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ABSTRACT
We evaluated the effect of administration of histamine‑rat gammaglobulin conjugate (HRG) on
the production of IgE in rats. The antigen‑specific IgE level in the serum measured by PCA reac‑
tion decreased in the HRG‑administered group, compared to that in the physiological saline‑ad‑
ministered control group on day 15 after sensitization with DNP‑Ascaris antigen. However, on day
10, HRG significantly increased the concentration of histamine compared to that in the control
group. The Igd level was higher in the HRG‑administered group on day 15 and day 20, compared
to that in the control group. From these results and the observation that the IgE production in rats
increased to the highest level on day 15, we concluded that the decrease in PCA titer induced by the
administration of HRG in rats was not dependent on an increase in IgE consumption, but on a
decrease in IgE production. The increased histamine and IgGi level by the administration of HRG

might have directly or indirectly suppressed the IgE production in rats. ,砂ukyu Med. J. , 15(2) 13‑
17, 1995
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INTRODUCTION

mechanism by which IgE production is suppressed. The
present study was undertaken to determine whether the pro‑

Mouse mast cells, which are main effector cells in the

duction of antigen‑specific IgE in rats was affected by the ad‑

allergic response, have been reported to synthesize and

ministration of HRG. We also determined whether the

release IL4". This suggests that mast cells may reg

histamine concentration and IgGi level contained in the rat

the production of IgE, which in turn induces mast cell

serum affect the production of antigen‑specific IgE.

degranulation, In addition, it is known that mstamme,

MATERIALS AND METHODS

which is released from mast cells, is a principal chemical
mediator in the allergic response and suppresses specific IgE
production m mice via H2 receptors2'. It also modulates the

Animals

production of two classes of lmmunoglobuhns (viz. IgM and

Wistar rats weighing from 250 to 350 g were purchased

IgG)3‑5). In the clinical field, we have occasionally en‑

from Kyudo Co. , Ltd. (Kumamoto, Japan). Brown‑Nor‑

countered some patients with allergy whose IgE level in

way (BN) rats weighing from 230 to 260 g were purchased

blood decreased after the administration of histamine‑

from Seiwa Experimental Animal Co. (Fukuoka, Japan). In

human gammaglobulin conjugate (HHG) (Histaglobin㊥)ォ.

total, 60 BN rats were employed for the experiments. The

Our above‑described experience suggested that ad‑

rats were divided into 6 groups of 10 rats and treated sub‑

ministration of HRG may suppress the production of IgE or

cutaneously (s. c. ) as follows. Group A received 12 mg of

modulate some other classes of unmunoglobulins by the

HRG. GroupBreceived 6mgofHRG. GroupCreceived

modulation of cytokine network. Furthermore, from the

0. 15 mg of histamine dihydrochloride. Group D received 12 mg

report that antigen‑induced histamine release from rat

of rat gammaglobulin (RG). Group E received 32 mg of

peritoneal cells was inhibited by preincubation with

sodium thiosulfate. Group F received 1.5

"histamine‑ca汀ied rat gammaglobulin , it was expected

physiological saline (saline) as a control.

ml of

that administration of HRG may modulate the histamine
ed in the synthesis of IgE in rats8'. These findings suggest

Reagen ts
2, 4 ‑ Dinitrobenzenesulfonic acid sodium salt (DNBS)

that measurement of the histamine concentration and Igd

purchased from Tokyo Kasei Ind. Co. Ltd. (Tokyo,

level in the serum could be useful for clarifying the

Japan) , pentobarbital sodium (Nembutal⑧) from Abbot

level in vivol)‑ It has been reported that IgGi may be involv‑
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Lab. (Osaka, Japan) , killed Bordetella pertussis from Kaken

administration of Evans blue, the Wistar rat was killed and

Pharmaceut. Co. Ltd. (Tokyo, Japan), and purified rat

the blue spot of skin was measured. The maximum dilu‑

myeloma IgGi from Zymed Laboratories, Inc.

tion of serum yielding a blue spot of above 5 mm in diameter
was estimated as the PCA titer.

(San Francisco, CA, USA) were employed in the present
study. Evans blue, agarose‑LGT and o‑phthalaldehyde
(OPT) was purchased from Nakalai Tesque Co. (Tokyo,
Japan). Sheep anti‑rat Igd purchased from Nordic Im‑

HLs由mine estimation in the rat serum
The levels of histamine in the rat serum were estimated

munological Laboratories (Tilburg, The Netherlands) ,

using an HPLC system according to the method of Shore et al. '

sodium thiosulfate from Kanto Kagaku Co. (Tokyo,

The pump was an L‑6210 Inteligent Pump (Hitachi Ind.

Japan), histamine dihydrochloride from Wako Pure

Co. Ltd. , Tokyo, Japan) ; ThesamplerwasanAS‑4000 In‑

Chemical Industries Ltd. (Osaka, Japan), and rat gam‑

teligent Auto Sampler; and the detector consisted of an F‑

maglobulin (from Cohn Fraction E, M) from Sigma
Chemical Co. (St.Louis, MO, USA) were also used in the

Integrator. The column was of Hitachi Gel ♯3056. Two

present study. Unless otherwise stated, only reagent‑

milliliters of 0. 2 M perchloric acid was added t0 500 uQ. of

grade chemicals were used as other reagents.

the rat serum. After the mixture was centrifuged, 1 ml of

1 1 50 fluorescence spectrophotometer and D‑2500 Chromato‑

the supernatant was added to a tube containing 0. 3 ml of 5 N

Sensitiza tion

NaOH, 0.4 gofNaCland 4.5mlof 1‑ butanol. Thewater

Protein was extracted from Ascans suum (As) by the
method of Strejan & Campbell9'. The extracted protein

layer in the mixture was removed, and then 1.5 ml of 1 N
NaOH‑sat. NaCl was added. Four milliliters of the

was conjugated with dinitrophenyl (DNP) groups following

butanol layer in the mixture was added to a glass tube con‑

the procedure of Eisen et al. 10). One milligram of DNP‑As

taming500fil ofO. 1 MHCland4.0mlofn‑heptane. The

suspended in 0.5

hydrochloric acid layer in the resultant mixture was transfer‑

Bordetella

ml of saline was mixed with killed

l・ertussis

(Bp)

(1010cells).

This

mixture

was

ali‑

red to a vial tube for pretreatment into the auto‑sampler.

quoted into 4 solutions and was injected s. c. into the foot

The pretreatment procedure was earned out as follows.

pads ofBN rats. At 5 days after the first injection, the rats

Two hundred microhters of也e hydrochloric acid layer was

were boosted with 0. 5 mg of DNP‑As suspended in 0. 25 ml

transferred to another vial and 40 /jH of 1 N NaOH was add‑

of physiological saline.

ed. Aftermixing, 10 uH of ¥% OPTwas added. At 4

mm after this mixture had been fully mixed, 20 fiS. of 0. 95 N

物aration of HRG

H2SO4 was added and the materials were mixed. Fifty

Twelve milligrams of lyophihzed RG was dissolved in 1. 5
ml of 2. 13% sodium thiosulfate, and 0. 15 us of histamine

microliters of the resultant mixtWe was employed as the in‑

dihydrochloride was added to this solution. A洗er mixing

mixture of 0. 2 M NaCl and methanol (55:45 by volume)

for 3 h, the materials were dialyzed and lyophilized. The

was adjusted to pH

lyophilized protein was used as HRG. For the experiments,

dihydrochlonde was employed as the standard solution of

12 mg of the lyophilized HRG was dissolved in 1.5 ml of
distilled water, and administered to a BN rat.

histamine to prepare a standard curve.

jected sample for HPLC. The eluting agent which was a
3.0

using HCl. Histamine

Deおrmination of in the HRG and serum

at 5, 10, and 15 days after the first sensitization, HRG,

The determination of Igd was performed by single
radial immunodiffusion (SRID) according to the method of
Sunagawa et at. 13). The serum for Igd determination was

histamine dihydrochloride, RG, sodium thiosulfate or saline

also diluted 40‑fold with saline.

was

diluted sample was applied to the well in the agarose. The

Time of administration and blood sampling
The BN rats were anesthetized with ether. Before and

administered

s.

c‥

Blood

samples

were

taken

from

Five microliters of the

the tail vein of the BN rats before and at 6, 10, 15, and 20

agarose plate was allowed to stand for

days after the first sensitization. Blood sampling on day 10

temperature and the precipitate ring developed was stained

and day 15 was performed before the administration of

with Coomassie blue after washing141. The diameter of the

drugs. The serum was kept at

precipitate ring was measured and the level of IgGl in the
serum and the HRG were calculated from the diameter and

‑20℃

until passive

cutaneous anaphylaxis (PCA) , histamine estimation and IgG,
determination were carried out.

72

h at room

the values on the standard curve prepared by using serially

diluted rat myeloma IgG,. Measurements of protein con‑

PCA reaction

centration were performed by the method of Lowry et al. 15).

Estimation of the PCA titer was performed according to
the method of Tada &

OkumuralO. Fifty microliters of

Statistical analysis

serially diluted serum was injected intradermally into the

Statistical analysis was carried out by the unpaired

back of a non‑treated Wistar rat. At 48 h after the ad‑

Student's test for between‑group comparisons. Data are

ministration, 0. 5 ml of ¥% Evans blue containing 2 mg/ml
DNP‑As was injected via the tail vein. At 30 min after the

expressed as the means

±

standard deviation (SD).

When a p value of less than 0. 05 was obtained, the means

Hanashiro, K. et al.

were considered to be significantly different.
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tween groups A, B and group F was not significant(Table
1).

Animal care and management
We followed the "Standards Relating to the Care and
Management of Experimental Animals (Notification No. 6,
March 27, 1980, from the Prime Minister's Office, Tokyo,
Japan) for the care and use of the animals, and the guide for
animal experiments of the University of the Ryukyus. All
animal studies were reviewed and approved by the Animal
Care Committee at the University of the Ryukyus.

Changes of histamine concentration in rat serum
During the course of observation after sensitization, the
lowest histamine concentration was observed in group E on
day 15. On day 15, the difference in histamine concentra‑
tion between groups D and F was significant(p<0. 05). On
day 10, however, it was found that administration of HRG
had significantly increased the concentration of histamine in
the rat serum, and the difference in histamine concentration

RESULTS

between groups A and F was significant(p<0. 05) (Table
2).

Changes in PCA titer

IgG¥ concentration in the HRG

The PCA titer in the serum of BN rats during the course

It was found that 12 mg/1.5 ml(w/v)of HRG solution

of sensitization with DNP‑As increased to its highest level
on day 15 in all six groups, as compared to the values on

contained 0.32 ± 0. 10 mg/'ml(n‑3)of Igd.

other days. On day 15, the PCA titer in the HRG‑ad‑

Changes of IgG¥ level in rat serum

ministered group (A and B) was significantly decreased
(pく0. 01, pく0. 05) as compared to that in the control group

On day 6, the difference in IgGi level between groups A, B,

(F). On day 20, however, the difference in PCA titerbe‑

C, D, E and group F was not significant. On day 10,

Table 1 The PCA titer in the rat serum following the drug administration
Day 6

Group

Day 10 Day 15

Log2(PCA titer)

Log2(PCA titer)

Log2(PCA titer)

5

9.0±1.6

8.3±】.1
7.3±1.2

9.4±1.4
9.5±1.2
9.6±2.5

7.8±0.7

w

C/3C/3t/5C/5(/)
zzzzz‑

8.6±1.5

1

2

4.4±1.3

7.9±0.9

0

2

q

3.9±1.3

7.7±1.1

0

Z

5.3±1.3

7.9±0.7

8.4±1,4

P

cj

4.5±2.2

8.2±1.2

Logj (PCA titer)
刊
P

m

4.0±1.2

C/3C/)C/3C/)C/522222‑

tz
n2
c;
/Z
22
ininin
z

<

4.1±1.9

Day 20

ll.1ア2.5

7.1±1.0
7.9ア0.7
7.9±1.6
7.7±0.9

u.

Wistar rats were immunized with DNP‑As and killed Bp on day 0, and boosted with DNP‑As on day 5. The rats belonging to groups in
the table were administered drugs on days 0, 5, 10and 15. Group A: 12 mg of HRG, Group B: 6 mg of HRG, Group C: 0.】5 ftg of
histamine dihydrochlonde, Group D: 12 mg of RG, Group E: 32 mg of sodium thiosulfate, Group F: 1.5 ml of saline The PCA reaction was
carried out as described in 'Materials and Methods'. Data of PCA titer in the table are expressed as the means ± S.D. (n‑10). NS: Not

significant

Table 2

The histamine concentration in the rat serum following the drug administration

Day 6

Group

Concentration

of

Probability

histamine(×10‑eM)

4.7±1.0
4.0±0.9
3.6±1.1

of

value vs F histaminetxlO"M)

0

5

2.7±0.7
2,7±0.7
3,2±1.I
3.7±1.1

Q

3.7±0.5

4.1±0.8

2.4±0.6

4.2ア1.1

3.8±0.8

2.4±0.7

Probability

Concentration

of

value vs F histamine(×10eM)

3.9±0.9
3.5±0.8
3.7±1.0
3.2ア1.2
3.9±1.0
3.8±1.1

Probabi】ity
value vs F

tz
nz
tz
nz
m</>t/>
z

5.3±1.4

Concentration

Day 20

lO
O
t
ninin
22Z仙Nl
p

U

4.3±1.3

Probabi一ity

C
/
3
C
/
3
C
/
3
C
/
3
z
z
z
z

4.2±0.8

of

p

O

3.7±1.0

Concentration

value vs F histaminetxlO‑!M)

t
n
i
n
i
n
u
)
c
/
3
z
z
2
z
2
:

<

3.8±0.6

Day 10 Day 15

H

Histamine estimation in the rat serum was carried out as dascribed in 'Materials and Methods'. The histamine concentration in the sera of

non‑treated rats: 3.6±0.5

×10‑8M) (n=10). Other details as in Table 1.

h
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Table 3

The IgGi level in the rat serum following the drug administration

Day 6

Group

Day 10 Day 15

Day 20

IgGi level Probability IgGi level Probability lgd level Probability IgG, level Probability
(mg/ml)

4.5±0.9
U

4.6±1.1

Q

3.5±0.5
3.9±0.7

(mg,/ml)

7.9±1.0
7.5±1.0
7.3±1.6
8.2±0.6
6.7±1.2
7.7±1.1

value vs F

H

5
0C/3C/)
C/)C/3
Z222竺
p

O

3.6±0.5

e/)<st(/)(/>in
2ZZZZ

<

3.9±1.0

value vs F

(mg,/ml)

value vs F

(mg./ml)

value vs F

ll.3±2.2

p<0.01

12.1±2.4

p<0.01

9.3±1.5

p<0.01

10.4±2.0

8.9±1.6

p<0.05

SHIS**

p<0.05
NS

9.8±1.4
6.8±0.9

p<0.01
NS

ll.0±2.5

7,5±0.9

7.4±2.0

p<0.05
NS

8.6±1.3

SKID for the determination of IgGi level in the rat serum was carried out as described in 'Materials and Methods. The IgGl level in the
d .

sera of non‑treated rats: 4.6±0.6 mg,!ml (n‑10). Other details as in Table 1.

however, the difference in IgGi level between groups E and

M, and this represented about 1. 5 × 10‑8 M increase in the

F was significant (pく0.05). On day 15, the IgG, levels in

concentration of histamine in the HRG‑administered group ,

groups A, B, C and D were higher than that in group F

as compared to that in the control group. Accordingly, it
was concluded that the histamine contained m the HRG did

(group Cvs. F, p<0.05; others, p<0.01). Onday 20, the
IgG, levels in groups A, B and D were higher than that in

not suppress the IgE production, but the increased

groupF(groupAvs. F, p<0.01;groupsB, Dvs. F, p^0.05)

histamine level by the administration of HRG suppressed the

(Table 3). Throughout the course of the experiment the
difference in Igd level between groups A a: d D was not

some cytokmes, that is, the histamine induced suppressor

significant.

factor (HSF) and histamine induced potentiating factor

IgE production. It has been reported by Eckert et at. that,

(HPF) modulated the production of IgM in the mouse in

DISCUSSION

vitrcP. In vivo, it appears that the effects of cytokines pro‑
duced by histamine‑stimulated T cells on the production of

Two inductive inferences derived from the analysis of

lmmunoglobuhns may be based on modulation of the

the data in this paper indicated that the decrease of PCA titer
in the serum of the HRG‑administered group depended on a

cytokine network by them. Eckert e^ a/. also found that in
strain XVII, a histamine concentration of 1 x 10 " M

decrease in IgE production. First, it was considered that

enhanced the production of IgM, whereas 1 x IO‑8 M of

the HRG which had accum血ted in the blood did not cause

histamine suppressed the production of IgM3). They sug‑

the competitive inhibition of IgE binding to mast cell in the
rat skin, because the decrease of PCA titer in the HRG‑ad‑

gested that the difference in the production of IgM was based
on the different concentrations of histamine contained in the

ministered group was not observed on day 20. Second, the

circulating blood and tissue of the mice used in the in vitro

significant decrease of PCA titer in the HRG‑administered

and in vivo experiments. Nakazawa & Umegae suggested

group, as compared to that in the saline‑administered group, was

that histamine suppressed specific IgE production via H2

observed on day 15, but was not observed on days 6, 10 and

receptors in the mduction phase of the system2'. Therefore, it

20. In addition, as shown in the changes of PCA titer

was suggested from our present findings that the increased

following the administration of saline, it was observed that

level of histamine on day 10 in血e HRG‑administered group

the IgE production in rats increased to the highest level on

exerted an important effect on the suppression of IgE produc‑

day 15 during this experiment. Therefore, it was con‑

tion on day 15. On the otherhand, the increased Igd level
in the HRG‑administered group on day 15 was not depen‑
dent on the Igd contained in the HRG, but depended on the
increase of Igd level by the administration of HRG. This

sidered that the decrease of PCA titer in the HRG‑ad‑
ministered group on day 15, taking into account the PCA
titer in the saline‑administered group, was not based on an
increase in IgE consumption, but a decrease in IgE produc‑

increase must have been involved in the suppression of IgE

tion. Furthermore, the relationship between the suppres‑

production observed on day 15. It has been reported that

sion of IgE production and the histamine contained in the ad‑

the induction of the anti‑DNP reaginic response is suppress‑

ministered HRG was investigated. The results indicated

ed by pretreatment of rats with DNPio ‑ IgGi, but not sup‑

that administration of 0. 15 fig of histamine, which was

pressed by the other rat IgG subclasses conjugated with DN

equal to the quantity of histamine contained in the HRG, did

P8). From the above report and the analysis of the data in

not suppress the IgE production in rats. The relationship

this paper, it is suggested that the Igd contained in the
HRG did not suppress the IgE production, but the increased
Igd level by the administration of HRG suppressed the.
production. We also infer from our study也at the increas‑
ed histamine and Igd level by the administration of HRG

between the suppression of IgE production and the
histamine in the rat serum after the administration of HRG
was further investigated. The histamine level in the serum
of HRG‑administered group on day 10 was about 5. 3 × 10‑

Hanashiro, K.etal.
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directly or indirectly suppressed the IgE production in rats.

histamine‑ca汀ied rat gamma globulin on histamine

The mechanism by which the administration of HRG

release from rat mast cells. Jpn. J. Allergol. 28(9):

elevates the histamine and IgGi level m the circulating blood
remains to be clarified. In addition, since PCA reaction is

8) Pan, D., Lee, W.Y., Sehon, A.H., andBazin, H.:

not sufficient to quantitate the IgE level in order to clarify

Specific suppression of reaginic antibodies in the rats.

the precise mechanism of suppression of IgE production, we

60th Annual Meeting of Federation of the American

intend to develop an ELISA system by which the antigen‑

Society of Experimental Biologists, Anaheim, Califor‑
nia (Abstract) , 1976.

specific IgE level in the rat serum can be quantitated.

666 ‑ 673, 1979 (in Japanese).

In the clinical field, HHG (Histaglobiri㊥) has been used

9 ) Strejan, G. , and Campbell, D. H∴ Hypersensitivity to

to treat patients with allergic diseases6'16). The results ob‑

Ascaris antigens. I. Skin‑sensitizing activity of serum

tamed in the present study demonstrate one area of possible

fractions from guinea pigs sensitized to crude extracts.

applicability of Histaglobinョ, viz. in allergic diseases with

J. Immunol. 98: 893‑900, 1967.

10) Eisen, H.N., Belman, S., and Carsten, M.E.: The

an elevated level of IgE.

reaction of 2, 4 ‑ dinitrobenzenesulfonic acid with free
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