the 8th day post transplantation. The maximum 
corresponds to ca. 50 - 5 % of the physiological value (incact animals) in the bone 
marrow, but to about 350 ± 70 % of that in the spleen. As regards the differences 
between individual bones, the maximum increase of erythropoiesis against that of the 
intact controls was found in some acral bones (forefeet, hindfeet, tail vertebrae). The 
absolute magnitude of erythropoiesis in the spleen roughly equals that of the whole 
marrow on the 8th and 11th days. 

To make it more significant, the intensity of 59Fe incorporation into the bone 
marrow was related to the weight of individual bones. The values of this "specific" 
intensity of erythropoiesis were compared in irradiated (transplanted and non-trans
planted) animals to those of intact ones. The specific intensity of erythropoiesis in 
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the irradiated transplanted animals is significantly correlated with the intensity of 
erythropoiesis in intact animals at all post-transplantation intervals. On the 4th day, 
rs = 0.625, P < 0.05; on the 8th day, rs = 0.982, P < 0.01; on the 11th day, rs = 
= 0.914, P < 0.01, n = 15 altogether. The closeness of this correlation is shown 
graphically for day 8 in Fig. 1. 

Some erythropoietic activity is also evident in the irradiated non-transplanted 
animals. Here the high correlation of the "specific" eryth.ropoietic activity values with 
the corresponding ones in the intact animals has also been proven on the 11th post
transplantation day (rs = 0.789, P < 0.01, n = 15). However, as the absolute values 
of 59Fe incorporation in the non-transplanted animals are an order of magnitude 
lower than those in the transplanted ones (Tab. 1), this spontaneously repopulating 
erythropoiesis cannot be regarded as responsible for the results obtained in the trans
planted animals. 
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Discussion 

The method of haeme iron extraction connected with subtracting the radioactivity 
pertaining to the erythrocytes circulating in the vessels of haemopoietic organs could 
be regarded in our experimental arrangement as an adequate tool for measuring the 
intensity of erythropoiesis. If some ferrokinetic factors interfere with the 59Fe incor
poration results, this distortion is presumably about the same in all bones and in the 
spleen, as the plasma iron concentration could be considered the same in all regions. 

The much higher degree of the regeneration of erythropoie~ in the spleen compared 
to the marrow on the 8th and 11th days after the syngeneic marrow transplantation 
corresponds well to our earlier results obtained after acute sublethal irradiation in 
mice without marrow grafting (summarily Vacha 1982). The regeneration of erythro
poiesis in the bone marrow does not reach the control values on the 8th and 11th 
days, probably because marrow haemopoiesis is exposed to heavy demands for the 
myeloid cell production during this period (in contradistinction to splenic haemo
poiesis). It is known that the CFU-S number in the marrow continues to decline for 
some time after irradiation, and afterwards remains lower than would correspond to 
CFU-S proliferation rate (Dr. E. Necas, personal communication), which can be 
explained only as a result of a heavy drain on stem cells into the differentiation compart
mentes). The spleen is preferentially a red line cell producer, so a lower production 
load on this organ could be supposed under the given conditions characterized by an 
enhanced demand for leukopoiesis. Besides this, the spleen can enlarge its volume 
greatly, unlike the marrow; for both these reasons the repopulation capacity of the 
erythroblastic and probably also stem cell compartments could be here more rapid 
and efficient. 

The highest regeneration rise of erythropoiesis (as a percentage of the state of rest) 
in acral bones suggests the presence of some"ectopic" erythropoiesis in acra, apparently 
as a result of the enhanced gemands placed on haemopoiesis under postirradiational 
conditions, similarily as the hyperregeneration of erythropoiesis in the spleen. 

The absolute magnitude of erythropoiesis in the spleen and the bone marrow as 
a whole is in the ratio of approximately 1 : 1 on the 8th and 11th days post transplan
tation. It can be guessed from data ofNeuwirt and Necas (1981) that the seeding 
efficiency of CFU-S in these two organs is in the ratio of about 1 : 2. These and our 
results are well compatible if we take into account the probable preferential drain on 
the myeloid precursors from the marrow. The ratios of CFU-S seeding efficiency 
between individual bones are apparently approximated much more closely by the 
ratios between 59Fe haeme incorporation in these bones. 

By relating the 59Fe incorporation activity to the weight of bones we obtain a more 
graphic and practically more suitable notion of the "specific" intensity of erythropoiesis 
in the individual bones. It is only an approximation of course, as the ratio between the 
erythroid marrow weight and that of the rest of the bone is unknown. It follows 
from the high degree" of correlation between the "specific" intensity of erythropoiesis 
in the marrow under physiological conditions and after marrow transplantation in 
irradiated recipients that erythropoiesis regenerates from the received syngeneic 
marrow proportionately to the magnitude of erythropoiesis present in the correspond
ing marrow region, even under physiological conditions. It follows from Fig. 1 that 
the same bones have a high specific intensity of erythropoiesis under physiological 
conditions and during regeneration (besides the sternum they are the long bones and 
the spine without the tail); these are followed by" the scapulae and ribs, while the 
acral bones have the lowest erythropoiesis per unit weight under both conditions 
(in spite of the indication mentioned of ectopic erythropoiesis in acra in transplanted 
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animals). The specific intensity of erythropoiesis ascertained in intact animals and in 
irradiated trarsplar:ted ones in present experiments is correlated very closely (as 
might be expected) with the flow of iron destined for haeme production per unit bone 
weight, which we determined previously in intact mice by means of the mathematical 
modelling of marrow ferrokinetics (Vacha et al. 1984, Tab. 1, the flow marked as 
A3/M). The corresponding correlation coefficients are: intact animals, rs = 0.971, 
animals 8th day post transplantation, rs = 0.952; n = 15, P < 0.01 in both cases. 
. We found in the last mentioned paper that the half time of the efflux of haeme iron 
from the bones of variius types (as a component of reticulocytes released) is nearly 
identical. This suggests that the cytokinetics of erythroblasts is very similar in all 
marrow erythropoietic regions. The specific intensity of erythropoiesis thus differs 
between bones apparently mainly because the haemopoietic marrow represents a dif
ferent fraction of the total bone mass, possibly because erythropoiesis is differently 
represented in the haemopoietic marrow of bones of various types. The conspicuous 
connection between several ferrokinetic parameters and the anatomical bone type 
(Vacha et al. 1984, Tab. 1) suggests this possibility. If there were no factor perma
nently present in the bones themselves determining the intensity of erythropoiesis 
per unit bone weight, the incessant circulation of stem cells in blood would level out 
the differences between bones sooner or later. 

The simplest explanation of the present observations on the different marrow regions 
is therefore that the population of erythroblasts derived from the graft in a specific 
bone behaves in the same manner relative to other localities as would the population 
of cells physiologically present in this region under rest conditions. In bones in which 
there are conditions favourable to a higher intensity of erythropoiesis per unit weight 
under physiological conditions, there are also conditions favourable to the more 
intensive repopulation of the erythroblastic series derived from the grafted marrow. 

Regenerace erytropoesy u mysi v jednotlivych lokalitach kostni dfene 
(kostech) a ve slezine u letalne ozafenych prijemcu kostni dfene 

U mysi-pfijemcu kmene C57BL/lOScSnPh ozafenych supraletalni gama exposici 
byla 4., 8. a 11. den po podani syngenni kostni dfene mefena inkorporace 59Fe do 
hemove frakce vevsech lokalitach· dfene (v jednotlivych kostech) a ve slezine. V 8. 
all. dni dosahla inkorporace 59Fe (erytropoesa) okolo 50 ± 5 % fysiologickych hodnot 
v kostni dfeni a okolo 350 ± 70 % ve slezine. Intensita dfenove erytropoesy pfepoere
na na jednotku hmotnosti kosti tesne korelovala s intensitou erytropoesy zjistenou za 
fysiologickych podminek; byla nejvyssi v dlouhych kostech koncetin, sternu a v patefi 
a nejnizsi v lebce a akralnkh kostech. Rozdily nejsou pravdepodobne zpusobeny roz
dilnou cytokinetikou erytroblastu, ale spis rozdilnymi anatomickymi pomery v utvafeni 
kosti. Je diskutovan vztah techto vysledku z hlediska ucinnosti osazeni kmenovych 
bunek v jeduotlivych hemopoetickych lokalitach. 

PereHep~HJI 3PH1'poD03Sa Y MlalJllei B OT~eJlIJIDdX yqacTKaX KOCTHoro Mosra 
(KOCTJIX) H B CeJleSeHKe Y J1eTaJIIJHO o6J1yqeHHIaIX pe~HllHeHToB KOCTHOrO 

Mosra 

Y MbIUIe:i1:-pen;MIIHIOOTOB JIH-HIDI C57BL/10S-cSnPh, 06JIyqeHHbIX cynpaJIe
TaJIbHblMH 3KOII03IHn;H5I!M'H raMMa-JIY'lIe:i1:, Ha 4, 8 M 11-e 'OYmH n!OCJIe l8Be~eHH.H 
CHHreHIHoro Riocmoro M03:ra HSMep.HJIaCb mI!KOpl1opaI\H.H 59Fe » reMoBYlO 
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cPpaKI.vnO 'BO BCeX yqaCTKaX M03ra ~B OT,l\eJIhHhIX I<:OCTHX) U B CeJIe3eH~e. Ha 

8-e J1 11-ecynKJ1 UHKopnopaq'J1H 59Fe (3PWI1pOIlO:n) ,l\OCTYJiraJIa OKOJIO SO±S % 
cPJ13J10JIOrJ1qeOKJ1X BeJIiJ1qlJ1H 'B I<'OCTHOM M03re J1 OKOJIO 3S0±70 % B CeJIe3eH

Ke. J1HTeIHOJ1JBHOCTh 3pJ1TpOn033a iB II<OCTHOM M03re, pa'CQJ1TaHHaH Ha e,l\HHHqy 

MalOChI [<Cocm, HaxO,l\J1JIa'Ch B TecHoM I<OppeJIHqWJ1 ,C WHTeHCJ1BHO'CThlO 3pJ1TpO

rr033a, onpe,l\eJIeHHOf\O rrp'J1 <pJ13J10JIOrH'QeOK!HX Y'CJIOBHHX; caMaH 60JIhrnaH HH

Te~:{lCWBHOCTh 6hIJIa onpe,l\eJIeHa B ,l\JIHHHhIX I<OCTHX I<OHel.f;HO'CTeM, rpY~HoM 
KOCTJ1 J1 B n03BOHoOQHJ1Ke, a caMaH HJ13KaH - B Qeperre H aKpaJIhHhIX KOCTHX. 

Pa3JIfJ1'llJ1H no 'BceM IBepOHTHOCTJ1 He crrOCoO<6<cTBoBaHhI pa3JIiJ1QHOM KJ1HeTHKOM 

3P'fJ1Tpo6JIaICTOB, lHoO CI<opee B'CeI'O pa3JIJ1QHhIMJ1 aHa1'OMfJ1QeOI<'J1MJ1 OTHOrneHJ1-

~MJ1 B CTpYKTYpe I<O'CTeM. 06CY)K,l\alO1'CH 01'HoOllIeHJ1H 3TJ1X pe3YJIhTaTOB C 

TOQKJ1 3peHMH 3<PcPeKTJ1BHOCTJ1 IQlCa)K,l\eHJ1H CTBOJIoOBhIX KJIeTOK B OT,l\eJIhHhIX 

YQa'C1'KaX reMOIl1033a. 
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