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ABSTRACT 

Phytohemagglutinin (PRA) has a weIl established mitogenic and 

blastogenic action when incubated in.,yitro with lymphoid cells. 

The action of this substance wes studied in vivo and the his

tological changes induced by PRA in various organs of the 

rabbit were compared ta those induced by a common antigen 

(human gamma globulin). It is suggested from the data obtain

ed that PRA does not act as a common antigen. In the PRA 

treated animaIs the most striking changes were noted in the 

spleen. There were marked effects on the white pulp but the 

Most significant histologie features were observed in the red 

pulp and consisted of intense proliferation of cells of the 

myeloid-erythroid series. This finding suggests that PRA 

May have a role in the treatment of diseased states of the 

bone marrow and lymphoid tissues. 
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GDIBRAL IlfrRODUCTION 

Phytohemagglutinin (PHA), an extract derived fro. beans 

of the genus Phaseolus, has been used since the beginning of 

this êtiütüry as a means of agglutinating red blood cells. 

Hawever, the mitegenic and blastegenic properties of PRA were 

discovered only as recently as 1960 by Bnngerford et al (6) 

who observe~ that leukecytes cultured in vitro with PUA for 

three days were transforaed te large primitive cella capable 

of division. In the ensuing years, these in vitro effects of 

PRA have been m=ny tiaes substantiated with human lyaphocytes 

and those ef rabbits, guinea pigs, Bdce and rats (24, 115). 

Recently PRA has been utilized therapeutically in the treataeat 

of apparently intractable idiopathie and drug-induced aplastic 

an_ias, wi th contradictory results (209-223). H .. ever, the 

basis for its therapeutic use has not yet been experiaentally 

validated in animals, nor haa it been deaonstrated that the 

blastegenic and aitegenic properties of PRA can be reproduced 

in vivo. This lack of detailed histopatholegic studies of the 

effects of PRA in vivo, coupled with the potential therapeutic 

use of PRA, prompted the present systeaatic histolegic study 

of the in vivo effects fellewing the administration of PRA. 

1 



BlSTŒICAL RBVlD 

2.1 IJrrBODUCTIOH 

Phyteheaagglutinin (PRA) is a saline extract derived 

fr_ beau of the genus Phaseelus. Landsteiner (1), in 

the earl)' 1900's diacevered the hemagglutinating preperties 

of PRA and subsequently did IlUch werk on this aspect of 

PRA. In 1916, Dorset and Benley (2) used PRA te reaeve 

red cells in the preparation of anti-serua against hog 

cholera. Goddard and lIendel (3), in 1929, described a 

2 

aethod fer the preparatlan of PRA, injected it into rabbits 

and mee and feund that their material wu not texic. After 

these aarlier reports, no further wor~ was dene with PRA 

until 1949 when Li and Osgeod (4) used PRA in order te obtain 

suspensiens of leukocytes free ef red bloed cells. Osgood and 

Krippaebne (5) toek advantage of the hemagg1utinating property 

of PRA to remove red cells fram a suspension of leukocytes used 

in tissue culture procedures. It was not until 1959 that Rung

erford et al (6) described the mitogenic and blastegenic prep

erties of PRA. They found that thia substance indueed trans

formation of 8aall lyaphocytes in human periphera1 bloed int. 

large primitive cella. These blast cella were capable of un

dergoing division. As a large nomber of cella in aitesis 

ceuld be obtained by incubating peripheral 1eukocyt.s with 

PHA,this discovery was of great importance in the field of 

cytogenetics, providing a siaple and reproducible method for 

chroaosome ana1ysis. The findingB of Bungerford et al ( 6 ) 

were confirmed a year 1ater by Il_ell (7) and by caratairs 

(8) in 1962 and by Marshall and Roberts (9) in 1963. 
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2.2. IX VI'l'IlO PBOPBRTIBS OP PlIA 

BRTl'IIROAGGLUTIHA'l'IBG PIlOPBR'1'Y _. PlIA agg1uttnates rabbit, 

dog, cat, chicken, duck, aouse, rat, sheep, horse, Pig, freg, . 

guinea-pig, and, to a liaited atent, bettt'er."lIrecyt_ (l~). 

As discussed bel .. , this erythroagg1utinating property can.be 

ra __ by repeated abs.rption with red blo_ cel1.8. Perera 

and P.ram1n (11) shawed that heaagglutinatien by the extract 

of the fava bean was iDhibited by 5 per cent d-glucose Gr 

ultOlle, but not by 5 par cent d-g.l.ctose or lactose. Bor

berg et al (12) feund that X-.cetyl-D-g.lact .... ine iDhibited 

hemaggluttnation induced by PRA. 

BLAS'l'OGBHIC AND JllTOGDIC PROPBllTIBS - Peripheral white 

b100d ce11s, thoracic duct ce1ls, thyaus cells, 1ymph node 

cells and spleen cel18 obtained from humans .nd different 

anima1s species (13) when incubated in vitro with PRA underge 

a similar and characteristic sequence of events resu1ting in 

b1.st cel1 transfermation of • majority of the incubated ce1ls 

by 72 heurs of culture (39) •• 

LBtJKOAGGLUTINATIHG PJlOPBRTY - PRA haB the property of ag-

glutinating white b100d cel18 in vitro. The addition of PRA 

to cultures of leukocytes in vitro results in many cluaps of 

cells by 72 heurs of culture. This leukoagglutin.ting prop

erty c.n be removed by absorption w1th white bl.Gd cel1s. 

Borbetg et al (12) showed that N-acetyl~galactosam1ne inhi

bits 1eukoagg1utination by PRA without affecting the b1aste

genic and mitogenic .ctivities of PRA. The blastogenic and 

mitegenic properties of PRA are the most important ones for 

they provide a method for the in vitro study of cellular en

largement and division and deaODstrate that the smB11 lymph

ocyte is not a "dead end" ce11. These properties will be 

discussed in detail bel ... 



4 

2.3 PREPARATION AND PURIFICATION OF PRA 

Bubetaaces with in vitro hemagglutiaating activity have 

been obtained from a variety of plants. The hemagglutinin 

obtained from the castor bean (Riccinus communis) was used by 

Erlich (14) in 1897, in his first in vitro studies of the 

reactions between antigen aad antibody. This castor bean-derived 

heaagglutinin was studied chemieally by Osborne, Mendel aad Harris 

(15) who atteapted to separate the various active constituent •• 

They found the hemagglutinating activity associated with the "albumin" 

constituent. Goddard and Mendel (3) prepared a phytoheaagglutinin 

preparation in dry fora froa navy beans (Phaseolus comaunis). The 

active substance was a protein, with the characterlstics of an albumine 

They reported that cheaical changes in the protein which led to de

naturation or hydrolytlc cleavage were accompanied by a lessened 

heaagglutinative potency. Wienhaus (16) in 1909 and Bouza (17,18) 

in 1944 obtained partially purified proteine from red kidney beans 

(Phaseolus vulgaris) with hemagglutinating activity and speculated 

that this prote in was an albumine Riga. and Osgood (19) in 1955 

described a method for the purification of the heaagglutinin obtained 

from kidney beans. The final products were a mucoproteln (MPHA) and 

a protein (PPHA). The mucoprotein behaved as a homogeneous substance 

by electrophoretic analysis over the pH range 5.8 to 8.6. Below pH 5.8 

it dissociated lnto a prote in phytohemagglutinln and an inactive 

polysaccharide. This mucoproteln contained 6.5 per cent nitrogen, 

50.4 per cent total reducing substances estimated as glucose, was 

heat-labile and very soluble in distliled water. The protein behaved 

as a homogenous substance by electrophoresis over the pH range 2.0 

to 8.0 and its lsoelectric point wa. 6.5. The nltrogen content of 

thls proteln was 14.6 per cent and lts total reducing substances 3.4 

per cent. It was a heat-labile euglobulin, insoluble in distilled 

water, but very soluble ln saline or buffer solutions. This phyto

heaagglutinin, in either the mucoprotein or the protein fora was a 

non-toxic, powerful hemagglutlnin of human erythrocytes and tbose of 

the horse, plg, dog, cat, rabblt, chicken and frog. 



The findings of Hungerford et al (6) and Nowell (7) tbat 

PRA obtained by the method of Rigas and Osgood (19) has the 

remarkable property of iRducing blastogenesis and aitosis when 

iRcubated with huaan peripheral leukocytes stimulated further 

atteapts to separate the various active constitueRts of PRA 

and to better characterize their chemlcal structure. In 1962, 

Punnett et al (20) reported that they were able to separate 
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two active constituents obtained from the cotyledons of Phaseolus 

vulgaris, ORe capable of agglutinating erythrocytes and the 

other capable of inducing blastogenesis in tissue culture. 

In 1963, Punnett and Punaett (21), after extensive 

fractionation, isolated a blastogenic factor of macroaolecular 

dimensions, free of hemagglutinating activlty. This preparation 

was, however, impure. The activ1ty was stable to heat (50°-70°C 

for 5 minutes), stable to 0.1 N hydrochlorlc acid at OOC for 

several weeks, but DOt at 18°C for 24 hours and the activity of 

the macromolecule was destroyed on treatment w1th metaperiodate. 

From thelr findings, they suggested that tbe blastogenic and 

hemagglutinatlng factors are different molecules or separable 

portions of ODe macroaolecule. Genest (22) fractionated PRA by 

ethanol precipitatioR and observed that tbe heaagglutinating and 

aitogenic activities were in the fraction precipitated by 30 per 

cent ethanol. The aggiutinating activity could be removed by 

Seltz filtration. 

Barkhan and Ballas (23), in 1963, working with PRA 

prepared from red kldney beans, showed tbat the agglutinating 

activlty of PRA could be removed by absorption with red blood cells 

wlthout a concomitant 10S8 of mitogenlc actlvity, suggesting that the 

aitogenic and agglutinating activities are possessed by different entities. 



B.wever, when they atteapted t. separate the mitogenic and 

agglutinating principles by starch black electrophoresis, 

they ceuld on1y recover the hemagglutinating activity. Pre

sumab1y, the mitogenic act1v1ty was destreyed during the 

fractionation preeedure. Removal of the erytbrecyte agglut1n

ating activity of PUA was also achieved by Robbins (24). Be 

incubated PRA w1th packed red cel18 at 40 C for 25 minutes, 

centrifuged the cel1 suspension and repeated the absorption 

a second time. Be found that the supernatant solution did 

not pessess erythrecyte agglutinating activity but had reta1n

ed essentially al1 of the blastogenic and mitogenic activity 

of the original preparation. 

Bastings et al (25) observed that when leukocytes were 

incubated with PHA, mitoses occurred in white bleod cell clumps 

suggesting that this leukoagglutination ~ould be partially res

ponsible for tbe mitotic activity. Kolodnyand Hirschhern (26) 

found that absorption of PRA with red cells rem.ved only tbe 

e~ythrocyte-agglutinating property without affecting the leuko

agglutinating and mttogenic activities of PRA. Bewever, when 

PRA wes absorbed w1th white bl.od cells all three activ1ties 

were removed. The 8utbera concluded tbat tbere was an apparent 

relationship between tbe mit.tic and white b1eGd cel1 clumping 

activities. 

The complexity of the crude preparation of PUA was shawn 

by Spitz (27) who observed eight lines of precipitation on 

immunoelectrophoretic analysis of PRA. Borjeson et al (28), in 

1964, purified a mitosis-sttmulating factor fram tbe phytoh.

magglutinin of red kidney beans which was of protein or poly

peptide nature and contained six per cent carbehydrate. Maxim

al numbers of mitoses were induced in cultures of grewing lymph

ocytes with only 0.2 ug/ml of culture medium. 

6 



The hemagglutinating property was still present but could be 

removed by absorption with red blood cella without any detectable 

loss of the Ditosis-stimulating activity. Rigas and Johnson 

(29), in 1964, obtained a phytohemagglutinin in the protein 

7 

fora which was houogeneous by ultracentrifugation, contiauous

flow curtain electrophoresi8 at pH 8.6, starch gel electrophoresi. 

at pH 8.0, polyacrylauide di sc electrophoresi. and chromatography 

on Sephadex G-200 and on DEAE cellulose. The molecular weight 

of this material was of the order of 128,000 and it possessed 

both agglutinating and mitogenic activities. An important finding 

was that the results of the Ditogen1c1ty a88ays of fractions 

obtained by chro~atography suggested the existence of more than 

one Ditogenic substance. Tunis (30), in 1964, 1s01ated an 

additional cytoagglutinin from kidney bean extracts which wa. 

inactive against human red blood cella, but capable of agglutinating 

nucleated cella. 

It has been found by severai investigators (31,32,33) that 

PHA has the ab1I1ty to prec1p1tate with huaan serum and sera of 

a number of aniDal species. Hollànd and Bolland (33) showed that 

the hemagglut1nating and precipitating activity of PHA did not 

appear to be associated with the Iyaphocyte-stimulating factor in 

that loss of prec1pitating ability and Darked decrease in hemagglut

inating titre were not associated w1th a change in the ability of 

the PHA to stiDulate blood lymphocytes cultured in vitro. Surrey 

et al (34) isolated several highly purified Ieukocyte growth factors 

from red kidney beans. However, aIl the blastogenic fractions 

possessed hemagglutinating activity. One minor protein component 

exhibited strong leukoagglutinating, but no blastogenic or heaagglut

inating activity. Rigas et al (35) in an very comprehensive study, 

isolated a protein phytohemagglutinin of Phaseolu8 vulgaris (PPHA) 



which wa. apparently hoaogeneous and had a aolecular weight of 

approxiDately 128,000. The PPRA aolecule was of uDusual 

coaplexity as lt dissQciated slowly into eight subunits ln 

8.0 M ure a at neutrai pH. It was found to have both heaagglut

lnating a~d mitogenic activlties, each located on a different 

subunit. 

Rivera aad MBeller (36) presented evidence for the 

existence of at least three separate and distinct actlvities of 

PRA which affect lymphocytes: a leukoagglutinin, a factor 

inducing RNA synthesis and a factor inducing DNA replication 

(mitogenic factor). Takahashi et al (37), in 1966, purified 

a phytohemagg1utinin of the wax beaa (Phaseolus vulgaris) and 
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found that the proteins iso1ated had physico-chemical properties 

different from those dQscribed for the phytohemagglutinln iso1ated 

from the red kidney beau. However, the y d\d Dot assay thelr 

preparation for mitogenlc activity. Weber et al (38), in 1967, 

attempted a chromatographic fractionation of a commercially 

availab1e preparation of PHA, PHA-P (Difco Laboratories, Detroit, 

Michigan, U.S.A.) and obtaiDed three peaks: the first peak 

completely 1acked lymphocyte stimulating and agglutinating activities, 

the second peak possessed strong 1eukoagg1utinating and 1ymphocyte

stimu1atiBg, but no erythroagg1utinating actlvity and the third peak 

was strongly erythroagglutinating and also possessed leukoagglutin

ating activity. The latter fraction stimu1ated lymphocytes to 

undergo blastogenesis but to a lesser degree than the second peak. 

These experiments demonstrated that PHA contains at least two different 

lymphocyte-stimulating substances, which differ frOD each other in 

their chromatographic behaviour and their ability to agglutiDate 

human b100d ce1ls. 



2.4 MORPHOLOGIC CHANGE IRDUCBD BY PUA IN VITRO 

2.4.1. LIGHT MICROSCOPY STUDIBS The small lymphocyte, 

the predominant cell at the beginning of culture, conta1ns a 

large nucleus with somewhat condensed chromatin and enly a 

small ring of basophilie cytoplasm. Within 24 heurs ef cul

ture in the presence of PRA a type of lymphecyte is seen 

which is larger in size and whase nucleus in more lepte

chromatic and might even contain a nucleolus. The cytoplasm 

of this cell 1s more extensive and more basophilie as cempared 

to the small lymphocyte. Beween 48 and 72 heurs blast cells 

appear. These are large cells with deeply basophilie cyto

plasm which often centains a clear perinuclear zone wbich might 

represent the Golgi apparatus. The nucleus is large w1th a 

chromatin pattern which is usually finely stippled although 

8mall condensations may also occur and one or more nucleoli 

are invariably found in these cells (39). The cytoplasm of 

these blast cells is pyroninophilic (9,40) and shows granules 

(4l) or clear vacuoles (42). These large cells go on to divide 

and numerous mitotic figures are seen between 48 and 72 heurs 

of culture. The products of their div1.1en are net clear at 

present. There is ev1dence, on pur~ly morphological grounds 

from the anaphase figures of the divid1ng blasts/that indicates 

that the daughter cell may have the same merphology as the ori

ginal parent cell (43). 

2.4.2 ELECTRON IIICROSCOPY STUDIES Marshall and Roberts 

(9), in 1962, studied the electron microscopie merphology of the 

blast cell obtained from human per1pheral small lymphocytes after 

in vitre stimulation with PRA. They found no evidence for an 

extensive endoplasmic reticulum such as is found in plasma cells. 

9 



The authers suggested that the granules and vacueles seen by 

light micrescepy in the cytoplasm of the blast cells ceuld 

probably be interpreted in electronmicrographs as being ribe

somes and lipids, respectively. The auth.rs noted the sim1la

rit y of their electron microscopie studies with these reported 

gy Binet and Mathe (44) who studied the blast cell see. in lymph 

nedes during a graft-versus-host response. Tanaka et al (45), 

in 1963, described the ultrastructure ef the blast cell seen 

after 72 heurs in culture in the presence of PRA. They noted 

that nucleoli were always prominent with the cyt.plasm contain

ing abundant ribose.mes and mitochondria. Endoplasmic reticulum 

was frequently present in the fora of small vesicles and the 

Golgi apparatus was usually weIl developed. Inman and Cooper 

(46), in 1963, incubated human peripheral bloed and thoracic 

duct lymphocytes with PRA for three days. Electronmicrographs 

of the blast cells showed abundant mitochondria. The greatly 

increased cytoplasmic content of ribosomes indicated active 

protein synthes1s and the highly develeped Golgi apparatus was 

1nterpreted as reflecting activ1ty associated with cell division. 

Elves et al (47), in 1964, in similar studies noted. an endo

plasmic reticulum in the fora of rough-surfaced ves1cles and 

sacs and a weIl developed Golgi apparatus with smo.th-surfaced 

ves1cles. They claimed that the most prominent feature of the 

~HA-induced blast cell was the presence of large electron

opaque osmiophilic bodies, membrane bounded, which seemed to 

bear seme relationship to the endoplasmic reticulum or Golgi 

ves1cles. They also noted that the PHA-induced blast cell 1s 

morphologically indistinguishable from cells descr1bed by 

others in lymphoid tissues of animaIs dur1ng host-versus-graft 

and graft-versus-host reactions. 

10 



Inman and Cooper (48), in 1965, studied t~e relation of 

ultrastructure to DRA synthesis in the humanlymphocytes stim

ulated with PRA in vitre. The lymphocytes were obtained frem 

peripheral blood and thoracic duct lymphe They noted that 

cella synthesiz1ng DNA possessed more nucleoli, a1tochrondria 

and elaborate Golg1 zones when compared to blast cells not 

synthes1zing DNA. The cells which were synthes1z1ng DNA present

ed wlth trace amounts of rough endoplasmic ret1culum, increased 

microp1nocytos1s and vesicles probably conta1ning glycogen. In 

some cultures, cells were observed which contained osmiophilic 

bedies bounded by a membrane 1n the cytoplasm;~. These bedies 

described previously by these authors (48) are probably s1milar 

to those descr1bed by Blves et al (47). Chapman (49) noted 

that altbough endoplasmic reticulum can be detected in Most 

blastoid cells, it 19 limited in extent. The endoplasmic reti

culum showed a paucity of attached ribosomes in contrad1stinction 

to the dense packing of ribosemes G~ the membranes of the endo

plasmic reticulum in normal protein-synthes1zing and secreting 

cells. The reason for this restricted development ef the ende

plasmic reticulum 1n the PRA stimulated cell i8 obscure. This 

particular point wa8 emphasized by the work of Michalowsky et 

al (50). Lymphocytes from patients immunized with small-pex 

vaccine were incubated in vitro w1th this antigen and the blast 

cells obtained at the termination of culture were compared to 

the blast cells obta1ned in response to PRA. Under the electron 

microscope, the Most striking difference was that the rough

surfaced endoplasmic reticulum was much more developed in the 

antigen stimulated cells. 
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2.5 IIBTABOLIC CIlANGBS INDUCID Bi PRA' IN VITRO 

1.5.1 EFFECl' OH NUCLBIC ACID rD'I'ABOLISli After adding 

PRA t0 the lymphocyte cultures, several metabolic alterations 

occur in the cells undergoing blastogenesis. The dynamics ef 

the lymphocyte response te PRA i8 well established. Through 

the use of radioactively-labelled precursers, the synthesis 

of protein, »HA and RNA has been studied by several investig

ators in PRA stimulated lymphocyte cultures. Mclntyre and 

Bbaugh (51) showed that RNA synthesis begins within the first 

24 hours of exposure to PRA. Cooper and Rubin (52) showed that 

the earliest change in cultures of lymphocytes with PRA was a 

decrease in total RNA, detectable after 30 minutes of exposure 

te PRA. After 1 hour, accelerated synthesis of RNA, shown by 

incorporation of tritiated uridine was detected, and a pro-

~es8ive increase in the rate of synthesis continued for 24 
3 hours. The uptake and radioautographic localization ef H -5-

uridine, a specifie precursor of RNA, were reported by Bayhoe 

and Quaglino (53~ by Winter and Yoffey (54) and by Torelli et 

al (55). Kay (56) showed that six heurs sfter the addition of 
3 PRA a more sustained uptske of H -uridine became apparent and 

the rate of incorporation continued to increase until 48 hours. 

This was asseciated w1th a marked increase in the labelling of 

ribosomal and transfer RNA. Cooper and Rubin (57) shewed that 

when lymphocytes were stimulated to enlarge end divide by treat

ment with PRA, most of the rap1dly synthesized RNA was non-ribe

somal. Mueller and Mahieu (58) have shown that RNA production 

increased exponentially as soon as PRA was added to the cells 

and established the exact time-curve of the period of RNA 

synthesis. The analysis of the newly synthesized RNA by cen

trifugation in sucrose gradients revealed that the synthesis 

of all classes of RNA was stimulated by PRA. 
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DNA synthe.ia begias 24-36 hours after the addition of 

PRA. This has been demonstrated by the incorporation of tritiated 

thymidine (59-62) and p32 (51,63) into newly foraed DRA. Yoffey 

et al (64) described in detail, by ·means of radioautography, the 
3 morphological alterations aadauclear DRA labelling with H -thymidine, 

iD lymphocytescultured with PRA. 

2.5.2 EFFECT ON PRorEIN SYNTBESIS 

Protei. synthesis in huaa. lymphocyte cultures lacubated with 

PRA has been described by Bach and Hlrschhorn (65), by Elves et al 

(66) and by Parentl et al (67). Muellerand Kahleu (58) found a 

sequence of RNA synthe.is followed by protein synthesls and DRA 

synthesis. Sell et al (68) found that after in vitro stimulation 

of rabbit perip~eral lymphocytes with PRA, the sequence of events 

was: protein synthesis, RNA synthesis, histologic blast transformation, 

DNA synthesis and aitosis, with the complete sequence requiring 48 

hours. Kay (56), studyiDg the effects of PRA on human lymphocyte 

cultures ahowed that PRA caused an iacrease in protein synthesls as 

deterained by the incorporation of C14-leucine. This increase 
3 followed the early stiaulation of H -uridine incorporation, but 

preceeded the stimulation of ribosomal RNA synthesis. Van Furth et 

al (69), using the technique of iaaunofluorescence, reported that 

normal buman peripheral lymphocytes are capable of synthesizing IgG, 

IgA and IgM when cultured in the absence of any stimulating agent. 

It is not surprising, therefore, that Elves et al (66), using tbe 

fluorescent antibody technique, observed that PRA stimulated human 

lymphocytes could be stained with fluorescein-conjugated anti-human 

globuline Bach and Hirscbborn (65) demonstrated protein production 
14 in lympbocytes incubated with PRA by adding C -labelled aaino acids to 

14 the cultures and measuring the radioactive C -incorporation into 

protein. They found that in the presence of PRA, five million lymph

ocytes produced 10 ug of prote in at the end of 24 hours of culture. 



When the medium of those cultures was analysed by immune

electrophorosis and radioautography, precipitation bands 

were noted in the 1lA, 12 and 1-glebulin regi.ns. By 

immunofluorescence studies they found that virtually aIl 

the cells stimulated by PRA fluoresced with fluorescein

conjugated anti-human 7 S 1-globulin. Some cells shewed cyto

plasmic fluorescence and ~thers only nuclear fluorescence. 

They also showed that lymphecytes taken fram an individual 

with multiple myeloma when stimulated with PRA produced the 

specifie myeloma protein in vitro (65). Forbes and Henders.~ 

(70), using the same technique as that used by Bach and 

Hirschhorn (65) also observed immunoglobulin synthesis by human 

lymphocytes cultured with PRA in vitro. However, neither Pass 

et al (71) nor Balfour et al (72) were able to detect immune

globul1n synthesis by humaI peripheral lymphocytes either in 

the presence or absence of PRA in vitro. Coulson and Chalmers 

(73) incubated human peripheral lymphocytes in a serum-free 

medium and observed that PRA was able to induce blastogenesis 

in over 50 per cent of the surviving celIs. By the two-stage 

fluorescent-antibody technique they were unable to detect any 

IgG in the transformed cells. 

In cultures of lymphocytes obtained from patients with 

rheumatoid arthritis and stimulated by PHA, Bartfeld and Juliar 

(74) found that the cells contained rheumatoid factor demonstr

able by the fluorescent antibody technique. 

Forbes (75) cultures lymphocytes from one patient with 

Hashimote's disease in the presence of PRA and human thyroglo

bulin. Both of these materials were able to induce the lymph

ecytes te synthesize specifie precipitating antibody and non

specifie globulins. 
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2.5.3 BFFBCT ON BNZYIIE SYNTBESIS 

Vari.us cytechemical studies have 

been carried out ir. lymphocyte cultures stimulated with PRA. 

Blrschhern et al (76) showed that before mit.sis (48 to 72 

heurs), a sharp increase in acid phesphatas. activlty eccurr

ed in cells stimulated with phytohemagglutinin. Blstochemical 

examination of these cells demonstrated that inaumerable gra

nules containing acid phosphatase developed in the cytoplasm 

before mitosie. It would appear, they state, that the PRA 

stimulus induee. the formatien of lysosome-like structures 

before mitosis. QgagIino et al (77) and Gough and Blves 

(78,79) observed an increase in the content of lactic dehydro

genase in the transformed cells. Gough (80) shewed that PRA

transformed cells are negative fer lipidsJfor alkaline phosph

atase, for non-specifie esterase and for phesphorylase. He 

found a moderate number of granules positive for 5-nucleotidase. 

There was som~ tendency for this ~yme to be localized in cyto

plasmic vacuoles in the PRA transformed cells. 

2.5.4. EFFECT ON CARBOHYDRATB METABOLISM 

Quagline and Cowling (81), Quaglino, 

Hayoe and Flemans (77) and Gough and BIves (78,79) shewed by 

the PAS-reactien that there is a marked accumulation of glycogen 

in the small lymphocyte and intermediate cells after 24 hours of 

culture with PHA. The content of this substance decreased in the 

later stages of transfermation and only rarely were blast cells 

found which contained blocks of PAS positive material, suggesting 

that the cells obtain some of their energy fer transformation from 

glycolysis. This interpretation is sup~rted Dy the findings of 

Cooper et al (59), who found a high rate of lactate production in 

PRA stimulated lymphecytes, which indicated a h1gh rate of gly

coly81s, and of Pachman (82), who observed an increase in glucose 
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and oxygen consumption and lactic acid preductiGn during 24 

heurs of culture ef equine peripheral lymphocytes with PRA. 

BrachGvic (83) showed that the addition of PRA t. cultures 

of rat peripheral lymphocytes had a stimulatGry effect on the 
14 

rate of glucose-U-C oxidation. 

MacHaffie and Wang (84) shGWed that glucese metabolism 

in intact lymphocytes was altered in the presence of PRA. 

The operation of the pentose phosphate pathway and to seme 

extent the pentose cycle patbway in lymphocytes was found 

to be significantly enhanced. 
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2.6 CELL LOCALIZATION OF PRA 

Michalowsky et al (85) studied the cellular localization 

of the mitogenic principle of PRA in leukocyte cultures. PRA-P 

(Difco) was labelled with fluorescein isothiocyanate and incubated 

with human peripheral leukocytes. During the early period of the 

culture (4 to 9 hours) a distinct cellular localization of 

fluorescent material was found confined to the nuclei of the 

majority of the lyaphocytes but not in the granulocytes. This 

localization of fluorescein-conjugated PRA d1d not change during 

the entire three day culture. The authors suggest that the labelled 

mitogenic factor enters the cell and resides inside the nucleus. 

On the other hand, Razavi (86), also using fluorescein-conjugated 

PHA, observed fluorescence in white cells of aIl types during the 

initial period of culture. Subsequently, the fluorescence was 

localized to the cytoplasm of the blast cell and was not associated 

with nuclear structures or the cytoplasmic membrane. Conard (87) 

obtained tritium-labelled PHA by growing red kidney bean plants 

(Phaseolus vulgaris) in nutrient solution containing tritiated 

water. This PHA was.'added to cultures of Doraal human blood leukocytes 

and the results were evaluated by radioautography. MOst of the leuk

ocytes were labelled after 4 - 6 bours of culture. At first, the 

label appeared to be mainly in the cytoplasm but after 2 - 3 days 

labelling was predominant in large blast cells and mainly localized 

to the nuclei. 

Rieke (88) labelled PHA-P (Difco) w1th 1125 and added it to 

cultures of rat thoracic duct lymphocytes. By radioautography he found 

that one hour after exposure radioactivity was localized to cell 

membranes and to a lesser extend within the cytoplasa of the lymphocytes. 



As b1ast celle developed, radieactivity was commonly n.ted on 

nuclear membranes and in apparent Gœlgi z~nes. Greenland and 

Oppenheim (89) stud1ed the localization of mercury-labelled 

PRA (Burroughs Wellcome) in lymphocytes by eleetron microsco

py. Electren-dense spots were seen in greatest numbers in 

the cytoplasm of lymphocytes but were a1so, though more rarely, 

present in ~e nucleus. This lecalizatien of PRA in the lymph

ocytes was observed in cells from specimens examined as early 

as one hour after the addition of the PRA and its localization 

did not alter up to 72 hours. In all of the etudies referred 

to above, it must be emphasized that the PRA preparations used 

for the localization studies were b1ghl~~rogeneous in terms 

of biological1y-active and inert constituents. It is therefere 

impossible te state catagorically, as several of the authors 

did, that the leealtzation of label ts synonymous with loca-

1tzation of the blastogenic faeter sinee any or all of the 

constituents of the PRA preparation eould have been labelled. 
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2.7 BLASTOGDIC AIID III'fOGBIIIC ACTIOlf OP PlIA 

ON L1IIPBOID CBLL8 PRCIl NOBIIAL JRlWfS IN VITRO 

2.7.1 •. PBRIPBBBALDITB CBLLS The effects of P.IA on 

cultures of human peripheral leakecyte~ are well established 

(7,9,39,42,63,64,90~19). The aorphelegical, .etabolic and 

cytecheaical bohav1_ ef the ce11s in the presence ef PlIA 

were discussed above. They are alae well described in the 

excellent revi .. s by Robbins (24) and by Bach and Birschborn 

(41) • 

Thero isgood evidence fr_ the reports of lIarshall and 

Roberts (9), "acEinneyet al (61), Bastings et al (25) and 

Tanaka et al (45) that the proliferating blast cells iD cul

tures of human peripheral bleod originate fr.. saall l,apho

cytes. Robbins (24) and Lindahl-KiessliDg and Boek (100) ra

ported a normal response to PRA in cultures of peripheral 

lymphocytes obtained fram foetuses and newborns. Piscietta 

et al (101) analyzed the PRA response ln peripheral lympho

cytes obtained from healthy individuals rangtng in age from 

1 te 98 years. The ability of the lymphocytes te undergo 

blast transformation in response to PRA stimulatien appeared 

to reach a maximum at puberty and to declino uniforaly with 

age thereafter. The replacement of autologous with heaelo

geus plasma did not alter the blastogenlc response of the 

lymphocytes. These data suggested that the dim1nished in 

vitro blastegenic response wlth age May be attributed to a 

cellular, rather than a humoral,factor. 

2.7.2 TBORACIC DUCT CBLlB - Cooper (102), Cooper et 

al (40) and Lindahl-Kiessling and Werner (103) obtalned ap

preciable cell transfer.aat1on by lncubatlng hUH&D thoraclc 

duct cells w1th PlIA-in vitro. Thoraclc duct lymph asually 

contains only lymphocytes wlth the small varlet y constitat

ing approximately 90 per cent of the cell population. 
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Rubi. and Zajicek (104) .repert-

ed that 70 - 90 par cent of tho cells aspirated fr .. huaan lyaph 

noel .. and cultured in vitro "ith PRA transfoned to bla.t cella 

after three da,. of incubation. WiDkenstein and eraddack(105) 

cultured hDaan lyaph nede cella obtained during .urgery with 

PUA and observed a nor .. l respoue, s1ll11ar to that manifesteel 

by peripheral bleed lyaphecytes. Si1l11ar resul t. "ere reported 

by Mclnty.re and Segel (106). 

Bain and Geuld (107), Liscbner 

and Punnett (lOB) and Wilson (109) obtained succes.ful cultures 

of cells fr_ h1lllan thyaus in the pre.ence of PRA. The thymus 

was ebtained fr ... foetuses (20-40 weeka .f gestatien) and fr.m 

infants up to one year of age. Mclntyre and Segel (106) and 

Stros.elli (110), hawever, failed to obtain transformation of 

human thymus cells cultured in vitro with PUA. 

In 1965, Claman (Ill) cultured human thymus cella in vitro 

with and without PUA •. " Doring the initial few heurs ef culture 

in the absence of PUA, 5 - 7 per cent of the cells t .. k up 

tritiated thymidine. This ability to spontane.usly incorporate 

tritiated thymidine waned with time and by 48 - 72 hours of 

culture the cell popUlation was composed al.ost solely .f small 

cells. In contrast, 8uspensions of cella exposod to PUA showed 

increasing percentag.. of large cells after longer periods of 

incubation and by 72 hours appraximately 40 per cent of the cells 

were large blastoid cella "hich had incorporated tritiated thymi

dine. The data suggested the existence of tw. populations of 

cells in the humaD thymu~ one capable of .ynthe.izing DNA spon

taneously for a short period of time and the other a "~esting" 

population of sma11 cella many of which can be transformed i*to 

large blast cell8 in the presence of PRA. Experiments of a 

8im1lar _ature were carried out by WiDkeutein and Craddeck (105) 

vho stated that the labelling index of the PRA-stimulated thymus 

cultures wa. less than the spontaneous rate of proliferation of 

thymecyte. during the initial period ef culture. 
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Theseobservat1eus susgested that the normal huaan thymus 

centains at leut two pepulat1eu ef lyaphoid cells: a _jor 

ceapenent wh1ch sh .. s auten .. eas and UDSustained proliferat1ve 

activlty and dees not respend t. PRA and a second ainor cellu

lar caponent which transforu and proUferat.. in respeue to 

PRA. 

2.7.5 TOIBILLAR CBLLS - Oettgen et al (112) studled 

the iD vitro behav1011lf of cultured hUlWl teusillar lyaphocytu. 

In co.parisen wlth perlphera1 bleed lymphocytes, these cella 

sh .. ed • hlgher degree of tranaforatlOD to large cella and 

mi tuls in control cultures in the absence of:ftA~ Whon cul

tured with 'PHA, the percentage of tranaforaed ce11s was hlgh, 

si.tlar to that observed ln cultures of periphera1 bload lyaph

ocytes. On the other hand, G.ldfarb and Ullal (113) dld not 

obtaln blast cell transferaatien upen incubating human tonaillar 

lymphocytes w1th PHl. 

2.7.6 SPLBIN CBLLS Bain and Gauld (107) obtained 

splean cella froa foetuses and infants. Satlsfactory re.ponses 

were obta1ned when these cells were st1aulated with PRA ln 

vitro. Sl.tlar results were observed by Cenen and Brkaan (114). 
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2.8 BLASTOGBlIIIC AND KlTOGBNIC ACTION OP PUA 

ON LlIIPHOID CBLIB OP IORIIAL AlfDIALS IN VITRO 

2.8.1 PBRIPBBRAL WHITE CBLLS 

RATS Kn1ght et al (115) reperted that rat peripberal 

lymphecytes surv1ved rather peerly in cell culture in v1tre. 

Only 10 te 20 per cent ef the rat lymphocytes r_ain1q after 

three days were transferaed with PRA. Marshall and Beberts 

(120) and Williams and Ray (121) ,ere unable t. demonstrate 

transformation in in vitro cultures of rat peripheralbleed 

in the presence ef PRA. Blred and Sehrek (116), hewever, f.und 

that rat peripheral lymphocytes responded better to PRA when 

1ncubated in the presence of rabbit serum. Metcalf (117) shewed 

that rat peripheral lymphecytes did net respond te PRA when cul

tured with rat plasma, but were able to transfora well in cultu

res centaining rat or human serum. These findings were eenfirm

ed by Rieke and Scbwartz (118). Johnson et al (119) found that 

diffusion chambers placed in the ventral abdominal wall ef rats 

previded an optimal in vive enviro.ent. Under these eonditiens 

they obtained suecessful blastogenic responses to PRA with rat 

peripheral lymphocytes. 

lIetcalf and Osmond (122) reported stimulatien ef rat 

bleod cells by PRA in vitre and by radioautegraphic analysis 

concluded that the small lymphocyte was the cell stimulated 

to grow and replicate DRA. 

KICB Knight et al (115) reported a peer survival 

with only eccaaieaal transformed cells in cultures of mouse 

lymphocytes in the presence of PRA. Neither Elves (39), 

Marshall and Roberts (120) D.~ Willard et al (123) were 

suceessful in obtain1ng survival of mouse lymphocytes in culture. 
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B ... ever, using diffusion chaabers placed into is.l..... hests, 

Willârd et al (123) observed s .. e transformation under the 

influence .f PRA. KacU,ie (124) ebtaiDed a goad proportion of 

blast cells when he cultured .ouse peripheral lymphecyte. in 

the pre.ence ef PHA, with maxtaum transformation eccurring at 

24 - 48 heurs .f culture. 

GUINBA PIGS - Knight et al (115) reperted that guinea pig 

1 yaphec y tes ceuld be sttaulated to transfora into blast cells 

by PRA in vitro. Blasts were present at 24 - 48 hours but 

less t~equently at 72 hours. StBilar results were obtained 

by Sabesin (125) who observed that the addition ot PRA to 

cultures et guinea pig lyaphecytes induced a blastegenic res

pense in 75 per cent of the cells by 72 heurs of culture. 

Aspegren and Rors.an (126) and Nichels and Levan (127) were 

also able te .btain blast transtormation ot guiDea pig lymph

ocytes cultured "itb l'DA. On the etller hand, Kar.ball and 

Reberts (120) could not d .. onstrate such transtormation with 

guiDea pig peripheral lymphecytes. 

RABBITS Knight et al (115) Observed a marked sttaula-

tion ot ra~91t peripheral lymphocytes incubated in vitro with 

PRA. Sia11ar results were reperted by Sabesin (125), Nichols 

and Levan (127), Fikrig et al (128) and Sell et al (68). 

Williams and Ray (121) and Marshall and Roberts (120), "'''8œ, 
did not observe blast transformation in rabbit lymph.cyte. atter 

in vitre stimulation wlth PRA. 

MONDYS Knight et al (115) reported that bl.ad lymphe-

cytes fram rhesus .onkeys respended markedly to in vitro .timu

lati.n by PRA to a degree comparable to that obtained with h.

.an lymphocytes. 

HAMSTER Knight et al (115) were unable t. obtain blast 

transformation by incubating h3&Ster peripheral lyaphecytes 

with PRA iD vitro. 
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2.8.2 TBORACIC DUCT CBLLS 

BATS Rieke and Scbwartz (118), Rl~ke (129) and Metcalf 

(117) wel'e able to daenstl'ate blast f0l'll8t1eJüin cultures of 

rat llllphecytes del'ived fI''' t~e thOl'acic duct lYllPh in l'esp

ense to PBl. Rowevel', blastogenesis was c .. pletely inhibited 

if the Sel'UII was l'eplacod by rat plasma in the culture aediua. 

RABBITS - Pikrig et al (128) sh .. ed tkat l'abbit lYllphocytes 

obtained fl'em the mesenterie lyaph undel'go transformation when 

cultured in vitro in the presence ef PBl., 

2.8.3 L'DIPR NODE CBLLS 

RATS Ketcalf (117) incubated rat lymph nede cells with 

PRA in the presence of eithel' rat serum or human plasma. A 

large nombel' of blast cells was ebtained at 72 heurs of cult

~e. These results wel'e confirmed by Metcalf and Os.and (122) 

whe incubated theil' cells with PRA and tritiated thyaidine and 

subsequently examined the tl'ansformed cells by l'ad1oautography. 

BABBITS - Foft and B..ere (130) observed blast eell trans

formation in cultures of lyaphecytes ebtained fl'om rabbit 

lYllPh nedes aftel' stiaulation with PRA in vitro. 

2.8.4 SPLBEN CBLLS 

RATS Bll'Gd and Schrek (116), Metcalf (117) and Metcalf 

and Osmond (122) demonstrated the production of blast cells 

in cultures of rat splonic lymphocytes in the presence ef PRA. 

RABBITS - Barris and Littleton (131) and Schrek and Batra (132) 

demenstrated that l'abbit .plenic lymphocytes are capable of und.r

going blastogenesis in the presence of PRA in vitro. 
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Weber (133) culturec:l .pleen cella fra 4 - 10 

week old white Leghorn chickens iD the pre.ence of PRA and 

observed a marked bla.tegenic respense aftor 48 hours. 

2.8.5 TII1IIUS CBLL8 

BATS Schwartz .nd Rieke (134) sh .. ed tbat s.a11 

lyaphocytes obtained fro. rat thymus and cu1tured in vitro 

.1th PRA were transformed iDto enlarged cells. A progressive 

increase in res~tveness •• s detected as the age of the.dener 

ani .. l iDcreased fro. five hours to 32 days. Thyaic cells fr .. 

newbern ani .. lis fa:lled to reaped to PRA. KetcaU (117) and 

Ketcalf and Os.end (122) a1so feund .• goad reaponse of rat 

thyaic lymphocytes to PRA in vitro. 

PIGS Weber (135) .tudied the in vitre.response to 

PRA ef lymphocytes obtained fr.. pig th,.us by the incorpora

tion of tritiated thyaidine into the DRA of the transforaed 

ce1ls. Within the first heur of culture 6 - 18 par cent of 

the 1ymphecytes were synthesizing DNA. During the f01lowing 

24 hours a sharp decrease in the number of DRA syntbesizing 

cells wa. observed. This was follewed by a definite peak in 

DRA synthesis and mitotic respenae.in a minority of the ce1ls 

between 48 - 54 heurs. With organ culture techniques, Weber 

(136) showed that the lymphecytes capable of responding to 

PRA are located predo.inant1y in the .edulla ef the thyaus. 

RABBITS Schrek and Batra (132) reported that PRA 

caused .light to maderate enlargement of a few rabbit thymie 

lymphocytes into ce1ls which were presuaably 1yaphob1astoid. 

CBICD!fS Weber (133) cultured thymus ce11. fre. 4 -

10 week old chickens with PRA and observed many blast cells 

by 48 hours of culture. 

23 



2.8.6 JlfBNDIX CBLLS 

RABBITS Lymphocytes ebta1ned fr. rabbi t appendix 

.d1d net !ranstera te blast cel1s when cultured with PRA in 

vitre (132). 

2.8.7 BURBA OF FABRICIUS CBLtB 

CBICKBNS Weber (133) .as unable te observe any blast 

cells·in cultures of Bursa cel1s in the presence ef PRA. 
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2.9 BLAB'l'OGBNIC AND .ITOGDIC ACTIOlf ON 

HOIIAN L1IIPHOCY1'IS IN VITRO :DISBASBD STATES 

2.9.1 IIYPOGAMKAGLOBULIlIlIIIA ARD AGAIIIIAGLOBULIIœlIA ,.. BI vea 

et al (137) observed a decrease in the degree of transformation 

to blast cells when lymphocytes fr .. a child with congenital 

agammaglobulinemia werecultured with PRA in vitro. Lymphocy

tes of patients with chronic lymphatic leukemia associated with 

hypeg~lobulinemia aIs. presented with a depressed in vitro 

response to PRA but these fr .. leukeaic patients wlth norasl 

7-g10bulin levels exhibited M normal response. In thelr report, 

BI ves et al (137) suggested a correlatien between the decrease 

in the concentration o~ the serua g.... globulin and the impair

ed in vitro response of the lymphocytes to PRA. Their results 

and hypothesis were however not confirmed by several ether in

vestlgators ~ee below~. Purtheraore, the failure of cord-blood 

lymphocytes to respond to PRA in vitro as observed by BIves ot 

al (137) was not confi~ byBobbins (24) and LindahliKt .. s

lt-.g (100) who observed a normal response. 

Bobbins (24) shawed that leukocyte cultures from patients 

with hypogammarlobulinemia responded nor.zally te PRA, i.e., 

70 per cent of the cells were blast cella after three days of 

incubatien. :Jafnbatc and Birscbhorn (138) alao reperted that 

peripheral leukocytes obtained fro. agammaglobulineaic patients 

iDcubated in vitro with PUA or streptolysin S shewed a degree 

of bl •• t traasfermation and mitosis comparable to DormaIs. 

Bapecially pertinent was their failure to detect gamma globulin 

in the transformed agammaglobulinemic lymphocytes. They also 

stated that 10 - 15 per cent of the transformed aga ... globuli

Demic cells morpholegically reseabled plasma cells. Based on 

these findinga, they suggested that the absence ef plasma cella 

in agammaglobulinemia is not in itself respensible for the ~ai

lure ef antibody production but i8 rather the morphologic con

cem1tant of the primary defect (failure of antibody preduction 

on expesure to antigenic stimulus). 



Termey et al (140) found a decreased synthesis ef RNA 

and DRA in PRA-stimulated agammaglobullnemic lymphocytes. As 

the presence of an inhibitor in the patient's sera could not 

be demonstrated, they suggested that the basic defect in aga~ 

maglobulinemia is cellular ratàer than hÙmoral. Cline and Fu

denberg (139) cultured lymphocytes fre. normal and agammagle

bulinemic individuals in the presence of PRA and also ebaerved 

a markedly decreased synthesia of RNA in the aga..aglobulinemic, 

as compared to normal lyaphocytes. Fr_ their data, they sug

gested that, in primary agamaaglobulinemia, the defect invelvea 

an abnermality of quantitative RNA syntheais or RNA stability 

in the circulating lymphocyte. 

2.9.2 LBUKBMIAS - Nowell (141) observed that.peripheral 

lymphocytes ebtalned from patients with chronlc lymphatic 

leukemla (CLL) incubated with PRA ln vitro for three daya 

exhibited a marked decrease in the number of blast cells as 

cempared te normal contrels. Sim11ar findlngs were reported 

by Schrek and Rablnft'itz (142), QuagUne and Cnl1ng (81), 

Bernard et al (143) and Robbins (24). The latter investigater, 

Oppenheim et al (144), Trubowitz et al (145), BIves (146) and 

BIves et al (141) aIl attributed the failure of CLL lymphocytes 

to undergo transformatien in vitro in the presence of PRA te a 

defect in the cell slnce they could find no evidence for a plasma 

lnhibltor. Only Astaldi et al (148) reported that the lmpaired 

response to PRA of CLL cells ia due to a plasma factor. Quagllne 

et al (149) auggested that the defect in the CLL cell ls a failure 

to synthesize glycegen whlch ia necessary to provide the energy 

requirements for blast transformatien. The correlatien between 

lmpaired in vitro respense te PRA and immunolegical abnormalitiea 

in patients with CLL was suggested by Oppenheim et al (144) and 

BIves (146). Winter et al (150) cultured lymphecytes of seven 

CLL patients, who were being treated with either irradiatien 

and/or prednis.ne, with PRA in vitre and ebserved that very few 

of these cells transformed inte blasts. They suggested that 

the failure of these cells to transfera in response to PRA 
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aight be the result of cell damage cauaed by treataent ef the 

patient rather than attributable te aD lntriD8ic defect in the 

leukemic celle 

B .. ever, Sh.fJlrmaJl et al (151) and BIves et al (141) obaen

ed a aiailar in vitro repense to PRA by lyaphocytea ef eu. pa

tienta whether of not they were UDdergeing 1.auneauppressive 

therapy. aobbins (24) suggeated that there eziat tw. types 

of lymphocytes in the CLL bleed: The leakea1c lymphocytes. 

wh1ch do not respend te PRA compr1s1ng mere than 97 per cent 

of the total llllphocytea and thener .. l lymphecytea which react 

to PRA in vi tro c .. priaing le88 than three per cent ef the tetal 

lyaphocyte: populatien. The relatienship bet.een a 1.. l~o

cyte.. reapense to PRA and a high lymphocyte c.et in CLL waa 

stre.aed by BIves et al (147), Beruard et al (143) and Oppen-

heia et al (144). The daal pepulatlen ef lyaphocytes :ln CLL 

waa reinferced by the f1nding ef Kagan and Johnson (152) who 

reported that lyaphocytes frea patients w1th CLL whe had been 

treated with total body 1rradiatien gave a normal respense to 

PRA in vitro, although thelr response to PRA was greatly.1mpa1r

ed prior te treatment. These pat1ents also preaented w1th 

improvement in their clinical and hematolegical picturea 

subsequentto irradiation treatment. BIves et al (137) 8howed 

that CLL patients 9ith normal circulat1ng 1-globulin had a 

normal in vi tr. response te PRA. Bewever, the sue auth.rs 

(147) with another aeries ef CLL patients foand no correlation 

bet.een the degree of transfermatien and the level ef 1-globulin 

in the plasma. Th1s is in agreement with the results of Oppenheia 

et al (144) and do net.:. support the finding of Schrek (153) that 

hypogammaglebu11nemia in the leukemic patient 1s .. sociated with 

poer capacity of the bleod lymphocytes to transfera under the 

stimulus of PRA. 

Lymphocytes obtained frem patients with chr.nic granulecytic 

leukem1a (154), acute lymphocytic leukemia (155,156), acute gra

nulocytic leukemia (156) and chranic myel.id leukeaia (147) _

nifested a norasl blaatogenic response when incubated in vitro 

w1th PRA. 
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2.9.3 HODGKIN'S DISBASB Hersh and Oppenheill (157) neted 

that lymphocytes fr .. patients with Hedgkin's disease have a 

depressed in vitro respense to PRA. Clinical evaluation ef the 

patients suggested that this impairment was related to the se

v~rity of the disease and te in vivo anergy. They also found 

that manipulations of lymphocyte concentra tien, ratio of lymph

ocytes te neutrephile and plasma source did net i.part to Hodg

kin's lymphocytes the capacity te respond in a normal fashion. 

Simllar results with lymphocytes fr .. patients with Hedgkin's 

d!sease vere reperted by Hirschh.rn et al (158), Aisenberg (159), 

Holm et al (160) and Trub_i tz et al (145) • B_ever, a normal 

respanse to PRA ef lymphocytes frem Hodgkin's patients was 

reported by Blves et al (147). 

2.9.4 SAROOIJ~IS B1rscbhern et al (158) noted 

that culturf~ peripheral bleod lymphocytes frem patients with 

sarc.idosis shewed a d1minished blastegenic response te PRA 

in vitro. They related their finding .ith the depressed i~ 

munological features of sarcoidesis. Bacley et al (161) alae 

found a depressed in vitra respense t. PRA in lymphocytes frOll 

patients with sarc.idesis but they neted that th1s 1mpairment 

was transitory and paralleled the clinical leverity ef the 

disease. Lymphecytes from patients during reaissien had a 

normal response te PRA as coapared to markedly dillinished 

respense when harvested fram the patients during periods of 

exacerbation. 

2.9.5 ATAXIA TBLANGIBC'l'ASIA The impairment of the in 

vitro response to PRA of lymphocytes fr .. patients with ataxia 

telangiectasia was reported by Le1kin et al (162), Oppenheim 

et al (163), Naspitz et al (164) and Bayakawa and Xobayashi 

(165). Schuler et al (166) feund a nermal blastogenic response 

to PRA in vitro with lymphocytes obtained fr .. one patient .ith 

ataxi. telangiectasia. Oppenheill et al (163) clailled that ataxie 

cells respended .ere vigerously te PRA in vitro when ineubated in 

the presence of hemologous rather tban autoleg.ns plasma. 
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This findiDg ... not supperted by the .erk ef ... pitz et al 

(164) .he sh_ed that ataxie cel18 .. ere equa11y depressed in 

their respense te PRA in the presence ef aute1egeas Gr h ..... 

1egeus p1ulI&. SlIIi1ar findings were reperted by Leikin et 

al (162),< .&Spitz et al (164) sugsested that a re1atieaship 

exlsts batween the tapaired de1.yod hypersensitivity manifest

ed by the patients with ataxia ta1angiectasia and the fai1ure 

ef their lymphocytes te respend to PRA in vitre. 

2.9.6 LlVBR DISBASB Me11a and Lang (167) noted 

that there ... an inhibition of aitesis .hen 1eukecytes frem 

patients with acute infectt.us hepatitis were cu1tured in vitre 

.. i th PRA. Tobias et al (l68)f.und that periphera1 1 ymphec Y tes 

of patients .ith 1iver disease manifested a normal degree of 

b1ast transfermatlon .. hen incubated in vitre .. lth PRA. Simllar 

resu1ts .. ere reported by Boenlg and Possnereva (169) with l~~ 

en-•. ~ cirrhetlc patients. .lnter. et al (170) and Retl t et al 

(171) .bserved a variable respense .. hen bloed lymphocytes fre. 

patients with idiepathie steatorrhea and cirrhesl ... ere cultured 

in autelegou. plasma .. ith PRA. Failure te transferm into b1ast 

~el1s and to syntheslze DM .... complete in sOlle cases. Washed 

cel1s fro. the patients, hawever, did transform .. el1 in response 

to PRA when incubated in the presence of hemelogous normal plasma, 

suggesting the existence of a PRA inhibiter in the pl .... of the 

patients. 

2.9.7 BURKITT'S TOMOUR Pulvertaft (172) in a study 

&f Burkitt's tumour in patients in Africa neted the similar pro

liferation and morphe1ogy of the tumeur ce1Is and PRA treated 

normal 1yaphecytes in tissue culture in vitre. He suggested 

that the high incidence of this tumeur in tbat region of Africa 

may be re1ated te the local tradition of feeding infants with 

bean pape 
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2.9.8 OOlGBNITALBUBBLLA Ols«Det al (173) 

presented data which shewed that peripheral lyaphecytes ebtain

ed fre. babies with the cengenital rubella 8yndr .. e did net 

underge in vitre transforaati.o to blast type cells in the 

presence of PRA. They sugge.ted the presence ef the virus in 

theeabryenic lyaphoid .yste. a. a peesible explanatien for 

this in vitre depressed re.pense. 

2.9.9 MYASTBBRIA GBAVI2 Beusley and Oppenhei. 

(174) studied the in vitro behavieur ,of leukecytes ebtained fre. 

patients with myasthenia gravis. They added PHA, varieu. antigen. 

and skeletal mus,cle and thymus preparatiens to their cultures 

and measured the respense to these .ti.uli. The lymphocytes ef 

aIl' the patients thyaectemized and nen-thymectemized, had a normal 

blastegenic respense to PRA and no respense was obtained with any 

of the antigens, muscle or thymus. 

2.9.10 IHFBCTIOUS MONONUCLBOSIS Pearmain and Lycette 

(175) incubated leukocytes frem patients with monenucleesis for 

ten heurs witheut addition ef PRA. Numereas mitetic figures 

were observed, whero.s none were apparent in smears prepared 

befere incubation. Rubin (176) also ebserved tbat 1 ymphec y tes 

of infecU.us aonnucleesis patients cultured in vitre witheut 

PRA preliferated rapidly and synthesized RNA .t 10 times the 

rate ef normal, UDstimulated lymphocytes. One heur expesure 

ef these lymphocytes te PRA resulted in marked suppressien of 

4 te 30 S RNA synthesis but only a slight depressi.n ef total 

RNA synthesis, which is in sharp centrast te the stimulatien 

of a11 RNA synthesis in nerllal lymphocytes by PRA. Rubin 

(176) concluded that altheugh it is not clear why PRA treat

ment induced an inhibition ef RNA synthe.is in infectieus 

menenucleesis lymphecytes .here was a basic difference in 

the RNA metabelism betwe~n these cells and normal lymphecytes. 

32 



lnaan and C .. per (48) neted the s!ailar untrastructural 

erganizatien bet.een cultured cells fr .. nermal individuals in 

the presence ef PRA and cultured cella fr .. patients wlth 

infectieus .. nenuclee.i. in the absence ef PRA. 
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2.10 BLAS'I'OGBRIC ARD MI'l'OGBRIC AC'l'IOlI OP PlIA OB 
IRJMAB L1IIPBOC1'DS lB· VITIlO: OTJIBR BUIWI CONDITIOJfS 

2.10.1 POS'l'OPDATIVI STATES aiddle and Berenbaua (177) 

noted that the peroentage of IJilphocytes in the perlpheral bleed 

undergoing transfermatien in response to PRA ln vl tro was much 

decreased pest-operatlvely in flve patlents undergoing a varlet y 

of surgical procedures. They suggested that the depressien ln 

the PRA respo.ase was the result of operative trauaa and -ay have 

been aedlated by substances released fro. damaged tissues er by 

sterolds released by tho adrenalB in response te stress .. 

Ceings (178) reperted 

that lyaphocytes obtained frOll ... omen durlng the third triaester 

ef pregnancy and after delivery exhlbited a normal response te 

PRA ln vitro. On the basis of thls finding, Comlngs suggested 

that ene can Dot attribute the sustaining of the fetus, which 

la, to ail lntenta and purpeses, an intrauterlne graft ef 

fareign tlsBue, to a majer intrinsic defect in the lyaphecyte. 

2.10.3 BBRAL BOIOl'RAHSPLAM' llBCIPIDTS aubin et al 

(179) studied patients wh. had recelved kidney he.ografts and 

were being treated 91th immunesuppressive drugs. When suppressien 

was effective, the lyaphocytes frem th .. e patients manifested a 

peor response te PUA in vitro. In ene of the patients there was 

an increase in the number of b1ast cells in PRA sttmulated cul

tures several days befere the appearance of clinical evidence 

of rejection. aaising the dosage of immunosuppresslve drugs 

decreased the reBponse in vitro and elia1nated signs of rejection. 

The authors suggested that the in vitre response to PRA may be 

of value in detecting the onset of escape fro. immunosuppression. 

How.ver, Joseph (180) found normal reponses to PRA in cultures 

of lymphocytes frem renal hemetransplant patients whether or not 

they were experlencing a rejection episode. AlI patients were 

receiving prednisone and imuran. 
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2.11 ACTIœ OF PRA IN AHIIIALS III VIVO 

2.11.1 TOXICITY OF PRA 

Goddard aad Meadel (3), ia 1929, injected their owa preparatioa 

of phytohemaggluti8ia iato rabbits (8ag per kg body weight) aad .ice 

(60o.g per kg body weight) aad observed that it was aot toxic ia either 

of these aa1aal species. Elves reportèd that PRA was aoa-toxie iD 

C3H .ice whe. do.es as high aB 500 ag!kg were iDjeeted iatraperitoaeally 

(39). No histopathologic studies were carried out in the above' stadies. 

However, Norias aad Marshall (181) fouRd that the iatracardiac iajectioa 

of 100-300 mg PRA (Wellcome) kitled ail of twelve mice, tbree rats 

aad eight guiaea pigs iajected. Lower doses of PRA ia these .. 1aals 

caused a illaess which was marked by allscular weakaess, 80me degree 

of peralysis, slumped and hunched posture and iaactivity. Papac 

(182) iajected 0.5 al of PHA-K iBtraveaou8ly ia C57BL mice and fouad 

it to be lethal for 10 of 24 aaimals. Naspitz et al (183) fouad that 

ORe bottle of PHA-P (80Rg) iajected iatraveaously ta rabbits was 

lethal for 25 - 40 per ceat of the aa1aals. However, wben this 

aaouat of PRA was iajected iatravenously in four divided doses, at 

15 minute intervals, les. th an 10 per ceat of the rabbit. died. 

Scbrek and Stefani (184) noted that the intraderaal injection 

of PRA iato guinea pigs induced an,erythema ta 24 hours whereas rats 

failed to react to the intraderaal injection of PRA. Lycette and 

pearasia (185) injected four guinea pigs latraderaally with 0.05 al 

of PRA and noted a small zone of erythe_a which developed withiR 

three hours and persiBted for up to 18 hours. 

2.11.2 HISTOLOGIC CHANGES FOLLOWING PRA ADMINISTRATION 

Elves et al (186) injected PHA-M iatraperitoneally and BUb

cutaneously into rats at weekly intervals for four weeks at wbicb tiae 

the animais were sacrificed and the spleens examiaed histologically. 



Mo abneraal changes were noted in the tissues examined nor was 

there any alteratian in the white cell cGUnts. GambIe (187) 

studied the affects of intravenously adainistered PRA" an the 

m.use spleen. He observed an increase in spleen weight which 

reached a maxiJllU1l on d", three fell_ing the PRA adainistrat10n •. 

The number of nucleated cel1s in the spleen increased as we1l 

follwing the PRA injection, reached a ux1111Dl en day four and 

decreased rapidly over the next twe days. The nomber ef cel1s 

in aitos1s paralleled the curves obtained for nuc1eated cells. 

The white pU1p of the spleen contained namerous blast ce11s on 

day three and feur but by day five there were many areas of 

degenerating cells. This study, as weIl as that ef BIves et 

al (186), was hewever limited to changes in the spleen only. 

Golub and Weigle (188) injected PRA .. intraveneusly inte 

mice to deteraine whether it can facilitate the induction of 

immunological tolerance to inocuous pretein antigens. They 

observed that PRA had no effect an the inductien of astate 

of t..unological unresponsiveness but it did provoke an intense 

proliferation in spleen cel1s which was maxi.wm at day three. 

Sarkany and Caron (189) and Sarkany (190) injected PRA intra

dermally into guinea pigs followed by an injection of des ac

etytmethylcolchicine. By histological analysis they shewed 

that PRA had a mitagenic effect on epithelial cells of guinea 

pig. skin in vivo which resembled more closely the picture seen 

in an allergic rather than an irritant reaction. 

2;;11.3 EFFBCT OF PRA ON ANTlBODY FORIIATION Sever al stud-

ies h~ve been carried out with respect to the .. le of PRA in the 

illlJllUDe respense. Singhal et al (191) ebserved an enhanced feraat-
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ion .f circulating antibody in the rabbit fell_ing PRA administration. 



Rabbits were iRjected with three a.tigeRs st.ultaReously, BSA 

(bovi.e seru. albuai.), BGG (boviRe g .... globuli.) aad sheep 

erythrocytes, a.d were give. a siagle iRtraveaous iadectio. 

of PRA-M (approxtaately 80 ~) either seveD days or three day. 

before, siaulta.eously with, or three days or sevea day. after, 

the iajectioa of the aRtigeRS. The rabbits respoaded with a. 

eahaaced aad accelerated priDary antibody respoDse to aIl three 

aatigeas whe. PRA wasiajected three days pr10r to or st.ulta.eously 

with the aatigeas. The immune re.poRse iR the other PRA tajected 

rabbitsdid aot deviate fro. that observed ia the aOR-PRA-1.jected 

aataals. Gaable (192) carried out a siailar exper1aeat with .ice 

rather thaa rabbits and with differeRt aatigeRs - BGG (huma. gaaaa 

globulia) aad rat erythrocyte.. Be fOURd that the prior iRjectioa 

of PRA facilitated aa eDhaRced t..uae respoRse to the rat erythrocyte 

but a depressioa iD the respoase to BGG. Elves (193) iajected PRA 

(Burroughs) iRtraper1toaeally iRtO Wister rats OD three succes.ive 

days followed by the iDjectioa of ch'ckea erythrocytes. A .. rked 

suppreS8ioD ia the circulatingtiter of chicken red cell he_agglutiDiD 

was observed in these rats relative to coatrols. 

Usi.g the heaolytic plaque techRique of JerBe (347), Spreafico 

aad Laraer (194) reported that the iatraperitoneal adaiaistratioB of 

PHA-P siaultaaeously with, or prior t~, the iajectioa of sheep 

erythrocytes iato aice iaduced a Karked depressioa of bot~ the 

prtmary aad secondary iaaune responses. OB the other band, PRA 

given after the antigen led to no aodiflcatioa of tbe iaauae response. 

Kaight et al (195) reported tbat the injection of PRA "(Burroughs) 

at the saae time or 24 hours prior to the injection of sheep red 

blood cells iato mice induced a aarked suppression of aatibody 

productioa. However, PRA adDinistered after the antige. eahaaced 

the antibody respoase and th!s effect was DOst coasistently 

obtained whea PRA was iajected two days after the red cells. 



All iDjectieJUJ were adainistered via the iDtraperiteneal reute. 

Blves (196) studied several t..unelegical reactins iD PRA

treated aice and rats. When PBA was injected prier te the 

anUge there was a depressie et antibedy preducUen te chick

en erythrecytes, Sala_eUa and Preteus. PRA iDjected after 

the antigen had little effect en the subsequent antibedy titer. 

B .. ever, Blves ebserved that the reute ef PRA adainistratien 

relative te the adainistratien ef the antigen was critical. 

Only wheD beth were given by the intraperiteneal reuge was 

there any significant iapairaent et the i_une respense suggest

ing that PRA in the periteneal cavity was capable ef ebstruct

ing the syateaic abserpUe ef the antigen. In the same study, 

using mice and rats, Blves (196) feund that the intraperiten.al 

injectien ef PRA iDte the recipient of a skin hemegraft did net 

alter the rejectien time. Be alse neted that the injectien ef 

spleen parental cells iDte the young adult hybrids preduced 

fatal grift-versus-host reactieus, but when the doner's spleen 

cells were first treated with PRA in vitro they were unable te 

induce a graft-versus-hest reactie in the recipient aiee. 

F.ekeri et al (197), Feldman and Mekeri (198) and 

Micklem (199) studied the immunological capabilities of 

intrasplenic clees ebtained by the 1njectien ef lymph node 

eel1s fr .. PRA treated aice inte irradiated recipients mice 8 

Micklem noted extensive hepatie necres1s in more than ha1f et 

the reeipient miee. 

Markley et al (200) injected PRA-P intraperitenea11y 

inte rabbits each ef whieh had an a11egraft p1aced en ene 

ear and an autegraft en the ether ear. PBA-P increased the 

surviva1 tiae ef these skin a11egrafts Ir .. 6.9 days to 

15.2 days. 
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Phytoheaagglutiaia has beea used ia coabiaed t.aunosuppresaive 

therapy 1. dogs withrenal homotraasplants. CalRe et al (201) reported 

that PUA adaiaistered systemlcally iato dogs whlch received reaal 

hoaotr .. splaats deaonstrated sose t..Daosuppresslve activity when 

glveR alOBe ead poteatiated the t..Œaosuppressive actloa of azathlo

prbe (iIlurn) whea these two ageats were givea together. PRA 

produced BO toxlc effect of lts owa oa the marrow. Richter aad MaDdl 

(202) noted that PRAls capable of aeutraliziag the lethal effecta 

of 6-Mercaptopurine (6-MP) adainlstratioR. Fifty to seveaty per ceat 

of the rabblts iajected daily aubcutaaeously with 6-MP (lOag/kg/body 

weight/day) died withl. thefirst tweaty days of the expert.eat 

whereas only oae of elevea rabblts lajected daily wlth PRA (1/4 bottle 

PRA-JO aad 6-MP died. 

2.11.5 PBOrECTICIJ TO IRIlADIATIŒ 

The value of PRA in protection from irradiation ia vivo has 

also beeu iavestigated. Robinson:-- (203) and Stefanl (204) orserved 

a protective effect to irradiation in bath the rat and mouse when PRA 

was adainistered prior to whole body irradiation. Papac (182) did 

Dot observe thi. radlo-protective effect of PRA in mice and rats. 

However, she injected the PHA after irradiating the animaIs. 

2.11. 6 EFFEC'l' Qi TUIrIOOR SURVIVAL 

Robinson (205) inveatigated the effect of PRA admiaistration 

on tuaour cell survival in mice. He iajected ascites tumour cells 

lntraperitoneally into mice which were given PRA, in a slngle injection, 

at various tises prior to and subsequent to the tuaour cell iajection. 

SeveB days later the peritoneal cavity was washed and the volume of 

packed cells obta1ned was determined. The lowest Buaber of tumour cells 

was obtained when PRA was injected 72 hours before tuaour transplaBtation. 

PRA had no protective effect when adain1stered 120 hours before tu.our 

transplantation, suggesting that the action of PRA is a traD.ient one. 

Rubio aRd Uasgaard (206) injected Erlich's ascites cells 1nto PRA

treated CBA mice. Tuaour "takes" occurred in 95 percent of the PRA

treated animaIs aBd in 90 per cent of the control animaIs. They concluded 

that PRA did not affect the rejection of allogenelc tumour cells. 



2.12 ACTION OF PUA lB BtIIAWS IN VIVO 

.' 

2.12.1 RD RBACTIOIfS POLLOIfIJJG Ilft'IW)BIIIfAA .AIIIIlfISTJlATION 

Lycette and Pearaa1n (1$5) sk1n-tested seven vo1uateers w1th an 

iRCraderma~ inject10n of 0.05 .1 of PRA". A z-.ne of indurat10n 

abeut the inject10n site, surrounded by an area of erythema, 

appeared w1 thin 15 minutes. On the ether hand, Sehrek and Ste

fani (184) found that the intraderma1 injection ef 0.001 al of 

PRA in 7 individuals prGduced a de1ayod reaction with maxtmua 

erythema and indurati.. at 24 hours. Caron (207) reperted 

that synthesis of DRA by adu1t human epidermal skin maintained 

1n organ culture was increased in the presence of PRA. Aire 

et al (208) skin tested 38 volunteers and 11 patients w1th chrenic 

lyaphatic leukem.a. (CLL) with PRA (Wellcome). The response in all 

the individuals tested had the character1st1cs of delayed type 

hypersensîtivity. Only 7.3 per cent of the peripheral lymphocytes 

ef CLL patients cultured in vitro with PRA transfor.aed to blast 

ce11s whereas the corresponding figure for the normal controls . 

• 

was 64.5 per cent. 'The finding in the same patient ef a positive 

delayed skin test to PRA and a failure of the lymphocytes to respend 

to PBA in vitro conflicts w1th the results reported by Schrek and 

Stefani (184), who concluded that the in vitro reaction of human 

bload cells to PRA may be interpreted as a delayed hypersensi~vity 

reactton. 

2.12.2 PUA AB A ClIIIIIOTBBR.APBUTIC AGENT IN APLASTIC AHIIIIA 

The parenteral use of PRA ~ humans has initially been limited 

to the treatment of aplastic anemia. HUmble (209) in 1963, was 

the first to use PRA intravenoualy in four cases of aplastic 

anemia. In 1964, Humble (210) treated t'wo more cases and des

cribed the resu1ts of PRA treatment in these six cases. EY'dence 

of stimulation of bone marrew function was seen in all cases and 

t'wo patients recevered with a normal peripheral bloed p1cture • 
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',f:'he _lignant disease preeess present in two eues was net activ*ted 

by the PRA treataent •. The man_ depressin in thes. six patients 

was secondary te mown causes. In 1966" Bwlble (211) reperted that 

eight of sixteen patients with aplastic aneaia/treated with PRA" 

shewed roc.very of heaopoietic fuDction. aetief et al (213)" en the 

other band" reperted no beneficial effects in six patients wib 

aplastic anemia treated with seven daUy intravenous injections of 

PRA. Fleaing (212) repe~ted sillilar negative fiDdings with one 

patient with aplastic Anemia. Aksoy et al (214) injocted PRA 

iDto tbree patients with aplastic aneaia but their results.are 

difficult t. evalŒ8te as they adatnistered andregena and cortice

steroids simultaneously with the PRA. Hayes and Spurr (215) ad

aiDistered PRA to two patients with idiopathie aplastic anemia and 

one with myelofibresis. One patient with ap1a.tic &Demia shewed 

increased marrow erythroid activi ty; the others bad no response. 

Bushor and Von Descbwanden (216) treated one patient with aplastic 

anemia, probably induced by chloraBPhenico1, with an infusion of 

PRA and reported the cure of the patient. Gruenwald et al (217) 

treated tbree patients with varying degrees of bone .arr .. hypo

plasia with PRA but the reeults ebtained did not perait defiDite 

cnclusions. Astaldi et al (218) reportedsea8 iaproveaents in 

a Patient with primary aplastic an.aia treated by the intra-bone 

marrew injection of autologous periphera1 lymphocyte. which had 

been incubated with PUA in vitro for 48 houri. Fleming et al 

(219) treated one patien~ with aplastic anemia by a methed li-

milar to that of Astaldi et al (218) without any positive re-

sulte. Sia1lar negative results using thie same treatment 

were reported by Thiele and Von Wichert (220) with ene patient 

with aplastic anemia. 

Yebra et al (221) treated ene patient with aplastic anemia 

secondary te phenylbutazone with intravenous PRA. The treataent 

was without obvious benefit. Baker and Oliver (223) also treated 
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oae patieat with aplastic aneaia iaduced q, pheaylbutazoae. After 

seveR iRjectioBs of PBA the patieRt returaed to aoraal heaatologic 

cORditioa •• Gurliag.and LeoRard (222) also reported soae improveaeat 

ia oae case of pheaylbutazone-iaduced aplastic .. eaia. 

~ .12.3 PRarEcrIŒ TO TUE EFFEcrS OF IIIIIJNOSUPPRESSANT DRUGS 

Recently, Israel et al (224) reported that the iRtraveaous 

injectioa of PBA iato 27 caRcer patients oa cheaotherapy peraitted 

the adaiai.trationof a greater dose of antt.etabolite drugs without 

the accompaRyingleucopeaia. This fiadiRg supports the results 

obtained by Richter aRd Mandl us1ng rabbitll (202). 

2.12.4 PR<11'EcrIŒ TO IRRADIATICIf 

Stefani aad DoRnely (225) reported, ia a praliaiRary study, 

the po.sià'. ia vivo radioprotective effect of PBA oa bORe .arrow. 

Four patients with bronchogenic carcinoua received localized irradiation 

of whoa two received PHA by iDfu.ion duriag a five day period cOBDenciag 

prior to the irradiatioR. They aoted an increase in the percentage o, 

of lymphocytes in the bORe-marrow ia the PRA treated patients. 
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2.13 ANTIGlHICITY or PRA 

Marshall a.d Norl.s (226) l .. u.lzed two rabblts vlth thelr 

0.. preparatloa of PRA aad a.alyzed the a.tlsera for thelr a.tlbody 

CORteat to the varlous co.stitue.ts of PRA. By t..uAoelectrophore.is 

they detected some precipitatio. betweea the a a.d ~ globuli.s of 

.oraal .eru. aRd the be.. extract wherea. after t..uaizatio. there 

wa. precipitation also between 1-globu~~. &ad the bea. extract, the 

t.auae seru. preclpitati.g vith 5 - 7 coapouents of the be .. extract. 

I..uae rabbit sera iRhibited the blastoge.ic effect of PRA whe. 

added to cultures of huas. peripheral leukocytes. Siailar iRhlbitory 

activity was detected i. seru. froa a patie.t wlth aplastic •• eaia 

who had bee. treated vith PRA. Marshall &ad Norias (226) a1so 

reported that t.aediate heaorrhaglc ski. reactio.s aRd a.aphy1acttc 

shock cou1d be produced i. gul.ea pigs previously t..u.ized with 

the bea. extract eau1sifled i. Freu.d's adjuveat by the subseque.t 

injectioa of PRA. Spitz (27) l.jected rabbits with a. extract of 

red kidaey bea.s which he preparedwith Freuad'. adjuva.t. He found 

eight preclpiti. lines by i .. unoelectrophoresls. Nordaan et al (227) 

detected at least six antige.. i. PRA-P (Difco) by t.au.oelectro

phoresis usiag t..une rabbit seru.. Byrd et al (228,229) i..unized 

rabbits by the i.trave.ou5 adainistratio. of PRA-K (Difco). The 

globuli. fractio •• of the i .. uae rabbit sera were isolated and fou.d 

to have aR inhibitory effect on the aitogenic actioR of PRA ia vitro. 

Inhibition of cell growth as aeasured by the altotic rate was fouRd 

to be directly proportio.al to the aaouat of anti.erua iacubated 

with PRA-K. 

Marshall and Me1 .. R (23~) studied the antibody respo.se to the 

mitogeRic factor i. sheep a.d maD. ODe sheep was tamuulzed with a. 

intravenous iajectloR of PRA aad sera were obtaiaed from four patteats 

treated for ap1astic aaeaia by the lntravenous injection of PRA. 



The presence ef the antibody was d.olUJtrated by Us ·c:apacity 

to iDhibit the blastogenic action ot ~. 

Astaldi et al (231) injected PRA intravenously into three 

patients with aplastic aneaia. Betore treatment, the periphera1 

lymphecytes of all three patients were PRA-respensive. Two to 

three " .. ka atter the injections et PRA" the lymphocytes frOlll 

the saae patients cultured under the same conditions failed 

te react to PRA. The pluma obtained frOll1 the three patients 

at this tue, when added to cultures of normal hemolegous human 

lymphocytes" iDhibi ted their in vitre resp8nse to PBA. The 

authors suggest that the intravenous injection of PRA in man 

causes the formation ~f circulating antibodies capable of neutr

alizing the blastegenic action of PRA. There can therefore be 

no doubt as to the antigenicity of PRA in both man and animal 

and of the capacity of antisera to neutralize the specifie mi

togens in PRA" aside fra the reacUon ef the anUsera with 

other non-bio1ogically active constituents of PRA. 

Richter and Naspitz (232) failed te induce tolerance to 

PliA in rabbUs. Newborn; rabbits' were injected twice "ith 

80 mg of PRA-M at age three and six days witheut a single 

mortality. At age 4 - 5 weeks" the rabbits were sacrificed 

and the lyaph Dode cells from these ~1mals were incubated in 

vitro with PRA. After three days of incubation a normal blast

ogenic response was observed wi th 40 - 70 per cent of the cells 

having transformed to blasts. The auth.rs concluded that either 

the concentration of the blastogenic factor was very 1." in the 

whole PRA solution used and therefore in.ufficient qgantities 

of the active principle were 1njected int. the neonatal rabbits 

or that tolerance could not be induced to the mitogen. 



2.14 OTBIR III VITBO BTUDI. .ITB P.RA 

2.14.1 DBIBli'IOli OF PHA-IIlD1JCBD DLAS'l'OGBHBSIS DY VARIOUS AGINTS 

:œ VITRO 

2.l4.l.1CBLOROQUINE Burvi tz and B1rscll.llern 

(233) observed that chloreqgine is capable of inhibiting the 

respemse of cultured human lymphocytes to PUA. In the 1_ 

doses ueed, thi. effect "a. seen only if the drug "as added 

early in culture. Addition of chloroqaino after four heurs 

or more of culture "as ineffective. 

2.14.1.2 K1COPLASIA HOIIRIS Copperaan and Morton 

(234) shewed that sUffic'tntly concentrated non-viable Myeo

pluma honnis type 1 (PPLO) suspensions iDhibi t the mi tegenic 

action of PRA in lymphocyte cultures. The inhibition could be 

reversed by removing the PPLO as late as 48 haurs after inocu

lation. Mitesis could be initiated vith PRA, stopped by PPLO 

and recommenced 9ithout further addition of PRA by changing the 

mediulll. 

2.14.1.3 BOBMOHBS stefani and Oester (235) 

showed that the blastoid transformation produced by PRA in human 

bloed lymphocytes in vitro was suppressed by prednisolone "hen 

the latter was ad'ed to the culture medium 24 hours 'ofore PRA. 

Similar results were obtained by Blves and Israel (95). This 

effect "as markedly reduced or lost "ben the certicesteroid 

was introduced into the culture after PRA (235). Tormeyet al 

(236) measured the ~ynthesis of RNA and DHA in cultures of peri

pheral human lymphocytes in response to PUA. PrednisolGne - 21 

phosphate, in a cencentration greater tban one gamma exert~d a 

profound inhibition of nucleic acid synthesis "hen it was added 
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to the culture simultaneous with PRA. However this inhibitory 

capacity of the steroid was markedly depressed if added te the 

culture sUbsequent ta PRA. On the otber band, Cowl1ng and Quag

lino (237) reported that the addition of hydrocortisone (2-2Omg/ml) 

to cultures of peripheral lymphocytes simultaneous with the addition 

of PRA did not 1nhibit the PRA induced blast transformation. 



Inhibition occurred only with concentrations of hydrocort1sone 

known te preduce lysis of lymphecytes (100 mg/ml). 

These findings suggest that PBA may be capable of impart

ing to the lymphocytes a resistance to the cytocidal act1v~ty 

of stero1d. 

2.14.1.4 IllMUNOSUPPllBSSAlfl' DRUOS sersh and Oppenhe1m 

(238) studied the iD vitre transformation to PBA ef lymphocytes 

obta1ned from pat1ents with ceular and malignant diseases receiw

ing chemetherapy. Before treatment, the PRA stimalated cultures 

shewed 71 par cent blast cells but dur1ng chemotherapy the nomber 

of cells which transfarmed decreased to 1.5 per cent. This in

hibition of the in v1tro response was attr1buted to intr1nsic 

damage to the lymphocyte and not to antimetabe11tes 1n the plasma. 

Intens1ve in vivo therapy for as short a per10d as three days w1th 

parenteral6i!ittccaptepur1ne and methotrente, w1th or without pred

n1solone, completely abolished the capacity of~he lymphocyte to 

undergo in vitro transformation.Substantial recovery et in v1tro 

blastogenesis occurred within three days atter the terminat1en of 

therapy. Non-toxic therapy with methotrexate or 6-mercaptopurine, 

which did not induce leuk.penia, took 2 - 5 weeka to cause maxtmum 

suppressien of the blastogenic respense in v1tro. Actin •• ycin-D 

added to lymphocyte cultures st1llulated wi th PRA stopped gamma 

globulin production~ after two hours ot incubation with this 

drug (239). Mitomycin-C has also been shawn to be capable of 

inhibiting DRA synthesis in lymphocytes cultured in vitro (240, 

241) • 

2.14.1.5 BPINBPBRIKB Nowell (242) shoved 

that epinephrine inhib1ted blastogenesis wh~n ~dded to cultures 

of human peripheral lymphocytes in the presence ef PRA and main

tained for the entire duration of the culture (3 days). Bpinephrine 

added only during the tinal 24 heurs of culture had no effect on 

the mitotic activity. 
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2.14.2 PRO'l'BCTION 'l'O TUB BPI'BCTS OP DllltJBOSUPPBBSSAliT œms BY 

PRA Schrek and Stefani (243) and Stefani 

and Schrek (244) noted that PRA had a protective effect ag.inst 

the de1eterieus effects .f nitregen must.rd on lymphecytes in 

vitro. The addition ofilag/ml of nitregen mustard to a culture 

tube centaining no:raa1 célls kil1ed the entire population. In 

the JBl-treated suspensions, 40 per cent of the ce11s .ere a1ive 

after treatment .ith~.l of nitregen mustard and 17 per cent 

after incubation .ith 10 ug/al ef nitregen mustard. The ce1ls 

.ere protected as long as PRA was added a t any ti.e fr .. four 

days te one hoar before nitrogen mustard. When PRA was added 

24 heurs after the addition of nitrogen lIustard some protee tien 

was still observed. 

2.14.3 PRO'l'BCTION TO TBB BPPBCTS OP IRRADIATION BY PRA 

Schrek and Stefani (243,245) report

ed tbat only 10 per cent of the ~ells in cultures of human po

ripheral lymphocytes survived six days after 75 r irradiation. 

On the other band, PRA-treated suspensions irradiated with 75 

to 2400 r survived. In the PRA treated lymphocytes, 2400 r had 

the same cytotoxic effect as 75 r on the untreated cel18. Radio

~.tection of lymphocytes was ebserved as long as PRA was added 

at any time from four days before to two days after irradiation. 

Stefani and Oester (235) showed that the radioresistance induced 

by PRA iD hUman b10ed lymphocytes in vitro was suppressed when 

prednisolone was added to the culture 24 hours prier to PRA. 

2.14.4 INDUCTION (Jp Ilft'BRPERON FORMATION BY PRA 

Wheeleck (246) shGWed that PRA induces 

the formation ef an inhibitar of the cytopathologic effects of 

Sindbis virus in human 1eukocyte cultures. The physicochem1cal 

and biological properti~s of th18 virus inh1biter are s1m1lar to 

those of iuterferon induced by Newcastle disease virus. 
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2.14.5 CAPACITY TO FACILITA TE VIRUS REPLICATION 

Edelaa. aad Wheelock (247) reported that the replicatloa of 

ve.icular sto .. titi. virus la huaaa leukocyte culture. caB be eahaaced 

6 to l80-fold by treatlag the culture. with PRA prior to virus iaoculatioa. 

Their data sugge.tthat a substaace i. produced in PHA-treated leukocyte 

culture. which i. capable, OR traa.fer to fresh leukocyte., of induciag 

bla.t ceU fOrlUltion and.eDhu.ciag virus replicatioa. The abll1ty 

of PRA to iaduce repllcatioa of vlru. in hUllaaÙ.eukocyte cultures 

was a1.0 reported by Xabaia. et al (248) with herpes s1aplex viru. 

aRd by Duc-Xgpyen and Beale (249) with .uapsv1rus. 

2.14.6 PRA-IHDUCED ENBANCED svaVIVAL OF LYllPBOCYl'ES Df VITRO 

Several atteapt. to aaiatain norral lyaphocyte. ia a continuops 

cell culture have re.ulted ia failure (250,251). Favier et al (91) 

added PRA to cultured cella oa the llth day of culture aRd obtaiaed 

a typical bl.stogealc re.ponse. Foft and Romero (130) observed 

that the addition of PRA to the aediua aad chaagiag the aediua every 

four day. resulted in a more proloaged survival of the lyaphocyte. 

with an average .survival tiae of Il day.. Xaspitz aad Rich~er (252) 

deaoastrated that hu .. n peripheral lyaphocytes could be adequately 

.. lataiaed ia long tera culture, i. a viable state, by the iacorporatloa 

of • subthreshold coacentratioa of PRA (aoD-blastogeaic dose) into 

the aedium and changiag the mediua every seve. days. These cells, 

after 42 day. of cultu~e, were capable of uBdergoing blastogeaesl. 

and aitosls upon lacubatioa wlth blastogealc doses of PHA. 

2.14.7 PHA-INDUCED CYTOTOKICITY IN VITRO 

LYmphocytes froa sea.ltlzed aniaals are able to adhere to 

aad aggregate about cells 1. culture which carry the speclfic ._tigen 

to whlch the lymphocyte donor had beea prevloualy 8ensitized. 



49 

This aggregatioa causes destructioB of cells withia 24-48 hours 

(253,254). la 1964, Bola et al (255) showed that Boraal lymphocytes 

fro. uase.s1tized aaiaals d .. aged allogeaic cella ia tissue culture 

to which they were aggregated by PRA. I.jury of the target cells 

was not seen ia the abseace of PRA .or when the PBA-treated lyaph-, 
oey tes were separated fro. the target-cella by a aillipore f11ter. 

Siailar resulta were obtaiaed by Bach aad Hirachhora (41) who 

ahowed that lymphocytes added to a l.aaolayer of fibreblasts 

destroyed that .onolayer ia eight day. wbereas, in the preseace of 

PRA, lymphocytes destroyed the fibroblast. ia four days. 

Hola aad Perlaa •• (268)., ia 1965, reporte~ that PRA-treated 

allogeaeic or xeaogene1c lymphocytes, but aot synge.eic lymphocytes, 

were capable of daaaging foetal rat k1daey ce1ls i. culture. Kil1ed 

lymphocytes had no effect. They suggested that this cytotoxic effect 

of noraal lymphocytes i. the presence of PRA reflects a. act1vity 

exerted by imauaologically coapetent cells. 

In a siailar study, .in 1967, Bola and Perlma .. (257) aeasured 

the cytotoxic effect of noraal huma. blood lymphocytes oa Chaag cells 

(huma. foetal liver) ia tissue culture by the release of er5l fro. 

pre-labelled target cells. In control cultures, 25 per cent of the 
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Cr was relea.ed. Whea PRA was added to the system, 50 - 60 per 

cent of the isotope appeared ia the medium. eoataa1natioa with 

erythrocytes or graaulocytes did not interfere with the cytotoxic 

actioa of the lymphocytes. 

Hola et al (160) obtained peripheral blood lymphocytes fro. 

patients with Hodgki.'sdlsease aad chronlc lyaphatic leukemia and 

tested thelr cytotoxicity to Chang cella ia the presence of PRA. 



The cytotoxicity ef the patientes lymphocytes was signific.ntly 

lewer than tbat ef lymphocytes fr .. healthy deners, thus parallel

ing the impa~)d blastegenesis obtained when the pat1ent's lymphe

cytes were incubated in vitre with PRA. 

Using the same system, Hola and Perlaann (258} demoastrat

ed tbat aggregation of the lymphocytes t. the target cells We8 

not necessary in order to obta1n destruction of the target cella. 

BUman lymphocytes pretreated with a filtrate of staphylococcus 

aureus or preincub.ted with.llegeneic lymphocytes manif •• ted 

strong cytotaxic effects. This ... e effect was ebtained when 

lymphocytes fram a tUberculin-positive doner were prestiaulat

ed with PPD in vitro. Additive cytotoxic effects were seen 

when two stimulants were applied at the SAm8 timo. The mechan

ism by which in vitro cell injury and death is effectuated by 

non-specifieally stimulated normal hum&n lymphocytes 1s at 

present unkn0W8. 
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2.15 BLABTOGENIC AND JlITOGENIC STIIIJLANTS Ol'IIER THAR PRA 

Followlag the deserlptloa of the blastogeRle &ad attogeale 

aetlvltles of PRA la 1960, several lave.tigatora observed that other 

substaaces have the s .. e properties whea cultured ia vitro with 

white blood cells. The .achaRia. of aetio. of these other mitoge.lc 

ageats will be dlscussed below. 

2.15.1 smUJI FACl'ŒS Sabesia (259) cultured s .. ll 

lymphocytes from rabbits and gulaea pigs ia vitro without PRA .ad 

obaerved blast tr .. sforaatioR ia 40-70 perceat of the perlpheral 

lyaphocytea ca the flfth day of cultures i. the preseace of either 

fetal calf or autologous serUll. OB the other haad, ilohaso. aad 

Russell (260) fouad that fetal calf serUll, but not autologoua serUll, 

i. the culture medium was blastogeaic to lymphocytes iacubated without 

PRA. Siailar fi.dings were reported by Woodliff a.d ODesti (261). 

However, CaroR (262) observed RO spoataaeous blastoid traRsformation 

when t he cells were cul tured for 1 - 7 days il1 the pre8ence of 

autologous or fetal calf serUll. Pulvertaft aad PPlvertaft (263) 

reported s1allar results but they aoted spoataaeous blastoge.esls 

il1 cultures of lymphocytes obtaiRed fro. the UBbilical cord-vela. 

They suggested that this latter tra.sformatioa is probably due to 

the mixture of aaternal aad iafaat lymphocytes. Gill (264) fouad 

some degree of spoRtaDeoua transforaatioa in cultures of lymphocytes 

obtained from penicilli.-sensitive patients during episodes of 

allergic drug reatioJlII. 

2.15.2 ANTIGENS AND ALLERGENS 

2.15.2.1 HUMAN CELLa Specific antigens have the property of 

stimulating peripheral blood lymphocytes obtaiaed from the spec1fically

iMaunized iadividual to ul1dergo blastogenelli. and aitosis. 



In centradiatinction te PUA .hich induces the en largement ef 10 

per cent or .ore of the s .. l1 l,aphecytes in tbree days ef cul

ture, specific antigelUJ stillalate the enlargement ef 5 te 40 

per cent of the cel18 after 5 - 10 days ef incuba tien. The si

gnificance of th1s transformation, .hich provides an in vitro 

lIethod for the diagnosis of hypersensitivity, .ill be discussed 

later., tegether .ith a discussion en the aechaJlis. ef action ef 

PRA and other mitogens. 

In 1926, T1l1ofejewskyand Benewolenskaja (285) suggested 

that it might be possible to differentiate leukocytes derived 

from ' __ e=:ud nn-immune dners by a stady of the reaction 

of the cells te II1crobes and texins in an in vitro system. In 

1927, they reperted that hUllan lymphocytes and mon4DCytes trans

formed into pelyblasts and epithelioid cells in the presence 

of tubercle bacilli (266). Pearmain et al (267), Scbrek (268), 

B1rschhorn et al (97), Marshall and Roberts (120) and Cowling 

et al (269), showed that the addition of tuberculin purified 

protein derivative (PPD) to cultures of lymphocytes frem in

dividuals sensitive to tuberculin induced the appearance of 

blast cella and mitosis. The in vitre mitogenic action ef 

PPD on lymphocytes ef tuberculin-positive individuals .as fur

ther confiraed by Coulson and Chalmers (270), Hartog et al 

(271), Gump et al (272), Rauch (273), McFarland and Heilman 

(274), Caron (275), Heilman and McFarland (276,277), by 

Vischer (278) and by Mayron and Baram (279). Aspergren and 

Rorsman (280), in 1964, observed that tuberculin in culture 

medium stimulated aitosis in leukecytes of 14 of 20 tuberculin= 

positive patients and of 4 of 10 tuberculin-negative persons. 

Dowever, they pointed out that the number of mitoses in lymph

ocytes of tuberculin-negative patients tended te be lever than 

in those froll the tUberculin-positive individuals. Heilman 

and McFarland (277) and Ricei et al (281) showed that cultures 

of peripheral lymphocytes obtained from patients with active 
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tuberculosis were not transfe~ after addition 9f PPD, tbDs 

confirming the earlier findingB of Pearmain et al (267). 

Heilman and McParland (277) found that the inhibitory activity 

was the property of the tuberculesis serum er plasma. 

Lycette and Pearmain (185), in 1963, cultured l,.phecytes 

fremindividuals immunized with polioayelitis antigen. The 

addition of 0.2 ml ef Sabin vaccine to the cultures produced 

blast transformation and mitasis in a11 cases. Blves et al 

(66,282) in 1963, observed that tetanus tox.id, t~oid-paratJ.1 

phoid vaccine (TAB~ Hemophl1us pertussls vaccine, d!p~~ia 

toxoid, pe1iovirus vaccine and smal1-pox vaccine were able te 

induce blastogenesis when added to cultures of 1ymphecytes ebt

ained from patients sensitized to these antlgens. That SRme 

y'Ci·ar, Hirschhorn et al (239) reported similar results using 

diphtheria toxoid, pertussis .aecine and penici11in as Antigens. 

In 1964, Ling and Husband (63) added a number of antigens (TAS, 

Tetaxus toxoid, PPD, and endotoxin) to cultures of 1ymphecytes 

fram sensitized patients. No blastogenesis was ebserved with 

TAB or with the endotoxins. 

In 1965, Cow1ing and Quagline (237) determined the optimal 

dilutions for various antigens (eHd tUberculin, dlphtherla tox.id, 

TAB vaccine and tetanus toxoid) to induce blastogenesis in cUl

tures of human peripheral lymphocytes after seven days of incu

bation. Mixtures of antigens showed no sommation of effect and 

the transforming activlty of PRA was Dot inhibited by any of 

the antigens tested. 

Lycette and Pearmain (185), in 1963, ~ultured lymphocytes 

obtained frem five patients with severe grass hay feve? 
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A pelyvalent extract ef grass pelleos, wb1ch gave strangly pesitive 

skin tests, was added to the cultures. Blast cells and aiteees 

were ebserved after 4 - 6 days ef incubatien altheugh much fewer in 

nuaber when campared te cultures ef PRA sti.ulated cells. In 1965, 

Wiener and Brasch (283) reperted that the additien ef grass-pellen 

extracts te lyaphecytes fre. sensitized individual. resulted in a 

signifieant increase in the number ef miteses. This .itegenie 

effeet was inhibited when leukecytes ef delensltized patients were 

uled. Zeltz et al (284), in 1966, ebserved blast transferaatien 
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in cultures ef peripheral lyaphecytes ebtained fre. ti.ethy-seneitive 

individuals when ti.ethy pellen was added te the lyaphecyte cultures. 

The maximum respense was ebtained at 10 days ef incubatien. The respense 

was net changed with hypesensitizatien treatment, thus net supperting 

the findings ef Wiener and Drasch (283). Girard et al (285) w.re 

aIse able te ebtain blastegenesis using ragweed, alternaria and 

penicillin as antigens. The peak respen •• ef blast cells was ebtained 

et 5 - 7 days of incubatien. On the ether hand, Ricci et al (286) 

were unable t. induce blastogenesis in lymphecyte culture. frem 

patients sensitive te Graminacea pellens wben this antigen was added 

te the cultures. Simila~ly, Mayren and Baram (279) ebserved enly a 

slight increase in the rate ef nucleic acid synthesis when ragweed 

pellen extract was incubated with lymphecytes.ef individusls with 

ragweed allergy. 

Allergic reactiens te drugs are cemaen but they present a 

difficult di.gn05tic preblem fer there are few satisfactory in vitre 

tests te detect specific sensitivity. The fact that a large number ef 

antigens pessess the capacity te stimulate specifie blastegenesis in 

vitre prempted several investigaters te use th!s technique as an in 

vitre diagnestic te el fer drug hypersens1tivity. B1rscbhern et .• 1 

(239), in 1963, reperted that lymphecytes fr .. patients with allerg1c 

sensit1vity te penicillin, when cultured with th1s antibietic shewed 

blastegenesis and mitesis. Relland and Yauer (287), in 1964, reperted 



drug-i.duced i. vitro .tt.ulatio. of peripheral lyaphocyte. 

in a patient with a .e •• itivity reactio. to diphe~ylhydaatoin. 

Stailar fiadiag. were reported by Caron aad Sarkaay (288) i. 

a patient with .ulphon .. ide .ea.itivity. Vi.her (278) .tudied 

ly.phODJte. of patieats .e •• itiveto peaicillin, pheaylbutazoae, 

i.o.iazid aad p-am1.osalicylic acid. U.iag the techaique of 

i.cmrporatioa of labelled nucleic ·acid precur.or., he WaB able 

to demoastrate stimulation 6f the lyaphocyte. of oaly 2 of 13 

penicillin-sea.itive patients. With the other drugs aIl 

cultures were aegative. The lyaphocyte. of aIl patieat. re.poaded 

weIl to PRA. Girard et al (285) added penicilloyl-polyly.ine 

to cultures of lyaphocytes fro. penicilli. allergie patieats 

and fouad that the aunber of blast cells was greater tha. ia 

control cultures. Kipps sad Fellner (289) studied 17 subjects 

each of who. gave ahistory of allergie reactioRs to penicillin. 

The lyaphocytes of only eleven of these iadividuals manifested 

atiLastogeaic in vitro re.ponse to penicillin. TheBe patients 

reacted to the intra-deraal injection of penicilli. or penicilloyl

polylysine. Siailar results were reported by RippB et al (290) 

i. one patient sensitive to tetracycliae. Gill (264) 81so 

obtaiaed blast tra •• foraatioa us1.g peRicilli. as a. antige •• 

However, he reported that the spontaneous l~hocyte transforaation 

in vitro, i. the absence of a.y sttaula.t, was greater than with 

lyaphocytes of non-allergie controls. Halpern et al (291), using 

sever al. drugs including pe.icillin as stt.ulants on leukocyte 

cultures fro. allergie patients, reported blast transforaatio. after 

four days of incubation with the lymphocytes of aIl the 45 patients tested. 



U .. ever, Woed1iff and Onesti (261) ceu1d not repreduce these 

flDdings in ene patient sensitive te penici11in and Sarkany 

(292) tested 22 different drugs en culture. of 1yaphocytes 

fram 40 patients sensitive te these drugs and was able te 

obtaiD blastogenesis in only seven cultures. Evans (293), in 

1967, using penici1lyl-poly1ysine and potassium benzi1 peni

cillin G as antigens, feud no difference in repense between 

the lymphocytes of centre1 and antibiotic treated patients. 

Hashem and Barr (294) obtaiDed b1astogenesis in cultures 

of lymphocytes fre. 7 of 9 patients with degenerative nervous 

disease by incubating the lymphocytes with rab1es vaccine 

(rabb1t brain) or with a ce11-free brain extract prepared from 

human embryos. This mi togenic activi ty l'as induced in cell., 

obtalned from only one of six normal controls. Few1er et al 

(295) incubated cultures of perlpheral bleod lymphocytes, 

obtained fr0m patients w1th multiple sclerosis, w1th cerebrespi

nal fluid, the latter serving as the source of antigen (s). 

They found a significant increase in the percentage of lymph

ocyte transformation in thelr patients in comparison to normal 

controls. Rashem et al (296) studied lymphocytes from children 

with eczema using extracts of autelogous and homologous skiD 

as antigens. The number of blast cells obtained l'as greater 

in lymphocyte cultures of the patients as compared to controls. 

Whey Buggested that this finding supports the cencept of auto

sensitization to skin in this disease. Fjelde and Kopeck. 

(297), in similar studies, showed that autelogous skiD extrac*s 

induce • slight but definite blastogenic response on leukocytes 

fram atopic patients. Pass et al (71) using a much more objec

tive method te detect b1ast transformation and mitosis i.e the 

uptake of trltiated thymidine, were uable to reproduce the 

results reported by both Rash .. et al (296) and Fjelde and 

Eopecka (297). 
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Patrucco et al (298) cultured lyapbocytes fra. patieats 

witb systeaic lupus erytbe.atosus (SLE) witb DRA. Blast tra.s

for.atioa was obtai.ed witb tbe lyapbocytes of 11 of 12 patieats 

with SLE. No relatioa could be da.8Bstrated betweea tbe degree 

of i. vitro respo.se to DRA aad the titer of circulatiag aati

.uclear antibody. 

Birscbhor. et al (158) reported that lympbocytes froa 

patieats wltb sarcoidosls uadergo tra.sforaation to blast cells 

ia vitro wbe. cultured for eigbt days i. tbe preseace of Evei. 

aatigen. Oowli.g et al (299) failed to observe st1mulatioa of 

lymphocytes froa patteats witb sarcoidosis cultured for five days 

i. tbe presence of Eveia antigea. 

2.15.2.2 ANIMAL CELLS 

Aspe~.n aad Rors ... (126) sensitized guiaea pigs to 

tuberculia and observed no blast traRsfor.atio. whe. tbis .. tige. 

was added to cultu~es of peripberal blood lymphocytes obtat.ed 

from the se.sitized aRimals. Tuberculi. dld .ot i.hibit tbe 

stiaulatiag effect of PRA on tbe lympbocytes. Oa the other baad, 

la sia1lar studies, Zwei ... et al (301,302) obtaiaed opposite 

resuits, i.e., blastogeResis and mitosi. after additio. of PPD to 

the culture.. Mills (303) 1aauRized gui.ea pigs witb tuberculin, 

egg albumi. aad boviRe ga ... globulia. Oaly Lymphocytes obtai.ed 

from a .... ls wbicb presented a delayed reactioa to tbese antige.s 

uRderweat tra.sformation in vitro wbea cultured iR tbe prese.ce 

of the specific aatigeRs. Negative results were obtai.ed iR cultures 

of lympbocytes fro. gui.ea pigs witb circulatiag aRtibodies. Sia11ar 

results were obtai.ed by Oppeabei. et al (304) usiRg PPD a.d guiRea 

pig albuain conjugated to ortba.ilic-acid as a.tigeRs. 

Opposite result. to tbose of Mill. (303) aad Oppe.bei. et al (304) 

were reported by Visber et al (305) aad by Visber a.d Stast.y (306). 



They t..uDized rabbits with Keyhole ~tapet· heaocyaaiD aad fouad 

that culture. of peripheral lyaphocyte. from the.e .. iael., aIl 

of whom had demoa.trable ~irculatiag eatibody, proliferated aad 

iacorporated tritiated thyaidiRe ia the preseace of the aatigea. 

Similar results were reported by Duttoa aad Eady (307) aRd by 

DuttOR sad Bul ... (308). 

2.15.3 ANTI-LEUXOCITE SElU1JI Grasbeck et al (309,310) 

iamuaized rabbit. by the iatraveaous iajectioa of a coaceatrate 
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of huaaa peripheral leukocytes. AIl the rabbit. produced aatisera 

which were mitogeaic ia cell culture. of huaaD peripheral 

leukocytes. The aatisera had a lytic effect OD the cella which 

was related to the preseace of compleaeat. Absorptioa of the 

aRtiserum with leukooytes removed the aitogeD. Holt et al (311) 

also reported that rabbit aRti-humaa leukocyte aatisera had a 

blastoge.ic effect on huaaa lymphocytes ia vitro and that this 

activity was ladepeadeat of the .ource of the cultured humaa 

leukocyte •• 

KDight aad Ling (312) reported that two our of aiae rab~its 

iaauaized with hoaologou8 leukocyte. produced auti.era which 

caused b1ast foraatio. aad stiaulated DNA .yathesia i. 1eukocyte. 

of the donor rabbit ia vitro. Heterologous aatisera obtaiaed by 

injecti.g rabbit leukocytes iato rats aad guiDea piS. were cyto

toxic to rabbit 1eukocytes ia vitro. These aatisera caused leuko

~ggluti.atio. but did not stiaulate DNA syathesi. aad bIa8t form

ation. 

2.15.4 ANTI-PROTEIN SERUM Sell aad Gell (313) reported 

that rabbit lymphocytes may be stiaulated iR vitro with specifie 

rabbit aatial10type sera to traa8fora iato bla8t cel18 and to 

synthesize DNA. This tran8for.ation on1y occurred when the donor cel1s 

were obtaiaed from a give. g .... globu1ia a110type (A.4) aad cultured 

ia the preseace of an aatiserua prepared agaiD8t the givea al10type (As4). 



Beterelogous (sheep, geat and guinea pig) anti-rabbit 1-gleh~lin 

sera aIse induced significant blast tranefermatien and DRA syn

thesis in rabbit lYllphecytes. In a sUbsequent repert, Gell and 

Sell (314) stated that this effect could be ebtained with speci~ic 

antisera directed against all six ef the weIl characterized al10-

typic deterainants of rabbit IgG (As1,2,3,4,5 and 6) and with 

sheep anti-rabbit whele serum (68). Sell and Gell (315) sh .. ed 

that lymphocytes frOID the periphera1 bleod of newbern rabbits 

heterozygous fer IgG aUetypes As4 and AaS, or Aa5 and As6, eb

tained at an age when only the maternaI a1letypic determinants 

are detectable in the serum, ceu1d be sttmulated to transform 

inte blast cel18 when incubated with antia1lotype sera directed 

againet the deterainants centroUed b~i;bot:lt the .. terna1 and 

paterna1 chromosomes. The in vitre b1astegenic response ef 

rabbit lymphocytes incubated with sheep antisera te rabblt IgG 

subunits, with sheep antisera te rabblt 19A and IOM and with 

the F(ab)2 and F(ab) fragments ef sheep antibedy to rabblt IgG 

was demonstrated by Se11 (316-318). 

Oppenheim et al (319) lmmunized monkeys with purifled 

preparations ef human immunog1ubul1ns: IgG, IgA, 19l1 and Bene e 

Jones proteine Bach ef the antisera incubated with washed human 

periphera1 lymphocytes stimu1ated »NA synthesis. The significance 

ef thes~ findings will be discussed later. 

2.15.5 ALLOGBNEIC CBLLa Schrek and Dennelly (320~ in 

1961, ebserved a number of large cells with large nuclei and 

nuc1eoli in a culture consisting of a mixture ef bloeds frem 

wo patients wi th hemechromatesis. Bewever, they did net elabora

te on this observation. Bain, Vas and Levenstein (321), in 1964, 

reported that when leukocytes frem two normal, unrelated subjects 

were mixed together and cultured, seme ef them transformed inte 

large basophilie cella that could synthesize DRA and undergo 

ç1tesis. The blast cell ebtained in the mixed leukecyte reacUen 



was aerpheleg1cally s1a1lar te that ebta1ned fellewing 1ncubat1en 

w1th PRA altheugh 1t was a lees intense reactien and invelved 

changes 18 a smaUer preperUen ef the lyaphecytes. Brythr ec y tes , 

plasas er plate lets had ne effect in the mixed leukecyte reactien. 

These authers were the f1rst te .aegest a relatienship ef the 

Yaixed leukecyte reacUen" te h .. ograft illlllUlni ty. llashea and Carr 

(323) alse neted that the .ixing ef 1 ymphec y tes fre. twe unrelated 

individuals induced the appearance ef b1ast cells and aiteses in 

vitre with the except1en ef ene pb1r ef identical twine. 

The rele of the varieus ce1l censt1tuents in the aixed 

leukecyte reactien has been 1Dvestigated by Jenes (322) whe 

ebserved that the presence of large nambers of pe1yaerphenuc1ear 

leukecytes resulted in h1gher levels ef blasteid transfermatien 

than when pelymerphe were absent. 

Kasakura and Lewenstein (325) and Gorden and Kac1e~ (326) 

l'eported that the cell-freeae.diua ebtained fr_ single er mixed 

leukecyte cultures was able te induce blastegenesis when added te 

he.elegeus leukecytes. Kasakura and LeYenstein (327) studied 

the physical and chemical preperties ef this blastegenic material 

and suggested that it _ay centain transplantatien antigene. It 

has also been d .. enstrated that blnstegenesis can be ebtained 

when extracts ef cel1s fre. ene individual are mixed with intact 

cells frem anether individual (328). Hashem (329) neted that 

ribesomal RNA extracted frem peripheral lympbocytes which had 

been incubated i~ vitre with the specific antigens te which 
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the den.r had been sensitized was a18. capable .f pr ... ting 

transf.rmati.n and ait.sis when added t. cultures of,aut.l.geas 

lymphocytes. In th1s case, De RNA appeared t. be acting as 

the antigen t. stiau1ate aut.1.geas cella t. underg. blast.genesis. 

Kashem and ReseD (330) fracti.nated cell extract8 and added the 

fractions to cultures of h .. ologeas lymphocytes. Th.y f.und that 

blast.genesis .as induced by the wh.le-cell extract, cell-.all 

nuclear fraction and the rib .... al fracti.n but n.t ~ the aito

chondrial fracti.n. 

Bain and ~enstein (324) carried .ut genetic studies 

with the mixed leukecyte reactien. By mixing leukocytes in 

culture frOID 15 sibling -pairs, they n.ted that the 1eukocytes 

.f mest individuals reacted less strengly with th .. e .f their 

sibl1ngs than with these ef unrelated sUbjects. Bach and K1r

schhern (328) observed a •• rrelation between the degree ef 

the blastogenic response in a culture .f lymphocytes fr.m 

two unrelated individuals and the degree of cress-r.activity 

of grafts fram the two individua1s placed on a third unrelated 

recipient. Oppenheim et al (131) and M.ynihan et al (332) 

examined mixed 1eukocyte cultures .f sk1n graft rec1pients 

and a normal d.ner before, during and after skin transplant

ati.n and .bserved an 1ncrease in lymphocyte pro1iferati.n 

and blastegenesis at the t1me .f graft reject1.n. Si1vers 

et al (333) reported that mixed leukocyte cultures ef rats 

sh.wed blast.genes1s only when the donors of the leukecytes 

d1ffered at the important Ag-B histocompatibility locus. 
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This difference was associated with the prempt rejectien of 

skin hemegrafts. 

In arder to determine whether both doner cells in the 

mixed leukocyte reaction are respending equally, atteapts 

have been made te inactivate the cells of one of the donor pairs. 

The treatment of the cells of one individual with aitomycin C 

(240) on with x-irradiation (334) has been shown to result in the 

less of their capacity to underge blastegenesis in mixed leukocyte 

reactioDB; hewever, these cells are able to stimulate hemelogous 

untreated cel18 to undergo blastegenesis. The lymphocyte trans

formation obtained by mix1ng lymphocytes from two unrelated ta

div1duals has been studied by several ether investigaters (335-

340) and its application as an in vitro histocompatibility test 

i8 currently under investigation in a number of laboratories. 

2.15.6 ENZlMES Kazzei et al (341) 

showed that trypsin, chymotrypsin and papa in have mitogenic action 

on peripheral lymphocytes fram normal persons in vitro. 

2.15.7 STREPTOLYSIN - S B1rschhorn et al 

(342) showed that a nonantigenic preduct of the B-hemolytic strep

tococcus, streptelysin S (SLS), has the ability of inducing blas

togenesis when incubated with normal human peripheral lymphoc~es. 

This effect of SLS waS not observed when lymphocytes were obtained 

fram patients with untreated rheumatic fever or fram an occasional 

patient with streptococcal infection. 

2.15.8 STAPBYLOCOCCAL FILTRAT! Ling and Busband 

6a 

(63) found that a staphyloccocal filtrate (SF) induced transform

ation in mest of the peripheral lymphocytes fr.m normal human donors. 

The effect was very sim11ar te that of PRA. The SF was prepared by 

grcwing Staphyleccocus aureus in medium 199 without antibietic for 

four days and removing the organisme by filtration. 



The stimulating material was theraolabile and non-dialysable. 

2.l5.9IlICROWAVB IRRADIATION Stedelnik-

Bar.nsk. (343) reperted that microwave irradiatien ceuld induce 

blastegenesis and mitosis in cultures ef human peripheral lymphe

cytes. After incubatien for five days, the percent age of trans

formed lymphecytes was fivetimes as high as that in contrel 

cultures. 

2.15.10 POKBWEBD Farnes et al 

(344), in 1964, reperted that extracts ef the plant Phytelacca 

americana, pokeweed, induced transforaation of human lymphecytes 

in vitro. Berjessen et al (345) described the biolegical preper

ties ef p~keweed (hemagglutinating, leukeagglutinating and mito

genic properties) and the physicochemical characteristics of the 

constituents in the pokeweed preparation. Chessin et al (346) 

shewed that, in pokeweed stimulated lymphocytes in vItro, RNA 

synthesi. preceded the enset of DRA synthesis by 24 hours and 

that DNA synthesis was maximal at 72 hours ef incubation. 
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2.16 IŒCHAHISM OF AC'l'ICIi œ PRA AND 0'l'BBIl IIITOGENS Di VITRO 

Tbe mecbaRis_ wbereby PRA iaduces blastogeResis aad atto

sil oa normal lyapbocytes i. tissue culture is still bigbly co.

troversial in spite of the large nuaber of studies which have 

been carried out over the past few years. Some bave alluded to 

a. immunologie basis for PUA action aad otbers suggest a aon

t.aŒnological _ecbanis_. 

Tbe evidence i. favor of .n imaunologic basis for PRA 
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action is as follows. The morphology of the blast cella obtained 

after PRA stiaulatio. is very sia1lar, both by light and electroa 

microlcopy, to that of blast cella iaduced as a co.sequence of 

incubatio. vitb specifie BatigeRs (see cbapter 2.4). Furtberaore, 

blast cells induced by PBA are capable of syntbesizing g ... a

.lobuli. (65) siDilar to cells stimulated by antigeR ia vitro (66). 

The protection to x-irr~diation afforded by PRA ia vi~ro _ay appear 

to be a unique property n~t possessed by antigens in geaeral. 

However, it bas recently b~ea aoted tbat old tuberculin is also 

capable of iaparting radioprotection when iacubated with lymphocytes 

obtained from PPD-positive patients but no't when incubated with 

cells of PPD-negative patients (348). The autbors observed a 

relation between old tuberculin coacentration, blastoid traas

formation and radioprotection and postulated tbat the radioprotective 

effect of old tuberculia had an immunologie basis. 

The fact that it ia essentially the small lymphocyte wbich 

is transforaed by PRA ia vitro and that it has been shown coacausively 

that the .maillyaphocyte possesses aIl the attributes required for 

t.aunologic competence (349) cannot go unnoticed. Thi. cell is 

capable of undergoing blast tranBforaation under a variety of aati

genic stimuli, both in vivo and i. vitro. la vivo, blast traasform

ation has been observed in co.tact hypersensitivity reactions (350,351), 



graft-versus-host reactioas (349) aad skia ho.agraft rejectio. 

reactions (352). The .orphology of the blast cel1 arisiag in 

each of these t..uae reactio.s has beeR fOURd to close1y resemble 

that of the PHA-iaduced bla.t cell ta vitro (349, 364). rurther

.ore, in several hu ... di.ea.ed state., a good correlation betweea 

iapaired del81ed hypersen.itivity ia vivo and depre.sed in vitro 

tr .. sforaation of lyaphocytes with P~Wl. found (144, 164), .uggest

iRg that PRA ie indeed measuriDg the t..uuocompeteace of the lyaph

ocytes. Blaetogenesis has also beea observed whea lyaphocytes 

are incubated with .pecific aatigeas in vlLtro (see chapter 2.15). 

Bla.toge.esis has also beea observed whe. lyaphocytee are cultured 

iR the pre.eRce of anti-lyaphocyte aDd anti-t.auDoglobuliR antisera 

or when they are mixed i. cell culture with lyaphocytes of aD UD

related, but Rot from a genetica1ly-identical, iadividual. (see 

chapter 2.15). The presence of b1ast ce1ls in aIl of these reactio •• 

atroDgly 8uggest8 that this ce11 plays aB important role in 

immunological proces.es. 

The evidence for the non-i..unologic actioD of PRA is as 

follows. In PRA stimulated cultures the percentage of tra.sforaed 

cells is 70-90 per cent after three day. of incubation whereas, i. 

antigen atiaulated cultures, only 5-30 per cent of the cells are 

transforaed after 7-10 day. of culture (41). No traa_foraation 

has been observed after on1y three days of culture with specific 

antigea. Furthermore, the in vitro transformation with PRA does 
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not require the presence of macr9phages (39,353),whereas macrophages 

are necessary for the aatigen-induced blastogenic response (322,353,354). 

Recently, however, it ha_ been showa that blàstogenesis was observed 

when PPD was incubated with a highly pprified suspension of small 

lymphocytes obtained fro. PPD-positive patients (270). MOreover, it 

has also been demonstrated that PRA can st1mulate lyaphocytes, 

previously immunized to various prote1n antigens, to secrete greater 

amounts of the specific antibody than can the specifie aatigen_ in 

vitro (75 355) , . 



The aoa-t..uaolog1cal .ach .. 1.. of PRA tr .. sforaatioa i. 

further 8Upported by thefladiRgs that PRA caa stiaulate epithelial 

cella ia the sk1R (207), free-liviag a.oeba (356) aed aOR-lyaphoid 

cell:· li.es (357). 

There i. a. yet 1Rsuft1c1eat data to .ugge.t the .achaa1 •• 

of act10R of other poteat blaatogeaic stt.ulaRts such a. pokeweed, 

streptolysia-S aad .taphylococcal filtrate although it would appear 

to be DOR-t.auaologic ie aature. 
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If the specifie bla.t traBsfomtioa of sensitizedlyaphocytes 

after exposure to specific aatigeR., by its high degree of .pecificity, 

1s t.auaolog1cal 1e Dature, a .umaat10B of effects should be obta1aed 

when lyaphocytes fra. aa 1edividual senaitized to aore th .. ORe aatigeR 

are iecuba.ted ia the preseBce of theae antigeRs. Bowever, su.aatioa 

of action was DOt observed by OowliRg and Quagli.o (237) aRd by 

Girard et al (285). Liag aad Bu.band (63) suggested that they 

obtaiaed aD appare.t .uaaatioR of effects with two different aatigeRs, 

but they did ROt preseat aDY data. 

AR alterDative hypothesis a. to the aechanisa of PRA actio. 

was proposed by Birschhorn et al (239). They suggested that PRA 

exerted its .actioa by attachiag to soae t..uDologically aORspecific 

surface structrue OB lymphocytes. This idea was fostered by the 

observatioB that PRA causes aggluti.atioD of lyaphocytes sad that 

if thi. property of PRA i. aeutralized by absorptioa of PRA with 

lymphocytes, the blastoge.ic activ1ty 1s lost a8 weIl. A .ta11ar 

v1ew was expres.ed by Grasbeck et al (309,310), who de.oastrated 

that rabbit aDti-humaD leukocyte aeti.erum ia vitro agglutiaated 

and tra •• foraed a high percent age of the cultured lymphocytes. The 

probability that PRA attaches to the cell surface was .uggested by 

Vassar aad Culling (358) who showed that the electrophoretic aob11ity 

of lyaphoid cells was chaRged after treataeat with PRA. The stud1es 



o. the cell localizatioa of PRA (see chapter 2.6), although aot 

conclusive, suggest that PUA is preseat withia the cell, aad iB 

aot absorbed onto the surface of the celle 

The above hypothesis ie uRlikely eiace leukoagglutiaatioR 

does Rot occur when in vitro blaetogenesie ie iRduced by a.tige.s, 

staphylococcal flltrate, allogeaeic lyaphocytes aad specifie anti

allotype Bera. Furtheraore, Borjessoa et al (359) showed tbat 

human peripheral lyaphocytes coated with Vi polysaccharide completely 

Buppressed the agglutination of theee cells wheR PUA was added to 

the culture. Nevertheless, the noraal coapleaent of blast cells 

was observed at the end of t~e culture. 

Aaother theory was proposed by Allison and Mallucci (360). 

They observed that the blaet cell obtaiaed in PRA Btimulated cultures 

had an iacreased lysosoae conteat and suggested that PRA could 

unstabilize lysososal membranes. This Change ia peraeability could 

induce release of enzymes sad initiate.cell division. Hirschhorn 

and Hirschhorft (361) pointed out that two substances which aiaic the 

blastogenic action of PRA (streptolysin Sand staphylococcal filtrate) 

also produced release of enzyaes from lysoBomee. MOreover, they 

showed that chloroquine and predaisolone, substances which stabilize 

the lysosomal membrane, inhibited the blastogenic sad aitotic action 

of PRA. They suggested that saall l~phocytes uader noraal conditions 

are "repressed" and that when PUA ia added to the lymphocyte culture 

a "derepreBBioll" ocours, associated wlth controlled release of 

lysosomal enzyaes which break dawa the exiating RNA. This laterpret

ation ia in agreeaent with the findings of Cooper and Bubin (52) who 

deaonstrated that, within 30 ainutes of the addltioB of PRA to the 

cell culture, there wae a rapid breakdown of exietlng cellular RNA, 

followed by syntheala of increased aaount of new cellular RNA. Thie 

newly 9yathesized RNA could regulate the transitlon of the lymphocyte 

from the resting state to active growth. The new RNA was ahowa by 
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Cooper aad Rubin (57) to be aoariboso.al. Bowever, they ob.erved 

tbat whea ly.phocytes enlarged a.d divided ia respo •• e to a specific 

aatigea, riboso.al RNA was the prlaciple product of RNA sy.thesis 

add therefore, the aoaribosoaal RNAseea after PRA stiaulatioa 

would not appear to be obligatory for growiag l~bocytes. 

Bec~aa (32) .howed that PRA precipitatee with certaia 

protein. of cell homogeRates aad the plas .. aediua ia tissue culture 

and suggested that the. precipitatioa of a serua protein which acta 

as aa iahibitor of aitosis could be respoasible for the cell 

proliferatioa observed in PRA treated cultures. Bowever, Bollaad 

aad Bollaad (33) showed that the re.ov~l of the precipitatiRg 

activity of PRA did not chaage the ability of PRA to stiBulate 

blood lymphocytes in vitro. 

It has been deDonstrated that although PRA must be in 

contact with the lymphocytes for 5-10 aiautes iR vitro in order 

to induce traasformation, it ia Rot con.uaed or destroyed duriag 

this incubation (95,362). Kill&ader and Rigler (363) observed 

that changes iR the de~yriboaucleoprotein cORtent of the lyaphocyte 

are already discernible within this lnterval of ttae. 

In conclusion, although a great deal of work has been carried 

out 9ith PRA, both in vivo and ir vitro, and the aorphology aRd 

Detabolis. of the transforaed lymphocytes have been weil docuaented, 

the exact DechanisD of action of PRA remains to be deterained. 



JIB'l'II)DS AJfD IlATBRIAIB 

AlfIIIALS 

. Adult, white Hew-Zealand rabbits 2 - 3 kg in "eight "ere 

used threugheut this study. 

PBY1'OBDUGGLUTDU 

Phytehe .. gglutinin-M (PRA-M) and Phytehemagglutinin-P 

(PRA-P) Yere ebtained frem Difee Laberataries, Detreit, Michigan, 

U.S.A. The lyophilized PRA in eaeh vial '(apprextaately 80 mg) 

yas di8selved in sterile medium befere use. 

AHTIGBHS 

HUaan gamaa glebulin (BGG) "as ebtalned frem Pentex 

Ineerperated, Kankakee, IllinelB, U.S.A. 

JlBI)I1JI( 

Medium 199 was ebtained frem Hierebielegieal Asseciates, 

Bethesda, Md., U.S.A. 

RADlOACTIVB TB1IlIDI!Œ 

Tritiated thymidine, specifie aetivity 5000 melMm, yas 

ebtained frem The Radiechemieal Center, hershas, England. 

ER'Y'l'BIlOCYl'B AND LBUKOCYTB COUNTS 

Brythrecyte (rbe) and leukecyte (wbe) eeunte were perfermed 

in a Fisher Autocytemeter, ebtalned fram the Fisher Seientifie Ce., 

Montreal, Quebee, canada. The autecytemeter ... adjusted daily te 

give readings eerrespending te these ebtained by simultaneeus 

hemecytometer determinatiens. 
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TAJIINBD CBLL BlllAGGLUTIlIATIOlf TBCBBIQUB. 

The tanned cell hemagglutinatien methed as described 

by Beyden (300) was aedified in the· follewing manner. Peri

pheral bleed frem a normal, non-immunized sheep was collected 

into an equal volume of Alsever's solutien. and Itored at .0C. 
When red bleed cells were required, they were soparated by 

centrifugation and washed tbree ti.es with cold saline, er 

until the last washing was colorless. 

Noraal rabbi t serum (NRS), which was ebtained frOlll a 

normal, non-1mmDnized rabbit, was decomplemented at 56°C for 

30 minutes and diluted 100 fold with phesphate buffered 

saline (PBS)... This solution will be reft,rred as diluent • 

• Alsever's solutien: Glucose •••••••••••••••••• 2.05 gm 

Sodium citrate ••••••••••• 0.80 gm 

Sedium chloride •••••••••• 0.42 gm 

Citric acid •••••••••••••• 0.005 gm 

Final pB ••••••••••••••••• 6.1 

Final volume ••••••••••••• 1 liter 

•• PBS: Phesphate buffered saline -

phosphate bUffered saline (ph8sphate buffer, pB 7.3 and 

physiological saline selutien 1:1) 

0.15 M phosphate buffer, pB 7.3 was prepared by mixing 215 ml 

of 0.15 M Na2 P04 with 49 ml of 0.15 M KB2 P04• 



A 2.5" suspensien ef sheep red bloed cells in PBS wu 

tanned by mixing it "ith an equa1 vo1uae ef 1:20,000 dilution 

of tannic .cid, fresh1y prepared in PBS fr .. a 1:100 stock 

selutio~ of tannic acid. The mixture ef red cel18 and tannic 

acid was incubated at 37°C fer 10 minutes and the tanned red 

ce11s thus obtaiDed were w.shed twice with PBS and resuspended 

iD P.BS at a final ce11 concentration ef 2.5 per cent. The tann

ed ce115 "ere sensitized by iDcubating the. fer 15 minutes at 

17°C with the antigen prepared in 6 ml PBS. The ce11 suspensien 

was centrifuged and the sup.rnatant "as disearded. .The cel1s 

were washed three times with 6 ml ef diluent and the final 

suspension was prepared in 6 ml of diluent (4 ml diluent per 

0.1 ml packed tanned sensitized cella) to give a 2.5 per cent 

ce1l suspensien. The antiserate be treated were decemp1emented 

and seriel two-fo1d di1utiens in diluent were prepared se that 

the final volume in each tube was 1.0 ml. One tenth ml sensi

tized cells was added te each tube· and the ~:hemagg1ut1nation 

patterns were read after 2-3 Dours at roem temperature. AlI 

determinations were performed on the same day. 

HISTOLOGIC PROCBDURES. 

The rabbits were sacrificed by the intravenGus injectien 

of 300 mg nembuta1. Immediately after sacrifice of the rabbits, 
. 

fragments of liver, appendix, spleen, kidney, pop1itea1 1ymph 

node, bone marrow, thymus and sacu11us rotundus were fixed in 

Li1lie's buffered forma1in for 4-6 days. The tissues were trimm

ed, processed through different grades of a1cehe1s and xylol 

and embedded in parafin. The b10cka were sectiened at 6 u with 

a AD Spencer Microtome. The sections obtained were stained with 

hematexy1iD and eosin and methyl green pyronin. 



BADlOAUTOGBAPIIY 

Duplicate sections yere deparafinized and the slides 

thoroughly dried betore th. prGeedure of radioautegraphy yas 

begun in a photographie dark reem. A safelight filter (Kedak, 

wratten Series 2) was UBed with a 15 Watt bulb at a distance of 

3 feet above the yorking area. Kodak NTB-2 Nuclear TrackBBulsion 

was heated to 37°C in a water bath and kept at this temperature 

throughout the precedure. The Blides containing the tissue 

preparations yere held vertically by the marked end and dipped 

into the emulsion. The excess eaulsion on the back of .tho slide 

yas wiped off with a soft cloth. The eoated slides maintained at 

a 70 degree angle were allowed to dry for 2 - 3 hours in complete 

darkness. During this peried, the exce.s emulslen that drained 
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was absorbed ont. g.uze. The slides were then stored in light

tight slide boxes containing a dessieating agent. (Drierite pellets), 

wrapped in tissue papèr. The boxes yere kept at 4°C fer 6 - 8 

weeks, then precessed with Kedak D-l9 develeper fer 3 minutes, 

fellowed by passage through a bath ef water and acid fixation 

(Kedak) fer 5 minutes. These s.lutions and the .ater uBed 

afterwards during a 30 minute peried of washing were maintained 

et ro.m temperatore. After .aehing, the Blides yere stained with 

he~atoxylin and eesin. 



EXPERIIŒNT 1 

CBAP'l'ER 4 

EXPERDIENTAL PROCEDUBES 
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Sixteea ~dult, white, New Zealaad ~abbits were each 

iDdected, iDtraveRously with a vial of PRA-P, di1uted ia 10 ~ 

of Mediua 199 ia four divided dose. of 2.5 al over a period of 

ORe hour (see discussioD). AlI the rabbits received 100 uc 

tritiated thyaidiae t.aediately followiDg the last allquot of 

PRA, aaother 100 uc 24 hours after the PRA a~Distratloa(day 1) 

aad aDother 100 uc 48 hours after the PRA iDjectioa'(day 2). 

Noa-tritiated thyaidiae 250 mg per iajectloa, wa. adainistered 

iatraveaously on day. 4, S, 8, 10, 12 and 14 to preveat or reducè 

re-lacorporatloa of radioactive thymidiae. Eight non-PHA-iDjected 

rabbits .erved as controls.; these were treated la ail idelltlcal 

fashloa with respect to the radloactive aad aon-radioactive 

thyaidiRe iajectloDs. 

White cell couats of the perlpheral blood were performed' 

on aIl the rabbits prlor to the PRA illjections (basal deter.laatioD) 

aRd at 2 hours, l, 2, 3, 4, 5, 7, 10, 14 and 18 day. after the PRA 

iajectloD. Red ce11 count. were doae prlor to the PRA lnjectloD 

and at 2 hours, l, 2, 3, 7, 10 aad 18 days. These determlaatloD. 

were carrled out uslng the Autocytoaeter. 

The PHA-illjected rabbits were sacriflced ln groups of two 

by the latraveDous lDjectlon of 300 Dg ne.bU.tal at 6 hours, l, 2, 

3, 4, 5, 8, aad 18 days subsequent to the adai.lstratlon of PRA. 

The controL rabbits were sacrlflced ln groups of two at 1, 3, 8 and 

18 days. Fragments of varlous organs were placed ln fixiag solution 

and subsequently cut and stained a. described in Chapter 3. Radio

autographs were performed as described above. 
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EXPERIDNT II 

'l'Ilree groups of 16 adult, white, Bew Zealud rabbits vere 

used. The babbits in Group 1 were éach iajected intravenously 

wlth one vial of PHA-P in the Sa.8 way as described for the flrst 

exper~nt. The rabbits in Group II were each injected i.travenously 

with ODe vial of PRA-K, dissolved 1a 2.5 a[ of Mediua 199. The 

rabbits iD Group III each received intravenously 25 Bg of Huaaa 

G8J1J18 Globul1n (HGG). AU the rabbits received 400 uc tritiated 

thyaidine iDtravenously 24 hours before sacrifice. Four no.-pUA

injected rabbits served as controls sad received the saae a.ouat of 

tritiated thyaidine 24 hours before sacrifice. White cell couats 

of the peripheralb~QGd were perforaed on all the rabbits prior to 

the PRA-P, PHA-M sad antige. injections sad at 2 hours, 1, 2, 4, 5, 

7 and 10 days. Red cell couats were perfo~ed prior to the PHA-P, 

PHA-M aad antigen injections aad at 2 hours and 2 days. AIl cell 

couats were carried out usiag the autocytoaeter. Saears were 

prepared froa peripheral blood obtaiaed froa all the rabbits before 

injection of PRA-P, PHA-M sad antigen and at 2 hours and 2 days 

after injection. The saears were aade on glas •• lides, air dried 

aad stained with Jenner-Gie .. a. DifferentiaI white blood cell 

couats were perforaed by countiag one huadred cells. 

Peripheral blood was collected from the aDtigen (BGG)-in

jected rabbits prior to aatigen injection and at days 5, 7 aad 10. 

The blood was allowed to clot at rOQR teaperature aad Seru. was 

obtained after centrlfugatioa. 

The antibody titers of these antisera to HGG were deterained 

by the tanned cell heaagglutination technique. 
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The three groups of rabbit. were sacr1ficed ia group. of 

two by the tatraveaou. injectio. of 300 ag of .e.butal, at 6 hour., 

l, 2, 3, 4, 5, 7 and 10 day.. The control rabbit. were .acrificed 

24 hour. after the tajectio. of radioactive thyaid1ae. The proce •• iag 

of the ~is.ues aad preparatio. of radioautograph. were perforaed a. 

described in Chapt~r 3. 



EXPERIIIEliT 1 

MORPHOLOGIe STUDIES 

CIIAPl'BR . ·5 

RESUmS 

> 

The histopathologic chaages observed ~a the sections sta~ed 

with heaatoxylin and eosia (B and E) aad methyl gréeR pyroaiae a.d ia 

the radioautographs, obtaiRed fra. the rabbits iajected with PRA-P, 

were readily distiRguished fra. tissues obtaiaed fro. control aaiaals. 

Liver 

Within 6 hours of the PRA injectioa RAd the initial dose of 

B3-thymidine, there was moderate infiltratioa of blast cells ia the sub

eadothelial area of maDy veins. Dy 24 hours extensive subeDdothelial 

infiltration wa. aoted with .oderate Buabers of cells of siBdlar 

aorphology in hepatic sinusoids. With aethyl green pyroniae stainiRg, 

the cytoplas. of virtually ail the iafiltratlag cells exhiblted 

pyroninophilia of aoderaté degree. The peak subeadothelial iRfiltratioa 

of blast cells was reached by 48 hours (Fig.l). This was Roticeably 

less marked at 72 hours, at which tiae iDçreased auabers of periductal 

cel18 were present, and the proportioR of pyroainophilic cella was 

coasiderably less thaa at 24 and 48 hours. The cellular infiltration 

decreased thereafter and within 5 days after PRA injection the 

experi.ental sections reaembled controls. Megakaryocytes were prominent 

in hepatic siausoid. from days 3 to 5 ia PRA treated animaIs (Fig.2). 

No definite evidence of abnoraality was ob.erved withia the hepatocytes. 

Autoradiographs showed extensive labelling of the infiltrating 

subendothelial cells (Fig.3). In sections from control animaIs (Fig.4), 

only occasional periductal cells (which are noraally present in .mall 

nuabers in portal triads) showed nuclear labelling, while in ex

perimental animaIs at the peak tiàe of infiltration approxiaately 50 

per cent of the infiltratiag celis showed nuclear labelling. 

'01;1 



A siailar extent of auclear labelliag wu evideil: ia blast oel18 preseat 

withia siaus.ld8. Nucleiof aegakaryocytes 8howedJlO labelliag, aor d1d 

hepatocytes. 

Spleea 

III spleaic 8ectioa. obtaiaed fro. coatrol alliaals, there was 

a clear deaarcatioa betweea the white aad red pulpe The white pulp 

coataiaed periarterial lyaphoid sheaths aad exceatric follicles. These 

follicles occasioaally coataiaed saall geraiaal centers. Two coaceatric 

zones were noted arouad the geraiaal ceater: a aiddle zoae, of coapact 

darkly-staiaed saall lyaphocytes aad a_ outer .. atle of pale-stai.ed 

large lyaphocytes (Fig.4A). The siausoids i_ the red pulp contai_ed 

erythrocytes aad variable Iluabers of Roraoblasts. The parenchyaa 

between the Biausoida contaiaed a large nuaber of .. ture graRulocytes, 

a variable population of i ... ture .,.eloid cells and occasional 

aegakaryocytes. 

The Rost strikiag chaRges observed ia the PBA-treated 

rabbits consisted of aRrked enlargeaent of the zoaes of white pulp 

with loss of gerainal ceuters. The e.largeaent of the white pulp 

rapidly reached a peak at 24 to 48 hours (Fig.5) aad had largely 

reverted to normal (Fig.6) by 120 hours. The elllargeaeat appeared 

to be due to an illcrease ia blast cells aad undiffereatiated reticular 

cells, aad there wa8 in additioa illvaBion of the red pulp by 81a1lar 

cells with a consequent increase ia the ratio of blast cells to saRll 

lyaphocytes. WhUe the Ciegree of cytoplasaic pyro.tnophtl1a prior to 

48 hours was difficult to evaluate and no _rked differeace could be 

seen betweeR expert.ental and control aniaals, at 48 and 72 hours 

experiaental animaIs showed promillent pyrollinophilia of virtually aIl 

the traDsforaed aad/or iafiltratiRg blast cells. This chaRge was 

present in both red and white pulp cells but was aore readily observed 

in the siagle cells or .asll groups of cells ill the red pulpe By day 

4, tbe degree of pyroaiRopbilia was again comparable witb that of 

control aniasls. A asrked decrease in splenic polymorphoRuclear 

leukocytes was'evident at 24 alld 48 bourse 
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la additioa, there was a pr~Reat aad early aarked iaerease ia 

aor.oblasts in the spleaie red pulp, reachiRg peak levels at 6 aad 24 

hours and a retura to aQraal levels by 48 hours. la additioa to the 

polyaorphoauclear leukocyte depletioa duriag thi. t~, auclear debri. 

was proaiaent withia follioles of the white pulpe Myelobla.ts aRd 

~elocytes were aot definitely iDcreàs~,but·.et-.yelocyte. were 

proaiRent at 24 hours. 

At day 8 after the PRA-P iajectioa a .oderate hyperplasia of 

the white pulp was again evideRt. However, the histological picture 

was different fro. that seen oa day 2, due to the preseace of large 

geraiaal centers. Also at day 8, a second and .ore iateas~ peak of 

~eloid-erythroid infiltration of the splenic red pulp was ·noted. 

The ayeloid populatioB was repre.ented by ayeloblasts, ayelocytes aad 

other aore mature foras. Noraoblastic islands were proaiaent iD the 

red pulpe This proliferation decl1aed thereafter with only slight 

.,eloid activity detectable by day 18. 

Autoradiographs ahowed labelling of approxialately 10 per ceRt of 

white pulp cells and 5 per cent of red pulp cells in control spleens 

(Fig.7). In experiaental aniaala approxiaately 60 per cent of the 

blast cella aad reticular cells ia white pulp (Fig.8) and 50 per eent 

of such cella in red pulp (Fig.9) were labelled at 48 hours. 

Lf!Ph Node 

Histologic changes in the lymph Dodes were difficult to evaluate 

iD PRA treated aniDals in view of the variability of appearances (with 

respect to size of gerainal centers, encroachment on aedullary 

siausoids, etc.) of lyaph Rodes froa control animaIs. It wa. evident 

however that, at24 hours, the PRAtreated ani .. ls exhibited depletion 

of saall lyaphocytes (Fig.lO) as coapared to the control antaals (Fig.ll) 

and iacrease in the nuaber of blast cells in the interfollicular and 

subfoll~/;ular pulpe By 48 hours, norasl follicles begaD to reappear 

in the lyaph Dode (Fig.12) 

PHA-treated aDi_als showed a _oderate iacrease iD the nuaber of 

pyroninophilic cells at 48 and 72 hours, although the change was 

Bot as striking as that seen in the liver aRd spleen. 
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This iacrease ta the aUBber of pyro_i_ophilic cells appeared i_ the inter

follicular pulp &ad was also evident to a lesser degree ta the ger.aiaal 

ce_ters. 

Autoradiographs showed .0 increase i~ labelled cells withi_ re

cogalsable follicles, but at 48 hours nuclear labelling iIl iater

follicular aRd subfollicular pulp had iacreased fros a control level 

of 5 per cent of cells (Fig.13) to 25 per ceat of cells ia expert.9atal 

animais (Fig .14) • 

Appeadix 

The appendix was also difficult to evaluate histologically 

in view of the variability of' the appearaace of sections fra. control 

animais (Fig.15). Sections taken fro. antaals killed at 12, 24 .ad 

48 hours showed an apparent iucrease in size of the geraiaal centers 

which appeared to be largely the result of edeaa aad the accu.ulatioB 

of foaay macrophages (Fig •. 16). However s!ailar changes were present 

in occasional control antaals, and the significaace of thèse chaages 

in the 12-48 hour period in PRA treated anisaIs isobscure. 

Autoradiographs, however, showed a _arked iacrease in 

auclear labelliag in the cap of cells between the peripheral follicles 

and the subeplthelial follicular collections of 1 yap ho cy tes and 

aacrophages (Fig.17). While less thaft 5 per cent of cells in control 

animais showed nuclear labelling (Fig.18), approxlmately 20-25 per 

cent of cells of experiaental animais at 24 and 48 hours were labelled. 

Thyaus 

No definite morphological alteratioRs could be assessed 

from either HaRd E or methyl green pyro_ine staining (Fig.19). AD 

impression was gained that there was depletion of cortical saall 

lyaphocytes (Fig.20) and an increase in the nuaber of blast cells 

from 48 to 120 ~ours. 

Autoradiographs showed no increase in the proportion of 

labelled cells in PRA treated animais as compared with control 

anillals. 
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Kidaey 

ORly iR the 2 aaimals killed at 48 hours were aRy abao~lities 

üoted. PeriveRous iafiltratioR by blast cells was focally ev'deRt iR 

the renal cortex in both PBA-treaéed aniaals killed at 48 hours. Ho 

siailar chaage was seen in .., of the reaaialag exper1aental aad control 

antallai Virtually ail the.infiltratiag blast cells shvwed pyroRia 

stainiRg of the cytopla.a. Approximately 40 per cent of iafiltrating 

cells were labelled (Fig.21). 

BoRe Marrow 

Materialwas not available froa aRimals killed at 6 hours 

after the injection of PRA. At ~4 hours the boae aarrow showed an 

increase in the Rumber of priaitive cells of the graRulocytic series 

with a aarkedly reduèed proportion of aetaayelocytes and an iRcrease iR 

primitive white cells. ORe animal showed prominent noraoblastic 

hyperplasia at 24 hours; in the other 24 hour aniasl this chaage was 

less strikiag. There was increased nuclear labêlling at 48 hours. 

Bone aarrow from aniaàls killed at 72 hours and .ubsequently did not 

differ from controls to any maEked degree. 

RED CELL ABD LElJKOCYl'E COONTS 

As can be seen i. Table l, the white cell counts i. ail of 

the experiaeRtal rabbits were markedly depressed vitbin 2 bours 

following the PUA injection. By 24 bours, the leukocyte count had 

begua to recover and by 48 hours was invariably back to noraal levels. 

The chaages in red cell counts did not occur as rapidly Dor were they 

as aarked as the changes in white cell couats (Table II). The maxt.ua 

drop iR the red cell COURt was attained·at 24 hours. Bowaver, un

l1ke the white cell counts, the erytbrocyte counts reaaiRed low for 

up to a week following PRA adainistration. These results are in 

sharp contrast to the white and red cell counts performed in control 

animais (Tables III and IV, respectively), which did not fluctuate 

to any great extent over the sase period of tiae. 

.su 
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BXPBRIIIBIIT II 

PHA-P IBJBC'1'ED ANIIIAIS 

1I0llP110LOGIC STUDUS 

The histelogic appearance of the tlssues observed in the 

anlmals lnjected wlth PRA-P is camparable te that described in 

Experiaent.l. The live~s ef the centrel animaIs shewed central 

and pertal veins essentially free of infiltrating cells (Pig. 22), 

whereas livers of PBA-treated ani.als manifested perivascular 

infiltration (Pig. 23). The depletion of s.all lymphocytes in 

the lyaph nedes was again observed at 24 hours (Pig. 24) as c .. pared 

to centrel animaIs (Fig. 25). Normal follicles began to reappear in 

the lyaph nedes by 48 heurs (Pig. 26). Huclear labelling in inter

folllcular pulp was more intense in the PRA-P injected animaIs 

(Pig. 27) as ceapared te centrol animaIs (Pig. 28). In the spleen, 

the enlargement ef the white pulp reached a peak at 48 heurs (Pig.29) 

and, by 120 heurs, the aorphelogy of the spleen had reverted es.ea

tially to nermal (Pig. 30). Purtheraere, the nuclear labelling in 

the white pulp (Pig. 31) and in the red pulp (Fig. 32) of the exper

i.ental ani.als at 48 hours was much greater than the labelling 

observed in the white pulp (Pig. 33) and in the red pulp (Fig. 34) 

ef centrol animaIs. Again, as in Experi.ent 1, a secend peak of 

myeloid-erythroid infiltration was neted in the splenic red pulp 

by day 8 (Pigs. 35 and 36). At 10 days, the majerity of myeloid 

cells and many.normeblasts were labelled (Fig. 37). Hyperplasia 

ef the white pulp, with large germinal centers, was again evident 

at days 7-8 and was pro.inent by day 10 (Pig. 38). The changes in 

the appendix of the PBA-P injected animal~Pigs. 39 and 40) as 

cempared to the centrol animal .(Pigs. 41 and 42) are siaUar to 

these described in Experiment 1. A relative increase in the thymic 

medulla was noted in the experi.ental animaIs sacrificed at 24 and 

48 hours (Pig. 43) as cempared to centrel animaIs (Pig. 44). 



No perivascular infiltratien wa. noted in the kidney. 

Peripheral bloed 

Ri .... utographs of peripheral bloed .... r. fr_ control 

ani.al •• hned rare labelled lIlediua .ize lyaphocYt... The •• ear. 

of the PBA-P injected aniaal. were .isilar to control. at d.y 1. 

Bewever, at day 2, .everal labelled sediua size lyaphocytes (Fig. 

59) and eccasional blast cells with aederate label (Pig. 60) 
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were noted. At day 3, several s •• ll (Fig. 61) and sedium size 

(Fig. 62) labelled lymphocytes .ere observed. Siail.r results were 

obtained at day 4 (Fig. 63). At days 5 and 7 there was a graduai 

decrease of labeUed lymphocytes and by day 10 the ssear. were 

c .. parable to nor .. l •• 

PERIPRBRAL CELL COUNTS 

As can be seen in table V, a sharp uniferm decrease in 

the number of peripheral white cells was ebserved 2 heurs after the 

injectien of PRA-P. The counts returned to nèrmal levels at 24-36 

hours. 

A marked depression in the red cell ceunt was noted 2 hours 

after the injection ef PRA-P. There was an allllost complete recovery 

by day 2 (Table VIII). 

WIII'l'JI BLOOD CBLL DIFPERBNTIAL AND NORIIOBLAST OOUNT 

Before·:the injection of PRA-P, the differential ceunts 

shewed an average ef 60-70 per cent lymphocytes and 30-40 per cent 

segmented cells. Twe hours after the adlllinistration of PRA-P, a con

siderable decrease in the number of circulating lymphocytes w.s 

observed with a consequent increase in the number of segmented cells. 

The animaIs then began te rec.ver and by 48 hours the values were 

similar t~ these before injection. Nermeblasts, in large numbers, .ere 

observed in seven of the rabbits 2 hours after the injection of PRA-P. 



At 48 beurs, enly twe ef these animaIs had circulating neraeblas!s 

(Table XI). 

PRA"" INJl5C'tlSD AllDIALS 

MORPHOLOGIe STUDIES 

Liver 

The livers ef the animals sacrificed at 6 heurs, l, 

2 and 3 days sh .. ed variable but aild periductal infiltration 

by lymphecytes (Pig. 45). On day 2, rare plasaa cells were seen 

in the infiltrate. AIl thele changes are, h .. over, within the 

range of variatien ebserved in the livers fram centrel animaIs. 
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At day 4, a mere extensive portal infiltratien, lncluding a few 

plasma cells, was neted in the experi.ectal livers enly. Nuclear 

labelling was net increased as cempared te that in centrel aniaals. 

Liver sectiens fre. animaIs sacrificed at days 5, 1 and 10 were 

censidered to have normal morphelegy. 

Spleen 

Splenic sections were ner .. l at 6 heurs after injectien 

ef PRA-M. At day l, ene experimental animal sh .. ed an increase in 

the white pulp but the red pulp in beth animaIs wa. nermel. On dt y 

2, the spleen of one animal shewed a mild lncrease ln white pulp 

with slightly lncreased germinal centers and external _antle zones 

(Pig. 46). The red pulp ef beth ani .. ls was characterized by a 

large number ef ayeloblast. (60 per cent with nuclear labelling) 

and preminent normoblastic Islands (Pig. 41). A mederate hyperpla.ia 

of the white pulp, witheut large germinal centers, was observed en 

day 3. The changes in the red pulp were les. marked but pr .. inent 

as cempared te tho.e seen on day 2. On day 4, the spleen ef ene rabblt 

was essentially normal while the spleen ef the secend animal displayed 

hyperplastlc white pulp with large germinal centers. Thered pulp in 

beth animaIs contained mainly mature white cells and normoblastic 

Islands. By day 5, one animal showed a slightly hyperplastic white 

pulp and the ether animal had a markedly hyperplastîc white pulp 

wlthYlIr,.,:,iralnal centers. The red pulp centained a nermal white 
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cell populatien and preainent nuabers ef neraebl.sts. At day 

7, hyperplastic white pulp withlarge germinal centers and pre

minent external mantles were noted in beth animais (Fig. 48). 

Nuclear debris in the gerlllinal cent ers was e'bs.erved in ene **±ital 

(Fig. 49). The red pulp centained a large number ef .yeleblasts 

and prominent neraoblastic Islands. Sixt Y per cent of these cells 

were labelled (Fig. 50) •. There was a slight increase in the 

nuclear labelling in gerainal centers (Fig. 51) and in the euter 

mantle zenes (Fig, 52)' as cempared te centrel animais. By day 10, 

marked white pulp hyperplasia w1th large germinal centers was 

ebserved in both animais (Fig. 53). The rad pulp centained a 

moderate number of myeloblasts and neraoblasts. 

Bene Marrow 

There was ne change in the percentage of mature .~te 

cells observed in sections of bone marrow as compared to controls. 

A questionable increase in nuclear labdl1ng ef erythroid and 

myeleid cells was observed in the speciman obtainad fre. one 

rabbit sacrificed on day 2. 

~ymph node, thy!!s, appendix and sacculus rotundus 

No abnormal changes were observad in these ergans 

throughout the course of the experiment. 

P6r1»~.1 b~ 
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The peripheral bleed smears of the rabbits injected with 

PRA-M, with the exception ef ene animal which sbowed moderate numbers 

.f labelled lymphocytes at day 5, were comparable to controls. 

PERIPHERAL CHLL COm.lTS 

There was a slight decrease, generally, in the number of 

peripheral white cells 2 hours after injection of PHA-M. By 24 hours 

the counts were back te normal values (Table VI). 

A marked depressien in the rad cell count was neted 2 

hours after the injection of PHA41. Recovery then set in and was almost 

complete by day 2 (Table IX). 
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WlIITB BLOOD CBLL DII'FBRBNTIAL ARD NœMOBLAST COUNT 

The differential white cell ceunt et rabbits 1njected 

w1th PRA-Ill ran • ceurse siaUer t. that ebaerved in rabb1t. 1njected 

with PRA-P.· :C1rculating nermoblasta were neted in Il eut ef the 16 

rabb1ta 2 heura after the injection ef PRA-Ill (Table XII). 

Ali1TIGBN IlfJ.ICTED ANDIALS 

MœPBOLOGIC S'l'ODIBS 

Liver 

In aIl the animaIs the presence and extent ef lymphecytic 

pepalatian in portal triada waa coaparable with that seen in centrel 

animaIs. 

Ne abneraa1 changea were observed in splenic aectiena 

frem animaIs sacr1ficed at 6 and 24 heura. At 2 and 3 days white 

pulp hyperplasia waa obaer~ed with slightly enlarged germinal centers 

but with the outer mantle definitely widened (Pig. 54). The percent

age of labelled cella in the white pulp waS the same as that obaerved 

in control animaIs. The red pulp was normal in appearance. At day 4, 

the white pulp was mere hyperplastic with a merging of the germinal 

centers and Middle layers (i.e. no germinal centers). In the red 

pu1p, somewhat greater numbers of myeleblasts and nor.eblasts were 

noted, but they were within the range seen in centrol animaIs. The 

radioautographs showed no definite increase in the percent age of 

labelled cells. At day 5, the white pulp was very hyperplastic 

(Fig. 55). ~he outer mantle was widened and germinal centers were 

present but net in aIl follicles (Fig. 56). Radieautegraphs showed 

~n increase in the percentage of labelled cells in germinal centers 

and in the outer mantles (Fig. 57) as compared to control animaIs. 

At day 7, an extensive hyperplasia of the white pulp with prominent 

germinal centers was noted, but the main increase was observed in 

the midcHe and outer mantle layers (Fig. 58). The radioautegraphs 

were comparable to those seen at day 5. The red pulp did not diff8r 



froa control aaiaal. but soae nuclear debri. was preseat. At day 10, 

ia oae of the antaals, the white pulp appeared noraal aad iD the other 

there was partial regressioa of the hyperplaeia seen on d~y 7. The 

red pulp Bhowed a aoderate iacrease ia the au.bers of ~eloblasts 

and aoraoblasts. Pla ... cells were rarely identified throughout 

the exper1aeat. 

Lf!Ph Dode, appendix, thymuS, kidney, bORe aarrow and sacculus rotundus 

No co~sisteRtly abno~al chaages were observed in any of these 

organs throughout the experiaent. 

peripheral blood 

No abnoraal changes were observed in the white cell couats 

throughout the course of the expertaent (Table VII)? No significant 

chaages were noted ia the red cell COURts either with the exceptioa 

of rabbit No. 97 which exhibited a profouad depressioa of the red 

cell COURt 2 hours after the injéction of the antigen and had still 

DOt recovered by 48 hours. 

WHITE BLO(I) CELL DIFFERENTIAL AND NŒMOBLAST COONT 

No significant abnoraal changes were observed (Table XIII). 

ANTIBODY TITERS 

As caR be seen ia Table XIV, the aniaals injected with 25 ag 

of the antigeR (HGG) had no deaonstrable circulating aDtibody up to 

day 10 of the exper1aèn~ when titers of 2,560 and 5,120 were recorded. 
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TABLE l 

t- PERIPHERAL WHITE CELL COUNTS IN lWmITS _$(J~umj'_TQ __ PHA-PAJ)MINI~~Tl9N (EXf._Il 
GO 

Rabbit Pr10r to . 
No. PHA Inj. 2 bra. 1 clay 2 Wa· , daya 4 days , days 7 daza 8 deya 10 deya 14 daya 18 daya 

1 7,200 2,300 sac. 
2 8,.soo 1,000 sac. , 9,900 2,100 7,400 sac. 
4 10,600 1,300 4,300 AC. 

l . 7,200 1,300 4,900 8,6.50 sac. 
8,400 1,300 4,1.50 9,900 sac. 

;, 7 
" 10,000 1,200 4".50 9,200 9,950 sac. 

8 9,800 9.50 9,100 12,800 1.5,000 sac. 
9 8,200 900 ',700 7,0.50 7,750 8,'.50 sac. 

10 8,000 1,200 ',7.50 6,0.50 6,450 7,700 sac. 
11 9,750 1;500 2,750 6,850 7,400 11,000 7,JOO sac. 
12 10,400 9.50 4, .500 14,800 1.5,200 9,500 8,200 AC. 

l' 6,200 .1,4.50 8,.5.50 1.5,000 .5,.5.50 .5,900 .5,400 6,200 .5,600 sac. 
14 10,2.50 1,300 8,700 1',200 12,1.50 8,000 9,700 7,000 7,.500 sac. 
1.5 9,'.50 1,1.50 7,7.50 18,700 11,2.50 14,000 1',100 11,800 9,100 7,000 7,300 7,000 
16 9,050 1,200 ,,000 8,000 8,300 8,.500 9,600 9,300 8,.500 ,,800 10,400 8,500 

SaC. - saor1t1ced 

• e 
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TABLE n 

PERIPBl!JW, RED CELL OOUNTS"'m RABBITS SUBSEQUENT TO PHA.-P ADMINISTRATION (Exp. I) 

Rabbit Prior to 
No. PRA. In:1. 2 bra. 1 day 2 days , clays 7 da,ys 10 clays 18 days 

1 2.9 2.1 sao. 
2 4.6 4.9 sao. , 4.5 '.7 1.9 sac. 
4 5.' '.2 2.7 sao. 

~ 4.2 4., 2.0 '.4 sao. 
4.8 '.1 2.7 2.2 sao. 

7 4.0 4.0 2.' 2.4 1.9 sao. 
8 ,.6 '.2 '.1 2.7 1.6 sao. 
9 4., 2.5 '.2 2.4 2.' sac. 

10 4.1 4.2 2.9 '.2 2.9 sao. 
n 4., 2.8 2.6 '.1 2.0 sao. 
12 4.7 '.5 2.5 '.2 2.' sac. 

l' 4.6 4.0 ,.4 ,., 2.' ,., sao. 
14 S., '.8 '.1 2.7 2.9 '.5 $\0. 

1.5 4.7 '.7 1.7 2.2 2.4 2.7 ,.4 ,.4 
16 '.7 '.2 1.5 1.8 2.1 2.2 ,.4 '.8 

'" = n06 
Sac. = saorifioed 

-
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TABLE III 

PliRlPHlŒW, WHITE CELL COUNTS IN CONTROL RABBITS INJECTED WITH TRITUTED THYMIDINE ONLY. 

Rabbit hiol" to 
Bo. Inr1ection 2 MS. ldav 2 da;y;s l da;y;s 4 da;y;s ~ c1a;y;s Z days 8 days 10 c1aZs 

17 11,550 15,000 16,200 sac. 
18 10,550 n,700 11,400 sac. 
19 12,100 9,600 10,500 11,950 8,450 sac. 
20 7,150 8,050 8,750 10,350 10,650 sac. 
n 7,650 6,9.50 10,850 11,500 12,050 11,000 5,800 8,000 11,000 sac. 
22 8,750 8,.500 9,800 6,500 8,.5.50 12,100 9,150 10,000 10,800 sao. 
23 ;!J,?6). 6,300 7,800 9,.550 6,700 6,000 6,900 8,000 11,000 10,700 
24 4,050 5,200 6,300 5,250 6,800 9,5°0 9,900 10,300 11,600 10,500 

Sao. = saoriticed. 

e 

14 dals 18 d!,!s 

8,400 7,300 
10,000 7,800 

--
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TABLE IV 

Pl!XIPBDW, RED CELt COUUTS* IN CONTROL RABBITS INJECTED WITH 1RITIlTED mMIDINE ONU 

Rabbit Prior to 
Humber Injection 2 hours 1day 2 dals J da.vs Z dals 10 daIs 18 days 

17 4.5 4.0 3.6 sac. 
18 3.8 4.1 3.7 sac. 
19 3.4 3.6 :3.2 2.7 :3., sac. 
20 4.8 4.8 4.0 3.,5 3.' sac. 
21 2.7 2., 2.1 2.6 2.2 2.7 sac. 
22 3.6 3.3 2.7 3.3 2.7 2.7 sac. 
23 4.1 3.4 3.' 3.:3 3.:3 4.3 4.7 4.1 
24 4.1 3.' 4.0 3.3 3.8 4.2 4.4 4.2 

* ~ n06 
Sac.= sacrificed 

ft 
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TABLE V 

PlmPHERAL WHITE cm COUNTS IN RABBITS SUBSliRUENT Ta PHA.-P ADMINISl'RA'l'ION (EXP.n) 

Rabbit Bef'ore 
Nwaber Injection 2 houre Dal1 Da12 Dal4 Dal2 DalZ Day 10 

64 8,500 1,200 sac. 
65 14,400 1,500 sac. 

101 n,ooo 4,100 8,.500 sao. 
102 7,500 1,800 6,200 sac. 

86 8,700 4,700 5, '700 7,400 sac. 
85 13,SOO 6'700 12,700 12,300 sac. -, 
87 6,700 2,850 9,750 .ll,3OO sac. 
88 12,300 2,000 5,!/l0 6,800 sac. 
89 5,SOO 3.50 5,000 8,200 10,000 Sac. 
90 7,200 1,700 11,800 10,100 10,700 sac. 
91 8,000 1,000 5,100 9,600 ND 16,000 sac. 
95 7,600 1,400 11,400 11,900 ND ll,OOO sac. 
99 9,000 3,900 9,.500 12,.500 ND ND 10,.500 Sac. 
84 5,000 700 4,700 6,300 ND ND 8,000 sac. 

10) 7,800 1,300 6,100 10,800 ND ND ND 9,000 
108 8,300 7.50 6,000 8,000 ND ND ND 10,000 

Sac. = sacrificed 
ND = DOt done 

e 



TABLE VI 

~ PERIPHl!BAL WHITE CELL COUNTS IN RABBITS SOBSEQUDlT 1'0 PHA.-M J.DMINISTRATION 

Rabbit Betore 
RwIber In~eotion 

61 9,2.50 
63 10,1.50 
68 8,'700 
69 6,000 
'70 11,000 
71 16,000 
72 8,100 
73 8,600 
74 13,000 

~ 1.5,000 
12,200 

78 8,000 
ao 8,400 
79 10,300 
83 9,.500 
82 7,800 

Sac. = sacr:l.ficed 
ND = not done 

2 hours ~1 

8,000 Sac. 
3,000 sac. 
8,100 8,600 
.5,000 10,:300 
8,000 10,.500 
8,700 11,100 
6,000 12,200 
7,600 11,100 

11,000 12,700 
13,000 20,000 

.5,600 11,900 
3,700 8,700 
5,400 8,100 
9,700 11,000 
7,700 12,900 
5,000 7,500 

Da..v2 Da..v4 !5: 2 Dal Z 

sac. 
sac. 
12,200 sac 
10,700 sac. 
9,800 sac. 

16,700 sac. 
17,000 12,.500 sac. 
14,600 20,000 sac • 

7,JOO ND 11,.500 sac. 
9,900 ND 9,.500 sac. 
7,800 ND ND 9,000 
9,100 ND ND 12,000 

11,800 ND ND ND 
7,000 ND ND ND 

Dal10 

sac. 
sac. 
10,000 

6,000 

e e 
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TABLE vn 

PliRIPHl!NL WHITE CELL COUNTS IN RABBITS SUBSEQUENT TO ANTIGEN(HGG) ADMINISTRATION 

Rabbit Before 
Humber In~ection 2 houra Dall DaY 2 ~4 Dal 2 P!lZ DallO 

67 8,200 8,000 sac. 
6s 8,700 7,800 sac. 
62 6,700 8,400 10,600 sac. 
61 12,800 14,000 10,700 sac. 
6) 9,500 7,400 8,1.50 9,400 sac. 
64 6,000 S, 400 S, 200 7,000 sac. 
66 9,SOO 7,200 9,SOO 8,000 sac. 
6S 6,400 6,100 6,400 7,)00 sac. 
77 9,200 8,soo 8,soO 7,300 9,.500 sac. 
67 7,000 7,700 8,200 8,800 9,000 sac. 
81 6,700 6,000 S, 800 6,400 ND S, 400 sac. 
92 8,800 8,600 8,)00 8,200 ND 7,700 sac. 
9) 8,200 12,000 9,)00 8,900 ND ND 9,000 sac. 
97 6,700 9,SOO 7,600 5,700 ND ND 6,500 sac. 

106 6,900 S,2oo S, 100 7,200 ND ND ND 6,000 
107 12,300 1),000 12,SOO ll.,300 ND ND ND 12,000 

Sac. == sacr1f1ced 
ND = not done 

e -
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TABLE VIII 

PERIPHEEW:, RED CELL OOUNTS* IN RABBITS SUBSl!BUENT TO PHA-P AOONISmATION (EXP.n) 

* = n06 
Sao. = saoritioed 

Rabbit 
Humber 

64 
6.5 

101 
102 
86 
8.5 
87 
88 
89 
90 
91 
9.5 
99 
84 

10) 
108 

Before 
Injection 2 hours J)ay 2 

2.4.5 
2 • .5 
).2 
).0 
6.8 
2.4 
6 • .5 
6.4 
1.6 
).8 
2.4 
).1 
2.0 
2.2 
.5.8 
).4 

1.7 
1 • .5 
0.7 
2.1 
1 • .5 
1.) 
1.2 
0.9 
0.7 
1.1 
1.1 
2.2 
1 • .5 
1.9 
2.1 
2.0 

Sao. 
Sao. 
Sao. 
Sao. 
).0 
2.2 
2.2 
).0 
2.6 
) • .5 
).2 
).1 
) • .5 
2.8 
).7 
).9 

e 
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TABLE IX 

PmIPlIlmlL RED CELL CXIUNTS. IN lW3BITS SUBSliQUEm 1'0 PHA-M -.AœINISTRATION 

Rabb1t Betore 
Number Injection 2 hours DaZ2 

61 2.7 1.5 sac. 
63 3.2 3.0 sac. 
68 3.4 1.0 sac. 
69 2.9 1 • .5 sac. 
70 2 • .5 1.0 2.2 
71 3.0 2.0 2.8 
72 4.6 1.4 2.7 
73 7.0 1 • .5 3.1 
74 2.8 2.0 3.1 

~ 2 • .5 2.3 3.8 
6 • .5 2.4 3.0 

78 2.1 1.9 2 • .5 
80 2.8 2.1 2.7 
79 6.2 1.3 2.0 
83 6.8 1.6 3.1 
82 .5.3 1.3 2.0 

• = 'Zl06 
Sac. = sacr1f'1oed 

e 
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TABLE X 

PERIPHERAL RED CELL COUNTS* IN RABBITS SUBS!QUDlT 1'0 ANTIGEN(HGG) .ADMINIS'1'Rl1'ION 

Rabbit Before 
NwIber Intlection 2 hours Da.v2 

67 2.6 2.9 Sac. 
68 2.6 :3.5 Sac. 
62 2.8 1.8 Bac. 
61 2.4 2.0 Sac. 
6:3 1.8 1.4 1.9 
64 1.5 1.8 2.0 
66 2.0 1.8 2.9 
65 1.2 1.7 :3.4 
77 2.0 1.8 2.9 
67 2.6 2.5 2.5 
81 2.6 2.9 2.5 
92 2.0 2.0 2.7 
9:3 1.5 1.9 1.6 
97 :3.5 0.95 1.1 

106 4.8 :3.8 :3.:3 
107 5.6 5.2 :3.9 

* = xl06 
Sac. = sacriticed 

--



TABLE XI 

~ WHITE BIDOD CELt DIFFERl!2lTI.lL AND NORMOBUST COUNT IN THE PmIPHERAL BIOOD OF RABBITS 0) 

FOLtOWING PHA-P ADKmISTRATION (Exp. :a) 

RABBIT cm. COURT BEroRE CEU. COUNT 2 HOURS CELL COUNT 2 WS 
NmœER INJECTION UTIiR INJECTION AFTER INJECTION 

L H S B N L M S B N L M S B N 

64· 70 1 29 60 40 
65· 77 23 1 .5.5 - ~g go 101· 62 2 3.5 1 28 6 L = lymphocyt&s 

102· 81 1 16 2 40 60 - M = monocytes 
86 77 1 21 1 46 54 4 77 23 S = segmented cells 
85 '78" 4 18 .58 7 3.5 69 :3 28 (neutrophils + 
87 64 4 32 ~ ~ 

61 39 eosinophils ) 
88 68 4 26 2 72 1 27 B = basoph11s 
89 70 1 29 10 90 60 40 N = normoblasts 
90 74 1 23 2 40 2 .58 80 1 19 • = sacriticed a t 
91 78 2 20 

~ 
7 40 39 .55 2 43 6 and 24 hours 

9.5 68 .5 24 3 2 42 8 82 1 17 10 
99 74 2 24 2 34 7 56 3 41 
84 Ils 4 47 1 1 36 2 62 l 43 3 51 3 

103 79 l 20 60 3 37 3 69 31 3.5 
108 77 1 19 3 43 2 .5.5 54 1 .5.5 

e -



TABLE XII 

co 
œ 'WHITE BlOOD CELL llD'FiRJ!m'LU, AND NOBMOBLAST COUNT IN 'mE PERIPHER.U. BU>OD OF RABBITS 

FO~G PHA.-M ADMINISTRATION 

RlBBIT . CELL OOUNT BKFORE CEt[, COUNT2 HOURS CELL COUNT 2 DlYS 
. NOMBJm INJECTION J.FTER INJECTION .AFTER INJECTION 

L M 8 B N L M S B N L M S B N 

61* 75 2 20 , :36 64 
6,* 6, '7 51 lI9 
68* 56 1 4, 1 26 74 2 
69* 62 '7 1 1 50 50 8 - L = lymphocytes 
70 66 )4 22 1 77 12 62 )8 M = mnocytes 
71 87 2 10 1 42 ~ 10 .58 42 S = segmented cells 
72 48 , ~ " 2 18 59 1 40 (neutroph1ls + 
7) 88 - 12 1 51 lI9 4 60 2 )8 eosinoph1ls ) 
74 82 4 11 , 16 84 1 61 1 )8 B= basoph11s 

~ 68 1 :30 1 9 91 68 1 )1 N = normob1asts 
.79 1 20 54 46 15 76 24 • = sacr1f1ced at 

78 85 1 14 , 40 60 21 72 , 25 2 6 and 24 hours 
80 57 2 41 40 .58 2 , 68 32 
79 80 20 19 

., 80 70 , 27 ~ 

8' 64 2 )4 :34 66 10 92 - 8 
82 71 29 '5 65 4 64 4 32 

e e 



TABLE XIII 

G) WHITE BIOOD CELL DIFFERENTUL AND NORK>BWT COUNT IN THE PERIPHmAL BlDOD OF RABBITS 
G) FOLLOWING ANTIGEN(HGG) ADMINISTRATION 

IWœIT CELt COUNT BEFORE CELL COUNT 2 HOURS CELL COUNT 2 DlYS 
HUMBER INJECTION mER INJECTION AFTER INJECTION 

L M S B N L M S B N L M S B N 

68* ~ 22 :3 75 25 
67* 2 12 80 20 
62* 65 1 :34 ND ND ND ND ND L = ~hocytes 
61* 66 1 li. 2 65 ) )2 - - M = monocytes 
6) 74 1 25 60 - 40 72 4 24 S = segmented cella 
64 65 3) 2 60 4 36 .58 2 40 (neutrophils + 
66 44- ) 48 .5 67 ) 29 70 1 29 eosinoph1la ) 
65 76 1 23 52 1 47 SB 2 40 B = basophile 
77 60 40 2 55 45 78 - 22 N = normoblasts 
67 64 2 33 1 .53 1 45 1 ) ;6 4 40 ND = not done 
81 67 1 29 ) 57 1 40 2 70 JO * = sacrif'iced. at 
92 65 2 li. 2 .58 42 65 2 )3 6 and 24 hours 
93 71 1 28 - 62 38 77 23 
97 70 2 22 6 65 )5 68 )2 

107 66 4 )0 68 )2 55 45 
106 78 20 2 76 24 72 1 27 

e e 
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TABLE nv 

ABTIBODY RESPONSE IN RABBITS INJECTED WITH ANTIGEN(BGG) 

Rabbit 1lays Following Reoiprooal of 
Humber Injection Hemagglutination Titer 

81 5 0 

92 5 0 

93 7 0 

97 7 0 

106 10 2,560 

107 10 5,120 

e 
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Figure l - PHA-P treated animal-2 days-IOOx 
Liver-portal area-subendothelial infiltration of mononuclear cells •. 

Figure 2 - PHA-P treated animal-4 days-l,OOOx 
Liver-megakaryocyte in hepatic sinusoid 
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Figure l - PHA-P treated anirnal-2 days-l00x 
Liver-portal area-subendothelial infiltration of mononuclear cells .. 

Fir.;ure 2 - PHA-P treated animal-4 days-l,OOOx 
Liver-mer:;:akaryocyte in hepatic sinusoid 
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Figure 3 - PHA~P treated a.1aa1-2 daya-63Ox 
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o 

Liver-Badioautogr~ph of oella laiiltratiag veia 1a portal area. 

Figure 4 - Co.trol aatmal-IOOx 
Liver-portal area free of 1afiltratl.g oella. 
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Figure 3 - PHA-P treated animal-2 dayS-630x 
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Liver-Radioautogrpph of cells infiltrating vein in portal area. 

Figure 4 - Control animal-IOOx 
Liver-portai are a free of infiltrating celis. 
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Figure 4A - Ooatrol aat.a1-400x 
Spleea-white pulp-foll1cle with a ceatral gerai.al ce.ter, 
a .1ddle layer of ... 11 lyaphocyt@s &ad am outer .antle of 
aediua aad large lyaphocyte •• 

Figure 5 - PHA-P treated a_1 .. l-2 days-25x 
Spleea-iRcrease of white pulp aad di.appearance of geraiaal 
ceaters. 
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Fi!?;ure :lA - COll trol animal-<lOOx 
Spleen-wili te pulp-folliclc l'Ii tll a central germinal center, 
a middle layer of small lymphocytes and an outer mantle of 
medium and large lymphocytes. 

Fi~~ure 5 - PHA-P tl'cated animal-2 d;'\ys-25x 
Spleen-increase of white pulp and disappearance of ~erl!linal 
C(~llters . 
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Figure 6 - Coatrol aataal-25x 
Spleea-.oraal look1~ foll1cle. 

Figure 7 - Co.trol 811illal-40Ox 
Spleea-Radioautograph 
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Figure 6 - Control animal-25x 
Spleen-normal looking follicles 

Figure 7 - Control animal-400x 
Spleen-Radioautograph 
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Figure 8 - PHA-P treated a&1 .. 1-2 days-63Ox 
SpleeR-Rad1oautograph of white pulp. 

Figure 9 - PHA-P treated aaiaal-2 days-630x 
Spleeu-Rad1oautograph of red pulpe 

105 
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Figure 8 - PHA-P treated animal-2 days-030x 
Spleen-Radioautograph of white pulp. 

Figure 9 - PHA-P treated Bnimal-2 days-630x 
Spleen-Radioautograph of red pulp. 
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Figure 10 - PHA-P treated ani .. l -1 day-40x 
Lfaph Node-depletioa of •• all lyaphocytes. 

Figure Il - eoatrol aa1œa1-40x 
Lfaph Node. 
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Figure 10 - PHA-P treated animal -1 day-40x 
Lymph Node-depletion of small lymphocytes. 

Figure Il - Control animal-40x 
Lymph Node. 
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Figure 12 - PBA-P treated aa1aa1-2 day.-4Ox 
LyIlph Node-reappearaBce of _oraal 100kiag foll!.::leii. 

Figure 13 - Co_tro1 aa1aal-40Ox 
Lyaph NOde-Rad1.oautograph of i.terfol1icu1ar area. 
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Figure 12 - PHA-P treated animal-2 days-flOx 
Lymph Node-reappearance of normal looking follicles. 

Figure 13 - Control animal-400x 
Lymph Node-Radioautograph of interfo11icu1ar area. 



Figure 14 - PHA-P treated aa1_1-2 day.~400x 
~ph Noae-Radioautograph of 1aterfo11ieular area. 

Figure 15 - eoatrol 8Dias1-4Ox 
Appelld1x 
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Figure 14 - PHA-P treated animal-2 days-·100x 
Lymph Node-Radioautograph of interfollicular area. 

Figure 15 - Control animal-40x 
Appendix 
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Flgure 16 - PHA-P treated a.l..t-2~1.-100x 
Appeadix-edeBa la folllole •• 

Figure 17 - PBA-P treated aniaal-2 day.-400x 
- Ap'~ildlx-Radioautograph of area e.clo.ed by arroys 1a Figure 16. 
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Figure 16 - PHA-P treated ~nimal-2 days-100x 
Appendix-edema in follicles. 

Figure 17 - PHA-P treated animal-2 days-400x 
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Appendix-Radioautograph of area enclosed by arrows in Fi~ure 16. 
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Figure 18 - Colltro1 allb~11-40Ox 
Appe_dlx-Rad:Loautograph of area e_clo.ed by arrOW8 1_ Figure 15. 

Figure 19 - Oo.t~ol a_taal-25x 
Th1JlU8 
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Figure 18 - Control animal-400x 
Appendix-Radioautograph of ure a enclosed by arrows in Figure 15. 

Figure 19 - Control animal-25x 
Thymus 



Figure 20 - PBA-P treated aaiaal-2. day.-1QOx 
Th,.u.-deplet1oa of ly,aphocyte. 1a the cortex. 

Figure 21 - PHA-Ptreated ~i .. 1-2 day.-63Ox 
!!::e:~2:~i~::~=~~-labe11ed ce11. iaf11tratiag b100d ve •• el. 
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Figure 20 - PHA-P treated animal-2 days-lOOx 
Thynus-depletion of lymphocytes in the cortex. 
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Figure 21 - PHA-P treated animal-2 days-630x 
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Kidney-Radioautograph-Iabelled cells infi1trating blooà vesse1. 



Figure 22 - eoatrol amtaal-40x 
Ltver 

Figure 23 - PHA-P treated aaiaal-2 daY8-100x 
Ltver"' portal area-18fil tratioa of IIOlloRuclear cella. 
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Figure 22 - Control animal-40x 
Liv<:r 

Fi';urc ::<i - PHit-P tl'eat'.:d animal-2 days-IOOx 
Live~portal area-infiltroEion of rnononuclear ce'ls. 
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PHA-P treated an1aal-l Gay-25x 
~ph Node-depletio. of .. al1 lyapbocyte~. 

Figure 25 - eoatrol .. taal-4Ox 
LyIIph aode. 
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Figure 24 - PHA-P treated animal-l day-25x 
Lymph Node-depletion of small lymphocytes . 

• 

Figure 25 - Control animal-40x 
Lymph node. 
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!igure 26 - PHA-P treated-aaiaal-2 days-25x 
~ph Node-reappearaace of Boraal follicle8. 

Figure 27 - PHA-P treated all1aal-2 day.-630x 
~h Node- Rad1oautograph of 1Rterfollicular area. 
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Figure 26 - PHA-P treated animal-2 days-25x 
Lymph Node-reappearance of normal follicles. 

() 

Figure 21 - PHA-P treated animal-2 days-630x 
Lymph Node- Radioautograph of interfollicular area. 
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Figure 28 - CODtrol QBtmal-63Ox 
Lfaph Node-Radioautograp~ of laterfolilcular area. 

Figure 29 - PHA-P treated anlaal-2 daYS-40x 
Spleea-enlargeaeat of white pulpe 
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Figure 28 - Control anirnal-600x 

Lymph Node-Radioauto~raph of interfollicular area, 

Fi~ure 29 - PHA-P treated animal-2 days-."Ox 
Splcen-enlargenent of wlli te pulp, 
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Figure 30 - eoatrol aa1aa1-25x 
Spleea-aoraal lookiag follicles. 

Figure 31 - PHA-P treated an1aal-2 days-63Ox 
Spleea-Rad1oautograph of wh.~ te pulp. 
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Figure ~o - Control animal-25x 
Spleen-normal looking follicles. 

Figure 81 - PHA-P treated Hnimal-2 days-630x 
Splecn-Radioautograph of white pulp. 
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Figure 32 - PHA-P treated aDt.aI-2 days-63Ox 
Spleen.-Radioautograph of red pulpe 

Figure 33 - Control aaimal-63Ox 
Spleen-Radioautograph of white pulpe 
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1 ! - Figure 32 - PHA-P treated anirnal-2 days-630x 
Spleen-Radioautograph of red pulp. Il 
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Figure ~~ - Control animal-630x 
Spleen-Radioautograph of white pulp. 
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Fiere 34 eoatrol aa1aa1-63Ox· 
Spleea-Radioautograph of red pulp. 

Figure 35 - PHA-P treated u1aa1-8 day.-lOOx 
Splee.-aor..obl •• tie iBla_de 1_ the red pulp. 
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Figure 36 - PHA-P treated animal-8 days-40Ox 
Spleen- .,eloid-erythro1d infiltratioa ia the red pulpe 

Figure 37 - PHA-P treated aataal-IO days-630x 
Spleen-Radioautograph of red pulpe 
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Fi!?;ure :";6 - PHA-P treated animal-8 days-'lClüx 
Spleun- myeloid-erythroid Lü'il tra1:ion in tl1e red pulp. 

Fi~ure ~! - Pfhl-P treatcd animal-ID dcys-0~üx 
Spleen-Hadioautograph of red pulp. 
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Figure 38 - PHA-P treated aat.al-IO days-4Ox 
Spleea-hyperplasia of white pUlp, large gerBdaal ce.ters. 

Figure 39 - PBA-P tre~ted aataal-2 days-25x 
Appelldix··edeaa iD the follicles. 
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Fi~ure 38 - PHA-P treated animal-lO days-10x 
Spleen-hyperplasia of white pUlp, large germinal centers. 

Fi~ure 39 - PHA-P treated animal-2 days-25x 
Appendix-edema in the follicles. 
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Figure 40 - PHA-P treated antaa1-2 daya-630x 
Appendix-Radioautograph of area eac108ed by arrows 1. Figure 39. 

Figure 41 - Control aniaal-IOOx 
Appeadix 



Fi:-':llre' () - PH,\-P trcatc:cl animal-? clays-ü::;Ox 
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A~PODdix-Radioauto~rRph of nren c:nc1osed by arrows in Fi~urc ~~. 

Fi-~urC' -,,1 - Cuntl'01 ;lniL~;;:t-l(;(Jx 
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Figure 42 - OO.trol aa1aal-630x 
Appeadix-Radioautograpb of area eBclosed by arrOW8 ia Figure 41. 

Figure 43 - PHA-P treated aaimal-l day-25~ 
Tby.aa-enlargeaent of aedulla 
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Figure 12 - Control animal-630x 
Appendix-Radioautograph of area enc10sed by arrows in Figure (1. 

Fiture ~~ - Plli\-P treated anima1-l day-25x 
Thymus-en1argcmcnt of medu1la 



~iiüre 44 eo.trol a.iaal-25x 
Tbyaus 
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Figure 45 - PHA-M treated •• 1 .. 1-2 days-4Ox 
Liver-Ilild aoaoil.uc1ear illfiltratioa ia portal area. 
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Figure t.l4 - Control animal-25x 
Thymus 
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Figure 45 - PHA-M treated animal-2 days-40x 
Liver-mild mononuclear infiltration in portal area. 
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Pigure 46 - PHA-M treated aRtaal-2 daya-4Ox 
Spleea-hyperpla.ia of white pulpe 

Figure 47 - PHA-M treatedaa1aaI-2 daya-40~t 
Spleea-Radioautograph of red pulpe 
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Figure 116 - PHiI.-M treated animal-2 dayS-40x 
Spleen-hyperplasia of white pulp. 

Fi~ure '11 - PlIi\-M treated animal-2 days-'lOOx 
Spleen-Radioautograph of red pulp. 
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Figure 48 -PBA-:! treated anillal-7 days-40x 
Splee.-hyperplastic white pu1p w1th large gera1aa1 centers. 

Figure 49 - PHA-M treated antaal-7 days-10Ox 
Splee~-follicle with proaiRe.t exterRal .a.tle. 
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Figure 48 -PHA-M treated animal-7 days-40x 
Spleen-hyp3rplastic white pulp with large germinal centers. 

Figure 49 .- PHA-M treated animal-7 days-100x 
Spleen-follicle with prominent external mantle. 
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Figure 50 - PHA-M tr~ated aaiaal*7day.-63Ox 
Spleea-Radioautograpb of red pUlp., 

Figure 51 - PHA-M treated aB1aal-7 days-63Ox 
Spleea-Radioautograph of follicle-geraiaal ceater. 
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Figure 50 - PHA-M treated animal-7 days-630x 
Spleen-Radioautograph of red pu1p. 

Fi~ure 51 - PHA-M treated unimal-7 days-630x 
Spleen-Radioautograph of follicle-germiual center. 
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Bigure 52 - PHA-M treated aBiaal- 7 days-63Ox 
Splee.-Ra~ioautograpb of follicle-exterBal maatle. 

Figure 53 - PHA-M treated animal-lO days-25x 
Spleea-byperplasia of white pulp. 
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Figure 52 - PHA-M treated animal- 7 days-630x 
Spleen-Radioautograph of fOllicle-external mantle. 

Fi~ure 5:, - PHA-M treated animal-IO days-25x 
Spleen-hyperplasia of white pulp. 
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Figure 54 - ARt1gea treated .aiaal-2 days-4Ox 
Spleea-hyperplastic white pulp - outer aaatle ealarged 

Figure 55 - Aatigen treated aniaal-5 days-40x 
Spleea-byperplastic wbite pulp. 

·i28 



C) 

( 

Fi~ure 5 /{ - J\nti~el1 treated animal-2 days-,Ox 
Spleen-hyperplastic white pulp - outer mantl~ enlarged 

Fi~urc 55 - ~nti~en treatcd animal-5 days-·!Ox 
Spleen-hyperplastic white pulp. 
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Figure 56 - Aat1gea treated a81aal-5 day8-l00x 
Spleea-fol11cle w1th ealarged exteraal BaDtle. 

Figure 57 - AatigeD treated aa1Bal-5 day.-630x 
Splee8-RAdioautograph of white pulpe 
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Fi:~urc 5u - /\nti,;en treated animal-5 days-100x 
SIJ1een-follic1e wi th enlarzed e:~ternal mantle. 

Fi~lre 51 - ~nti;c0 trcated animal-5 duys-b~Ox 
Spleen-R~dioauco~raph of white pulp. 
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Figure 58 -.btigea treated aamal-7 days-10Ox 
Spleea-fol1icle with e.larged aidcile ad exteraal layer •• 

~._._-, __ ._~_. ____ ~. ___ ~ _____ -----,-____ J 

Figure 59 - PHA-P treated aa1aa1-2 wAy.-l,OOOx 
Peripheral blood-Radioautograph-labelled lyaphocyte. 
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Fis-ure 58 - Allti~en treated animal-7 days-IOOx 
Spleen-follicle with enlarged middle and external layers. 

Figure 59 - PIU\-P treated animal-2 days-l, OOOx 
Peripheral blood-Radioautograph-labelled lymphocyte. 
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Fi~ure 58 - Antigen treated animal-7 days-100x 
Spleen-follicle with enlarged middle and external layers. 

Figure 59 - PILl-P treated aninal-2 days-l, OOOx 
Peripheral blood-Radioautogra9h-Iabelled lymphocyte. 
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Figure 60 - PHA-P treated aa1Jla1-2 day.-l,OOOx 
Peripheral blood-aàdioautograph-aoderately labelled bla.t cell • 
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Figure 61 - PBA-P treated a.tBal-3 days-l,OOOx 
Peripheral blood-Radioautograph-labelled .. al1 lyaphocyte. 
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Figure 60 - PHA-P treated animal-2 days-l,OOOx 
Periphera1 blood-Radioautograph-moderate1y 1abelled blast cell. 

Figure 61 - PHA-P treated animal-3 days-l,OOOx 
Periphera1 blood-Radioautograph-labelled small lymphocyte. 
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Figure 62 - PHA-P treated aaiaal-3 day.-l,OOOx 
Peripheral blood-Radioautograph-labelled .adiua size 
lyaphocyte. 
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Figure 63 - PHA-P treated aniaal-4 days-630x 
Peripberal blood-Radioautograph-labelled •• all aad aediua 
.ize lyaphocytes. 
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Figure 62 - PHA-P treated animal-3 days-l,OOOx 
Peripheral blood-Radioautograph-labelled medium size 
lymphocyte. 
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Figure 63 - PHA-P treated animal-4 days-630x 
Peripheral blood-Radioautograph-labelled small and medium 
size lymphocytes. 
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CHAPTER 6 

DISCUSSION 

The use of PRA in the treatment of various hematological 

disorders in a strictly arbitrary fashion.(209-223) has accent

uated the need for a systematic investigation of the effect of 

PRA in animaIs. The study of the histopatho1ogical consequen

ces ef PRA administration into rabbits was therefore undertaken 

due to the absence of such an investigation in the current lit

erature. The two commercia11y available preparation of PRA, 

PRA-P and PRA-M, were used. As it has been found that PRA-P 

is 5-50 times more active than PHA-M in terme of in vitro b1ast

ogenic activity, depending on the source of the white blood 

cells (98), it was anticipated that there wou1d be a marked 

difference in the morphological changes induced by these two 

PRA preparations in vivo. In fact, a single intravenous injec

tion of 80 mg of PRA-M (one vial) did not have any toxic effect 

on the rabbits whereas a single intravenous administration of 

the same amount of PRA-P resulted in the death of 30-40 per 

cent of the rabbits within two to five minutes after injection, 

always accompanied by convulsions. Death was probably caused 

by thrombo-embolic phenomena as a resalt of intravascular red 

blood cell agglutination by the PRA-P. It was therefore neces

sary to divide the contents of each vial of PRA-P into four intra

venous injections spaced over a total period of one hour. Such 

an injection schedule resulted ir! only infrequent deaths. We 

refer to this series of injections as a "single" injection, since 

the time spread for the injections was only one heur. 

The hypethesis that the action of PRA in vitro has an 

immunologiea! basis, i.e., that PRA acts as an antigen, proapted 
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us te cempare the histological changes induced by beth prepa

rations of PRA with those sUbsequent to the administratien of 

human gamma globulin, which has been used Many times as an 

antigen in rabbits (Exp. Il). Our initial results with PHA-P 

(Exp. 1) were completely reproducible in the second experisent, 

thus validating the comparisen between the three substances 

studied. These results demonstrate that a single administration 

of PRA-P results in marked, Immediate changes in various organs 

with a return to the normal state within 5-6 days with the ex

ception of the spleen. Theae changes consisted of depletion of 

small mature lymphocytes in the lymphopoietic organs followed 

by rePOPulation of blast cells and infiltration of blast cells 

in the kidney and in the liver. The intense response in the 

spleen as cempared with the lesser response in other lymphoid 

tissue (lymph nOde, appendix) amy possibly be attributed to 

the fact that PHA-P was administered intravenously rather than 

regionally. 

!t h~s been shown that lymphoid tissues may be divided 

into central and peripheral tissue (365). A lymphoid organ 

qualifies as central if its removal prior to a critical period 

in development compromises the integrity of the remaining lym

phoid tissue. The thymus in several animal species and the bur

sa of Fabricius in the chicken have central function. From 

these central organs, lymphoid cells migrate to peripheral lym

phoid tissues such as the spleen and lymph nodes where they 

facilitate morphologie a~d functional maturity (365). In the 

rabbit it has been shawn that the appendix (366,367) and the 

sacculus rotundus (368) are lymphoid organs with central function 

and can be compared to the bursa of Fabricius, in morphology and 

function (369). These consideration are made in order to better 

understand the effects of PRA on the lymphoid organs in the 

rabbit. 
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The absence of appreciable morphologie alteration in 

the thymus ef the PHA-P injected rabbit, coupled with ne detect

able difference in nuclear labelling when cempared te controls, 

suggests the presence of a bIood-thymus barrier or alternatively 

that the thymie lymphocytes are not as susceptible te the action 

of PHA in vivo as they are in vitro. The existence of a bloed

thymus barrier was suggested by severai investigators (370) and 

the presence of such a barrier is supported by studies which 

clearly demonstrate the capacity of thymocytes te underge blast

ogenesis in the presence of PHA in vitre, although to a lesser 

extent than that observed with cells of ether lymphoid tissues 

(105,107-109,111,117,122,134-136). Moreever, the histological 

changes observed in the appendix with blast transformation ef 

the lymphocytes located between the peripheral fol1icles and 

the sUbepitheIial follicular collection of lymphocytes and macro

phages implies that the unresponsiveness of the thymus cells 

to PRA in vivo is not a common denominator of central lymphoid 

tissue. The changes observed in the sacculus rotundus were in

consistent and a definite abnorm~l pattern could not be esta-

blished. 

In the lymph nodes, the main b1astogenic activity was 

observed in the interfo11icular and subfo1licu1ar areas, which 

correspond to the paracortical area described by Parrott and 

Sousa (351), Turk (350) and Sousa and Parrott (371). These 

areas are classified as thymus dependent since they are depleted 

after neonatal thymectomy (371). In the liver, the infiltrating 

blast cells appeared ta migrate frem the circulation te the 

subendothelial zone and then to the periductal region. The 

ultimate fate of these cells as to whether they matured to 

form lymphocytes or differentiated into other mature types 

of cells could not be determined from this study. 
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The changes in the spleen subsequent to PHA-P admin

istration were the Most striking and involved both the white 

and red pulpe The initial depletion of the rim of maturesmall 

lymphocytes in white pulp fellicles was followed by a profound 

increase in the number of blast cells with hyperplasia of the 

white pulp and the appearance of groups of blast cells i.n the 

red pulpe These changes are interpreted as being due to trans

formation of small lymphocytes into large blast cells reaching 

a peak at 48 heurs and thus paralleling the in vitro effect of 

PHA. A commencing repopulation of the periphery of the folli

cles and the red pulp in the spleen by small lymphocytes W2~ 

noted by 72 hours and the repopulation appeared completed by 

5 days, restoring normal morphology. Thus it appears that 

the lymphoid cells in the spleen undergo a cycle of changes 

in response to PRA charaeterized by initial tr9nsformation 

into blast cells, mitotic activity most intense in the 24-48 

hours period as indieated by the incorporation of tritiated 

thymidine in a high proportion of these cells, followed by 

maturation to small lymphocytes te repopulate the aroas which 

had been depleted. In faet, at day 4, 50 per cent of the new 

population of small lymphocytes appearing at the periphery of 

the follicle were labelled. At day 5, a similar number of 

small lymphocytes were labelled but the grain count per cell 

was less than at day 4. 

The histologieal changes observed in the PHA-M injected 

animaIs were variable and much less intense than those indueed 

by PRA-P. This was not unexpected, sinee PHA-P is more potent 

than PHA-M in terms of blastogenic and mitogenic properties and 

the dose of PHA-M used may therefore have been only a threshold 

dose. However, the erythroid-myeloid proliferation in the spleen 

of the PHA-M treated animaIs was quantitatively similar te that 

observed with PHA-P, suggesting that this remarkable extrame

dullary activity ean be induced wlth smaller doses of PHA-P. 
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This Interpretation of our findings war reinforced by the 

observation that both PRA-M and PRA-P induced siailar changes 

in the perlpheral blo.d. Roth groups of animaIs had a decrease 

in tho number of per1pheral white cells 2 hours after the in

jection of PRA and the counts were back to normal 24-48 hours 

later. This transltory decreaso in circulating white cells 

can possibly be attributed to agglutination of the white 

cells by PRA fellowed by sequestration. Moreover, the ditfer

ential cell count showed a significant decrease in the number 

of mononuclear cells following the administration of PRA. The 

increase in granulocytes ebserved at the same period may have 

resulted from increased granulocytopoiesis stimulated by the 

rapid destruction of large numbers of mature neutrophils or 

by a direct stimulatory effect of PRA. In addition, a marked 

decrease in splenic polymorphonuclear leukocytes was evident 

at 24 hours, indlcating a release of these mature forms Int0 

the perlpheral blood. By 48 hours, the values observed were 

similar to those before injection. The initial lymphopenia 

was probably corrected by the release of newly formed small 

lymphocytes as indicated by the finding of labelled lympho

cytes in the perlpheral blood 48 hours after the injection 

of the PRA-P. The Increased erythroid activity in the 

spleens of the PHA-M and PRA-P treated animaIs was reflected 

in the large number of circulating normoblasts observed bet

ween 2 and 36 hours after the PRA injection. This was follow

ed by an almost complete recovery of the red cell count at 

48 hours suggesting release of fully hemoglobinized non

nucleated red cells into the circulation. 

The numerous studies pertaining to histological 

alterations during the immune response are difficult to 

compare in view of the different routes of administratio~ an

tigens used (particulate or SOluble), number of injections 

and species of animal used. Multiple antigen injections 
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have often been used to produce a maximum cellular response, 

but sequential changes are difficult to interpret in such a 

study. Bubcutaneous injection of antigen, especially when 

given with adjuvant, results in slow absorption on the an

tigen, thus superimppsing cellular reactions of various ages. 

Furthermore, adjuvants may cause cellular reactions unrelated 

to antibody fermation (372). Fitch and Wissler (372) pointed 

out that a single intravenous injection of a particulate an

tigen offers the best conditions to determine the sequential 

histologie al changes. However, Ward et al (373) noted that 

the general physical make-up of the antigen used (particulate 

or soluble) can be responsible for different histologieal 

changes. Most workers used the rat spleen in order ta follow 

the histological sequence of events after th& injection of 

antigen. However, as rointed out by Ward et al (373), the 

rat spleen is the center of active extramedullary hematopoiesis 

and consequently qualitative changes attributable solely to a 

primary antigenic stimulus may be more difficult to discerne 

In contrast, there is little evidence of extramedullary hema

topoiesis in the normal rabbit spleen. 

Marshall and White (374) adm1nistered either one, two 

or multiple intravenous injections into rabbits using several 

particulate and non-particulate antigens. They described the 

appearance of a large, basophilie cell in the immediate region 

of the arterioles of the splenic pulp 3 to 4 days after inject

ion of the antigen. This cell was named "activated reticulum 

cell" and in 1ts later differentiation was presumed te give 

rise to plasma cells, but only after multiple injectiens of 

the antigens. The proliferative changes in the splenic fol

Iicles began four days following the intravenous injection of 

an antigen and, as with the plasma ce Il reaction, these changes 

were produced by aIl antigens employed. However, it was their 
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impression that the germinal centers reached their greatest 

development when bacterial antigens were employed. Fagraeus 

(375), in a classical work with hyperimmunized rabbits, describ

ed the formation of plasma cells as the main feature following 

the injection of an antigen. The precursor cell had a morpho-

log Y similar to the "activated reticulum ceU" described by 

Marshall and Whito and was named "transitional cell". Ward 

et al (373) injected rabbits intravenously with one single 

dose of bovine gamma globuline Up to 6 days after injection 

the histologicsl features of the tissues examined were the same 

as those of the control animaIs. After 8 days, histolegical 

changes were noted only in the white pulp in the spleen. The 

splenic follicle showed an enlargement of the germinal center, 

with a reduction in the size of the mantle layer. rhese changes 

declined thereafter and 18 days after administration of the 

antigen the spleen had a morphology similar to that of control 

animaIs. They correlated the appearance of proliferative acti

vit Y in the germinal center with detectable antibody in the cir

culation, but could not detect any plasma cells. However, Wissler 

et al (376) reported that after the intravenous injection of a 

particulate antigen, the response in the rat spleen was quite 

consistent and limited to the red pulpe They described that 36 

hOIJ!'s Rf ter the administration of the antigen, mitotic activity 

began in the red pulp which reached a peak at dCJ~ 3-4 while 

the serum antibody titer reached a peak at day 6. On the other 

hand, Congdon and Makinodan (377) observed marked cellular 

alterations in the splenic white pulp of mice given sheep red 

cells before antibody production could be detected. The Most 

striking observation after primary antigen injection was the 

loss of germinal centers in the spleen accompanied by extensive 

proliferation of antibody forming cells throughout the white pulpe 
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This process lasted about 3 days and was followed by a hyper

plastic regeneratien of germinal centers. The sequence of his

tological events su~ested that the large, newly-formed cells 

in the white pulp gave rise to antibody forming cells of the 

plasmacytic series later seen in the red pulpe Gundersen et 

al (378) noted changes i~ the splenic follicle in the rat 

spleen 2 days after a single intravenous injection ef a bac

terial antigen but not after the injection ef sheep red blood 

cells. They pointed out that the red pulp ie the site of 

antibody forming cells. Langevoort (379) investigated the 

histological changes in rabbit spleen after one intravenous 

injection of hurse gamma globuline He found that plasma cells 

arose among the lymphocytes of the periarteriolar lymp~ocyte 

sheaths of the white pulp and suggested that the sheath lympho

cyte was the precursor of the plasma cells. The plasma cell 

proliferation started at 24 hours after injection af the 
d 

antigen, was maximal at days 3-4 and by day 7 the periarterio-

lar lymphocyte sheaths had resumed their normal appearance. 

Four days after the antigen injectiGn bl~st c~lls appeared in 

the germinal canters, giving rise to numerous medium-sized 

lymphocytes. The follicles enlarged du ring the subsequent 

5 to 10 days after which the reactian gradually subsided. 

No relation was found between the follicular activity and 

antibody formation. The findings of Langevoort (379) are in 

contradiction to the opinion ef other investigators (376,378) 

that antibody forming cells develop in the red pulpe 

A histologie and autoradiographie study by Hanna (380) 

on the germinal center changes in the mouse spleen revealed 

a proliferation following a primary sheep red blood cell 

stimulation. This proliferation was detected in two ways: 

within intact germinal centers (hyperplasia) and in a dispers

ed manner with migration. These changes began 2 hours after 
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the injection of the antigen and an increase in the number of 

immature lymphocytic cells coincided with germinal center 

dissociation. These cells migrated into the red pulp where 

they presumably transformed te plasma cells, the transformation 

beginning 1~2 days after antigen injection. On the ether hand, 

Craddock et al (381) studied the response of rats to the in

jection of the same antigen and reported that the development 

of new germinal centers in the spleen, with prominent phagocytic 

activity, occurred before the appearance of antibody producing 

cells but that these cells were not the products of germinal 

center proliferationo 

As can be seen from the above studies, there is no 

agreement as to the histological changes which occur during the 

immune response, nor is the antibody forming cell line defini

telyestablished. Gowans and MacGregor (349), in their excellent 

review, pointed out that these conflicting views cannot be recon

ciled on the basis of existing evidence. 

In our experiments, the changes induced by a single 

intravenous injection of human gamma globulin were confined 

only to the spleen. The initial Changes, observed 2-3 days 

after antigen administration, consisted of white pulp hyper

plasia. The follicle contained a slightly enlarged germinal 

center but the outer mantlo of cells was very enlarged. The 

dissociation of the germinal center was noted at day four and 

was characterized by a merging of the germinal center with the 

middle layer. At day 5, a more marked sequence of events began 

with a very hyperplastic white pulp - germinal centers were again 

present but not in aIl follic1es. Mitotic activity was detected 

in the germinal conters and in the outer mantles in view of the 

large number of label1ed cells in the radioautographs. The most 
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e prominent germinal eenters were noted at day 7, and this change 

.as aecompanied by a widening of the middle and outer mantle 

layers. By day 10, the white pulp had almost returned to a 

mor.phologieal state similar to that observed in contrel animaIs. 

No outstanding changes were Gbserved in the red pulp except 

for some nuclear debris and plasma cells were rarely identified 

throughout the experiment. Antibody was detected in the circu

lation of the antigen injected ~nimals only aiter day 7 when 

the most striking changes were observed in the splenie white 

pulPe 

Althoughour results do not closely resemble the histo

logieal changes sUbsequent to antigenie stimulation discussed 

above, the main purpose of this study was to compare the his

tological features induced by the injection of PRA and antigen. 

Evidence both in favor and against the hypothesis that the 

action of PHA has an immunologieal basis were discussed in 

Chapter 2.16. On the other hand, there is no doubt the PHA, 

when injected into ~nimals, also possesses antigenic proper

ties, in the sense that an antibody (anti-PHA) i8 fermed (see 

Chapter 2.13). However, from the results presented above, it 

is clear th9t the histological changes induced by PRA are quite 

different fram those induced by antigen. PHA induced a marked 

initial depletion of lymphocytes followed by white pulp hyper

plasia at 48 hours and at days 7-8 a moderate hyperplasia of 

the white pulp was again evident, but different from that seen 

on day 2, due to the presence of large germinal centers. This 

histologie picture in the white pulp observed 7-8 days after 

the injection of PRA is similar to that observed 7 days after 

the injection of antigen. FurthermQre, the red pulp in the 

PHA-treated rabbit was characterized by myeloid-erythroid 

activity on days 7-8, ft change not seen in the spleen of the 
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antigen-injected rabbit. 

From these data it can be suggested that PRA has at 

least two active cemponents: ene capable ef exerting an early 

and active blastogenic and mitogenic response and the ether 

behaving as an antigen. This is not surprising in view of the 

complex composition of PRA as discussed in Chapter 2.3. 

As was stated previously, the most ebvious changes as 

a result of PUA administration took place in the spleen. The 

initial depletion of small cells in the white pulp was fellowed 

~ithin 24 hours by hyperplasia of the white pulp and the appear

ance of large numbers of blast cells in both the red and white 

pulpe Repopulation of the follicular mantles was noted by day 

3 and appeared to be complete by day 5, restoring normal 

morphology. Recent studies in normal animaIs (see below) sug

gest that this new population of small lymphocytes was derived 

by division of the labelled blast cells in the periphery ef the 

follicles, rather than from the blasts in the germinal center. 

Fliedner et al (382) injected tritiated thymidine into rats and 

sacrificed them at intervals of time thereafter. They found no 

evidence that small lymphocytes are produced by division of cells 

\~ithin germinal centers in the rat spleen. Similar findings were 

reported by Craddock et al (383). Everett and Tyler (384) per

formed similar studies on the mesenteric lymph nodes of the rat. 

By radioautographic analysis they showed that the majori ty of 

cells in the germinal canters were labelled and had a rapid 

turnover but no labelled smaii lymphocytes were detected in ger

minal centers. Cottier et al (385) presented evidence for the 

production of the circu1ating lymphocytes in the spleen independ

ent of germinal center proliferation. Extracorporeal irradiation 

of the blood of the calf depleted the animal of recircu1ating 
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lymphocytes. Such depletion, however, failed te diminish the 

size of proliferative activity ef germinal centers altheugh 

t~e surrounding cuffs of small lymphocytes were seri.usly 

reduced. Lymphepenia was found to persist for many months 

despite hypertrophy of germinal centers. However, KOburg, 

(386) concluded from radioautographs of tons ils of normal 

rabbits that the small lymphocytes in the follicular mantles 

probably eriginated from the adjacent germinal centers. 

It has been shewn by Everett et al (387) us1ng rats 

injused with tritiated thymidine, that lymphocytes in the rat 

have a various life span. There is a short-lived population 

of lymphocytes mainly located in the thymus and bone marrow and 

a predominantly long-lived population found in the spleen, lymph 

nodes and thoracic duct lymphe The lymphoirl cells in the germinal 

centers 1n the spleen are short-lived (381,382). Fliedner (382) 

showed that, after a single injection of tritiated thymidine, 

30-40 per cent of the cells in tjle germinal centers in rat spleen 

were labelled within l hour and this fraction remained labelled 

for about 24-36 hours. However, due to the rapid mitotic acti

vit Y ef many of these cells, the mean grain count over these 

cells diminished with a half-time of 13.4 hours. Cottier et al 

(385) (see above) demonstrated that the germinal center cells 

do not give rise to the long-lived circulating lymphocytes which 

constitute the majority of the lymphocytes in the peripheral 

blood. Radiation-1nduced chromosome aberrations have been used 

as markers to identify long-lived small lymphocytes capable of 

surviving for long periods in vivo without dlviding. When 

these cells were stimulated in vitro with PHA, they could be 

identified by the chromosome Alteration. Based on this criter

ion, Nordman et al (388) estimated that the life span of the 

circulatlng human lymphocyte ls approximately 550 days. Weber 

and Nowel! (389) cultured lymphocytes from irradiated monkeys 

in the presence of PHA and observed cells with abnormal chromo

somes up to 8 months after irradiation. Such cells were found 
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in the bloed, spleen and lymph nodes. NevelJ (390), in a 

similar study, showed that these long-lived lymphocytes divide 

in vitro in response to tuberculin when obtained fr~ tuberculin

sensitive individuals. Thus it would appear that, in the peri

pheral blood, the PHA-responsive cell is the long-lived, recir

culating, small lymphocyte. However, Metcalf and Osmond (122), 

working with rats previously injected with tr1t1ated thymid1ne, 

cultured cells obtained from the lymph node, spleen, thymus, 

blood and thoracic duct lymph in the presence ef PHA and conclud

ed that bath the 10ng-l1ved and short-lived smaii lymphocytes 

respond to PHA. 

From our results, it would appear that the regenerating 

population of small lymphocytes in the spleen after PRA adminis

tration had their origin in the small lymphocytes constitut1ng 

the surrounding cuffs of the germinal centers and can therefore 

be classified as long-lived lymphocytes. These "cuff" cells 

werë able to respond promptly to the PHA injection, thus con

firming the in vitro studies showing the ability of the long

lived lymphocytes to transform to blast cells (388-390). The 

importance of this observation stems from the fact that the 

long-lived lymphocyte has an active role in the immune response 

(387,381,349) and is the carrier of long-term immunologie al 

memory (391). 

The most important histological findings in the PHA-P 

injected animaIs, in relation to the potential use of PHA as 

a therapeutic agent in human disease, were observed in the red 

pulp of the spleen. A very intensive myeloid-erytbroid acti

vit Y was detected at 24 hours and a second peak was noted at 

day 7, reaching the maximum between days 8 and 10. The myeloid 

population consisted mainly of myeloblasts and myelocytes, cells 

which are precursors of mature granulocytes. The erythroid 
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population was represented by large numbers cf normob1astic 

Islands. The early increase in normoblasts seen in the red 

pulp ~ollGWed rapidly the decrease in the red ce Il count of the 

peripheral bleod which occurred after the PRA injection. This 

decrease in circulating erythrocytes is prebably the result of 

hemagglutination and sequestration while the increase in nor

moblasts could be interpreted as being either a response to the 

erythrocyte depletion or a direct stimulatory effect of PRA on 

erythropoietic tissue. The work of GambIe (187) suggests that 

the latter is the more likely alternative. Although he injected 

mice with PRA absorbed with mouse red cells, thus removing its 

erythro-agglutinating property, he neve~theless observed an 

increase in the number of normoblasts in the spleen. 

From our results, it seems that PHA-P has a strong, direct 

effect in stimulating the appearance of immature forma of the 

myeloid and erythroid series. The presence of immature ce Ils 

of the granulocytic series in the spleen may corre~pond to the 

proportional increase in primitive myelopoietic cells observed 

st 24 hours in the bone marrow. It may be suggested that these 

primitive cells in both the myeloid and erythroid series eriginate 

from the small 1 ymP40c y te, but such a role for this latter cell 

is still highly debatable. Some authors of the monophyletic school 

(392-395) have stated that the lymphocyte is a totipotential cell, 

giving rise under proper stimulation to any other type of blood 

celle This change Can ~~ a direct one or the sm~ll lymphocyte 

May be first modified to a large blast celle On the other band, 

the polyphyletic school (392) ma1ntains that thore are several 

different blast cell lines each of them giving rise to a different 

cell in the bl~od. Although Wintrobe (392) states that a dogmatic 

viewpoint on the interre12tionships of the blood cells is un jus

tified at the present time, he g1ves serious consideration to 

the modified monophyletic theory of Downey (392) whd maintained 

that the lymphocyte of normal blood does not usually transform 
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into some other type of cell but the developmental potentiali

ties of the lymphocyte are such that thi's may occur in an abner-
... ' ~ , 

mal environment. Such an environment could be provided by the 

PRA injection into the animal. As discussed above, there was 

a large number of blast cells derived by transformation of the 

small lymphocytes in the spleen subsequent to thè administration 

of PRA. These cells may have differentiated inte small lympho

cytes and into immature forms of the myeloid-erythroid series. 

This is supported by the finding that the new population of 

normoblasts and myeloblasts were labelled. The early peak of 

erythroid-myeloid activity found in our animaIs could be expIa in

ed by the prompt response to PRA of a small percentage of cells 

which was already being activated by other biological mechanisms. 

The secend, more intense and prolonged wave of erythroid-myeleid 

activity (day 7) was probably the result of blast cell different

iation. GambIe (187) also showed an intense activity in the mouse 

spleen after the intravenous injection of PRA. He ebserved a 

single early p~ak of normoblast and granulocyte precursor acti

vity. The second and late peak of erythroid-myeloid prolifera

tion was not observed due probably to the termination of the ex

periment after only 8 days. The failure of Elves et al (186) 

to obtain significant changes in the rat spleen following intra

peritoneal and subcutaneous injections of PRA can be attributed 

to a difference in the species of animal used and mainly to the 

different route of administration of the PRA. The sharp increase 

in immature forros that were found in bone marrow after PUA injec

tion probably supports the concept that lymphocytes in the bone 

marrow can differentiate into erythroid and myeloid elements 

(396). It has been suggested that these lymphocytes are not 

produced in the bone marrcw but arrive by migration from other 

lymphoid organs (397). Labelled lymph node cells (398) and 
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thymus lymphocytes (399, 400) have been traced te the bene 

marrow, where they have taken on the morphological characteris

tics of erythroblasts and Myelocytes. 

The possibility that the lymphocyte could function as 

a totipotential hemopoietic stem cell encouraged Humble (209) 

to use PHA as a therapeutic agent in human aplastic anemia. 

This disease 1s character1zed by anem1a, leukopenia "and throm

bocytopenia. In the bone marrow, the majority of nucleated 

cells are lymphocytes and a smear of per1pheral blood May 

contain as Many as 70-90 per cent lymphocytes. However, the 

leukocyte count cao be very low and thus absolute lymphocy

topen1a May be present as weIl (392). On the assumption that 

the lymphocytes 1n patients with aplastic anemia are able to 

undergo blast transformation in vivo under PRA stimulation, 

Humble (211) administered 5 intravenous daily injections of 

PRA into 16 patients with ap1astic anemia. After a two day 

pause, 2 further daily injections were given. There was 

some recovery of hem~poietic function in eight of the patients. 

In these patients abnormal large lympheid cells were seen in 

the blood 7 days after the first injection. About this time 

the low white cel1 count started to rise and granulocytes and 

reticulocytes tended to increase. Humble (211) also noted 

that recovery of red cells preceeded that of plate lets and he 

concluded that PHA is of some value in the treatment of aplas

tic anemia in humans. 

Although it i~ d1fficult to extrapolate the findings 

in healthy rabbits after PRA administration te those described 

in diseased humans after a similar treatment, certain consider

ations can be made. The demonstration of an increased and 

previously non-existent extramedullary hematopoiesis in the 

rabbits injected with PRA suggests that this substance can act 
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as a potent stimulant, induc1ng the production of red cells 

and granulocytes. Occasional circulat1ng megakaryocytes found 

1n our experimental animaIs ceuld reflect an increased product

ion ef these cells. These findings cou1d perhaps expIa in the 

red ce1l, granulocyte and plate let recovery observed by Humble 

(211) in humans. Also, the circulating blast cell noted by 

Humble (211) was observed in the peripheral bleod of the rabbits 

injected with PRA. However, the contradictory resu1ts observed 

by other warkers (se~ chapter 2.12.2) following the administra

tion of PRA into patients with aplastic anemia makas clear that 

further studies are needed. The dose injected in our rabbits 

(1 vial of PRA) is 5-50 times more potent than the therapeutic 

dose used by the above authors. Furthermore, experimenta1 stu

dies with multiple injections of PRA are needed. Nevertheless, 

the report of Israel et al (224) that the intravenous injection 

of PRA into 27 cancer patients permitted the administration of 

a greater dose of antimetabolite drugs without the accompanying 

leukopenia reinforces the potential use of PRA as a valuable 

therapeutic agent in certain human diseased states"of the bone 

marrow and lymphoid tissue, provided a proper dosage and in

jection schedule can be worked out. 
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CHAPTBR 7 

SUMMARY 

Two preparati0ns of commercially-available phytohemag

glutinin (PHA), PHA-M and PHA-P, were compared with a common

ly used antigen, human gamma globulin (HGG) with respect te 

their effects in the rabbit. Each preparation was injected 

once intraveneusly and the rabbits were then sacrificed at 

predetermined intervals of time. Bach rabbit was injected 

with 400 microcuries of tritiated thymidine 24 heurs prior 

ta sacrifice, specimens of various organe (lymph node, spleen, 

thymus, liver, kidney, bone marrow, sacculus retundus and 

appendix) were fixed in buffered formalin and sections were 

sta:tnecl directly with hematoxylin and eosin. Other sections 

were deparafinized, coated with a photographie emulsion, stor

ed in the dark et 4°C for 6-8 weeks and developed and stained 

with hematoxylin and eosin. Examination of stained sections 

and radioautographs revealed no permanent changes in the dif

ferent organs investigated. The only marked changes occurred 

in the spleens of the PHA-P injected rabbits which consisted 

of depletion of small cells during the first 24 hours after 

PHA administration followed by hyperplasia of the white pulp 

and the appearance of a large number of labelled blast cells 

in both the red and white pulpe The spleen ettained normal 

morphology by day 5 but by days 7-8 germinal center hyperpla-

sia and myeloid-erythroid activity were observed. By day 18, 

aIl the organs were considered to have returned to normal 

morphology. The histologie changes induced by PHA-M were 

similar but of much lower intensity. The changes induced by 

antigen were markedly different from those induced by PRA. The 

only abnormal feature was hyperplasia of the white pulp with en

larged germinal centers by days 5-7 with a return to almost normal 

morphology by day 10. The transitory nature of the changes describ

ed in the blood forming and lymphoid organs, together with the 
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e 
absence of degenerative changes generally, sugge8t that PRA 

i8 essentially non-toxic and that the changes observed are 

in fact entirely due te a specifie stimulating activity of 

PRA on the myelo1d and lymphoid tissues. These findings 

WGuld appear to just1fy the use of PHA in certain diseases 
\ 

of the bone marrow and lympheid tissues such as idiopathie a~las

tic anemia and drug-indueed leukopenias, provided a proper do

sage and injection schedule can be arrived at. Much more werk 

is obviously required to better elucidate the mechanism of ac

tion of PRA and its role as a chemotherapeutie agent. 
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