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FIG. 1. 
Radionutograph of kidneys, 24 hr after administration of radiomercuric chloride. Left, 

Eastman K d a k  NTB plate, 10 ,U control group. 
emulsion, 10 million counts per cm2, magnification about 3 X . Right, experimental (proteinuric) group. 

toxicity of inorganic mercuric chloride as it 
has upon the mercurial diuretic. 

I n  our previous work(3) we n-ere unable 
to  demonstrate that mercurial diuretic was 
bound by serum protein. However, since that 
time 3Iilnor(6) has succeeded in such a dem- 
onstration. I t  is well known that mercuric ion 
is bound by protein, and this experiment shows 
that proteinuria prevents the mercuric ion 
from localizing in the kidney. I t  would seem 

0. Miln~r, J. P.. PROC. SOC. EXP. BIOL. AXD MED., 
14.50. v75, 63. 

reasonable to suppose that, in view of Milnor's 
work, an organic mercurial diuretic would 
behave in the same way. 

Summary. When radioactive mercuric 
chloride is administered Ito animals rendered 
proteinuric by the administration of bovine 
albumin, less radiomercury is localized in the 
renal cortex than in that of the control ani- 
mals. Diminished renal toxicity is associated 
with a diminished localization of radiomercury 
in the kidney. 

Received April 11 ,  1951. P.S.E.BM., 1051, v77. 

Sensitivity of )lice to Histamine During Respiratory Infection by 
Hemophiltts Bertussis. (18682) 

MARGARET PITTMAN. 
Front the FPdual Secirrit? Agency, Public Health Service, Xational Institutes of Health, 

Sational Microbiological Znstitzcte, Bethesda, M d .  

It was first shown by Parfentjev and Good- 
line( 1) that pertussis vaccines can markedly 
increase the sensitivity of mice to histamine. 
Pittman(2) has reported that vaccines of 
relatively low toxicity may show a direct cor- 
relation in ability to induce sensitization and 
protection in mice: a toxic vaccine, however, 
induced better protection than sensitization. 
During her study, it was observed that a 

1 .  Parfentjev, I. -4. and Goodline, A, I .  Phalai .  

-7. Pittman, M., J .  Infect .  Dis., in ,press. 
E s p .  Therap.,  1948, v92, -111. 

higher percentage of vaccinated mice which 
had su'rvived an intracerebral inoculation of 
H .  pertussis, were sensitive to histamine than 
other mice cmrespondingly vaccinated but not 
challenged ( 3  ) . This suggested that the living 
bacteria might also be capable of inducing a 
sensitivity and that this property might have 
some bearing on the clinical manifestations of 
the disease in man. The intracerebral route 
of infection in the mouse is highly artificial 

3. Pittman, M., Abstracts, Fifth International Con- 
gress for Microbiology, Rio de Janeiro, Brazil, 1950. 
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TABLE I. Mortality and Time of Deabh in Mice Infected IntranaaaUy. 

No. of bacteria Period of Deaths 
Exp. inoo&ted, observa- 7 \ 

No. x 1000 tion, day D/n o/o *vg 2S.E. 

9 10000 50 27/ 80 33.75 16.1 21.01 
1000 11/ 80 13.75 23.5 22.06 

14 10000 45 49/110 44.5 17.7 kO.85 
1000 26/ 90 29.0 19.3 20.98 
100 11/ 50 22.0 21.1 22.73 

26 50 28 18/178 10.1 20.8 21.02 

D/n = Deaths over No. inj. 

and unless vaccinated mice do not survive. 
By the intranasal route(4), however, a high 
degree of infectivity with low mortalilty can 
be induced. This infection also has the ad- 
vantage that, in some respects, it resembles the 
human infection. In the present paper, there 
will be reported some observations on the 
histamine sensitivity and the presence of gross 
lesions and of H .  pertussis in the lungs of mice 
inoculated intranasally with H .  pertussis and 
on the resistance of recovered mice to an intra- 
cerebral inoculation of H .  pertussis. 

Materials and methods. A culture of H .  
pertussis (Xo.  1/92) which had a high viru- 
lence for mice by the intracerebml route, was 
grown for 20 hours on a Bordet-Gengou agar 
slant. suspended in a solution of 1.0% proto- 
lysate (a tryptic digest of casein) and 0.5% 
sodium chloride and then instilled in the nares 
of anesthetized female mice, in a volume of 
0.05 ml. Only female mice were used because 
both normal and vaccinated female mice are 
more sensitive to histamine than male 
mice( 5 ) .  At intervals during the course of 
the infection the sensitivity to histamine di- 
phosphate was determined by injecting intra- 
peritoneally 100 mg per kg in 0.2 ml distilled 
water. The lungs of all mice that died 01: had 
survived for 2 hours after the injection, were 
esamined for gross lesions and cultured on 
Bordet-Gengou agar slants. Some expen- 
ments carried normal mice far histamine con- 
trols, these mice were not sensitive to the dose 
of histamine used and are not reported !in the 
results. The LD50 of histamine for the normal 
female mouse is around 1900 mg per kg(5). 

Results. Mortality and time of death. In 
Table I itre given the times and percentages of 
death of the mice in relation to the inocula of 
cuEture observed in 3 experiments. In the first 
two, mice were withdrawn at varying intervals 
for histamine sensitivity determinations. In 
the former, withdrawals were started earlier 
than in the latter. This may explain the lower 
mortality obtained in it. Experiment 26 was 
observed for specific deaths for only 28 days. 
It may be seen SthBt the numlber and time of 
death were related Ito the amount of culture 
injected but even with the largest dose more 
than 50% survived, while the average time of 
dearth for the four doses ranged from 16.1 to 
23.5 days. The earliest death was on 51th day 
and the latest on 41st day. An infection with 
this duration and relatively low mortality af- 
forded an excellent opportunity to observe the 
development and duration of histamine sen- 
sitization in mice infected with H .  pertussis. 

Histamine sensitization. In the experiment 
reported in Table 11, two groups of mice of 
100 each were injected with 10- and 1 million 
bacteria, respectively, then at  intervals be- 
tween 5 and 50 days, mice in groups of 10 or 
more were tested far sensitivity to histamine. 
The larger dose of culture induced, by the end 
of 10 days, a high degree of sensitivity, which 
persisted for many days; at the end of 50 
days, 33% of the remaining mice were still 
sensitive. The LD50 of histamine at  15 days 
was 47 mg per kg. Following the inoculation 
of $he smaller dose, the rise in sensitization 
was slower. From this experi'ment and No. 14 
reported in the next section, it appears that by 
45 or 50 days when the mice had started to 
recover from the infection that sensitization 
was decreasing. .At the end of 5 days, there 

4. Burnet, F. M. and Tinunins, C., Brit. J .  Ex$. 
Path., 1937, v18, 83. 

5.  Pittman. M., J .  Infect. Dis., in press. c- w ,  
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TABLE 11. Histamine Sensitization in Relation to Pathology and Infection. (Exp. 9). - 
Histamine diphosplla te 

7- , Gross lung patho1og;r H .  p e r t w . 8  remvered 
KO. of bacteria. After Deaths I - r  > 

inocu1:~ted. culture, Aniount, f-, Total Total 
x 1!1ou days mg/kg D/n % P/U P/S % @/D W S  % 

i t t n n  

lOU 
100 

3 0 
25 

100 
100 
10n 
100 
100 
lil0 
1011 
100 
1110 

i n0  

6/1 0 
10/1@ 

51.5 
6/10 
0/5 
8/10 

10 j13 
3/9 
1/10 
5/10 
7 1  10 
.i/l0 
6/16 

11/22 

6.0 6/6 
100 10/10 
100 a/a 

60 6/6 

80 8/8 
l I 9/10 
33 2/3 
10 1/1 
50 5/3  
70 7 /7  
50 .5/5 
38 4/6 
50 10/11$ 

0 

C F  

100 4/6* 
100 10/10 

4/5 
100 6/6 

90 6/8 
83 1/10 
56 0/3 
i 0  1/1 
50 5/5 
80 6/7 
60 4/5 
32 0/6 
50 0/11 

'iO* 
100 

3/4 

414 } 95 
5/5 
1/2 70 
1/3 15 
0/6 0 

50 
4/9 2/5 70 
1/3 70 
0/5 40 
0/10 0 
0/11 0 

'~ Two c-ulturrs n'ertt overgrown with a contaminant. 
t LIJ,,-, of histamine at 15 d a y  -= 47 mgikg. 4 limits 3 i . i  and 38.6 m g j k g .  D = dmths; S = aur- 

v i w l ;  11 = So. i i i j .  : J' z lung lesions: (J  = psitiye cultures. 
In SIIIIW t.he lungs ap1w:ired grey, unlike those observed in other mice. 

was a higher incidence of lung involvement 
than sensitization, thereafter the presence of 
gross lesions and sensitization was closely cor- 
related. Through the first 15 days the re- 
covery of H .  pertussis was correlated with the 
pathology. *At 30 days and later. bacteria 
were recovered from very few mice. In Table 
111 is given a summary of observations made 
in 4 experiments on the incidence of lung 
lesions and positive H .  pertussis cultures in 
relation to death from histaminic shock. Of 
the mice that died, both lung pathology and 
positive cultures were obtained from 58.8%, 
while 84.8% showed pathology and from 
64.8% positive cultures were obtained. The 

TABLE 111. Correlation of Lung Pathology and 
Lung ('ultures with Histamine Sensitization 09 

Mice from 4 Experiments. 

Response to histamine 

Survived, 

Pathology Culture S o .  % X o .  % 

Luug Died, 180 116 
f --r 

+ 154 84.6 34 29.3 + 118 64.8 22 19.0 - 28 1.5.3 8'7 i0.7 
- 64 33.1 94 81.0 + 107 58.8 13 11.2 
- 47 5.8 21 18.1 

+ + 
- t 11 6.0 9 '7.8 

- 1i 9.3 i 3  62.9 - 

incidence of each manifestation was signifi- 
cantly lower in lthe mice that survived. If it 
is taken into consideration that in the mice 
which survived, the highest incidence of lung 
lesions was in Ithose tested early, and that in 
the mice which died the highest incidence of 
negative cultures was in those tested late, then 
we do indeed have a close correlation between 
histamine sensitization and the H .  pertussis 
infection in the mice. 

In  several 
experiments, the mice that had survived the 
inoculation of culture intranasally were given 
an intracerebral injection of a culture of an- 
other strain of H .  pertussis (No. 18323). 
Most of athe mice were resistant. The results 
of one experiment (No. 14) 0re given in Table 
IV. Following the intranasal injection, the 
course of the infection and sensitivity had 
been similar to that reported for experiment 
9 in Table 11. Mice from 3 groups, which had 
been given 10,000-, l,oOe, and 100 thousand 
bacteria, respectively, were tested for hista- 
mine sensitivity a t  15, 30, and 45 days. The 
percentages of shock deaths of mice from the 
respective groups at 15 days were 80, 90, and 
60; at 30 days, 100, 82, and 100; and at 45 
days, 20, 41, and 40. A high percentage of 
those that died showed lung lesions. At 15 
days lthe percentage of positive lung oultures 

Resistance of recovered mice. 
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TABLE IV. Resistance of Mice to Intracerebral Infection Aflter htranasal Inoculation. 

H .  pertwsis recovered fmmt 
No. of bacteria, inoculated I \ 

r \ No. surviv- Brain Lung 

x 1000 x 1000 intracer. survivals Dead Dead 
I i h t r a s d ~ ,  Intrmrebrdy,* &/No. inj. < > 

10000 100 
20 
4 

1000 100 
20 
4 

100 100 
20 
4 

Totd/n 
% 

0 100 
2.0 
4 
2 

.4 

.08 

12/12 
10/12 
11/12 
13/15 
15/15 
13/14 
8/12 
6/10 
8/10 
96/112 
85.7 

ControLt 
1/10 
0/10 
4/10 
3/10 
4/10 
10/10 

1 
1 
1 
0 
1 
1 
1 
0 
0 

6/96 
6.25 

1 

1 
0 
0 
1 

1 0 
0 1 
2 1 

1 0 
2 0 
2 0 

8/12 2/12 
66.7 16.7 

* 45 dap afiter htranaaal i n o c u l a ~  LDm of culture =: 550 bacteria. 
t GannibaJhm prevented tihe cdhuring of 4 mice. mturee were not made of the lungs of 

mice that aurvivd or of the brain vf the control mice &hat died. 

was also high; at 45 days, in the first group, 
all cultures were negative, but in the other 
two, 18 and 2076, respectively, were positive. 
This incidence is higher than was obtained in 
experiment 9. 

At $he time of the last sensitivity test the 
remaining mice in each group were injected 
intracerebrally with 3 doses of culture, re- 
spectively, as indicated in Table IV. They 
were observed for 14 days; those that had 
symptoms of brain involvement at the end of 
this ,time were counted among the dead mice. 
There was no apparent difference in the re- 
sponse to the different intracerebral doses in 
the mice that had been given the same intra- 
nasal inoculum. It appears, however, that 
bdter protection was obtained in the mice 
that had received the two larger intranasal 
inocula. Eighty-six per cent of all mice sur- 
vived; from 6 of these, although #the mice 
showed no symptoms, positive brain cultures 
were obtained. 

Discussion. Mice with an induced H. per- 
tussis respiratory infection developed B high 
degree of sensitivity to histamine which was 
comparable to that induced by 300- to lo00 
million bacteria of good mouse-protective 
pertussis vaccines (non-precipitated) (2 ) . I t  

differed from the latter in that the maximum 
degree of sensitivity was not reached for 10 or 
15 days, it persisted much longer and it was 
closely correlated with the presence of lung 
lesions. The development of sensitivity ap- 
pears to have some relation to the multiplica- 
tion of the bacteria in the lungs and not to the 
lesions per se as they were present before a 
high degree of sensitivity developed but sen- 
sitivity persisted longer than the bacteria. 
With vaccine, the peak of sensitivity is 
reached in 4 or 5 days, followed by a rapid 
drop. 

The course of the infection and the hista- 
mine sensitivity in the mouse strikingly paral- 
lels the onset and duration of paroxysmal 
coughing in the child. In  the child, there is 
an incubation period of 7 to 10 days, a lo- 
calization of the bacteria in the respiratory 
tract and lungs, and a paroxysmal cough of 
long duration which persists af3ter H. pertussis 
oan no longer be isolated. These manifesta- 
tions of pertussis set it apart from other bac- 
terial respiratory infections and they suggest 
that some form of itissue sensitivity may be 
playing a role. Whether or not the child de- 
velops an increase in histamine sensitivity is 
not known. It must be kept in mind in mak- 
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ing a comparison, that in man the histamine 
content of tissue is much greater than in the 
mouse: and that normally, sensitivity is also 
much greater. In  the mouse, the tissue con- 
tent is so low that the increased sensitivity 
can not be due to an additive amount of his- 
iamine released from the tissue. Whether or 
not the reaction is due to altered tissue sus- 
ceptibility, vascular changes, a stress factor or 
some other factor must await further investi- 
gation. -4n explanation for the reaction in the 
:nouse might help to elucidate the nature of 
this infection in man. 

The resistance of the recovered mouse. to an 
h tracerebral inoculation of H .  perf  zrssis pro- 
vides further justification for the use of the 
latter route in testing the protective potency 
cii pertussis vaccines in mice( 6 ) .  

Slr i i z imry .  Mice inoculated intranasally 

with a culture of H .  pertussis developed lung 
infections from which more than half of the 
mice survived. The average time of death 
ranged from 16 to 23 days. They developed 
a high degree 04 sensitivity to histamine com- 
parable to that induced by pertussis vaccine, 
but i t  was slower in developing and it persisted 
much longer. -4 high percentage of the mice 
that died from histamine shock showed gross 
lung lesions and H .  pertussis was recovered 
from the lungs of the majority. Most of the 
mice that survived this infection were re- 
sistant to an intracerebral inoculation of H .  
Pertussis. 

6.  National Institutes of Health, Minimum Re- 
quirements: Pertussis Vaccine. 1948. 
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Sulfhydryl Content of Normal Hemoglobin and Hemoglobin in 
in Sickle Cell Anemia.” (18683) 
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From the  Thorndike Meiiioriul L u l w r u t o r j ,  Second atid Fourth Medical Services (Harvard I ,  

Boston Cii j  Hospital  iind Departiaenf 

Recent observations suggest that the ab- 
normal physical and physiological properties 
d the erythrocytes in sickle cell anemia can 
he explained on the basis of abnormalities in 
their intracellular components. Evidence of 
a difference between the molecules of normal 
dnd of sickle cell hemoglobin has been ob- 
rained by electrophoresis( 1 ) . The increase 
In the viscosity of the whole blood of patients 
u-ilth sickle cell anemia which occurs on de- 
m!-genation ( 2 )  has been reproduced in solu- 
tions of hemoglobin ( 3 ) .  The birefringence 
aoted in sickled erythrocytest-i) is also a 

*.Aided by a grant from the I-. S .  Public Health 

+ Senior Fellow in Virus Diseases. Sational Re- 
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property of the tactoid aggregations which 
form when solutions of sickle cell hemoglobin 
are deoxygenated, and the tactoids themselves 
resemble in shape sickled erythrocytes( 3 ) .  

Sickling in vitro of intact erythrocytes can 
be produced by a variety of reducing agents 
( 5 ) . -Among these are cysteine, glutathione 
and BAL, which contain sulfhydryl (SH) 
groups( 6) .  Sickling is inhibited by Hg++ 
and -is--- ions, iodoacetamide and o-chloro- 
mercuribenzoate! all of which are SH inhib- 
itors( 6.7 ). Thus, i t  appears that SH groups 
may be specifically concerned in the sickling 
phenomenon. It was of interest, therefore, 

4. Sherman, I. J., Bull. Johns Hopkins Hosp., 

5.  Daland, G. A.? and Castle, W. B., J. Lab. and 

0. Thomas, L.! and Stetson, C. A., Jr., Bull. Johns 

7. Kass. E. H. and Ingbar, S. H., Unpublished 

1940. \.6i, 309. 

Clin .  Med., 1948, ~ 3 3 ,  1082. 

Hopkiits  Hosp . .  1948, v83. 156. 

data. 


