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The bio logica l  ac t iv i ty  of the polysacchar ide  zymozan is re la ted  to its influence on the properdin system of 
the blood. Also i t  is known that  the most character is t ic  feature of the properdin-zymosan (PZ) complex ,  that of 

inact ivat ing the third component  (C' s) at  37 ~ is not manifested in experiments  in vivo. Furthermore the formation 
of the complex  PZ in the b lood-s t ream is i tseIf subject to doubt because the effectiveness of zymosan does not in-  
crease with increase of dosage. Al l  these facts indicate  that the mode of action of the foreign h igh-molecu la r  po ly -  

saccharide zymosan may be different according to whether i t  is in jec ted  into the organism or acts in vitro. 

In the present invest igat ion we have used both zymosan and its fractionation products, which are par t ia l ly  or 
comple te ly  inact ive  with respect to the properdin system. Before and at various times after  the in ject ion of the 
polysaccharides we invest igated the properdin blood leve l  and in addi t ion we made a his tological  study of the con-  

dit ion of the organs and tissues. 

E X P E R I M E N T A L  M E T H O D  

For the exper iment  we used 750 mice  weighing up to 20 g. For the inject ion we used zymosan (series No, 46) 
obtained from compressed baker 's yeast, and containing an admixture  of brewer's yeast,  as well  as zymosan (series 

No. 1) separated from a pure culture of Saccharomyees  cerevis iae .  Both zymosans were prepared by the method of 
P i l l imer  and Ecker [9], modif ica t ion  No. 2 of Rutberg [6]. In one exper iment  we used as a control  the zymosan of 

Fleishman, which was used by Pi l l imer et  al .  [11] and which was invest igated by A. A. Poznanskaya and E. L. 

Rozenfel 'd  [3]. 

The glucan (insoluble) and glucomannic  (soluble) fractions were obtained by E. L. Rozenfel 'd ,  A. A. Poznanksya, 
and N. K. Rudakova by a lkal ine  hydrolysis of the zymosans of the series we have mentioned [4]. 

As our experiments  showed zymosan separated from compressed yeast  is able  to bind properdin and to inac t iva te  
C '  3 at  37~ zymosan obtained from a pure culture of Saecharomyces cerevis iae  also effect ively  binds properdin, but 
is much less effect ive in inact iva t ing  C'3; glucan scarcely  affects the t i ter  of C '  s from human serum, while g lucoman-  
nan is comple te ly  inact ive  with respect to the properdin system. 

To obtain an even suspension of zymosan the insoluble fraction was tr i turated in a mortar with 0.9% physiolo-  
g ica l  saline and homogenized for 20 rain in a homogenizer .  The resulting suspension was poured into ampoules 
which were sealed,  and then autoclaved for 30 rain at 1.2 atmospheres.  

The zymosan and its fractions were given into the t a i l  vein of mice  as a single inject ion of 0.2 mt containing 
5, 25, or 125 mg/kg  of the substance. In three experiments  three inject ions of zymosan were given at  intervals of 
one day, and in another exper iment  the interval  was three days. The mice  were ki l led at  various t imes up to 12 days 
after the in ject ion (after 1, and 4 h, and 1, 2, 3, and 4 days etc .) .  For each  test blood was co l lec ted  from five mice ;  
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Fig, 1. Titer  of blood properdin after the inject ion of zymosan 
and its fractions. 1) Inject ion of zymosan (series No. 46), ob-  
tained as a result of 1 inject ion of 5 mg /kg  of compressed bak-  
er 's yeast;  2) three inject ions of the same amount;  3) inject ion 
of the same dose of insoluble fraction;  4) inject ion of the solu- 
ble  zymosan fraction (series No. 1) separated from a pure cu l -  
ture, single dose of 125 mg/kg ;  5) single dose of 25 mg/kg .  

a post mortem examinat ion was carried out on one of the mice ;  his tological  studies were made of the liver, lungs, 

kidneys, lymph nodes, spleen, and bone marrow. 

As a control we used the blood of five healthy mice  decapi ta ted  on the day of the exper iment .  Titrat ion of 
properdin was carried out on a l l  tests simultaneously at the end of any set of experiments.  Before t i trat ion the sam-  
ples were preserved at -16" .  Properdin was t i t rated by the method of Pi l lemer  et al .  [10] or of Isl iker and Linder [8] 
as modif ied by us (R. A. Rutberg) (see table) .  

After incubation and centr ifugat ion the tube showing 50~ hemolysis was ident i f ied;  in the first tube there was 

1 unit /m1 of properdin serum, in the second 2 units/m1, etc.  

RP was prepared from human blood serum (mixture of 3-4  sera) by twice repeated incubation with zymosan 

(3 m g / m l  at  15"). 

Before the second incubation fresh guinea pig serum was added until  the original t i ter  of complement  was 

restored (approximate ly  1/10 of the volume).  
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Fig. 2. Numerous necroses in the liver with marked cel lular  prolifera- 

tion around them. Mierograph. 

Fig. 3. Proliferation of the reticular cells in the lymphatic node. 
Micrograph. 

The source of R 3 was guinea pig serum treated with zymosan for 1 h at 37 ~ (4 mg/ml).  Before the experiment  
the R 3 was diluted 1 : 8 with barbital buffer. 

E X P E R I M E N T A L  R E S U L T S  

The inject ion into the animal  of zymosan (series No. 46) consisting of approximately 50~ carbonhydrates, just 
as in the case of pure carbohydrates in the form of glucomannic (soluble) and glucan (insoluble) fractions leads to 
quite a rapid reduction in the titer of properdin in the serum, and to subsequent increase to a new level ,which how- 

ever does not exceed the original one (Fig. 1). Similar results were obtained also in the experiment with the Fleish- 
man zymosan (5 mg/kg).  The effect occurred when the zymosan was diluted three times at intervals of one or three 
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days. Despite the more prolonged phase Of suppression of properdin activity, which occupied the whole of the period 

of the zymosan injection (from 3 to 7 days), the nature of the recovery of the normal level of properdin was approx- 
imate ly  the same as when a single zymosan inject ion was given; in this case we were unable to show any increase 

of titer of properdin beyond normal limits. 

The complex PZ which we obtained with opt imal  saturation of zymosan with properdin was injected into mice  

as a dose of 50 mg/kg after it had been washed free from serum. The reduction of properdin level was the same as 

was obtained with the pure zymosan. 

In a post mortem study of 97 m i c e  killed at various times after the zymosan and its fractions had been injected, 

it was found that the changes in the organs were of the same type, and depended chiefly upon the survival t ime of 

the animal .  When a single zymosan inject ion had been given (8.25 or 126 mg/kg), no pathological changes occurred 

within one or four hours; only in certain experiments was it found that there had been some accumulat ion of zymosan 

in the cells of the ret iculoendothelial  system of the spleen, lover, and lungs. Subsequently we were unable to find 

zymosan in any organs, probably on account of its absorption by the cellular  elements. 

In animals kilted after one day, a swelling of the cells of the Iiver could be seen, and there was a proliferation 

of the re t iculo-endothel ium;  in  the spleen and lymphatic nodes there was a hyperptasia of the reticular cells. After 

two days, in some of the experiments small  necrotic areas appeared in the liver. After three days the necrotic zones 

were numerous in some of the experimental  series, but occurred only occasionally in others. Proliferation of the 

reticular cells in the lymphatic nodes and spleen was well marked. Subsequently (on the 4th and 5th days) a ce l lu -  

lar reaction was observed in the necrotic areas of the liver (Fig. 2). 

By the ?th day an increase of granulation tissue was recorded. Proliferation of the reticular cells was some- 

what less than it was on the 10-12th days. At this period in the liver small zones of histiocytic proliferation oc-  

curred (Fig. 3). The bone marrow underwent no changes in the majori ty of experiments. 

In the experiments with three injections of either small  or large doses of zymosan the proliferative reaction 

was more marked, and the general picture of changes in the liver was rather reminiscent  of what is observed in ex-  

per imental  leucoses in mice.  By contrast with leukosis, no diffuse leukemic infil tration was observed anywhere but 

in the liver. 

After 10-12 days, in some experiments a marked hyperplasia was found in the bone marrow. 

In parallel  studies on control animals killed without previous inject ion of zymosan no changes could be ob- 

served in the viscera. 

The changes we have described followed a single in ject ion of either small  or large doses of zymosan. The 

dystrophic changes in the liver which took the form of a swelling of the cells began to be apparent on the first day, 
a t ime which coincided with the maximum reduction in the blood properdin level.  The most marked necrotic 

changes occurred on the third day when the blood properdin level  began to return to normal. At this t ime a strong 

reaction could be observed, and consisted of a vigorous proliferation of ceils both in the necrotic areas and outside 

them. 

When the mice  were injected with zymosan and with soluble and insoluble fractions, or with Fleishman's 

zymosan, the anatomical  changes in the viscera were identical .  

When a comparison is made of our results with those reported elsewhere [1, 2, 10], the following fact stands 
out. Inject ion of zymosan separated by various methods and differing in their content of protein and carbohydrate, 

and in the products of the fractionation of zymosan, which appeared to be almost pure carbohydrates, the primary 
reaction in all  animals (dogs, mice,  and rats) was the same, and consisted of a fall  in the properdin titer and s t imu- 
lation of the reticuIoendothelial  system. At the same t ime the nature of the recovery of the original blood proper- 

din level was subject to variation. Thus in small  concentrations zymosan obtained by the classical method of 

Pillemer and Ross, [10] or separated by the method of S. L, Karmanova [2] by enzymatic  hydrolysis and extraction 

in phenol and water, caused an increased titer of properdin to ensue immediate ly ,  after a transitory fall, and then 

to return to normal.  However zymosan as obtained by us exerts no st imulating influence on the blood properdin 

system. 

At the same t ime the zymosans we have described were act ive with respect m the properdin system in vitro. 
The divergences to which we have drawn at tention are not to be attributed to the methods of ti tration of properdin, 
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because the results differed amongst almost all the authors we have quoted. The impression is gained that the vari-  
ability of the responses to the injection of zymosans obtained by different methods is chiefly related to the structure 
of these high-molecular  polysaccharides. 

According to Riggi and Luzio [12] the stimulating influence on the reticulo-endothelial  system is associated 
with the glucan fraction of the zymosans, whose chemical  basis depends upon t~ - l -3 -g lucoc ide  linkages. At the 
same time E. L. Rozenfel 'd et al., have shown that activity with respect to the properdin system in vitro is manifest 
only when the ~ - l - 6 -1 i nka ge s  in the zymosan or in its fractionation products are preserved [5]. 

S U M M A R Y  

Intravenous injection into mice of zymosan and fractions isolated from it led to a reduction of properdin titer 
and to dystrophic changes mainly in the liver. By the t ime the blood properdin titer had returned to normal a con-  
siderable proliferative reaction of the reticulo-endothelial  cells had occurred. These changes were of the same type 
whether zymosan, gIucan, or glucomannic fractions, all partially or completely inactive with respect to the proper- 
din system in vitro were administered. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all o f  t h i s  per i -  

od i ca l  l i t e ra ture  m ay  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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