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LTHOUGII MUCH HAS BEEN WH1TTEN 55l)OUt the blood muorphology

an(1 blood chemuistry its lead poisonimig, the (Flanges in the bomie marrow

have received comparatively little (omisideratiomi. So far as we cams aseertaims, the

literature up to date contaimss 20 papers’2#{176} deahimig in variouS ��‘ays with the bone

marrow iii humnan lead poisoning, but relatively few observers5 ‘ � . “ . ‘� . ‘9 have

had an opportunity of studyimig miiome than two os three isolated cases. i\loreover

imi omily six reports5’ 7. 9. mi tfi. m7 has the diagusosis of lead poisomlimig beemi verified

by laboratory data (lead in blood om ims excreta and ‘or pomphynimiumia).

Most clinical observers’’ 2, 46, 9. tt. 12. 14, 16, 19 give data showitig the relative

frequencies of myeloid leukocytes and erythroblasts imi the mnarrow of intoxicated

patients. While some of them also outline the presence of stippled erythrocytes,

others7’ 8, 10, 13, ii, 58 have merely been comieerned with their occurrence in the

bone marrow.

A small number of papers have dealt with qualitative changes affecting ervthro-

poietic cells in lead poisonimsg. Thus, nuclear chamsges, maimsly (lemloted as “karyor-

rhexis,” have been observed by Cadwalader2, Dc Weerdt6, Leitmier’4 amid Rohr,’9

stippled erythroblasts have been reported by De Weerdt, Movitt ,� Saita,’6 and

McFadzean and Davis.18 I)eviatioms of normuopoiesis has been also mioted: Pelle-

grimsi3 found megaloblastic hemuopoiesis, Pelaez-Redomsdo” noted “sotue forms

with megaloblastic tendemicy,” Gart&7 memitiomsed mnaerocyt ic hsemuopoiesis, amid

Heilmeyer2#{176} observed “erythroblasts similar to megaloblasts.” Kienle’2 called

attention to the atypical mitoses in lead poisonimig. With the exception of two

reports’2 18 there are, however, no detailed descniptiomis amid illustrations of all

these changes.

In a study on bone mnarrow changes in lead poisonimig amid its abnonmual lead

absorption which has been carried out at this Imsstitute dunimig the last 8 years,

we have found (1) predomimiance of eryt.hrocytogemiesis as evidenced by a low

myeloid-erythroid ratio, and (2) certaimi qualitative changes, iii all cases of

manifest lead poisoning. The present report is a part of the study comprising

only qualitative changes of erythropoietic cells. Statistical data concerning the

cellular composition of boise misarrow cells amid the imicidente of ssbnommal cells

will be published elsewhere.

SUBJECTS AND METHODS

The group studied in this report consisted of 17 male and 2 female pat iemits. All but two

cases of lead poisoning were of occupational origims (9 workers in a storage battery plant,
7 workers in a lead smeltiisg plant, and 1 potter), and the two others of alimemstarv origitr

(due to tise ingestion of lead frons lead glazed earthenware vessels). Tire patients were

a(lmitted to hospital with acimte lead colic anti three of them also witis lead palsy. The
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Fmt;. 1 .-Basoplrilic stippling of the erytirroblasts.

diagirosis of lead l)OisOIri ng was in every patietrt cotrfirme(i by tire following laboratory

fitiditigs high val ties for tire lead in 11100(1 (59-195 ,�g. � 100 mis!.) , coproporplrvrinuria

(132 428 �zg. per 1(X) mis!. of urine ) , high st i pple(l (‘dl coutrt in the peripheral blood (0.3-2.9

per ceurt of H BC) and the various degrees of aurensia (3.18-4.16 millions of H BC per cu. mm.)
Tire lea I �tt 1)100(1 was (let ermi tred I y a modi fled di t in zone met hod2’ accordi tr g to which
values higher t iran 60 Mg. pc! 1(X) irrl . :1 re considered to le ahmrornsal . The et irer soluble

po t’phy ri tis were determiuied iii u ri ire I y a nsodi fled met iro(l of Fischeu’.22 The tipper limit
fot’ (‘oproporphvrinuria 1)v t iris isiet 110(1 is 20 pg. per 100 usil . Tire 1)oire issarrow was oi)t ained
by st et’tr:r I aspiration. Tire 1)100(1 and sternal nrarrow- films were fixed aird stained wit bin 24

iron is of t i,ei i’ prelarat iotr

All st udies of pat ieu,ts were ussade short ly after t hrei r admission before aury therapeutic
nsi:tsit res had 1)CCI1 utrdert aken . ( )nrlv those patients ��‘hso isave had no ii ist ory or evidence

of a n,v ot ire n� (lisease wit hr a 1)100(1 ilvsc rasia hrave I eeu, taken i ust 0 (omrsiderat ion it, this

Stlu(IV.

FINmN;s ANt) l)isc’ussmox

‘Else tnrveloid-em’vthroid ratio, mamrgimig fmomsi 0.6: 1 to 2: 1, shsow’ed a mriarked

I emidemicy lou relative imrcrease of emyt hrocytogenesis. The followimrg qualitative

elsamiges were loumrd its emyt hropoiet ic cells: (a) basophilic stippling, (b) polv-

l)hoidy, (c) miuclear alteratiomss, amid (d) abemiamit chromosomes ims muitosis.
Jkm.s�op/u i/u stippluuj (pumrctate hasophilia) (fig. 1). This was the most coli-

spituous phiemromrsemron foumid its a certaits msumnbem’ of emythm’oblasts iii eachi case

studie(l. Values as high as 371 ami(1 337 per 1000 with a group mueams of 220 pci
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11(1. 2.-l3asopiri lie suhst amice as a netlike st i’tict (ire; in t ernrediat e stage ii, (lie (levelop-

fl)emrt of st i�)plinrg (?(.

1000 em’ythm’oblasts i�’ere recorded to comstaitr stipplimrg. Pummsctate basophilia was

msoted msot only in the om’thochromuic l)ut also imr polvchmomuatophilic !1( )mtnoblasts.

It is noteworthy that stipplimsg w’as always coamsem ims erythroblasts thamr ims the

erythrocytes iti peripheral 1)100(1

As showmr by Saita’6 amid Kopasz21 stippled em’ythroblasts imi the irotre mnrarrow

may occum’ ims \‘aritnls (‘onditiomss, but they ame umsdoubtedly msrost miumrierous ims

lead poisomsimig.

In some muore inimisature miormuoblasts w’e have msote(1 that the tytoplasmnr gave

the appeam’amsce of a course vacuolation, basophilic susbstance exhib)itimig a mietlike

or basketlike structure (fig. 2), best visible us emythm’oblasts show’imrg defective

hemuoglobinizatioms. Similam chamrges have beemi mroted amid described by McI�ad-

zean aisd 1)avis’5 We are tempted to regard this structure as an imitemmediate

stage imi the developmsient of stippling.

Polyp/oid!j (fig 3). It has been well documnemited amid is now gemrerally accepted

that plurimiucleai erythroblasts may be found in normal mam’m’ows.24’ � Theim’

greater imicidence, however (irs Bermams’s24 matemial greater than 5.1 lw� 1000

erythroblasts) is to 1)e regarded as abmiormiial histead of “plurimiuclearity” we

use the term “polyploidy” accomding to the temmuimiology used by Indmitz.26’ 27

This term comuprises iiot omsly pluminucleam’ but also the giant umrimsu(’Ieam’ 01’ even

denucleated tells (sc if refemm’imrg to the red 1)100(1 cells). As evi(ienced by tire
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1”m(;. 3.-Polyploidv of er�’t isropoiet ic cells.
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work of several authors24’ 2), 27 the mnechanism of plurinudleai’ity amid that of

cellular gigaistism is namely essentially the same. While the plumimiuclear cells

ate the sequelae of a slsppresse(1 cytokimsesis after the completed karyokinesis,

umiimsuclear “gigamitoblasts” may be megam’ded as the sequelae of the supression of

1)0th cytokimmesis atsd kau’yokimresis. Iii these giant cells chm’omrsosomues hiave beems

(livided ams(1 embedded iii theit sitigle lam’ge nuclei which thus retain the tetra-

1)10111 om’ even thse o(’toploid miumuher of chromosomnes. After demiucleatioms such a
giamst erythm’oblast with omie om unome miuciei becomes a ‘‘gigamstocyte.” Its out

material polvploid cells � mnostlv i)imsudlcar erythroblasts (“tetraploids,”

fig. 3). Theit’ imicidemst’e vam’ied between 22 amid 137 per 1000 erythmohlasts. Tn-

nucleated examispies as well as a miumuhem of ummusucleam’ gigamitoblasts (polyploid

em’ythroblasts with apparetstly sitrgle msuchei, fig. 3) amsd gigamstocytes were also

frequently eti(’oumitered. The polyploi(Iy of erythroblasts ss’as foumrd at all levels

of tnatuu’ity (fig 3)

The type of matum’atuomn of’ em’ythm’ohlasts imr oum’ cases eom’t’espomnded to those of

miom’mnoblastic mam’m’ows Megaiohlasts, obseuved by sevem’al authom’s iii amsimals283’

amid in humisams cases of head poisonimrg2 , �. mi , m7 . � w’em’e ims tio itistamsce found ims

the pm’esent study. \Vhile it is highly pu’ohable that the eam’liem’ workem’s used the

tem’tn ‘‘muegaloblast’’ to deuiote aim early stage iii the msornsal developmeust of the

l’e(l 1)100(1 tells, it is quite cem’taimr tlmat the more u’ecent imsvestigators used the
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term in its Presemit amid gemseu’ally accepted mr)eamiimrg (‘‘amiemnia I)em’mii(’iosifot’mne,’’3

‘‘algunas fommas (Ic temsdemscia megahobl#{225}st i(’a, ‘‘‘‘ ‘‘tuegalol )lastem iii hsnliche

Ei’ythmoblastemi’’26). In our opinious thiese fmmndimrgs may he explaimied oms the

basis of polyploidy Without cam’eful itispet’tiomr sonic polvploid umurimiuit’leai’ or

demsuscleate(1 tells mnay 1)1’ easily comnfused s�’it hi mnegalohlasts amid mrregalocvtes

respe(’t ivelv.

�Vuc/ear a/tei’alions, \armus tem’mirsamid (lest’tipt iomrs have beets used It) demrote

msuclear chamiges imi erythroblasts both iti hsumsiamn amtd animal lead poisomsitig

(‘‘irregular msuclear figusm’es, ‘‘2 ‘‘fm’agmeustat iomi , ‘ ‘� ‘(hamact em’istic mrut’leam’(lest m’uc-

tion,’’3#{176}‘‘lobulated miusclei’’32). As stated above, most climiit’al obsem’�’ems, however,

used the term ‘‘karyorrhexis.’’ Accordimig to liohi”9 karyom’m’hexes are trot mrom’msiallv

presemit in the bomse marm’ow’. They may I)e fousmid iii em’ythit’opoietic cells iii pem’mui-

cious anemuia, in bone uuari’ow invaded by tumom’ cells, amid utundem’ time imrfluemit’e

of mitotic poisomss susch as au’semiit’ an(1 colchiciise. Em’ythsroblasts sh()wimig thiese

nuclear alteratiomis in our material vatied fm’om 30 to 311 pem’ 1000 cmvi hiroblasts.

Orthochromuic erythroblast s were tuost ly affected.

I�egardiumg the mechamsismn of these nuclear (‘hiamiges we should like it) poimit to

some peculiat unclear pattermis foumsd ims late etythiu’t)b)lasts of out’ eases (If lead

poisoning. These am’e highly suggestive of ams itstem’ruptit)mi of mitotn’ msiovemiiemit

in various stages of kam’yokimresis (fig. 4). The u’esultittg “kau’yom’m’hectit” figum’es

Fm(;. 4.-’ ‘1\.arvorrisectic’’ patteriss its eryt hrohilast indicative of ati

Iiiitotic movement in various stages of karyokitresis.

itrtet’t’upt 0)11 (f
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are evidemstly due to the fusioms of chromuosomiies its atiy stage of karyokimiesis ausd

not to the lobulatioms om’ evemi “rrhexis” of the origimsal rest imsg miuscleuss. Aceordmg

to the stage of the arrested karyokinesis various fornis and alteratiomis of the

shape of msusclei may i)e seen. While the fusion of chm’omosomises mnay msot be clearly

recognized iti the prophase, their fussioms its the muetaphase usually gives the ap-

pearance of a rosette. It is puohable that the mechanism of karyorrhexis ims our

cases is at least partly related to the tendency for product ion of plurimiuclear

erythroblasts. Since the divisional capacity of nuclei of late erythroblasts is not

sufficiently preserved to bring division to the cud, theit chromuosomues chimp

together h)efore the cotsipletion of karyokimsesis which would have otherwise

produced a pluninuclear (polyploid) ei’ythrohlast. The greater the degree of

muaturity of erythrobiast the greater this teusdency for fusion of chromsiosomes.

In othet words, while the karyokitsesis in a polychromatophihc erythrohlast may

reach the stage of telophase and thus eventually produsce a plusnimiucleam’ cell, the

karyokimsesis of a muore mnature erythm’ohlast is arrested in the stage which come-

sponds to the level of its uuatunity; the nucleus of the latter cell will thets exhibit

a “karyorrhectic” figure. Thus it must beassumued that theoccunm’enceof “k#{176}ryom-

rhexis” its lead poisomling mnay he closely related to polyploidy of enythroblasts.

In this regard it is imitenesting to note that a hereditary anomualy of red cell

precursors (“fami lint erythroid mult inu(’leanity”) has heems desct’ibed33 its which
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the coimseideusce of polyploidy and karyorrhexis was the outstamsdiisg feature.

The pnesemsce of basophihic stipplimig its the cytoplasm of erythroblasts in the

reported cases makes the similarity with our findimsgs in lead poisoning evems

more stnikimig.

Aberrant chromosomes (fig. 5) were freqitemitly seems imi various stages of divisiomi

of erythropoietic cells. Aberramit chromuosomues (“karyomeres”) as well as the

scattered chronsatin particles (products of “chromosomnorrhexis”) gave rise to

the frequsemitly foutmsd accessory nuclei which varied in size (fig. I ) according to

the usumber of chromosomes or particles assemul)led ims a grouip during the teio-

phase.

As shown by repeated stem’msal mnanm’ow examimiation performed iii 7 cases, all

these chamsges in erythroblasts were of reversible usature amid of imidividually

variable duration. Nevertheless, stippled erythmoblasts, though its a discrete

number, could be revealed even several months after the disappearamu’e of symup-

toms amid signs of mnammifest lead poisousimsg.

CoNCLusIoNs

Morphologic changes of em’ythropoietic cells which have beems (lemomistrated its

this paper indicate that the erythroblasts in lead poisoning may exhibit somue

abnormual though usot specific phenometia.

A comisistent amid characteristic feature was the presemsce of stippled erythro-

blasts, muostly at the late normoblast level of maturatiomi, By carefusl examimmatioms

of house marrow cells it is possible to fluid erythroblasts whose “persisteust (‘yto-

plasmic basophihic substausce its granular form”8 (pusnctate basophiha) has a

rather netlike appearance.

So far as w’e (‘atm ascertaims polyploidy of erythroblasts has mrot been previously

described in comsumectioms w’ith lead poisomring. In our muaterial, however, this

phemsomuemromi has beets regulamly found in au abnormually high number of erythm’o-

poietic cells as compared with urormnal data givems by the authorities on

subject.24’ 25 Megaloblasts om “erythrohlasts siuuiiar to unegalobtasts” described

or mentiotsed b)y othems have ims no imistamice beems foummd ims our study. It is prob-

able that the red cell pu’eeuusors exhibitimig a dissociat jots of (‘eli-nucleus division

(i.e., poiyptoid erythroblasts) might have beems confused with muegaloblasts.

The o(’curren(’e of nuclear aiteratiomis, reported by several authors as karyor-

rhexis, was also observed imi our cases. We au’e inclined to believe that this

phemsomuemion ims lead poisomsiuig is ims (‘lose melationship with polyploidy: the fusion
of chromnosomes does uiot permuit the nucleus of a late normoblast to complete its

division; instead of a plurnsuclear erythroblast a tell with “karyorrhexis” results.

Aberrant chromisosomes observed in all cases were respomssible for the frequent

o(’(’umremsce of accessory msuclei ill erythroblasts.

\Vhether these phenomuemia are the tempou’ary (oursequemsee of a rapid pro-

liferatiomi due to au imicrease of erythropoiesis in lead poisoning, or whether there

is amsothen comnmuoms deusonsinat om’ for all qusaust itat ive amid qualitative changes

under the iusfiusence of lead, am’e (fusestions we are at present ummabte to answer. A

detailed dis(’ussious of the problemu lies beyomsd the pusu’pose of this paper.
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SUMMARY

Morphologic changes of erythropoietic cells in the bone marrow of I 9 lead

intoxicated patients are reported. Ims additious to climsical mnamsifestations the toxic

action of lead was verified by the laboratory findings: high lead blood values,

increased coproporphyrinuria atid characteristic findings in peripheral blood.

Qualitative changes of erythroblasts w’ere comistantly present in all smears

examined. Abnormalities most frequently observed were: (a) h)asophilic stippling,

(b) polyploidy, (c) nuclear alterations (“karyomnhexis”), amid (d) aberrant chno-

tnosornes. The iuicidemsces of sonic of these changes have heemi given.

The mnechanismn i)y which these changes might be 1)rought about is discussed;

the role of intem’ruptioms of cytokinesis and karyokimiesis is emphasized.

SUMMARIO IN INTERLINGUA

Es reportate aitenatiomses de cellulas erythropoietic in Ic medulla ossee de 19

patientes con satumnismo. A parte Ic muanifestationes clinic, Ic action toxic del

plumbo esseva venificate per he comsstatationes laboratonial: alte valores de

plumbo sarsguinee, auigmnemsto de coproporphynimsusria, e tractos characteristic in

sanguimie peniphenic.

Alteratiomses qualitative de erythroblastos esseva uniformisemente observate in

omne frottis examninate. Atsormualitates de muaj or frequentia esseva: (a) Puncta-

tiomi basophilic, (b) polyploidia, (c) alterationes miucleani (“canyorrhexis”), e

(d) chromuosotnas aberrante. Le frequentia de (‘ertes imiter iste ahterationes es

listate.

Es discutite le mnechamiismo per (lute iste alteratiomies es possibilemisente effec-

tuate. Es sublimmeate Ic volt) die interruption de cytocimsese e earyocinese.
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