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Abstract--Modulation of delayed hypersensitivity and antibody formation to sheep red cells by metiamide 
were studied in the mouse system. Depending on the time and dose of antigen and metiamide administration 
suppression or enhancement of the delayed hypersensitivity response was observed. The effects in this system 
did not differ from those reported for the H2 agonist tolazoline, which were most probably mediated by 
suppressor cells. As far as the humoral response was concerned metiamide tended to stimulate the IgM 
response. Optimal stimulation was reached if 50 mg metiamide/kg was administered 3 days before 
immunization with 2 × 108 SRBC. Under all conditions tested the IgG response was unaffected. These results 
suggest antagonistic effects of metiamide for tolazoline and adduce further evidence for the presence of H2 
receptors on B ceils. The IgM production per plasmacell was enhanced suggesting different H2 receptors to 
be involved in differentiative and proliferative B cell responses. The possible consequences of H2 antagonist 
application in human therapy are discussed. 

To explain the different effects of histamine two 
kinds of receptors were postulated by Ash & Schild in 
1966, designated H~ and H2. Classical antihistaminic 
drugs would be H~ receptor antagonists. It was not 
until 1972, however, that the existence of H2 recep- 
tors was definitively proven in the synthesis of the 
first H2 antagonist burimamide (Black, Duncan, 
Durant, Ganellin & Parsons). Afterwards the ana- 
logues metiamide and cimetidine were developed 
(Galmiche, Colin, A1-Saati & Geoffroy, 1977). As 
cimetidine has the greatest therapeutic index 
(Durant, Emmett & Ganellin, 1977) this drug has 
been reserved for human use (Gill, 1978), mostly in 
the treatment of peptic ulcers. 

In the study of the effects of histamine analogues 
on the immune system differential sensitivities of 
animal species to H~ and H2 effects of histamine 
have to be concerned. The mouse is rather insensitive 
to H~ effects (Bergman, Milner & Munoz, 1977), 
whereas guinea-pigs and humans are comparably 
sensitive (Askenase, 1977a). Therefore the mouse 
seems to be the animal of choice for the study of H2 
effects. 

As far as the immune system is concerned, sub- 
populations of murine, guinea-pig and human T 
lymphocytes were shown to bear H2 receptors 
(Rocklin, 1976; Roszkowski, Plaut & Lichtenstein, 
1977; Plaut & Berman, 1978). This was demonstrated 
in rosette formation of lymphocytes with histamine- 
linked sheep erythrocytes (Kedar & Bonavida, 1974) 

and in adhesion of cytotoxic (Shearer, Simpson, 
Weinstein & Melmon, 1977) and suppressor T cells 
(Shearer, Weinstein & Melmon, 1974) to histamine- 
linked Sepharose particles. In vitro experiments 
revealed that maturation (Singh & Owen, 1976) and 
functioning of murine T cells is under H~ control 
(Plaut, Lichtenstein, Gillespie & Henney, 1973; 
Plaut, Lichtenstein & Henney, 1973). The impor- 
tance of H 2 receptors for an in vivo immune response 
was demonstrated in the inhibition of a delayed 
hypersensitivity (DH) reaction in guinea pigs by 
histamine (Rocklin, 1976). Suppressor T cells seems 
to release a soluble factor which is responsible for 
this suppression (Rocklin, 1977; Rocklin, Greineder, 
Littman & Melmon, 1978). It is likely that also in the 
human system T cell functions are sensitive to H2 
effects of histamine (Ballet & Merler, 1976; 
Verhaegen, De Cock & De Cree, 1977; De Cock, De 
Cree & Verhaegen, 1977; Wang & Zweiman, 1978). 
There exists some controversion on the presence of 
histamine receptors on B cells (Wigzell, 1973; 
Melmon, Bourne, Weinstein, Shearer, Kram & 
Bauminger, 1974; Fallah, Maillard & Voisin, 1975; 
Ballet & Merler, 1976; Roszkowski et al., 1977). 
Some effects on antibody formation can also be 
explained by stimulation of T suppressor cells. If 
present, H2 receptors on B cells would quantitatively 
and functionally be less important. 

In a recent paper we described the immunological 
effects of a H2 receptor agonist (tolazoline; Yellin, 
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Sperow & Buck, 1975) in the mouse (Van Dijk, 
Rapis, Jacobse-Geels & Willers, 1979). Marked 
effects dependent on the time and dose of tolazoline 
administration were observed. Tolazoline has, how- 
ever, also a-blocking effects, so that a combined 
study with a H2 antagonist seems indicated. The 
present study, which is directed to possible 
immunomodulating effects of the H2 antagonist 
metiamide, precedes this combined study. This study 
might moreover be of interest for the human 
situation as H2 antagonists are administered to renal 
allograft patients to treat side-effects of gluco- 
corticoids on the stomach. Some authors found 
indications for enhanced cellular inflammatory re- 
actions as DH and allograft rejection in guinea pigs 
and man (Askenase, 1977a; Avella, Madsen, Binder 
& Askenase, 1978; Goodwin, 1978; Primack, 1978), 
whereas many others did not (McGregor, Ogg, 
Smith, Cochran, Gray & Gillespie, 1977; De Pauw, 
Lamers, Wagener & Festen, 1977; Jones, Askenase & 
Greaves, 1978; Doherty & McGeown, 1978; Rudge, 
Jones, Bewick, Weston & Parsons, 1978; Char- 
pentier & Fries, 1978). 

E X P E R I M E N T A L  P R O C E D U R E S  

Animals 
Swiss inbred mice were bred and maintained in the 

Laboratory of Microbiology, Utrecht, The Nether- 
lands. Unless otherwise stated female mice were used 
at an age of 10--12 weeks. Mice were immunized by 
intraperitoneal (i.p.) injection of extensively washed 
sheep red blood cells (SRBC). 

Delayed hypersensitivity 
Immune mice received a subcutaneous (s.c.) elicit- 

ing injection of 1.25 x 108 SRBC suspended in 50/al 
saline in the left hind footpad. The 24 h footpad 
swelling, measured semi-electronically (Van Dijk, 
Versteeg & Hennink, 1976), was used as parameter 
for DH. 

Direct and indirect plaque forming cells. 
The numbers of direct (19S) plaque forming cells 

(PFC)  in the spleens o f  immune mice were 
determined according to Jerne & Nordin (1963) and 
expressed per 106 spleen cells. Indirect (IgG) plaque 
forming cells were developed by the adaption of 
Sterzl & Riha (1965). The rabbit anti-IgG serum 
required was prepared according to Zaalberg, Van 
der Meul & Van Twisk (1968) and used in a dilution 
of 1:240. 

Haemolysin production 
The amount of 19S (IgM) anti-SRBC antibodies 

formed in vitro by spleen cells in liquid medium was 
quantified as described previously (Van Dijk & 
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Bloksma, 1977) and expressed in haemolysin units 
(HU50). One HU50 is the amount of antibodies re- 
quired for 500/o lysis of 5x  108 SRBC in a total 
volume of 1.5 ml VSB +÷ (Mayer, 1961) in the 
presence of 20 tal of fresh guinea-pig serum, by 
incubation during 1 h at 37°C. 

The haemolysin production per PFC was calcu- 
lated by dividing the haemolysin production per 106 
spleen cells of individual animals by the corres- 
ponding number of direct PFC per 106 spleen cells. 

Statistical analysis 

Results have been expressed as the arithmetic mean 
of n independent observations_+standard error of the 
mean (s.e.m.) Unless otherwise stated the two-sided 
t-test of Student was performed to analyse the statis- 
tical significance of the results. Values of P>0.05 
were considered to be not significant (N.S.) 

Materials 

Antigen. SRBC stored in Alsever's old solution 
were obtained from the National Institute of Public 
Health (RIV, Bilthoven, The Netherlands). 

Metiamide. Metiamide was kindly provided by Dr. 
L. P. Mensinga (Smith Kline & French B.V., Rijs- 
wijk, The Netherlands). Each week a fresh stock- 
solution was prepared by dissolving metiamide in 1N 
HC1 and adjusting the pH to 6.0 with 0.1 N NaOH. 
Mice were i.p. injected with a dilution of the stock- 
solution in saline. 

RESULTS 

Direct toxicity o f  metiamide 

To investigate the sensitivity of the Swiss strain to 
metiamide, groups of male and female mice received 
i.v. injections with increasing doses of the drug in 0.5 
ml saline. Intraperitoneal toxicity was only tested in 
male animals. The animals were daily inspected over 
a period of 8 weeks (Table 1). The i.v. LDs0 both in 
males and in females amounted between 80 and 100 
mg/kg,  but females tended to be somewhat more 
sensitive, lntraperitoneal gifts up to 350 mg/kg were 
not lethal. In survivors no long-term toxicity was 
observed. 

Effects on delayed hypersensitivity 
Mice were i.p. immunized with 106 SRBC on Day 

0 and treated with 20, 50 or 80 mg metiamide/kg 
body weight on Day - 3 ,  - 1 ,  0, +1,  or +5. 
Controls received saline instead of metiamide. On 
Day 5 the animals were challenged for DH and 24 h 
later the reaction was measured. In all cases the dose 
of 80 mg/kg was the most effective (data not given). 
Using this dose the effects of metiamide in relation to 
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the day of  its administrat ion and the dose of  SRBC 
used for immunizat ion were studied (Fig. 1). When 
administered 3 days before immunizat ion,  metiamide 
did not  influence the response to numbers  of  SRBC 
below 109. The response to 10 9 SRBC was signifi- 
cantly enhanced.  If  metiamide was given on Day - 1, 
the responses to 105 and to 106 SRBC were non- 
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significantly decreased, whereas the reaction to l0 s 
SRBC was higher than in the control  animals. After  

metiamide treatment  on Day 0 and + 1 the response 

was in general impaired with a minimum for the 
immunizing dose of  106 SRBC, whereas the reaction 
to the same number  of  SRBC after metiamide ad- 
ministration on Day + 5 was significantly increased. 

Table 1. Direct toxicity of metiamide 

Route of metiamide administration 

Intravenously Intraperitoneally 

Dose of metiamide ~ ~ 
(mg/kg body weight) Survival* (°7o) n Survival (o70) n Survival (o7o) n 

20 
50 
80 

100 
120 
200 
250 
300 
350 

100 3 
100 6 
100 9 I00 3 
39~ 18 0I 6 
1 It 9 Ot 3 
Ot 6 

100 6 
100 6 
100 6 
100 6 
100 6 
100 6 

* Survival over an 8 weeks period was followed. 
t Death occurred within a few minutes after injection. 
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Delayed hypersensitivity after metiamide (80 mg/kg). ( • )  3 days (A) or 1 day (B) before, simul- 
taneously with (C) or 1 (D) or 5 days (E) after i.p. immunization with graded numbers of SRBC. Controls 
(©) received saline instead of metiamide. On Day 5 the mice (n = 7) were challenged and 24 h later footpad 
swelling was measured. Vertical bars indicate the s.e.m. The enhancement for 109 SRBC in A, for 108 
SRBC in B, and for l06 SRBC in E is significant (P<0.05, P<0.05 and P<0.001 respectively). The 
decrease for 106 SRBC in C, and for 105, 106 and 107 SRBC in D is significant (P<0.001 and thrice 

P<0.05 respectively). The decrease for 105 SRBC in B is not significant. 
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Effects on the plaque-forming cell response 
Male mice were treated with 20, 50 or 80 mg o f  

met iamide /kg  or saline on Day - 1 ,  0, or + 4  and 
immunized i.p. on Day 0 with 2 x  108 SRBC which is 
the optimal  number for a direct PFC response.  Day 5 
the direct splenic PFC response was measured.  In 
general an enhancement  o f  the response was ob- 
served (Fig. 2) with an exception for the dose  o f  80 
mg met iamide /kg  administered on Day  4. The dose 
o f  50 m g / k g  appeared the most  discriminative and 
was used in further experiments.  

In the next experiment metiamide (50 m g / k g )  was 
administered 1 or 3 days before,  s imultaneously with, 
or 1 or 4 days after immunizat ion o f  male mice with 
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2 x 108 SRBC. The direct (IgM) and IgG splenic PFC 
responses were measured 5 days after immunizat ion.  
Figure 3 shows that administration o f  metiamide on 
Day 3 before immunizat ion resulted in a significant 
enhancement  o f  the IgM response,  whereas none  o f  
the treatments influenced the IgG response. Because 
o f  these results administration o f  metiamide (50 
m g / k g )  on Day  - 3 was chosen for the study o f  the 
inf luence on the ant ibody response to graded 
numbers o f  SRBC. Figure 4 indicates that in that case 
only the lgM response to 108 SRBC was significantly 
enhanced.  The IgM response to other antigen con- 
centrations and the IgG response to all numbers o f  
SRBC tested remained unaltered. 

u 7 0 0  
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I i I I I i I I 
0 2 0  5 0  8 0  0 2 0  5 0  8 o 

I I I 
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Dose of metiamide (mg/kg) 

Fig. 2. Effcct on antibody formation of different doses of mctiamide administered i.p. l day before (A), 
simultaneously with (B), or 4 days after (C) i.p. immunization of mice (n = 5) with 2 x I08 SRBC. Vertical 
bars indicate the s.e.m. The increases for 20 and 50 mg metiamide/kg administercd Day - l are significant 

(P<0.025 and 0.0001 respectively). 
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Effect on the direct (A) and lgG (B) splenic PFC response of metiamide (50 mg/kg), 
( • ) treatment on different days before or after i.p. immunization with 2 x 108 SRBC. Controls 
(©) received saline instead of metiamide. Vertical bars indicate the s.e.m. Only the increase of 

the IgM response after metiamide administration on Day - 3  is significant (P<0.025). 
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Fig. 4. Effect on the direct (A) and IgG (B) splenic PFC response of metiamide (50 
mg/kg) (O) administration 3 days before i.p. immunization with decimally increasing 
numbers of SRBC. Control mice (©) received saline instead of metiamide. Vertical bars 
indicate the s.e.m. (n = 5). Only the difference observed for the IgM response to 108 SRBC 

is significant (P<0.05). 

Table 2. Influence of metiamide on antibody production* 

Treatment 

Metiamide Saline P-value 

Number of lgM PFC/1W spleen ceils 

Haemolysin production/107 spleen ceils§ 

Haemolysin production/IgM PFC§ 

3391+507t 2137_+254 <0.05 (single-sided) 
(59)$ 

3.18_+0.48 1.17_+0.17 <" 0.01 
(172) 

(9.65_+1.32) x 10 -4 (5.48-+0.56) x 10 - 4  <'0.025 
(76) 

* Mice were injected with metiamide (50 mg/kg) or saline (0.5 ml) 3 days before i.p. immunization with 108 SRBC. The 
spleens were removed on Day 5 after immunization and tested for the number of IgM PFC and the amount of 19S 
antibodies (haemolysin production) secreted. 
t Mean_s.e.m. (n = 5). 
$ Percentage enhancement of the response. 
§ Expressed in haemolysin units (HU50's). 

Effects on antibody production 

Admin i s t r a t ion  of  50 mg me t i amide /kg  on  Day 3 
before  immuniza t ion  with 10" SRBC was also used to 
s tudy a possible effect on the splenic an t ibody  pro- 
duct ion  and  the an t ibody  p roduc t ion  per  plasmacell.  
Day 5 af ter  immuniza t ion  the IgM produc t ion  per 
106 spleen cells and  per  single PFC  was determined 
with a haemolysis  in liquid procedure  (Van Dijk & 
Bloksma,  1977) in combina t ion  with the Jerne plaque 
assay. Table  2 shows tha t  besides enhanc ing  the 
n u m b e r  of  PFC  met iamide s t imulated the splenic 

haemolysin  p roduc t ion  even more,  which is also 
demons t ra ted  in an increased a m o u n t  of  an t ibody  
produced per PFC.  

DISCUSSION 

In this s tudy the possible i m m u n o m o d u l a t i n g  pro- 
perties of  the H2 antagonis t  met iamide were investi- 
gated in the mouse system. In t roduc tory  experiments  
suggested an acute i.v. LDs0 of  between 80 -100  
m g / k g  bo th  in males and  in females and  the absence 
of  longterm effects af ter  one met iamide injection.  
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The LDs0 in our Swiss mouse strain was lower than 
that of 141 mg/kg as reported for mice of a Charles- 
River strain (Brimblecombe, Duncan & Walker, 
1973). Respiratory failure was mentioned as most 
probable cause of acute death. Intraperitoneal ad- 
ministration, which appeared far less toxic, was 
chosen for the study of the effects on the immune 
response. 

The effects of metiamide on DH were very similar 
to those of tolazoline (Fig. 1; Van Dijk et al., 1979). 
This suggests that the effects of tolazoline on the 
cellular response were most probably H: charac- 
tered, although a-adrenergic effects cannot be 
excluded at this moment. In view of literature data 
targets of metiamide and tolazoline action were most 
likely suppressor cells. It might be that they gain an 
altered antigen-sensitivity (Weitzman, Shen & 
Cantor, 1976; Rocklin, 1976; Askenase, 1977a; 
Avella et al., 1978; Van Dijk el al., 1979). The 
similarity of the effects of tolazoline and metiamide 
suggest that both drugs behave as (ant)agonist for the 
same receptor in this in vivo test: biotransformation 
of metiamide might result in metabolites with H~ 
agonist activity or tolazoline might compete with a 
more potent physiological agonist for H2 receptor 
sites on lymphocytes. The suppression or enhance- 
ment of the cellular response dependent on the time 
of metiamide administration and on the immunizing 
dose might explain some discrepancies in literature 
concerning H2 antagonist effects on DH, acquired 
tolerance to dinitrochlorbenzene, and renal allograft 
rejection (Askenase, 1977b; Daman & Rosenberg, 
1977; McGregor et al., 1977; De Pauw et al., 1977; 
Avella et al., 1978; Goodwin, 1978; Jones et al., 
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1978; Primack, 1978; Doherty & McGeown, 1978; 
Rudge, 1978; Charpentier & Fries, 1978). 

In the humoral response the effects of metiamide 
deviated from those of tolazoline, suggesting dif- 
ferent target cells of H2 directed action in the 
humoral and cellular response. In general, the IgM 
response was stimulated, whereas the lgG response 
remained unaffected (Figs. 2 4), whereas tolazoline 
depressed the IgM and stimulated the IgG response 
(Van Dijk et al., 1979). The combination of these 
observation supports the earlier proposed idea of a 
H2 control of the shift from IgM~IgG synthesis. 
The location of the H2 receptor would rather be the 
membrane of a B cell than that of some regulatory 
cell. The enhancement of the IgM production per 
plasma cell observed for both metiamide (Table 2) 
and tolazoline (Van Dijk et al., 1979) indicate that 
this phenomenon is mediated by distinct receptors 
possibly presented on some regulatory cell. 

In conclusion our results indicate that metiamide 
as representative of a number of drugs with H 2 anta- 
gonist properties influences the immune response. 
Dependent on the time and dose of both antigen and 
metiamide administration a suppression or an en- 
hancement of DH was observed. In general, the 
humoral response was stimulated as far as the IgM 
response was concerned, whereas the IgG response 
was unaffected. These side-effects of a H ~ antagonist 
on immune reactions might be important in the appli- 
cation of similar drugs in the treatment of peptic 
ulcers accompanying glucocorticoid therapy in renal 
transplantation. Further study will be directed to 
possible immunomodulating interreactions of H2 
agonists and antagonists in the mouse. 
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