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A complex of h is tamine/human T-globulin (HhG) has been 
widely used in Japan for more than 25 years as a nonspe- 
cific hyposensit izat ion drug in the treatment of allergic 
diseases .  It has been reported that HhG decreases  the 
number  of eos iuophi ls  in the nasal  secretions and periph- 
eral blood of patients with allergy. In this study we used a 
mouse  system to explore the possibi l i ty that HhG may ac- 
tively inhibit the accumulat ion of eos inophi ls  at inflamma- 
tion sites.  A complex of 0.15 ~Lg of his tamine dihydrochlo- 
ride/12 mg of mouse  T-globulin (HmG) was incubated for 
2 hours in saline solution in the normal fashion for HhG.  
HmG at 50 to 150 mg/kg/day inhibited the peritoneal accu- 
mulation of eos inophi ls  induced by ragweed pollen in 
BALB/c mice in a dose-dependent  fashion when the HmG  
was administered subcutaneously  six t imes during a 20- 
day sensit izat ion period. The inhibitory effect of HmG on 
this eosinophi l  accumulat ion was s igni fcant  at 24 and 48 
hours after challenge,  but HmG had no effect on neutro- 
phil accumulation.  Complexes of serotonin/mouse T-globu- 
lin (mTG), g lutamine/mTG , and histamine dihydrochloride 
(His) /mouse  albumin had no inhibitory effect when admin- 
istered in the same way. The optimum combinat ion ratio 
was between 0.15 ~ g  of His /12 mg of mTG and 0.015 ~tg of 
His/12 mg of mTG for this cosinophi l  inhibition. More- 
over, a 1- to 2-hour incubation period of His and mTG 
was needed to induce a plateau inhibition of the eosino- 
phil accumulation.  These  results  in mice suggest  that HhG 
may actively inhibit al lergen-induced eosinophi l  accumula-  
tion, which may be therapeutically useful in the treatment 
of allergic disease. (J Allergy Clin Immunol 1997;100:809-16.) 
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Abbreviations used 
His: Histamine dihydrochloride 

m~/G: Mouse ~/-globulin 
HhG: Complex of histamine/human ~¢-globulin 

HmG: Complex of histamine/mouse ~-globulin 

Accumulation of eosinophils at inflammation sites is 
one of the characteristic features of allergic inflamma- 
tion. It has been observed that eosinophils are accumu- 
lated and activated at inflammation sites by a variety of 
factors, including leukotriene B4,1"2 platelet activating 
factor, 3-6 IL-3, IL-5, and granulocyte-macrophage colo- 
ny-stimulating factor. 7-15 The activated eosinophils have 
been shown to release cytotoxic substances such as 
major basic protein, eosinophil cationic protein, and 
eosinophil peroxidase, with consequent damage to the 
mucosal epithelium in allergic patients with, for exam- 
ple, atopic asthma, allergic rhinitis, or atopic dermati- 
tis. ~6-25 These findings suggest that the accumulation 
and/or activation of eosinophils may play a crucial role in 
the development and maintenance of allergic inflamma- 
tion. For this reason, drugs capable of inhibiting the 
maturation, accumulation, and/or activation of eosino- 
phils can be expected to be useful for the treatment of 
allergic disease. 

A complex of histamine/human -~-globulin (HhG), 
which has been widely used for more than 25 years in 
Japan as a nonspecific hyposensitization drug with a low 
incidence of side effects, is useful for the treatment of 
allergic diseases such as allergic rhinitis, atopic derma- 
titis, and bronchial asthma. In two different kinds of 
double-blind studies performed with a total of 264 
patients with allergic rhinitis, HhG injected subcutane- 
ously twice a week for 6 weeks was found to significantly 
improve the score of clinical symptoms such as sneezing, 
nasal blockage, and color of the mucus membrane (when 
compared with the effect of the active placebo, human 
~/_globulin).26.27 Side effects were not observed in any 
patient in these studies. Another double-blind study 
performed with 129 patients with bronchial asthma 
indicated that subcutaneous injection of HhG twice a 
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FIG. 1. Effect of HmG on number of eosinophils, neutrophils, and mononuclear ceils in peritoneal cavity after 
intraperitoneal challenge with ragweed pollen in sensitized mice. Mice were sensitized subcutaneously with 
allergen on days 0, 1, 6, 8, and 14 (see Methods) and were challenged intraperitoneally with allergen on day 
20. Peritoneal cells were obtained 24 hours after challenge. HmG at 150 mg/kg/day or saline solution was 
administered subcutaneously on days 0, 4, 7, 11, 14, and 18. Cyclosporin A at 100 mg/kg/day was administered 
subcutaneously on days 18, 19, and 20. Each value represents mean -+ SEM of six animals (except for naive 
group in which n = 3). * * * p  < 0.001 as compared with control (saline-treated group). CsA, Cyclosporin A. 

week for 6 weeks significantly improved the score of 
clinical symptoms such as coughing, wheezing, and the 
magnitude and/or frequency of asthma attacks (again 
compared with the effect of human y-globulin injec- 
tion)?8 A low incidence of side effects was observed (two 
of 60 patients [3.3%]). 

HhG was developed by Parrot et al. 29, 30 as a drug for 
restoring histaminopexy, the ability to block the biologic 
activity of histamine, in the sera of patients with allergy. 
In addition to this effect, HhG or a complex of hista- 
mine/rat y/-globulin has been reported to have inhibitory 
effects on antigen-induced histamine release (from hu- 
man peripheral blood basophils or rat peritoneal mast 
cells, respectively). 31-33 However, the precise mechanism 
underlying the antiallergic action of HhG has yet to be 
completely elucidated. In view of the crucial role of 
eosinophils in allergic inflammation, we retrospectively 
analyzed clinical data on the use of HhG in cases of 
asthma, allergic rhinitis, and atopic dermatitis. We then 
realized that subcutaneous administration of HhG not 
only relieved clinical symptoms but also seemed to 
decrease the number of eosinophils in the nasal secre- 
tions or peripheral blood of allergic patients? 4-36 Con- 
sequently, in this study we decided to explore the 
possibility that HhG actively inhibits the accumulation of 
eosinophils at inflammation sites. To this end we pre- 
pared a complex of histamine dihydrochloride (His)/ 

mouse y-globulin (HmG), in the normal fashion for 
HmG, and we then examined whether HmG inhibited 
allergen-induced peritoneal eosinophil accumulation in 
mice. We show here for the first time that HmG (but not 
His or myG given separately) preferentially inhibits the 
allergen-induced peritoneal accumulation of eosino- 
phils, but not of neutrophils, in mice. We discuss the 
relationship between the effect of HmG on eosinophil 
accumulation and the clinical efficacy of HhG in the 
treatment of allergic disease. 

M E T H O D S  
A n i m a l s  

Female BALB/c mice were purchased from Charles River 
Inc. (Kanagawa, Japan). Six- to seven-week-old mice were used 
for all experiments. This study was conducted in accordance 
with local and national guidelines governing the care and use of 
animals. 

C h e m i c a l s  a n d  p r e p a r a t i o n  of  H m G  

His, mouse ,/-globulin (m'yC), serotonin, and mouse albumin 
were purchased from Sigma Chemical Co. (St Louis, Mo.). 
Glutamine, Cyclosporin A, and ragweed pollen extract (1:100, 
wt/vol) were obtained from Wako Pure Chemical Industries, 
Ltd., Osaka, Japan; Sandoz Ltd., Basel, Switzerland; and Torii 
Pharmaceutical Company, Tokyo, Japan, respectively. 

The "standard" HmG preparation was made as follows: 0.15 
ixg of His was added to 12 mg of m,/G in saline solution and 
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F I G .  2. Dose-dependent inhibition by HmG of eosinophil accumulation in mice. Procedures used for 
sensitization, challenge, and harvesting of peritoneal cells were as described in Fig. 1. HmG at 50 to 150 
mg/kg/day or saline solution was administered subcutaneously on days 0, 4, 7, 11, 14, and 18. Each value 
represents mean _+ SEM of 12 animals. * *p  < 0. 01, * * * p  < 0. 001 as compared with control. 

incubated for 2 hours at room temperature (23°C to 27 ° C). 
The resulting solution was stored at below -20 ° C until needed. 
Complexes of serotonin/m,/G, glutamine/m~G, and His/mouse 
albumin were prepared by incubating the appropriate pair of 
agents in saline solution (at the same molar ratio as that used 
for the standard HmG solution) for 2 hours at room tempera- 
ture. In experiments carried out to study the importance of 
incubation time, His and m~/G were incubated for 0, 15, 60, 120, 
or 240 minutes at room temperature; and the resulting com- 
plexes were administered subcutaneously at 150 mg/kg/day just 
after preparation. In experiments on the relative effectiveness 
of various combination ratios of His and m~/G, various amounts 
of His (1.5, 0.15, 0.015, or 0.0015 p~g) were incubated with 12 mg 
of m-yG in saline solution for 2 hours at room temperature. The 
resulting complexes were then stored at below -20°C until 
needed. 

Allergen-induced cell accumulation in the 
peritoneal cavity in mice 

This model was prepared according to the procedure of 
Kaneko et al. 37 BALB/c mice were immunized with a 1:1000 
dilution of the commercially prepared ragweed pollen extract; 
0.1 ml of this dilution was injected subcutaneously on days 0 and 
1, and 0.2 ml was injected subcutaneously on days 6, 8, and 14. 
Then the mice were challenged intraperitoneally with 0.2 mt of 
the same dilution of the pollen extract on day 20. Peritoneal 
cells were harvested 0, 8, 24, or 48 hours after challenge with 4 
ml of phosphate-buffered saline containing 1.0% fetal calf 
serum (Hyclone Laboratory Inc.) and 5 U/ml heparin. The total 
number of peritoneal cells from a given mouse was counted 
with a hemocytometer (model CC-110; Sysmex, Kobe, Japan). 
For this purpose, 50 ILl of the peritoneal cell suspension (5 × 
105 cells/ml) was smeared on a microscope slide after centrifu- 
gation in a Cytospin 3 (Shandon, Jeol, Tokyo, Japan). A 
differential cell count was carried out under a microscope after 
fixation and staining with Giemsa dye (Wako Pure Chemical 
Industries, Ltd.). 

Statistical analysis 
Data are expressed as means _+ SEM. Statistical significance 

was assessed by using an unpaired Student's t test. 

RESULTS 
Effect of HmG on allergic cell accumulation in 
mice 

To investigate whether  H m G  inhibits allergic inflam- 
matory cell accumulation in mice, its effect on allergen- 
induced peritoneal cell accumulation was examined. As 
shown in Fig. 1, a marked accumulation of eosinophils, 
but not of neutrophils or mononuclear  cells, was ob- 
served in the control group after allerge n challenge. 
H m G  at 150 mg/kg/day markedly inhibited this e0sino- 
phil accumulation, reducing it to the level seen with 100 
mg/kg/day Cyclosporin A. However,  H m G  had no sig- 
nificant effect on the number  of neutrophils. Next, the 
dose-response relationship for this effect of H m G  was 
examined by using the same system. At  50 to 150 
mg/kg/day, H m G  inhibited the eosinophil accumulation 
in a dose-dependent  fashion (Fig. 2). 

Time course of the effect of HmG on allergen- 
induced accumulation of eosinophils and 
neutrophils in mice 

Mice were sensitized with the allergen and treated 
with H m G  as indicated in Fig. 1. Peri toneal  cells were 
then harvested 0, 8, 24, or 48 hours after challenge. As 
shown in Fig. 3, no significant accumulation of eosino- 
phi!s was observed 8 hours after challenge in the control 
group in comparison with the 0-hour group (the "naive 
group").  In fact , the eosinophil accumulation reached a 
peak 24 hours after challenge, and the response gradu- 
ally declined thereafter.  When  H m G  was administered 
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FIG. 3. Time course of effect of HmG on accumulation of eosinophils and neutrophils induced by allergen in 
mice. Procedures used for sensitization, challenge, and HmG administration were as described in Fig. 1. 
Peritoneal cells were harvested 0, 8, 24, 48 hours after challenge. Each value represents mean _+ SEM of six 
animals (except for 0-hour group in which n = 4). ***p < 0. 001 as compared with corresponding control. 

subcutaneously during the 20-day sensitization period, at 
150 mg/kg/day, it significantly inhibited the eosinophil 
accumulation 24 and 48 hours after challenge. In con- 
trast, the accumulation of neutrophils reached a peak 8 
hours after challenge, and their number then declined 
sharply, with only a small number being observed 0, 24, 
and 48 hours after challenge in the control group. 
Interestingly, HmG administration had no effect on the 
peak neutr0phil accumulation. 

Role of His and m~/G in the inhibition of 
eosinophil accumulation 

The effect on eosinophil numbers was examined in the 
same mouse system when His or m'yG was given sepa- 
rately. Either His or m'yG at a dose equivalent to their 
doses in 150 mg/kg/day of HmG was administered 
subcutaneously six times during the 20-day sensitization 
period (by using the same protocol as before). As shown 
in Fig. 4, neither His nor m'yG had any inhibitory effect 
when given alone, although 150 mg/kg/day HmG did 
significantly inhibit the response (as before). Next, the 
effects of complexes other than HmG were examined. As 
shown in Fig: 5, complexes of serotonin/m'yG, glu- 
tamine/m'yG, and His/mouse albumin prepared in the 
same molar ratio as that used for the standard solution 
of HmG (0.15 ixg of His/12 mg of m'yG), did not exert 
significant inhibitory effects when administered subcuta- 
neously at 150 mg/kg/day six times during iLhe 20-day 
sensitization period. We next tried to clarify to what 
extent the effectiveness of HmG complexes depends on 
the ratio of His to m'yG within them. After various 
amounts of His (1.5, 0.15, 0.015, or 0.0015 Ixg) had been 
incubated with 12 mg of m'yG in saline solution for 2 
hours, 150 mg/kg/day of each complex was administered 
subcutaneously six times during the 20-day sensitization 
period. As shown in Fig. 6, a significant inhibition was 

observed when the ratio was either 0.15 Ixg of His/12 mg 
of m'yG or 0.015 Ixg of His/12 mg of m'yG. It was also 
confirmed that complexes of serotonin/m'yG and glu- 
tamine/m'yG exerted no significant inhibition at either 
0.1 or 10 times the standard molar ratio used for HmG 
(data not shown). The effects of incubation time were 
also examined. Immediately after His and mp~G had 
been incubated in saline solution for 0, 15, 60, 120, or 
240 minutes, the resulting complexes were administered 
subcutaneously six times during the 20-day sensitization 
period. As shown in Fig. 7, no inhibitory effect was 
observed when the complex was administered immedi- 
ately after mixing (time 0). However, when the complex 
was incubated for 15 minutes, it produced an inhibition 
of about 40%. Complexes that had been incubated for 60 
or 120 minutes produced a plateau inhibition (70% to 
80%). 

DISCUSSION 
In this study we demonstrated that HmG, a complex 

of His and m'yG, inhibits the allergen-induced peritoneal 
eosinophil accumulation in mice in a dose-dependent 
fashion. Interestingly, when given alone, neither His nor 
m'yG had any effect on such eosinophil accumulation. 
Administration of any one of a variety of doses of His or 
m'yG separately failed to uncover an inhibitory effect in 
the same system (unpublished data). Although His and 
'y-globulin have each been shown to regulate eosinophii 
functions through their specific receptors, 38-4° little is 
known about the inhibition of eosinophil accumulation 
by a complex of His and -y-globulin. This study repre- 
sents the first demonstration that HmG exerts an inhib- 
itory effect on eosinophil accumulation. 

Complexes of serotonin/m'yG, glutamine/m'yG, and 
His/mouse albumin prepared in the same molar ratio as 
that used for the standard HmG preparation did not 



J ALLERGY CLIN IMMUNOL Yosh i i  et al. 8 1 3  
VOLUME 100, NUMBER 6, PART 1 

Naive 

Control 

HmG 

His 

m y G  

0 0.2 0.4 
I I 

No. of cells ( x l0  ~cells ) 
0.6 0.8 0 2 

I I 

Eosinophils 

4 6 8 
I I I 

Total leukocytes 

FIG. 4. Effect of HmG, His, and m3,G on allergen-induced eosinophil accumulation. Procedures used for 
sensitization and challenge were as described in Fig. 1. HmG (150 mg/kg/day), His, or m~/G (dose equivalent 
to their dose in 150 mg/kg/day HmG) was administered subcutaneously with the same pr0tocol as in Fig. 1. 
Peritoneal cells were obtained 24 hours after challenge. Each value represents mean _+ SE of six animals 
(except for naive group in which n = 4). * * p  < 0.01 as compared with control, t ' tp  < O.01 as compared with 

m~,G group. 
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FIG. 5. Combination of His and m'yG is required to induce an inhibitory effect on eosinophil accumulation. 
Procedures used for sensitization and challenge were as described in Fig. 1. Complexes of HmG, serotonin/ 
m3,G, g!utamine/m~,G, or His/mouse albumin (each at 150 mg/kg/day) or saline solution were administered as 
in Fig. 1. Peritoneal cells were harvested 24 hours after challenge. Each value represents mean -+ SEM of 12 
animals. * * p  < 0.01 as compared with control. 

exert any inhibitory effect. Furthermore, complexes of 
serotonin/m3,G and glutamine/m~/G at 0.1 or 10 times 
molar ratio produced no significant inhibition. Our study 
of incubation time indicated that 1 to 2 hours of 
incubation of His with m~/G was needed to induce an 
optimum inhibitory effect. In addition, it was demon- 
strated that complexes involving ratios in the range of 
0.015 ~g of His/12 mg of m-/G to 0.15 ~g of His/12 mg 
of m3,G exerted significant inhibitory effects. However, 

as yet it is not clear why His and mTG need to be present 
together, or why Certain combination ratios are needed 
to induce the inhibitory effect. 

With regard to the identity of the active molecule or 
molecules in HmG, there seem to be four possibilities. 
First, His and mTG molecules that are not bound to each 
other act separately and synergistically to inhibit eosin- 
ophil accumulation, if this possibility were correct, the 
same inhibitory effect would be observed when the 
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FIG. 7. Effect of time of incubation with His and m,/G on allergen- 
induced eosinophil accumulation. His and m-/G were incubated in 
saline solution for 0, 15, 60, 120, or 240 minutes. Complexes (at 
150 mg/kg/day) or saline soldtion were administered subcutane- 
ously immediately after preparation by using the protocol de- 
scribed in Fig. 1. Peritoneal cells were obtained 24 hours after 
challenge. Each value represents mean _+ SEM of six animals. 

complex is administered immediately after mixing (i.e., 
at incubation time 0). However, at incubation time 0, the 
preparation had no inhibitory effect. Therefore we can 
effectively exclude this possibility. Second, His-bound 
m3,G is the active molecule. At present, we do not even 
know whether His is bound to m~G. Moreover, we do 
not know why, if it is the case, that certain optimum 
His/mvG molar ratios (approximately 1:100 to 1:1000) 
are needed for the eosinophil inhibition to be apparent. 
An analYSiS in which an equilibrium dialysis method was 
used indicated that binding of His to m~/G was not 
detectable when 0.15 Ixg of His was mixed with 12 mg of 

m~/G in 1.0 ml of saline solution (unpublished data). 
However, approximately 10% of His was bound to 12 ng 
of m2~G or human ~/-globulin in 1.0 ml of saline solution 
when a reduced amount of His (0.04 p~g) was used. 
These findings suggest that a very weak binding between 
His and m~/G occurs in saline solution. However, it is 
unclear at present whether His-bound m~/G is the active 
molecule. Third, the active molecule may be m'yG 
conformationally changed by His. A structural analysis 
of HmG done with a gel filtration method with high- 
pressure liquid chromatography and a nuclear magnetic 
resonance method is now being done. Fourth, impurities 
of m3,G or His may be the active principle or principles. 
The His (purity minimum, 99%), m~G (purity minimum, 
95%), and mouse albumin (fraction V powder) used in 
this study contained little or none of the biologically 
active substance, endotoxin (no detection for His, but 0.1 
to 0.7 ng/mg for m,/G and 0.6 ng/mg for mouse albumin). 
If endotoxin were the active molecule, administration of 
His or m3,G alone would produce an inhibitory effect on 
eosinophil accumulation. However, when given sepa- 
rately, neither His nor m~G at a dose equivalent to their 
dose in 150 mg/kg/day of HmG produced a significant 
inhibition, despite the fact that a mixture of His/myG 
(150 mg/kg/day) markedly inhibited eosinophil accumu- 
lation. Furthermore, a complex of His/mouse albumin at 
150 mg/kg/day did not significantly inhibit eosinophil 
accumulation. Therefore even though endotoxin may be 
present in HmG, it seems not to be the active ingredient. 
For similar reasons, it is unlikely that other impurities of 
m-tG or His are the active molecule or molecules. 

This time-course study of the allergen-induced cell 
accumulation further demonstrated that HmG inhibited 
the accumulation of eosinophils but not of neutrophils. 
In addition, we have found that HmG at 150 mg/kg/day 
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exerts no  effect on  l ipopolysacchar ide- induced neut ro-  
phil  accumula t ion  in mice (unpubl i shed  data).  Thus  it 
seems likely tha t  H m G  has no  significant effect on  
neu t roph i t  accumula t ion  in mice. Recen t  s tudies have 
suggested tha t  eosinophils,  bu t  no t  neutrophi ls ,  are 
selectively infi l t rated f rom b lood  to in f lammat ion  site 
th rough  (1) the  act ion of eosinophi l  chemoat t rac tan ts ,  
including IL-5 and  eotaxin and  (2) the  in terac t ion  be- 
tween the  effect of very late act ivat ion ant igen-4 on 
eosinophi ls  and  tha t  of vascular  cell adhes ion  molecule-1 
on  endothe l ia l  cells. 12, 13,41,42 The re fo re  we need  to 

consider  the  following possibilit ies in our  a t tempts  to 
e lucidate  the  mechan i sm under lying the  inhibi tory effect 
of H m G :  (1) H m G  inhibits  the  product ion,  release,  or 
b o t h  of eosinophi l  chemoa t t r ac tan t s  such as IL-5 and  
eotaxin f rom TH2-type he lper  T cells or o ther  cells; (2) 
H m G  preferent ia l ly  suppresses  chemotaxis  in eosino- 
phils; (3) H m G  induces apoptosis  in eosinophils  bu t  no t  
in neutrophi ls ;  (4) H m G  selectively inhibits  the  expres- 
sion of very late antigen-4,  vascular  cell adhes ion  mole-  
cule-l ,  or both;  and  (5) H m G  preferent ia l ly  suppresses 
the m a t u r a t i o n  of eosinophils  f rom bone  mar row cells. 
Wi th  respect  to IL-5 product ion,  we have demons t r a t ed  
that  H h G  does not  inhibi t  a l lergen- induced IL-5 release 
f rom per iphera l  b lood  m o n o n u c l e a r  cells in pat ients  
with atopic a s thma  (unpubl i shed  data).  O n  this basis, it 
seems unlikely tha t  H m G  inhibits  IL-5 release f rom 
T i n - t y p e  helper  T cells in this mouse  model .  Studies to 
explore the  possibilit ies l isted above are in progress  at 
cellular and  molecular  levels in our  laboratories .  

A t  150 mg/kg/day, H m G  also inhibi ted  the  eosinophi l  
accumula t ion  when  admin is te red  subcutaneously  on 3 
consecut ive days up to and  including the  chal lenge day, 
even though  these  were days on  which the  mice had  been  
sensit ized (unpubl i shed  data).  This f inding in mice sug- 
gests tha t  H h G  may prove  to actively inhibi t  a l lergen- 
induced eosinophi l  accumula t ion  in pa t ien ts  with allergy 
(who are already sensitized).  Interestingly,  in double-  
b l ind  clinical studies of bronchia l  as thma,  allergic rhini-  
tis, and  atopic dermati t is ,  H h G  injected subcutaneously  
twice per  week for 6 weeks caused a significant decrease  
in the  clinical symptoms over and  above any effect seen 
with h u m a n  -/-globulin alone. 26-2~, 43 A n  apparent ly  sim- 

ilar f inding in this study was tha t  H m G  adminis te red  
subcutaneously  six t imes (twice pe r  week) to mice dur ing 
the  20-day sensi t izat ion per iod  significantly inhibi ted the  
eosinophi l  accumulat ion,  whereas  m y G  a lone  did not. 
The  similarity be tween  these  two sets of data  strongly 
suggests tha t  H h G  may exert  its the rapeut ic  effects 
mainly th rough  the  active suppress ion of eosinophi l  
accumulat ion.  

We thank Mr. Seishi Suehiro for his participation in the early 
part of this study. We also thank Mr. Hiroyuki Ohara for his 
critical review of the manuscript. 
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