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Local Aplastic Bone Marrow Induced by Microwaves Irradiation in Rabbits
Especially Histological and Histochemical Studies

Keishi Yagi
Department of Internal Medicine Tokyo Medlical College
(Director: Prof. Senji Umehara)

Experiments were made using rabbit femurs expose to microwaves for the purpose of producing the
exudative inflammation in the bone marrow.

The animals used were young white male rabbits, weighing about 1.6 kg. The left femur of the rab-
bits were exposed to 12 cra microwaves for 30 minutes, five times a day for seven consecutive days, and
resulting injuries of the bone marrow were studied hematologically, histologically and histochemically.

The body weight loss became greater from the 2nd to 4th week after irradiation and the degree was
0.4 kg on an average. The temperature of the femoral tissue rose to $9°C during the first five minutes and
to 42-43°C during the next twenty to thirty minutes.

Red cell count, hemoglobin content and hematocrit did not reveal remarkable changes because of
local irradiation.

But the effects of microwaves on the leukocytes, the lymphocytes, the eosinocytes and basocytes were
noted, especially, an increase of the stress lymphocytes was observed.

The exposed femoral bone marrow showed diffuse proliferative pictures during irradiation. Remark-
able vascular changes as well as fibrinoid swelling were noted, and plasma-like amorphous substances
appeared in the parenchyme. From the Ist to 3rd week after irradiation, the exudate became Very re-
markable and the marrow cells decreased and the cell arrangement was disturbed. The exudate was gra-
dually absorbed and disappeared from the 4th to 6th week, while the parenchymal cells were destroyed
and the mature blood cells were dissolved. The fat cells increased progressively in place of the exudate
and complete aplastic bone marrow developed at the 5th to 6th week and the histological findings were
the same as those in human aplastic anemia. Slight fibrosis was noted in the parenchyme at the 2nd to
3rd week after irradiation, but it disappeared at the 4th week.

The exudate was positive in PAS, mucicarmine staining and TBM at pH3.5, therefore, it was identi-

fied as neutral and acid polysaccharide, which was similar to the basic substances in the connective tissue
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as a result of the serurn. A fibrinoid swelling was recognized in the blood vessels by various methods.

From these studies, it is proved that if the sinocapillaries are injured once by microwaves irradiation

and serous inflammation with exudative change occurs in the bone marrow, the parenchymal cells are des-

troyed and become extinct by exudation, and complete aplastic bone marrow developes.

It suggests strongly that human aplastic anemia may be also caused by chronic inflammation or disor-

ders of sinocapillaries in the bone marrow.
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Table 2. Experimental table

Time
Ex. days| after Number

Ex.
I -group 5~ B 0 4
I -group 7 0 8
Il -group 7 2~6days 7
IV-group 7 1 8
YV -group 7 2 8
VI-group 7 3 8
Vl-group 7 4 7
VI-group (i g 7
IX-group 7 6 weeks 9
66
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Table 1. Methods of microwaves exposure

1st Ex. 2 nd Ex. 3rd Ex. 4 th Ex. 5th Ex.
Intensity 5 W | Rest S W | Rest 5 W | Rest s W | Rest 5 w
Ex. time 5 25 30 5 25 30 5 25 30 5] 25 30 5 25

Intensity S: Power-200 W, Plate -1700 V, Plate-200 mA.
Intensity W: Power-50 W, Plate -1300 V, Plate-100 mA.
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Fig. 1 Effect of microwaves on body weight
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Effect of microwaves

Table 3.
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on the bone marrow.
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Table 4. Effect of microwaves on peripheral blood cells.
Hb [RBC| Hemogram Ht
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[ % |x 10 N E Ba Mon ‘ Ly ‘ L-Ly S-Ly %
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Table 5. Bone marrow changes after microwaves exposure
During | Post Time after exposure
= Total
Ex. Ex. 2~6 1 9 3 4 5 [}
days weeks i
D-type 4 3 1 1 1 10
B-type 4 6 6 5 "3 2 1 33
C-type 1 1 2
F-type 1 1
A-type 1 2 4 5 6 18
R-type 2 2
Total 4 8 7 8 8 8 7 7 9 66
A: Aplastic type’ D: Diffuse proliferative type
B: Basic exudative type F: Fibrosis type
C: Congestive hyperemic type R: Regenerative type
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Table 6. Staining activities of the exudate, megakariocytes
and blood vessels. after microwaves exposure

Time after sexposure
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ShTWwb., ZOFETESELOWIBENBHED
BEEANEORENS LTS, bokb T
DBEWE S Bbhb. Linl, FoRELFx
A~AFCERETH ), —BROIMBHEEERDO LN
L DEZrIEY. Thicd b bd, o
T 2WREED CEECH Y, Ao, KE
CHEATT BHERELTCWA,. 0 Foail
RIS O BN EE A T RBEERY 7o BIZE s & HERE ISR
5XDAP0LBERLDOTHL - LA ERET
B, O RD BREEEE o R E L 7 5 IR
PHRCEAL - ok, NE2HRT 2%
BSF% Db DR 557 b R bR 7

HAESFHHRESNEE B308 H2 5

EReroie B Tso LifiiEcEs L&
5.
B3 wERFMMENEL NS, EEEH
TiL S HEALEHP s b Oz o LIER < 4 8-
BERTE D), BBEEBEH I 9T SHEEHE
EANWEER, #21¥ Hyaluronidase 4823 #4/n
THZELHEE-RS L, Wb siBERERNT
#H 5 Tripsin, Plasmin, Karikrein £ eh{p23i5E
SEBE i Tixiebiu.

(@ Bifio7 7 2= E O BEcREZL
5B MBI Tis & 5 A 24 e
WLHEARIZ e AR OBRS -2 ELIL
BrRE L, ToRRE LQIiAom < His
B X 5 RERER T S EEERNE 2
Bhipbz ixiswbas, L, k hEERET
ELTC, BN+ 2 75 A~H0Biz >
TEmMEoMERM I EE S, —kicFh
SisMMaORENR 2 L ELHAHNEELD
EEC B S MRS - HEOBRENSATL D
HETHH5 LBbIS.

fillgis o, MRE 5 B I 5 S E M FisE
BITEMETIZEA LA 23 05, TrLA
—[1L reaktiv z. zellreich Jp Bz i (el ¥ 3
FRdbhd, HL, WEEENHEEECRE
RIRBEE 2 N2 7o & iE, s 5 FIGH R %
ZbhlrwbdTtas, X, comFilaoss
BRETRS5~6BLUNELTS, 20T, i
BEEEN OEEREMREEL T2 bt e
PRTEL. Lard, o oEEMBONLBE
HIEEC B i ie b, - oM ETH R
T5. X REME > 5BHENE OMRFTE L
QIR X {PHTL, Z*DBEBHEOBIN XN B
e LB 3 & 2vb h, BARRAGCE
T35, COBW®RTHE 013, MRAFEEL 2L
LBIER RSN BHEDE CH B - LT,
B, o = oBHEE s mEfEEh h
Kbz LS ERTHLE IR, X, HiBE
BERShC X W BREOAR ST, £ ol dds
HEBIOIREMLENFTR Shd iz Tr
BEP S 1L viEMEXhTW3, #2T, Z0F
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BB D B o BRI RKIER T
Hb, EEMEOBREITORIEDURDIFHE L
ERBTENTEBTHS.

Z D%z Rossle®®, Eppinger? [ldeo—pk
R SHERRCAEI bt & PRV THFH
TEOARFTROmicbF v oT I vwBioo
BHEETLOFEET 5 & & b ¥ X v IR
EHhTKE ZLT, ZoBHERZIV-HY 2
JERiffc B LWL TH L ¥l bImB VT
SEEERTWE., ZOFRELEOHYER L S
ERLBDTHULTE Y, e MBI HHAR
OIRENBHEIETHH 2 WE S L O TH
b, BFEPOSELHH D D7 biE “Sinokapillar-
ophathie” ThB Z L A2RTERLLS.

INEDHERIE L ABEOERSEBB IR T3
B, CORBREEZThAPIE L icdbos Ex
5.
BH#cEHoOS# Lo Tshew. Ticb
b, BEEOEBRCIBBENEHE 2EBEDOD
ORERET, LT 10 EHedicERl i
ke a2 @b, Lrl, 4BHB0L o1
& A EffHELER S J O5ER S hic Kollagen §#
HEOBE LA LRI 0k, T OHEER MO
TLIEUERD M S RIEOBEBRLE LR
BHZENHLNTHS.

Wz b, B TRfboBF A SR
% X5 IwbR AR SR AR bR 2 5
LETHB. L ESFEEMIAO T RN A
Bhs b #b s Tmuiitri A s hd, X,
—ESERMEATER Ehic & LTh, A THR
LT, EflacBfshs o & chs.

COFEITTEMAY DI koThiERHEh
T3y, FlHEFEEOBELVELS. BE
DRI DREAME L A 2 S kLT &
L, %o iz Fibroblast 7:5, Tropokollagen 33
NWEh, HEOPTHERIID L Tbh T
5. EELOFRLLBHAEORATLHL,
& 2 SEEOFELEH LB, X, Fibro-
blast DB LHLE ST, Fhicd b s T,
MIEE T T, X, HiEEREE-E L
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Th, BUORMET 29 MERRAL B L3, &
FMET RGRRR I (T 2 DB e B0 Enzym AR
LTwba, FEa SR » Bk 2230
SRR L BASMBER (SHETCHALRTHS
Plasmin %49 T) oFfFELHER 528
V. LT, CoE o BHRER BT 5 B
M DORE Y bERT HLERS D, ZhHER
ROWRBFHEL, FORERME L —>nf
RBEEZDBMLTHS.
V. & B

1) FEEEY (JEl2en) #1380, HE B
SRR RARBEE#IE, BE RS L REeE
Bl pisE - kL, W4~ 6 BrrehEl
BARICZEL Uiz, - oM ERifEiTe b OFF
TRV BT 5 e BRI L & AE - AE
DREHEEYET 5.

2) = OBIZEERIT A L= DR K4y Sk
. FTigbb, a) FUMAEE, b) 1~338H
OBIIIE, ¢) 5~ 6BEDELBEHER L
BeGBiAEC 5 5.

3) oOREOEFRIE-OTHD L ORIA—E
MEBEONEC X 2B HFREch by, FiE i
WSS (Rossle) ¢ %,

4) xoZllh, BROCHEEERRZIED B3
e IoT, BEEUNEHIEE TS &t
OB TYFEE NIz L eits. OB, &
FEREOREY ¥ f, F—EMEREOEE
BRULKECHRT 2L 0THSL & LERT
BLTW3,

5) REmoZbk, ARB HERERET
HH1cd, FLCERTEBRHREhORk. L
L, AP VAR D v HBENEI 2.

6) #RHNEHIE Yo ky &t
ETH D, —RENCHRMETRER D 5 h 5 23,
hbiERHE O 813 5 REEDI S B
FAHE LT 5 = &7 %L, 5~6BTIrES
IR e 5. = o BRI Bk
5 IAEEE S BHER R X 53, IR#iae X 5
TEERL, BOTREMEEYHET A OLHE
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EXh, BB LENEEBEYE L b hiud

mbin\o. '

(AR OEFH30ME, #31EA K MKEELBSIC

FWTHELE. )

MEisicYy, ROEBRL D HMER L@EMe
o BRfER THEER. /o b0 AN EECR
CEHoEERHEY, NERCHBI LS00k FH, E

OBEFoEHomyRT 5.
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Photol: Dlﬂ‘uae prollf'elatlve type. Diffuse
proliferation of the hemocytoblasts are seen
and the plasma-like substances appear locally
in the parenchyme. M51. Irradiation 5days,
H.E., (x40)
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Photo 2: The sinuses are leIl of the blood
cells and the exudate increases. M16. Irrad-
iation 7days, H.E., (x60)

Photo 3: The sinuses are filled with the
plasmalike substances and dilated strongly.
M23. Irradiation 7days, H.E., (x 120)

Photo 4: Degeneration of the mcgaka] iocytes,
M56. 4days after Irradiation, H.E., (x 120)

Photo 5: Degeneration of the blood vessel and
the plasma-like substances in the intravasc-
ular space are seen. M4, 1 week after Irrad-
iation, H.E., (x 120)

Photo 6: So called ““Gallert Mark’’ filled with
the exudate. Parenchymal cells degenerate
and decrease. M1. 2 weeks after Irradiation,
H.E., (x 100)
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Photo 7: Exudative changes are remarkable
and ]plasmastasis in the sinus is seen. M59.
2 weeks after Irradiation, H.E., (x40)

Photo &: The exudate is been absorbing and
the fat cells are increasing. Many degener-
ative cells and corpses of the cells are seen.
M69. 3 weeks after Irradiation, H.E.,
(x 120)
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Photo 9: Local fibrosis. M48&. 3 weeks after Ir-
radiation, A.M., (x60)

Photo 10: The aplastic bone marrow. The ex-
udate disappears and no parenchymal cells
are seen. Notice the fat cells which have
irregular membrances torn off and lost ela-
sticity, MT78. 4weeks after Irradiation, H.E.
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Photo 11: A typlcal complete aplasia. The ex-
udate and the hemocytoblasts disappear com-
pletely. The membrances of the fat cells
become regular and have elasticity. M5
5 weeks after Irradiation., H.E, (x 120).
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Photo 12: The 1'egenerative bone marrow, MB81.
6 weeks after Irradiation, H.E., (3 100)



