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ABSTRACT

This paper describes effects of exposure, by gamma
radiation, observed in the peripheral blood, bone marrow, spleen,
thymus and liver of Mc Collen rats, using the technique of coloured

smears by May-Grunwald-Giensa.

The rats were subjected in a IEAR-1 beam~hole, with
the reactor not in operation {exposure to gamma radiation anly}.
liost of the observations refer to ra%s'subjecteé to acute full body
exposure of 300 r. Besides the known quantitative alterations in
the peripheral blood, gualitative modifications in some figﬁr&tive
elements were registered. In the smears of bone marrows, spleen and
thymus, following the cell destruction phase, cell repopulation
acorued as from the 5th and 6th days, in which altered chromatinic
cells appearedg including gisnts and bi-nuclear cells, Evidence is
borne concerning morphological alterations of the mitotic figures
which leads to an abnormal distribution of chromosomes in the
daughterwcellﬁw It was verified that in the bone marrow the erythro-
poietic sector suffers more rapidly than the granulocytopoietic one,

 the recovery of the latter being slower besides presenting morpho-
logical alterations of a more lasting nature. Attention is drawn to
the plasmoceilulaf proliferation and o nmetaplasia erythrogranulo-

cytopoietic sources in the spleen and liver.

Results on observations made of rats exposed to different

conditions (300 r/30 minutes and 600 r/1 minute are presented.




BLOOD

, The lesion suffered by the hemopoletic organs result-
ing from gamma radiation brings about more or less propnounced modi-
fications in the cellular elements of the circulating blood. In
order to accwnulate data concerning said alterations following ex-
posurec of Me Collen rats under diverse conditions, seven groups of
rats were studied. The Tirst comprised 8 non-subjected animals

performing as witnesses. The remainder were subjected as follows:

s Total of 8 non-irradiated witness rats

¢ 76 rates subjected to 300r - exposure times 1 minute
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‘A description will follow of each celular type found
in the blood covering the destruction, cytopenic and regeneration
periods, as also the morphological alterations observed in the blood

~cells.

GROUP OF NON~IRRADIATED RATS

;Lencocxtes:'

An average of 9800 lencocytes per cubic millimeter of
- blood was found (Graph I). The percentages of neutrophils and lym=-
‘ephocytes were of the order .f 18.1 and 77.9% respectively. Eosino-
_philes represented 1.05% and no basophiles were found. Monocytes come
prised 2.7% of the remainder of the blood cells ( graphs 2 and 3).

- Ervythrocyt

An average of 7.750.000 ger cubic millimeter were found
(Graph I).

-Haemqglobin: "

The aversge rate was 13.4 g/100 ml (graph 1), the

values corresponding to those referred to in the literature (1,2,

B, etc).
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GROUP OF RATS SUBJECTED T0 300r - EXPOSURE TIME: 1 MINUTE

Leucocyten:

Bxamining the resulis arrived at in 59 animals, it is
found thet within the first twoe hours after lrradiation, an increase
existed in the number of white blocd-cells, follewed by & more or
less regular fall-off up te 24 hours later. The fall-off started
between the 4ith and 6th hour being nmorye proncunced on the 24%th hour.
Prom the second 4o the fifth day following exposure, the overall
count of white cells remained at low levels with a trend toward nor-
nal values arri?%ﬁ at around the twenty first day. The observed re-
sults may be easily interpreted, recalling that the organienm lni-
tially reacts to the effects of radiation, causing an afflux of
white cells in the bia@@ gtrean. Immediately, due to the lesion
suffered by the h&&%&%kﬁ?ﬂie%i@ organs, a lLower production of cells
occurs with a resuliing decrease in the number of same within the
peripheral blood. It is observed that ss from the second day (graph

4) a rregressive increase of lencocytes occurs up te the tweniy
first day. On the other hand no very important leuecoccyiosis was
cbgerved within the first hours after irradiation.

Neutr@ghilsz

For the first six hours following irradistion, neu-
trophyle at low percentsge levels were found {as can be seen in
graphs 5 and 6}$ iower still tham in the animals not subjected.
From 24 %o éﬁ\ﬁﬁuxg after irradiation, & slight increase was found
of nmeutrophils that underge a siight numerical deecrease followed by

%

normalization between the 15%th and Z2lst day.
Lxgg&&eg%eﬁé

The lymphocytes increase in number practically within
the period of 24 te 48 hours afiter irrediation, keeping at high
levels up to the 4th day (graph 5). Similarly, a direct numerical
diminution of neutrophils was observed. From there onwards values
tend toward normalizstion. Some suthors indicate inverse aliera-

tions; mainly a reduction of lymphocytes,

Msnacgﬁeaz

Ho importent numerical elterations ware observed.




Eosinovhiles and Baaophilea:'

; A comparison established between the results obtained
in the animals of this group and those of the first group (Tables 3,
4),y jndicates no expressive numerical alteratioms. In two animals,
on the 15th and 21st day subsequent to irradiation, 5% and 7% of
eosinophiles were found in eaclhy, sorresponding to absolute values
of 255 and 616 per cubic millimeters of circulating blood, Among.

the remaini animals, the eosinpophile Tratves varied from 0% to %%
. ¥

~ Erythrocytes:

‘ Ho signifiCant variations in the erythrocyte rate‘was\
observed. In the animals sacrificed 4 hours after eXposure, ﬁhev |
counting average of erythrocytes was of ?,360.Gﬁofmm5. Approxima;
 tely on the fourth day erythrocytes values were found: averagé
f6°3500030/mm3. In a general sense, st the end of the 15th to the
213t day, the number of erythrecytes returned to normal. No pro-
nouncéd ansemia was obssrved around the 15th day as indicated by

some authors.

‘Haemoglobiﬁ:

The haemoglobin dosages showed a strong similarity
with the countings of the erythrocytes (Graph 4). In a rat sacri-
£iced following 24 hours of ipradiation, a rate of 5.2 g/100ml :
of haemoglobin v(mv 3,820,000 hemacites per cubic millimeter)
was found; the\animal showed multipla abcesses on its lungs and

liver,

GROUP OF RATS SUBJECTED TO 3007 - 30 MINUTES

\
Lencocytes:

ok strong reduction in the number of lencocytes wes
observed, % hours after irradiation, followed by a drop at the end
of the 4th hdur,and with persistent declines throughout the 24 hours,
attaining the.iowest values on the 4th day (Graph 7). 4s from the B8th
day the number of leucocytes commehced to increase. Attentioﬁ was
drawn to the difference in the results'okﬁerved in this group and
in the previous one, since the irradiation conditions were not

basically dissimilar,
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Neutrophlls o

The initisl number were somewhat higher than those
observed in the control group. On the 4th day b kara was & fall tend-

"
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Lymphocytes:
found within the first

grephe 8 spd 9.
.

Por the pericd coversd lymphocyte rete was to

all intents the same. Un the 4th day an inversion was wwrifi&dy ie2e

as the neuty mﬁiii&ﬁ decreased, the lmmp&m?wﬁ@% incressed, On the 8th

8
day, the initial parallel position asnd trend 4o normalization was

found.

e bhrooriess

Mopocevies, Zosinophlilesn,

v

&

dimilar resulbs o those in the previous animal group
were Qﬁd@”w“ . {Graphs 8 and 9). In the came of erythrocytes, on the
Bth day %@r%%im tendency to decrease was verified, although not a

slguificant one,
Haemoglobin:

Heothi fering from the afs

£
in relation to the previcus group (Graph 7).
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“hours the neutrophils prevail over the lymphocytes and the prevalence
observed in this group is more pronaunced than in the Tormer one.,
An expressive difference exists in what was observed between this

group and the second one,

- lMonocytes, nosinophiles end Basophiles. Erythrocytes and Haeﬁoglobin

Ho significant alterationes were cbeserved in relation to
the previous groups. A total disappearance of eosinophiles and Baso-
philes from the peripheral tleod occurred. The erythrocytes and the

haemoglobin did not furnish any differing indiecations.,

GROUP OF RATS SUBJECTED TO 600r - 1 MINUTE

In this group only the constituting elements of the white

series were analysed.

. Neutrophiis:

The inversion registsred in the two preceding groups
were veritied, In the initial hours a fall off of amphophiles occur-
red up to the fourth hour, followed by an increase between the 6th

‘and 24th hour; fall off 48 hours later and a tendency toward rate

normalization after 4 days.

 Lymphocites:

The values relative to the lymphocites followed an

inverse curve to that of the neutrophils,

Monoeytes. Bosinophiles and Basophiless

The monocytes showed no alterations worth registering.
Eosindbhiles were present in the blood of 5 of the 8 rats while no

basophiles were observed,

OTHER ALTERATIONS

Blood Platelets:

In all the irradiated rats a comstant and considerable
1ncrease in the number of blood platelets were observed. In no case
was thrombocytopenia verified, in opposition to what some authors

 have reported,




Lymphocites with bllobed pucleis

In all the groups of irradiated animsls lymphocites with
bilobed nuclei were observed., It was also observed in the blood of a
non-irradiated rat,

Cy%aTégiea& maé&fi ationss

@%fﬁﬁ%&@@l medificaticens were observed in the nmeutrephils
eoginophils and lymphocytes, characterized by vacuolization pykuosis,
karyorrhexis and karyolysis. Vacuslization was also observed in the
cytopla&m as well as the dyeing cepacity decrease of lymphocytes, frag-
‘mented nucled neutrophiles snd eosinephils, but cytoplasm evidencing
normal gramulations,

Anisocyiosis with macrocyiic and microcytic erythro-

cytes were found to be rare.

4t the same time bascophilla, lymphocytes and momnocytes

atiplicals were seldop verified.

SPLEEN, THYMUS, ﬁﬁﬁh H%ﬁ%@w AND LIVER SMEARS

Smears were coloured by the Mﬁy srunwald-Gienss teche
nique. In the spleen smears of non-subjected fﬂ%% histological elew
ments of the organ were found., In the tymus smeare, the same histo- .
logical compenents were found slthough in dif ﬁﬁwxn% pxaﬁ@rﬁmmmsa A@

times, due to the abundance of the thymocyies, observation of stroma

cells, the Nassal corpusde and the connective tissue grow lese fre~

quent.

2

Bone parrow snears were obtsined from material collected

from the right £ PEmUT o Dealing with young animals, collectlon presents

no specisl diffieultiesn.
In liver smears all the component cells of the histolo-

gical structure were found: however, the cell borders were not easily
distinguishable as if the very thin membrane were non-existent.

Tt



CELL DESTRUCTION AND ALTERATIONS

_ \ in all the aninals sacrificed, even as little as one
hour after irr&éia%ﬁ@n; cell destruciion and alterations were obe
served in the spleen, thymus and bens-marvow, with differing infen-
8ity however. The thymus is affected first, followed by the spleen
and bone marrow. The destruction is of an intensity such that to
abtaia the rich and abundant medevial for the ﬁi&b%rﬁfian of smears
is difficult. In the livery 24 bhours sfter expoeure, an aspect of
thdreﬁic-éagenexati@n,wam observed with a distimet cell border.

‘ . The cells of ‘the haemolympho-vebiculopoietic and
caracteristic organs show high sensitivity te radiation in face
of their proiiferating emd maturing activities. The steminal cells,
6 enmsure the uniformity of the bleood mixture, periorm a POlymor- |
phus activity. Mitoses are particularly performed in varicus gtages
of cell differentiation. In the liver mitosis. figures are rares

The following micrephotographe illustrate the types
of cell lesiones found in the cyteplasm and rueleus in the spleeng
 thymus and bone marrew smesrs ef the irradiated animals, Damages
~ are freqﬁen@ly fouud of @yﬁaglamaﬁi@ vacuolization, ploneses,
Karyorrhexis, karyolysis, smomalous reactions to the acid, basic
and neutral dyes (both in the nucleus and eyﬁ@@l&ﬁm}e i

: Gell detritus are abundent in all splesn, tlLymus and
bone marrow preparations. Fagocytosis figuree are frequent in spleen
and bone merrow smears slaborated from mweterial collected after 48
hours of exposure; in thymis smears they are less frequent and rare

in lkver smears. Cell ﬁamﬁﬁmﬂti@a in the spleen and thymus is of an
}inmeksiﬁy guch that the smears reveal almost ouly stroma cells.

ﬁfam s perfumetory examination of the preperatlions, an
increase of the cell wolume as also of cytoplasmatic basophilis is
observed; glants cells appear, bi, trl and pely-nuclear. The marrow
is inhibited and hypoplasiant. In the liver pienotic nuclear and
frequently bi-nuclear ealls were found.




Around the second day signs appear iﬁdicatiﬁg the ini-
iation of the recuperation process. In that meantime the reabsorbtion
d fagocytoses of cell detritus can be cbaerveﬁs mainly in the spleen

id bone marra%, priﬂéipally due to stroma cells,

MITOTIC FIGURES

The utilization of the May-Grunwald-Gienma technique
lsc allows the observation of mitotic figure aspects., It iz known
hat radiatisn determines a temporary ceasing of mitoses in the

ter-phese period., The cells thet were in full mitoses and were
10t destroyed, continue there., In guantities inferior to normal, are
und prophase, metaphase, anaphase, znd telophase mibtotic figures
even in the cell destruction

¢ in the preparations

tained of animals sacrificed one nour after irradistion. Six hours
4

ter they commence to increase, Bi, tri and polynuclear formations
fithout cytoplasm division are found, even in the terminal stages of

fitoses, thereby giving origin to helerophoid cells.

Llteretions occur in the chromosomic structures, glving
ise to an unequal distribution of chromatin to the daughter cells
th abnormal arrangement of the chromosonmes and originating a gene-
ation of abnormal cells that continues to survive and multiply. This
act was observed in the thymus, spleen and bone marrow smears from
e start of the recuperation phase. Such alierations were being re-
oduced in the daughter cells 30 deys following irradiation (time-
"nft of our chservations). The microphotographs show mitotic figures
different stages with the most &iff%rimg morphological aspects,
t%mes creating chromosonic bfidges obstrueting cell division, as
lso with abnormal distribuiion in the aster and multipolar mitoses,
he abnormsl aspects of chromatin colourability are more evident in

1ls with sbnormal mitotic figures.

AECUPERATION

As from the second day, signs of recuperation are already

‘!?parenﬁ. From the fourth day onward the restoring process of the




soelely et the cost of the move ?fxmi% ve cells that were ﬁmﬁﬂm&g@ﬁ

but by the stroms cells and priancipally by them. On the fourth day,
the white spleen pulp is %liﬁmud guite rasbored, The Librous cope
nective tilssue cells that lp sovesl anipelsz show up as suthentic
groups taling on the aspect of higtlooyies,

i

fibrocytes, now appear in
The eytoplasmatic basophilia is disoreetly increased with the fore
tuitons appearence of small agurcphile groamplistions. The covnective
tissue appears with more leosernewss, richey in fundomental substance
and the reconversion ip histleevies allows for its pam@iaip&ti@ﬁ in
the sitroma fmﬁ%&u&%awe Linio 1% days the conpnective tismsue cells
“@a&amirw thelr normal sspect., The stroms celle that appesred in
the form of macrophagus redurn to primiitive conditions., Between %he
fourth and fenith day, they freguently exhibit aspects of haemopoiedic
differentintion, l.e., in a lymphoblastic, myeloblastic and, wmore
 rarely, a megakaryoblastlc sense, In the liver, the Kupffer cells
8t times apponyr as macrophagas or zhow myelooyiic differentistion

or the Perraita paradoxsl phenomenon. At %imes, real haemopoietic
metaplasia sonress are found.

The major peaition ef mesenchymetose cells existing

in the bone mervew and spleen, in relation to that ocecuring in the
thyme, should contribute to a spesdier recuperation of those orm
gang, Nevertheless, the recuperaticn of these organs iz fulfilled at
the mame rytho, k

«

from the 4th day, the heemccyioblaste

W

deriving from rare vemmante and Tron imphoblastie differentiation
of cells of memenchymetose y'ugr%f";i*g ey '“LJV the mitotic rytbhm

- giving origin to numerous b8, prolysphocytes and lymphocytes

i

that, 1ittle by little, w@?mpmimﬁ@ the orgen. A% this etage, binuveclesr

03

and some gilasut cells are found, the altered chrometinlc ones being

@

numerous, The %“%a%a%%uﬂj pioeture of the apleen is cune that would be

equivalent to the liberetion of the lTundamental cepmeities of Leukon
i1

that ie revesled in the perdpheral bleood resultiag from the progress
g

wi return to norwellity.

In the thymuz smears of irredisted animals in the re-
“&uperﬁ%z&n yl%ﬁﬁﬁ stromes epithelial and Hossall &@ﬁgumwlﬁ eelly
 are found, and rare thymooybes and thymoblsets. The sonnechive tissue




B leucocytar: ous
.

fecrcasc, Che

aspect is similar to that of the spleen, although neither polimoxrphus
haemopoietic differentiation, nor metaplasia was observed. After 15
days, rare neutrophile myelocytes and basophile granulocytes were
found., Intermediary figures between the stroma cells and the thy-
moblast were also observed. The organ that initlally showed macrosco-

piec atrophy, progressively recovered returning %o normal size.

In relation to the bone mazrow, it is interesting to
note that the involutive process attains its climax 24 to 48 hours
following irradiation. Within that pericd, the yellow marrow was
undergoing a gelatinous degeneration process, thus rendering it
easier to obtain the smears, the latter less rich in cells however. .
In the meantime, six hours after irradiation, it was verified that
the basophile erythroblasis were very scarce., The intermediary forms
disappeared, only scant erythroblasts and some orthochromatic cells
remaining. Anomelous figures are rare ﬁﬁ%withaﬁ&n&iﬁg binuclear
ecells being common, From the 6th day onward, the marrow again appears
rich in crythroblasts, becoming exhuberant after the 15th day. The
mean life of the rat enythiocytes being of the order of 40 days

. justifies the relatively tardy appearance of small scale anaemia,

despite the intensity of the marrow lesions. Fast recovery of the .

Srythron functionality also contributes towards this fact,.

The granulocytopoietic sector is less sensitive than

the erythroblastic one, yet its lesions are more severe as a result

.~ of much slower recovery. The preparations even up to the 30th day

 reveal great cell polymorphism. Within this sector changes in the %
‘ chromatin contents and tingibility alterations are more frecuent. -
ﬁiMbdéfications can be obgerved in the microphotographs of cell sizes,
Flcytéplasmaﬁic basophilia, of the contents and aspect of the specific !
 und unspecific granulations and even of the neuclo-cytoplasmatic ; %
" maturity disproportion and of the profound alterations in cell matu- . -
f'rihg giving origin to polymorphus nucleus and bizarre segmentation. '

E The marrow bone that up %o the end of the destructive 3 §
fphase shows ¢nly & Tew myelioblasts .
{svely enriclhed 1 component evoluted cel .

S sian s e o 3
J& 1L an unusugs.l manper 1n

In opposition to what some authors sustain, no
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marksble alterstions in mﬁgakaryublasts and megakaryocyfes'were
erified, The staminel cells, essentialiy represenied by haemo-
iétioblasts and some hasmocytoblests [the latter dnfrequent in
in volume and at the same time
cuperation phas c;-the finding
the Ferrata pwradoxal rhenomensa ard myeloeytic differentiation
f haemphistioblasts: it is te be noted that
rtic differentiation sppearing, they showed up

rophagus are frequent but rarely

ells, 3howing morphological and tingibility
distion. Note in third row, pic-
in bone marrow fore-
peripheral blood. In last row,

lear te and lymphocyie in karyorrhexis.

Note morphciozic snd guay tive rations produced in cells
in mitosis of rat done o smplete recuperation phase

fter full body radiation. Observe chromosoue fragmehtation, bridge
formatsion and dissrrangement of same in several noments of the

3 B £ iy g
mitetic process,

ity and gwa¢t cell for-

Mdte additive cell nest of fidrous trunk and different aspects
of liver ¢r~ils following full body gemma radiation. Verify v’ -

nuclesr and trinuveclear cells,; vacuclized aspect of cytoplasm

and “gaatoplasm distribution.

Observe in microphotegraphs top and left, numerous cell remains

following radiation; in the other photographs, intense phago-

cytotic activisy of bone marrow and spleen reticular cells,
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