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INTRODUCTION

In recent yesrs the eondition imown as granulooytopenis has
attained a prominent position in the medisal world, While the
stiology of the disesae still remsins ebacure, the many sgents
enployed for its trestwment have met with verying degrees of muocess,
{1,2,3)« Of these therapeutic agents, yellow bone marrow has
attraoted much attention,

Yatkins (4) has obtained entowrsging results by oral ade
miniatration of bone marrow at the onant of the digemse, He gave
deily dosos of approximately 60 to 120 gm, of fresh yellow bhome
marrow, odtained from beef, until the blood sssmed s normsl
pioture, and smalier doges for seversl months later, Sinos lerge
amounts of merrow were nscessary to obtaln a change in the
lsukooytio ploture, and sinoe in oertsin oages the patient was un-
able ¢to digest and sesimilate sush large guantidies, the use of the
frosh mayrow for this purpose was oconsidered undesirable. Accord=
ingly, s study was undertaken to separate the zranmilooytopoletie
frastion from yellow bone marrow, and to determine ita motivity on



EXPERINRNTAL

scma?mm = The bons marvow which was used in

those studies was cbtained from fresh long bones of cattle. 1%
was fresd of blood, bony and filwous material and grmmﬁ-
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small partioles. 2 Kgme of this mixture was placed into sach of 10
perocletors and extractsd st room tampersture with the followlig
solventss

1) Avotome aloshol (107 ssstone)
2) Aeotone
4) 95% Aloohol
5) Abgalute methyl alachel
8) Abmolute ethyl slaohol
7) Dichloreethylens
8) Bther |
9) Carbon tetraciloride
10) Petroleun sther
Each of the above solvents dissclved such & large smount bf
fat from the bone marrow that it was found impossible to determine
thesr hematopoietic properties. Due to the laok of comeentration
this swthod was considered uselesa and disomrded,
PREPARATION 1, (Pel) wes 2 Egm, of bone marrow was saponified
by boiling with 4 liters of 3% sloocholic potassium hydroxide and 4




liters of 95% sleochol for 80 mimates under a reflux cbadenser.
¥hen the saponification was complete and while the solution was
still hot, it was filtered through & large fluted filter, The
roaldus gonsisted mostly of fidtrous end bony strustures. To the
£iltrate 3 liters of disgtilled water was added, and hested %o
‘boiling, The solution wag ocoled, and I liter portions wers ex-
trasted Wy shaking thoroughly with 400 ve. of petroleun ether .
(BuPy 40° = 70° G,)s In order %o prevent the formstion of an
emclelon 50 oo, of diatilled water was added to each 1 liter
underlying soap sclution was drawn off, The ether solution was
washed 6 times with 50 oo, of 40% sloechol, Vhen all the saponify-
ing alscholis zolution wes thus extracbed the petroleum ether
solution wee oolleoted snd the ether removed by heating over a
steam»hath, & yield of g.a gne of the nonseponifisble material
was oblsined,

The subeteance was & derk yallow, oily liquid, having a slight
aorid odor and en oily after-taste, The specifie gravity wae
«3940 and 4t gave o negative test for sterols, The substance was
goludle in 95% aleohol, ether, petroleum ather and ehloroform. When
adninistored omlxy to animals in whiech & condidion of granulow
oytopenia had been produced, it showed no granuloeytopoletic sstivity,

The results of the Wlological test ars given in Table I,

PREPARATION 2, (PwR) wwe 2 Kgm. of bons marrow was ssponified
with 8 liters of 3% alochelio potmssium hydroxide at room temperature
for 24 hours. The saponificstion was sided by mixing the solution
with & mechnical etirrer., At the end of 24 hours the solution was
filtered through & large fluted filter. The residues sonsisted chiefly
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of inveluble bony snd fibrous tissuss. An equal volume of distilled
mter was added to the filtrats which separated inmto two layers, The
upper layer sontaining the nonssponifiable fraotion was saved and the
lower soapy layer diseserded, In order to free the soncentrate frem
B1ksll it was weshed 5§ timeg with 50 equ of digtilled water mnd §
times uith 50 co. of 407% sloohol, From the originel 2 Egm, of bone
marrow, 100 gne of the congentrate was obitained,

The product thug obiained was a yallow, oily liguid, belinmg
nesrly odorless snd having a slightly olily aftsrtasts, It had a
veutral reaction to phonolphthaleing gave e negative test for sterols
sud Bad & specific gravity of 8628, 1t was solubls in 957 alocohol,
other, pstroleum ether, shlorseform, and only slightly soluble in
methyl alcoliol, This concentrate whon administered orelly to animeals
having the granulcoytopenioc conditisn showed merked granulosytopoietioe
astivitye

The rosults are shown in Table 3.

PREPARATION §, (Pe3) ww» 2 Kgn. of bono marrow was esponified

and filtersd in exmotly the same manner ss under Freparation 2. 1
1iter of distilled emter was added to the filtrate, After shaking
thoroughly, 1 liter porticns of the filtrate were extracted with
oce of petrolewm other (B.P, 40°-50°C,). After the sther layer
ssperated cut the undexrlying moap solution was drawn off, Uhen all
the filtrate wss thus extracted, the petrolsum sther sclution was
resaponified with 3 liters of 3% alooholie potassium hydroxide at
roon temperature for 24 hours, The soep formed by this procedure
wes insoluble in the liquid medimm and was essily separated by
£iltration aided by suotion. The sonp was washed 3 times with 50 ss,
portions of petrelewn ethere The addition of 1 liter of distilled
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water to the filtrate caumed the formation of 2 layers. The upper layer
was saved and the lower disemrded. 1 liter portiocns of the petroleum
ether solution were washed 5 times with 100 co. of 40% alcohol. Then
a1l of the ether sclution wes thus washed, it was collected and dietill-
od of f under dininished pressure &t w’c, The resulting product had s
slight cloudiness, but after filtering through a leyer of asbestos it
remainsd eleer, 20 gm, of the concentrate was obtained from the original
2 Kpnne of bhone marrow,

This sonoentrate was & brilliant smber, oily liguid, being odorless
snd imparting & faint oily teste. Zhe epecifie gravity was ,8278. It
gave & nentrsl sesetion to Phenclphthalein and a negative test for
m:ml_z-_. snd it was seluble in 957 aloohol, ether, potrolewm ether and
ehloroform, m this substanoce mmmm intremascularly to
snimale which showed & condition of gramlooytopenia, a merked granuloe
Wmisﬁf activity was cbserved within 4 hours,

The results are ziven in Teables § and 6e
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ETI0OCY OF GRANULOCYTOPENIA wew Sines the disesse gramulo-
“mytopemia was first desoribed in Germany in 1228 (5) end in the
United States in 1924 (8), many sfforts (6,7,8,8,10,11,12,15,14,15,)

" have been made to determine ita cause, Hany thearies of the stiology
#f this disense have been sdvanced, nmmly, distary m&m (7.3),
hormanio dysfunstion (9,10), use of certain W mmm
(11,12,13), and basterisl infestiom (8,14,15)

The firat theory is supparted by the work of Langsbon and Day
{7) who wars adle to demonsiretse profound leukepenie in monkeys by
fesding them s diet deficlent in Vitamin G, However, thess snimals
also showsd deficiensins in red bLlood cells mnd blood piatelets. In
addition, }iller and Rhoads {3) produced a similar dlocd pioturs by
Peading dogs a dist used 20 produce blmok tongue,

The sesond theory is upheld by the studies of Britten and
Corey (8) who demonstrated leukopenic conditions in eats which were
m«mm Others slso (10,1X,32) are of the opinion thet
the eondition may bLe asmocisted with some hermonioc dysfunction, bee
opuse in meny instsnses the onsst of mam-awanﬁngm
menstrusl periucd,

Weiskotten (13) supports the ehemical sticlogy by showing that
the administration of small doses of benzene to rabbits csused &
" desided leukepenio eonditien, Furthermore, Kramoks (14) by injeoting
intysvencusly small doses of benmene inte radbits prodused profound
granulooytopenia, and from this he coneludsd that bensens has &
selootive action on the leukopoietic syatemi Thls theory is «lso up~
held by oliniciens (15,16,17) who claim that the disease frequently
develops ae & resuld of the use of cartain coaletar derivatives,



The bteoterial etioclogy wee {irst demonstreted by Lovebt (5)
who prodused leukopenic conditions in gulnsa=pigs by injecting
sultures of Basillus pyocysneus intraperitoveslly, In addition,
Dennis (13) found that Stephylovooous smuweus or Streptocccens
heuolytioune, when placed into a rabbit in such a nanner as to
literate toxins by dialyeis, without csusing & genersl bdacterial
infestion, developed & severs type of levkopenia, More resently,
Folaen {15) desaribed 3 cases of soute bascillery dysentery infecbe
fon which terminated in the production of profound granulocytopenise
Yoreover, Sholl {20) desoribed o cese of grenulocytopenie in & pig
whieh upon sutopay showed a severely infeoted gall dladders

BETHODS OF PRODUCING GRANULOCYTIOPENIC CONDITIONS

ANINALS wew Hoaltly, follwgrown rabbite and rats wers used
and asch sex was voprasented in about equal mmbers. The animalg
were kept on a normsl diet. ZSlood was obtained from the marginal
vein of tha ear in the case of the rebbits, snd from the tall in
the onse of rats, The blood smears were stained with Wright's Stain,
1e

(8} BEMZESE mew 1 sos of bonzene wes adninistered orally to
anch of 24 rats and ) o, to sach of 8 rabbita daily for 10 weeks.
Another gyoup of 8 rabbits reesived daily intravenous injections of
+05 oo, of benpene into ench for 5 weekm,

The activity of the bengene on the leukopoietioc system wns
determined in the rabbits by meking daily total snd differential
lsulneytic oounts, and in the rats by meking weekly counle,



The results of this study did met show sny changes in the blood
ploture, and for this remson only thes aversge values are given sas
follows:

1. Total loukosytes Rabbits 8500, Rats 14500
2+ Polynuoclear neutrophiles hd 524 " 194
3. Honasytes " i% » 1%
4o Trensitional sells " 2% - 3%
5« Boainophiles . 2% - 2%
6+ Basophiles " % " -
Te 3aall lymphocytes " 4t "~ 50%
8s Large lymphaoytes * 6% " 28%

{b) AMIDOPYRINE = OUaily doses of a 100 mgm, of smidopyrine per

Kgme of bodywweight wore sdninigtered suboutmnecsusly to esch of 12
*abbits for 12 weoks,

The leukopoietic astivity of this compound was determined by obe
taining total and differential leukooytic counts daily for the first ¥
wesks and weekly during the remaining time,

The results demonstrated no changes in the blood pleturs, The
aversge valuss sre as follewss

1. Tetal leukooytes 8900
2, Polvimclear nsutrophilos 497
3. Monocytse 1.6

4, Trangitional cells
5, Kosinophiles
6, Dasophiles
7 Small lymphoaytes
84+ Large lymphooytes

s §2ak
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{0) HYDROQUINONR w=e 25 mgm, of hydroquincne was ad-
ministered intravenously to sach of Z rabbita. The mnimals were
males and oash weighed approxtmately 2 Egm, In addition 20 rats,
{10 meles and 1;) fenales) weighing mbout 200 gm, ssoh, were kept
for € months on & stock diet containing 2% hydrequinone,

Total and aifferential leukocytic eounts wers made in order

%o detormine the effect of the substance, In the rabbits deily
sounts were meade snd in the rats weekly sounts for the first six
wsaks snd thereaftsr once every 2 weeka,

On the 6th day of the sxperiment one rabbit died without
showing any changes in the blood pdoture, whersas the other did mot
show sny 111 affecta after 20 days, The blood counts on the rats
414 not show any chenges. Por this resscn, only ths aversge velues

ore given. Rats Rebbits
ls Total leukooytes 185000 8386
2. Polymelear neutrophiles  20% 51%
Be Homooytes 1% 2.6%
4, Trecsitional Cells 2% 1.6%
Ga opt 1% 4%
8s Easophiles - 1%
7« Smell lymphooytes So% 32%
8+ Large lymphoaytes 26% 8%
2, BACTERIAL METHOD wew The procedure used was a modifioation
of the ;wt:hud dessribed by Dennis {18)s A $#000 geletin capsule

gcated with sollodion wes filled with & Zdehour oulture of
Staphylocoscus sureus by mesns of & hypodermic needle mnd syringe.
The osapsule was sealed with a drop of collodion, and sterilised by
trmersing in a 1% solution of HgCl2Z J times st Seminute intervels,



Later this procsdure was modified by replasing the collediem
sosted gelatin eapsules with Naturalsmb alin esos and by intreduo-
ing s larger volume of the orgenism. 10 ¢se of a 2é=howr culture of
the organism was placed into the sse, the open end of whieh was
senled by tytng with s linen thread. The smo was sterilized by
izmorsing ssveral times in 70% sleochal,

The normal total and differential leukoeytic counts wers dew
ftormined on ench animel, The rabbits wore gtarved for 20 hours bew
fore the opsrstion, A light ethsr anssthesia was aduinistered to
the animals, and the peritonsal ssavily was expoged by incision, oare
being esercised o maintain aseptie oonditions. 8 eapsules or 1
Eaturalsub skin ses were plased into the lower psrt of the peritoneal
esvity, The peritonewn and sbduminel wall were sutured with plsin owt
gud, Motal olipe were nsed on the sldns 4 bendegs was applied amd
held in position by & binder,

The gramuloeybtopeletio affect obteined by this proesdurs was
determined by making daily totel end differentisl leukeoytio counts.
The results of the total and differential leukovoytiec counts were uassd
ae the oriterion of the sffeets produced on the granulocytopoietie
systen by the bLone marrow sonsentrates,

48 rabbits wore prepsred acsording to this method, Of this
mmber 17 developed a sondition of granulsoytopenia, 9 died without
showizng sxy ohange in the blood pioture, and 20 recovered without
showing any 511 effests, The 17 auizals that devsloped the gramulom
oytopenie condition were used in the following experiments,.
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BABBITS 1 and 2 == Female rabbits each weighing 3 Egm. wers
yrepared by plasing 3 sollodion costed cupsules filled with & 24-
hour eulture of Stapiylosoccus sureus into sach animal as desoribed,
The rabbits developed the gramlosytopenic oondition, and although
10 e, of Pui was administered Ly mesns of 8 stomsoh tube both
snimels died,

The dats are givem in PTable 1,
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BOIE wwe In these Tebles the cella termed as Polynuclesr
sharacterized by disintegration of the sell membrane and oytoplamm
(prosonce of wasuoles) mnd & distortion of the mucleus, These oslls
steinsd very pooriy.

RABBITS 3,4,5 6nd § w=e Rabbits 3 and 4 {meles) and 5 and &

{femaleg) onoh weighing approximetely 2.5 Egns were prepered in

the sanw manner as the firet 2. Esoh animal developed ithe

gramlooybtopenie condition. 10 gm, of fresh yeliow bhune marrow

was melted at 40°C., sirained through silkeline end wes sdminlgtered

to each animal by mesns of & stomsoh tubs, Tebbits 3,4 and 6 died

on the following day without showing eny signs of recoverye. Rebbit

£ roveived 5 domes of ths melisd marrow, but showed no recovery,
The dste are given in Teble 2.
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PABLE 2

RRSULTS OF MELTRED BONE MARBOW
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BABBITS ¥ end B =~~~ lale rabbits, eash weighing 3 Kgne,
developed a aondition of gramlooytopsnis, snd dled before
therapy oould be ingtituted.

The data are shown in Tabls 3,
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PABLE 3
RSULYS OF HAMBIT THAT DIED BEFORF THERAPY COULD BE
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BABBITS 94 20, 11 and 1R wee Rabbits © end 10 (males) sad 13
and 12 (females) emoh weighing about 2,6 Kgme were prepared as the
preoeding ones. All develapsd the granulooytoperic condition and
recoversd upan daily orel sdministration of Peg,
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cmmmeu OF THE ABSCRPTION AND LOCAY, REACTION of P~3 -=w 12

full growm rats and 3 N1 grown rebblts were used, The right leg of
asch animal wee sheved end the skin wes cleansd thoroughly with soap
and water, Under ssepiic conditions .2 oo, of Pe8 was injeoted into
the muscle of the leg daily for 4 deyme IEnoh injestion was made at
the seme zite,

The injections 4id not cause sny loocal resction ss manifested by
the absence of redness, swelling sand restlsesness in the snimsls, 4 days
after the last Injestions wore made the snimals were killed s&nd upon
sutopey the museles into which the preperstion was injected showed no
gross sbnormality. This indiostes definitely that P«3 is eusily abw
sorbed when injosted ints sn mminal intrasusculerly,

RABBITS 13, 14 snd 15 === Pemsle rabbits, emch weighing approwe
1mately 2.6 Kgm., were prepersd socording to the method deseribed, and
Staphylosocous murous was placed inmto the peritoneal cavity of sssh
animal. HRabbit 13 did not devalep s typiosl oondition of grammlos
oytopsnia, The segend day after the operation it hed a total lenkocyte
sount of 31000, and nomal polynudliear meutrophiles oould not be found,
The sninal wes given ,lev, of P»3 intresmsouliarly daily for 6 days. A
the end of this period, the dleud pleturs returned to normal end the
rabbit showed apparent recovery, 48 hours after the operation rabbits
14 and 15 showed & condition of grasmulcsytopeniae. Rabbit 14 was
Z1 7N o5 00, 8nd Rabbit 15, o o9s of Ped intrsmoscularly dsily for
3 deys, At the end of the S~day pericd both animals ghowed & normal
blosd pieturs and both appesred to be in good health.

The dats are shown in Table 5,
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PO = Post Operative. P = Discontinued.

O = Gperated.

*gote:~ H = Normal.



RABRITS 1Gwl? == Females, ouch weighing 3 Ega, were ussd,
vammmnmmm,wmtlom
of & 24shour oultwre of Streptoonscus pyogenes grown in sorum broth
wan pisosd into the Neturslawd skin smes,. Rabbit 16 developed the
granidoeytopenie ocondition, snd after administering o1 o, of P8
ivtrammsenlarly for 4 consecutive days, recovered, Rabbit 17 did not
davelop & typioal grmmlooytopenis nondition. 7The seecand dsy after
the operation the total leukeaybe count was 21900, and only & small
menber of normal polynuslesr neutroghiles sould be found, After
giving the rabbit .loe. of M3 intreausoularly dxily for 4 days, the
bleod picture yeturned 4o normsl and the animal appeared %o be in

The data are given in Table 6,




D = Discontinusd.

PO = Post Operative.
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PISCUSIION

Prom these studies, 1t is svident that by oold saponification
it is pogsible to Lgolstes from yellow bone marrow & nonsaponifiable
frastion which appears to pomsess gramlooytopoietis properties, The
foregoing dsta also show that this frestion is setive when sdministered
oither orally or intremusculsrly to saimels in which a condition of
' was prodused sxperimentsily, The date in Table 1 show
that if the saponification Se carried out a% 80° to 100° ¢, the frastion
kes no aotivity, In addition, thé dete in Table 2 show that gremulo-
eytopoietio wotivity oould net be demonsirated an shole yellow bone
merrow, which had been mslted st 40° C, This may be dus to the fact

that the mextmm smount of marrew that could be administered to
rabbite was inguffisient to produse & stimmlating offesct upon the
aystam, The fat solvents employed in Extrastions

1 to 10 did not afford o msane of separation, bsasuse as stated sach
solvent dissdlved too mach of ths fat, thus preventing a sonesntration.
Although, & very highly setive sonsentwate was prepared, it will be
npocesary te conduet further astudies on the purification and con=

sontration, befors any sugesstion of chemiesl domposition can be made,
In this work, sttewpe to producs granulosytepemio conditiens
in rabbits and rete by the use of benzens, wnidopyrine, snd hydroe-
quinome wers unsuseossful., Conssqumntly, the method employed Ly
Dennis (13) was used end proved to be satisfaeiory, Although, the
sondition obtained by this prosedure may not be identicsl with that
in humens, 1t affords a convenient ledoretory method of demonstrating
the gramtloeytepoistio astivity of yellow bone marrow concentrationss



A highly concentrated fraction, possswsing graxulocybopoietis
sotivity, was prepared Pfrom yellow bone narrow,



BIBLIOGRAPHEY

1. Minter, M.U.: The Treatment of Agrannlooytie
Angina., Southwest Toxas Hedicine 238 {April) 1935.

2. w,. W.;Kc. and M&t‘n’b‘fg. H.J.t So-called
Agranulocytic Angins with Special Consideration
of the Cansal Agent. New Orleans Ned. and Surg. J.
83388 {(Nov.) 1935.

3. Burcky, F.W.: Agramalocytosis. Illtnois Med. J.
67:59 (Jan.) 1938.

4. ¥Tatking, C.¥W.: Personal Commnication to the
Author in Rovember 1924.

5. Scimlitx, ¥.: Ueber eigenartige Halsericraniomgen.
Deutsche lied. Wshnsohr. 48:1494 (Nov. 3) 1922.

8, YTovett, B.R.; Azramlooytic Angiza. J.A.M.A.
8311498 (Nov. B) 1924,

7. Mﬁw. wﬁﬂ‘. and M" P.s Cited ” m; &!.Q
and Parker, P.P.: The Relationship of Drug Therapy
to Agranulocytosis. J.A.M.A. 105:900 (Sept. 21) 1938.

8. Milier, D.X., and Bhoads, C.P.: Bxperimental
Froduction in Dogs of Acute Stomatitis, Assoclated
with Leukopenia and a Matursation Defect of the
Myelold Elemsnts of the Bone Marrve., J. Exper. Hed.
812173 (Feb.) 1935.

8. Pritton, S.¥., and Corey, E.L.t Blood Cellular
Changes in Adrenal Insufficiency snd the Effects
of Cortico-Adrenal Extract. An. J. Physicl. 102:699
{Dec.) 1932.

10. Thompson, ¥.P.: Observations on the Possible
Belation Between Agrannlocytosia and enstruation,
with Farther Studlies on a Case of Cyclie
Neutropenia. New England J. Med. 201:176 (Jan.) 1934,

i1. Jackson, B, Jr., Merrill, I., sand Duosne, ¥.:
Agramalocytic Angina Associated with Monstrual
Cyole. Kew Eng. J. Med. 2101176 (Jan.) 1934,

12. Rutledgs, B.E., Hansen-Prues, 0.C., and Thayer, W.S.
Recurrent Agranulocytosis, Bnll. Jobns Hopkins Hosp.
461369 {(Jmme) 19530.

13. Velskotten, H.0. The Astion of Benzol: The Horma) Life
Span of Neutrophile (Asphophile) Leukooyte {Aabbit).
Anm, J. Path. 6:183 (March) 1930.



4.

16,

17.

18,

13.

Erpsoke, R.B.: The Exporimental Production of
Agravulooytosis. Am. J. Clin. Path. 2;11 (Jan.) 1932,

Hedfson, F.%., and Squier, 7.L.: The Etiology of
Prizary Oramalocytopenia. J.A.M.A. 102:7565 (March 10)
1934,

Hoffonn, A.M., Butt, E.M., and Hickey, H.0.: Feutropenia
Following Amidapyrine: Preliminary Report. J.A.M.A.
102:1213 (april 14) 1934.

Speoial Reporta of the Council on Pharmacy and Chemlatry,
A.M.A.t The Relatlion of Amidopyrine snd the Barbiturie
Acld Dexivatives to Granulecytopenia. J.A.M.A., 102121683

Dennis, BE.¥.: ZExperimental Granulopenia Dus %o
Banterisl Yorxins Elabornted in Yivo. J. Exper. Hed,
67:993 (Jmme) 1933,

Feloon, J.: 3Basillary Dysentery - Acute Frlmlnating

Type with Harked Toxic Neubropenia. New York State J.

Med. 35:1037 {oot. 15) 1938,

‘Sholl, S.P.t Perscnal Commmnicstion to the Author in

Mareh 1935,



