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tion occurred by the morning of day 5 ,  but 
not by day 4, after the last injection. They 
considered from ovulationbblacking experi- 
ments that the time of LH release in this case 
was rather different from that of 4-day cyclic 
rats, Le., the LH release began about 2 PM 
but lasted longer. Subsequently mast rats 
ovulated between about midn'ight and 5:30 
AM. In addition, they claimed that the 
vaginal smear was not a reliable indicator of 
the day of ovulation. The apparent dis- 
crepancies between the results of the present 
experiment and theirs might be due to dif- 
ferences in tihe kind and dosage of steroids 
employed, and the route of steraid admink- 
tration. Our results would appear to show by 
contrast that (i) the vaginal smear is reliable 
in predicting the day of ovulation, (ii) time of 
ovulation in rats treated orally With CAP and 
then withdrawn is similar to normal cyclic rats 
and (iii) ovulatipn occurred by day 4 after 
withdrawal f m  treatment. 

Summary. After oral treatment with 10 mg 
chlmadimne acetate (CAP) for 5 days, the 
time of ovulation was examined by the detec- 
tion of t u M  ova in rats which came back 
into vaginal proestrus on day 3 after with- 

drawal (66% of treated ratts). This was com- 
p a r d  with that of normal cyclic rats. In both 
cmtml and treated rats, some animals had 
started ovulating at  1 AM, and nearly all of 
the rats had ovulated by 2 AM. The number 
of ova increased from 2 to 6 AM. From the 
evidence obtained lit can be said that in CAP- 
treated rats the time of ovulation did not dif- 
fer from that of the normal cyclic (4 days) 
rats, i.e., the timing of ovulation occurred in 
the same relation to the dturml rhythm of 
lighting. 

The authors are grateful to Professor S. Takeuchi 
for interest and enoouragemelvt during the experi- 
ment. Thanks are due to Dr. NWM B. Schwa&, 
University of I b o i s ,  for her kind criticism 06 
their results and armngement to submit their paper. 

1. Everett, J. W., Endocrinology, 1948, v43, 389. 
2.  HoffmQnn, J. C., Schwamtz, N. B., ibid., 1965, 

3. Shimizu, H., Ishibashi, M., Jap. J. F e d .  & 

4. Ever&, J. W., Endmrin-, 1947, v41, 364. 
5. Everett, J. W., Sawyer, C. H., ibid., 1950, 

v76, 626. 

Steril., 1966, v l l ,  81. (abst.) (Japanese). 

v47, 198. 

Received August 30, 1967. P.S.E.B.M., 1967, vl26. 

Immunoglobulin Classes of Serum Neutralizing Antibody Formed in 
Response to Immunization with Dead Influenza Virus Vaccine. 

(32597) 

RO~ERT H. WALDMAN,* JOHN J. MANN,~AND JULIUS A. KASEL 
U.S. Department of  Health, Education and Welfare, Public Health Service, National Institutes of 

Health, National Institute of  Allergy and Infectious Diseases, Laboratory of Clinical 
Znvestigations, Bethesda, Maryland 2001 4 

The imundogical basis for protection 
against influema virus infection is complex. 
Protection does not entirely coa-relate with se- 
rum antibody level ( 1 ) and seems to be higher 
zfter infection with live virus than after dead 
virus immunization ( 2 ) .  The present study 
was undertaken to determine, in humans, 
which class of immunoglobulins p s s s e d  

*Present address: Department of Microbiology, 
University Olf Florida College od Medicine, G a i m -  
die, Florida. 

t Present address: Department of Medicine, The 
Johns Hopkins Hospital, Baltimore, Maryland. 

neutralizing antibody activity in serum after 
parenteral immunization with dad in- 
fluenza virus vaccine. This was dorm to es- 
tablish whether this difference in prdeatioln 
could be explained on the basis of different 
classes of immunoglobulins. 

Materials and methods. Serum specimens 
were obtained before and f a r  4 weeks after 
the initial dose of vaccine from 6 normal adult 
male volunteers hospitalized at  the N a t i d  
Institutes of Health. Each volunteer received 
2 weekly sukutaneaus injectiom of 1 cc oi 
the commercially available killed influenza 
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TABLE I. Mean Immunoglobulin Cmmntration 
in Sephadex 6-200 Pools. 

“ M  pool” “ A  pool” “ G  pool’) 

0.49” 0 0 
0.02 0.71 0.72 
0.07 0.50 4.10 

IgM 
IgA 
*gG 

virus vaccine.$ The composition of the vac- 
cine was 100 CCA units of A/PR8, Al/Anin 
hrhr/1/57, A2/Japan/170/62 and A2/ 
Taiwan/l/64 and 200 CCA units of B/Mary- 
land/ 1 /5 9. 

Gel filtration. The fractionation of serum 
was carried out using Sephadex G-200.0 The 
effluent from each serum specimen was par- 
titionled so that 3 fractions were abtained, 
each containing predominantly either IgM, 
TgA cn: IgG(3). 

Immunoglobulin assay. IgM, IgA d IgG 
concentrations were determined by the radial 
diffusion precipitin method in agar( 4). 

Immunoglobulin absorption. IgM, IgA and 
IgG were individually absorbed out orf selected 
p l s  by adding in s m l l  increments specific 
antisera until no further precipitate could be 
detected ( 5 ) .  

Hemadsorption-inhibition-neutralization test . 
Influenza virus antibody levels were deter- 
mined by the standard neutralization test( 6). 
Specimens of serum and of eluate p l s  were 
tested against. 30 to 300 50% tissue culture in- 
flectiolus doses of A2/Bethada/10/63 in- 
fluenza virus. 

Resuks. Characterization of eluate pools. 
As previously mentioned, the eluate from 
serum spirnen obtained aftex Sephadex G- 
200 filtration was fraction4 into 3 wls, each 
containing predominantly IgM, IgA or IgG. 
Table I shows the mean immunoglobulin cm- 
centration in a h  pool. As can be seen, the 
“M pool” was very specific and had a mean 
IgM content o# 0.49 mg/ml. However, it was 
impossible to clearly separate IgA from IgG. 
The “G p l ”  contained almost 10 tW more 
IgG than the “A p o l ”  but had as much IgA. 
The “A p l ”  had a mean IgA content of 
0.71 mg/ml, but also had a mean IgG content 
of 0.50 mg/ml. 

$ Winthmp Laboratories, New York, New Ymk. 
QPharmwia Fine Chemi&, Uppsala, Sweden. 

Antibody response. The mean serum anti- 
body response is shown in Fig. I. The mean 
preinoculation titer was 1:54 with a range of 
1:32 to 1:128. The response was essentially 
similar in all volunteers and is well r m n M  
by the mean values: The maximum rise oc- 
curred in the 1st week and peak titers were 
obtained by day 14 and persisted far at least 
28 days. The titers in the “G p l s ”  closdy 
pardlaled those in whole serum whereas titers 
in the “M p l s ”  were extremely low (maxi- 
mum mean titer of 1:2). The titers in the “A 
p l s ”  were intermediate, and when individual 
pools were examined, i t  became apparent that 
the levels of antibody in the “A p l ”  were 
closely correlated to the a m m t  of IgG con- 
tamination in these pools. A similar cor- 
relation was found ifn the “M p o l s ; ”  when 
IgG was absent, there was no antibody ac- 
tivity and when antibody was present, IgG 
could be found in the “M pools.” 

Absorption studies. The impression l a a t  the 
neutralizing antitmdy was present only in the 
IgG class of immunoglobulin was further 
studied by absorption tests. “M pools” and 
“A pools” with relatively high antibody titers 
were selected and IgG and either IgM or IgA 
were absorbed with specific antisera. Rep 
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FIG. *l. Influenza virus neutralizing antibody titers 
in whole m u m  ard unabsorbed Sephadex G 4 W  
eluate pook. 
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TABLE 11. Iinmunoglobuliii Levels and Antibody Titers in Sephadex 6-200 Pw,h Before aud 
After Absorption with Specific A n h r a .  

Immunoglobnlin level Neutralizing 
Specimen Absarbed with M A G antibody titer 

19472 M pool .44+ <.07 .31 1 :32 
19472 M pool Anti IgM -t <.07 3 3  1 :32 

19901 A pool - 1.0 .4 1:32 
1990’1 A pool Anti IgA - - .31 1:32 
19901 A pool Anti IgG - 1.02 - 1 : 1.5 

19472 M pool h 4 . i  IgG .43 < .07 - 1:<2 

* mg/ml t N d  detectable 

resentative examples for an “M pool” and an 
“A p l ”  are shown in Table 11. When. IgM 
was removed from an “M p l , ”  the antibody 
did nat change; however, removal of the LgG 
caused a. greater than 16-fold reduction in 
antibody titer. Similarly, when IgA was re- 
m o d  from an “A pool,” the antibody did not 
change; however, removal of the IgG again 
caused a greater than 16-fold redzctim in 
antibody titer. 

Discussion. The results of the present study 
indicate that following parentera1 imh- 
aation with dead influenza virus, the mu- 
tralizing antibody formed belongs solely to the 
IgG class of immunoglobulin. Previous work 
has shown that the same srtatmnmt is true 
of the antibody formed after experimental in- 
fection wi’th an -42 influenza virus adminis- 
tmed via the upper respiratory tract(7). In 
neither case could the experiments be h e  
with volunteers absolutely Iwking w i n -  
oculation neutralizing antibody !to influenza 
virus. I t  is pomibk that after 1st expvrsure to 
influenza viral antigen IgM antibody is 
formed. 

Our interest has been directed a t  trying to 
understand the imuno1ogica.l basis Olf pro- 
tection against influenza virus infections. This 
protection is not always directly related to 
levels of serum antibody( 1 ) . F”ibu5 work in 
this laboratory has shown that bath harm- 
typically and heterotypically acquired anti- 
body against influenza virus is found in the 
IgG class of the immunoglolbulin(7). This 
and the findings in the present study indi- 
cate that the reason for the lack of com- 
plete correlation ibdween sarum antibody 
levels and protection does not result in a 
difference in the classes of imunoglobuiins. 

I t  has also been shown that although natu- 

ral infection is a more potent inducer of 
respiratory secretion antibody, parented im- 
munization with dead virus causes a rise in 
this secretory antibody(8). The neutralizing 
antibody in secretions belongs to the IgA class 
of imumglobulins. Our data, which show 
that there is no serum IgA antibody, add 
further support to the concept that secretory 

Summary. Serum specimens obtained .at 
weekly intervals from 4 n o d  adult 
volunteers i m d z e d  with d a d  influenza 
virus vaccine were fractionated on Sephaclex 
G-200 in order to study the classes 06 imsnunxr- 
glcvbulins which make up the influeam virus 
neutralizing antibody. Neutralizing antibody 
activity was found only in the IgG class of i m  
munoglobulins. This finding is similar to the 
results obtained in vol~t.eers inoculated dkh 
live influsnza virus via the respiratory tract. 
Since the neutralizing antilbody in respiratory 
secretion is mostly found in the IgA class, the 
lack of IgA serum antibody supports the hy- 
pothesis of local production of antibody in 
external secr&iums. 

antibody is locally produced. 

We wish to empress our gratitude to Dr. sbeldon 
M. Wdff for dlowing us to use n o d  vdunteeas 
under his axe. 
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A change in neutmphil concentration in 
venous b l d  a n  be effected by a chamge in 
the mte at which neutrophils are released to 
the blood from the marrow, by a change in 
the rate of outflow of neutrophils from the 
b l d ,  by a change in the propcrtim of nm- 
tmphils in blood which are margimted dong 
vessel walls rather than circulating freely, or 
by any combination of these 3 mechanisms. 

It has k e n  suggested that endotoxin ad- 
mhistratiwr is associated with an increase in 
the rate a t  which neutrophils are releasled fm 
the m m w  It0 the b l d ( 1 , 2 ) ,  that i t  in- 
fluence the proportion of ll~utrophils which 
are marginated along vessel walls(3,4) and 
also effects the rate at which neutmphils leave 
the b l d ( 5 ) .  

That the effect of endotoxin upon mutrophil 
kinetics is somewhat complex is suggested by 
studies in which the r q n s e  Olf the b l d  
neutruphil mncentrabion has been COMpGtTed 
after different doses of endotoxin. Neutrqxnia 
is the 1st change observed after the injection 
of endotoxin in dogs(6) and the dwgre and 
duration of the neutropenia increase as the 
dose of endotoxin is increased. After relaXivdy 
small doses of endotoxin, neutmpenia is fd- 
lowed by neutrcqhilia and the height orf lthe 
mutrophilia increases as the dose of endotaxin 
is increased. However, Sheagren et aZ( 7 ) ,  whb 
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did not follow counts beymd 5 hours, failed to 
observe neutqhi l ia  in the monkey after very 
large doses of endatoxin had been given. 
Neutmpnia was not observed after small 
doses in the rabbit(8,9) or monkey(7). A 
clear relationship of neutraphil changes to the 
dose of endotoxin administered also was not 
observed -in the mouse( 10) or in man( 11,12). 

With the development of technics for deter- 
mining the total number of neutmphils in 
the marrow of a. mouse(2,13), it is now p- 
sible to mrElate changes occurring in blolod 
and mrrm neutrophils simultaneously. Such 
correlations were used in the present study in 
an attempt to more definitively charact&ze 
the effect of endotoxin upon neutmpKl 
kinetics. For this purpose, mice were injected 
with increasing amounts of endotoxin and 
the effect of endotoxin upon the total number 
of neurtrophils in the marrow amd their am- 
centratiun in blood was determined at various 
times thereafter. 

MateriaZs and methods. F e d e  mice 
(C57Bl 0 X DBA $)Fl, bred in our labra- 
tory from parent stock purchased from Jack- 
son Laboratory, weighing 18-22 grams and ap 
proximately 8 weeks of age m e  used in all 
experiments. Mice were housed 8-10 per cage 
and Purim Lab Chow and water were avail- 
able ad libitum. Animals were injeuted htra- 
peritoneally with eithm 0.01 pg,  0.1 pg, 0.2 g, 
5.0 pg, m 25.0 pg of S.  typhosa endotoxin 
(Lipqmlysaccharide B-0901, Di fco L a b -  
tones) in a volume of 0.1 cy: isotonic saline. 

Blood for leukocyte counts was collected 
from the orbital sinus in hepar in id  micro- 


