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ABSTRACT 

Guinea pigs sensitized to tuberculin or 2,4-dinitrochlorobenzene 

(DNCB) were injected with goat antilymphocytic serum (ALS) or normal 

goat serum (NGS) as a control. Plasma was collected 4 hours after the 

injection and either injected immediately into a recipient guinea pig, 

or fractionated by Geon-Pevikon block electrophoresis and/or dialysis 

procedures. The electrophoretic, dialyzable, and non-dialyzable frac

tions were also injected into recipient animals. All recipient animals 

were skin tested 48 hours after the injection, and the reactions were 

read 24 hours later. These materials were also tested for lymphocyte 

transformation capacity, macrophage migration inhibition, and for the 

presence of antibodies capable of causing passive cutaneous anaphylaxis. 

Ability to cause positive delayed type skin tests and lymphocyte trans

formation was found in whole plasma, alpha globulin-albumin fractions, 

and in the dialyzable materials from ALS treated sensitized guinea 

pigs. Control plasma materials from sensitized guinea pigs treated 

with NGS were inactive in passive transfer. No immediate type reac

tions were observed. Passive cutaneous anaphylactic capacity was found 

in the gamma globulin and non-dialyzable fractions of the whole plasma 

from both ALS and NGS treated animals. No inhibition of macrophage mi

gration was observed. 

These results indicate that the activity of plasma from ALS 

treated sensitized guinea pigs resides in a molecule identical to 

viii 



transfer factor. It has been shown to be capable of in vivo passive 

transfer of delayed hypersensitivity, is dialyzable, migrates electro-

phoretically with the alpha globulin-albumin fractions, possesses a 

280/260 optical density ratio of 0.7, and is capable of in vitro lym

phocyte transformation in the presence of specific antigen. Thus ALS 

can cause the in vivo release of a transfer factor molecule(s) from 

sensitized cells into the plasma. 



INTRODUCTION 

The term hypersensitivity has been defined as an acquired state 

of exaggerated responsiveness of cells and tissues from an individual 

toward a specific agent with which the individual has had prior experi

ence (70), Hypersensitivities are usually divided into two categories: 

immediate and delayed. This division was originally based on the time 

of onset of symptoms after exposure of the conditioned subject to the 

sensitizing agent. More precisely, however, immediate hypersensitivi

ties are generally due to the presence of specific circulating anti

bodies, whereas delayed type reactions are an example of cell mediated 

immunity, involving specifically sensitized thymus derived lymphocytes. 

Delayed hypersensitivity has been induced by infectious agents 

(bacterial, viral, and fungal), certain chemicals, and foreign tissue 

cells. In addition, it plays a role in several auto-immune diseases 

and immunity to tumors. 

In Vivo Passive Transfer 

A major characteristic of delayed hypersensitivity is the fact 

that passive transfer from sensitive donors to normal recipients has 

not been accomplished consistently with plasma or serum, but transfer 

does occur when whole living leukocytes are employed. This was first 

demonstrated when Landsteiner and Chase (47) effected passive transfer 

of sensitivity to chemical compounds in guinea pigs by means of viable 

white cells. Later Chase (12) effected passive transfer of sensitivity 

1 
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to tuberculin by the same means. The comprehensive review by Bloom and 

Chase (7) covers early developments in this field. 

After the cellular basis for the passive transfer phenomenon 

was established, investigators searched for transfer activity in sub

cellular materials. In 1948, Crepea and Cooke (18) reported passive 

transfer of poison ivy sensitivity in guinea pigs with spleen cell ex

tracts. They noted some transfer activity in the "wash water" of 

spleen cells. Similarly, in 1964 Kucharski and Favour (45) claimed 

passive transfer with "cell-free first supernatant fluid"—fluid under 

which splenic tissue had been dissociated. Jeter, Tremaine, and See-

bohm (43) in 1954 described passive transfer of delayed hypersensitiv

ity to dinitrochlorobenzene in guinea pigs with peritoneal exudative 

cell extracts after sonic disintegration. Lawrence (48,49) in 1954 

and 1955 transferred reactivity to tuberculin and streptococcal M sub

stance in human beings with extracts from human blood leukocytes. 

The active component obtained from leukocytes of sensitive 

human beings which is capable of effecting passive sensitization has 

been termed "transfer factor" (53). The first report concerning the 

nature of transfer factor came in 1957 from Jeter, Laurence, and See-

bohm (42). They described an electrophoretic component resembling 

alpha-l-globulin which appeared in high concentration in extracts of 

leukocytes from animals sensitive to tuberculin and 2,4-dinitrochloro-

benzene (DNCB) but was not found in extracts of cells from normal ani

mals. Jeter was also able to transfer this sensitivity with the 

isolated alpha globulin fraction (W. S. Jeter, Department of 



Microbiology and Medical Technology, The University of Arizona, per

sonal communication, 1972). 

Purified transfer factor from human beings has been character

ized biochemically as a heat labile (56C/301), soluble, dialyzable, 

and lyophylizable substance with a molecular weight of less than 

10,000, probably of a polypeptide/polynucleotide composition but un

affected by deoxyribonuclease, ribonuclease, or trypsin (51). Immuno

logically it is not an immunoglobulin nor is it immunogenic. However, 

it is specific, and it converts normal lymphocytes in vitro and in vivo 

to an antigen-responsive state (51). 

In addition to transfer factor, sensitized cells have been 

shown to release numerous other biological factors, now called "lympho-

kine8," such as migration inhibition factor, lymphotoxin, chemotactic 

factors, mitogenic factors, growth inhibitory factors, and interferon 

(20). 

Difficulty in working with in vivo systems has prompted re

searchers to develop in vitro models for analysis of the in vivo mech

anisms responsible for the development of delayed hypersensitivity 

reactions. Several tests which are considered to be in vitro corre

lates of delayed hypersensitivity in vivo have come to the forefront 

in recent years. Two of these, the migration inhibition test and the 

lymphocyte transformation test, are widely used to analyze the cells 

and lymphokines involved in delayed hypersensitivity (19,36,38,50,59). 
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Migration Inhibition Test 

The migration inhibition test was developed from the observa

tions by Rich and Lewis (63) that migration of sensitized cells from 

splenic explants was inhibited in the presence of the specific antigen. 

George and Vaughn (36) demonstrated that the migration of tuberculin 

sensitibe macrophages from capillary tubes was inhibited by tuberculin. 

Their method for the migration of cells from capillary tubes has become 

one of the standard and most reliable in vitro correlates of delayed 

hypersensitivity. Further work by David, Lawrence, and Thomas (21) 

showed that the in vitro migration of macrophages was inhibited by as 

few as 2.5% peritoneal exudative cells from sensitized donors. Bloom 

and Bennett (6) separated peritoneal exudative cell populations into 

two major component cell types: lymphocytes and macrophages. The re

sults showed that the lymphocyte possessed the immunological informa

tion and produced the soluble material known as migration inhibition 

factor (MIF). This factor inhibited the macrophage from migrating; 

hence the macrophage served only as an indicator cell. 

Purified MIF is a heat stable, non-dialyzable protein with a 

molecular weight of about 60,000 to 70,000, which is released by the 

sensitive lymphocytes in the presence of specific antigen (4,5,19). 

Migration inhibition factor inhibits the migration of macrophages ob

tained from nonsensitive individuals as well as from sensitive individ

uals. Addition of mitomycin-C or puromycin to cultures prevents the 

detection of MIF and suggests that MIF is produced de novo as a result 

of stimulation (19). 



5 

Other investigators have attempted to simplify the technically 

complicated capillary tube method by using a gel diffusion type of test 

(11,15), where cells are allowed to migrate through an agar gel from a 

hole cut in the agar, or over the surface of agar gels from drops of 

cells (57) or from gelled agarose drops of cells in microtiter plates 

(38). 

Migration inhibition factor from a variety of sources will in

hibit migration of guinea pig macrophages. Thus, guinea pig macro

phages have been used widely as the indicator cell in assays designed 

to test for the presence of MIF. Delayed hypersensitivity in human 

beings can be detected by culturing peripheral blood lymphocytes with 

antigen and testing the culture supernatant fluids for their ability to 

inhibit the migration of guinea pig macrophages. 

Lymphocyte Transformation Test 

The lymphocyte transformation test is also considered to be an 

in vitro correlate of delayed hypersensitivity. Lymphocyte transforma

tion is defined as the morphological enlargement of small lymphocytes 

to larger lymphoblasts (65). The technique that was most commonly used 

to evaluate the degree of lymphocyte transformation prior to the use of 

radioactive tracers was the enumeration of the proportion of larger 

lymphoblast-like cells which appear on stained smears prepared from 

cultures after various periods of incubation (3,29,59,61). Today the 

most reproducible and quantitative technique for measuring the response 

of lymphocytes to a stimulus is the determination of the tritiated 
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thymidine incorporation into the deoxyribonucleic acid (UNA) of the 

transforming cells (59,60). 

Oppenheim (59) believes that the in vitro response to an anti

gen may become apparent before the skin test becomes positive, and he 

suggests that lymphocyte transformation may be a more sensitive indi

cator of delayed hypersensitivity than skin testing. Fewer lymphocytes 

may be necessary to manifest a positive in vitro response than to pro

duce in vivo delayed hypersensitivity; thus he feels we should redefine 

delayed hypersensitivity in terms of the inhibition of macrophage mi

gration and positive lymphocyte transformation rather than in terms of 

positive delayed skin tests only. 

In general, a sensitized lymphocyte will undergo transformation 

when incubated in the presence of its specific sensitizing agent. How

ever, such nonspecific stimulants as phytohemagglutinin, concanavalin A, 

pokeweed mitogen, some endotoxins, antigen-antibody compleses, and spe

cific antilymphocytic sera can also cause transformation of normal 

cells. 

As mentioned earlier, transfer factor has the ability to con

vert normal lymphocytes into an antigen-responsive state, with result

ant transformation in the presence of the specific antigen (33,34). 

The lymphocyte transformation test can then be used as an assay for 

transfer factor by culturing normal cells plus transfer factor, with a 

later addition of specific antigen. Using this combination, the normal 

lymphocytes behave as if they were obtained from a sensitive donor. 
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Lawrence (50), in discussing the development of various in 

vitro correlates of delayed hypersensitivity, stresses that the most 

pressing problem now facing the experimentalist is to bridge the gap 

between in vitro neatness and in vivo complexities. 

Plasma Transfer of Delayed Hypersensitivity 

A second approach to the isolation of materials from sensitive 

cells capable of transferring delayed hypersensitivity has been the 

search for similar materials in the plasma of sensitive animals. In

deed, there have been a few scattered reports of the transfer of de

layed hypersensitivity using serum or plasma. However, these have not 

been confirmed (7). 

Cole and Favour (16) reported that a plasma fraction IV-10, 

from alcohol fractionation, gave positive tuberculin transfer to normal 

recipient guinea pigs. Their fraction IV-10 represented the total 

alpha globulin subfraction from approximately 100 ml of plasma. In a 

later reference (17), they emphasized that the transfer component was 

easily denatured and that for successful transfer their exact procedure 

must be followed. 

Ehrenkranz and Waksman (30) were unable to confirm the work of 

Cole and Favour with plasma fractions containing alpha globulins and 

suggested that the reactivity reported by Cole and Favour was actively 

induced. In addition, Chase (14) credited the reactions caused by 

plasma fraction IV-10 to the presence of circulating antibody in the 

fraction which reacted in immediate type sensitivity with the skin test 
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antigen, leaving small residual reactions at 24 hours which were in

terpreted as delayed type reactions. 

A series of experiments by Dupuy and Good (23) and these re

searchers with other co-workers (25,26,28) renewed interest in plasma 

transfer experiments. Using guinea pigs sensitized to the avirulent 

tubercle bacilli, Bacillus Calmette-Guerin (BCG), they reported that 

plasma collected following x-ray treatment would transfer tuberculin 

sensitivity to normal recipients. This plasma factor was shown to be 

a non-dialyzable, electrophoretically fast migrating molecule. In re

lated studies (27) they reported transfer of skin homograft immunity by 

plasma in inbred mice after x-ray treatment. In further work (24) they 

found that plasma from irradiated donors will transfer sensitivity to 

2,4-dinitrophenylated bovine serum albumin (DNP-BSA). They reported no 

transfer activity in the antibody fractions of the plasma. 

In contrast, Chase (13) reported that transfer with plasma from 

x-ray treated guinea pigs was correlated with the content of antibody 

which causes passive cutaneous anaphylaxis. Furthermore, a detailed 

report by Richardson and Paterson (64) agreed with Chase and reported 

that transfer of sensitivity to DNP-BSA with plasma following x-ray 

treatment was due to circulating antibody. 

Other investigators have attempted to release transfer factor 

into the plasma by intravenous challenge of sensitized animals with 

antigen. Favour (32) showed that lymphocytic cells from mice sensitized 

to tuberculin were lysed in the presence of purified protein derivative 

(PPD). Later, Fremont-Smith and Favour (35) showed lysis of both 
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lymphocytes and neutrophiles from patients with tuberculosis in the 

presence of tuberculous plasma and PPD. Miller et al. (56) found lysis 

of cells was due to a plasma factor in tuberculous persons and that 

leukocytes from normal as well as tuberculous patients could be lysed 

in the presence of this factor and PPD. Brandt, Sandage, and Birkeland 

(8) reported in vivo cytolysis of lymphocytes in rabbits infected with 

Mycobacterium tuberculosis following intravenous injection of PPD. Ihe 

blood lymphocyte level decreased sharply in 3 to 6 hours. Unfortunately 

no attempt at passive transfer was made. Tsuji et al. (69) reported 

passive transfer of tuberculin reactivity in rabbits with extracts of 

alveolar macrophages and serum. In their procedure, sensitive animals 

were challenged with an intravenous injection of BCG prior to cell and 

serum collection. Both cell extracts and serum had to be dialyzed to 

remove an inhibitor and the transfer factor was non-dialyzable. Kochan 

and Bendel (44) reported that sensitive splenic cells exposed to PPD in 

Hanks' balanced salt solution released transfer factor into the medium. 

Also, 18 to 42 ml of serum given in six divided doses over a two-week 

period before testing was able to transfer delayed sensitivity to tu

berculin. This occurred only when the tuberculous donors were injected 

intravenously with 0.5 ml of a 1:10 dilution of old tuberculin (OT) 4 

hour8 before collecting the serum. They also reported that such OT 

challenge renders the sensitive animal temporarily desensitized to sub

sequent tuberculin tests. Most recently, Salvin, Youngner, and Lederer 

(66) demonstrated that mice infected with BCG had both interferon and 

MIF in their circulation in maximum amounts 3 to 4 hours following an 
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intravenous injection of OT or living BCG. In an attempt to effect the 

release of active materials from lymphocytes into circulating plasma in 

vivo by lysis, Jeter et al. (41) injected antilymphocytic serum into 

tuberculin sensitive guinea pigs. Four hours after the injection, 

plasma was collected and transferred to normal recipients, resulting in 

strong positive delayed hypersensitivity type reactions. 

Antilymphocytic Serum 

Antilymphocytic serum (ALS) is an antiserum prepared in one 

species against the lymphocytes of another species. There are several 

excellent review articles on the preparation, properties, and mode of 

action of ALS (1,40,46,71). They report that ALS suppresses the pri

mary immune response to a variety of different antigens in several spe

cies of laboratory animals. However, ALS has little effect on secondary 

responses. The effect of ALS on humoral antibody responses is espe

cially seen with thymic dependent antigens, when it is given prior to 

antigenic stimulation. 

Antilymphocytic serum also has a suppressive effect on cell 

mediated responses. It has been used to prolong the survival of skin 

and organ transplants in man and animals, and it has been shown to sup

press cutaneous reactions to tuberculin and chemical hypersensitivities 

(39). 

Antilymphocytic serum seems to have its most direct effect on 

lymphocytes in the peripheral circulation. The almost immediate reduc

tion in peripheral cell counts suggest immune cytolysis of the lympho

cytes in the presence of complement with a subsequent depletion of 
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lymphocytes from the lymph nodes. However, there has been a great deal 

of argument on the mode of action of ALS. Many theories have been sug

gested including the following: blindfolding, enhancement, sterile ac

tivation, antigen competition, tolerance induction, and indiscriminate 

destruction (1). Another mode of action of ALS could be that it is 

capable of releasing transfer factor from sensitive cells into the 

plasma. The work by Jeter et al. (41) indicates that this is the case. 

The purpose of this study is to investigate passive transfer of 

delayed hypersensitivity to tuberculin and DNCB using plasma from ALS 

treated sensitized guinea pigs, by both in vivo and in vitro correlates 

of delayed hypersensitivity. 



MATERIALS AND METHODS 

Animal8 

Albino guinea pigs of both sexes weighing 500 to 1000 g, from 

departmental colonies (Rockefeller, Amana, and Hartley strains), were 

employed in all studies. 

Animals were housed in separate cages and fed Purina guinea pig 

chow and tap water supplemented with 0.37« ascorbic acid ad libitum. 

Raw cabbage was provided daily. The environment was controlled: tem

perature (74 ± 2 F) and relative humidity (507» ± 57»). 

Active Sensitization of Guinea Pigs 

Chemical 

Animals were sensitized by painting with a 27® solution in eth-

anol of 2,4-dinitrochlorobenzene (DNCB) according to the procedure of 

Burger and Jeter (10). 

Tuberculin 

Animals were sensitized to tuberculin by injection of 2 mg of 

heat-killed Mycobacterium tuberculosis. H37Rv strain, suspended in one 

ml of light mineral oil. Injections were given subcutaneously in five 

sites (0.2 ml each) into the nape of the neck. The organism had been 

grown on Long's synthetic medium (54), killed by exposure to flowing 

steam for one hour, and then dried over calcium chloride. 

12 
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Skin Testing 

Chemical 

Donor animals were tested five days after sensitization by 

spreading one drop each of 0.17. and 0.57. solutions in olive oil of DNCB 

on different clipped areas (approximately 20 mm in diameter) on the 

flanks. Reactions were read at 24 hours and scored by the method of 

Seebohm, Tremaine, and Jeter (68). Reactions are recorded as stated: 

- no detectable reaction 

1+ patchy erythema 

2+ erythema 

3+ homogeneous erythema 

4+ marked homogeneous erythema 

Only those animals showing 3+ or greater reactions with the 0.17. con

centration were used. Recipient animals were tested with 17. chemical 

in olive oil 48 hours after receipt of plasma materials. 

Tuberculin 

Donor animals were tested four to six weeks after sensitization 

by intradermal injection of 0.1 jag purified protein derivative (PPD) 

(Parke, Davis and Co.) or 0.1 ml of 1:2000 old tuberculin (OT) (Eli 

Lilly Co.). Animals showing erythematous indurated reactions of at 

least 15 mm diameter, after 24 hours, were used. Recipient animals 

were tested with 0.1 ml of 1:50 dialyzed OT or 5 jig PPD, 48 hours after 

receipt of plasma materials. 
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Preparation of Goat Antilymphocytic Serum (ALS) 

Cell Source 

Suprascapular and deep cervical lymph nodes were removed asep-

tically from normal Rockefeller guinea pigs and placed in sterile petri 

dishes containing Hanks' balanced salt solution (HBSS). The nodes were 

trimmed of excess fat and gently minced over a wire screen (stainless 

steel, 40 mesh) and cells were rinsed through with HBSS. The cellular 

suspension was then centrifuged at 850 x g for 10 minutes. Cells were 

washed a total of three times in HBSS, then resuspended in HBSS to the 

desired concentration. Total and viable white cell counts were made 

with standard techniques and the Spencer Bright-line hemacytometer. 

Viability was determined by dye exclusion utilizing trypan blue (62). 

Differential counts of each cell population were made employing the 

Neutral Red Janus-Green supravital (37) and Wright stains (2). 

Injection Schedule 

Goats were bled prior to immunization for normal serum for con

trols. White female goats three to four years old, from a local source, 

g 
were injected with 5-7 x 10 normal lymph node cells intravenously once 

a week for eight weeks, at which time the antisera were collected, 

pooled, and stored at -20 C. The goats were housed at llie University of 

Arizona Campbell Avenue Farm, Animal Pathology section. 



Titration of ALS 

Lymphocytoxicity 

Twofold dilutions of heat inactivated (56 C/30') sera were made 

in HBSS. Into siliconized tubes the following ingredients were added 

and mixed: 

0.1 ml of the serum dilution 

0.1 ml fresh normal guinea pig serum 

0.8 ml HBSS containing 1 x 10^ viable lymph node cells 

All tubes were incubated for one hour at 37 C in a water bath with in

termittent shaking. Then 0.1 ml of 0.47. trypan blue in saline was 

added to each tube. Five minutes later, the tubes were placed in an 

ice bath and total and viable counts performed. The titer of an anti

serum was considered to be the reciprocal of the highest dilution show

ing 207. less viability than a normal serum control. 

In Vivo Depletion of Leucocytes 

The ability of the antisera to produce leucopenia in normal 

guinea pigs was measured by intraperitoneal injection of 5 ml of the 

ALS into each of three 500 g guinea pigs. Circulating white blood cell 

counts from orbital bleedings were performed before and 4 hours after 

the injection. The average percentage drop was calculated. Differen

tial counts were not done routinely. 

ALS Injection and Plasma Collection 

Antilymphocytic serum or normal goat serum (NGS) was injected 

intraperitoneally into groups of four to nine donor animals. The dose 
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was 15 ml/kg body weight. Four hours after the injection, blood was 

obtained by heart puncture, ten units of heparin per ml of blood was 

used to prevent clotting, and the plasma was separated by centrifuga-

tion for 10 minutes at 850 x g. The plasma pools were then either in

jected immediately intraperitoneally into 450 to 500 g untreated recip

ient animals, 20 ml of plasma per animal, or stored at -20 C for 

separation on Geon-Pevikon block electrophoresis or dialysis procedures. 

Geon-Pevikon Block Electrophoresis 

The block electrophoresis procedure as described by Fahey and 

McLaughlin (31) was used to fractionate plasma from donors injected 

with ALS or NGS. Fractions were then eluted from the block with 0.15 M 

NaCl and concentrated by lyophilization. 

Dialysis Procedure 

Plasma from sensitized donors injected with ALS or NGS was dia-

lyzed against three changes of distilled water, each change represent

ing ten volumes of the original plasma material. The first two changes 

were for one hour at room temperature while the third was for 18 hours 

at 5 C. The three changes were pooled and concentrated by lyophiliza

tion and reconstituted to the original plasma volume with distilled 

water. Ihe cellulose dialysis tubing (Van Waters and Rogers, average 

pore radius permeability of 24 angstroms) used was always rinsed out 

with distilled water prior to use. 
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Passive Sensitization of 
Guinea Pigs with Plasma 

Guinea pigs, weighing 450 to 500 g, were passively sensitized 

with plasma materials (whole plasma, Geon-Pevikon fractions, dialyzable 

or non dialyzable materials) by intraperitoneal injection of 20 ml of 

whole plasma or the equivalent fraction from a 20 ml volume of whole 

plasma. 

Absorption Measurements with 
Ultraviolet Light 

The optical densities of the various plasma materials were 

measured at wavelengths of 280 nm and 260 nm on a Heathkit spectrometer 

model 701. 

Preparation of 2.4-Dinitrofluorobenzene Guinea 
Pig Serum Albumin Conjugate (DNP-GPA) 

Guinea pig serum albumin was purified by Geon-Pevikon block 

electrophoresis. Fractions from the block were analyzed by Immunoelec

trophoresis and those containing pure albumin were pooled and used for 

conjugation. Protein determinations were done by the method of Lowry 

(in 55). 

The conjugation procedure of Sanger (67) was used. Two-tenths 

ml of 2,A-dinitrofluorobenzene (Eastman), recrystallized three times 

from absolute ethanol, was added to a solution of 500 mg albumin in 100 

ml of 0.15 M NaCl and adjusted to pH 8.0 with NaHCO^, stirred with a 

magnetic stirrer for 4 hours at room temperature, and held for 18 hours 

at 4 C. The conjugate was separated from excess chemical by elution 

through a Sephadex G-25 column with phosphate buffered saline pH 7.0 
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and sterilized by filtration through a 0.45 jm Millipore filter. Chem

ical analysis of the prepared conjugate showed 2.08 mg protein per ml 

and 1.68 jiM dinitrophenyl per mg protein. 

Lymphocyte Transformation 

Whole plasma, Geon-Pevikon fractions, dialyzable, and non-

dialyzable materials were tested for their ability to stimulate deoxy

ribonucleic acid (DNA) synthesis of normal guinea pig blood leukocytes. 

Cultures were set up using whole guinea pig blood, collected in 

a heparinized syringe, as a cell source. The blood was diluted 1:25 

with RPMI 1630 medium. This medium was supplemented with penicillin 

(100 units/ml), streptomycin (100 jug/ml), L-glutamine (2 mmoles/ml), 

heparin (20 units/ml), and N-2-hydroxyethylpiperazine-N-2-ethane-

sulfonic acid (HEPES) (0.01 mmoles/ml). Cultures were dispensed in 2 

ml volumes into glass disposable culture tubes with Morton closures. 

Appropriate cell cultures in triplicate received various plasma 

fractions and antigen combination (PPD or DNP-GPA). Cultures were in

cubated at 37 C in a humidified air atmosphere, for 5 days, then pulsed 

with 1 juCi of tritiated thymidine (3H-TdR, specific activity 5 Ci/mMol; 

Amersham-Searle Corp.) for 24 hours. Cell cultures containing 3H-TdR-

labeled DNA were prepared for analysis by liquid scintillation count

ing using a modification of the procedure by Olson et al. (58) by lys-

ing the red blood cells with 2 ml of 37. acetic acid prior to the first 

saline wash. 
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Assay for Migration Inhibition Factor 

A slight modification of the method described by Harrington and 

Stastny (38) for inhibition of macrophage migration from agarose drop

lets in microtiter plates was used as an assay for the presence of MIF. 

One microliter droplets of a 257o (v/v) cell suspension were dispensed 

in microtiter plates without precoating the chambers with agarose. The 

medium used for the cell suspension was TC 199 containing 157o normal 

guinea pig serum (NGPS), 100 pg/ml streptomycin, 100 units/ml penicil

lin, 0.27o agarose (Sigma), and 0.01 M HEPES buffer. Each chamber con

taining a drop of gelled agarose was filled (0.25 ml) with various 

plasma fractions mixed in the TC 199 medium without agarose. The cham

bers were incubated at 37 C in a humidified air air atmosphere for 18 to 

24 hours before the migration distances were determined. Percentage of 

inhibition was calculated by using the following formula: 

w . i average migration with plasma materials , nn 7o inhibition = 1 a — —T T. ; x 100 
average migration with media alone 

Whole plasma fractions were also tested using the standard cap

illary tube method using a 107« (v/v) cell suspension (38). The capil

laries were sealed with Critoseal and centrifuged at 100 x g for 3 min

utes after which the capillary tubes were cut with a file at the inter

face between the packed cells and the supernatant fluid. The broken 

ends containing the cells (three replicates per treatment) were placed 

in cell culture chambers (Linbro Chemical Co., Inc., New Haven, Conn.). 

Appropriate medium was added and the chambers were incubated for 18 to 

24 hours, as above. The area of cellular migration from individual 



tubes was determined by projecting the cell-fan image onto a sheet of 

paper and tracing the outline. The area was determined by planimetry. 

Passive Cutaneous Anaphylaxis (PCA) 

Hair was clipped from the sides and abdomen of 500 g normal 

guinea pigs; then 0.1 ml of each material to be tested for the presence 

of antibody along with positive and negative controls was injected in-

tradermally into separate sites. After a 6-hour latent period, the 

guinea pigs were challenged by intravenous inj"ection of one ml of the 

appropriate antigen (PPD, 300 ̂ig or DNP-GPA, 200 /ug) in 0.5% Evans blue 

saline. The diameters of the reaction sites were measured 30 minutes 

later. All materials were tested in duplicate animals. 

Immunoelectrophoresis 

Immunoelectrophoresis was carried out using the Buchler model 

3-1014A power supply. Sodium barbital buffer pH 8.5, ionic strength 

0.06, supporting a 75 milliamp constant current for 2 hours was em

ployed for the separation of samples on glass plates (20 cm x 10 cm) 

using a 17. Noble agar in sodium barbital buffer as the support. After 

incubation with antiserum, the plates were photographed or washed in 

distilled water for four to five days, then stained with 1% amido-

schwartz stain in an acid alcohol solution. 



RESULTS 

To investigate passive transfer of delayed hypersensitivity to 

tuberculin and DNCB both in vivo and in vitro, the experimental design 

illustrated in Figure 1 was followed. Sensitized guinea pigs in groups 

of four to nine animals were injected with either ALS or NGS. The ALS 

used in this study had a lymphocytoxicity titer of 640 per 0.1 ml and 

when tested in vivo 5 ml "per guinea pig was capable of causing a 467» 

drop in the number of circulating leucocytes. Four hours after the in

jection of the sensitized guinea pigs, plasma was obtained and either 

injected immediately into a recipient guinea pig to test for its pas

sive transfer ability or stored at -20 C. The recipient of the whole 

plasma was allowed to rest for 48 hours before skin testing. The skin 

tests were observed over the next few hours and then measured at 24 

hours. No immediate type reactions were noticed. The remaining plasma 

which had been stored was then fractionated by either Geon-Pevikon 

block electrophoresis or dialysis procedures or both if enough plasma 

was available. At least 20 to 25 ml of plasma was fractionated. Fol

lowing electrophoresis, fractions were pooled according to the optical 

density profile at a wavelength of 280 nm of the material eluted from 

the block. The pooled fractions were lyophilized to concentrate and 

then reconstituted to the original plasma volume (20-25 ml) with dis

tilled water. These block fractions were then injected into recipient 

animals to determine their passive transfer abilities. Likewise, 20 to 
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SENSITIZED GUINEA PIGS 

+ 

ALS or NGS 

~T~ 
PLASMA 

Stored at -20 C 
Injected into a normal 
recipient and skin 

tested after 48 hours 

Fractionation via Block 
electrophoresis and/or 
dialysis procedures 

Whole plasma and fractions assayed for: 

1) Passive transfer ability 
2) PCA type antibody 
3) MIF 
4) Ability to cause lymphocyte 

transformation 

Figure 1. Experimental design. 
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25 ml of plasma was dialyzed against distilled water, and then the dia-

lyzable and non-dialyzable fractions were concentrated by lyophiliza-

tion and reconstituted to the original volume with distilled water. 

These dialysis fractions were then injected into recipient animals to 

assay for their passive transfer ability. Portions of all plasma mate

rials were stored at -20 C, following sterilization by filtration 

through a 0.45 /am Millipore filter, for assay by the various other 

tests. 

Passive Transfer with Plasma 

Plasma which was obtained 4 hours after the injection of ALS 

into sensitized guinea pigs was capable of transferring delayed type 

hypersensitivity to tuberculin and DNCB. Table 1 shows the results of 

passive transfer attempts with plasma and plasma fractions from the 

tuberculin system. Passive transfer of tuberculin sensitivity was ac

complished in all instances where the dose of ALS was 15 ml/kg with a 

4-hour waiting period. Prior experiments by A. Ahmed and W. S. Jeter 

(Department of Microbiology and Medical Technology, The University of 

Arizona, personal communication, 1973) indicated that the 4-hour period 

was necessary, possibly representing the time necessary for the ALS to 

get into the circulation and act. Ihe activity found in the whole 

plasma was isolated predominantly in the dialyzable fraction. This 

would indicate a molecule of small molecular weight. However, some ac

tivity did appear in the non-dialyzable fraction. Control plasma and 

its fractions (group E) from sensitized guinea pigs injected with NGS 

were unable to cause passive transfer. 
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Table 1. Plasma transfer of tuberculin sensitivity in guinea pigs. 

Donor 
group 

Donor 
ALS dose 
(ml/kg) 

Time 
(hr) 

Material 
tested 

Recipient skin 
test (mm)b 

A 12 2 Whole plasma 6 

B 15 4 Whole plasma 13 

Dialyzable fraction 20 

Non-dialyzable fraction 13 

C 15 4 Whole plasma 23 

Dialyzable fraction 20 

Non-dialyzable fraction 7 

D 15 4 Whole plasma nd' 

Dialyzable fraction 17 

Non-dialyzable fraction 9 

E 15d 4 Whole plasma 5' 

Dialyzable fraction 5 

Non-dialyzable fraction 5 

a. Time between injection of ALS or NGS and exsanguination. 

b. Diameter of the indurated-erythematous reaction of skin tests made 
by intradermal injection of 0.1 ml of 1:50 dialyzed OT or 5 p.% PPD 
in 0.1 ml and read at 24 hours. Tests were made 48 hours after 
injection of plasma materials. 

c. ND, not done. 

d. Sensitized guinea pig injected with NGS as a control. 

e. Values of 5 mm or less are usually considered negative. 
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Table 2 shows the results of passive transfer attempts with 

plasma and plasma fractions from the DNCB system. As was found in the 

tuberculin system, passive transfer did occur using plasma from ALS in

jected sensitized guinea pigs. Best results occurred with a 15 ml/kg 

dose and a 4-hour waiting period. The passive transfer activity found 

in the whole plasma could be isolated in the dialyzable fraction and in 

the alpha globulin-albumin region of the Geon-Pevikon block electro

phoresis fractions. No passive transfer activity occurred in the gamma 

globulin fraction. Control plasma from sensitized guinea pigs injected 

with NGS was inactive. The optical density profiles of the Geon-

Pevikon plasma fractionations are seen in Figure 2. 

Passive Cutaneous Anaphylaxis (PCA) 

Results of successful passive transfer experiments using plasma 

from x-irradiated guinea pigs (23-28) were criticized (13,64) as being 

due to the presence of circulating antibodies in the plasma capable of 

causing passive cutaneous anaphylactic type reactions. Therefore, all 

plasma fractions were tested for the presence of PCA type antibodies. 

Tables 3 and 4 show the results of these studies and compare the pres

ence of PCA reactivity with the passive transfer capability. 

In both the tuberculin and chemical system there Vias a low 

level of PCA activity. This activity, in the undilute samples, was 

higher in the chemical system (10-21 mm) than in the tuberculin system 

(2-12 mm). However, in the PCA test, values of 5 mm or less are con

sidered negative. Thus, all the samples from both systems were nega

tive at a dilution of 1:100. In both systems, serum taken from 
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Table 2. Plasma transfer of 2,4-dinitrochlorobenzene sensitivity. 

Donor 
group 

Donor 
ALS dose 
(ml/kg) 

Timea 

(hr) 
Material 
tested 

Recipient skin 
test*5 

F 12 2 Whole plasma 1 + 

G 15 4 Whole plasma 2+ 
G-P fraction0 1 -

it ii 2 — 

it II 3 -

II IT 4 2+ 
ii it 5 1 + 

H 15 4 Whole plasma NDd 

Dialyzable fraction 2 + 
Non-dialyzable fraction -

I 15 4 Whole plasma 2+ 
G-P fraction 1 -

II ti 2 -

II II 3 -

II II 4 1 + 
/ Dialyzable fraction 2+ 

Non-dialyzable — 

J 15® 4 Whole plasma — 

G-P fraction 1 -

A II 2 -

II II 3 — 

II TI 4 -

Dialyzable fraction -

Non-dialyzable fraction 

a. Time between injection of ALS or NGS and exsanguination. 

b. Tests made 48 hours after injection of plasma materials, with 17. 
DNCB in olive oil and read at 24 hours. Grading: -, no reaction; 
1+, patchy erythema; 2+, erythema; 3+, homogeneous erythema; 4+, 
marked homogeneous erythema. 

c. Geon-Pevikon block electrophoresis fractions. 

d. ND, not done. 

e. Sensitized guinea pig injected with NGS as a control. 
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Figure 2. Geon-Pevikon block fractionation of plasma from ALS and 
NGS treated sensitized guinea pigs. 
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Table 3. Comparison between the presence of passive cutaneous anaphy
lactic reactivity and the passive transfer capability in the 
tuberculin system. 

Donor 
group 

Material 
tested 

Passive transfer 
skin test® 

PCA test^ 

Sample dilution 
Undilute 1:100 

A Whole plasma 6 3 0 

B Whole plasma 13 5 0 
Dialyzable fraction 20 0 
Non-dialyzable fraction 13 3 

C Whole plasma 23 12 0 
Dialyzable fraction 20 0 
Non-dialyzable fraction 7 10 

D Whole plasma NDC 3 0 
Dialyzable fraction 17 0 
Non-dialyzable fraction 9 3 

Ed Whole plasma 5e 10 0 
Dialyzable fraction 5 0 
Non-dialyzable fraction 5 5 

Normal guinea pig serum f* 
Dialyzable fraction ND 0 
Non-dialyzable fraction NET 2 

Sensitized guinea pig serum 
Dialyzable fraction ND 0 
Non-dialyzable fraction ND 11 

a. Diameter of the indurated-erythematous reaction of skin tests made 
by intradermal injection of 0.1 ml of 1:50 dialyzed OT or 5 ̂ ig PPD 
in 0.1 ml and read at 24 hours. Tests were made 48 hours after 
injection of plasma materials. 

b. Average diameter (mm) of PCA reaction measured 30 minutes after in
jection of 300 jig PPD in Evans blue saline. 

c. ND, not done. 

d. Sensitized guinea pig injected with NGS as a control. 

e. Values of 5 mm or less are usually considered negative. 
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Table 4. Comparison between the presence of passive cutaneous anaphy
lactic activity and passive transfer capability in the 
2,4-dinitrochlorobenzene system. 

Donor 
group 

Material 
tested 

Passive transfer 
skin testa 

PCA test0 

Sample dilution 
Undilute 1:100 

F Whole plasma 1+ 19 2 

G Whole plasma 2+ 16 1 
G-P fraction0 1 - 13 
" " 2 - 21 
» »» 3 - 0 
n ii 4 2+ 0 
" "5 1+ 0 

H Whole plasma ND^ 
Dialyzable fraction 2+ 0 
Non-dialyzable fraction - 15 

I Whole plasma 2+ 18 4 
G-P fraction 1 - 13 
" " 2 - 17 
» " 3 - 0 
ii ii 4 i+ o 

Dialyzable fraction 2+ 0 
Non-dialyzable fraction - 10 

Je Whole plasma - 13 0 
G-P fraction 1 - 10 

ii ii 2 - 11 

" 3 - 0 
ii ii 4 _ o 

Dialyzable fraction - 0 
Non-dialyzable fraction - 9 

Normal guinea pig serum ND^ 0 

Sensitized guinea pig serum ND 16 0 

Rabbit anti DNP-GPA positive control ND 24 16 

a. Tests made 48 hours after injection of plasma materials, with 17» 
DNCB in olive oil and read at 24 hours. Grading: -, no reaction; 
H, patchy erythema; 2+, erythema; 3+, homogeneous erythema, 4+, 
marked homogeneous erythema. 

b. Average diameter Gnm) of PCA reaction measured 30 minutes after in
jection of 200 /jg DNP-GPA in Evans blue saline. 

c. Geon-Pevikon block electrophoresis fractions. 

d. ND, not done. 

e. Sensitized guinea pig injected with NGS as a control. 
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sensitized animals that were not treated with ALS or NGS still con

tained PCA activity (11 mm, tuberculin system; 16 mm, chemical system). 

This indicates that the PCA activity is present to begin with in these 

sensitized animals and is not due to treatment with ALS or NGS. In the 

chemical system (Table 4), the rabbit anti DNP-GPA was a positive con

trol antiserum which gave strong positive reactions at 1:1000 dilution 

(16 mm). This antiserum was capable of giving a positive reaction at a 

dilution of 1:100,000, indicating that the PCA technique used here was 

quite sensitive in being able to detect low levels of antibody. This 

further emphasizes the fact that the PCA activity was low in the tuber

culin and chemical systems since positive reactions were found only with 

undilute samples. 

Nevertheless, this PCA activity was clearly found in separate 

fractions from the passive transfer activity. Furthermore, fractions 

from sensitized animals treated with NGS (E and J) did not have passive 

transfer activity in spite of the presence of PCA activity. The PCA 

activity present in the whole plasma was isolated in the gamma globulin 

fractions and in the non-dialyzable fractions, while passive transfer 

activity was isolated in the alpha globulin-albumin fractions and in 

the dialyzable fractions. Thus, one must be concerned in interpreting 

skin test data from passive transfer attempts with whole plasma, since 

a mixed reaction may occur but it is entirely possible to separate 

these two activities. 
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In Vitro Lymphocyte Transformation 

Plasma materials were analyzed for their ability to cause 

transformation of normal guinea pig blood leucocytes in the presence of 

the specific antigens. Preliminary dose response experiments with 

cells from sensitized guinea pigs indicated that a dose of 0.1 ml of 

PPD at a concentration of 5 jig/ml would give optimal transformation. 

In the chemical system, optimal transformation occurred using 0.1 ml 

dose of DNP-GPA at a concentration of 200 jug/ml and 20 /ig/ml, so both 

of these antigen concentrations were used. Whole plasma and plasma 

fractions were added to the appropriate cell cultures in a volume of 

0.1 ml. Tables 5 and 6 give the results of these transformation ex

periments in terms of the stimulation index, which is a ratio of the 

counts per minute (indicating thymidine incorporation into the DNA) of 

stimulated cultures over the counts per minute of nonstimulated or con

trol cultures. 

A stimulation index greater than 2.0 was considered a positive 

indication of lymphocyte transformation. In the tuberculin system 

positive transformation occurred with plasma from sensitized guinea 

pigs treated with ALS. 

All the donor groups from ALS treated sensitized guinea pigs 

gave good transformation with stimulation values ranging from 2.3 to 

9.3, with the exception of plasma from group A. This plasma had been 

obtained using a shorter time interval between injection of ALS and ex-

sanguination and also a lower dose of ALA. This plasma likewise failed 

to passively transfer the sensitivity in vivo. The positive 
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4r 
Table 5. Stimulation Index of leucocytes exposed to plasma materials 

from the tuberculin system. 

Donor Material tested 

group Whole pi asma Dialyzable faction Non-dialyzable faction 
Alone +PPDa Alone +PPD Alone +PPD 

A 1.0 0.9 

B 1.0 2.3 1.0 6.5 1.0 1.3 

C 1.1 9.3 1.0 14.5 1.0 1.0 

D 1.0 2.4 1.0 5.9 1.0 1.0 

Eb 1.0 1.0 1.3 1.6 2.1 1.8 

Sensitized guinea 
pig serum 

0.9 1.0 1.9 1.5 

Normal guinea 
pig serum 

1.0 1.0 1.1 1.1 

*. Average Stimulation Index = 

cpm (3H-TdR incorporation) cells + plasma materials + antigen 
cpm (3H-TdR incorporation) cells alone 

cpm (3H-TdR incorporation) cells + plasma materials 
cpm (3H-TdR incorporation) cells alone 

a. PPD (5 jug/ml), 0.1 ml per culture. 

b. Plasma from sensitized guinea pigs injected with NGS as a control. 
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Table 6. Stimulation Index of leucocytes exposed to plasma materials 
from the 2,4-dinitrochlorobenzene system. 

Donor 
group 

Material 
tested 

Antigen concentration 
DNP-GPA (jig/ml), 0. 

0 20 
1 ml/culture 

200 

Whole plasma 1.0 1.0 12.0 

Whole plasma 1.0 1.0 1.0 
G-P fraction3 1 1.0 1.0 1.0 

II II 2 1.8 12.1 1.4 
II II 3 1.5 1.0 1.0 
II II 4 1.0 9.6 11.0 
II II 5 1.0 1.0 11.9 

Whole plasma NDb 

Dialyzable fraction 1.2 4.3 5.6 
Non-dialyzable fraction 0.9 1.6 1.0 

Whole plasma 1.3 13.9 1.0 
G-P fraction 1 1.0 1.0 1.0 

II II 2 1.0 1.0 1.0 
II II 3  1.0 1.0 1.1 
II II 4 1.0 18.3 10.2 

Dialyzable fraction 1.3 7.7 7.7 
Non-dialyzable fraction 1.6 1.0 1.0 

Whole plasma 3.0 3.2 1.0 
G-P fraction 1 3.2 2.8 1.0 

II i t  2 1.8 2.2 1.3 
II II 3  2.9 2.4 0.9 
II II 4 1.8 1.2 1.0 

Dialyzable fraction 1.0 1.0 1.2 
Non-dialyzable fraction 1.0 1.9 1.0 

*. Average Stimulation Index = 

cpm (3H-TdR Incorporation) cells + plasma materials + antigen 
cpm (3H-TdR incorporation) cells alone 

°r cpm (3H-TdR incorporation) cells + plasma materials 
cpm (3H-TdR incorporation) cells alone 

a. Geon-Pevikon block electrophoresis fractions. 

b. ND, not done. 

c. Plasma from sensitized guinea pigs injected with NGS as a control. 



transformation activity of the whole plasma could be isolated predomi

nantly in the dialyzable fraction. In fact, these dialyzable fractions 

gave better stimulation than the whole plasma, with values ranging from 

5.9 to 14.3, but this could be due to a concentration effect. Control 

plasma did not show any transformation, nor did any of the non-

dialyzable fractions, with the exception of the non-dialyzable fraction 

from group E which had a barely positive value of 2.1. This value is 

small compared to the good positive values seen in plasma from ALS 

treated sensitized guinea pigs. Other control sera from nontreated 

sensitized and normal guinea pigs were completely negative. 

The results obtained in the chemical system (Table 6) also 

showed that positive transformation occurred with plasma from sensi

tized guinea pigs treated with ALS. Strong activity was found again in 

the dialyzable fractions (4.3-7.7) and in the block electrophoretic 

fractions of the alpha globulin-albumin area (9.6-18.3). Plasma source 

G, G-P fraction 2 gave the only instance of positive transformation 

that was not in dialyzable or fast migrating fractions. This reaction 

could be due to an antigen-antibody complex in that this fraction con

tained mostly gamma globulins and had a 21 mm diameter PCA reaction 

which was the largest reaction observed. There were some small posi

tive values found in the control plasma. These values ranged from 2.1 

to 3.1, whereas the positive values found in plasma from sensitized 

guinea pigs treated with ALS were much stronger, ranging from 4.3 to 

18.3. 
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Assay for Migration Inhibition Factor 

IVo different methods were used to assay for the presence of 

MIF, the standard method using migration from capillary tubes, and a 

micro method measuring migration from agarose drops. Both methods were 

shown in preliminary experiments to be capable of detecting the pres

ence of MIF. However, no inhibition of migration of macrophages oc

curred using whole plasma or plasma fractions from either ALS or NGS 

treated sensitized guinea pigs. 

Physical Characteristics 

The ratio of the optical densities at a wavelength of 280/260 

nm was determined for each plasma material used, as well as the protein 

concentration by the Lowry method. This information is found in Tables 

7 and 8. The 280/260 ratios for the dialyzable fractions from sensi

tized animals injected with ALS have an average value of 0.7, which is 

the same value seen in the work of Lawrence et al. (52) with human 

transfer factor. The amount of protein actually injected into the re

cipient animals with these dialyzable fractions from sensitized animals 

ranged from 5 mg to 12 mg. This range correlates with the amounts re

ported in the literature (9,22). Dialyzable material from control 

plasmas had 280/260 ratios of 0.9. 

Immunoelectrophoresis Analysis 

Figure 3 shows a typical example of immunoelectrophoretic pat

terns from the various Geon-Pevikon fractions tested for their content 

of guinea pig serum proteins by reaction with rabbit anti-guinea pig 
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Table 7. Physical characteristics of plasma materials from the tuber
culin system. 

Donor 
group 

Material 
tested 

280a 

260 

Protein 
concentration 

(mg/ml)b 

A Whole plasma 1.7 100 

B Whole plasma 1.7 85 
Dialyzable fraction 0.8 0.4 
Non-dialyzable fraction 1.3 53 

C Whole plasma 1.7 70 
Dialyzable fraction 0.8 0.5 
Non-dialyzable fraction 1.5 36 

D Whole plasma 1.7 88 
Dialyzable fraction 0.7 0.25 
Non-dialyzable fraction 1.8 60 

EC Whole plasma 1.7 78 
Dialyzable fraction 0.9 0.2 
Non-dialyzable fraction 1.7 64 

a. 

b. 

c. 

Ratio of optical densities at wavelength of 280 nm and 260 nm. 

Using the method of Lowry (in 55). 

Plasma from sensitized guinea pigs injected with NGS as a control. 
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Table 8. Physical characteristics of plasma materials from 2,4-dinitro-
chlorobenzene system. 

Donor Material 
group tested 

F Whole plasma 1.3 48 

G Whole plasma 1.7 70 
G-P fraction0 1 0.2 4.7 

i t  i i  2  0.3 10.2 
ii ii 3  0.3 8.8 
ii . i t  4  0.4 52.5 
ii ii 5 0.5 20 

H Dialyzable fraction 0.7 0.25 
Non-dialyzable fraction 1.8 58 

I Whole plasma 1.7 74 
G-P fraction 1 0.2 2.1 

ii ii 2 0.2 7.4 
ii ii 3 0.3 10 
if ic 4 0.3 16.4 

Dialyzable fraction 0.5 0.6 
Non-dialyzable fraction 2.9 115 

Jd Whole plasma 1.7 78 
G-P fraction 1 0.2 4.6 

ii ii 2 0.3 6.1 
ii i t  3  0.2 11.1 
n ii 4 0.4 18 

Dialyzable fraction 0.9 0.4 
Non-dialyzable fraction 1.6 87 

a. Ratio of optical densities at a wavelength of 280 nm and 260 nm. 

b. Using the method of Lowry (in 55). 

c. Geon-Pevikon block electrophoresis fractions. 

d. Plasma from sensitized guinea pigs injected with NGS as a control. 

280a Protein 
-tttt concentration 
260 (mg/mnb 



Figure 3. Immunoelectrophoresis of Geon-Pevikon fractions, source G. 

G-P fractions numbered 1 to 5, respectively; number 6 
contains the reference whole guinea pig serum. Troughs 
contained rabbit anti-guinea pig serum. Anode to the 
right. 

38 
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serum. The same fractions, when tested for their content of goat serum 

proteins by reaction with rabbit anti-goat serum, revealed the same 

type of fractionation pattern. The goat serum proteins that were car

ried over into the plasma of treated guinea pigs apparently migrated 

electrophoretically quite similarly to guinea pig proteins. It is im

portant to note that Geon-Pevikon fractions capable of passive transfer 

were free of both guinea pig or goat gamma globulins. This agrees with 

the data from the PCA assays in that the fractions capable of passive 

transfer activity did not possess PCA activity. Furthermore, since the 

fractions capable of passive transfer activity were free of goat gamma 

globulins which may have ALS activity, the transformation seen with 

these fractions cannot be attributed to ALS stimulation. 



DISCUSSION 

The results of this study confirm the original observation by 

Jeter et al. (41) that ALS was capable of effecting the release of fac

tor (s) into the plasma of sensitized guinea pigs that would passively 

transfer the sensitivity to recipient guinea pigs. 

From failures in some trials we noted several requirements for 

successful transfers with plasma. These are: 1) the donor animals 

must be high sensitized (3+) and 2) the "right" type of ALS must be 

used. We had several batches of ALS with similar in vitro lymphocy-

toxicity titers to the batch we used in this study which were unable to 

effect passive transfer with plasma. There seems to be no good in 

vitro measure for the ability of ALS to cause the release of materials 

into the plasma capable of passive transfer. The in vivo depletion of 

circulating white blood cells may be a good measure, but this is not 

certain. The only sure test seems to be the plasma transfer itself. 

In the tuberculin system, we were able to isolate the passive 

transfer activity of the whole plasma predominantly in a dialyzable 

fraction, although some activity was present in the non-dialyzable 

fraction. Two alternatives are possible in interpreting the passive 

transfer activity of the non-dialyzable fractions. One of these could 

be that there exists simultaneously a non-dialyzable molecule or com

plex other than antibody which is capable of passive transfer. Sec

ondly, this reactivity may be due to incomplete dialysis. 

40 
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Passive cutaneous anaphylactic type antibodies were also found 

in the plasma. This agrees with the work of Chase (13) and Richardson 

and Paterson (64). However, these PCA antibodies were also present in 

plasma from sensitized guinea pigs treated with NGS, and this control 

plasma was inactive in passive transfer attempts. In addition, the PCA 

antibodies remained in the non-dialyzable fraction, whereas practically 

all of the passive transfer activity was in the dialyzable fraction. 

A handicap of the tuberculin system is the use of a rather com

plex antigen (the mycobacterium organism) which may cross react with 

other common antigens encountered in nature. For this reason, the DNCB 

system was also investigated. Additional information was gained with 

the DNCB system in that electrophoretic fractions were obtained in ad

dition to the dialyzable and non-dialyzable fractions. Passive trans

fer was accomplished with the plasma from ALS treated sensitized guinea 

pigs. Control plasmas from NGS treated sensitized guinea pigs were in

active. Another similarity to the results of the tuberculin system was 

that this activity was isolated in the dialyzable fraction. Further

more, passive transfer activity was isolated in the alpha globulin-

albumin fractions of the electrophoretic separation. One point of dif

ference with the tuberculin system was that there was no activity 

detected in the non-dialyzable DNCB fractions, lending some support to 

the second alternative above of incomplete dialysis. Passive cutaneous 

anaphylactic antibodies were also detected in the DNCB system, but in 

all instances were isolated in different fractions thsn those contain

ing passive transfer activity. 
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The presence of PCA antibodies certainly clouds the issue. 

However, other factors present cause the delayed type reactions. In 

this study, the separation of PCA activity and passive transfer activ

ity was demonstrated. In general, the same fractions capable of ef

fecting passive transfer in vivo were also able to cause positive 

lymphocyte transformation in the presence of antigen. ITiis transforma

tion only occurred in the presence of the specific antigen and thus 

could not be due to nonspecific transformation by a carryover of ALS 

into the plasma. In addition, the immunoelectrophoretic analysis 

showed that there were neither guinea pig nor goat gamma globulins in 

the fractions capable of passive transfer activity. 

The assay for migration inhibition factor was negative in all 

instances. This might be expected as MIF has been reported to require 

an antigenic stimulus for its production (synthesized de novo) (4,19), 

whereas transfer factor is considered to exist preformed in the sensi

tized cell and does not require antigen for its release (10,51). 

The data of this study indicate that the activity of plasma 

from ALS treated sensitized guinea pigs resides in a molecule identical 

to transfer factor. It has been shown to be capable of in vivo passive 

transfer of delayed hypersensitivity, is dialyzable, migrates electro-

phoretically with the alpha globulins and albumin fractions, possesses 

a 280/260 optical density ratio of 0.7, and is capable of in vitro lym

phocyte transformation in the presence of specific antigen. There was 

good correlation between the ability of plasma materials to cause in 

vivo passive transfer of delayed type sensitivities and their ability 
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to cause the transformation of normal lymphocytes in the presence of 

specific antigen in vitro. Therefore, the lymphocyte transformation 

test could probably be used to detect plasma samples which possess pas

sive transfer activity. Figure 4 gives a general summary of the results 

of this study. 

Thus, ALS can cause the release of a transfer factor molecule(s) 

from sensitized cells into the plasma. This represents another mode of 

action of ALS and a new method for obtaining transfer factor. 
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Figure 4. Summary of experimental data. 

ND, Non-dialyzable; D, Dialyzable 
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