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I t  is well known that reticulmdothelial 
system (RES) depression through carbvn 
“blockade” temporarily increases the sus- 
ceptilbility to svbsquen t hemorrhagic or trau- 
matic shock (1-3) whereas RES stimulation, 
notably with zymosan injection, increases re- 
sistance to the same stresses (2,4). These 
findings suggest that the physiological state ot 
the RES as measured by phagocytic capacity 
constitutes an important determinant of 
shock resistance. Glucan injection, on the 
other hand, also produces marked hyper- 
phagocytosis but does not afford shock protec- 
tion (4) ;  i t  appears, therefore, that RES 
stimulation is not inevitably effective against 
shock. It seemed possible that another RES 
mechanism, perhaps immunological, might be 
operakive in the shock-protective effect of 
zymosan. 

Previous studies indicated that the RES 
plays an important role in antibody formation 
( 5 )  and as a defense against infection (6). 
Thus, shock resistance induced by zymosan 
may involve the production of antibodies or 
other immune factors and the difference be- 
tween zymosan and glucan in this regard may 
be on an immunological basis. Zymosan in- 
creases resistance to E .  coli infections (7), 
enhances the bactericidal power of serum 
against gram-negative organisms (8), pro- 
duces heat-stable antibodies ( 9 ) ,  dter5 pro- 
perdin levels in vivo (10) and interacts with 
properdin in vitro (11). Furthermore, zy- 
mosan and glucan both enhance the primary 
and secondary immune responses to particu- 
late antigens (12,13). 

If circulating endotoxin exerts a major dek- 
terious effect during shock (14,15#), an im- 
mune mechanism for endotoxin inactivation 
codd also conceivably be a factor in shock 
protection. Freedman has repwted that tol- 
erance to bacterial endotoxiin can be achieved 
by passive transfer of serum from enddoxin- 
tolerant donors to normal recipient animals 
~- 
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(16).  This approach has been used in the 
present study to evaluate the role of the im- 
mune response to zym0sa.n and g l u m  injec- 
tion in subsequent traumatic shock. 

Materials and Methods. Drum shock. Mde 
Sprague-DawIey albino rats weighing 2 5Cb300 
gm were maintained on a standard diet with 
water ad libitum and were given a single iv 
injection of either 100 rn!g/kg z y m w  
(Standard Blrands, Stamford, Corm., Lot NO. 
9B551) or g l u m  (Standd Brands, Stam- 
ford, Conn., zld No. lF5500) or an equiva- 
lent volume of pyrogen-free saline. Seventy- 
two h o w  later, the animals were turmbled 
in a modified Noble-Collip drum at 33 rpan 
for a total of 425 rev. using a technique pre- 
viously described (4). The rats were closely 
observed and those living after 24 hours were 
considered survivors. Gross p t m o r t e m  ex- 
aminations were performed on ‘dl fatalities; 
animals dying with the characteristic intes- 
tinal congestion and luminal hemorrhage but 
with no other apparent visceral organ damage 
were classified as shock mcmhlities; the data 
were analyzed with the chi-square test. 

Serum Preparation. Poolled serum was pre- 
pared from the b l d  of zyimwan, g lum,  
saline-injected and uninjected rats. Unmes- 
thetized rats were bld via cardiac puncture, 
and the S.~RUI?I was divided into three parcts, 
one for carbon clearance tests, one for anti- 
body and complement determination, and the 
third for passive transfer !to other rats. In 
another series, anesthetized rats (Nembutal, 
12-15 mg, ip) were bled via the abdominal 
aorta and the serum was u t i l i d  for antibody 
studies. 

Passive tramfer drum shock. Nomd 
Sprague-Dawley rats received one iv injec- 
tion of 0.4 ml of whole m m / 1 0 0  gm of 
body wt. obtaind from m&et.ized rats. 
Thirty min following passive transfer, the 
recipient rats were either drum shocked at 
33 rpm (425 or 475 total rev.) or evaluated 
for carbon clearance capacity. 

Carbon clearance. The phagocytic rate was 
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Th1311E I. Eff cct of Zyuiowli ~ i i d  Glw.;i.ii Iiijectioii o i l  Shock R4wistaiic.c iIil(1 HISS 0rg:in 
Weights i n  the Rat .  

Saliiie 3 5 i 4  4.33 2 .:3i 0.36 & . l l  0.62 & . I9  

Glucaii 16 88 5.28 2 .Xib 0.Citi & .lib 1.32 & .20* 
zymos,?ll 18 -I 6) .I a 4.84 2 .51" 0.65 & .13* 0.73 * .]ti" 

Shock was iiicluced i 2  hours postiiijectioii 

a p value <0.05 when compared to saline control. 
p value <O.c>Ol whcn coiiiprcd to saline control. 

measured with a modification of the tech- 
nique of Biozzi et al. (1 7). Collodial carbon 
(C11/143 la Pelikan, Gunther-Wagner, Han- 
over, Germany) in gelatin, 8 mg/lUO gm of 
body wt., was injected iv into unanesthetized 
rats and a timed series of 0.025-ml blood 
samples was taken from the tail vein, hemo- 
lyzed in 2.5 ml of 0.0172 sodium carbonate, 
and the carbon concentration was determined 
spectrophotometridly at 675 mp. The pha- 
gocytic capacity was expressed as the phago- 
cytic index, K ( 17). Wet weights of the liver, 
spleen, and lung were determined and the 
data analyzed using Student's t test. 

Antibody determination. Pooled serum from 
zymwan, glucan, and saline-treated rats was 
absorbed twice for 10 min each at  0°C with 
3 ml of packed sheep erythrocytes for every 
100 ml of serum. The absorbed serum was 
heated at  56°C for 30 min and analyzed with 
a qualitative complement fixation test modi- 
fied from Kabat and Mayer (18), 

1) Hemolysin stock solution. Two ml of 
glycerinized antisheep hemolysin ( Sylvania 
Chemical Co.,  Orange, N.J.) were added 
to a solution con'taining 4 ml of 5 %  phenol 
and 94 jml of Kolmer saline. The 1:lQO 
stock solution was kept at 4°C and discarded 
when a precipitate or a drop in hemolysin 
titer occurred; the hemolysin was titrated ac- 
cording to the method of Kabat and Mayer 
(18).  

2 )  Sensitized sheep erythrocvtes. Sheep 
erythrocytes were stored overnighat in iso- 
tonic saline containing 0.01 M EDTA and 
washed at least three t imes with 0.01 M 
EDTA in gelatin veronal buffer (GVB). The 
sheep cell suspension was adjusted to 1.0 X 

lo9 cell/ml and mixed with an equal volume 
of stock hemolysin diluted to 1: 1600 with 
0.01 M EDTA/GVB. The reaction mixture 
was incubated at  37°C and then a t  0°C for 
30 min each and washed once with 0.01 M 
EDTA/GVB and twice with GVB. 

3)  Complement (C'). Pooled serum from 
guinea pigs was absorbed twice for 10 min 
at  0°C with 3 ml of packed sheep ery.thro- 
cytes/lOO ml of serum, three times for 15 
min a t  17°C with 2 mg of z p w a n  and 
once for 15 min a t  17°C with 2 mg of glucan. 
Preliminary experiments indicated that mul- 
tiple absorptions resulted in 85-95% re- 
moval of anticomplementary effects due It0 
zym0sa.n and glucan as determined by quan- 
titative residual complement titers (19); the 
m u m  was analyzed for complement (18) 
and used for antibody determinations. 

Complement titration. Unheated and ab- 
so~bed serum from z y m m ,  glucan, and 
saline-trealted rats was also analyzed for com- 
plement (18). The sensitized sheep cells were 
prepared as outlined for the antibody deter- 
minations and the resultant titers were ex- 
pressed in terms of complement hemolytic 
fifty units (C'Hoo units). 

Results. Eflect of zymosan and &can on 
traumatic shock mortality asnd carbon clear- 
ance. Both zymosan and g1uca.n produced 
RES stimulation as evidenced by significant 
increases in wet weights of the primary RES 
organs (Table I) but shock mortality was 
significantly lower only in the zymosm- 
tread& rats. These findings were similar to 
those reported by Filkins, et al (4). 

Eflect of passively transferred serum on 
traumatic shock. Whole serum fm both 
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TAI31,E 11. Effect of 1-';1sbively Trailsferred Senin1 
from Zymosan, Glucan, a n d  Saline-Injected R a t s  on 

Traumatic  Shock Mortality i n  Recipient Rats. 

Group NO. Shock nior td i ty  

('oiitrol serum 29 17/29 (59)"  
Zynosaii serum 28 8/28 (29)" 

Control seruiii 30 18/30 (61) 
Glucaii serum 29 9/29 (31)" 

a p value <0.05 when compared t o  respective con- 
trol serum group. 

Percentages a r e  given i l l  p:ireiithescs. 

z y m w -  and glucan-treated rats produced 
a significant reduction in shock mortality of 
normal #recipient rats 3 0  min following pas- 
sive transfer (Table 11).  Hat-sltable anti- 
body, however, was present only in serum 
from zymosan-treated rats and then only 
when z p o s a n  was employed as the antigen 
in the antibody determinations; on the other 
hand, only the serum from glucan-treated rats 
had elevated mmplement titers compared to 
the control groups (Table 111). 

Relationship of antibody levels and trau- 
mQtk  shuck mortality. A 'total of four series 
of experiments involving passlive transfer of 
serum from d i n e  and zymosan-injected rats 
were done in the course of the investigation 
in order to determine the consistency of the 
passive transfer effect as well as the rela- 
tionship between serum antibody content and 
shock mortality. Passive transfer of serum 
flrom zymosan-treated animals to normal re- 
cipient rats produced a definite shock pro- 
tection in Series 1 butt a lesses tendency b 
ward protection in Series 2,  3,  and 4 (Table 

11'). If all series were combined, the zymosan 
effect was sta$istically significant a t  a confi- 
dence level 'between 98 and 99%. 

The lesser protective effects against drum 
shock observed in Series 3 and 4 (Table IV)  
were associated with minimal antibody titers 
in the z y m w - t r a t e d  rats, 8prticularly in 
T A B L E  IV.  Relationship of Serum Antibody 
Ti ters  :iliil Pmsive-Tra.nsfer Drum Shock Mortality 

in  Saline and  Zymman-Injected Rats. 

Antibody t i ters  

Shock Anesthe- Unzmes- 
Series mortal i ty  tized tlietizccl 

1. Coiitrol serum 1'7/29 (59)"  0 0 
Zyniosan serum 8/28 (29)  a 200 5 0 

2. Controlscrum 14/21 (67)  0 0 
Zymmnn serum 9/23 (39)  160 80 

3. Control serum 12/20 (60) 0 0 
Zymosan sorum 9/20 (45)  80 50 

4. Control serum 16/90 (80) 0 0 
Z p o s a n  serum 15/30 (75)  10 10 

Stress  iii Series 1 was 425 tot:il rev., in Series 2, 3, 
ant1 4 475 rev. 

- 

p value (0.05 wlicm compared to  control serum 

Ptwentages  are given in  parentheses. 
g r ou 1). 

anesthetized animals. The tendency towards 
lower titers in the unansthetized animals 
(Table I V )  was an unexpected but rather 
consistent finding. It 'may  be related to a 
differential effect of anesthesia on plasma 
volume and/or to a splenic release of more 
concentrated antibody in the anesthetized 
animal. 

T A B L E  111. Effect of Zymosaii and Gluean on Scruni Antibody and Complement Titers. 

No. of Antibody Complement t i ter  
Group cxp ts. Ant igen t i ter  (C'H,, units/ml) 

Z y m osa n 5 

CI 1uca.n 3 

Saline 2 

Normal  serum 5 
( uni n j ec ted ) 

Zymosan 
Glue an 

Zyln osa 11 
Glucan 

Z ymosan 
Glucan 

Zym0s:l n 
Glucnn 

120-200 22.2 
0 

60.2 

20.4 

0 24.8 
0 
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TABLE V. Effect of Passively Transferred Scruni on RES St.imul:ttion. 

Antibody Phagocytic index, K 
Group No. of rats Antigen titer (Mean 2 SEM) 

Uninjected control 8 Zymos'm 

Saline-injected control scriim G Zymos'vi 

Zymosan serum 8 Zymosan 

Glucan 

Glucan 

Glucan 

Glucan serum 8 Z p O S a n  
Glucan 

0 0.0200 -c .0013 
0 

0 0.0246 2 .0050 
0 

60 0.0301 -c .0034" 

10 0.0249 2 .0028 

0 

0 

" p  value <0.400 when conipsred to saline serum animals; p value <0.025 when compared to 
uninjected control animals. 

The reason for the variation in antisbody 
titers in the different series is not clear but 
the immune respomivity of the animals may 
accounlt for the differences. Animals demon- 
strating high antibody levels may have a 
high titer of natural antibody against zymo- 
sin (20) and the zym0sa.n injection may 
have evoked a secondary immune response. 
The low antibody levels in Series 3 and 4 
could conceivably reflect a primary immune 
response in the rats with minimal antibody 
levels prior to z y m m  injedion. Since na- 
tural antibody titers against zymosan were 
not determined, we have no direct evidence 
on this point. 

Efiect of passively transferred serum on 
RES stimdation. F r d m a n  has reported that 
passive transfer of endotoxin tolerance in 
rabbits was associatd with RES stimulation 
of the recipients ( 2  1) ; he suggested there- 
fore that the functional shte of the RES 
was causally related to the phenomenon of 
endotoxin tolerance. In  our animals, passive 
serum brander from either zymosan- or 
glum-injected rats had no effect on carbon 
clearance 30 min after the transfer compared 
to animals receiving transfer of saline-injected 
control serum (Table V) .  In the zymosan 
group there was, however, an elevation of 
the K d u e s  when cornparred to uninjected 
controls suggesting that nonspecific and im- 
mune factors in serum from zymosan-treated 
rats enhanced carbon clearance to some extent, 
perhaps through an opwnic effmt. The serum 
from unanesthetized zymwan-treaked animals 
also M high antibody titers. It appears, 

therefore, that the level of phgwytic  activity 
does not correlate well with lthe shock-protec- 
tive effect of passively transferred serum. The 
difference between these results and those of 
Freedman may be related to the different 
properties of endotoxin and 2ymxi.n or per- 
haps to the time element between passive 
transfer and carbon clearance determina4ions 
which in Freedman's study was 3 hours. 

Discussion. RES stimulation with z p o -  
san, a cell wall extract of the yeast Sacchwo- 
myces cerevisiae, was again associated with a 
protective effect in traumatic shock as has 
been previously reported (2,4). Glucan, a 
plysaccharide component of z y m w ,  like- 
wise produced a marked RES stimulation 
but did not afford protection to the same 
stress. However, passlve transfer of serum 
from both z y m m -  and glucan-treated rats 
i n d  the resistance to normal recipient 
rats to traumatic shock. The inability of 
glum-treated rats to withstand drum shock, 
even though passive serum transfer from these 
animals protected normal recipients against 
the same stress, may be related to the patho- 
logical effects of g l u m  injection. Glucan in- 
duces marked hyperplasia of the RES ele- 
ments of the lungs of rats (4) ; such prolifera- 
tive changes may have imposed a functional 
handicap on the respiratory exchange and 
thus obscured a possible shock-protective 
effect which became evident in the passive 
transfer study. 

The presence of antibody in serum f m  
zymosan-treaw rats and elevated comple- 
ment levels in serum from glum-treated rats 



IMMUNE FACTORS IN SHOCK 425 

raises the possibility t h t  immune factors may 
play a role in drum shock. This hypthesis 
is mewhart  strengthened by .the rough cor- 
relation between serum antibody content in 
zymwn-treated animals and the degree of 
passive transfer shock mortality. 

Freedmlan has reported that following p- 
sive transfer of endatoxin-tolerant serum, the 
ability of a test dose of endotoxin to pro- 
duce a pyrogenic ( 2 2 )  or lethal effect ( 1 6 )  
was decreased; such protective actions could 
be attributed to RES stimulation ( 2 1 )  m 
an immunological mechanism ( 2 3 ) .  In our 
study, RES stimulation was not demonstrated 
30 min following passive transfer of m u m  
from zymosan- or glumn-treatd at least 
when compared to salineinj&ed conltwls. 
However, there was a suggestion that nonspe- 
cific components of normal serum and perhaps 
immune factors in serum from zymosan- 
injected animals enhanced the phagocytic 
capacity of recipient animals. Although the 
passive transfer of immune serum containing 
antibody specific for an endotoxin will increase 
the uptake of endotoxin by the RES of 
shocked dogs, endatoxin detoxification and 
survival rates in hemorrhagic shock are ap- 
parently not increased (24). 

The role of complement in shock has not 
been extensively studied. Hemorrhagic shock 
does not evidently affect complement levels 
( 2  5 ,26)  ; however, such levels are significantly 
decreased following endotoxin shock ( 2 7 ) .  
Recent studies have also reported that in 
canine endotoxin shock there was a prompt 
decrease in complemenit levels associated with 
increased plasma histamine ( 2 8 ) ;  the latter 
was attribulted to an immune mechanism. A 
possible relationship between elevated mm- 
plement titers in serum from glucan-treated 
rats and the protective effect of this passively 
transferred serum in tmurnstic shock cannot 
be assessed with any certainty from our data. 

The association of passive transfer shock 
protection with elevated m p l e m e n t  levels in 
glucan4w.ted rats and with high antibody 
tilters in zymm-treated mts does however 
suggest that a further analysis of such immune 
mechanisms in shock along with studies of 
concomitant toxic effects of these two agents 
might be fruitful. 

Summary. A single iv injection of zymosm 
(100 mg/ml) lowered the mortality of rats 
to drum shock 72 hours following injection; 
similar glucan injections (100 mg/ml) did 
not affect the shock mortality. Heat-stable 
complement fixing antibodies were present in 
serum from zymosan-treated rats; serum from 
glum-treated rats had elevated complement 
titers. Initravenous passive transfer cd whale 
serum from both zposan-  and glum-injected 
rats to normal recipient rats lrrwered the mor- 
tality to sulbsequent drum shock in both 
groups of recipients; in rueither recipient p u p  
was there any effect on carbon clearance when 
compared to saline-injected Crmtrds. There 
appears In be a correlation betwleen serum 
antibody levels in zymm-treated rats and 
passlivetransfer shock mortality. The m u l t s  
suggest that in rats injected with zymosan or 
glucan, immune mechanisms may be con- 
cerned with their resistance to subsequent 
traumatic shock. 

The authors gratefully acknowledge the expert tech- 
nical assistance of Marilyn Koneck in this project. 
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Effects of Progesterone, Testosterone, and Cortisol on Hypothalamic 
(32707) Prolactin-Inhibiting Factor and Pituitary Prolactin Content*+ 
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Injections of estrogen, progesterone, testos- 
terone, or cortisol increased pituitary prolac- 
tin content and initiated mammary secretion 
in rats ( 1) .  Progesterone (2)  and cortisol ( 3 )  
retarded mammary involution in postpartum 
rats after litter removal. Administration of 
androgen (4) or progesterone ( 5 )  also induced 
pseudopregnancy in rats. These observations 
indicate that these 3 steroids ca.n induce 
pituitary prolactin release in rats. 

Nicoll and Meites ( 6 )  reported that estra- 
diol can directly stimulate pituitary prolactin 
release in vitro, whereas progesterone, testos- 
terone, and cortisol had no effect on pituitary 
prolactin release in vitro. They suggested that 
progesterone, testosterone, and cortisol may 
stimulate pituitary prolactin secretion in vivo 
by acting on the hypothalamus or through 
other mechanisms. 

The primary influence of the cen1tra.l nerv- 
ous system (CKS) on prolactin secretion is in- 
hibitory, and the presence of a prolactin- 

~ ~ ~~ ~ 
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inhilbiting factor (PIF)  in acid extracts of 
rat hypothalami has been demonstrated ( 7 ) .  
Several agents such as estrogen ( 8 ) ,  reserpine 
(9)  epinephrine ( l o ) ,  acetyloholine ( lo), and 
Envoid ( 1 1  ) were shown to reduce P I F  con- 
tent in the rat hypothalamus and presumably 
thereby to promote prolactin secretion. The 
present study was undertaken to determine 
the effects of progesterone, testosterone, and 
cortisol on hypothalamic content of PIF, on 
pituitary prolactin concentration and on the 
mammary glands of ovariectomized female 
rats. 

MateriaZs and Methods. Mature female 
Sprague-Dawley rats (Spartan Animal Farms, 
Inc., Haslett, Mich.) averaging about 170-190 
,o;m were used for all steroid injections. They 
were housed in a temperature ( 7 5  t 1°F) and 
light (14 hours/day) controlled room. The 
diet consisted of Wayne Lab Blox pellets 
(Allied Jlills. Inc., Chicago, Ill.). Pituitary 
donors for incubations were adult m t u r e  
male rats of the Sitme strain, weighing 220-  
250  gm each. 

All rats were ovariectomized and injected 
subcutaneously once daily with a steroid 
1-2 weeks later. Progesterone (P) was given 
in a daily dose of 10 mg in 0.2 ml of corn 


