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One of the characteristic properties of the radiomimetic alkylating agents is that their 

じytotoxicaction is much more pronounced when the compounds 白 rrymore than one 

alkylating group per molecule＇＞竹 26). This property led GOLDACRE, LOVELESS & Ross 

(1949) io) to advance a hypothesis that the compounds join in vivo chromosome threads 

together, resulting in chromosome breaks in subsequent mitosis. ALEXANDER, Sw ARCBORT 

& STACEY (1959) 2J performed an experimental study to evaluate on this hypothesis and 

showed that when nucleoprotamine from herring sperm was brought into reaction with 

the alkylating agents, intermolecular reaction occurred, in which two groups of different 

DNA molecules were linked1). These characteristics of the alkylating agents seem to sug-

gest that the compounds might change immunological properties of protein or nucleoprotein. 

This investigation was undertaken to examine whether the alkylating agents would 

play a role of hapten and effect some immunologically detectable changes in protein. 

Guinea pig serum was in vitro brought into reaction with ='Jitrogen Mustard (HN2) under 

a condition of physiological pH and temperature. ＼＼ア1ththe complex of HN2 and guinea 

pig serum, guinea pigs were sensitized and their immunological responses were analysed 

with skin test, systemic anaphylaxi~ and l川町ivecutaneous anaphylaxis. 

I) Materials 

EXPERIMENTAL 

MATERIALS AND METHODS 

1) NaHC03-H,C03 buffer 0.75:¥1-NaHC03 solution saturated with C02 to a pH of 

7 .5 and stored in dark and cold. 

2) Nitrogen Mustard (HN2), 2, 2ベlichloro『N-methylaminehydrochloride : Kindly 
supplied by Dr. Y. SAKURAI, Cancer Chemotherapy Information Center, Tokyo Sasaki 
Institute and stored in a desiccator. 

3) Crystalline Bovine Serum Albumin (BSA) 2X.. Obtained from Nutritional Bio-

chemicals Corporation, Cleveland, Ohio. 

4) Crystalline Egg lヘ乃1iteAlbumin (Ea) 5 X. Obtained from SIG恥1AChemical 
Company，おt.Louis, l¥lissouri. 

II) Preparation of Antigens 
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1) H0i::'.-Guinea Pig Serum Complex (I I~ゴーCPS Comp!.) 
Three guinea pigs each weighing about 700 gm ¥¥'erじ bledfrom jugular artery. The 

blood samples were allowed to clot at 5°C 

overnight. The sera from the three guinea pigs 

were pooled together and used as“guinea pig 
serum”throughout the experiment. A pan of 

the “g山neapig serum’‘ was diluted with phy-
siological salt solution to adjust its total protein 

concentration to 3%, Hitachi refractometer being 

used to measure protein concentration throughout 

this study. On the other hand, nitrogen mustard 

τ；よ；~~（~＂~：；ア！川lrochloride 115.5 mg was dissolved in 3 ml 
(F~eu叫 1町内 pl尚子 Adjuvaot ) of distilled water and one equivalent of '.¥a()H 

I L was added to liberate the base. This solution I？～E weeks a.tte' 
¥ ・"-'1 Sen,;t<za.lion of a pH of 7.0 was added slowly to 20 ml of 

/'!',, the diluted guinea pig serum and mixed by 
, / i 

峠吋吋 Sk納test二ct’惜Arhν，1，、、
col刷 3。n寸Serυm 1、，a只口iade30ml with physiological salt solution. 

Fig. 1 Preparation and 、ぞ11'lli日tionof Final total protein concentration and H'.¥2 con-

H :¥ 2-C I市 compl. centration of the mixture were 2% and 2× 

10-~ l¥,l r肘 1xni,・eJy(Fig. 1). Aiter adjusting to pH 7.5 with bicarbonate buffer, the 

mixture was left in an incubator at 37° C for 24 hours. During the incubation the pH 

of this mixture was often tested with Phenol Red and Brom Thymol Blue pH test papers 

to keep the same lewl of pH by adding bicarbonate buffer. After 2-1 hours of incuba-

tion the complex of I-I ＞！~ and guinea pig serum (H0i2・GPS com pl ) waちstoredfrozen at 

-20。C All these procedures were done as aseptically as possible. 
2) Untreated Guinea Pig Serum (Untreated GPS) 

The rest of the “guinea pig serumい wasdiluted with physiological salt solution to 

adjust its total protein concentration to 2%. The diluted guinea pig吋 rumwas adjusted 

to a pH of 7.5 with bicarbonate buffer and left in an incubator at 37℃ for 2・1 hours and 

stored frozen at -zn c. 
3) H:'¥2・RabbitたrumComplex (}I ：＼＇コ－R~ Comp!.), HN~・Bm·ine Serum Albumin 

Complex (I-I:'¥'..' Bメλ Comp!.) and H'.¥12-Eg只Albumin Complex （｝！？イシEaComp!.) 

Each of crystalline bovine serum albumin 2:¥, and cn・stalline egg white albumin 5:¥ 

was dissolved in physiological salt solution to give a solution a total protein concentration 

of 3 %. Rabbit serum obtained from a normal rabbit weighing about 3 kg, the bovine 

serum albumin and the egg albumin werぜ treated 、＼＇ithH>J2 in the :=;ame w;w as HN2・

GドScomp!., to make I l父子RScomp!., H:¥2-8凡人 comp!.and H:'¥2・Eacomp!. respectively. 

4) Untreated Rabbit Serum (Untreated R引， Untreated Bovine Serum .-¥lbumin 

(Untreated ！仏人Jand llntreatecl Egg .-¥.lhumin (Untreated Ea) 

Untreated RS, untreated Bメ..＼ and untreated Ea were prepared in the same wav as 

untreated GPS. 

Nit同genMusfo,d hyd＇配hla.ide
ノCH1CH1CI
CH, N、 ・HCI
'CH, CH,CI 

one旬uivalentof-Ne>OH咽$時訓
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PH ~5 (b回刷、。τebujje 
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Forty one male guinea pigs each weighing from 300 to 350 gm were used. The 
animals were fed with water and solid food CR-I. H'.¥''.?-GPS comp!. and untreated GPS 

were used as antiεen for sensitization. Each antigen was emulsified with a equal volume 
of Freund、sincomplete adjuvant that consisted of 9 vol. of liquid paraffin and 1 vol. of 

Arlacel A. 
0.05 ml of the emulsion was injected intracutaneously on the back of the animals 

once a week for four weeks. Thirty seven guinea pigs were sensitized with HN2-GPS 

comp!.; 15 of them were used for skin test, 16 for systemic anaphylaxis and 6 for passive 

cutaneous anaphylaxis. Four guinea pigs were sensitized with untreated < ;ps. 

IV) Skin Test 

Skin test was performed 2 or 3 weeks after the last sensitizing injection. Fifteen 

animals sensitized with HN2・GPScomp!. were divided into two groups. The first group 

comprising 10 animals was tested with HN2・GPScomp!.. The second group comprising 
5 animals was tested with HN2-RS compし Inthe first group, 0.1 ml of 4 fold dilution 
of HN2・GPScomp!., which contained 0.5 mg of protein, was injected intracutaneously on 
one side of the belly, and on the other side, untreated GPS was injected as a control agent. 

After clipping the hair, the injections were done with a short bevel needle for Mantoux’s 
test. In the second group each of the sensitized animals was injected with 0.05 mg of 2 
fold dilution of each of HN2-RS comp!. and untreated R~. which contained 0.5 mg of 
protein. A week after the test with HN2-RS comp!., the animals of this group were 

tested again with HN2-GPS comp!. and untreated GPS. Depilatory agents were not em-

ployεd so as to avoid non-specific irritation of the skin. In each animal of the two groups, 
physiological salt solution was also injected as another control agent. At the same time, 

non-sensitized guinea pigs were also examined as control animals‘ 
As the third group, 4 control animals which were sensitized with untreated GPS were 

tested in the same way as in the other two groups. ¥¥'hen the sensitized animals responded 
positi,・ely on the test-injection, the site of injection in the skin became erythematous, 

swollen and elevated. In such a case, the two main diameters of the erythematous lesion 
were described. From the skin lesion above the panniculus carnosus, preparations for 

histological examination (hematoxylin-eosin stain) were口1ade4 hours after the test-injection. 
V) Systemic Anaphylaxis 

Sixteen guinea pigs sensitized with HN2-GPS comp!. were tested for systemic ana-

phylaxis 2 or 3 weeks after the last sensitizing injection. They were divided into two 

groups. The first group consisted of 11 animals. Seven of 11 animals were tested by 
intravenous injection of 1 ml of 4 fold dilution of HN2-GPS comp!., i. e. 5 mg of protein, 

into the superficial vein of the hind leg or the jugular vein. In those animals which did 
not succumb to the first intravピnoustest-injection, another test was repeated by injecting 

6-15 mg of protein of H:'--12-GPS comp!. 3 weeks later. Four of 11 animals were tested 
with injection of 15-20 mg of protein of untreated GPS as a control agent. The second 
group comprising 5 animals was tested with a solution of HN2・RScomp!. or HN2-BS入

comp!., each containing 15 20 mg of protein. As control animals, 4 non-sensitized guinea 
pigs were tested with HN2-GPS comp!.. 

As the third group, another 4 control animals which were sensitized with untreated 
GPS and injected thereafter intracutaneously with untreated ( ;ps and HN2-GPS comp!. 
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for skin test, were used again, They were injected intravenously, one week after the skin 

test, ＼＼アith10-30 mg of protein of untreated GPS, 

入fterthe test-injections, changes of the rectal temperature were measured. When the 

animals died of typical anaphylaxis, autopsies were done and hernatoxylin-eosin preparat-

ions of the lung were made for histological examination. 

Vl) Passive Cutaneous Anaphylaxis (PCA) by OVARY’s Method21l25l 

Three or 4 weeks after the last sensitizing injection, 6 guinea pigs sensitized with 

H>J子GPScomp!. were bled from the jugular artery. The blood from each animal was 

allowed to clot at 5 ° C and the serum was collected by decanting and centrifuging. Each 

serum containing merthiolate in a concentration of 0.01 % was kept frozen at -20° C. 

Thawing and refreezing of serum was avoided as much as possible. The serum was 

tested with various antigens in vim as follows. 

The serum was diluted 3-10 times with physiological salt solution and the total 

protein concentration was reduced to be less than 1 % . The diluted serum, i. e. antiserum 

to Hr¥2-GPδcomp!., was injected intradermally in the abdomen of normal guinea pigs, 

each weighing 250土50gm. The hair at the site of injection was simply clipped without 

any depilatory agents which might cause non-specific irritation of the skin. In performing 

the intradermal injection, a short bevel needle for Mantoux’s test was used and care was 
taken to deposit the inoculum exactly in the dermal layer. Each normal guinea pig re-

ceived no more than 3 intradermal injections of 0.1 ml of each of the diluted antisera 

obtained from three different animals. Six-seven hours after the intradermal injections of 

the antisera, the animals were challenged with an intravenous injections of various test-

antigens mixed with 0.25 ml of 0.5% Evans' blue per 100 gm body weight into jugular 

vein. The skin where the antisera were injected was examined 30 minutes, 1 hour and 

at times, 3 hours after the intravenous injection of antigen and Evans' blue. 

The animals which received the antisera intradermally were divided into four groups. 

In the first group, a test-antigen of 10 mg of protein of HN2-GPS comp!., i. e. 1 ml of 

2 fold dilution of HN2-GP吋comp!.,was injected intravenously to two animals. The other 

two animals were injected intravenously with the same amount of protein of untreated 

Gl'S. In the second group, two and one animals were tested in the same way with 30 

mg of protein of H'.¥2-R吋 comp!.and of HN2・Eacomp!. respectively. The other three 

animals were also tested with the same amount of protein of untreated RS or of untreated 

Ea. In the third group, two animals were injected intravenously with 0.5 ml of a solution 

of H>i2, which was prepared as follows. HN2 was dissolved in physiological salt solution 

at a concentration of 1 millimol per liter. The solution was used within 5 minutes after 

it was prepared. In the forth group, two animals were tested with intravenous injection of 

Evans’blue alone without any test-antigen. 

EXPERIMENTAL RESULTS 

I) Skin Test 

1) lntradermal Te旦t-lnjectionof HN2・GPSComp!. in Guinea Pigs Sensitized with 

H>J2-GPS Comp!. (Table 1) 

Ten guinea pigs sensitized with HN2・GPScomp!. and tested with HN2・GPScomp!., 
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No. 1-10, showed eruptions at the site of test-injection. The eruptions were pink or 

dark pink in color and swollen, elevated and in some cases with petechiae (Photo. 1). 

These eruptions ¥Vere 14×12 34×15mm×mm  in size. Histological examination of the 

skin lesion revealed congestion and marked infiltration of polymorphonuclear leucocytes at 

the base of the dense dermis above the panniculus carnosus (Photo. 2). These findings 

indicated that the reactions observed in these animals were not of delayed type but of im-

mediate type. Untreated GPS, a control agent, did not cause any significant reaction. 

Table l Skin Test in Guinea Pig-, Sensitized with HN2-GPS Comp!. 

～－－－－－.＿ I、e't;int1gen 

Animal N:--------------

1 

2 

3 

Experimental 4 
人nimd、 5 

（世田itized) 6 

IT町tinjc'ct1けnof H>J'..' Cl明 comp!.)

Hi¥コ→CI明 Compl. 
0.5 mg 0.1 ml i u…d GPS I 0.5皿g 0.1 ml 

Imm×mm) I (mm x mm) 
26 x 16 d. p .. swol., el., pet. I 3×2 p. p., el. 
24 x 14 d. p .. swol., el., pet. 

29×14 d. p .. swol., el., pet. 

24×16 d. μ. swol., el., pet. 

23 x 12 d. p., swol., el., pet. 

34 x 15 d. p .. swol., el. 

NaCl 
0.1 ml 

(mm ×mm) 

7 14 x 12 p., swol., el. 

5×4 p. p., el. 

3 x 4 p. p., el. 

3×3 p. p., el目

2×2 p. p. 2×2 p. p. 

8 

9 

10 

11 

（、ontr<JI 12 

λllllll<tl、 13 

(non-sensitized) 14 
15 

16 

29×16 p., swol. 

26×16 p., swol., el. 

33×21 d. p .. ＂＇りl.. el. 

2X 2 p. p. 

9×8 p. 

2×2 p. p. 

7x 6 p. 

Abbrev匂tion: p. p. (pale pink), p. I I〕inkl,d. p. icLirk pink), "ml. (sowollen), el. (elevated), 
pet. (petechiae). 

HN2・GPScomp!. itself did not have any non-specific irritating effect to the skin as 

shown in the control animals. For example, the skin preparation obtained from guinea 

pig No. 16 four hours after test-injection did not show any finding of infiltration of leu-

cocytes. 

From these results, it is supposed that HN2 might alter an immunological property 

of guinea pig serum. 

2) Intradermal Test-Injection of H:¥12-RS Comp!. in Guinea Pigs Sensitized with 

HN2・GPSComp!. (Table 2) 

Five guinea pigs sensitized with HN2-GPS comp!. were examined with test-injection 

of HN2-RS comp!.. The animals showed eruptions, intensity of which was somewhat 

weaker than that of the experimental animals in the skin test with HN2・GPScomp!.. 

The reaction against untreated RS, a control agent, was almost of the same grade as that 

in the control animals. One week after the skin test, the guinea pigs were tested with 
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Table 2 Skin Test in Guinea Pigs Sensitized "1th HN2-GPS Comp!. 1 TN-

～～ fest-antigen 
、、、、、ー、

主111md＂＂、～ ～

r 、E'INliZ'.dI 59 ; 23×14 p., swol. 
60 ! 17×14 p. 

Control 61 i 4×5 p. 
62 i 

.-¥1111ml、 ｜63 I 

I J1r>n-'f'11…cl I 61 I 3×4 p. 
礼blirt・¥・i.rt11J11:the回meas in Table I. 

56 

Experimental 57 

.-¥111111,il、 58

H:¥2-lミRcomp!. 
0.5mg 0.05ml 

(mmxmm) 

::?6×15 p., swol. 

40×35 p., swol 

25×20 p. p. 

郎
副

一
…

jm
ω

一m

剖

一

n

p

陀

g
一
（

Z

M
加

一

JU

u
t
一
2

？、！ι:iCI
0.05ml 

(mm×mm) 

2×2 p. 

7×7 p. p. 

4×3 p 

B×7 p. 

6×7 p. 

8×7 p. 

5x4 p. 

1-I:¥:2・（；PS compl. and similar results to those in Table 1 were obtained. 
From these results, it is thought that H¥J:2 might take part in determining im-

munological specificity of a protein to which H'.¥12 is conjugated. 

3) Intradermal Test-Injection of Untreated GPS in Guinea Pigs Sensitized with 

Untreated GPS (Table 3) 

Skin test in the third group, i. e. guinea pigs sensitized with untreated GPS, was 

carried out by injecting untreated GPS and HN2-GPS comp!.. There was not any 

significant difference between the eruptions induced by HN2・GPScomp!. and untreated 

GPS. 入ndcutaneous reactions observed in these animals were definitely slighter than 

those of theぜxperimental group shown in Table 1. 

Table 3 Skin Test in Guinea Pigs Sens山zed Judging fron可 the results shown in 
with Untreated Cl＇円 Table1, 2 & 3, it can be said that the 

reactions induced by the test-injections of 

H>J:2-Gl明 compl.in the experimental group 

in Table 1 were specific to HN2 treatment. 

II) Systemic Anaphylaxis 

1) Intravenous Test-Injection of 

HN2・GPSComp!. in Guinea Pigs Sensitized 

with HN2・GPSComp!. (Table -±, 5 & 6) 
Seven guinea pigs sensitized with 

H¥J2-GPS comp!., :'¥ro. 17 23, received 

intravenous injection of 5 mg of protein of 
1-1:¥2・GP只 compl. (Table --1) The animal No. 19 showed signs of distress within a 
minute after intravenous injection of the antigen. The hair on the head and back of the 

neck began to ruffle. The animal became restless, and coughed, rubbed its nose and seemed 

to choke. Soon the animal was gasping for breath and making tremendous inspiratory 

efforts. The animal defecated, urinated and gave a few convulsive kicks, gasped, and was 

about to stop breathing. The rectal temperature was markedly dropped. Those findings 

I !'t -'' l- illJ在 ti• 則。f untreated G I'S I 

A'"'"""" 
o.：；皿gU.lrnl 

re＂·川•gen. Untreated GPS 1-l ：＼ ~ Cl'St'.>111pl. i¥:：白1CI

りるmg (J.lml .l U.Jml 

51 

(rnmxrnm) 

8×7 p., el. 

6×6 p., el. 5'.? 

53 9 x 6 p .. el. 

54 

(mm ×mm) 

l×-I p., el. 

6×5 p .. el. 

5 × ~1 p., el. 

¥I、l刷、、・1.111.. 11 : the回meas in Table l. 
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injection of HN2-RS compl. or HNC-Cf'S comp!.) 

I week 

HN2-GPS comp!. 
。目5mg 0.05ml 

i (mmニ~－
48 x 20 p.，、、、ol..el. 
22×18 p .. swol.. el. 

22×20 p., swol., el. 

25 x 16 p.，日引》I..et. 

i ~× 18 p., swol. el. 

! 8x7 p・， swol., el. 

I 6×5 p. 

Untreated GPS 
0.5mg Q.05ml 

(mm ×mm) 

12×7 p. 

10×7 p 

6×5 p. 

8×7 p. 

8×7 p. 

10 x 8 p .. swol. el. 

10 x 7 p. 

later 
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NaCl 
0.05ml 

are thought to be typical of anaphylactic shock. In the animals No. 17, 20 & 21, moderate 

symptoms of restlessness, coughs, and respiratory distress were followed by considerable 

weakness and a drop in rectal temperature. The other animals showed only slight symptoms 

such as restlessness and coughs. 

Three weeks after the test-injection, all 7 animals received another injection of the 

increased amount of antigen (Table 5). Two of 7 animals were injected with 6 mg of 

protein of the antigen which did not effect severe anaphylactic shock. The other five 

Table 4 出、ternicAnaph1 lax" in Guinea Pigs Sensitized with Hi¥ニーc;I'討t<<lllpl 
I I11trdvtn<>u> injection of Hr--i2-GP:-:i comp!.) 

Symptoms (changes in temperature， 山C>Animal I Amount of 
No. I test-injection 

11 I smg 

1s I s略
19 : 5mg 

20 I s略
21 I smg 
22 I smg 
23 I s皿E

Cou~h,. labored breathing 

Coughs, ,Jight 叫 mptoms

"l¥p1山 l、川dplηl礼XlS.r，町overecl

c川日h'.labored breathing 

Coughs, slight勺・111pt川m

Slight symptoms 

Table 5 

( -0.8) 

（ー0.6)

（ー1.9)

( -0.8) 

（ー1.0)

(. -0.6) 

( -0.6) 

為、ternic主n日1》h、｜‘＇・＂1'in Guinea Pigs Sensitized with Hi¥二（，J'SCampi 

I lntr川・enりt1'injectionネ of Hi¥ゴーr;PS compl.) 
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animals were injected with 10 15 mg of protein of the antigen and showed typical ana-
phylaxis. Four of them died within 10 minutes after the intravenous test-injection. 

Autopsy of guinea pigs died of typical anaphylaxis revealed that the lung having small 

hemorrhages on its surface was markedly inflated, and peristalsis of the small intestine was 

accelerated. Histological investigation of the lung revealed a high degree of emphysema; 

air vesicle was markedly expanded and the wall of vesicle was thin and blown up (Photo. 

3) . Some bronchioles were obstructed due to mucous degeneration and stripping of epi-

thelium. Congestion and hemorrhage in the peribronchial area or near the surface of the 

lung and hyperplasia of lymphatic tissue containing many plasma cells were observed 

(Photo. 4 & 5). 

Table 6 お〉、terrnc主mplnLl¥10-in Guinea Pigs Sensitized with HN~ーCl'S Compl 
(111tr.1ve11けlト injection< ,f untreated G PS 1 

Animal I Amount of I 
;,;, ) l t剖 injec加n ） 

24 I 15mg I 

2s I ismg ; 

26 I 2omg 
27 I 20mg 

Symptoms (changes in temperature, C: 

No叫口ipt＜》Ill" ( -0.2) 

( 0) 

( -0.1) 

( 0) 

Table 7 Sv,temic Anaphylax" in :'-lo11-Se11'1tiノ肝lC"ntr.,J Guinea l斗~＂
(Intravenous injection ol H'.'!2－（，γs comp!.) 

λ11llll江l λJ11（川口tof 
N" teo-t iniect1011 

28 I 15田E
29 I 15mg 

30 I 2omg 
31 r 20mg 

s,mpl• 川ト（changes in temperature, C: 

:¥o叫 mptorn、 ( -0.3〕

( -0.8) 

( -0.1) 

( -0.3) 

As a control agent of HN2・GPScomp!., untreated GPS was injected to 4 guinea pigs 

sensitized with HN2-GPS comp!.. Fifteen-twenty mg of protein of untreated GPS did not 

cause any distress (Table 6). 

Toxicity of HN2-GPS compl. itself was examined by intravenous injection of 15-
20 mg of protein of HN2・GPScompl. into 4 norトsensitizedcontrol animals. The animals 

did not show any symptoms such as seen in Table 4 & 5 (Table 7). 
2) Intravenous Test-Injection of I ！？じ－RSCompl. or HN2-BSA Compl. in Guinea 

l'i仲 Sensitizedwith HN2-GPS Compl. (Table 8) 

In the second group, 5 guinea pigs sensitized with HN2-GPS compl. were examined 
against HN2-RS comp!. and HN2・BSAcomp!.. No significant symptoms were observed. 

Table 8 品、temic.¥napli)・I日ト inGuinea Pi日、 St・n..;itize【I¥¥ith HNコl;ps心川llpl.
(Intravenous injection of ト！？む lく日 compl.or HN2ーBSAcomp!.) 

λ111111<11 
No. .¥m,u1〕tりltじとL-inJection Syrnptけmo(changes in temperature, Ci 

32 HNc Iくお Compl. 15mg No可mpt<>lllo 0) 
33 ，， 30mg Questionable 'yrnptけnト (-0.l) 
31 HN2 BS.主Comp!. 15mg No symptoms (-04) 
35 20mg <)uc 、 li• 川.ible 川mptoms （ 

36 20mg 入’什叫rnptoms Ol 
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3) Intravenous Test-Injection of Untreated GPS in Guinea Pigs Sensitized with 

Untreated GPS (Table 9) 

As the third group, 4 guinea pigs sensitized with untreated GPS and injected there-
after with untreated GPS and HN2・GPScomp!. in order to study the skin test, were tested 
with intravenous injection of 10-30 mg of protein of untreated GPS, one week after the 

skin test. The animals did not show any symptoms. 

Ill) Passive Cutaneous Anaphylaxis 
(PCA) in Guinea Pigs 

From the results that the guinea pigs 

sensitized with HN2-GPS comp!. had imme-

diate hypersensitivity to HN2・GPScomp!., it 

is conceived that the animals might have serum 

antibody to the antigen. Passive cutaneous 

anaphylaxis in guinea pigs was undertaken to 

clarify this point. 

In general, animals which have been in-

oculated intradermally with an antiserum in 

the abdomen show various grade of reaction 

at the site of inoculation, when an corresponding antigen is given intravenously. In伺 se

of posicive reaction a more or less regular, circular blue spot develops at the site of inoculation 

within 30 minutes after intravenous test-injection, which is due to changes in permeability 

of the capillary wall in consequence of antigen-antibody combination (Photo. 6). 
In this experiment, the intensity of the reaction depended to some extent on the amount 

of intradermally injected antibody and was graded according to the diameter of the blue 
spot as Ov ARY and BIER had described21＞：一（noreaction），士 (lessthan 5 mm), + 
5-lOmm), ++ (10-15mm), +++ (15 20mm), ＋十＋+ (more than 20 mm). 
1) Intravenous Challenge with HN2-GPS Comp!. (Table 10) 

As shown in Table 10, five of 6 antisera caused evidently positive reaction to HN2-

Table 10 l叱＼ in Guinea 1'1g' I口町ulatedlntradermoll y、、。thA.nt附日 t"H＞：：：ベ；1明 Cornpl. 
(Intrnvenous challenge of HNゴじド片山川npl.l

三二こ二二一 Antis町h No.寸 ｜ ｜ 一一一4ごと I 4.4 I 45 I 46 I -l7 ! 48 I I Sl 
~ll'!?.'1_nt.c2U盟二回~c也旦二三斗一一 l一一 一l 一一」 一一
HN2 GPS 30 min. I十＋ i +++ I ++ i ++ 

吋 1 hr. I ＋十 1山＋ ｜山 ｜日 叫

｜｜｜  

Untreated 30 mm I ー ｜ ー ｜ ー ； 土

GPS I I I 

Table 9 S、、te1111cAmp¥1¥ la＂ト inGuinea 
1'1g' Sensitized with Untreated GPS 
I lntr川 e11<n1討 injectionof untreated （汁》吋）

主llllll.d
No 
Amount of I 
test-injection j 7吉、lllptc川lS

－A

つ’
u
q
u
A
a
z

F
b
R
d
R
U

F
U
 

ト、↑f》叫 mptom"lOmg 

15mg 

20mg 

3Qmg I 

丸山1ub"ere tested 1 '"ck after skin 1ぃtfor 
llNコーr；ドメ compl.and untreated GPS. 

lOmg 

I hr. 
lOmg 

305 

:¥;i( '¥ 

十＋

土

土

Reaction in each animal was read 30min. and 1 hr. after the test-injection. 
Results were graded acco『dingt•• the d旧meterりithe blue "I川t:- (no r白ll・tion）.士 (lessthan 5mm）， 十
(5 lOmm). ++ (JO 15mm), +++ (15-20mm）.十＋＋＋ (more than 20mm). 
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GPS compl. but not to untreated GPS. The results indicated that the guinea pigs sensitized 

with H:¥:2・じPScomp!. had serum antibody to IT＼子CPScomp!., which could be transferred 

to the test animals. 

2) Intravenous Challenge with 1-l:¥:2-RS Comp!. or HN2・EaComp!. (Table 11 & 

Table 11 shows the cross-reaction between H:-J'.2-RS compl. and antisera to H>l:.'.-C~PS 

comp!.. Positive reactions were obtained in the antisera ~o. 45, 46 & 47, when 30 mg 

of protein of I I:¥:2-Rメcomp!.was challenged. Ten mg of the antigen could not induce 

clearly positive reaction. The antisera ~o. -±-± & 45 also cross-reacted with 30 mg of 

protein of H:¥:.'.-Ea comp!. (Table 12), but not with the same amount of untreated RS 

or untreated Ea. 

Table 11 PCλm Guinea l'i日、 In【x:ulatedIntradermall、withλll日、n.1to H＇＼コ－ RSCompl. 
(Intravenous challenge of H：＇＼二 RScomp!.) 

n一t一of一t一田t－一m～Aーー、ln一町、t『」：一s、i：、、~ーu、m '¥" -±-± 45 』6 47 48 49 ＇＼‘1CI 
Amou j 

H'¥c 1¥:-l 30 min. ＋＋＋＋ ＋＋＋＋ ＋＋ 

comp I. 1 hr. ＋＋＋＋ ＋＋＋＋ ＋＋ 

30mg 3 hrs. ・++++ ＋＋＋＋ ＋＋ 土 士 士

Untreated 30 min. 

RS 1 hr. 

30mg 3 h日． 土

R回ctionin each animal wa、r円1d30min., 1 hr. and 3 hr. after the tc'-t-111.1了、・t11Jf1.

R白 ulb＂εregraded in the s11ne川町 asfor T.1hlc沿 10.

Table 12 l'ι、入 inc;lllll<三iPigs lnnculated In-

tradermalh・ with λntトぞい to H＇＼コ Cl明

l'<<lllpl 

(lntrnveno川schallenge of上I＇＼二 l七icompl.l 

、＼主nt1日rum：－.；，、

:¥111<旧nt ~......＿ , 
of t白t-injection 、＼』 i

H＇＼コ E.1 30 min. I +++ ＋十
comp!. 

30mg 1 hr. ＋十＋＋＋

Untreated 30 min. 

Ea 

30mg 

」4 4'1 

r
 

I
 
i
 
－
 

Reaction in each animal、町isread 30min. and I hr. 

after the t作 l-lll)XtI011

R田ults、吋regraded in the坦me＂・川＇＂ in Table 10. 

46 

These results indicated that the antibody 

to I－［＼コーじドN comp!. had a reactive group 

which combined specificall¥' with a structure 

directly related to H:¥:2. 

3) Intravenous Challenge with I I：＼コ
(Table 13) 

¥¥'hピnH:¥:2 was challenged intra¥'enouメly,

the test animals did not show any reaction 

at the site of inoculation. 

-±) Intravenous Challenge with lミ、ans'
blue (Table 13) 

The sera intradermallv inoculated were 

also tested with injection of £yam；‘ blue alone 

n’ithりutantigen. ~o significant reaction was 

observed. 

土

士
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Table 13 PC~ in Guinea Pigs Inoculated Intradermally with主Ill！閉じlto I-I:¥'.! c;pメComp!.
1 lntr川 ernn1、challengeof H:'¥'.! solution or Evans' blue alone) 

～1～～ l 
------ .¥11!1埼 rllmNo I 

~ ' λmount ~、＼～ 1

of tht l口JC-ellけ11 九一i

14 45 46 I 47 I 18 

I-IN'.2 30 mm. 

o. 7mg/kg 1 hr. I 土

Evans' 30 min. 

blue 1 hr. 

alone 3 hrs. 

Reaction in each animal 山1、read30 llllll., 1 hr. and 3 hrs. after the test-inyxt1on. 
Results graded in the拍me＂＇＂出 inTable 10. 

DISCUSSION 

j日

土

土

士
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LANDSTEINER and his co-workers (1936) 15> 16> studied the relationships between im司

munological specificity and chemical structure by introducing diazo compound into proteins. 

Sulfanilic acid, after being diazotized, can be coupled mainly to tyrosine groups of a protein 

such as egg albumin・ Theantibody obtained by immunizing rabbit with such an azo protein 

may cross-react with sulfanilic acid coupled to an unrelated protein16>. Such a simple 

chemical as sulfanilic acid itself does not give rise to antibody formation when injected. These 

non-antigenic groups which determine immunological specificity when artificially introduced 

into proteins have been called “hapten"13>28>. EISEN, ORRIS & BELMAN (1952)6> and LAND-
STEINER & JACOBS (1936) 17> emphasized that simple chemicals would take a role of hapten 

when combined irreversibly with tissue constituents, presumably proteins5> 19>. 

FRUTON, STEIN & BERGMANN (1946) sJ showed that when H:¥'.2 was brought into 

ぐ日2CH,CI NI-12 

c・I-13 N +2C6H式、H2CI-IC<JC JH 
、じHpぐH.CI

一炉（、H:iN

CI-l2C5I-ls 
CH-.CH, NI-ICHCOOH 

じH-l.'H.,NH CHC、（）（）日

どlt井、r;Hs

+'.!HCI 

reaction with proteins, their main functional 

groups which were combined with HN2 might 

be amino groups, imidazole groups, carboxyl 

groups, sulfide groups and sulfhydryl groups, 

and showed that one molecule of HN2 was 

conjugated with 2 molecules of phenylalanine 

(Fig. 2). It was showed by ALEXANDER, 

Fox, STACEY & SMITH (1952) 1> that bovine 

serum albumin in a 2% (w/v) solution was 
I J.メ Fruton et al. I 

crosslinked by some alkylating agents such Fig. 2 

as HN2, bisepoxides and tri (ethyleneimino) triazine (Fig. 3). IsHIDATE (1957) 11> sug-

gested that if Nitrogen Mustard could attack DNA, it might be coupled to amino groups 

or imido groups on purine or pyrimidine bases of the DNA, which might easily result in 

intermolecular bridge reaction as shown in Fig. 4. Anyway some of alkylating agents 

have a function of crosslinking proteins and the combination between the agents and the 

proteins seems to be irreversible and stable11>23J. BERENBLUM & \V<lF~nLL (1939) •> showed 

that rabbit antiserum to mustard gas-treated horse serum reacted with mustard gas-treated 
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ing agents. 

In this study, guinea pig 

/o, serum was coupled to HN2 
,CHγCH CHi 

⑧－o ' ' under a condition of physio-
'-CHrCH CH 一一＿＇ 'n/ 1 logical pH and temperature. 

0.004 0.006 0.008 》 Theuse of reagents which 

protein〔9／川くの might effect non-specific de-

Fig. 3 Mol町ularweight determination hv light scattering of a 2% naturation of the protein, and 
打、／、 1solution of bovine serum albumin after treatment with radio- mechanical damages to the 
mimetic compounds I 2×11「＇M). IP. Alexander et al.} protein was avoided as far as 

possible. Although HN2-treated guinea pig 

serum might contain both HN2・guineapig 

serum conjugate and unchanged protein, no 

attempt was made to separate the conjugated 

protein. The serum treated with HN2 in this 

way was denominated HN2-guinea pig serum 

complex. Because the purpose of this study 

was to determine whether or not HN2四n

effect immunologically-detectable changes in 

proteins under a condition of physiological pH 
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rabbit serum. These reports 

mentioned above seem to sug-

gest that some alteration in 

immunological specificity of 

protein or nucleoprotein could 

Unむさ::J_protein be induced by those alkylat-
x-ーー一

and temperature, the protein was made contact 
Fig. 4 DNA Model and Nitre伊 nMustard with a fairly large amount of HN2. 

CM. Ishidate) Our results obtained by skin t田tand 

anaphylaxis indicated that HN2・GPScomp!. was immunologically different from untreated 

GPS. And hypersensitivity observed in the guinea pigs sensitized with HN2”GPS comp!. 

was not of delayed type but of immediate type. Moreover, the results obtained by passive 

cutaneous anaphylaxis (PCA) showed that the ♂Jinea pigs sensitized with HN2-GPS comp!. 

produced serum antibodies to HN2・GPScomp!. which cross-reacted with HN2-rabbit serum 

complex or HN2・eggalbumin complex. These results led us to a concept that guinea pig 

serum might be modified when treated with HN2 and become “foreign ”or heterologous 

to the guinea pigs and that HN2 acted as hapten which determines immunological speci-

ficity of this artificially modified antigen. But the antiserum to HN2-GPS comp!. did not 

react with HN2 alone. 

Recently Luzzro (1963) 18> reported that human serumγ同globulinafter intense in-vitro 

x-irradiation was distinct immunologically from non-irradiated or heated human serumγ－ 

globulin when examined by quantitative precipitin test. 

Although HN2 and its derivatives have been used widely in clinical field, none of 
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them are really satisfactory in effect. If HN2 and its derivatives could act as a hapten, 

when coupled to macromolecular substances such as protein or nucleoprotein, these drugs 

would alter the immunological properties of the protein or nucleoprotein. If so, those 

altered substances which had been ordinally“self ”to the host would become antigenic 
to the host. 

STEWART (1952) 7> 24> reported a case of inoperable uterine myosarcoma. The patient 

developed, just before the completion of a couse of radiation therapy, a high fever, an 

urticaria! rash and a high eosinophilia, and lost kilos of tumor and ascitic fluid within 

several days and thereafter showed the hypersensitive reaction repeatedly. The patient 

survived 10 years. To explain the fortunate course of this patient, STEWART advanced 

an assumption that some alteration had occurred in the tumor protein and the patient had 

become sensitized to the altered tumor protein. 

Based on the fact7> 14> that cancer in human beings sometimes regresses, perhaps in 

consequence of immune response on the part of the host, many trials have been made to 

detect specific antigen for回 ncercells or autoantibodies to cancer. However, it is question-

able that the host四nproduce autoantibodies in the true sense against spontaneous autoch-

thonous tumor. In this regard, there is an idea21> in the field of autoimmune deseases 

that some morbid processes may affect the antigenic structure of some tissue, resulting in 

stimulating antibody production against the altered antigen. On the other hand, CREECH 

(1960) 22> presumed that a chemotherapeutic agent regionally administered might increase 

antigenicity of tumor and enhance development of autoantibodies. 

Recently, NAGAMATsu20> vaccinated dd-strain mice subcutaneously with Ehrlich ascites 

carcinoma which were treated with Mitomycin C in vivo. A couple of weeks after the 

vaccination, 106 cells of Ehrlich ascites carcinoma were transplanted intraperitoneally to the 

vaccinated mice and two days later, 1 mg of Mitomycin C per kg body weight was injected 

intraperitoneally to the mice. Although the amount of Mitomycin C was not enough to 

inhibit growth of the tumor when administered alone to non-vaccinated mice, it could 

inhibit growth of the tumor in nearly 100% of the vaccinated mice. In his experiment, 

some substances in the tumor tissue, immunological property of which might have been 

altered by the treatment with Mitomycin C, must have take an important role to inhibit 

the tumor growth. 

In order to examine the possibility that this kind of modification of antigenic property 

can be utilized in the field of experimental treatment of cancer, further study has been 

undertaken using spontaneous mammary回 ncerof mice. 

SUMMARY AND CONCLUSION 

The investigation was undertaken to elucidate whether HN2 coupled to proteins would 

effect immunologically detectable changes in the proteins. Guinea pig serum was treated 

with HN2 to make HN2・guineapig serum complex (HN2-GPS comp!.). The guinea 

pigs sensitized with the complex were tested by skin test, systemic anaphylaxis and passive 

cutaneous anaphylaxis. The results were as follows. 

1) In skin test, guinea pigs sensitized with HN2田GPScomp!. showed immediate tvpe 

of hypersensitivity to HN2-GPS comp!. and at the same time cross-reacted to HN2-rabbit 
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serum complex, while they did not react to untreated GPS. 

2) Guinea pigs sensitized with HN2・GPScomp!. showed typical systemic anaphylaxis 

to H>l2-GPS comp!. and the histological preparations of the lungs showed characteristic 

findings of anaphylactic shock. The animals did not respond on intravenous injection of 

H:"J2・rabbitserum complex or H0i2-lコovineserum albumin complex. 

3) The serum from guinea pigs sensitized with H:"-!2-GPS comp!. was tested by 

passive cutaneous anaphylactic reaction and it was indicated that the guinea pigs produced 

serum antilxxlies to H：＼子（；pscompl.. These antilxxlies cross-reacted to HN2-rabbit serum 

complex and H:¥J2-e日只 albumincomplex. 

4) From these results, it αn be said that H:-.:2 might conjugate with proteins, 

perhaps by means of crosslinking, and confer new immunological specificity on the proteins. 

The possibility that this kind of modification of antigenic property of such substance as 

protein or nucleoprotein in tumor tissue might be utilized in the field of experimental 

treatment of回 ncerwas discussed. 
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Photo. l Cutaneous r田ctionin guinea pig sensト
tized with HN2-GPS c:ompl., 4 hrs. after in-
tracutaneous t田t-injectionof HN2・GPScompl..

Photo. 3 Emphy吋 main lung from guin白 pig
which died of typicalり市1111c.1n;iphylaxis. 

×50 

Photo. 5 Lymphati•: ti哨ue containing many 
plasma cells, from guin白 pigwhich d肥dof 
typicel判、t1・1111canaphylaxis. ×200 

Photo. 2 Diffuse infiltration of polymorphs and 
congestion in skin lesion from guinea pig sen-
sitized with H N'..'-(; I'S comp!., 4 hrs. after in-
tracutaneous t田t－川町tionofHN2心PScompl..

×50 

Photo. 4 Hemorrhage and hyperplasia of lympha-
tic tissue in peribronchial are;i, from guinea 
pig which died of typical systemic anuphylaxis. 

×50 

Photo. 6 Blue dye accumulation in guinea pig at 
site of mぽ ulationof guinea p1日antiserum to 
HN'..'.-(;ps comp!., as a result of intravenous 
challenge of HN2-GPS comp!. mixed with 
Ev汀n<blue 6 hrs. after the intradermal ino-
culation of the antiserum. 



和文抄録

λNTIGENICITYりFH NZ-TI< EA TED 乃卜：l<I・M

Nitrogen Mustard処理モルモット血清の

モルモットに対する抗原性について

〕支出大＇'ft~~ ’γ＇ l'.\fl外科er~ I講座（指導： if.:イ、千里教授）

~ifj ！醍
___]____ 

／＼ 民日

313 

P.Ale.xander等（1959）はニシン（仰のの精子のnucle日目 コーl¥Scompl.或いはHN2－卵白アルブミン複合物 （HN

protamineにnitrogenmustard,,, e1双山id料 或いは引いー 2-Ea compl.）に対する交叉反応性を調，，，以下の成績

leneimines等のアルキル化剤が作用すると，相異なる そ i~J.t:.

DNA分子間の結合，即ち， intermolecularじ＂＂＇linl口ng lJ H ~シc;l吋 compl.感作モ·~ モット ｛ 土 H ＼： ~－ （；｝引

の生起する事を示した．一方， KLandste川町等(1936) compl.に対し 即時型の皮膚過敏性を示しP 反応は試

l:t，アトキシールを初め種々の化学基を蛋自に結合さ 験；UHiを，4時間自に観察し，発赤部の皮鴎は組織学

もこれによってF 動物を免疫すると，導入された化 的に，多核白瓜球の浸i回，充血を示した．無処理モル

学基に特異的に反応する抗体3メサずる事を発見し，こ モヴト血清に対しては， 意義ある反応壱示さなかっ

の化学基は抗原の構造を変える事によ IJ＇免疫学的特 た．

異性を支配するものである事を明らかにした． 2) HN2-(; PS compl感作モ，，モット ih 蛋白量JO

そこで， nitrogenmustard I HNわが人工的に，蛋白 ～15皿gのHNコー（河川 compIの静注に対していpic・al,,_,_ 

に結合されたJあ合， HN2 fむその蛋自の免疫学的特 temic anaphylaxisの症状を示しP shock7Eしたモルモ、ソ

異性を変えるのではないかと考えられるので以下の実 トの肺は，肺気暖p 形質細胞に富むリンパ組織の増殖

験を行った． 等の組織像を示した． 蛋白量 1云～コOm日の H¥:2-RS

蛋白濃度 2%のモルモット •Ji ［；却 こ ， H Nコ を 2 × 10 compl Jヲ i'lJ• ;" i'に対しては反応を示さなかった．

-2Mの濃度に加え， 24時間， 37e, pH 7.5に保ってP 3) PCえ法により， Hi¥>CI＇メcomp!.感作モルモッ

HN2ーモルモット血清複合物（HN2-GPScomp！〕を作 トより得た血清はp HN'.2-GPS compl.と反応し，且

製した．これを背部皮内に注射することによって，感 つHN:C-RScomp！.及びH'.¥:'..' Ea compl. lこ対して交叉

作されたモルモットについてP skin te>t或いはり可te- 反応性を示す事を認めた．

mic anaphylaxisにて， HN:CC】刊 comp！，無処理モル 1) これらの結果からp HNZ i土， 恐らく蛋白分子

モット血清或いは HN2一家兎血清複合物 1.HN2 -I~S 間に橋状に結合してP その蛋自に新しい免疫学的特異

comp！.）に対する過敏性を検した. i＼：し、で， HNコーCP 性を与え，生じた抗原の決定基（determinantgroup) 

S comp！.感作モルモットの血清士， 正常モルモットの にy HNcが関与するものと考えられる． この種の抗

皮内に移して， pa回vecutane口usanaph、1."i、（ドt、礼｝を 原性の修，~；ii が，癌の実験的治療に応用し得るかの可能

行いp H Nシ（；pscomp！.に対する抗体の有無及びHi¥ 性についても， l1祭を加えた．


