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INTROLUCTION

Importent contributions heve been made to the mieroscopic snatomy
of bone marrow in men, monkey, snd amall leborstory snimels, A seerch of
the.literature failed to revesl any gimiler resdily avellable studies on
farm enimalls. In view of the increesing importence of bone merrow as a2
diegnostic sgent, and es 2 contribution to & field of histology relatively
unexplored, this atudy of the boae merrow of the horse and cow wes under-

taken,

HISTORY

Lecording to Michels (lésia), Jan Swammerdem first observed the
red blood cells in 1658, . Wisemen (1934) steted that hemztology was first
astablished és a brench (;i“ scientific medicine in 1770, but it wes not until
1838 that Weber first sew nucleated red blood cells in men. Scott {1939)
found that Robin described nuclested cells of the red marrow in 1849, His~
torians such as Sabin :(‘1928), Miehals {19%1a) and Scott {1939) agreed with
Stricker (18‘70) that Neuman {1868) wes the first to associste blood forme-
tion with bone marmw,- that Bizzozero (1868) confirmed his work that seme
year, and thet Claude ‘Bernﬁrd reached the seme conclusions the following |
year, 'I'héy'ail worked on humsh &nd rebbit meterisl, Lecording to Wilson
(1942) the bone merrow picture in pernicious snemis wes first deseribed by
Pepper in 1875 and Cobnheim in 1876, TDos=n (1939) felt that resl progress
in hemebology begen in 1891 when Ehrlich reported the effscts of séecific

" dyes on the blood cells, Ssbin {1922) imputed the formation of our knowl-



edge of blood to Fhrlich. Wolff (1903) performed bone marrow punctures on
experimental snimals. According to Scott (1939) end Wintrobe (1942),
Pianese executed a humen merrow biopsy in 1903. Ghedini (1910} conducted
similar clinical biopsies on humsn subjects in 1908, These workers snd
their followers &ll used tibisl or femorsl mErTow end it wes not until 1923
thet Seyferth (1923) first introduced a sternsl trephine method, Arinken
{1929) followed with the sternsl puncture technie which has become so popu-
lar at present,

Classic among the early works on bone marrow sre: Pappenheim?'s
(1899) article which dealt with & general comperison of cne type of bone
marrow cell with snother in various sges, ueing rebbits and one dog; Domi~
nici's {1901) papers on the strueture of the hemstopoietic system of meme
mels; Dentschskoff's (1908) thesis on the develoment of blood in the bird;
Méximow's (1910) investigations including the embryonal histogenesis of the
bone merrow of memmsls; Ferrats's {1918} treatise on hemstopoiesis end Sa-
bin's {1928) dissertation on the origin of the cells ‘of the blood. Turther
nonunental pubiications on the subjeet of bore merrow include those of
Schilling (1925), Askenazy {19297) and Sebin {1928). Gilmour {1941) made &
remarkable contribution to the general subject of humen intre-uterine and
néonatal hematopoiesis.

Plum (1926) ssid that Rudolph Wagner attempted to count the formed
 elements of the blood in 1849 but that the first resl count wes made by
‘Viero:'rd'b in 1852, Gsrrey snd Bryan (1935) claimed thet Nesse hed been in-
terested in blood counting prior to 1842 and had written e section on the
gub ject in Wegner's "Hendw-orterbuch der Physiologie.,” Plum (1936) ettribu-

ted.the  counting chamber to e Dutch investigetor nemed Cremer working in



1855, with furi;her zﬁ;diﬁcations by Gower in 1877 end Alferow in 1884, In
1864 Welcher wes using distilled water es & diluent for leucocyte counting
but Thoma later discovered thet the addition of scetic acid reduced the
emouﬁt of weter necessery (Plum, 1936). Potain introduced the pipette in
1887 (Garrey end Bryen', 1935), These seme historiesns credited the develop-
nent snd precision of the pipette and cross-ruled chembers fo Welcher in

1854, Abbe in 1878 and Lyon snd Thoma in 1881,

LITERATURE REVIEW

The study of hemetology hes only recently come to the frout in
veterinery medicine, Wittmenn (1928) stressed its importence in the field
of apimal disezse, veberinary surgery, and animsl breeding. However, as
early as 1906, Zuntz, g,t,',e_.;;, made histologicel studies on the bone merrow
of dogs at ses level, end on enimels ecclimeted to higher levels, Notable
contributions on the sub jeet of normel monkey bone marrow have been mede by
Sudrez, Diaz-Rivera and Hernendez-Morales (1943) end Stasney and Higgins
{1976). Science is indebted to Alexendrov (1930), Fairmen end Whipple
(1955)', Stasney &nd Higgins (1937), Mulligen (1941, 1945), Ven Loon and
Clerk (1943), Eberl ('1943) end Bloom and Meyer (1944) for studies on the
bone marrow in the doge In the first decede of this century Kilbs (1909)
worked on the development of bone merrow using the dog es en experimental
enimel, Bloom {1944) compefed blood znd bone marrow in re’lati‘on to pyometre
in the dog.

A variety of studies has been carried out on rebbit bone merrow
including the work of Lim, Serksr end Brown (1922) which entailed the egteb-

lishing of the normel histologicel picture in & study of the effect of feed-



ing thyroid, Sabin snd Doen's (1927) work on the boue marrow and blood in
developing rebbits by Sébin, g gl, (19%6), the lymphocyte content by Yoffey
and Parnell (1944), the distribution of bone merrow, bone snd bone ash
{pietz 1944), end Jorden's {1920) study of the gient cells of the rebbit and
guineé pig bone marrow. Sundberg snd Downey (1942) compared the lymphoid
e¢ells of lymph nodes snd bone marrow of rabbits and guinea pigs. Epstein
end Tompkins {1943) used the guinea pig &s an sxperimentsl animsl in & com-
parison of techniques for ‘the differentiel counting of bone merrow cells,
Mouriquand, Revol and Edel (1944} chose the femur &s the site for & study
of the myelogrem in normel guines pigs. Similsr studies were msde by Fair-
man end Corner (19%4), Milmen, Listengarten and Kurbsnaliew (1934}, Stasney
snd Higzins (1925), Kindred (1940) enc (1942), Plum {1943) end Endicott ‘and
0tt (1943) on the albimo ret. A normel bone merrow study on white mice was
mede by Petri (1934}, Hemmon and Enders {1939z and b), Lewrence et &l (1940)
end Riser (1943) studied the bone marrow in connsction with infectious pan~
leucopenia of cats, Corradetti (1934} studied the bone msrrow of new born
éats 1n connection with some work on the blood znd bone marrow of healthy
uman beings. Gﬁtig (1908) mesde & survey of the bone marrow in swine while
' s’sudying the morphology of the blood of the species. Downey {1915] used the
edult guines pig to determine the origin and development of both the eosino-
phil and the "hemetogenous mast cell,” Barbieri (1935) studied the altera=-
tion of the boue marrow in associstion with hepatic distomoniasis in sheep.
Ringoen (1921) investigated the bone marrow of the sheep and plg to trece
the origin of the eosinophil.

Other investigetions which serve to stress the growing importance
of the bone marrcw &8s an experimentel orgen and the need for knowledge of

the normsl, include such works as the following: Beilicke (1938) observed



the effect of iron on the blood end bone marrow_of rabbits; Castrodele, gt
2l, (1941) used dogs to study the comparative effects of estrsdiol and stil=
bestrcl upon the blood, liver snd bone marrow; Menkin (1943) studied the
effect of the leucocytosis-promoting factor on the femorsl bons marrow of
dogs; Ientrie (1934) investigéted.the cytology of‘the erytﬁxéblast in the
growing guinea pig embryo; Smith and Hastings {1935) mede a study of the
megekaryoeyte and blood plateled of the rst; Dougherty, Williams, end Gard-
ner (1943) reported the changes in the myeloid and lymphoid tissues of estro-
gen trested dogs; temperature veriastions between centrsl 2nd outlying bone
marrow of the rabbit, pigeon and albino ret were discussed by Buggins, Block=
sam and Noonen (1936); Huddleson end Munger (1937) gave their ettention to
the phagocytic aetivify of bone merrow éells with the guinea pig =5 an ex-
perimental enime}; Potter and Ward (1940) investigated the development of the
megekeryocyte in adult mice, end Nettleship (1942) discussed the rebbit-bone-
merrow changes produced by specific entibodies. Likewise Holderlin (1938)
dealt with‘the bone marrow and blood picture in the sensitized rebbit. The
effects of sulfanilaﬂide ﬂn the bone merrow 0f rets wes presented by Higgins
end Machella (1939). Damede and Leger {1939) geve the cellular percentzges
in bons marrow following‘axperimental enemia in the rabbit.

Little work has been done on the horse and cow, Due to wer condi=~
tions snd feiiure o receive foreign journals pert of the work that hass been
done is not aveileble, Ackernecht {1912) wes probebly the first to work on
the horse., He spoke of the gross chenges occurring with age end gave @
brief deseription of tbe‘marrow cells. Varidsk (1935) stﬁéied the marrow of
bones of trunk of horses, cattle, swine, dogs and ceis,. ngrre sng Berthel-

gen (1938) presented detsiled cellular counts of the bone merrow of ten nome



mel horges and compared.that with & similer count in horses with infectious
anémia. Tkechenko® (1840) published a peper on the morphoiogy of erythro-
blaste end myeldblasts in normel horse bone msTTow.’ Ejgrre (1943) deseribed
the normel sternel punctete in the doméstic enimels including & comparison
of thé dog, swine, coﬁ end horge with men., Other studies on bovine marrow
include & thesis on bons merrow puncture by Hblzel* {1939}, the developmeht
of marrow in the metstarsvs by Brestek* (1941) and the work of Merceto
(19412) on the normsl bone merrow, The ssme year Marcato (1941b) mede &
study of bone merrow in bovine fascioliasis, Mitchell (1940} discussed hy-
perplasia of the bone marrow and osteohemetochrometosis in a yearling sieer
and steted thet the bone marrow "exhibited histologicsl chenges.® No normel
plcture wes given, Stesney end Feldmen (1938) mede hemetologic and histo-
logic studies of the.bone marrow from the femur of & celf wfth leukenic
lymphoblestome but sgain no normel was used for compsrison. Richter (1938)
in discussing leucemis in enimels said of cattle that lésions were not found
in the bone marrow, According to Jarmei (1934} histologicel investigatiéns
of the. bone marrow of the cow in leucosis were made by Hndres {1921), Leng~.
wenant (1931) end T6llner (1931), However, they did mot mention eny his-
tologiesl studies being mede, Jermei further steted thet in the litereture
»review of leucosis in the horse, "bone marrow wes seldom mentioned perheps
beczuse no veriation was apparent.” Ellenberger {1931) gave a brief resume
of the bone marrow in domestic animals with scent reference to any speeific

animel,

*Not availsble



GROSS AND MICROSCOPIC ANATOMY OF RONE MARROW

The medullary cavity of the bones of the young of all speciss is
filled with red marrow, 48 age increases red bone maerrow is graduslly re=
placed.by & labile,yellow,fatty marrow until in thé afdult, red merrow is con-
fined largely to the axizl skeleton. According to Ackerneckt (1912} red mer-
row of the adult horse is confined to the proximsl ends of the femur and hus-
merus, the pelvie girdle, verbebrae, ribs end sternum. Variésk (1935) studied
the bones of 100 horses and 300 hea.c'i of cettle mecroscopically, He found
thet the deposition of faity marrow occurred much eariier in cettle than in
horses, This.‘process gterted in the sxial skeleton as early as 9 moniths in
cattle, While hse determined no definite ege for the trensition from red to
yellow marrow in-ho_rsasvhe rarely observed fatty sress in the sxial skeleton
of eny horse undef 8 yeers of age. In & study of the ribs of & 10 yesr old
horse,Variéek observed that actlve merrow was present Zor & distence of 20
cme in the vertehfal end, that thé central part hed both red end yellow mer=
row, while the sternel end wss filled with fat, The 14th rib of the same
eﬁimal had only & little fetty merrow in the ventrsl end, In one 30 year
old horse no faity merrow wes apparezit mecroscopically in the ribs, Varidek
would explain the few grenmulocytes snd the largs mumbers of lymphocytes in
the blood of cattle by the large emount of fatty marrow, Some of the thorsciec
vertebrae were completely filled with fatty merrow. As in the horse, the dorw=:
sl ends of the ribs retained &etive merrow., The central part hsd both red end
yellow marrow ané the ste;'nal end beesme a reservoir for fat, The sternum too
had sreas of fatiy marrow in it. By microscopic exeminetion he observed that

some of the fatty marrow centers conteined focl of red marrow. Trautman and



Fiebigér*(l%l) found gelatinous marrow in older horses, Varidek (1935) did
not find gelatinous merrow in healthy, active,sged horses, According to
Cowdry (1942) gelatinous marrow should be expected in very old people. By
studying the tibia, femur, rib, sternum znd vertebrze of man, Custer snd Ahle
feldt (1932) ascertaired thet the cellularity of red merrow decressed with &d=
veneing years, Specif'ic‘gravity of bone msrrow was found to be only slightly
more than 1.0 {Yoffey end Pernell, 1944),

Sisson end Grossmen (1938) attributed the blood supply of the long
bones to the large medullary or nutrient srtery which enters the nutrient
foramen, extends through the cansl in the compact bone and ramifies in the
marrow, A satellite vein follows the opposite course, Dosn (1922) found
thet periosteal vessels along the shaft sud some of the vesgels neer the ex-
tremities furnished additional blood supply to the bone merrows The venous
drainege corrssponds to the arteriel supply. Aecording to Dosn {1922) the
thin xvelléd venous sinusoids irgg’:_cing up the vasculer bed of the merrow ere the
most character'istic feature of the gross eirculation. He and Doan, Cunning=
hem end Sebin (1925) contended thet the vescular system is o closed system.

Osgood end Semmen (1944) described the humen merrew as the "lsrgest,
most widely dispersed, end 1ea$t homogeneous orgen in ithe hody™ with a volume
one oOr tWo times that of the liver. Cowdry (1944) stated thet merrow mskes
up about 5 per cent of the totsl body weight. Mechanik .'(192.6} gave the weight
of the bone marrow &s 3.4 - 5,% of the body weight and estimeted 5/9 gm. of
marrow to 1 gm. of blood. Dietz (1944) gave some interesting statistics on
the relative weight of rebbit bone marrow; 1/3 the weight of the skelston,
2.%% of the total body weight, 2/3 the weight of the liver end 50 times thet

of spleen,

*See Ellenberger {1931)



Lecording to Piney (192Z), Trautmen and Fiebiger*(1931) end Wolff
(1933) there are no lymphatics in the merrow, Fischer {1917) found lymph
nodules in 38 out of 61 humen ceses investigated, Lymph nodules were con-
sidered by Mayer end Furuta {1924) snd Willisms (1939) to be = normel but
verisble constituent of tumsn merrow. Trautmen end Fiebiger*{1931) credited
men and cat-marrow with lymph nodules, Wolff (1933} di@ not find nodules
with any regularity. Drizker and Yoffey (1941) concluded that "folliculsy
accumulations in the merrow do not seem to be true lymphoid'nodnles with
cells showing zctive division.”

Apperently the nerve supply in mer is confined to the wells of the
blood vessels and no ganglion cells have been found (Wolff 1933). Acker-

neckt (1912) found nerve bundles in the humerus of the horse,

MATERLAL AND METHODS
Obtaining the Semples
The cattle used in this investigation consisted of 13 cows end 1
bull in 2 herd used by the Departmeht of Veterinary Obstetrics st Iowa State
College. The horses were & miscellezneous group of enimels, five of which
were brought.in to the Depertment of Vetérinary Anstomy at Iown State College
and the,othervtwn to the clinie &t Michigsn State College. ALl the hofses
" were old but spperently free from disesse as fsr &8 could be determined by
genersl appearsnce and blood determinetiones, |
The first problem wes to determine & setisfactory plzce to secure
8 METTOW saﬁple. Since both the horse snd cow have & heavy musculature cover-
ing the sternum, it seemed wise fto try to find an &res more accessible,
ngrre end Berthelsen (1938) contended thet & sternal puncture wes eesily exe-

cuted in the horse and they did not observe any complications from *he proce=-

*3ee Ellemberger (1951)
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dures The animsel wes confined in & prone position and an especislly constructed
frocar was driven into the middle or back sternsbre by z "light" tapping with

a hard rubber hammer. In any sternum that wes examined by the suthor no light
tapping would succeed in penetrating the wall of the sternebrze. Also to hsve
Yo confine such large enimels in a lying position seemed & distinet disadvent-
sge. According to Varidek {1935} the sternum of the horse wes not suiteble be-
cause of lerge muscles end such & procedure in the cow was ewkward snd Hime
consuming, &ccording to Ackerneckt {1912) the red merrow of old horses is con~
fined to the sternum, ribs, vertebrze, proximsl ends of the femur znd tibis aﬁﬁ
to the ilium., Afber séverel wnsuccessful attempts to oblain merrow from the
femur, ilium snd mendible of the horse, the ribs were chosen as the best site.
Plate I, Fig., I shows the generel ares znd Plate I, TFig., 2, illustrates the
fact that parts of the Bth to 18th ribs are relatively expoeed in thst reglom
being covered only by skin snd fescia, It is well o go as high &5 possible
and atill evoid the latissimus dovsi (k) and serratus posticus {m) muscles
becsuse it seemed to be difficult t0 oblain suffieient merrow more ventrelly.
The same teehﬁic was &pplied to the cow using the 11th, 12th or 13th rib,
(Pléte Ii, Figs. 1 end 2) The animel mey be confined in e stock or restreined
againgt one side of 2 stell, Little or no resistence %o the operation wes or-
dinarily encountered. It is adviseble to brush the back end side of the animel
with & grooming brush, Wiping the surroﬁnéing arsa, perticularly cbove the
prospective operative site with & demp eloth‘ mey aleo aid in removing some dust
end particles which might later fall into the open wound. The genersl area was
pelpated until the rib which hed the ;east emount of fascla covering it was
located. The chosen site wes sheved or the hsir e¢lipped closely, the sres wes

w&bhed with & soap solution znd iodine applied. 4 locel enesthetic such as %
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proeaine hydrochloride was next edministered. The skin wes snesthetized first,
the underlying fsscle next and finslly the periosteum, using sbout 10 ce. of
the procaine. solution, After z few minutes & short incision wes made in the
skin and then the fescia snd periosteum were incised, 2 No. 487 Goodelle
Pratt* hend drill as shown in Plate III, equipped with e straight shenk 3/32"
Jjobbers' drill, wes used io bore into the marrow cavity. A point midway be-
tween the anterior and posterior borders of the rib should be chogen for in-
sertion of the drill becsuse there is danger of missing the msrrow cavity com=-
pletely if the drill goes through either border. Such an sccident would entail
the danger of penstrating the thoraeic cevity. The drill “gives®™ when it hits
the marrow, so 1t wes not difficult to semse when the merrow was resched. The
drill was removed from the rib end & cannula with stilet with the ssme outside
diameter ss the drill was inserfed into the drill hole, A Jen-Sel nsedle tro-
cer, Jo S, 39121 in the 1940 catelogue™ wes used., The stilet was removed &nd
an air tight 10 cc.. syringe attached to the cennula. One cc. or 1ess of mar-
rovw was then drswn into the syringe.

The syringe wes separated from the cennule and the merrow eject_gd in-
to an oxslete tube to prevent cosgulation (See page 13), The tube wes held in
& horizontal position snd tepped to mix the marrow and oxslate., After obtain-
ing the sample the cannula was withdrswn, iodine spplied and the incision left
open, Hesling took place rapidly and sfter the heir hed grown cut the site of
the incision could not be determined. Variésk {1935) found thet trephining
the rib need rot leave & scar, With the exception of the necessity for drill-

ing through bone and the use of & cennula and stilet the sbove procedure was

*Goodell-Pratt Compeny, Greenfield, Mess.
** Jen-Sal Laboratories, Ksnsas City, Hissouri.
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patterned sfter that of Osgood &nd Brownlee (1837) for}stern&l puncture in
man, All the necessary instruments end supplies ere illustrated in Plste
III.

There hes been some criticism of 'Lvithdi'a.wing more then 1 ce,
{Iseacs, et al, 1‘940). on the besis thet the ectusl merrow withdrawn is too
éiluted with circulating blood., Jaffd (1936) suggested 0.1 or 0.2 cc. Ae-
cording to ngrre (1943) the sample should be more viscous then blood end
greyish red in color. |

I% is possible to enter & large sinugoid snd withdraw meterizl that
@iffers 1lttle from periphersl b];ood; (.Jones_lgm and Hj'a'rre 1943}, Should
thig oceur, the procedure shéuld be repested at & dlfferent level or on & dif-
ferent rib. Slides were takan 1o 'the operative site in event fresh smesrs
were oyer desired,

The stste of the marrow can only be determined after having enalyzed
the blood pictufe {Sebin 1928), - Mznaugh (1940} suggestsd that corrslation of
the marrow pleture with that of the periphersl blood might eventuelly result
in the ability to resd the merrow hemogrem by the blood findings elons.

Blood ssmples were obtained prior to procuring,the narrow s the late
ter procedure might excite the snimel enough to slter the blood picture. The
Jugular vein was chosen as the logical place to obtain such = semple. The
blocd was directed into en oxélate fube and éhaken well, The ususl aseptic
venipuncture technie for large enimezls wes followed. Conner (1945) dascribe;i
this technica

The semples were teken %o the laboratory end bleod end bone marrow
 smears made immediztely. Then totel red =nd white counts were dons on the

blood end the emount of hemoglobin determined. Osgood's {(1940) technic was
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followed. Totel red snd nuclested cell counts on the merrow semples were
purposely omitted because there wes such & large veristion due to dilution
with circuleting blood thet the date seemed %o heve little or no velue,
Nordensen (19%5) end Ksndel and Leroy (1939), working with imen bone marrow,
found this to be trme elso.

The above technic was designed for the living snimel end gives the
optimum normsl cytolngical picture, However, the occasion may present itself
that postmortem-merrow exemination would be necessary. Wintrobe (1942) felt
thet ths sample ghould be secured withinm 2 hours after death to get good prep-
erations as aulolysis occurs soon, Rohr snd Hafter (1937) mede a special
study of postmortem cbenges in humen bone marrow. They concluded that desth
had 1ittle effect on the myeloid elements, but the erythroblast matured with
a subsequent change from polychrometic %o oxyphilic forms and extrusion of the
nuclei, They also observed & decresse in the mumber of neutrophile beginning
a few minutes postmortem. The nuclel of the remeining neutrophils swelled

and beceme wucuoleted after 2 hours,

Oxalate Tubes

The 5lood was colleeﬁed in ordiuwary test tubes, DIunhem fermentation
tubes were used for the merrow becmuse they were short snd hed & relstively
smail bore, Comsequently ths marrow and oxslate could be mixed more thoroughly.

| The oxalate tubes were prepered by eveporeting o dryness G.1 cec. of &

2% potassium oxslate solution for esch cubic centiméter of blood or merrow (2
mg. of dry pofassium oxslate per oc.).  The requisite smount of oxelete solu=
tion was measured into the fubes and they were pleced in e drying oven,

Meurer and Jones (194%) evaporated the oxslate solution et & tempera~

ture below 80° C. since higher tempe&atures converted some of the potessium
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oxalate to carbonete end consequently cosgulation wes not inhibited. -Too
mich oxelate tended to distort the nommel cell structure. The cells sppecred
shmnken sné the staeining was too intense.

Osgood, Haskins end Trotmm (1931) recommended oxaleted blood be-
cause of greater convenience a2nd believed ite uee resulted in e higher de-
gree of accurscy since the semple wes lérger, nore Lime could be teken and
duplicate estimetions could be run. They suggested & 24 hour time limit for
henoglobin reslings and totel red and white blood cell counts, end 8 one hour
limit for the smesr differentiel., In some investigations at the University
of Minnesots, Kernkemp (1942} concluded that if oxulated blood semples were
exanined within 60 fo 90 minutes after obteining the blcod, few changes re=

sulted.  Meurer and Jones {1943) egreed with this view,

Staining =nd Counting Techic

The slides were sosked in sulphurie agid-potassium dichromete cleap-
ing solution 24 hours, rinsed in running tep weter for enother 24 hours, rinsed
in distilled weter end stored in '?O% alcohol. They were dried &s nesded,

A 24~gmuge becteriology pletinum wire loop wes used to remove the
blood end merrow from the tubes in meking the smears. To prepere the EmeaTs,
the drop of blood or marrow was placed on the right end of & clesn slide, A
second glass slide, resting at an angle of gbout 45° with the first one, was
moved elong the first slide from the left until contact of the second slide
was mede with the drop. This junetion spresd the blood out slong the width of
the glide. W®ith the second slide still &t the mame angle, it was pushed fo
the vleft &nd vthe blood spreed out in & smesr behind it, The mmear was waved
in the sir to insure repid drying. In & properly prepered smesr the cells

ghould not touch and the end of the smear should reflect resinbow colors,
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To stain, the smweer wes perked off ®lth 2 wox pencil dhus reguiz-
ing a‘miﬁimnm of sfzining solution, ¥right's stelning technle @8 outlined
by Osgood end ishyorth (1937 wes followed. One-tenth gm. of Eright's éry
gtein wes mixed with £0 ce, of acetone-Iroe methyl slcohol and lelt over
night befors use. & buffor soluilon with & pH of 6.4 wes prepured by dia-
solvizg 6.68 gms. of monopotassium phosphete sud .56 gms, of snhydrous di-
sodium phosphuts in & liter of diatilled woter. One ce. of chlorefom was
sdded, Oix to 12 dropwm of tha dye, depending on the sire of the smesr, wers
laft on the slide for two mimutaes, them diluted wiih &n equel number of drops
of buffer snd left seven minutes longer. V¥ith the siide im & horizontel popi-
tion the stelning eolution was rinzed off and the s1ide wushed for thirty
gaconds with & brisk stressm of runnlng tap weter. The slides vere eir dried.
Yo cover 81ip wes applied., Iasteed the smesr wes coversé with & thin film of
immersion oil st the time of exsminstion.

In thie atudy the fillsd counmting chsobere were exssined with the
low power ob jective for generel unifommity of distribution, bubdbles, or any
foreign moterisl., If the imitizl survey revenlad no ineguality of cell dise
psrsion, bubbles or other zriefzceis the connts wore mede, Difforencas sx-
ceeding the "standurd 1imits® were not discredited. Both sldes of the cheme
ber wore counted snd totels wers doterminsd from thoee figures.

Hemoglobin resdings wers mede on s Dere hemoglobinometer. Although
this instrument vould not be precise enough Tor resesreh specilicelly on hemo-
globin 1t wes deemed sufficiently smocursts for use here,

Plum (1936} wes of the apinion thut the unequel distribaution of the
cells in the bloodé szmesr plsyed the prodomimsat role in the error ofrindi-

vidunl counte. HcGregor, Richurds sud Lok {1940) clzimed thet the "beitle~



16

ment edge™ count gave the grestest sceuracy. This consisted of starting on
the edge of the smear, going & millimeter in from bthe edge, the seme distance
seross, onotker millimeter beck to the edgs and en equel digtence horigontelly
elong the edge, continuing this pattern in the same direction until 300 cells
had been counied.:

Hey (1.942) recommencded counting 200 or 400 white blood cells o re-
duce the error of rendom sempling. He found further thet the choice of ares
in which to count the cells did notb play as important pard as thought by ear~
lier investigetors. With the low power megnificstion & field wes chosen in
vhich there wes an even distribution of nueleated cells, the red cells did not
overlsp end staining was.sherp. The édge of the mmear was avoided.. In the
blood smears 300 celié‘wére counted at rendom by going back snd forth scross
the smear,’

4 Bpencer resesrch microscope with widefleld 9x oculars, eand 16, 8,

4 end 1.8 mm. objectives was used. A1l Aifferentisl counts were mede with
the 1.8 mm. oll immersiom ob jective, magnificstion 95x, meking & megnifieation
of 8b65x. A Spencer .lemp model 370 was the sourcs of light. 4 100 watt. buld
was customerily used but for cybologicsl detsils & 200 or even & 300 watt bulb
will bring out specizl ztructures.

Thome pipettes were used throuzhout for diluting the blood for total
counts. The Neubsuer "Bright Line® counting chsmber wes employed. Separate
counting chembers wers used for the red and white counts. This avoided any
possibility of cerrying over eny of the seetic fcid used in the white count
to that of the red count.

Stendard textbooks on hematologlcsl technics cell for s veriation of

lesg than 18 to 20 cells between the 5 groupe of squeres for the red count and
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veriation not to exceed 8 or 10 cells between sguares in the white count.
This would be within limits of 180,000 to 200,000 and 160 o 200 cells e~
spectively Tor totsl counts, Windle, Sweet snd Whitehead (1940) accepied «n
agreement of two counis within linits of 100,000 for the red blood cells amnd
250 for white blood cells, Berkson, Mageth, =nd Hurn (1935) und Megeth, Berk-
son end Hurn (1936) showed thet such stringent limits eve not stetisticelly
frobable. To the contrary they found that grester differences then thoge
would be normally expected in from 50 to more then 90 percent of the counts,
Ohlson (1945) mede & study of sempling methods in connection with erythrocyte
deterninations. From dete obtained with heemceytometers thet presented e uni-
form distribution of cells znd no bubbles, the following conclusions were. drawns
(1) eigrificant differences cceurved between subjects; {2} differences border=
ing on significence wight oceny betwgen pipettes; (3} with the treined tech-
nicisn there was no statistically significent difference between successive
counts on the same semple cven though differences exceeding 20 cells existed
between the 5 groups of sgquares.

In the differentigl cell count of fhe marrow 500 cells were enumer
ated. Stasney =nd Higgins (1935) (1989), Osgood {1937), Kingery, Osgood and
Il1ge {1%37), Pitts and Packhem {1939) =nd Bloom and Meyer (1944) enumerated
500 cells, ﬁintf@be (1948) stetsd thet 5001000 should be counted. Davidson,
Davig snd Innes (1942) suggested observing 400 or 500 cells, ngrre {1943}
counted 800 cells snd Wilson (1942) and Thomson {1944) counted 1000 cells.
Reich, Swirsky and Smith (1944) did not do differential counts "owing to the
Inacecuracy of the method."™ Ia a subseguent personszl communication Dr. Reich

sald thet the inaccuraciss that they found might not exist in this work,
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According to Cowdry (1944) a bone marrow smesr will contzin endo-
thelial cells from the capilleries, some reticular celle, and connective
tissue fibers in .ad&ition to the developing blood cells, Cells are frequent-
ly injured and the cytoplesm meay heve been torn and the nucleus drawn out in
gtrands. Other cells appesr to be dying. These injured and dying cells have
been given various names such as degenerete, smudge, smesr, or besket cells.
Since Bymes (1939} considéred these cells to be ¥largely fortuitous and mere=-
1y distort the picture if they are included in the differentisl count” and
Bloom {1943) thought them ertefscts and not necessary to include, it was de=

cided to omit them from the differsntisl count.

RESULTS
Blood Studisg

Miller {1932) mede 81 determinstions of the blood volume of cattle.
The average quantity of blood per pound of body weight was 27.0'7'cc. fn in-
erease in blood volume occurred in pregnency,

Wirth end Mader (1988) end Zemljid (1955) steted thet the ox hes &
lymphocytic blood picture.* They cherscterized ox blood &s heving azure gren-
ules in the lymphocytes, ccoaslonal steb cells, small sosinophilic granules,
end commented on the especizl size of the neutrophil. According to Goodsll
(1910} the general morphology of ox blood does not differ greatly from humen
bloods Iu Toit {1918) élso found ox blooé gimiler to human blood exeept that
1t bhad a high lymphoeyte count =nd & low neutrophil count when compzred with
man, Gudim-Lewkowitseh {1929) in a study of the differential mumber of the
neutrophils in 15 normal cows gave the followlng deta: juveniles, 0,F%; stab,
45, Th; 2-lobed, 35, %h;3-lobed, 14.9%; 4-lobed, 2.9%; end 5-lobed, 0.6%. Zeml-

i¥s (1935) results on 50 snimals differed somewhat with 12.%% juveniles,

#)a jority of white blood cells were lymphocytes.
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21.6% stab cells and 66.1% segmented. Fraser (1930} found 0.1% juveniles,
3.5 stab and 96.3% segmented, Besel and Levek (1928) steted that there were
no myeloeytes, 0.1% juvenilss, 2.8% stab cells and 41,7 segmented neuiro-
phils in normal ox blood. Kennedy end Climenko (1931) reported the normal
Arneth count for the cow as 8,34 (weighted mean).

Goodall (1910} characterized the neutrophil of horse blood ag having
an unusual degree. of lobation end esgecially fine grsnules, He found the
eosinophil to contasin large spherical or ovold granules., Wirth (1931) men~
tioned the large esosinophil, large basophil, lsrge platelets end preponder-
ance of neutrophils in the horse.

It seems feasible; since sny so-cslled "normel® limits of elither
blood or bone marrow must be arbitrerily chosen, thet some enimels without
evidence of sbnormality may have ‘counts that do not fall within the range
ordinarily considered normel, Shukers, Lengston and Day (1938) wére br fhivs
opinion, Tebles 1 snd 2 summarize the literature on blood stﬁdies ;)f cattle
;and. horses. Ta.bies 3 and 4 present the hemo;p,rams of the experimental animels

used in this study,



Table 1

Hemogrems reported on cettle

Hiemoglobin

content ¥ R.B,C. W.B.C. Differentisl count, per cent

No. of Gme.per millicns hundreds Nentro- Lympho- Mono- Eosino- Basmo<
Author fnimsls” % 100 _ce, per cu.mm. ver cu.mm. vhils cybes  eyies phils phils
Dimock & Thomp- '
son (1906) ¥z 18F 59,75 B8.85 6.1526 54.86, B0.49 54.82 1.47 13.15 0.59
DuToit (1916) 7F 62 8.5 6.54 7846 . B8.8 49 3,7 8 0,5
Kuhl (1919) 24 65 10 5 O=1
Meyer (1924) 44.3 48,7 5.3 B 7
Basel & Lewek {1928) 44.6 = a4 1.6 9.6 0.2
Kohanewe {1928) i2 6,779 82.1 33.0 51.7 4.3 10,9 0.1
Sergent et a1 (1929) 39 10.0 28 59,5 7.5 10 1.0
Canhem (1930) 12F dry’ 6.66 97 '34.0 53 4.0 8,0 1,0
Fraser (1930) 41 : 28.4 54,7 6.7 9.9 0.1
Scarborcugh®(1931-32) .80 8426 6.6 93 31.9 55,4 5.8 77 0.68
Wirth {(1931) 60-80 8.86~11 5-7 . 50-100 25-50  37-63 B=10 B=B 0-0.5
. _ Av. 30 -850 5 8 c.1
Miller {1933} ‘BEF 87.1 12 6,325 86,16
Thormahlen (1935) 6.0 . 82.2 B0-40 S0 7 10 1.0
Zeml jic (1935) 50 6.1169 70.08 32.42 52,52 S.79 8.956 0.8
Thijn (1936) 12 46-109.6 32:54 30-48 1-6 6=-23 0-1
Bell & Irwin {1938) 6.1228 95.74 34,89 42.27 .48 12,4 1,003
Wirth & Mader (1938) 5=7 50~100 39 50 5 8 0.1
Delaune {1939) 5 5.539 102,25 25,9 58.1 8.0 7.0
Delenne & Msyhew (1941) 4 8,05~ 95, 30— 19.1~ 56~ 7,2- See
6.80 107,63 29.8 61.5 9.0 18
Ferguson gt al (1945) £5F 6.3291 89.1158 34,73  41.24 7.94 14.87 0,62

. EEI.:L terature review
*kp.female, M-male

##*Phe percent of hemoglobin weas converted to grams from conversion tsbles of Bausch and Lomb Opticsl

Company. 1930




Table 2

Hemograms reported on horses

Differential cournt, per cent

Hemoglobin
content*** R.B.C. WeB.Co Neutro- Lympho- Mono- EHEosino- Baso-
No. of Gme. per millions hundreds phils cytes eytes phils phils
Aathor Animals % 100 cc. per cu.mm. pPer Cu.mm. B % % %o Fo
Burnett® (1917) 62-11 9-11 5,5-10 65,~110 50=-70 35-45 1,5-3.5 1.5-4 2= 7
Hsbersang® (1921) B.5-9,.5 69.,-110 50=-95 15-45 1.5-1 e 5=5.8 O~e 7
Hesuber {1924} 25F 21p** 7,8-11.0 67,-110 S0-68 BLw46 1.0-2.2 1.2~2.5 0.5-1.6
Meyer {(1924) - 60="70 £8 3.3 4 0.3
Kohenawa (1928) 12 7.201 80,68 54,28 38.1 2.6 4,7 C.4
Drem jatsky 139  65-77 9-1l 7.8-8.9 70-95 50-60 26«40 2.4-4~5 3.2-8 1.5
et =1 (1929) ,
Scarborough® 0-98 10-1% 7.8 92,6 56,8 30.4 8.5 3.7 0.486
(1931-32)
¥Wirth {(1931) 7-10 70100 55-65 16-43 0.3-8 S-4 0.1-0.6
hiv. B0 35 3 3 0.5
Neser {1923) 45-60 Z0-~45 2~8 5=9 0-1
Stewart (1940) 36 6.7 66.,-118 B6=78 13-56 1-8 1-28 0-3
Lamarre {1944) 45-60 30-45 2-8 3-9 0-1

*Literature review
**F~-female, p-pregnent
**¥mhe percent of hemoglobin was converted to grams from conversion tables of Bausch &nd Lomb Optical

Company.

1830,

13




Table 3

Hemograms of the cows used in this study

Hemoglobin .
content® R.B,C, W.B.C. Differential count, per cent
Animal Gm., per millions hundreds Neutre~ Lympho~ Mono- FEosino- Baso-
Number % 100 ce, per cu.mm. per cu.mm, phils  cytes cytes vhils phils
42243 70545 14.14 46.7 37.3 10.0 6.0 0.0
42743 6:.880 6,72 23,7 55.3 87 11.7 0,6
5643 120 16.51 7. 940 7.06 19.3 67,8 5.3 7e7? 0.5
52043 93 12.81 6.125 6.36 28,7 54.3 8.3 8.0 0.7
52743 78 10.74 6, 730 6.86 18,7 64,7 6.0 3.0 0.6
61643 88 1z2.12 5.280 8,08 27.0 6440 4,3 4,0 0.7
61843 85 1.7 6.865 4.26 41.67 44,0 4D 9.7 0a3
62343 67 9.22 ‘4,775 6. 76 40,0 40,4 13.5 5.0 1.3
62843 63 8,867 4,530 6.82 1.0 52.4 7.3 2.0 0.3
7543 108 14.87 6,900 8,90 83,35 49,7 1.7 14,3 1.0
7743 8% 11.7 6,760 10,32 17,33 63,0 4.7 14.0 1.9
71243 83 1l.4 6.615 7.14 27.0 56,7 0.7 14.3 1.3
721453 75 10.33 5.110 7.66 51.0 33.0 2,0 13.3 Q.7
728431 90 12,39 $.880 7.54 37.7 53.3 5.0 3.7 0.3
Range 63~ 8,67 4,53~ 4,R6- 17,3~ 33.0~ Oo 7~ 35 7 00~
120 16.81 7.94 14.14 51.0 67.3 13.3  14.3 B
Lverage 86.3 11.87% 6.2832 7. 7585 31.01 53.17 6.61 9.33 0.68

*The‘percent of hemoglobin was converted to grems from conversion tables of Basusch snd Lomb.Opticsl
Company. 1930.

a3




Teble 4

Hemogrsms of the horses used in the study

Hemoglobin
content® R. B. C. W. Be C. Differential count, per cent :
fnimeld Gm. per millions hundreds Neutro- Lympho- Mono- Foeino- Baso~--
Numbexr % 100 cc, ‘PET €. EM. per ¢u., mm. phils cytes cytes phils phils
6945w 58 7,98 8.020 8.4 66,7 6.7 B.3 9.0 Q3
6843 68 9.36 4,905 clotted 61.0  30.0 4.0 4.0 1.0
6843w ' 88 12,13 11,350 clotted 85.0 10.0 3.0 0.0 2,0
79455 58 7.98 84440 8.7 6647 31 0.7 1.3 0.3
89438 M** 54 7.55  6.525 8404 68.0 25.4 1.3 4.3 1.0
8344 M 80 11,02 12,040 9,98 ) 43.4 44,0 2.3 " 9.0 1.3
92944 date lost before recorded 78e3 14.0 3.7 3.3 0.7
Renge 54-88 4. 905~ 8¢ 34~ 430 4~ 10,0~ O 7= 0.0~ Q¢3=
12.040 9.92 85,0 44.0 4,0 9.0 2.0
Average 67.86 9,33 8.546 8.84 67,01 25,87 2.61 . 4,41 0.94

a3

**Memale castrate . ,
* The percent of hemoglobin wss converited to grams from conversion tables of Bsusch snd Lomb Optical

Compeny. 1930.
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Bone Marrow Studiss
Términology

In 1912 Ackernscht remerked Thet no unity sxisted in the morphologic
and histogenetic elassification of marrow cells., In 1944 Osgood end Seemsn
were still pleeding for "sn approved 'Standerd Nomenelature for Hemetology'."

With the exception of Osgood and Ashworth (1939) end Pitts snd Pack-
hem (1939) most suthors have adhered to & generally uuifom set of terms in
¢esceribing the bone merrow cells. Unfordtunately the seme temn did not slways
apply to the same type of cell. Ssnchez (1941), Mexinow and Bloom (1942),
Israels (1943}, sud Piney end Hemilton-Psterson (1944) preferred the term
"hamocytoblast® to "myeloblest" used by most ell others. Mulligen (1941)
chose the temu "stem cell” wiich included the very early cells in sll series.
fecording to Osgood (1937) the monoblast, mysloblast, lymphoblest, plasne-
blagt and megaloblast sre dis'binct» types; of cells but Jordan (‘1939) stated:
"to differentiate the various "blast® ceils is to ignore individusl diifer-
ences between eolls in & given ‘series." Stesney snd Higgins {1937) used in
addition to myoloblast the word "leukoblest™ to desiguats & cell betwsen the
myeloblzst and the promyeloeyte. Mallamme (1927) adhersd to the temm "leuko-
blast® instezd of either myeloblast or hemocytoublast. MNost investigators
agreed on a Ppromyelocyte.” Wintrobe {1942) divided the promyelocydes into
"A% end "B® $ypes, The nomenclature followed by the msjority of suthors to
describe the developing grenulocyte 'seriesy ineluded a myelocyte, @ metemyelo-
oyte and the adult granulocyte for the neutrophil, eosinophil and basophil,
Reich (1935), Suarez {1936), Kandel &nd LeRoy (1933), Scott (1939) end Ven
Loon and Clerk {1943} ﬁad & "bend" neutrophil, Segerdshl (19:35), Thaddes and

Bakelos (1940) and Mulligen (1941) = "steb™ neutrophil end Lichtenstein and
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Nordenson (1939) preferred to use "rod” form instead of "stab™ or "bend".
Doen (1939) end Rhozds znd Willer (1938) used the letters "A", "B" apd "C"
to vepresent stsges in the development of granulocytés or myeloeytes, Yagu=
da (1936) used the temms romegrenmeler” =né “grenular” myslocyte to indicate
stages in development. Holmes and Broun {1933) carried the Romzn numersls II
= ¥V or VI with the neutrophils to indiczte the number of lobes.

The technicel expressions deaigneting the red blood cell geries may
be divided into two mein groups; the one, "proerythrobluasts,”™ erythroblasts,”
snd "normobleasts® eccepted by Arinkin {1929), Reich (1935}, Markoic‘fi(lg%),
Sufrez (1936), Yeguds (1936), Vogel, Erf, snd Rosenthal (1937), Doen (1939),
Davideon (1941a end b) and Senchez {1941); the other "busophilic,® "polychro-
nmetic™ and "orthochromatie" erythroblasts or nomoblza;ts as used by Mellame.
{1937), Kendel and LeRoy (1979), Scoté {1959), Lichtensbein and Nordenson
(1939), Thaddea snd Bakelos (1940}, Yeximow and Bloom (1942), Wintrobe (1942)
end Van Loon and Clerk (1943}, Jepa (1948) divided them into two groups
"early” and "late® eryithroblasts depending op the cytological appesrsuce of
both nucleus and cytoplasm, Almost all asuthors ‘included the lymphocyte, mono-
eyie, end plasma éell in routine counts, NMany involved the mesgsksryocyte end
some enumerated the reticulo-endethelisl cell ur & reticulum c¢ell. Only Thad-
deas end Bakalos {1940) coimt;ed moncblests and promonccytes, Ssbin and Doan
{1927) and Doan (1929) included the clasmstocyte in ‘the cells counted,

The exceptions to the above, Osgood (1937) snd Pitts and Packham
(1939), used s set of terms not in general use such s “progranulocytes A snd
B", and "rhabdocytes" end "lobocytes" for the unsegmented snd segmented poly-
morphonuclesrs, In the red blood cells series they used "karyoblasts”, "oro-

karyocytes,” “"karyocytes" and "mebakaryocytes®,
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With the idee in mind of having s simple a terminology &s possible
snd yet be useful, the following list of terms to speseify the cells observed
in bone marrow was declded upon.

"Stem cell™ ~ Al) the immsture cells which could not be clgesified into any
given series.

PErythroblast™ ~ All cells in the red blood cell seriss from the youngest that
could be identified with that series to the mormoblast,

"Normoblsst? - Those in the red blood cell series that contained hemoglobin in
comparabls emounts to the adult red blood eells as indicsted by
similar stsining provperties.and sontulaing auvcled.

"Promyelocyte® - Young cells with non-specific azurophilic granulss,

PEosinophilic® and "neutrophilic myelocytes" - Cells in these respective series
included the metemyelocytes, juvenile cells and steb, rod or band
forus of other authors.

"Eosinophil® -a_nd‘ "neutrophil® ~ The adult cells of thess grenulocyie series,

"Besophil® - There were so few basophils fthat both developing cells snd adults
of that series wers grouped together.

"Lymphocyte™ ~ Any developing cells in this series were included.

Mfonocyte? - ALl promonceytes and distingulshebls monoblasiswere added hers,

"Plasme ce].l"v- If any developing plasme cells were cbserved, this hesding in-

- cludsd them,

The list mekes = totel of twelve hezdings znd it is not so formidsble
that it should discourage anyone from attempting to mske bone nsrrow cell
counts, According to Bloom (1945) anyone familiar with the morphology of
blood cells should have little difficulty in the recognition of bone marrow

cells,



Myelograms

Tables 5 end 6 indicste the individual myelograms for ell the ex-
perimental enimels in this investigstion.
Tebles 7 end 8 contein s sumery of this study and a compzrison

with similar investigations carried on elsewhers.

" Description of cells

It is inevitable that all the slides will no% be stained excetly
alike principally &s & result of veristion iz the dilution of stoin, end in
timing, Fregueutly there aie darker #nd lighter stained aresa ou the same
slide due to the veriation in the mixing of thes buffer with the dye. Fainter
‘stained preparations tend to show the nucleoll more cleerly snd the nuclear
gtructures ney not be megksd by the steining of superimposed granules, Heayvi-
ly stained smears, though the puclesr structures may be magksd, show the gran-
wles in the cytoplasm well,

The youngsr the cell the more homogeneous the protoplesm of the o=
cleus, Nucleoll elso indieste a young eell since they disappear as the cell
developss Nucleoli exe greyisbrbiue sphericel or ovoid bodies up to £ miera
in diameter, .

Froquently cell nuclei sppesar like doughnuts but it is only the ends
of u~ or rod-shsped nuclei touching or overlapping which give this appesrance.

In this study the slides were exemined in the following msaper. 4
low power preview wes made 1o get en idez of distribution, steining and sny-
thing upusuel, 4 répresentafive field was chosen for the differentisl counts,
measurements, color comparisons snd cytologicel deteils and was explored under

oil immersion.
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Tsble 5

Percentege distribution of the marrow cells from the ribs of 14 cows

Cell Types ¥42245 42743 5643 52043 52743 61643 61843 62343 62843 | 7543
Stem eell 1.4 2.0 3.4 0.8 0.2 0,0 22 30 2,2 3.2
Erythroblast 15.6 26.2 29.2 20.6 30.2 11.8 42,4 20.0 36.6 37,0
Normoblest 21.4 19.8 18,0 13.6 £7.8 9.2 28,6 7.2 20.6 15,4
Total erythroid _ i

cells (E) 37.0 56,0 47.2 44,2 58,0 21.0 7.0 27.2 57.2 52,4
Promyelocyte 3.0 1.2 0,6 1.4 0,0 1.8 2,0 6.8 1.8 | 0,8
Neutrophilic ;

myelocyte 19.8 24.8 16,2 32,0 21,0 28,8 16.4 29.2 17,2 | 15,0
Neutrophil 9.4 5.0 4.8 4.6 7.2 122 1.4 10,0 4.0 8.4
Fosinophilie

myelocyte 4,6 5,6 9.2 7.8 3.0 90 28 9.8 9,0 10,4
Fosinophil 7.6 0,0 1.0 0,6 1.0 2.4 0,0 4.2 0,2 3.0
Basophils (all) 0.8 0,0 0.4 1.0 0,8 0,2 0.4 0.4 0,8 0.0
Totel myeloid _

cells (M) 44,6 36,6 32.2 47.4 33,0 54.4 23,0 60.4 32.8 35.6
Monocyte 0.0 1.2 56 52 1.2 %6 1.4 1.6 3.4 7 22
Plasme cell 0.8 0.8 0,4 20 1.0 0.2 0,4 14 0,8 | 1.0
Lymphoeyte 17,2 3.4 11.2 10,4 6.6 16.8 2.0 6.4 3.6 | 5.8
Megekaryocytes in ;

300 sq, mm. 21 4 23 20 0 8 0 121 7 T 8 !
Mitoses 3 7 2 4 5 2 5 0 4 g ¢
Myeloid~erythroid

ratio 1.2 .65 .68 1,07 .57 2.59 .32 2.22 .57 |

+68

*A11 femsle except 72843







s from the ribs of 14 cows

I

61643 61845 62343 62843 | 7543 7743 71243 72143 72843 __Meen
0.0 2.2 300 202 : 5.2 5.0 2.4 208 104‘ G?O" 590 2.14
| .
11,8 42,4 20.0 26.6 37,0 38,6 30,8 42,8 51.8 11.8-42.8 30,26
9.2 28.6 7.2 20i6 15,4 55,6 22.2 270 39,2  7,2-39.2  2L.6Y
21,0 TL.0 272 5T.2 . 52,4 72.8 530 69.8 7.0 21.0-72.2  52.66
1-8 2.0 608 106 008 006 006 008 000 0.0“'608 1.51
28,8 16,4 29.2 17.2 . 13,0 10,4 158 16.2 10.6 10,4-32.0  19.39
12,2 1.4 10,0 4.0 | 8,4 2.4 6,2 1.2 3.4 1,2-15.2 573
9.0 2.8 9.8 900 | 1004 6.0 804 502 1'98 108"10.4 6.69 .
2.4 0.0 4.2 0.2 ‘ 3.0 0‘2 3.0 002 3.6 0.0n 7.6 1092
0.2 004 004 0.8 ," 0.0 . 000 004 000 002 0.0" loo n34
§4,4 25,0 60,4 32.8 | 35.6 10.6 344 24,6 19,6 19,6-60,4 35,59
76 1.4 1.6 3.4 . 22 L2 44 0.2 1.8 0,0 76 2,64
0.2 0.4 1.4 018 100 0.6 l.o 0.2 0¢4 0.2" 2.0 .79
16.8 2.0 6.4 5.6 5.6 1.4 4,8 2.4 5.8  1,4-17.2 6.68
8 o 1 7 8 5. 8 8 7 0-121 25,14
2 5 0 4 9 5 11 3 0- 11 4.9
7 2.59 .32 2.22 .57 .
68 .27 .65 35 .28 0,27-2,59

Rengse







Table 6

Percentage distribution of the marrow cells from the ribs of 7 horses

6943w 6843b 6843w 7943b 6943g 8344 92944
Cell Types F F F F Fifm M=c F Range Mean
Stem cell 0,4 0.4 1.6 3.4 2,0 2.4 1.0 0.4=3.4 1.8
Erythroblast 19.4 8.0 14.0 32,0 £3.6 3l.4 18.2 8,0-32.0 20.94
Normoblast 24.2 12.0 5.0 15.6 15.2 13.6 10.4 5.0=24.8 13. 7L
Totzl erythroid 43.6 20,0 18.0 47.6 38.82 45,0 28.6 18.0-47.6 34.66
cells (E)
Promyelocyte 0.0 0.6 5.0 1.8 1.6 3.2 0.8 0,0-5:0 . 1.83
Neutrophilice 26,2 47,8 56,0 26.6 31l.6 37,8 40,4 268,8-56.0 38,06
myelocyte :
Neutrophil: 20.2 16,6 9.0 12.6 15.4 1.8 1i7.6 . 1.8-20.2 13.31
Eosinophilic 008 3.4 004 2.6 506 2.5 3.0 0.4‘3‘6 2.34
myelocyte
Eosinophil 0.4 0.2 1.0 1.0 0.2 0.2 1.2 | 0.2-1.2 0,80
Basophils {211) G0 1.0 0.2 0.4 G.8 1.0 0.8 0.0~1.0 0,80
Total mysloid 47.6 69.5 71.68 45,0 53,2 46,6 63.6 45,0~71,.6 56, 74
cells {M)
Monocyte 2.0 4.4 498 102 196 1'8 154 1. 2""4-8 2.46
Plasma cell 0.8 0.6 C.8 0.8 C.6 0,8 0.0 0.0-0.,8 Q.63
Lymphocyte 5.6 5.0 2.2 2.0 3.8 3.4 5.4 2,0-5,.6 3.91
Megekaxyocytes o O 8 0 3 1 Q 0-8 1.71
in 300 sg. mm.
Mitoses 2 0 0 2 8 1 (3] 0-8 2.71
Myeloid-erythroid 1.09 3.48 3.76 <94 1.37 1.04 2.22 «94-3.76
ratio

63

*i~g-mzis castrate




Table 7

Comparigson of cow dats with other myelogrsms

Middle Range Mesn
aged  0la " _ from from
Mercato (1941) cow coms _Mean Hiarre (194%) Renge  Author tzble 5 table &
Hemocytoblsst 4.35 4.1 4,23 Myeloblast l.5~4 Stem cell 0,0-5,0 2.14
Erythroblast Se 7 3,68 3,69
Proerythroblast 2.3 Z.42 2,36 Pronormoblast 0~1.0
Bascphilie srythroblast 11.5 11.95 11.72 Beasophilic
Totel erythroblasts 17.5 18,085 17.77 normoblast 3=-7.5 Erythroblast 11.8~42,.8 30,26
Polychrometophilic . ‘
erythroblast 18.0 16.8 17.4 Hemoglobin
Orthochromatic erythroblast 19.5 19.0 19.285 conteining
Total 3%7.5 35.8 36.85 normoblest 27=-55 Normoblsast 7e2=39.2 21,69
s Totel erythroid
Totel erythrolid serles 55.0 53,85 54.42 cells . 21.0-72,2 52,66
Neutrophilic promyelocyte 1.4 1.8 1.45 Promyelocyte 0,5-3 Promyelocyte 0.0~6.8 1.51
Neutrophilic myelocyte 5.6 6.1 8.85 Myelocyte 3-9,.86
Neutrophilic metamyelocyte 11.5 12.1 11.8 Meatamyelocyte 3~183.5 Neutrophilic
Total neutrophil series 18.5 19.7 19.10 Stgb eells 7.6=-18.1 myslocyte 10.,4-38,0 19,39
' Segmented
neutrophil 6,319 Neutrophil 1.28-12.2 85,73
Eosginophilic promyelocyte 1.5 1.5 1.5 Eosinophilic
Eosinophilic myelocyte 5.0 5.0 5.0 myelocyte l.8-10.,4 6,869
Eosinophilic metemylocyte - 6.3 5,27 5.78 Fosinophil 0.0-7:6 1.92
Totel sosinophil series i2.8 11,77 12.28 All bzsophils 0,0-1.0 0,34
: Total myeloid
: c=lls 19,6~60.,4 35,59
Monoblast snd monocyte 8,35 9,36 8.85 Monocyte O-1 Monocyte 0,0=7,6 2.64
Plasmacyte 0.5 0.68 0,59 Plasms cell 0.,2-2,0 0,79
- Lymphoeyte 1.4-17.2 6,68
Myeloid-erythroid ratio 0.,58 0,66 628 M.E. ratio 0.7 M/E 227-2,59 .676(T.3)




Teble 8

Comparison of horse dste with other myelograms

Eggrre and Hisrre _ Renge from Mezn from
Berthelsgen (1938) 10 horses (1943) Author tebls 6 table 6
Myeloblast 1.5=8.5 1.5-3 Stem cell Qe4~3.4 1.6
Promegaloblest like cells 1-2 ‘
Pronormoblsst 1.5-3 B:.5-5.5 Erythroblasts 8,0=32,0 20.94
Beasophilic nermoblisst 4,5-9 4, 5-9 Normoblasts 5.0~-24.2 13.71
Hb. contsining normoblasts 40-60 40-60Q Total erythroid
Promyelocyte 1.0-2,5 1-2.5 Promyelocyte 0,0=5,0 1.88
Myelocyte =5 26,7
Metemyeloeyte 5-15 5=15, 7 Neutrophilie
Stab cells 5.5~11 5-10,7 myelocyte 26,2<56 28,06
Segmented neutrophils 6.5-14 6,.3-16 Neutrophil 1.8-20,2 13.31
Eosinophilic
Eosinophil Oe5=1.5 myelocyts Qed=3,6 . 2.34
Eosinophil Oe8~1.2 0,60
-Basopbdl 0<0,5 All bssophils 0,0-1.0 0,60
Totel myelold
cells 45,0-71L.6 56. 74
Monocyte 0-0,5 0-0,5 Monocytes Jlel=4,.8 2.46
Plesme cell O.1~1 Plesma cell i 0,0=0,8 63
Lymphocyte Z=6 Lymphocyte " 8.0=5,6 3.91
Myeloid-erythroid retio 0.8 M/E 294=3, 76 1.64 {T.10)

%8
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The two main sources of reference used in identifying end describing
the cells weré "Atles of Hemetology" by Osgood and Ashworth (1937), end the
"Munsell Book of Golér" (1929). "Colour Termirology ir Biology" by Dade (1943}
was occcasionally referred 10,

Yor the purpose of specificity color cdmp&risﬁns were made with the
Munsell Color book and the approximate color §r renge of colors wes determined,
Compuring transmitta& light with réflgctedlligﬁtvpresented gome incongrulties,
The most predomiﬁating nuclear color was chosen for comperison. The nuclesr
color of 211 cells may be epproximetely matched in the 5,0 red-purple color
chert. The darkest nucleus with 2 velue of 2 and & chroma of 4 (2/4) wes found
in the normoblest, The paLe}s§a1pin5 which wes freque@tly found in the mono-
oyte nucleus may be designated 7/4. Other esll nuclei matched colors Llying be-
tween these two extremes depending on the stage of development end the intensity
of staining, |

iike that of the mucleus the eytoplasmic color varied with the degree
of gteining but in addition there»waa consldersbly more veristion betwesn cells,
Frequently thé cytoplasm wes so pele thet it might be designated "colorless".
The pale blue of the moﬁocjt; end & color in the erytthblast series compared
very favorably with & purple~blue-purple shede designated 10.0 B 8/2. £t the
other end of the color renge wes the purple~tive of the stem cells end tThe
young erythroblest, 5.0 purple-blue 4/10 or 5/10. The cytoplasm of the erybth=
roblast thet had begun to teke up hemoglobin metched 8/2 in the 5.0 green=
yellow Munsell color plate. The normoblest cytoplasm compzred favorably with
8/2 in the 5.0 yellow-red plete. The color of the extre-nuclesr protoplasm
of other cells renged from 8/2 to 5/8 inclusive on the 5,0 purple~blue plate.

The various shades of the eosinOphil grenules may be designated by

5.0 red 8/4, 10,0 red-purple~red 8/6, 5.0 red-purple 7/2, 7/4, 6/2-6/8, 5/6
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and 5/8. The ba‘soguhilic granules which were intermingled with the eosino-
philie gr‘anules’were much the same color &s those of the besophil itself.

The basophil grenules mstched colors under the clsssification 5.0
red-purple 2/4, £/6, and 3/6 in the Munsell color book.

The azurophil gramules of the lymphoeyte, monocyte and promyslocyte
were sbout the colors 4/10, 4/12 znd 5/10 in the 5.0 red-purple plate,

The smallness of the neutrophil granules made color comperisons dif-
ficult bub as mearly as could be escertained they sre the color of 8/4 in the
10R red-yellow-red set of hwes,

The Kodacolor prints in Plates IV - IX only psrtially represent the
gbove colors, In the psrts where the background is oo blue the reds are not
typicel. The colors illustreted ia Plete X compare very favorably with those
in the "Munsell Book of Color,

vGenerally spesking there is so little differcnce between horse end
cow bone marrow that the cells need not be described sepzratsly.

Stem Cell: The stem cells measured varied in size from 12 x 14 to
26 x 30 micra, These included sll the young cells which could not be classi-
fied in eny definitive series. The reddish-purple nucleus hsd @ homogeneous
'finely reticulsted karyoplasm with 2 or more pele blue n’ucl'ap‘li. Bloom end
Meyer (1944) did not find a nucleolar membrsns in the stem cell of dog marrow
but the nucleoli in these cells in the horse end cow appesred to have & very
definite nucleoclar maﬁbrane in most instences. The nucleus was large in rela-
tiom to its cytoplasm, For example, one cell measuring 28 x 22 micre had &
micleus 14.5 x 16 micra. Other cells had a narrower rim of cytoplasm such as
& cell measuring 13,5 x 17 micra with a nucleus 10 x 15 micra. The cytoplasm,

which hed & verying color rsnge from & psle blue to a greyish-sky-blue, often
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prasented a mottle&'appeurance end frequently conitained & vacuole or’%wo.
Some of the stem cells contained a few azure steining granules in the cyto-
plasm,. - For illustrations of this cell refer to Plsts IV, Figs. 1 and 2
and Plate X,

Erythroblast =nd Normoblast: Dzvidson, Davis and Imnes (1948)
have aptly defined the erythroblast as "say nucleated cell cepable of differ-
entiation towards an erybhrocyte" and divided such cells iato four groups in-
cluding the stem cells of that series end the orthrochromatic erybhroblast or
normoblast. The erythroblasts here include only two groups, the bassophilic
erythroblusts and those beginning to toke up hemoglobin {the polychrometic
erythroblasts of some suthors), Those mezsured varied in size from 7 x 7 to
15 x 20 micra, One in the process of mitosis was 15 x 23 micre. The nucléué
varied from the homogeneous reddish-purple, nucleoli-conteining nucleus of
the most primitive erythroblast to the chrometin-clumped dark purple nucleus
of the late erythroblast just prior to complete hemoglobinization of the cy-
toplesme The structureless cytoplesm veried in color from the blus of the
more primitive cells fo the steel grey ox even greenish~grey of the stoge
near the normoblast. The nomoblast preéented size veristions of 5. x 7 or
6 26 to9 x @ micra, -One in mitosis was 12 x 12 miera. According bo Wirth
(1931) the erythrocyte of the ox variss in size from 4,47, micre with en -
aversge of 5,1 =nd the horse red blood cell variss from 4,0 to 7.5 with en
aversgs of 0.6 micra. Consequently little if any size differences between
the developing red cells in the two .speciss would be expected. None were
noteds The pyknotic nucleus was so purple.ss to appear elmost black end wes
so dense no internel structure could be made out. Isrzels (1941 a and b) hes .

deseribed the moturastion of the erythroblest. The cell shrinks to one helf
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its original size; the cyboplasmic color progresses from basephilic, to poly~
chromatophilic to eosinophilic with the increase in hemoglobin content, and
the nucleus shrinks, condenseg and finaelly becomee a dark festureless mass.
The nuclear structure changes and hemoglobinization are not necessarily syn~
chronized into any set pattern for occasionully a small cell with a pyknotic
nucleus may retain quite basophilic cytoplasm while the opposite, a large cell
with an erythroblastic nitcleus and complete hemoglobinization of the cyboplasm,
nsy occur. Israels (1941a) claimed the latter was associated with some in=
creased demand for red blood cells and should not be considered normal. For
example in horse number 6843b, cells with hemoglobinized cytoplasm were as
lorge as 13 x 14 miera. This animal had the lowest red blood cell count
(4,905,000) of any of the animals studied. This variation in development need
not be & matber for concern, however, sg the totel for the red cell series is a
sufficient index to the state of the bone marrow. Endicott and Ott (1945) made
a simple classification of marrow-cells in the rat and one grouping was "red
cell series“ which included all the nucleated precursors of the red blood cells.

Illustrations of this series are shown in Plates IV, V, VI, VIII, IX,
Figs. 1 and 2, and Plate X.

Promyelocjte: The promyelocytes caried in size from 15 x 16 to 21
x 22 micra. This cell hed a spherical or ovoild reddish-purple mucleus with
usually 2«5 pale blue nucleoli. The light blue cytoplasm contained small fair-
ly evenly distributed azurophilic granules. Sometimes a rim of deeper blue
cytoplasm was present. For illustretion see Plates VI, VIII and IX, Fig. 1,
and Plate X.

Neutrophilic myelocyte: The cells grouped in this series included

several developmental stages with morphological variations but all had about



the sume staining properties. The size runged from 10 x 10 to 16 x 18 micera.
The reddish-purpie nucleus veried inm fowme from the sphericel "finely chrome-
Tined" nucleus of the youngest cell in the series, through successive gtages
of ovel, kidney-been-and u-~shapes to the durker ebsining, "chrometin~clumped®
nucleus beginning to show constrictlons but not segmented into lobes. These
muclesr changes correspond to fthe myelocyte, metemyslocybe or juvenils, and
staif cells of other euthors, The cytoplamm varied from colorless o pele
blue with fine seutrophilic gramules. The early stages often refeinsd a few
larger azurophilic grenules. ZExaomples of this cell are showa im Plates IV,
V and VIII Figs. 1 sad 2, Plate VI Fig. 1 snd Plete X,

&osinophilic wyeloceyte: These cells pess. through the same develop=
montel Atages sz the neutrophil. They ere easily identified by the sosino-
philic granules which in the cow are 1 micron or smailer Lut in {the horse
vary from 1 wmicron to 3 nicra. Beesuss of the small size of the grsnules in
the cow it wes impossible fo count them but in the borse eosimophil, from 30
to as many as 125 granules were geen, Hirschfeld (1897) counted from 20 to
40 grsnules. He stated thet the largest ones might resch the size of the
goat erythrocyte, The cells mezsured wers as large &s .26 x 26 =nd 22 x 20
miera in the cow znd one in the horse was 25 x 33 micra; In the youay cells
there was considerable varistion in color of the granmules, some azurophilic,
others teking on a blue-grey shade, Host of the gremules were 'sphericsl Jbut
& fow oval ones were observed in the horse sosinophil.  Hirschfeld {1387}
observed these elliptical grenulss toc. According to Towney (1915) the
gosinophilic grenules are endogenous, being differentisted from the beso-
philic proteplasm. He found that they ch&méecl from smell besophilic granules

to even largor eosinophilic ones then were to be found in the meture eosino=
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phil. The cytoplasm appeared grey~blue when mot obseured by the gramules.

The reddish-purple nucleus chenged from sphericel to ovoid to u=-ghaped, be-
coming lobed in the adult cell, One or mors nucleoli were observed in the

most immature cells of this seriess Turn to Plates IV Figs., 1 end 2, Plete
V Fig, 1, and Plate X for the illustrstions.

Basophils: The largest immeture basophil meesured wes 18 x 21 micra
and the smallest edult cell in this series wes 11 x 1l micra. The nucleus
when discernable was & reddish-purple color but it was frequently mesked by
the basophilic grenules which were & deeper shede then the nucleus, The
spherical grenules varied in size, the largest being ebout = mieron in diam~
eter, The cytoplasm was 2 pele blue, Aecording to Hirschfeld (1897) the
mast cell (basophil) of the horse was lerge and displeyed en sbundsnce of
granules such as did not oceur in sny other enimsl, He thought the granules
were needle shaped ("nedelformig"}. No epprecisble difference could be de-
tected between the size of the basophils of the horse end cow and needle
shaped grenules were not observed. Steining varistions of the granules
renged from a muddy reddish color to & very dark purple with & brownish ecest,
Plate X contains a drewing of e basophilie myelocyte from the cow and Plate
IX Figs. 1 end 2 are photomicrogrephs of horse bone marrow including basophils,

Plesme cell: The plasma cell of both the horse and cow was eesily
distinguished from other cells but its differential cherzacteristics are dif-
ficult to deseribe, The blue of its cyfoplesm wes just e bit brighter then
thet of the erythroblast. This and its usuelly eccentrieslly plzced nucleus
with 1ts perinuclesr clear ares sll combined to set it apert from similsrly
sbained cells in the lymphoeytic and red blood cell series, The largest plas-

ms. cell measured was 14 x 19 micra with an 8 x 8 nucleus, A smeller cell
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(11 x 11) had & nucleus 7 x 8 micre. The chromatin network was heavy and
coarse textured in the older cells but of a finer structure and,'less dense
in more immeture cells, Michels (1931b) has written & review on the plasma
cell including morphogenesis. Plate IV Fig. 2 shows an adult pleema cell in
cow. bone merrow, Plate VIII Fig, 2 shows one dividing emitotically in horss
merrow end ?late X includes & drswing of s plasmeblast from the horse.
Megskeryocyte: Ackerneckt (1912) described two types of megekeryo-
eytes in the horse, one a multinucleeted cell, the other & single nucleated
cell heving somewhat different staining propertiss. He found tran_sitional
stages between the two. He suggested thet the multinuclested cells might be
a regressive product of metemorphosis. Kingsley (1935) mede a study of the
development of the megakaryocyte in pig embryos., According to him the mege=
karyocﬁoblast is & small cell (8 micra} end cen be distinguished from the
hemocytoblast by specific cytoplasmic gremules. The cell increeses in size,
the spherical mucleus becomes oval, then horse-shoe sheped and finally bell
shaped. The disappeerance of the nucleoli and "vesiculstion® of the nucleus
accompanies these chenges, Subsequent developmeht ineludes increzse in size_
and amount of the cytoplasm end nucleus, It may have heen these different
stages in development that Ackerneckt observed. Limarzi and Schleicher (1940)_.
included Vt‘he .steps in the maturation of the megekaryoeyte in e study of
thrombopenic purpurs. They grouped them into young, adult and degenersted
types. Levy (1945) concluded thet they are sbnommel cells, an outcome of
melformed cell divisions snd no speeisl function should be given to them,
Whatever their role, that of pletelet formeiion or merely functionless de-
velopmental abnormeslities, e description follows, The megekaryocyte is the

lergest cell in merrow, Its size veried from 15 x 21 to 85 x 100 miere,
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The cells wers spherical or ovoid. Seme of them had large pseudopodia.
(Plate XTI Flgs. 3 2nd 4) Very fow were encountered in the horse and meny

of those did not seem to have eny cytoplesm. In the cow many more were ap-
parent, These presented two distinct cytological pictures, One hed & dark
blue to plum colored nucleus with on ares of reddish-purple granuler cyto-
plasm. At the outer edge of the cytoplasm the granules wers sbsent or sparse
end the blue cytoplasm wes apperent, (Plete XI Fig. 2} One cell presented
the exact opposite picture, a perinuclesr area of blue snd an oubter rim of
fine reddish-purple gramules., The other type had s legs dense, lobed or
folded nucleus surrounded by & cytoplasm filled to the edge with tiny reddish~
purple grenules, In some cells the cytoplasm eppeared to frey out into par-
tlcles resembling pletelets, Plate XI Fig., 3 best illustrates this. Iaccorﬁ-,
ing to Limarzi and Schleicher (1940) pletelets are formed by either a detach=
ment of portions of the cytoplasm or by cybolysis. Schenker (1939) favored
platelet foxrmation through disintegraition of mature megekaryocyte plasme and
found evidence to support the theory that the platelets are of nuclear brigin.

Plates V Fig. 1 and XTI Fig., 1 show the ususl megekeryocyte.

Mitosis
Tsbles © and 6 indicets the number of mitotic figures sncountered in

the process of counting 500 cells, They wers chiefly in the red blood cell
series. Subseguent examinetion of the slides revesled cell division in prece-
ticelly all of the types of cells, ZLccording to Osgood (1939) a1l the "blsst"
and "pro% cells divide by mitobtic division and the more mature erythroblasts,
plasmacytes and lymphocytes divide emitotically. Kienle {1943} found thet the
hemoecyteblasts seldom showed mitosis either normelly or in leukemie, thst the

myeloblast exhibited more prophases then eny other phsse whils the promyelo=
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eytes oceurred mors frequently in metophreze end telophese, Jeps (194%)
cousted the munbar of dlviding e¢ells per 1000 nuclssted cells sud the proe-
portions of ecch aiegs per 100 cells, He copaldevad the nomssl musber of
dividing oells to be 15 psr 1000 #uclaatad cells, distributed sz follows:
40% proghese, 45% melsphnse, 108 ensphose and 55 Lelophege; 9% myelosyies
end 3% myeloblsste conmprised 4% alitoses per 100 wnd 913 lste snd & eurly
erythroblosts meds up the olhor 558, Plate ¥ Fig. 7 11lusivetes sp eryihro-

blest in nitodie dlvision and Plate VIIT ¥ig. % showe 2 plusme call dividing

syalaiﬁ-srythrsidlr&tio

The ryelold=orythroid retio, the wotid of daveloping red blood eslls
to thoers Ik the hite blood eell seriss, ig su importent indsz of ihe sotiv-
ity of the merrow, Chowid o aystemic domsnd for zn Incresse in one or the
pther of these series be roflseted im ihe morrew the ususl retic would be
upset, Thie redio wos deteraised by =dding the peresnisges of erythroblssts
end pormoblests end compnring the flzure %1th = similer sum of the davsiop~
ing grenvloeytes, These ere indiceted in Tobles 7 #nd 8 by "Totsl myelsid
celis™ end "Totsl eryihreid cells®, Tha myeloid-eryiiroid retis, ﬁfE, given
in she sme tebles weries from o287 to 2.8 for the cow #and B4 to 3.7 in the
rores. Krecke {1941) steted thet the normel myeloide-erythroid rrtic for men
varies fron 1:2 o 1316 in heslthy sdulss. Shile there ig consmidarsble weris
stion smong fndividuele the mess H/E retlo for the cows umed in thie study
woi 35,59/55,86 or (676 {zee Teblell), The meen Tor the horses wez 56,78/

24,88 or 1.84, (see Teble 12).

'
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Bone-hosling process

Blatss JIT fo XV show the hesling nrocess thet followe the uae of

o

the drill $n procuring zerroy frow the rib of the horse, The surglesl pro-

ceture of obtzinisg merrow was esrried out &% thz following intervils before

n

the rolienl wse Killed: 7 weeks 7 deye, 8 weeke © doys, § woeks £ deys, 4

25

¥

waeks & Qeys, S wemks 2 deys, £ weeks 1 doy, 9 deys, 4 deys, § dsys, 64 hours

and % hours. £% sutopsy the portion of the ribs inecluding the 2ife of the
érill kole wes obteined, Theme wers subsesunently deeslciflied, exbedded in
pereffin snd histologicsl szetions prepsred, Plades XII anéd XIT shos con-
ssentive sboges in the esvly hesling zrocess. Bigh pomar megnificestion
ghowad &n incressinyg nusber of Tibroblsots with the lepgthoned %ims futervsl
between the operstion uad killing of the zaimal, Plete XV Fig, 1 shows ihe
drilled eres filled =ith « looss fibrous connestion tiszve. Plstes X1V Fig,
ang IV Flg. 1 show bome Lillimg the &rill e#ite snd in the lutler heslisg is
prectieslly complste. The bony lamelles sppesr t¢ extend perellel to ihs
girection of the drilleé hols, Plste XV Fig. £ shows = longitudicsl section
of & vib which hed not been drilled fato. By reviewing these slidas 1t ep-
pesrs $hot the hesling procsss proeseds slopg the seme time petiorn &s en

ordinery Srsvbure, Only intremsmbrenoug bons Jormstion weg observed,

smpling exporiment
& sepling experiment econsisted of gelting zmerror from iwo positions
zhout £ imeh epert on oueh of five zibs in the cowme The ribs ueoed were the
&th to 18tk snd the body level wss thot fmdiostsd in Pistell Fig, 1. Thess
dete are showa in Teble &,
The mesne shown in Teble 10 wers trestsd atatistias‘ly'by spslysis

of verisnee., The results showed three significsat differsnces {n the LEth
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Table 10

Summery of means from teble 9

*kgi oni £icont negetive trend among the Tib aversges
¥*4oignificant positive trend smong the rib averages

8 9 10 11 12 Upper Lower Totsl
Stem ¢ell 8 2 .6 9 W3 .88 .48 .58
Erythroblast 18,0 11.6 16.2 9.8 = 3.8% 13,08 10.72 11.90
Normoblast 18,5 20.5 13,6 11.8 10.9 16,48 13,64 15,06
Total eryth-  36.5 32.1 29,6 21.7 14,7 29.56 24,28 26,92
roid cells** '
Promyelocyte 2,0 1.1 1.0 1,3 4% 1,36 ,94 1,15
© Neubrophilin’ - £4.6 29.3 83,9 26,2 22.6 27,76 26,90 27.33
myelocyte '
Neutrophil*** 3.0 5.1 8,0 9.3 12.4 6,40 8,74 17.57
Eosinophilie  10.2 11,6 11,2 15,0 10,2 11,68 11,58 11.63
nyelocyte
Eosinophil 2.0 2.6 3.0 6.5 4.5 B3.8¢ 4,60 5,92
Basophil 7 o0 2. 4 4 48,20 B4
‘Totel myeloid 43.5 49,7  47.3 - 68,7 50.5 50,90 52,96 51,93
cells j ‘
Monocyte 2eB 5.3 3.4 3.3 3.9 3.0 4.3 3.65
Plesme cell B LB .8 6 .0 .72 12 .42
Lymphocyte 16.3 12,5 18.1 9.3 30.6% 15,12 19.58 17.35
*51gnificent



rib and no significent difference between positions on the rib, The total
erythroid cells indicaeted a significant negative trend from the 8th to the
12th rib snd the neutrophils s significant positive trend in the same rid
order, Since there was only one snimel snd meny of ths cell types cccurred
in such few numbers, the experiment should not be given Yoo much weight until
further work cen be done %o eubstantieté it. In the light of these meeger
deta 1t would seem better to obbtain semples anterior to the 12th rib. In
view of Varidek's {1985) findings thet the sternal end of the rib cheaged from
rad fo yellow merrow eariier them the vertebrsl end, probebly it is wise to

drill the rib &t as high & level as posgible end still avoid the beck muscles,

DISCUSSION

Hemetologists are not sgreed on the value of asplration end bone
marrow smesr methods. Dosr and Zerfes (192%) sﬁggesﬁed conéervatiam’in draw-
ing deductions because of the limitetions of the technie, the fsllescy of
Grewing conclusions from counting so few of the millicas of cells present, and
the debated question of identificatior and classification., Custer (133R)
foundlthe eallular state of merrow to vary in different bones, &nd in differ-
ent boneg at the seme level in the seme enimel., Demeshek (1$35) contended
that for exsct cytological study, merrow smeers.could not be excelled. Ac-
cording to Young and Osgood (1925) the only limitetion of aspirsted éemples
is the loss of structural relationships. Nordenson (1935) claimed thet mar-
row from several bones in the sems patient was similsr in quelity end quentity,
Willlems (1935), studying the cellular pettern of lmmen merrow at autopsy,
ascertained that the differentizl count.from different bones in the seme case
was essentielly the seme. Jeffe¢ (1936) remsoned that the Eimpliéity and laek

of technical skill required outweighed the disedventeges of the éilution with
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blood snd feilure to give en in situ picture. Demeshek, Henstell snd Velen-
tine {1937) thought the chief edventege of puncture biopsy, its simplieity,
s exceeded by its ineccureey. Helpep (1937) agreed with Custer (1932) thet
bone merrow is not homogeneous end thet samples from one prrt of € bone Gif-
fer from those from amobher pert. Stesney snd Higgins (1927) comcluded, io
the contrsry, that there is sufficient uniformity of hemstopoiesis in dog
nerroy so thet "the appr&isal of the marrow of eny one region will revesl
what the trend of its cellular chsnges is elsevhere in the body." £ leter
work by the same suthors substentiates this view for humen marrow (Stasney
end Hizgins, 1939). Stodtmeister and Buclmenn (1939) studieG the influence
of sternsl puncture on the circulabing blooé end found it hed no effect on
cell composition., Gordon (1941) geve s disedventages of eny aspiration
nethod, trsuma, the feilure to dislodge immature cells, loss of iopographic
relationships &nd the dilution with periphersl blood. Hulligen (1942) ob-
tolned a favorsble corrclatior by comparing merrow obieined by sternsl punce
ture snd trephine methods. Reich &nd Kolb (1942) found by statisticel snale
ysis thet quentitative determinstions on espirsted marrow szmples were in~
geeurate, Vﬁpstein end Tompkins (1943) would invalidate differentisl counts
nade from smears on the basis of traume =nd inasdequate distribubion of eells,
Steiner (1943) felt thst & merrow aspirstion method might not be setisfsctory
in Hodgkin*s disesse because of the distribution of the lesions in foecl. By
comparing marrvow smeers from the ribs and femurs of dogs, Van Loon end Clsrk
(1943) ceme to the conclusion thet such prepsrations were similar in content.
Osgood and Seemsn (1944) pointed out that sny marrow preperation whether =
section, azn imprint, or sspireted materiel, will hzve blood in it becsuse
blood is present in the sinusoids and vascular chennsls of both nomal sud

pathologic merrow. According to Schleicher (1944) any kind of ssampling from
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&8 lerge end complex en orgaﬁ &5 bone marrow is subject to errors of chance,

| In spite of ell this controversiel evidence zs Yo its velue bone
marrow examinetion is a useful tool to be employed when indicsted just as _
other technics sre, According to Bloom (1945) no hematologicsl study is com=
plete if the bone marrow is negleched,

In reviewing this study and the data presented here certain points
mey be noted.

The few stem cells may be readily explained by referring to some in-
vestigetions of Jape (1942) on the mitohic eotivity of humen merrow, He found
that out of 100 célls in the myelocytic series only 3 wers myeloblasts and in
the erythroblastie system 9 werc esrly erythroblaests. Trautmenn (1940) sel-
dom saw the etem cell in noimel hone msrrow,

~Few young erythroblasts {the prosrythroblssts of some suthors) ere
encountered beczuse the mulitiplicetion of older cells is sufficient to fill
the physiologicel need (Jaffe 1933).

Host of the mitotic figurss occurred in the srythroblastic series,
Jepa (1942) found 15 per thousand nucleated cells in humen marrow. The range
in the éow was from O-11 and in the Lorse C-E per S00 cells counted,

In Fig. 1 the neutrophilic myelocytes and neutrophils in the marrow
wére pldtted‘on the same greph with the blood neutrophils for each cow. The
resultan£ curve seems to bear out the stetement of Doen and Zerfas (1927)
that there is a siriking reeiprocity between the neéutrophilic myelocyte and
the ﬁature neutrophil, Tig., 2 presents a similar corfelation for the horse
but sueh‘deductions eré not so apparent perheps beczuse of fewer znimsls.

| Curves compering the eosinophilic series with the blood eosimophil

for both the cow and horse sre shown:in Figs. & end 4. There appears to be
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a positive correlstion between the eosinophilic myelocyte end the merrow
eosinophil but no interdependence between these end the blooé eosinophil.
T8tternen (1926) mede such & study on 66 porgons With' brogd tapeworm and
concluded that there wes no parsllelism between eosinephilia ir the blood
gnd in the bone merrow. Barte 19%3) found that eosinophils might be in-
creased in numbers in the bone marrow without appearing in ithe peripheral
blood,

In similer curves for the red tlood cell series (Figs. 5 end 6)
there is a much mere favorable correlstion indicsting thet there is & rela-
tion between the erythroblasts, normoblasts and periphersl red blood cells,

Individual meturation curves qf the neutrophils ;llustre.ted in Fig.

7 indicate that all fourteen cows showed a similar curve, A mesn of these
curves is plotted in Fig., 8 and compared with the dats given by ngrr_e
(194-5)_ and Marcato (,1941),9 Cotti (19:39) illustrated a graduelly ascending
maturatioz_l curve for humen merrow. Figure 9 chows tho individuel meturstion
curves of the neutrophils of the seven horses used in this study. They com-
pare favorebly with each other and sre like those of the cattle,

Tables 11 end 12 compsre the periphersl blood with the bone merrow
for both fhe cow and horse, Table 3.3 sumnerizes the bone marrow findings in
this study.

In the lest decsde grest strides hsve been made in human medicine in
c_:orrelgting the bone marrow findings fmd certain disesses. Some of those in-
vestigations are mentioned hére, that they may pointﬁ the way to similar re-
searches in the field of veterinery hemetology. DIreyfus (1936) vslued bone
merrow sxemination in ceses of myeloms, lymph.oma, scute leukemia, snemiss and

in atypicsal Hodgkins disease. Lccording to ven de Merwe (19%6) the sbsence
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Table 11

Comparison of peripheral blood with bone marrow { cow)

Bone Harrow

Poriphersl Blood from Table 3

Total % myeloid : from Teble 5
fnimel leucocytes eelle® o id s myeloid _ ervthroid
42243 14,140 82,7 7,545,000 24,6 37,0
42743 6,720 3.0 6,850,000 36.6 56,0

5643 7,060 27,3 7,940,000 52,2 47,8
52043 6,360 3.2 6,125,000 47,4 44,2
52743 . 6,860 18.2 6,790,000 3340 58,0
61643 8,080 31.6 5,280,000 54,4 21.0
61843 4,260 51,6 6,865,000 23,0 71,0
62343 6,760 46,3 4,775,000 60,4 27,2
62843 6,820 40,3 4,530,000 32,8 57,8

7543 8,900 38,6 6,900,000 5.6 524

7743 10,3820 32.3 6,760,000 19,6 7242
71243 7,140 32,6 6,615,000 34.4 53.0
72143 7,660 65,0 5,110,000 24,6 69,8
72843 Male 7,540 36,7 5,880,000 19,6 71.0
Meen 7,758.5 59,1  6,283,214,2 35,59 52,66
Myeloid-erythroid ratio , 35,89/52,66 ~ .67

*Neutrophils plus eosinophils plus basophils



Comparisen of periphersl blood with bone merrow (horse)

Table 12

Peripheral Blood from Table 4
Total White % myeloid Totsal red

Bone Marrow
from Table 6

Animel  Sex blood eells cells"f* blood cel mvaloid' erythroid
8943w T 8,400 7,0 8,020,000 47,6 43.6
6843 T clotted 66,0 4,905,000 69,6 20,0
6842w ¥ clotted 85,2 11,350,000 Tieb 19.0
7943 . F 8,700 88.3 8,440,000 45,0 47,8
694.3s ¥-c* 8,340 73,3 6,525,000 53,2 38.8
8344 M-c 9,920 53,7 12,040,000 46,6 45,0
f92944 F - 82,3 - 63,6 28,6
Hean 8,840 72,1 8,546,666 56,74 34,66

Myeloid-erythroid ratio

56‘ 74‘/54.66 - 1064’

*jjoc mele cestrate
**Neutrophils plus eosinophils plus basophils
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Table 13

Summery of bone merrow data on the cow and horse

Cow_ ; Horse

Cellg Renge Meen Renge Mesn
Stem cell 0,0~ 5,0 2.14 O0ud~ 3.4 1.6
Erythroblast S 11.8-42,8 30,26 8,0-32,0 20,94
Normoblast ' Fe2=39,2 . 21.69 5,0-24,2 3.7
Total erythroid cells (E) 81.0-72,2 - BE,b66 19.0-47,6 34,66
Promyelocyte | 0.0~ 6,8 1,51 0.0- 5,0 1,83
Neutrophilic myelocyte 10,4~32,0 19,39 26,2-56.0 38,06
Neubrophil 1481252 5,73 1.8-20,2 13,31
Fosinophilic myelocyte  1.8-10,4 6,69 0.4~ 3.6  2.34
EOSinDphil 0'0" ‘706 1.92 0.;2"’ 102 0@60
Basophils (all) 0.0~ 1.0 0,34 0.0~ 1.0 0,60
Total myeloid cells (M) 19,6-60,4 85.59  45,0=T..8 56, 74
Monocybe . 0,0- 7.6 2,64 1.2 4.8 2,46
Plesme cell 0.8~ 2,0 0,73 0.,0--0,8 0,63
L‘ymphﬂcy‘be : 104"1608 6.68 2.9“ 506 5.91
Megekeryocytes in .

300 sq. mm,. 0-121 25,14 0-8 1.7
Mitoses per 500 cells " 0-11 4,9 0-8 2.7

Myelold-erythroid ratio M/E  0,27=2.5 0,67  0,94=3,76 1,64




of megaloblasts in the merrow ruled out carcinome of the stomsch. Demeshek,
Benstell end Velentine (1937) found eternal puncture to be indiested in per~
gsigtent snemia, leukopenia, thrombocybopeniz, splenectomy end for & differ-
entisl diegnosis of splenomegely. Jegid snd Klime {1937) thought thet a
merrow exsminetion wes useful in aisesses of the reticulo-endothelisl system.
Vogel, Irf end Rosenthal (1937) determined that bome merrow studies wers of
diagnostic importznce in Gaucherfs disezse, myelomsz, leishmeniagis, malarie,
certain leukemias and carcinomas ag well ss of confirmétéry,value in 2 num~
ber of other blood dyscrssias. Zsnaty (1937} thought some workers exsgger-
ated the diegnostic velue of bone merrow counts but sémitted their value in
the study of the morbid enetomy end physiclogy of the blood forming orgsans

| and the effects of treatment., Hardgrove and Van Hecke (1939) resorted to
bone marrow examination in questionabie blood dyscrasiss snd certein blood
disorders. . Hynes (1939) observed thet splastic enemie and myélosclerosis
necessitated bone merrow study. Schmid (1939} mede 2 study of blood and
bone merrow in human undulent fever. He observed "Bang nodules™ in the mar-
row and thought the platelet forming function of the megekaryocytes was in-
terfered with. ngel‘and Bassen (1959§ used stgrnal puncture to rule out
leukemia in cases of infectious mononucleosis. Jones (1940} studied the
bone marrow in hyperthyroidism and hypothyroidism ené found an increese in
nucleated cells in the former =nd a decrease in the lstter, Limarzi and
Schleicher (1940) worked on the resction of periphersl blood znd bone merrow
in chronic hemmorhsge and essentisl thromboperic purpure and concluded that
diagnoses of purpuriec states could be more sstisfactorily mede from bone
marrow etudies., Davidson (1941b) confirmed diegnoses of eszncer, Hodgkins

digezse, multiple myelometosis end lipoidoses by finding specific cellular
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elements in the bone merrow. Gordon (1941) summerized the velue of bone mer-
row studies under four headings: to sid in the diagnosis of obscure conditions,
to confirm diagnoses, to further the understending of disease processes end

as a method of bioassey of certain drugs.

Falconer snd Leonard (1941) used marrow technic as & meens of geine-
ing additional information and suggested its interpretztion in the light of
other data. They recommended brucellosis end becterisl endocarditis as e
field for further study. Belzer, Hall snd Giffin (1942) confirmed suspected
myelome by finding myeloma cells in the bone marrow. Demeshek (1942) con=
sidered bone marrow biopsy an importent tool in the differentisl diagnosis
of refractory anemis and pancytopenis, He also ruled out leukemis in cases
of thrombopenic purpurz end hemolytic snemis by this method., Kienle (1942)
distinguished erythroblastosis and erythroleukemis by bone merrow studiss,
In sddition to thoge hemopoietic disorders alrgady mentiocned Turkel end
Bethel (1943) cleimed marrow aspiration from the sternum to be sn almost
universal.practice in disturbances of the reticulo-endothelisl system, cer-
tein infsctious diseases and neoplesns of the marrow cavity.

Williems {1943) found the‘megakarchyte count in primary pneumonie
to0 be morevtﬁan 5000 cells per cubic millimeter and suggeeted & definite re-
lationship between pneumoniz and hyperplasia of megskaryocytes.

Bloom (1945) is pioneering in the veterinary field in studying bone
merrow in various diseased conditions in the dog. Some of his findings mey
be noted here; increased myeloid-erythroid ratio in pyometra, end aregeners~
tive enemis; nsutrophilic hyperplasia in merrow in pyometre and stréptdth-
Tichosis; decreassd myeloid-erythroid ratio smd hyperplasis of the erythroid

series in advenced filarissis, snd the occurrence of lymphoms cells in the



bone marrow in melignent lymphoms,

If future bone marrow studies should leed to en eerlier diegnosis:
of ohscure blood dyseresisg in our farm animals it would be of considersble
economic velue, Mitchell (1943) suggested that an early diaguosis of lym-
phocytoma in catile would result in e saving in feed and care,

In concluding, the fact may be emphasized that this is only & freg-
ment of the studies thet could and need to be made, Further work mey reveal
& nore refined technic of obteining merrow from these animels, Schleicher
{1944) hes completed & study on the volumetric pattern of sternal morrow in
nmen ineluding the fat, plssme, myeloia-erythroid rztio, &nd srythrocyte con-
tent per cubic centimeter., Such a study would be valusble in animals, Wirth
{1978) investigated the resctions of the hematopoietic system of the various
domestic animels in response to bleeding., He found that it veried with the
epecies, Could this veriation have been due te inherent differences in the
bone merrow? No bons marrow studies were masde, The gross changes asso=
ciated with age and variations with sex are yet to be worked out for the
various species of animals{ Are lymph nodules present in the marrow of any
of our domestic eaimels? There is & difference of opinion regarding their
presence in man, Jaffé (1936) gave the weight of humen merrow in percent of
the body weight, 3.4 to. 5.9, and found five/ﬁinths of & gram of merrow per
gram of blood. He further steted thet half of the bone marrow 2f en edult
person 1s ectivs and concluded thet the weight of the red merrow equeled
that of the liver., How would such figures for domestic enmimsls compare?.
The effect of drugs upon bone merrow of our domestic snimsls is yet to be
determined., In the future bone merrow may‘becoée es important e diagnostie
sgent in the field of veterinary medicine as it now is in the reelm of humem

medicine,
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SUMMARY

This study was underteken to determine the normel cytologicel pic-
ture of the bone marrow for the horse and cow, Samples were obtzined from
fourteen head of cattle and seven horses. The ribs wevre chosen &g the site
Tor securing the marrow in both species. The samples were obtained by drill-
ing into the rib, inserting & caunula into the drill hole end aspirating
1-2 ec. of merrow. Periphersl blood samples were teken at the same time.
Blood and marrow _smeafs were mede end steined with Osgood’s (195‘7) modifica=-
tion of Wright's blood stain.

A sampling study was mede at two different lefrels on each of ﬁ_ve
ribs {8th~-12th) in one cow and the cell counts recorded. An snelysis of
variance of the means showed & significant varistion from the mean for the
erythroblasts, prbmyelocytes and lympixocytes in the 12th rib, A significant
positive trend was observed from the 8th to 1Pth rib in the total erythroié
cells, and the neutrophils showed & negetive trend in the seme dirsetion.
Sin.ce only one snimal wes used‘, more ;co}rk slong the same line is nesded to
vconﬁrm‘ thése data, | |

£ study was mede of 1_:he hesling process of the drill hole in horse
ribs znd pho’comicrographé made to illustrete the progress of repair. Repair
of tﬁe bone was almost comﬁlete in '7_ weeks and all external indicstions had
disappe_&ied l-ong before that.

| Cell counts were mede to establisﬂ a "normal”» nyelogram for the cow
and‘ horse. Thraé hundred cells were cou.ntyad in the differential leucocyte
count on the blood smesrs and 500 cells were enumerated in the differential
co_unt on the marrow smears. The mitotic figures encountered per 500 cells

were also recorded. The megeskaryocytes were counted in & 300 square milli-
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meter ares. The myelold-erythroid retio wes determirned, Cytologicsl studies
were made of the marrow cells end color comparisons were made with colors in
the Munsell (1929) Book of Color. Colored photomicrogrephs were mede of the
bone merrow smeers to illustrate the various types of eelle 2nd cclored drawe
ings of the various eells were incorpcrzied into a plate.

The myelogrem for the cow (renge end mean in percent): stem cell:
0.0 - 5.0, 2,14; erythroblasts 11.8 ~ 42,8, 20.26; normoblast: 7,2 = 39.2,
21,69; total erythroid cells (E): %1.0 - 72,2, 52,66; promyelocyte: 0.0 - 6,8,
1.51; neutrophilic myelocyte: 10.4 = 32,0, 19,39; neutrophil: 1.2 - 12,2, 5,73;
| eosinophilic myelocytes 1.8 - 10.4, 6.69; eosinophil: 0,0 - %86, 1.92;1511
basophils: 0.0 = 1,0, 0,34; totel myeloid cells (M): 19,6 ~ 60,4, 35.59; mono-
cytet 0,0 = 7,6, 2.64; plasme cell: 0.2 - 2,0, 0.,79; lymphocyte: l.4 - 16,8,
6.68; megaksryocytes in 300 sq, mm,: O - 121, 25.14; mitoses per 500 cells:
0 - 11, 4.9; myeloid~erythroid ratio {M/E): 0,27 - 2,59, 0,676,

The myelogrem for the horse (range end mean in percent): stem cell:
04 - 344, 1.6; orythroblast: 8,0 - 32,0, 20,94; normoblasts 5,0 - 24.2,
13,71; totel erythroid cells (E): 19,0 - 47,6, 34.66; promyelocyte: 0,0 = 5,0,
1,88; neutrophilic myelocyts: 26,2 - 56,0, 38,06; neutrophil: 1.8 = 20,2,
13,3); eosinophilic myslocyte: Q.4 ~ 3.6, 2.34; eosinophil: 0,2 - 1.2, 0,60;
all basophils: 0,0 - 1.0, 0.60; totel myeloid cells (M): 45.0 - 71,6, 56,74;
monocytes 1.2 - 4,8, 2,46; plasme cell: 0,0 - 0.8, 0,63; lymphocyte: 2.0 - 5.6,
3,91; megekaryocyte in 300 sq, mm.: O - 8, 1,71; mitoses per 500 cells: 0 - 8,
2.7; myeloid=srythroid ratio: 0.94 - 3.76, 1.64. (A table summery of *these
date may be found on page 59, Tsble 13},

Grephs indicated a positive correlation betwsen the marrow neutro-

philic myelocyte and the adult neutrophil in the blood but no correlation be~
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tween the msrrow eosinOphilic myelocyte end the eosinophil in the circulating
blood, Similsrly, grephs comparing the marrow red blood eell sgries to the
erythrocytes'in the peripheral biood suggested some correlation though not
as striking =s the neutrophil or eosinophil, Individual meutrophil curves
for ell the enimals were similar., Figures were not svailable for the horse

but the neutrophil curve of the cow agreed favorebly with those of other in=-

véstigators in the field.
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Plete I

Plates I =nd II are photographs of platas in Volume I znd II of Ellenberger,

Baum ond Dittrich's (1932) "Hendbuch der Anstomie der Tiere™,

Fig. 1. Lsterel view of the horse showing the general sres

in which to drill into the ribs for marrow semples.

Fig. 2. Luteral view of the horse with skin end superficial
fascia removed to show whet portion of the lsteral surfsce of

the ribs is relatively exposed,
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Plate I

P U RS,

atadnd




Plate II

Fig, 1. Latersl view of the cow showing the genersl area in

which o drill into the ribs for marrow ssmples,

Fig, 2, Lateral view of the cow with skin sud superficisl
fascia removed to show what portion of the leteral surface of

the ribs is r.el'atively exposed.
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Plzte II




Plate 1II

Materials used ibn‘ drilling for bone marrow,
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Plate 11I




Plate IV

Plates IV, V, VI, VII, VIII, and IX are Kodzcolor prints mede from Eestmen
Kodscolor rell film, The pictures were fsken with 2 Voightlander caners
supported over a reseerch microscope. 4 10x ocular znd en oil immersion
objective were used. By messurement of the prints the megnificetion of the
cells was deternined to be approximately VQOx. Since Kodacolor is designed
for use in daylight snd 1t was used here with artificial light, the color
bslence was not what i should have been. This resulted in the general blue~
green color of the pictures end the ‘failure of the reds to show too well,

Plate X more nearly shows the true colox,

Several prints from each enimsl are included Vo get =s wide a variety of
cells as possible,
Fig, 1. Cow bone merrow

1. Stem cells

2. Erythroblasts

3. Normoblagt shedding its nucleus
4. Neutrophilic myelocytes

5. Neutrophils

6. EFosinophilic myelocytes

7. Monocyte

8. Erythroblast in mitosis

9. Degenereted or smear cell.

Tig. 2, Cow bome marrow

- 1. Stem cells
2. Erythroblasts
3. Normoblsst shedding its nucleus
4, Neutrophilic myelocytes
5. Neutrophils . _
6. Fosinophilic.myelocytes
7. lonocyte
8. Plssma cell
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"Plate IV




Fig. 1,

Plate V

Cow hons meErrow

1. Erythroblesis

2, HNormoblasts

3. Neubtrophilic myelocytes
4, Eosinophilic myelocytes
5., Megekeryocyte

Cow bone marrow

1. ZIrythroblasts

2. Normoblast

3. Neutrophilic myelocyte
4, Monocyte

5. Dogenerated cell
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Plate V




Fig. 1.

Fig. 2.

Pizte VI

Cow bone merrow

10
2.
3.
4.
5.

Promyelocyte
Neutrophilic myelocyte
Erythroblest
Noroblast

Lymphocyte

Horse hone marrow

1. Suceessi&e'stages of erythroblasts

2
3e

Normoblast
Neutrophil
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Plate VII

Cow bone marrow

lC
2o
B'
4'
S,

Fosinophilic myelocytes

Nucleus 6f & nomoblast
Heutrophilic myelocyte

Plasms cell '

Degenerating eosinophilic myelocyte
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Flate VII




Fig. 1.

Fig. 2.

Plate VIII

Horse bone wmerrow

1.
2-
Ba
4.
D
B

7

Promyelocyte

Promyelocyte

Fosinophil

Erythroblast

Neutrophilic myelocyte

Lymphocyte (nucleus showing bizerrs clover
lsef form)

Promyelocyte (cytoplasmie granules not in
focus)

Horse bone marrow

l.
29
3.
4.
5.

Plaesme cell {emitotic division)
Lymphocyte

Eyythroblast

Neutrophille myelocyte
Neutrophils
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Plate VIII :

R




Plate IX

. Fig. 1. Horse bone wmarrow

l.
21!
3.
éﬂ

Se.

6‘.

?romyeloeyte
Eyythroblasts

. Bosinophilic myelocytes

Basophil

Lymnphocyte

Neutrophil

¥g. 2. Horse bone marrow

1.
2,
Be

Basophil
Normoblast
Eosinophil
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Plate IX




Plate X

Drawings of the bone merrow cells of the horse =nd cow.

1.
2,

S
Ce

4

5,
6‘.
7‘
8.
9.

10,

1le
128

13,

Stem cell - horse ~ 15 x 18 micre

Erythroblast, cow - 8,5 x 9.5

Lete. erybhroblest, cow - 7 x 8

Normoblast shedding its nucleus, cow = 7.5 x 8.5

Plesmeblast, horse - 20 x 18,5
Promyelocyte, horse - 16 x 17.5
_ Erythreblast in mitosis, cow - 17 x 19

Monoblzst, horse - 15 x 16,5
Neutrophilic myelocyte, horse ~ 13 x 15
Eosinophilic myelocyte, cow - 22,5 x 83
Lymphoblagt, cow - 10 x 12

Basophilic myelocyts, horse = 16,5 x 20
Fosinophil, horse = 13 x 14



106

Plate X




Plate X1

Fig. 1. Megekaryocyte (60 x 55 micra) x 800
Note the ragéed edge with fragments (platelets)
: slong the border.
Fig. 2. Megekaryocytes (50 x 60 micra) x 760
ks Pale-blue stained' outer rim of cytoplasnm,
2. - Denser steining purple central mass,
-Bs Only spparent nuclear mass in the group.
<4 Fregmenting edge.
Fig. 3. Megakaryb'cyte with psendopods (55 .x 100 micrse) x 1200
. Thig cell hed & blue steining center with an outer

rim of fine azure granules.

Fig. 4. Megekaryocybe with pseudopods {52 x 115 micre) x 800
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Fig. 4

s EN I .

Plete XI

Fig, 3




Plete ZII

Plates XII to XV illusbrate the hesling process of the Qrill hole in the

rib of the.ho_rse.

Fig. 1. Rib drilled 2 hours before kilting the enimel.

Ce 30 xz. Fibrin in the blood clotd

Fig, 2. Rib drilled 6} hours before killing the snimal.
Ce 30 x Fibroblssts were beginning to appeer in the mess

of bleod end fidbrin.
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Plate XII

BTy

Fig, 2



Plete XIXI

Filge 1. 3ib érilied £ geys before the saimel wes kilied.

s 30 x, Nusbers of {idroblasts vere ineresssd,

g, £, Hib ardiled 4 deys belore ihs wpimel was Rillsd,
e 30 x. Tibrobleste otfll ineressing wnéd eiod begloning

t0 be resarbad,
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Plate XIII




Plate XIV

Fig. 1. RIib drilled 2 wecks snd 1 day before killing the

snimal. Ca 30 x Provisionsl callus formed,

Fig. 2., Rib drilled 5 weeks 2 days before the snimel wus
killeds Ca 20 x Drill-hole béginn_ing t0 be filled with

new bone,
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Plete X1V
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Plate XV

FMg., 1. Rib drilled 7 weeks 2 dsys before the animel wes killed.
fa 30 x The periostesl surfeee of the drill hole practically

‘hevled over,

. Fig, 2 A longitudthel section of & rib which hed not been sub-

jected to the arill, Cs 20 x
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