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ABSTRACT 

Xanthine derivatives were tested in vitro for their ability 

to suppress antibody production. The methylated xanthine derivatives, 

caffeine, theophylline, and theobromine, were shown to significantly 

suppress antibody synthesis. In vitro suppression of antibody pro

duction by caffeine was demonstrated to be dose-dependent. In vitro 

and in vivo experiments showed that the observed suppression of anti

body production was not reversible under the conditions employed. 

Experiments designed to determine the general mechanism of the in

hibition of antibody synthesis produced by caffeine showed that DNA 

3 14 
( H-thymidine) and RNA ( C-uridine) synthesis were not suppressed. 

14 
However, cell-associated protein synthesis ( C-isoleucine) was in

hibited. When tested in vivo caffeine administered at doses of 200 

mg/kg body weight either prior to or following antigenic stimulation 

depressed both serum antibody levels and the ability of the spleen 

cells to produce antibody in vitro. The results of this study suggest 

that caffeine can effectively act as an immunosuppressive agent in 

vitro and in vivo. 

vi 



INTRODUCTION 

Immunosuppressive chemotherapy has in recent years come into 

wide-spread use in prolonging survival of transplanted tissues and 

organs. However, our understanding of immunosuppressive chemothera-

peutic agents is still fragmentary. Future advances in this field 

will depend greatly on the identification of additional immunosuppres

sive agents, as well as a thorough study of the effects of these agents 

on immunologically active cells. The final test of the effectiveness 

of any immunosuppressive agent can only be evaluated in vivo, but there 

remains a need for a rapid, quantitative method for screening large 

numbers of immunosuppressive agents. The ability of immunologically 

conditioned cells to produce antibody in vitro suggests that an in 

vitro method may offer the best approach for screening suspected im

munosuppressive agents and determining their mechanism of action (24). 

The results reported in this dissertation deal with the effect 

of caffeine on antibody production as measured by an in vitro system 

and correlated with in vivo studies. Following is a review of the var

ious systems and immunosuppressive agents employed in this investiga

tion. 

Purine Analogs 

Among the most successful groups of immunosuppressive agents in 

use today are the purine analogs. Most of the early work with the pu

rine analogs was concerned with their use in treating experimental 

1 
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tumors (7,16,22,23,32,44,46). However, in 1952, Malmgren, Bennison, 

and McKinley (28) demonstrated that 8-azaguanine (120 mg/kg) and 

2,6-diaminopurine (100 mg/kg) could significantly inhibit the produc

tion of hemolysins and precipitins in mice. Following these findings, 

Schwartz, Stack, and Dameshek (43) demonstrated complete suppression 

of antibody production in rabbits treated with 6 mg of 6-mercapto-

purine (6-MP)/kg/day. A significant advance in immunosuppressive 

chemotherapy was reported by Schwartz and Dameshek (41) who demon

strated the inducement of immune tolerance to human serum albumin in 

adult rabbits treated with 6-MP at the time of primary stimulation. 

This discovery led to experimentation on a large number of immune re

sponses. LaPlante (in 26,27) demonstrated that 6-MP could, at higher 

concentrations, inhibit a secondary response, while Forsen and Condie 

(14) were able to inhibit a secondary response by treatment with 6-MP 

during secondary stimulation, and in so doing prevent a tertiary re

sponse. This was significant in that it suggests the destruction of 

immunologic memory. Delayed hypersensitivity in guinea pigs could 

successfully be suppressed only as long as treatment with 6-MP was 

continued (20), but delayed hypersensitivity in rabbits was suppressed 

with lower doses and shorter periods of treatment (5,6). Delayed 

hypersensitivity in vitro was investigated by Kaplan and Calabresi 

(21). These investigators demonstrated the abrogation of bovine- -

globulin (BGG) inhibition of migration of peritoneal exudate cells 

from BGG-sensitive guinea pigs. 
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Early attempts at prolongation of skin allograft survival in 

mice and rabbits using purine analogs were unsuccessful (30,40,42). 

The initial successes came with the prolonged survival of renal allo

grafts in dogs. Calne (9) and Zukowski, Lee, and Hune (51) were able 

to retain functioning renal allografts in dogs for more than a month, 

with individual animals retaining a functioning transplanted kidney 

for several hundred days. Since the initial successes, 6-MP has been 

largely replaced by its imidazole derivative, azathioprine (Imuran). 

Azathioprine appears to give slightly better suppression and has suc

cessfully been used in prolonging the survival of a number of tissue 

and organ transplants, including pulmonary lobes, portions of the in

testinal tract, spleen, heart, and liver. At the present time, aza

thioprine is the most widely used immunosuppressant. It is usually 

given orally in doses of 3-6 mg/kg/day. In the event of an apparent 

rejection crisis, it is supplemented by treatment with corticosteroids. 

Caffeine 

Caffeine (1,3,7-trimethylxanthine), a methylated xanthine 

derivative, commonly occurs in tea, coffee, and kola nuts. Medicinally 

it is employed as a cardiac, respiratory and psychic stimulant, and as 

a diuretic. Large doses of the compound can produce restlessness, in

somnia, convulsions, and death. The effect of caffeine on metabolism 

has been studied in muscle, liver, brain, and adipose tissue. Caffeine 

has been shown to have the following actions: 1. stimulation of gly-

cogenolysis in muscle and liver (4,18), 2. stimulation of hexose phos

phate formation in muscle (3), 3. stimulation of respiratory activity 
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in isolated rat diaphragm (17), 4. inhibition of glucose uptake of 

isolated adipose tissue (50), 5. production of hyperglycemia in obese 

mice (25), 6. stimulation of formation and potentiation of cyclic 

3',5'-adenosine monophosphate in liver in vitro (38), 7. potentiation 

of cyclic 3',5'-adenosine monophosphate-induced hyperglycemia (36), and 

8. inhibition by methylxanthines of the magnesium-dependent phos

phodiesterase that catalyzes the hydrolysis of cyclic 35'-adenosine 

monophosphate (8,10,35,47). A survey of the literature failed to re

veal any information concerning the effect of caffeine on immunologi

cally competent cells. On the basis of caffeine's numerous metabolic 

effects and the success of the purine analogs as immunosuppressants, 

the present study was undertaken to determine whether or not caffeine 

might possess immunosuppressive properties. 

Inhibition of In Vitro 
Antibody Production 

The volume of literature concerned with in vitro antibody pro

duction is quite extensive and dates back to the beginning of this 

century. It was not until the work of Ramney and London in 1951 (39), 

however, that antibody production in vitro was conclusively shown to 

14 
be de novo. These investigators employed C-labeled glycine and were 

able to isolate labeled antibody. Since that time a large volume of 

literature has been published concerning many aspects of in vitro anti

body production. The literature cited in this dissertation will be 

confined to reports of agents inhibitory to in vitro antibody forma

tion. 
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Among the most potent inhibitors of in vitro antibody produc

tion are the respiratory poisons, such as sodium cyanide, and the gen

eral cytotoxic agents, such as salts of heavy metals (33). A number of 

normal protein synthesis inhibitors, such as DL-ethionine, p-fluoro-

phenylalanine, and tf-ethylamidoglutamic acid, have also beem implicated 

(45). A wide variety of agents has been shown to be specifically toxic 

for lymphoid cells cultured in vitro. Included in this group are a 

number of barbiturates, colchicine, and cortisone (48). Considerable 

work has been done on the effects of cortisone on antibody formation in 

vitro, and, while the effects in vitro are less pronounced than the ef

fects in vivo, there seems to be no doubt that cortisone can inhibit 

antibody production in vitro (34). Also shown to be inhibitory are the 

antibiotics chloramphenicol, Actinomycin D, and Mitomycin C. Each drug 

varies in the degree of inhibition produced, depending on when they are 

added to the cultures (1,13,31,49). 

Of particular interest to this study are the reports on the use 

of purine and pyrimidine analogs or in vitro antibody production. 

These compounds generally inhibit antibody formation at concentrations 

lower than those required to kill the cells. Among the analogs possess

ing the ability to inhibit antibody formation in vitro are 5-bromoura-

dine, 6-MP, 5-fluorodeoxyuridine, 5-iodouridine, and 6-azauridine (12, 

13,37). Generally, the purine analogs are more effective than the 

pyrimidine analogs. 



Statement of the Problem 

The objectives of the present investigation are: 1) to charac

terize the inhibition of antibody production by caffeine in vitro and 

2) to establish a correlation between in vitro and in vivo inhibition of 

antibody production. The experimental approach to the first objective 

was to culture spleen cells from mice immunized with sheep erythrocytes 

and to study the effect of caffeine on various aspects of antibody pro

duction and cellular metabolism. The experimental approach to the sec

ond objective was to treat mice in vivo with caffeine and determine 

whether or not caffeine could effectively act as an immunosuppressive 

agent. A positive correlation between in vitro and in vivo immuno

suppression would also suggest that the in vitro system employed in 

this study could successfully be employed as a method for screening 

immunosuppressive agents. 



MATERIALS AND METHODS 

Adult Swiss Webster mice, obtained from Euer Farms (Austin, 

Texas) and maintained at The University of Arizona, Department of 

Microbiology and Medical Technology, were employed. The animals were 

housed in groups of eight to ten on sawdust in metal cages. Food 

(Purina Guinea Pig Chow) and water were given ad libitum. Animals 

were immunized with a single 0.5 ml intraperitoneal injection of a 5% 

sheep erythrocyte suspension. The animals were sacrificed 4 days after 

immunization and their spleens removed aseptically. 

Preparation and Culturing 
of Spleen Cells 

The spleen cells were expressed with the aid of a rubber 

policeman into phenol red-free Eagle's basal medium with Earle's bal

anced salt solution (EBM), pH 7.0 (24). The expressed cells were 

collected and washed three times with EBM at 4 C. After the last wash 

the spleen cell suspension was centrifuged at 20 x g for 3 min to sep

arate cells from debris. The nucleated cells in the top layer were 

removed and counted in 2% acetic acid and saline with a hemocytometer. 

These cells were then suspended in EBM plus 3% gammaglobulin-free calf 

serum (Grand Island Biological Co.) supplemented with 100 units of pen

icillin and 100 /Jg of streptomycin/ml. Four-ml volumes of this cell 

g 
suspension, containing 1 x 10 cells, were placed in 60-mm petri dishes 

and incubated in an atmosphere of 95% air and 57» CC^ at 37 C. After 

7 



appropriate periods of incubation, cells and culture fluid were removed 

from the plates, separated by centrifugation (500 x g for 10 min), and 

the culture fluid assayed for hemolysin. The viability of the spleen 

cells was determined prior to and following incubation using trypan 

blue dye exclusion (19). 

Antibody Assay 

A standardized suspension of sheep erythrocytes was prepared so 

that an optical density of 0.7 was obtained when 0.25 ml of the suspen

sion was completely lysed in 3.5 ml of 0.1% ̂ 200^ and the optical den

sity read at 541 nm on a Bausch and Lomb Spectrophotometer. To 1 ml of 

the culture fluid was added 0.25 ml of the standardized erythrocyte sus

pension. The mixture was then incubated at 37 C for 30 min with occa

sional shaking. After the sensitization period, 0.25 ml of a 1:20 

dilution of fresh frozen guinea pig complement (titer 1:50) and 2.25 ml 

of Veronal buffer at pH 7.3 (29) were added to all samples except the 

control. The hemolysin-erythrocyte control received 2.5 ml of Veronal 

buffer. The mixtures were incubated at 37 C for 1 hr with occasional 

shaking. After the 1-hr incubation period, the unlysed cells were re

moved by centrifugation at 500 x g for 10 min at 4 C. The optical den

sity (OD) resulting from the released hemoglobin was measured at 541 nm. 

All sample OD readings were corrected for nonspecific lysis of the 

hemolysin-erythrocyte control. After correction for nonspecific lysis 

the amount of hemoglobin in all experiments was expressed in hemolytic 

units/ml. A hemolytic unit was determined by assigning a value of one 

to that amount of hemolysis which gave an OD reading of 0.4 at 541 nm. 
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Reversibility Study 

Spleen cells were prepared as described above, except that the 

final cell concentration was adjusted to 2.5 x 10^ cells/ml of medium. 

Two-ml portions of this cell suspension were then incubated at 37 C in 

a 95% air and 5% CO^ atmosphere in 16 mm test tubes. Caffeine at a 

final concentration of 0.5 mg/ml was added at 3 hr. Six hr after the 

addition of caffeine, appropriate cultures were centrifuged at 500 x g 

for 10 min at 25 C. The supernatant fluid was decanted and later as

sayed for hemolytic activity as described above. The cell pellet was 

resuspended in EBM, centrifuged again, and the supernatant fluid dis

carded. The cell pellet was then resuspended in 2 ml of EBM and incu

bated at 37 C in an atmosphere of 95% air and 57» C^. At the end of 

24 hr, all cultures were harvested by centrifugation, and the super

natant liquid assayed for hemolytic activity. 

Preparation of Spleen Cell 
Cultures for Protein Analysis 

Cell suspensions were prepared as described above. Triplicate 

8 14 
cultures each containing 1 x 10 cells and 4 jic of isoleucine- C 

(specific activity SA 12.2 mc/mM) were incubated at 37 C in a 5% CC^ 

atmosphere. Caffeine and Puromycin were added to appropriate cultures 

at 3 hr. 

Preparation of Spleen Cell 
Cultures for DNA Analysis 

Cell suspensions were prepared as described above. Triplicate 

g 
cultures each containing 1 x 10 cells and 10 jic of tritiated thymidine 
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3 
(T H, SA 12.5 mc/mM) were incubated at 37 C in a 5% CO^ atmosphere. 

Caffeine at a final concentration of 2,000 /ig/ml was added at 3 hr. 

Preparation of Spleen Cell 
Cultures for RNA Analysis 

Cell suspensions were prepared as described above. Triplicate 

g 
cultures each containing 1 x 10 cells were incubated at 37 C in a 57« 

C0£ atmosphere. Caffeine and Actinomycin D were added to appropriate 

cultures at 3 hr. Beginning at zero time 4 /ac of uridine-^C (U^C, SA 

21.7 mc/mM) was added to one set of cultures. At the end of 3 hr these 

14 
cultures were harvested, and 4 juc of U C was added to another set of 

cultures. At the end of 3 hr these cultures were harvested, and 4 juc 

14 
of U C was added to another set of cultures. This procedure was con

tinued throughout the 24-hr period of incubation. All culture fluid 

was assayed for hemolytic activity. 

Termination of Spleen Cell 
Cultures for Protein Analysis 

Cultures for determining protein synthesis were terminated at 

appropriate times by centrifugation at 500 x g for 10 min at 4 C. 

Supernatant fluids were decanted from the cell pellets and assayed for 

hemolytic activity. Cell pellets were dialysed for 5 days against 6 

changes of 0.015 M phosphate buffer, pH 7.6, at 4 C. After dialysis, 

the samples were lyophilized overnight, dissolved in 0.1 ml of dis

tilled water, 0.3 ml of Nuclear Chicago Solubilizer (NCS, Nuclear 

Chicago Corp., Chicago, 111.), and 10 ml of BBOT (2,5-bis-[5'-t-

butylbenz-oxazolyl (2')]-thiophene) scintillation mixture. The 



scintillation mixture contained BBOT, 4 g; methyl Cellosolve, 400 ml; 

naphthalene, 80 g; and toluene, 600 ml. All samples were counted for 

10 min on a Packard Tri-Carb scintillation counter, and the amount of 

incorporated radioactivity expressed as counts per min (cpm) at 90% 

14 
machine-counting efficiency for C, 

Termination of Spleen Cell Cultures 
for RNA and DNA Analyses 

At appropriate time intervals the cells were harvested by cen-

trifugation at 500 x g for 10 min at 4 C. Supernatant liquids were de

canted from the cell pellets and assayed for hemolytic activity. Cell 

pellets containing either labeled DNA or RNA were prepared for liquid 

scintillation counting according to the procedure described by Bach and 

Voynow (2). Cell pellets were suspended in 5 ml of 5% trichloroacetic 

acid (TCA) for 10 min, centrifuged at 700 x g at 4 C for 20 min, dis

solved in 1 ml of 0.1 M NaOH, and precipitated with 4.5 ml of 6.7% TCA, 

The digestion process of 0.1 M NaOH and 6.77» TCA was repeated and the 

final TCA precipitate was dissolved in 0.25 ml of NCS. To this was 

added 10 ml of BBOT scintillation mixture. All samples were counted 

for 10 min on a Packard Tri-Carb scintillation counter with a machine-

counting efficiency of 90% for ^C and 60% for tritium. 

In Vivo Treatment of Mice With Caffeine 

Adult Swiss Webster mice, weighing between 25 and 30 g, were 

treated with caffeine prior to and following immunization. Mice 

treated prior to immunization were injected intraperitoneally on day 0 

and day 2 with 200 mg caffeine/kg body weight dissolved in 0.5 ml of 
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saline. On day 4 the mice were immunized by intraperitoneal injection 

of 0.5 ml of a 5% sheep erythrocyte suspension. Mice treated with caf

feine following immunization were injected intraperitoneally with vari

ous concentrations of caffeine (50-200 mg/kg body weight) dissolved in 

0.5 ml of 0.15 M NaCl on day 0 (1 hr after immunization) and day 2. On 

day 0 the mice were immunized by intraperitoneal injection of 0.5 ml of 

a 5% sheep erythrocyte suspension. Control groups of mice were treated 

according to the same schedules with 0.5 ml of saline. All animals 

were sacrificed 4 days after immunization by cardiac bleeding. In ap

propriate cases the spleens were aseptically removed immediately follow

ing bleeding, and the cells were prepared and cultured as indicated 

above. 



RESULTS 

Effect of Xanthine Derivatives on 
Antibody Production In Vitro 

The first experiment was designed to study the effect of a num

ber of xanthine derivatives on the production of hemolysin by spleen 

cells cultured in vitro. As seen in Table 1, the addition of the xan

thine derivatives to the spleen cell cultures produced varying degrees 

of inhibition. The methylated xanthine derivatives, caffeine, theo

phylline, and theobromine, produced the most significant amount of in

hibition. Xanthine and hypoxanthine produced moderate inhibition, and 

inosine, uric acid, and xanthosine produced no inhibition of hemolysin 

production. The viability of the cells at the end of the incubation 

period was determined by trypan blue dye exclusion. In all cases there 

was no difference in viability between control cultures and cultures 

treated with the various xanthine derivatives. As an additional con

trol, each of the compounds was added to a known amount of hemolysin 

and complement, and the assay was carried out according to the proce

dure previously described. No inhibition of activity was observed. 

This eliminates the possibility that the xanthine derivatives were in

terfering with the hemolytic reaction. 

Effect of Various Concentrations of Caffeine 

The effect of various concentrations of caffeine on the pro

duction of hemolysin in vitro is shown in Fig. 1. The concentrations 

13 
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Table 1. The effect of xanthine derivatives on in vitro antibody 
production. 

Concentration Percent inhibition 
Xanthine derivative mg/ml (1 x 10® of hemolysin 

cells/plate) production 

Caffeine 1.0 22% 

Theophylline 1.0 22% 

Theobromine 1.0 19% 

Xanthine 1.0 14% 

Hypoxanthine 1.0 8% 

Uric acid 1.0 0% 

Inosine 1.0 0% 

Xanthosine 1.0 0% 
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Fig. 1. The effect of various concentrations of caffeine 
on hemolysin production in vitro. 
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of caffeine added to the spleen cell cultures at 3-hr ranges from 0.1 

mg/ml to 2.5 mg/ml of culture fluid. At the end of the 24-hr incuba

tion period the culture fluid was assayed for hemolysin and the percent 

inhibition calculated. A linear response was observed with the percent 

inhibition ranging from 127» in the cultures containing 0.1 mg caffeine/ 

ml to 70% in the cultures containing 2.5 mg caffeine/ml. Once again 

the viability of the cells was determined, and no difference was noted 

in any of the cultures. 

Reversibility of Caffeine's Effect 
on Antibody Production 

Caffeine (0.5 mg/ml) was added to cultures containing 5 x 10^ 

cells. Six hours after the addition of caffeine, the cultures showed 

a 20.5% decrease in the amount of antibody produced when compared to 

control cultures. The medium from these cultures was removed, the 

cells were washed, resuspended in fresh medium, and incubated again. 

At the end of 24 hr the cultures which had originally been treated with 

caffeine continued to show a 20.5% decrease in the amount of hemolysin 

produced. These results suggest that the effect of caffeine on anti

body production by spleen cell cultures is not reversible under these 

conditions. 

Effect of Caffeine on the Incorporation 
of Labeled Thymidine 

Control spleen cell cultures and cultures treated with caffeine 

(2 mg/ml) were incubated in the presence of tritiated thymidine. Both 

sets of cultures appeared to incorporate the label at identical rates 
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over the 24-hr incubation period (Fig. 2). As expected, those cultures 

incubated in the presence of caffeine showed a decreased ability to 

produce hemolysin (Fig. 3). Caffeine appears to inhibit hemolysin pro

duction, but does not effect DNA synthesis or repair. 

Effect of Caffeine on the 
Incorporation of l^c-uridlne 

14 
No significant difference in C-uridine incorporation was ob

served between control cultures and cultures treated with caffeine 

(2 mg/ml; Fig. 4). Actinomycin D (1 /ig/ml) treated cultures, however, 

14 
showed a significant decrease in C-uridine incorporation when com

pared to control and caffeine treated cultures. Both caffeine and 

Actinomycin D inhibited antibody production to a significant degree 

(Fig. 5). These results indicate that caffeine will inhibit hemolysin 

production but appears to have no significant effect on the incorpora

tion of uridine into RNA. Actinomycin D has been reported to inhibit 

DNA-dependent RNA synthesis (49). The results of this experiment sup

port this hypothesis, since Actinomycin D inhibited uridine incorpora

tion, as well as antibody production. 

Effect of Caffeine on the Incorporation 
of 14c-jsoleucine 

Spleen cell cultures were incubated in the presence of 2 mg of 

caffeine/ml or 0.1 mg of Puromycin/ml, and the effect of these compounds 

on total cellular protein synthesis and hemolysin production was meas

ured and compared to control cultures. Spleen cells from cultures con-
/ 

taining caffeine showed 307o less incorporated label at the end of the 
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24-hr incubation period than the cells from cultures containing no caf

feine (Fig. 6). The caffeine-treated cultures also showed a 42.8% de

crease in the total amount of hemolysin produced over the 24-hr 

incubation period (Fig, 7). Cells from cultures incubated in the pres

ence of Puromycin appeared to cease protein synthesis upon the addition 

of Puromycin to the medium. As shown in Fig, 6, these cells contained 

less incorporated label at the end of the 24-hr incubation period than 

they did at the time of the addition of Puromycin. A slight rise of 

hemolysin in the culture fluid was observed after the addition of Puro

mycin to the cultures. This is probably due to the release of pre

formed antibody into the medium. These data indicate that both caffeine 

and Puromycin inhibit the production of antibody by inhibiting cellular 

protein synthesis in general. 

Effect of Caffeine on Antibody 
Production In Vivo 

In order to correlate in vitro inhibition with in vivo inhibi

tion, mice were treated with caffeine prior to or following immuniza

tion. The results of treatment with caffeine following immunization 

are shown in Fig. 8, Statistically significant differences in serum 

hemagglutination titers, at 95% confidence limits, were observed when 

the concentration of caffeine administered was 200 mg/kg body weight. 

Figure 9 shows the results of treatment with caffeine prior to immuni

zation. Once again a statistically significant difference in serum 

hemagglutination titer at 95% confidence limits level is noted for ani

mals receiving 200 mg caffeine/kg body weight. 
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Additional evidence correlating in vitro and in vivo inhibition 

was obtained by culturing spleen cells from the control animals and the 

animals treated with caffeine. Cultures of spleen cells from animals 

treated in vivo with 200 mg caffeine/kg body weight following immuniza

tion showed a 45% reduction in hemolysin titer when compared to cul

tures of spleen cells from control animals. Cultures of spleen cells 

from animals treated in vivo with 200 mg caffeine/kg body weight prior 

to immunization showed a 387.. reduction in their ability to produce 

hemolysin in vitro when compared to control cultures. 



DISCUSSION 

The first objective of these studies was to characterize the 

observed inhibition of antibody production produced by caffeine. The 

second was to demonstrate a correlation between inhibition observed 

employing an in vitro system with in vivo inhibition. 

Purine analogs, such as 6-mercaptopurine, have been shown to be 

effective immunosuppressive agents. It follows from this that a number 

of the more commonly occurring purines may also possess immunosuppres

sive properties. In screening a number of common xanthine derivatives 

in vitro, a significant degree of inhibition of antibody production was 

observed in cultures to which the methylated xanthine derivatives were 

added. The methylated xanthine derivatives, caffeine, theophylline, 

and theobromine, commonly occur in relatively high concentrations (150-

250 mg/8 oz serving) in coffee, tea, cola-flavored drinks, and medici

nal preparations. Because of its common occurrence and better solubil

ity, caffeine was chosen for further study. A dose-response study 

revealed that the in vitro inhibition produced by caffeine was dose-

dependent and appeared to be linear. The inhibition produced also 

appears to be irreversible, at least under the conditions employed. 

This is also indicated by the results of the in vivo study. Animals 

treated with caffeine prior to immunization were unable to reverse the 

action of caffeine treatment and showed a decreased ability to produce 

antibody. In order to determine the general mechanism of the observed 

24 



in vitro inhibition, labeled compounds were introduced into the cul

tures. The results of these studies demonstrate an effective inhibi

tion of cellular protein synthesis, with no apparent effect on RNA or 

DNA synthesis. The exact means by which caffeine inhibits protein 

synthesis cannot be determined from the data obtained. It is probable 

that caffeine has multiple effects upon the cells, the end result of 

these being the suppression of protein synthesis. 

The primary mechanism of action which appears to be the most 

feasible is one in which caffeine, as a purine analog, is incorporated 

into the various types of RNA but does not interfere with the synthesis 

of these compounds. This could cause the RNA to function improperly 

and lead to the suppression of protein synthesis. In general, however, 

the observed inhibition produced by caffeine is probably due to multi

ple effects upon the cells. In this respect caffeine resembles other 

purine analogs, since the mechanism by which these compounds suppress 

the immune response is poorly defined. An example of an analog which 

appears to parallel the data obtained in this study with caffeine is 

8-azaguanine. This compound was originally thought to inhibit nucleic 

acid synthesis but was later shown to inhibit protein synthesis in gen

eral (11). Gabrielson and Good (15) sum up the state of our under

standing of purine analog immunosuppression with the statement: 

One of the paradoxes of immunosuppression has been that agents 
with the best defined biochemical mechanism are ineffective in 
doses feasible in the living animal, whereas the agents whose 
activities are least understood are those offering the most 
effective suppression. This is nowhere more evident than in 
considering 6-MP and azathioprine. Balancing the biochemical 
and pharmacological data on one hand and the immunosuppressive 
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effects on the other it seems probable that the primary but not 
the sole effect of 6-MP on the adaptive immune process is on 
RNA (p. 150). 

The second objective of this investigation was to correlate in 

vitro inhibition of antibody production with in vivo inhibition; i.e., 

could the inhibition observed in vitro also be produced or was the in

hibition only apparent under in vitro conditions? The data obtained 

indicate that in vivo inhibition of hemagglutinating antibody produc

tion was produced in mice treated with caffeine either prior to or 

following immunization with sheep erythrocytes. In vivo immunosuppres

sion with caffeine, however, differs from immunosuppression observed 

in animals treated with 6-MP. Analogs such as 6-MP are not effective 

as immunosuppressive agents if given prior to antigenic stimulation. 

This is probably due to differences in their mechanism of action. 

Preparation of spleen cell cultures from animals treated with 

caffeine provides additional evidence for the in vivo immunosuppres

sive effects of caffeine. Spleen cell culture prepared from animals 

treated in vivo with caffeine either prior to or following immuniza

tion showed a decreased ability to produce hemolysin in vitro as com

pared to cultures prepared from control animals. Thus, reduced 

hemagglutination titers observed in caffeine-treated animals is due 

to the reduced ability of the immunologically competent cells to pro

duce antibody. 

These data demonstrate that caffeine can effectively act as 

an immunosuppressive agent in vivo as well as in vitro. In addition, 



these data also lend support to the conclusion of Klesius (24) that the 

in vitro system employed in this study is suitable for use as a rapid, 

quantitative method of screening immunosuppressive agents. 
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