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t. INTRODUCTIOH

A. Roview of Literature.

Recognition of the fact that certain drugs may produce temporary or
even permanent slterations In the hemopoletic tlssues following the
Intermittent administration of a therspeutic dose Is relatively recent. In
1G.2, Shultz (1) described five fatel cesvs with severe sore throst, mariked
prostration end sn extreme reduction in the Mmr of circulating granuicctes
w= 8 syndrome now recognized as asgranulocytosis, Plum (2) next drew
sttention to the relationship between the rising lacldence of agrsnulo-
cytosis and the Increasing avallsbillty of amidopyrine, Subsequently, the
causal reletionship between emidopyrine and agrasnulocytosis wes demonstroeted
by dadison snd Squier (3), who showdd thet the administration of a single
dose of emidopyrine to each of two patients who had recovered from agranulo=
cytosis, wes foliowed by a rapld fall (m gramilccytes,

Since then, » number of drugs have been Incriminated as the couse of
cortain ebnormal alterations In the blood following the interalttent
edministration of therapeutic doses, These changes may Iinvolve erythrocytes,
leutocytes and pletelets In the blood, or thelr precursors In the bone
marrow, (Table 1) A striking feature is the fact that the disease develops
only in on extremely small proportion of the cases exposed to the drug,

As an exanmple of the Involvement of grythrocytes, certsin hemoiytic
anomios are known to be allerglic In origin, The snemia assocleted with
Favism, s disesse coused by the broad been Vicia fabas, Is hemolytic in
nature. Following previous sensitization, there ere evidences of s rapid,

extemsive intravescular hemciysis one or two hours affer a recent exposure



Table =
COMEON DRUGS SSOCIATED WITH BLOUD DYSCRASIAS

Group Pancy= Agranuio= Thromboe Anonla Anenmla

topenls cytosis wtmiat:m?- Aplastic
ytic

Butazolidine X X X X
Analgesics Sodium Sallcylete X
Anidopyrine X

#esantoin
antbe Paradione
Conwilsants Fhenurone

Thiantoin

Tridione

Benadry | X
Anti= Diatrin X
Histenlinics Pyribenzasine X

A

X ER =

Atabrine ®
Chiorsmphenicol X
Para~amincbenzolc acld X
Fenicliitin

Anti= ¥lasaochin

infoctives Primequine
Promin
Sulphonanides X
Gantrisin
Streptomycin

Ed
»

¥ HKHEX
P

oKX

Mathy! thicurscil
mti- Propyt thiouraell
Thyrolds Taparcie

Thiouracl!

Allurste X
; Anytal ‘
Hypnotics  prancbarbltal
Freslidon
Sedornid ¥

oKL O OX KK KX

sproscl ine X ~
fiyanes in X
#lscelia»  Pronvstyl X
neous Stilbestrol X
gulnldine X

esodiflod eftor F itzetugh Jr. (15)



to the antigen. The manifestations Include fever, matlalse, voniting, pain
in the back and rapidly doveloping snemia., Bhagdad spring enemia is &
similor disease preciplteted by exposure to the poilen of spring flowers
sfter initial sensitization,

Orugs which are snown to cause only leukopenia and granulccytic hypo=
plasia of the bong marrow are of meny types snd chemical structure (Table 1),
Thrombocytopenia hes siso been reported to follow the adminlstration of certain
drugs (Table i) Including "sedorald” (L, 5, ¢, 7) and quinidine (8). wany
drugs have heen clalimed to cause hypoplesia or splasia of the Lone marrow.
Among these, reported more recently are, "Sesentoln® (9) and chloremphenico!
(10}, The first report of any signiflcant infiuence of chivramphenicot
upon the hamopoletlc systen was mede In 1940 (11). Since that time
spproximately 100 coses of blcod dyscrasias have been essociated with the
adalnistration of this drug (i0, 18}, The subjuct of drug=induced homo=
poletic disorders has been reviewed recently by a number of woriers
{13, WL, 15, ).

B. Current Concepts of tha dechanism of Lrug-induced Hemetologic Reactions,

t, Significence of tho benzene rings

Prior to 19350, the main concept evoked to explaein the hamstologic
alterations following adminlstration of certain drugs was that of a direct
toxic effect, BDenzene typifies the drug that has been extensively
investigated In this respect. In nan a number of ceses of splestic enenia
foliowing benzol intoxicatlon have been reportad (17, 18, 19, 20). Analysis
of the nistories of the patients oxposed to varlous benzene-containing
industrisl products reveasle a grest Indlividusl veriation in thelr response.
Not infrequently, patients expused to e relatively sanall dose have died,

*
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while others exposed over & longer perlod of time end to highor concentrations
of the drug, have survived end Indeed, have hod no symplome, The same phen-
smanon has boon observoed In wporimental sninsis thet have recelved benzens,
The Immodiste dlseppearunce of lmiweytes from the clreulation and thelr
gbsence in the cepililaries throughout the body In superisental anlmals,
together with the appesrence of degenarstod forms of grenulocytss In the
biood, led Selting {21) to conlude that the ection of this agent on the klood
calis was of a toxic natura. He comsldered individual susceptibility to be
a strongly determinant factor, Htudies on the regeseration of bone marrow
In benzane Intoxicated snimals showed that af ter hwpuplasia or wplastic
siterations, the bone marrow recoversd only to the point of prinitive
reticular cells (22).

kracke (£3) In 1432, drew aettention to the presence of the "benzamine”
ring In many compounds atloged to cause blood dyscrasiass, MHe suggested

that the presence of this structure might be responsible for causing the

henatclogic abnormality. He supported this hypothesis by demonstrating

ance again that eplestic anemla and death may follow the sdninistration of
benzene in experimental animals, conflirnlng the work of Brume (L), Sellim
(25) and Fontane (20}, Kreche concluded that granulocytoponia in particular
wes due to the effects of one or more of the oxidation products of banzena.

Anong the products suggested were cethecol and hydrogulnone. However, he

did not succeed In demonstrating that such an offect followed the administre
atlon of these compounds, |

krackets hypothesls does not seen velld for sewral ressons, It hes
beon estineted from the nusber of cases roported that of all the patients

glven ealdopyrine only €.00 per cent develop s senslitivity resction Involving
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hamcpoletic tissues, attempts fo produce agrenulecytosis by injecting or
foeding amidopyrine to a number of snimel species were successful only In
two rabbits (3, 27). Horeover, there are a nusber of compounds |lke pers-
aminobenzolc scld or scetyl sallcyllc acid which hava a .benzamine” or
aminobenzene ring, ond which have been in use for a nusber of years without
being incrininated to any great extent with hemetologic alterstions. So far,
therefore, we must conclude that there is no evidence to Indicate that the

thanzamine? ring per se Is toxic to the bone merrow,

2. satabollc Antagonisams {inhibition)

The chance discovery (20} that p~acetylipyridine would cause signs of
nicotinic acid deficlency in dogs introduced the studles of metabelic
antagonism, wocley (Z9) has defined this phencuenon as a mechenisa by which
an enzyme, vitenin or some cther equelly Stht substence may be
"blocked” In its metabollc pathway. The pr wsence of a structure which
clesely resembles a metsbolite In its sfes‘m wchomical characteristics may
entirely abolish the function of this metabolite, if the snti-netabolite is
present In sufficient concentration, Under these circumstances s "deficlency”
of the metebol ito mey become apparent,

As on example of metebollic antagoniem, follc scid may be inhiblited by
its anti=metabolite L-amino~pteroylgiutenic acld "Asincpterin® (Fig. 1).

Such inhibition is accompenied, In experimental animals, by pancytupenis
(30). Llikewise, sulphonanides ere nown to Inhiblt peara~amincbenzolc scld
in bacterial systoms,

The poasibliity exists that chiorsaphenicol may act es en anti-metabolite
in producing abnormal blood reactions, vocley (£9) hes shown that chiorame
phenicol mey Inhibit the growth of £, coll and that the inhibiting effect
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Flgure §, Structuret formuls of folle acid (Praroyiglutealc
acid). Aminopterin (Lessino-ptoroyl glutanic acld) is formed by the
replocomeant of OHx with & M, group.



coyld be overcome by phenylalanine, tyrosine, and tryptophane, sore
recently Cergmann (31) hes shown that chlorsaphenicol *blocks? the converslion
of anthranilic acld to trytophane in bacterial systeus employing £, coll,
Thus, there is evidence that this antiblotic acts as an enti-setabclite to
certoln essmtiat growth fectors, et teust in bscturial systems. If such

a mechanism operates in humen belngs, 1f still remains to be oxplsined why
this action takes place only in approximately one out of & hundred thousend
Individuals te vhom chioremsphenicol Is adminlstered,

3. lmaunclogic sechenisme:

The deveicpment of ollergy requires an Initial sensitizing contact
with an enfiyon followed by re-sxposurs to the sese antlgen follwwing a
fatent period. In allergy to drugs this mechenlsn has no resemblance to
a pharmacologic or toxle effect of the druge, since 1Y may be, and frequently
fs, brought about by a rolativaely smal! dose, The sllergic remction in
further differentiated by the fact that the administration of the respomsibic
agent, even in larger doses, will provide the abnormal resctions only In o
ralatively fovw indlviduals,

That abnormal hemetologic reactions associeted with the administration of
cortain drugs follow an Tmmunclogic pattern Is » frecuent clinical cbservetion,
However, In moet Instences of drug-related blcud disorders clirculating mntie-
bodlas to the drugs heve not been demonstrated. There are only a faw noto-
worthy exceptions,

In 1530, Dasesher et al, (i) deuonstrated passive trensfer type antiw-
bodies in patients whkth agrenutocytosis following edministration of amldopyrine,
tn a donor who had recelved an Intrecutanecus Injection of the serun from e
sensitized individual, s positive skin test was obtained using for an antigen,

a mixture of amldopyrine and blood serum which had been premitted to stend



for 10 deys., Hoeschlin and Wagner (33) demonstrated the presence of a
leukocyte agglutinating facter In the blood of Individusis sensitive to ealdo=
pyrine. This factor wes effective In vitro, and a transfusion of 300 mi,

of blood from o drugesenslitive pationt, taken one hour af ter the administration
of the drug, profoundly reduced the granulocyte count in a normel subject,
wirated in thrombocytow
oriete studles, Aciroyd (5)

An jemuncloglc machanism has also beon domo

penie related to drugs. By fthe use of appre

demonstrated that “Sedornid” "linke' with platelets to form an entigen,

in gach persen ftoking "Sedermid”®, entibudies to this complex are allegedly
tormedy only In rare Instences, however, s the tifer of antibodies

suff lclently high to ceuse hometologic alterations. 4ith an sdequately

high titer, the antibody in the presence of complement, comblines with the
drug=platelet complox {(entigen). This I8 followed by egglutination of the
platelets, Throusbocytopenlc purpurs s thwﬁ# to be the consequence of

the In vive destruction of the platelots, Oigelow et sl, (3L) have
demonstrated the existonce of a similar aggiutination mechanisam for pletelots
In patients with quinidino=induced purpure.

Cxperinentally, Landsteiner (35) end his comworuers showed thot simple
chemlcal compounds could be used as entigens by ertificlally coupling then
to protelmm, The specificlity of such an artificel antlgen is deternined,
in part, by the confliguration of the chemical substence or haptene.
Lencateinar and Jacobs (30) further showed that substences which produce skin
sonsitivity combine with proteins, wherses thase which fell to cause skin
sonsitivity would not combine with the protein, This work suggested thet
skin sensitivity to drugs depends on thelr cepacity to conbine with a proe
tain In the pationt?s body., Philllips (37) hes shown that sonsitizstion to



drugs which are Injectod or tsken by mouth is less common thon sensitization
to drugs that are applled to skin, Great varletions exist In sn individusite

suscept IbI 1Tty fo sensitization by drugs,

attempts to sensitize anjnals to drugs were made by Gerboer and Gross
(358) who claimed to have produced snaphyiactic shock In gulnes pigs by the
use of sulfonmmide smowprotein, The mmmy of the dryug wes clesrly
suggestod In these studies. Sesson end GOtz (35) claimed to have produced
anaphylaxis In gulnea plgs by the use of an incubate of ssidopyrine and
sutologous guines plg blood, Gell (D) In 19k demonstrated that precipitine

mey ba produced In the blood of rabblts following the intrevencus injection
of slaple chemicel compounds,

~ in summary, 1t appears to be estabiishnd vhat cortsin drugs combined
with sorun or tlssuve protein become entigenic, The subsequent development
of serslitivity, togother with the resdninistration of the drug, in rare
instences Is essuciated with an alterstion in the formed elements of biocud
or blowd forming organs, Aorecwer, as wed proposed In o recent editorial
(L), such a sensitivity reaction cen be ellcited by enother compound which
ciouely rosembles the chemical structure of the priginal sensitizing drug.
Such & cross resctlon hes been descriled by Lendstelner (35) In artificlaily
conjugated antigens, This type of reuction may indeed explain the occurrence

of a drug "hypersenaitivity-11:e° phoncaenon In patlients fros whem no

history of previcus drug ingestion cen be cbtalned,
C. Approsch o Fresent worik,

The cbject of this stwdy hes buen to produce changes in the blood and
the bone marrow of axperimental snimals siniler to the chenges seen In

husan subjects following administration of corteln drugs. In this effort
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8 variety of species and methods have beun esployed.
Gf the large number of drugs nown fo ceuse slterations In the bonopoio=
tic tissues, we havo salnly utiiized chioramphenicel,. The role of chiluren
phenlcol in causing hemetologle alterations het been a subject of many recent
reports (Lo, L3), Because the chemlcal structure of chioramphenicol Includes
the nitrobenzens group, Smadel (Li) called attention to Its possible toexic
etfact on the Mnmd torming orgens. we have attempted to "link” chiorsmphenicol
to proteln present in homologous blood or bone merrow, In splte of the fact
thet heterclogous proteln is more antigenic, we declded to use homologous

profein In order to reproduce, i possible, the lmmuncloglc wechanisn
slleged to be responasible for thuse abnorsal hematologlc resctlions in man,
Alao, since we were concerned with mechanisms thet Involve the hemopoletic

tissue, we decided to combine the drug with homologous bone mervow or blood,
rather than with other organs or media, in scet Instances. e have tried
to prm ansphy laxls In gulnee pligs eccording to the technlc of Samson
ang Gétz (%), The purpcse of this study was to leern If o drug could be
bound to blood In vitro and.used as a sensitizing agont by so simpls o
procedure. If this were true for chloramphenicol, It would have been of
intercst to apply the nethod as & slmple screening procedure to test the
Ismunclogic characteristics of other drugs as well,

Certaln evidonce sppoared Yo support the hypothesls that blood or bone
marvow nay bo altered by the use of homologous tissue extracts,. sorgan (LS)
produced lesions in the central nervous system of monkeys of ter repested
Injections of monkey spinal cord tissue, Fround (L) produced identical

lesions after a single Injection of homologous brain extract in guines plgs,

Cavelt] and Caveltl (LT) produced renal lsslons following the use of homologous



ikidney extracts and streptococcl. For these ressons experimental animsis
rocelved mumercus Injoctions of homologous bone marrow over prolonged periods
of time, simulating the Injection schedules enmployed by these Investigators.
The pessibliity exists that It Is not the drug but an unusually
oocurring motabolite, that cosbines with the tissue protein. To test such
a hypothesis we have used both the "dlamine” (U (=) threowlep-mmincpheny i
Cemainoe=l, % propanedicl} end paimitic ester of chlorsmphenicel, In eddition
to blood end bone marrow, combination of Hlver, spiaen, and kidney homo=
genates lncubated with the drug were sisc omployed.
i+ has boen: steted (L8) that the Hartley strain of gulnea pigs s
» ¥ of allergic encephelomyellitis
fol towing tho use of homologous brain extracts. The profound efficacy of

particularly susceptible to the dewelopme

ad juvents containing killed mycobacteris together with the Intracutanecus
route of injection for Iso-sensifizetion has also beon reported (L8). In
cartaln experiments we have sede use of all of these cbservations,

Since Blorkiund snd Helistrom (I9) cleined to have Induced splestic
changus In the bone marrow of rebbits aﬂw injections of bone narrow antie
serun produced In horse, studies on those |ines have beon reported (50, si,
S2e 53) with the use of entlesrythrocytic and sntl-leukocytlic sera, we
alse studled the effact of antiebong marrow serun In different specles of
animeis in order to euplore further possible means of Inducing bone merrow
hypoplasia, o

Studies wore alsc conductod in which chlorasphenicol snd its congeners

wore fod to young Fats In verying concentrations In the diet. To study the
influence of these substances upon the bone maroow, they wore administered

in greater concentration then has beon hitherto reported. if has been



stated that the sdministration of thyrold together with 8 low catoric diet
in rats produces leuiopenis (5L}, Therefore, cbesrvations were alsc made on
the effect of chiorsmphenicel on thyrold-induced leukopenla.

e EXPERIMENTAL STULIES
A, Studlos on the Production of Anaphylexis by Urugs,
dethods avi Saterisis:

Attaapts to produce snephylaxie In gulnoea pige by seraitization with

drugs incubsted in vitro with sutclogous blood were asde in & serios of

six onperiosnts (Table 11). Employing the technique of Semson end G8iz

{30} &0 wl, of blood were chtsined by cardlec puncture and placed in o

tubo cuntalning 0.9 wi, of 1,33 per cent sodlun clitrate. To this wes added

2 sufflciont voluse of 5,0 per cent sguesus sclution of ssldopyrine, or

U5 por cont agueous sclution of chiorssghenicol so a8 to provide 100.0 mg./ig.
and 50,0 ag./g. of the drug respectively, The alxture of the drug end sutologous
blowd was thon incubeted ef roum teampersturs for 30 minutes., Theree!tor the
incubete wes rginjected Intraperitoneally into the same guines plyg fron

which the bicod wes previously withdrawn, A totel of three such imsunizing
injections was nade at & to 10 day latorvals., Following e pericd of fowr

wosys after the lest Imsunlzing dose, the sninels were chellenged by the
intravencus injection of 0.5 nl, of antigen slaliarly prepored, Seévonty

guines W wore enployed in this aenner wim the capacity of saldopyrin ‘
and chiorasphanicol to produce snaphylels,

Chagrvat fons

Anaphy lexis wes cbuorved only in one snimal out of (4.
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biscusslom

in cur studles we have not been ebie to substentiate the work of Samson
of on anaphylactic responve
in these aniaals by this technic, the methixi wes comsidered unsultable o5 e

end G&tz, Secause of the alnost complete absence

moans of Inwestigating the sensitizing properties of drugs. ODifforences in

the straln of anlmais or ninor differences In technic, sy aceount for o

leci of success, The results suggest, under the conditions of our experisents,

that antligenic binding of chiorsaphenicol snd anldopyrine did not ococcur on

incubation In «ifro with normal gulnes plg blood, in splte of this failure,

howawer, thers Is evidence fo suggest that such binding does fake place

in vive, oemeshai (32) hos demonstrated the scourrence of skin sensitivity

in pationts gensltive to amidopyrine, utliizing petient¥s blocd and the

drug incubated In the lce box for one week. Gell (LD) succeeded In producing

precipiting In rabbits foliowing fhe Intravencus Injections of simpioe chamical
ds. ¥ I8 epparent that further studies on this zspect of the problen

Bre warrented,
By Studlos with the Use of Hogologous Bone~harrow and Blood,
methods and sateriais:

pfforts to produce bone narrow hypopleule and chenges In ‘ﬂw forned
elosents of the blood by ﬁmiﬂzmg animale to aixtures of drug with
homologou- bone merrow or blood were wmade In & seriss of 10 experinents
{Tabile 111}, In Hweee, rabbite and guines plgs were Injected with nixtures
of hewologous bone marrow and chloragphenicol or one of 118 congenors.,
Varicus injection schedules end differont routes of injection wers enployed
o5 Indicated In the table.

Exporinental Animals:




N Table 111

AR o S AR

BETHODS EAPLONED I ATTERPTS TO PIEOUCE BOIE PARRON HYFOPLASLIA I TXFERISENTAL ANIRALS

BY SENSITIZATION TU BIXTURES OF HOROLOGOUS BONE SARRON OR BLOGD IN VARIOUS COSBIRATIONS wiITH DRUGS

sensitizing entigen

Sensitizing Schedule

Period of Challenge

Expi. Ho.0f
Ho, Animsale
i 5 Rob.

2 E; "

3 5 -

L 5 "

5 5 7

¥ t)‘ k

7 20 G.P.

8 5~

9 5 °
w 3 -

incubated alxturs with FA

Dianing bone marrow
atxture with FA

Palnlitete bone aarrow
mixture with FA

CAFC bone sarrow
azo=protein with FA

Dissine bone asrrow arce
profein with FA

CaPC bone marrow aixture
wlith FA and killod T8

CAFC Blood alxture (In vivo)
with FA & killed T8

CAPC bone marrow mixture
(in vivo)} with FA and killed 1B

CAPC 1lver,spleen aﬁa
kldney lncubshed
nixtures

& 8C, L mi, esch st
% weer Intervais for
i& weoks

L s¢c, L ml, esch at 3
woek intervals for il

tnitial 5C 1 ni, then
Cos mls 1D Bt L sites
for 10 weehs

0 anlanils 0,6 I

at | week inftervals X 3
in (G animals 1.0 wmi,
14 & then 0,C »at, 1D

at 2 week Intervals x 4

0.5 al. 1D every % wi,
£3

5 1P, | ml, sach
3 X & week X 3

Zond wesk, 5”’. v
deily for 5 days

ko

25¢th weok. 5 wml, IV
daily for 10 days

Iith week, % ml, W
I wge Ded. Orally=§ ¢

30th weel
7 animsis, 10 mg, b4,
arally for 5 days

wth month
7 sniasis 10 ag.. bodls.
arally for 5 dqn

IGth week. 50 mg.
orally every other
day - for 10 days

FA, Fround's adjuvent; TB, Yubercle baclili; 5C, subcutanecusly; IV, Intravencusly, 12, intreo=
susculariy; 10, intredersally; 1P, intraperitoneslly; Rab., rabbits; G.P, guines plgs, CAFC,
chioramphenicoly be.d., twice dally.
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dow Zoaland white rebbifs .ranging from | 1.5 = 8.5 hge body welght and
British shortehalred or Hertlay strain gulnca plgs welghing 40D - 700 gm.
were used, The rabblts were housed In groups of Flve and the guines plys were
opt In Individual ceges. Diet for the rabblt consisted of "Purine” rabblt
pellets and water ad 1ibitum, Gulnea plgs wore malntained on Recklond
vitmin C fortifled guinea pig diet and water &d 1ibltun,
tmaunizing Antlgenss

Chioramphenicols (D (1) threo-Sedichlioracetauldo=lep-nitrophenylei,
smpropanediol) snd two of Its congoners (a)+ the "Dlanine derivetive” (0 (=)
throoelepegninopheny lefegninowl, 3 propanedial) and (b)+ the pailmitic eater
of chioramphenicol, hercefter referred $o o8 "disine” and “palnitete”
rospectivoly, were the drugs omployed In this series of exporiments, They
were used in 0,057 aqueous or sallne solfutions except for the “painitate’ which

wos in suspension, Homologous bone oerrow wes obtained from the prowximal
onds of the fong bones of freshly kitled aninsls, The amrow and other
selected organs were crushed in a mortar or honcgenized In a waring

blendor, The hemogenates were thon filtered through elght layers of gasuze
or through @ No, 0 fine wire mesh, and suspended In sallne, varying
concantrations of these suspensions were employed In different experinents,
Equal volumes of the suspensions and of the aqueous sclution of the drug
selected were then mixed, shaken thoroughly, end Incubated at 37° C. for one
hour with cccasional agltation, At the end of this periocd, an enuision wes
proparod with equal volumes of the Incubate and Freund's adjuvente: according

*These substancos were supplled by Parke, Devis end Company,
“¥ reund's adjuvent wes propared by alxing 8.5 perts of cll (Beyol F) end 1.5
parts of sn onulslfying agent, (Arlace A).
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to the technic described by Freund (L),

In certain studles chicramphenicol and Its "dismine® congener were
diazotized for coupling with bone marrow proftein using a technic recommended
by Or. Calvin Bratton of Parke, Davis and Company. To an aliguot of the
dlazotized materiel containing approximetely 50 mg. of the drug, 2.0 gm,
of tmhlyhcmgm!md bone marrow, suspended in 5,0 mi. of water, were
added for coupling, The mixture was left et 5° C. overnight. The following
morning, the pH of the mixture wes adjusted fo 7.0. Equal volumes of the
bone marrow azoprotelin and Fround's adjuvant were then emulsified In a syringe
and the material was ready for Injection,

in vivo binding of chiorasphenicol to blocd or bone marrow -

was carrled out In guines pigs In the following manner;
A donor gulnea pig was injected subcutansously with a 167 solution of
chioramphenicol in propylene glycol so that the animal recelved the drug in
an emount of BOO mg./kg. body welght, Blood wes obtained by cardlac puncture
two hours after the time of Injection. To cbteln bone merrow, the snimal
wes sscrificed four hours after Injection, The blood or the bone marrow
woas then emuisifled In a syringe with Freund®s Adjuvent and injected as
Indicated In Table 1. |

Chaumm Ant igens,

For intrevencus injection the bone merrowsdrug mixture in sallne wes
prepared precisely in the same manner es the eorrmpmdlv{g sonsitizing
antigen, up to but excluding the eddition of the eadjuvant. At this stage
the bone merrow-drug incubate wes flitered through eight leyers of geuze, |
or Seitz flitered for certain of the studlies, The filtrate was then
Injected intravencusly. Clean but not sterlle glassware was used throughe



] fm

out the procedure. For oral administration 10 to L0 mg. of chioramphenicol
wore adainistered twice dally in gelatin capsules.
Studles:

All animals were weighed weekly or twice monthly throughout the period
of observation, At sppropriate Intervals, sampies of blood were obtained
by cardlac puncture from which totel leukocyte, platelet counts and pecked
cell volunes were determined. The Thomss pipette wes employed for all white
blood coll enumerations, employing three per cent acetic acid as the
diluting Huld, and a ditution of L0, Hemoglobin deterainations were
carriued out by the oxyhemoglobln methed using the Evelyn photoelectric
colorimeter, The volume of pecked red cells was detersined wt)th the use
of the wintrobe hemetocrit (1), Platelets woro enumerated by the direct
method, Cover=siip Wwatim of the blood were stained with wright's
stain for difforentlial teukocyte counts,

Observations:

Throughout the period of sensitization and during the entire period of
observation theresfter, no significant alterations in the blood were cbserved
In any of the groups studied,

Discussion:

Oy the technics employed, we heve not produced changes in the blood or
bone merrow of experimental enimals, Among the ceuses of fallure msy be
the fact that we used as the entigen only simple Incubates of tlssues,
bone marrow or blood with drugs. This method msey not have been adequate to
secure apﬂnial binding betweon the drug end blood or bone marrcw, despite
the claims of Samson and G8tz (39). Yo secure optimal dinding by ertificiel
conjugation and to test the antigenicity of drugs conjugeted chemically with
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blocd or bone marrow, we utillzed drug=bone marrow sro-proteln preperations,
Hore too, however, coupling of the drug may not have cccurred, despite the
color changes which Indicsted adequate dlaxotizaetion, Aoreover, If coupling
did take place, the tblocking® of the reacting N0, group of the benzene
ring in chilorasmphenicol may have rendered the compound entigenically inactive,

Tests for the presence of circulsting or tissue fized antibodlies were
not performed during this study until the production of hypoplastic bone
marrow or changes in the blood were ossured, Therefore, It cannot be stated
whether or not the animale were In any way sensitized to the antigens
eaployed,

 Arbitrarily, we worked with a conceatraticn of chicramphenicol which

wos close to the bloed concentration smployed therspsutically In man., This
tevel mey have been too high to produce g detectible Influence on the blood
forming organs for 1t is recognized thaet en entigen In greet condentration
may lead to "lemuncloglc paralysis”., in this regard recent studies by
sorgan et al, (55) have shown that pheumococcal polysaccharide is entigenic
in rabblits, and that the previous faliures in this respect were dug to the
usa of excess polysaccharide. On the cther hend, the smount of material
eaployed mey have been Insufficlenct to produce an sdequate titer of
ontibodies required to mediate the chenges for which we were looking,

agsuming that cur sninsls did Indesd bocome senslitized and thet specific
antibodles o a drug-protein complex were formed, we mey have falled to
demoratrate changes In the biocd or bone merrow because of the operation
of an sdequate protective mechanism, In this regerd, the adrenal cortox may
play & rcie in the homeostatic protection of the animsl sgoalnst the Influence

of fso=sntibodies. Investigetions have demonstrated that the administretion



of cortisone to intect or sdremalectomized rebbits recelving dally Intracut-
angcus Injections of antigen lowered grestly the resulting concentrafions
of clrculating sntibodies and Inhibited the development of cutaneous
sensitivity (50).

In cur experinents 1t is mpparent thet negotiwe resulis need not rule
out the validity of vur woriing hypothesis, The fect that we have falled
to produce bone sarrow hypoplasia In exporinental animsis, using mixtures
of honologous bona marrow and blood with drugs does not exclude tha
ponsibliity that an Imwnologic nechanien is responalble for hyparsensitivity
resctions invelving hemopoletic tissues In sen., Clinleally also, 1t is
rare thet such hypersensitivity reactlions follow the adninistration of drups,
Even more rare is 1t fo demonstrate s specific lmwuncloglc mechanisn,
There Is possibly some sechenlsa in these individuasis thet render fhew
particulerly susceptible, The whole phencmpno

n ey be one of relatively
gmmw susceptibility o tissue penetration In such wﬂmm;

C. Studles with Done sarrow Antisers,

fethods end Saterlals,

The Influsnce of bone marrow antisers upon the periphera! blood end
bone merrow of exporimental sninels wos exxamined In three different conbine
ations of opocies w= antiersbbit bone marrow serum produced in gulnes plgs,

anti-swine bDone marrcs serus produced in rabblits end antlergbbit bone marrow

sorum produced in swine,

Saline suwpensions of fresh, red, bone morrow wore enulalfisd In oqual
proportion with Froundts adjuvant end Injected Into animals. For production
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of anti=swine bone morrow serus, lyopholizeds bone marrow was employed,
Varying asounts of bone marvow per snimal were Injected In dif ferent specles,
in Tebles 1V, V, Vi.

Schedules of immunizetion for ssch speclies are recordsc

For anti=rabbit bone marrow swine serum, the titer of hemelysin wos
deternined sccording to the technlc described by Kabet ond seyer (57), ond
was observed o be | In 3000, The antisorum slso showed the presence of
erythrocyte agglutinine by sppropriate techales. Similer tests on contiol
nornal swine serus were nogative.

Two to five mi, of the antiserum were then Injected dally by Intrevencus
or intraperitonsal routes for periods wp to 5C days. Early desth of the
recipient animal could be svolded by adjusting the dose of antiserum Injected,
in nost instencos, however, this was not required and the enlmels could
taunw s much as 5 nl, sntiserum Intrsvencusly every dey for prolonged
paricds,

At the start of the study and agsin et the height of the blcod changes,
spacimens of the bong merrcw were obtelned by needie sspiration of the
proximal end of the tibla In rebbits end In the sternus In swina, Cowver
slip omears of blood and bone narrow were stelned with wrightts stain,
Retlculocytes counts were done et appropriate Interveis, all dlood studles
were made on oxslated specimens cbtained by cordiec puncture in rabblts end
from the Juguler veln in swine.

Ghservations:

Antl-Rebbit Bone Marrow Guines Plg Serua,

Changes in the blood of normal rebbits Inmedistely after the injection

sLyophel ized swine bone marrow wes prepered for us by the Wtwy of
Armour Lasboratories,
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Table IV
SCHEDULE (F 1AMUNIZATION OF RABDITS TO LYPHOLIZED® SWINE BONE MARROW

Animals ey of vol ,of Route of weight of Killed T8
injected injection Emulsion tnjection Bone narrow Injected/
tnjected/ tnjocted/  Anlnal
tninal Animal :
Group A i HER K1 N sub. cut. 10,0 ag. 050 ag.
5 2 0wl sub. cut, 10.0 mg. V50 g,
30 2.0 mil, by ml, 18
agé:”l ﬂii ﬁ:’ iﬁmg ﬂg. “Oe ‘mg.
vk Gols m" 0 ‘ 5.3 mg. {}QW %l
Gl 1.0 mi, ﬁaﬁ sub.aut.
G5 10 5.0 mg. Codl mg,
L 28] 2.0 mil, sub, cut, 50.0 mg. i W
Growp © i 2.0 mi, sub, out. 10,0 mg. QoS0 my e
’5; ¥ 240 mil, sub. cut. 10,0 Bile &Q:&lﬁ ®ie
13 2.0 al, sub, cut, 10.0 o1 1 0.89 my.
&0 2.0 nl, sub. cut, 16.0 Bl -GS 43 -
| 2.0 i, sub, cut. 16.0 Bl 1.00 2 e
ol Uuf By ] 3.0 »g. 0.30 ;.
130 1.0 mi. 6.5 ml. 5.0,
,- atf‘s 'ﬂ’t ip ‘&’ES.@ LT .10 8w
15‘3 2.0 unl, m-lb- cut . 330.‘: mg. th ",
Group ¢ i 2% ml b oml,
30 Oohr mle 10 10,0 mg. G356 0y,
¥ 0.5 nl. o Zab 1. Q.25 my.
hg 1.0 mi, O.5 ml, 8.0,
G5 ml, 12 5,0 mg, GudQ iy,
T 2,0 ami. sub, cut., - G6,0 B G0 2 I

siyphol lzed swine sarrow wes prepored for us by the courtesy of Armour Lebe
oratories,

T8, Tubercule baciitl,

Sub, cut., subcutancous

$.0., subtutanoous

1%, intramusculorly

th, intradernally
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Teble v

SCHEDULE OF (AMUNIZATION F GUINEA PIGS TO RABDIT BOME MARROW

Aninals  UDay of volume of Route of  welght of welight of
injected 1Injection Emulsion Injection Sone #arrow Killed TB
tnjected/ Injocted/ Injected/
Animal Animapl Animal

3G 0.5 al, 10 100,0 ng 1.00 mg.

7 0.5 ml, 10 : 5.0 mg.  0.25 myg,

he 1.0 af, Sub. cut. 10,0 ag. 0,10 mg.

Group B A 1,0 nt, Sub, cut, 10,0 mg. .10 mg,

30 | 1.0 o, o 10,0 mg.  G.10 mg.

pd 1.0 mi, o 10,0 oge 0,10 mg.

1%, Intromuscular; 1D, Intradermal
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g,

SCHEDIAL OF IUMIZATION F SuileE TO R

Aimala Dy of volume of Route of welght of walght of
injectad injectlon Umulsion injection  Done Marrow willed T8

injected/ tnjocted/  Injected
Anioel Antoal
= Swine L 50{3 1 I 1.0 b, 2
L IR ¢ mi. Y 4 Cold Tty LI 4 B4 .
2 siten 1D
T ‘5&{3 wal, 1.0 ml, ot Rald gme 1.0 Y o
2 sites 10
553 3.0 ml. 1.0 mi. st 2.0 e 1,0 s,
| < sltes 1D
5 Lel mi, 1.0 mi, 15
1.0 nl. at a0 e Q5 wag.
% plitos 1D
ha el ml, ol 8
Ownt, at 3.0 gm, D45 By
4 slires 10
S 0.0 mi, “nl. & ..

1.0 i, oY
L sitas 10

sub, out,, suboutanecus
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of 5,0 nl, of antlerabblt bone narrow serus produced In gulnes plgs, are
recorded In Table Vii. 1t may be observed thet the antiserun produced
profound lteukopenla end throabocytopenia In these anlmals, The changes were
mexcina! within 15 to 50 minutes oftor the injection (Fig. 2) and persisted

in cortain instances for several hours, uhen administersd every day
progresalivu aneals developed and wan muxismal on the third day. Therseffer,
upon the sang dosage schedule thero was 1ittle change In the degree of snemia,
A otudy of the potency of the antiserus on the I5th deay of injection revesled,
In some instances, the same profound lmmsediate changes that were observed

at the start of the experiment, Administration of normel gulnea plg serun

in identical doses falled %o produce any signif lcant heastologic aslterstions,

Anti=Swing Sone Aarrow Rabblt Serunm,

in four swins, the effoct of bone narrow rebbit antiserun wes almost
entirely negligible. oally duses of a5 much as L0,0 mi, were administered
intravencusly and a fotal of as much as 400 ml, of antiserun wes given over
a pericd of L5 duys without signiflicant hematologlc alterations,

However, a severe "toxic” resction to the antiserus wes observed to
ccour sporadically in all four swine, This reaction was characterized by
f lushing, dyspnoa, womiting, urinery end focal Incontinence, cysnosis,
staxis, ond syncope, when It occurred, the resttion appeared lmmediately
following the injection of the sntiserun snd was completely dlssipeted
within 15 ninutes In two of the snimals, Two other anlmals died during
such a reaction, These reections were reduced, but not abalished, by flrst
absorbing the antiserum with normal swine blood,
Antisilabbit Gone Merrow Swine Serus,

The immedlate effacts of this antiserum In three norsal rabbite were
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Yable Vil
VHEDIATC GFFECT OF A SINGLE INTRAVENCUS INJECTION OF ANTIRADBIT BONE
PARRGE GUINEA PIG SERUR ON THE BLOGD OF RABENTS

Rabb it Injection  Levkoeytes x 107 PUALYS H.N.C.  V.P.LC. Platelets x 107
Hov Ne. Time por oo, par wl. por cu. an,

i } Bofore Tals LG 300 3845 540
A ters %48 G0 2,500 Bo,0 Vo

& oefore Tol 34550 Bp050¢ 30.0 3e0
af tors Zads 08 B 35.5 $L0

k.
#

Mbters 2.5 S 2,885 75.0 -

Af pars 27 nh 2750 2.0

L } Betory o7 g AR i&tﬁm {}‘é 5 -
ﬁ& P §$’ i%ﬁ}{f } Qg?ﬁa mbi}nﬂ -

saftar O ninvtes.

v tar 50 sinutes,

¥oielie, Polymorphonuciowr lewwotytes Including basophils and ecsinophils.
HobteSa, tonoruciear colls Including aonooytes, fymphooytes and plasna cells,
VP uitalay Voluse of pacied red cells,
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Flgure 2. lmwdiste effocts of o single Intrevencus Injection
of antlerabblt bone morvow guines plg serve on the blocd of o rabblt,
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qualitatively ldenticel to those cboerved In rebblts Injected with guinee
pig antiserum, However, simller chenges were also cbserved lmmediately
following the intravencus Injection of normel swine serum oz well (Table viil),
when sdalnistered dally over long periocds of time, however, the animala
recelving sntiserun became progressively anemic (Table I1X), whergss no
significant chaenges In the hemoglobin content wers cbsorved In the group
that recaived normal swine serum, |

At the haight of the snenla, blood smears showed mlcro-spharccytosis,
markod anlsocytosls end an incresse In the nunber of retlculecytes, in
addition, many basophlilc and nuclested erythrocytes were present (Flig. 3).
telther hemorrheges nor Jsundlice was observed., The total leukocyte counts
showed 8 modergte Increase due mainiy +o an Incresse in the number of
mononuclieer celis, Polymorphonuciear cells elther decreased or wers
unchanged, There was @ progressive fall In the voluee of paciked red cells,
However, when the schedule of Injection was chenged from § al, dally te
5 ml, biweekly, sn Increase was cbserved In the level of packed red celis
(Fige L)

uf the fiva aninals thet were Injected daily with the entiserum, three
dlied of anenla, Each of these enimals had recelwed 2 totel of 0, 80, and
200 mt. of the immune serum over a period of I, 15, and LO days, respectively,
On post mortem, the Internal viscera looked psle and anemic, The ilver
showed a nutmeg sppesrance In sii the cmses, The bone merrow h_t each case
was red and hyperplastic by gross mxaminetion, Mlcroscopic mxamination of
the bone marrow smesrs In these snlmals ot the helght of snemia, end o fow
days preceding death, showed It to be hyperceliuler with en incressed
nusber of immature erythrocytes, meny of thes In mitosis, Ko changes
were cbeerved in granulocytes,



“SRIMILE (X VIGE1Se

905 G0k Py ot 5o2h B A wIBE I
04 ooy ] o Segr ol 40 00 &
4 06 0 L1 091 05k 1481 * 484 3V
v o6k Geoh 0*l 44% oo 56 .40 g0 2
ol o*gE a1 0% Gy ¢ # I8 I
oLt i 721 062 Grey 5°2 Ba0jog H
w9 fenp % pwoaed  wmeed Sl x weed Joot X tpwoaed s /oo % .
$42984®14  *O°nata sephlobunen sioibield "0Tyut4tA sesloBuno  uolias{ul  (wutuy
INJIBIUR SULAS ADLRE SUDG | joqu , NABG BUIAS JEEIOH Cretasiey

SIS THINS BOHEWE DO LisUvie-liay Gy s
IS CWEHON D NOILDOPHT SRONIAVILNE TWBHIS SHINOTYI0 S S48V D 008 ML NI SIONWHD 3LvIOTa

s

TILIA @jqey




W

Tabla Ix

SFFECT F PROLONGED INTRAVEROUS IHJECTIONE OF ANTI-HABBIT BONE SARRGW

SEINE SEMLE GR THE OO0 OF BABBITYS

Rabbit Injection

ﬁiﬂaﬂw*% X Iﬁﬁ Poliaila "8 2.MNCo

VoPoiaCa Platelete x 107

No, Oose Tise por cuJon por al. per cu.,mn

i, & nl, Gefore 5.0 34000 1,400 30,0 Lsa
A tor
“ﬁ éwa *ﬁa% k‘..%m * {»’{f’{}g’ Q&qf} :}»Q
Af teor
=15 days 15,5 L, 320 0,100 21,0 550

. 5 ml, Before 16,0 Gy ek 8,280 Lz.0 550
Af ter
=10 days 20,2 &, 000 18,800 1.5 156
At tror
#10 days 1.2 §,200 15,000 23,0 FrY)

%, % ml. Defore 12.% L, 475 7585 Lo 570
A tar
w2 dagva 18,1 I b 15,585 3h.0 By
Af tor

Le 5 ml., Before 745 & T L,800 LiLG B0
Af tor . ‘
«% dove 8.8 1,000 Toill  BY,.G {00
Af tor '
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af tov - -
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Fligure L. Changes in the blood of a rabblt follewing prolonged

intravenous Injoctions of antlersbbit bone merrow swine serus,



mﬁﬁ«l

Jlscussions

The production of aplasias of the bons marrow by meens of antibodles,
regardless of thelr sources, would be & valusble means for the study of
the phwslology of the blood forming orgens., Buntlng (58) in 1504 reported
tha occurrence of slgnificant bone marrow alterations In rebbits following
injectlions of entierabblt bone marroy goose serum., He referred to the bone
norrew pleture as one of "entlre depletion from the marrow of mature slements,
end Injury snd destruction of the lmmature celis”, More recently Bjorkiond
and Malistres (L) have clalmed to produce splesis of the bone marrow in
rabblits by the use of antli-rabblt bone marrow horse serum, in our studlics,
however, despite the administration of as much a8 200 mil, of antlserus over
a period of LO days the bone marrow wes stiil normal or hyperceliuler,

pespite this fallure to produce aplasia of the bone merrow, the antie
sers omployed nonesthe-less dlid contain entibodles to all the formed
alements of the blood, Following dally Injections of the antlserum,
profound anemia developed, The anemle progressively Incressed os the
datly injections were continued., 1t was hemolytic, and decldedly not hypo-
plastic in character, MNorecver, it wes reversible fo some extent when
injoction of entiserus wes reduced from dally to bi-weekly Intervals (Fig, ).
A slmilar type of anomis has been previcusly reported by Dameshek (59).

Leukopenia and thrombocytopenta, In addition, wes cbeerved In the
rabblits lmwedlately following the intravenous Injection of the antliserum,
This effect, however, wes only transitory In contrast to the persistent and
even Incressing anemia, The leukopenic effect appesred to be mors prominently
directed sgainet the polyscrphonuclear celis than the lywphocytes, although
thesa toc were reducec In numbers in several Instances, Shortly of ter the



.

boglmning of the Injectlons, howover, the nunber of clrculating leukocytos
remalned normal or incressed. This occurred In spite of the fact thet the
antleorus still rotained ite abliity to produce & promptily ccourring loukow
ponla oven aftor 15 days of Injection, From these observations It eppeers
possivie thet In respo e narrow inorossed its
productivity to a resariable dogree, producing white ceils In sddition, at

8o 1o the anvisls the Do

in the clroculation,

such & pece @5 o usintain thelr norms! nunbors
Albrotions In the number of platelets wore too varlable to allow anyq
rollable conclusions Yo be derlved from the observetlons nade, Sufflce
it to say thet purpura wes nevar ohserved throughout the study.
Thims, 1t is ovident that eloments In the bone nearrow of robbits have

produced antibodies in the serus of swine ond gulnes plgs. Those anti-
bodies adelttedly nay be due o the pahure olunents of the bluod presont
s, or to both, Brecco gt el (50)
in the

In the bong marrow, or to thelr precursor

uftilzod the seporsted erythrold, ayelold and platolet precursors
bone nerrow of refs fo produce speclffc antisorus In rebbits, Subseauently,
the adnlnistration of the rabblt anfiserus into rate wes fol fowed by hypos

varrow and awasie In the

plosts of the erythrocytic slesonts In the bone
blood. Sinilerty, entiserur to oyelold procursor celis of the bone parrow
was utlilzed by Breccoe fo produce myelold hypoplesia in the bhone sarrow
md el enie In the blood, Recantly doeschiin (51} has produced hypow
plasie of the ayolold series of the bone narr

od In the rebblid, T, I Is

# In guines pigs by the ves
of antiserus to gulnew pig leukocytes produc
suggeated that the bone narrow may be profoundly eltered following injoctions

ueed agalnet one or soee of Tto celluler constituonts or

spalrst ane or more of the forsed elemante of fhe blood, However, the



production of conplete aplasia of the bone marrow together with the
classical plcture of aplistic anemlia by the use of antlserum has not as yet
been reported,

Foliowlng these studies (52) moeschiin hes resctiveted the hypothesis
that on accelerated removal of the verlous formed elements of the blood
from the circulation by meens of an tmsunclogic mechanise mey lead to
a “mptwmf” hyperplaslia of the bone merrow., Under & prolonged stross
of this sort the bone marrow nay eventually become depleted and finally
exhausted, revealing at this tine a reduction or complete ebsence of the
uuuh;r elamont Involved, Mceschiin hes extended thim concapt to apply also
to drug-induced hypoplasic roacticone of the bome merrow, There Is iittie
or no experimental evidence for the mepi' that this sechanlen an'
in Instances of drug senslitivity other than by enslogy. Indeed, mony cases
of hemolytic syndromes can be clited which go on for years with & merikediy
increased activity of the bone marrow without the development of erythroid
aplavia.

in regard to the pencytopenic espect of normal swine serus on the
blood of rebbits, 1t sppears thet speclos difference exists in this respect,
Since the demonstration of heterophile antigens by Forssman (50) such
resctions have been reported In a nusber of spocles (S1), If hes been
shown (62) that normel humen, dog and sheep plasma contaln entlersbbit
platelet and erythrocyte factors which produce throubocytopenis and onemis
in rabbits, Such roactions are alsc lhown o occur between Macacus rhosus

monkey and swine (L7). The significence of eny studies with heterclogous
antisorus must therefore be properly interpreted in the Light of the
Influence of such hetorcophlle antibodlies,



De Studies on the Toxlc Effocts of Chioramphenicol,
Hethods and saterisis:

Studies of the chenges In the blood and the rate of growth of young
weanling rats wore nade In a serles of six nutritional experiments, Chiore
amphenicol or its "dlamine” congener were fod In concentrations of 1, 2, 3,
and & per cont of the dlet, es showmn In Teble X, The contrel group of
onlmals wore naintained on ml basal diet: od Iibitun. In later studles
a second control grouw was pair-fed with the test group of animsils to rule
out the Influence of malnutrition as such,

Palmer ot al, have shown (5L) that the eduinistretion of thyroid
axtract In rats maintained on a dlet characterized by e restricted caloric
intake is followed by s reterded rate of growth and leukopenia. ue
assintained rats on a simlior dlet (contalning 0,25 of dessicated thyrolds)
to which was edded chiorssphenicol (20 of the diet).

Animalss

Approximately 175 siblno nsle rats of Sprague~Dawleysirs in, walighing
Lo « 250 grems, wera vsed, They were housed sepsrately in wire cages,
Dlets

A basal dlet of the following percentage composition was useds caseln
(Sheffleld hot alcohol extracted), 0; sucorse, Ly lerd, 11; sslt aixe §,

»#The salt alxture was of the following percentage conspositions HeCl, 13.53
Fel(Pz07), 215 CuSOl, 0.022; AnClp, 0.0195 200, 0.01Gy CoCOz, 0,016,
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CXPERINENTS ON  TOXEIC EFFECT OF CHLORAMPHEMICOL IN WEANLING RATS
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stnly in Cxperisent Mo, & were sdult rots enployed,
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Vitening were added to this diot os follows (anount per ilogram of dlet):
thlaain hydrochioride, 12,5 ag.s riboflavin, ©.0 mges nicotinic acld, 40,0
nGes pyridexine hydrochloride, 10.0 ng.s calciua pantothenate, 5.0 mg.;
Inoslitol, 5,0 ng.; pars-amino-benzolc seld, 5.0 mg.s pteroylglutamic acid,
15.0 my.s choline chioride, 2,54 gm.s vitemin A, 23,000 unitey vitemin 0,
L,250 unitsy vitemin £, 7.5 mges vitemin kK, 7.0 ng.
Studless

The snimels were welghed every week, &l hesatologlc detormingtions
wore nade from froe~flowing talleweln blood et weskly Intervais or mors
often I¥ Indicoted. Tho mathods for the determination of homoglcblin and
the enumeretion of the leuiocytes heve beon previcusly described (p.dg).
Uhaervat lons:

ta a dlot containing 17 of “dismine™ a revardetion In the growth of
the aninsts was oboerved In the third week. Upon withdrawsl of the drug
frem the diet In the $1fth week, the rate of growth once sgaln eccelerated
to equal the rate of grosth of the enlmala In the control group (Fig. ).
Ho singificant alterations

were seon In the leulwtyte count,

in another exwperivent, three groups of 12 anlwals each woro used, The
control group recelved the normel bass!l diet ad Hibltus and the other two
groups ware apt on a dist contalning 3% of “diamine™ end chicramphenicol,
pd In the

rospectively, OFf grestost Interest are the chenges which ocour
chioramphanlcol-fed animais, in this group, refoerdation In the rate of

growth was first cbserved In the second woek, (Fig. ). These enimals

doveloped severe toxic syopfoms nanifested by snorexie, abdosinal diztonsion,
dlarrhes and vomiting, Thelr fur was poor, discolored brown, and was scenty

(Fige 7)» In the "diamine® group, no chenges were cheerved ofher than those
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Flgure Co Changa In s rato of grosth of weenling rete fod
“demine” vl chiormmphenicol %7 In dlet. The mmbers of coth polnt
rapresont the surviving enlnsle & thet ¥ins,



Flgure 7. {A) Rat fod normal dlet,

(8) Rat fed %% chiorssphenico! in diet.



proviously described,
The ccourrance of death in the two groups Is compered InFlg. 8 A. 1T
ney be noted thet by the end of slx wesia, 501 of the enimals receliving
chicrampheonicol had digd, wheras there wss no death in the “diamine” group
at that ties, A reduction In the leukocyte count of chioramphenicol-fed
animals was also chserved &8 conpared with those In the other groups (Flg. 6 B).
The significence of tho siterations In the fotal leukocyte count of
the snimale fod chivresphenicol could mot be eveluated becausse oF the
ccourrence of marked anorexis end disrrhea. In & subsequent auperinent,
therefore, the group of animels fed 3% chiorephenicol in the diet wes

By this means tho caloric Iintake In the twoe groups

wes approximstely tw

Sone,
Flg. U A shoes that the retardstion In the rate of growth of the sninails
in the teo groups was opproximstely the sase, However, It may be noted

(Flg. ¢ B} that the death rate In the test group was sgaln si‘g}ﬂ!ﬂmn?

higher then In the control. There were no significant altereticns betwoen
the sversge leukocyte counts of the two growps, elthough 1t wes cbaerved
that & nusbor of enlmels In the bst group showed & profound terminel Jeukow

penla (Figs. 10 A, end 10 B),

with an Incresse In the concentration of chiorsmphenicol to 5% of the
dlot, the cnset of symptons was very repld. The enimssi falled to grow
and, within | « 2 deys, became oxtremoly osincurished, emaclated and died,
The palr-fed partners tlved slmost twice a8 long and were distinctly In
better shape (Table X1), However, the terminal leukocyfe count in both
the groups

was profoundly redused.
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Figure 8h. Rate of death of redn fod 5 dleine e
chiorampimnion] In dlet. There were no deaths in the control group.
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For Legend see Flgure 88
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CHAMBES IN TOTAL LUURCCYTE COUNT, BODY SEIGHT AD SURVIVAL OF GEANLING
RATE FEO GROWFHENICA &7 I DIET,
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in o study of the infiluence of chioramphenicol upon the rate of growth and
loukocyte counts of weanling rots fed dossicated thyrold, no significant
differonces wore cbaerved between the fest group end a8 control grouwp
recalving s siallar but chiorasphonicolefreo diet,
Discussions

That the toxic signs other then desth hereln described for weenling
rots fod chioramphenicol s due to the effect of the drug, Is clear from
the cbservation thet such signs failed to devoloped In the pelrefed contrel
group, uWith Incressing concentration of the entlblotic in the diet, mersover,
the onset of those symploms wes nore repld and more pronounced., 1t hes boon
stated (.3) that orsl administration of chioramphenicol $o young rats
feads to snoroxia and welght loss, Ccowrence of sbdoninal distension end
digrrhwes has been reported ((4). 1t Is ressonsble to suppose that these
manifostetions are nainly due o an sltoration In the becterial flore of
the elimentory fract under the Influence of chioramphonicol. That the
generallzed poor state of these snimals and the loss of fur is 8 direct
offect of the drug, or due to some other cechanlsu hes not buen clesrly
ascortsined, it is possible thet chioramphenicol deprives the orgenisa
of sosw factor essential for 1fe nornsl well«baing, snd that young anineils
are pariiculariy susceptible to this mechenism, since we fallied Yo cbserve

sinlier changes in sdult rate fod chioresphenicol In the smount of 597 of

the diet (Table X11), In this respect the "dianine® s relatively detfe,
This is slso indiceted by the differonce in the Influence thet these two
substances have on the rate m'? survival of the aninals,

The mechanisa of sction of chloramphenicol as an entibiotic or even
as & toxic egont as herein rpported, s not clear. Decouse of ﬁw cluse
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resend lance of chioramphenicol topheny'islanine (Fig. 11), wooley (&)
conparod the offect of this antibiotic with the effect thet alterstions of
the structure of pehnylalanine had upon the growth of (. coll, Chiorme
phenicol, In the presence of small concentraticns of pehnylalanine Inhibite
the growth of E. coll, This Is not true for larger concentrations of the
mino acid, The replacement of an hydrosyl group for a hydrogen stom In

the bete pusition of phenylalanine 1z followed by complete Inhidbition of

the growth of the becterla, Only four substitutions ere roquired of
chiorasphenicol o arrive pracisely at thle structurg. The presence of

thres of the four slferations leads ¥o the formatlion of only a weok Inhibitory
agent for growth of [, coll., This effect mey be ropresented by the Influence
of the "diamine” used in several of the shudlss horeln reported, The actual
patiway for the degradstion of chlorasmphenicol in the bacterial systen

using t. coll la depicted InFig. 12, Theso observetlons may explain wy,

in our studies on weanling rete, chicramphonicol W to by far more
toxic then was Its dianaine derlvative,

The signiflcance of these cbservations is not s yat clear, The fallure
of 3% of chloramphanicol In the dlet to produce signiflicent lewkocyte
alterstions coapared to the profound torminal leukopenle observed under the
influence of 5 of chloramphenicol in the dist cennot be explained, unless
it be that the terminal leukopenla In a nonespectiic phenosenon unrelated
to the toxlcity of chioramphenicol, The question ney be relsed, morecver,
g8 to whether chloramphenicol does actuslly Inhiblt the activity of phenyle
alonine, wocley's studles revealed thet this was In part true. The
inhibition was not & simple conpotitive one, howsver,

A clear relationship to tryptopheno has been shown for chicramephanicel
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Figure 12, Pathwmy for the degradetlen of chiormplwelon!
in becterial system wslng £, eolls PABA, para-aminobenzoic acid.
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by Bergnann (31). In this study, chiorswphenicol wes shown to Inhibit the
synthesis of tryptophene from enthranliilc acld, with the additlon of Indolo
or tryptophana the growth of the bacteris was rosused. The addition of
phenylatanine or tyrcaine wes less effactive,

what relationship to amg sonsitivity these cbaervatlons of the toxic
stfect of chioraaphenicol in wesniing rets may have Is not clear, for In
enlmals end husans phenyiaslanine and tryptophane sro essentisl ssine ecids
i thus, not syntheslized In vivo,. It aay be however, thet chlorasphenicol
nay act to inhiblt the utliizetion of phanylslaning or tryptophane in certain

individuals, In these individusls In whan “sensitivity” to chiorssphenicol
hes occurved, the drug mey M#%rm in an unusus! fashion, The abnormsl
netabol lte may attaln a sufflclentiy high concentration o Inhibit the
activity of phenylslening or tryptophane or both., This may be the nechanlsn
In those ladividuals in whom the reections eppeers to be tomic In neture

ahd reversible. However, In greet mary Instances the resction s lrrevorsible
despits the resoval of the dmg The Influence of a toxlc derivative of

chioranphanicol s very uniikely In these Instances.



11, RECOMENDATIONS FOR FUTURE STWDY

A mmber of questions have to be enswored before a proper understanding
mey be hed of the mechanlsm which wedlates the sbnormsl resctlions of drug
sonsitivity, although there Is experismental evidence to suggest that
certain drugs ect In an inmunologic feshlon to produce sbnormal blood
reactions, whether or not the sdministered drug or one of its motabollites
tinks with body tissues end becomes antigenic is not known. The possibility
that drugs may conjugate with calls elsewhere than in the bone marrow,
should be Investigeted, Use of organ homogenates from an Individual nown
to have died from drug hypersensitivity may be velusble In this respect.
The possiblitty that a toxlc drug can penetrste the cell barrier under
cartaln special circumstences and thet tha resulting sensitivity depends on
this selective permeation is ancther fleld for Investigation, 1t stifl
rosalns to be detornined whether the drug or the “drug tlssue complex” acts
on the formed olesents of the blood In the clrculation or on thelr precursors
in the bone marrow, In the Investigation of this problem studies mey be
underteken on the uptake of drugs by Immature celis of tho bone nmarrow ae
oboerved in bone marrow cultures, The capecity of drugs to penetrate the
red cell nenbrane in variows nornel and sbnorns! individuals mey also be
prof ltably investigated,

Further studles regerding the foatures which regulate normal cetl
division, and differentistion and meturation nay lead to & better undaore
standing of drugeinduced hemocybopenic roactions,

Recont studies suggest that with the use of & single type of
call separatod from the bone marrow more potent antisera o the cellulaer

elemunts of bone marrow way be cbfelned, Antlecsrythrocytic snd antle
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loukocytic sers have been cleimed to produce selective hypoplasia of the
srythroid end myelold elements of the bone marrow, respectively, Iinjections
of these sera combined may be the method to Induce splastic changes In the

bone marrow,
Tho suggestlion of Kracke that the ‘Lenzemine * ring in drugs Is potenw

tlally toxic to bone marrow needs substentliation,
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V.  SUWARY

I, Attempts heve been made o produce snaphylexis in gulnes pigs by the
Injection of mixtures of drugs end autologous blood, These attempts were
unsuccessful,

2, Efforts were made ¥o produce degenerative chenges in the bone marrow
ond alterations In the blood by Injection of homologous bone marrow In
rabbits and gulnes pigs. Those efforts were unsuccessful,

3. The influence of bone merrow antisere upon the blood and bone marrow
was cbserved In rabbits, gulnea pigs end swine, In rabbits & prompt and
profound pancytopenies cccurred after the injection of swine and guines

pig sntiserum, With the continuous Intravencus edeinistretion of bone
marrow sntiserum In rebblits, only a profound hemolytic anenla was observed,
the leukocytes and platelets being normsl In the blood., The bone marrow
revealed grythroid hyperplasia,

L. The influence of chlorsmphenicol and its “dlamine” congener upon the
rate of growth and leukocyte count of weenling rats was observed, The
dovelopment of anorexia, coerse and discolored halr, abdomine! distension
and diarrhea appeared to be due to the Influence of the drug. Significent
alterations In the leukocytes, however, dld not sppear to occur In
relation fo the administration of the drug.
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