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INTRODUCTI ON

A variety of functions has been attributed to the reticulo
endothelial system. Among these are phagocytosis of foreign 

bodies, either micro-organisms or colloids, antibody production, 
destruction of red blood cells and bile pigment production, 

some role in lipid and Vitamin A metabolism and formation of 

a substance affecting neuro-muscular conduction (3,19). More 
recently has been suggested a role in resistance to drum trauma 
(20), swimming stress (25) and radiation (28). These latter 

functions point to the R.E. system as playing some integral part 
in the stress response.

..ith this idea and the role of corticosteroids in stress 

in mind, the experiment of Essellier and Wagner seems especially 

interesting. These investigators showed that R.E. blockade with 

trypan blue abolished the eosinopenic response to ACTE (6).

This result has since been disputed (8,9,18) but one of these 

disputing papers reported abolition of stress induced eosino- 
Penia by R.E. block (18).

In view of the contrasting observations on the effect of 
the R.E. system on ACTE and cortisone activity, it was decided 

to attempt to resolve this controversy. Instead of using eosino- 

phile counts as an index of corticois activity, capillary resis

tance ivas employed. This is justified by the work of Kramer and



a

his associates (12,15) and Wilhelmj and associates (33) who 
have shown a definite and marked inverse relationship between 
the eosinopnile count and the capillary resistance. The dem

onstration that STH antagonizes the capillary resistance effect 
of cortisone as well as decreasing C.R. when used alone (32) 

prompted the investigation of the effect of the R.2. blockade 
on the activity of STH.
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REGULATION OF CAPILLARY RESISTANCE

A considerable amount of experimentation has been done to 

relate capillary resistance to adrenocortical activity. Robson 

and Duthie (22,23), in clinical studies, found that exogenous 

cortisone results in an increase of C.R. They also stated that 

DOGA caused a fall of C.R., as did Sichholtz, Staab and Taugner 

(5). The work of Kramar and his associates agrees with the above 

authors regarding the effect of cortisone, but not that of DOCA.

This latter group has shown that animals demonstrate a 
typical C.R. response to stresses of different kinds. There is 

at first an initial rise, followed by a sudden fall to an abnor

mally low level and then a gradual restoration to the normal 

levels (ll). This pattern shows variation with regard to time 

and magnitude of changes, but can be brought about by any stress. 

This suggested that there was a nonspecific mechanism involved.

In view of the pituitary-adrenocortical activity in the stress 

response, as shown by Selye (27), this system was studied. It 

was found that the sudden fall and abnormally low level of C.R., 

i.e. "capillary crisis" could be prevented by cortisone but 

not by ACTH, indicating that this period of low C.R. is due to 

unresponsiveness of the adrenal cortex to ACTH (ll). It was 

further demonstrated that adrenalectomy resulted in permanently 

low levels of C.R. and that these low levels could be restored 

to normal by cortisone. In a search for other hormones acting 

on C.R., DOCA, testosterone and diethylstilbesterol were found



to be inactive (16).

Wilhelmj et ¿1, in a study of antagonism between cortisone 

and oTH, found that these two hormones affect capillary resis

tance in opposite directions. Cortisone elevates C.R. but STH 

decreases it (32). Kramar further elucidated this finding by 

showing that it occurs in adrenalectomized as well as intact 

animals. From this he concludes that the antagonism of these 

two hormones is peripheral and not the result of STH acting 

directly on the adrenal cortex. He suggests that C.R. levels 

are controlled by the balance of the effects of STH and corti
sone (12).

Later studies by Kramar and his group have shown that 

there is no correlation between plasma levels of 17 anri 21 

dihydrocorticosteroids and the actual level of C.R. (14.). They 
have also shown that local application of cortisone to the skin 

causes no increase of C.R. unless the organism is stressed, thus 

suggesting that stress somehow changes the sensitivity of the 

tissues responsible for C.R. to cortisone (17). What other mech

anism is involved is unknown, but it might be rationalized that 

STH plays a role. On the other hand, Ungar has shown, using C.R. 

and bleeding time as indicators, that the spleen is necessary 

for the stress response to occur. He showed that in a splenec- 

tomized animal the stress response did not occur; if, however, 

he injected a splenic extract, the typical response could again
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be elicited (29). In a later paper, he reports two different 

splenic extracts, Splenins A and B, which have mutually antagon

istic effects on the stress response (30). At the present time 

Kramlr is working with a splenic extract with C.R. activity.
This substance differs from those extracted by Ungar, but has 
approximately the same action (13).

In summary, there has been much work on the endocrine 

control of C.R. To the present time the glucocorticoids, STH, 
and the spleen have been shown to play roles in this control.

The mechanisms involved and their interrelationships have yet 
to be clearly demonstrated.
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RETIGULO-BNDOTHELIAL BLOCKADE

In 1889 Bardach injected a suspension of wood charcoal 
into splenectomized dogs and thus rendered them susceptible to 

anthrax (l). Since that time, a great many investigations of 

the functions of the reticulo-endothelial system have been 

carried out under the assumption that the injection of colloids 

into an animal effects the abolition or suppression of R.E. 

function. The validity of this assumption must be well estab

lished before any conclusions based on experiments utilizing 
the so-called R.E. block can be justified.

Nagao (2l) and Brickner (2) have made extensive histologic 
studies on the fate of colloidal carbon injected into the blood 

stream. The former found that with moderate doses, the liver, 
spleen, bone marrow and lymph nodes contained the injected 

carbon. If the dose was increased, carbon particles appeared 

in the renal cortex, adrenal cortex and connective tissue in 

general. Using a semi-quantitative technique, Brickner divided 

tissues into four groups after carbon injection: (l) those con
taining great amounts of carbon (spleen, liver, marrow, lung);

(2) those containing large amounts (adrenal, renal cortex); (3 ) 
those containing very small amounts (G.I. tract, heart, meninges, 

gonads, thyroid); and (4 ) those containing little or no carbon 
(renal medulla, brain, skin, skeletal muscle). Voigt (31) and 

Salvioli (24) did quantitative but less extensive studies. They
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found that nearly all of an injected colloid goes to the liver 

and spleen. These studies show that injected colloids are 

taken up by reticulo-endothelial organs and if the amount of 
colloid is sufficient, the R.E. cells become loaded.

The next question is whether or not this loading of cells 

can cause a functional suppression other than that of phago

cytosis. Most of the vrork done along these lines has been in 

immunology. A large number of investigators have shown that 
injection of colloids cause a suppression of antibody formation, 

though others have disputed this (10). Some groups have demon

strated that the, effectiveness of certain drugs in diminished 

by injection of colloids (3,10). Cavrel and Ingebrigsten 

demonstrated antibody production is tissue cultures of lymph 
nodes and bone marrow (4). If this latter finding, joined 

with the facts that antibodies can be found in organs rich in 

R.E. cells before they appear in the blood (10) and that young 

animals are poor antibody producers (?), can be taken as reason

able proof that the R.E. system produces antibodies, then the 

decrease in antibody production after injection of colloids can 

be interpreted as due to a functional suppression of the R.E. 
system.

If we are to accept the injection of colloids as resulting 

in a block of the R.E. system, we may consider recent investigations
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of R.E. function using this method. The work of Essellier 

and "Wagner (o) has been mentioned. These investigators blocked 
the R.E. system of rats with trypan blue and abolished the 

eosinopenic response to ACTH. Hudson (9), Eriederici and 
Solbach (8 ) and Kresbach and Rabel (18) all attempted to 
confirm these results and failed. The latter authors did, 

however, note that the R.E. block resulted in the abolition 

of the eosinopenic response to stress (light, heat, formalin 

arthritis). Possible reasons for these conficting results 
will be discussed later in this paper.
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METHOD

Six dogs, three males and three females, were trained to 

lie on their backs and submit to daily determinations of capil

lary resistance. After a control level of capillary resistance 

had been determined, each dog was subjected to the following 

regimen. It was given cortisone* (lmg./kg./d. I.M.) until the 

C.R. reached a new higher level. The cortisone was then discon

tinued and the C.R. allowed to return to the control level. It 

was then given STO* (lmg./kg./d. I.M.) until the C.R. reached a 

new lower level. After the C.R. returned to control levels, the 

dog was given daily I.V. injections of five cc. India ini#, di

luted with 10 cc. of 0.9% MaCl solution until a total of five cc. 

India ink had been given for each 2.5 kg. of body weight. Fol
lowing this, the courses of cortisone and STH were repeated as 
they were before the India ink injections. In an attempt to 

determine how long the R.E. block persisted, the regimen was 
repeated at intervals.

Capillary resistance was determined by the negative pres

sure technique described by Krarnlr and Simay-Kramar. It is 

known that there is an error of i 1 cm. Hg. intrinsic in this 
method (l6 ).

•* Somatrofin ©, Horner 
# Pelikan C 11/143la, Gunther Wagner

Schering
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RESULTS

Three of the dogs showed complete abolition of the response 

to both cortisone and STH after the R.E. block. Dog I (Beagle) 

had a control C.R. of 21 cm. Hg and before block, the cortisone 

caused a rise to 34 cm. Hg and the STH caused a fall to 12 cm. 

Hg. After block, the C.R. was 23 cm. Hg during the courses 

of cortisone and STH. This is not significantly different 

from the control level. Dog II (Black Eyes) had a control 

level of 35 cm. Hg and cortisone caused a rise to >70 cm. Hg 

and STH a fall to 21 cm. Hg. After block, the C.R. during cor

tisone was 35 cm. Hg and during STH, it was 33 cm. Hg. This 
latter value is not significantly different from the control.

Dog III (Yap) showed a rise from the control value of 21 cm.
Hg to >70 cm. Hg and a fall to 10 cm. Hg during the first 

courses of cortisone and STH. After block, cortisone caused 

a slight fall to 18 cm. Hg and the level during STH dosage 
was 20 cm. Hg.

The effect of R.E. blockade was not so pronounced on 

the remaining three dogs. Dog IV (Repeat) rose from a control 

C.R. of 14 cm. Hg to 26 cm. Hg during cortisone and fell to 
6 cm. Hg during STH. After block cortisone resulted in a rise 

to 16 cm. Hg. This is probably not significant because later 

studies showed no rise at all while giving cortisone. This
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same dog showed an insignificant fall to 13 cm. Hg during the 

second course of STH. Dog V (Spaniel) had a control level of 

12 cm. Hg and cortisone elevated this to 20 cm. Hg and STH 

lowered it to 8 cm. Hg. After block, cortisone caused a rise 

to 17 cm. Hg and STH to 15 cm. Hg. These values are both 

significantly higher than the control. The cortisone level 

after block is; however, significantly below that of cortisone 
prior to the block. Dog VI (Fluff) rose from a control level 

of 11 cm. Hg to 21 cm. Hg while receiving cortisone and fell 
to 6 cm. Hg while on STH before block. After the R.E. block, 

cortisone and STH caused rises to 17 cm. Hg and 14 cm. Hg re

spectively. These are both significantly higher than the control, 

but here again the level on cortisone after block is significantly 
below that before R.E. block.

More briefly, the results of these experiments show com
plete abolition or reversal of the C.R. response to STH and 

either abolition or diminution of the response to cortisone 
after R.E. block.

The findings as to the length of block proved to be ex

tremely variable. The time for which the block persisted ranged 
from less than 43 days to longer than 107 days. Dog I had no 

response to cortisone 107 dyas after block, but showed a good 

response after 143 days. Dog II did not respond immediately 

after block, but after 43 days, she did. Dog III did not respond
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Id days after block, but did 93 days after. Dog XV showed no 

rise while on cortisone 86 days after the block. There was 

not time to test this dog further. Dog V was not checked for 

time. Dog VI showed a slight response immediately after the 

block and 66 days later, a response greater than that before 
block occurred. These findings are at odds with those of McKenna 
and Zweifach who reported that R.E. blockade had effected the 

resistance to drum trauma for only 6 to ¿8 hours. These in
vestigators used both trypan blue and India ink (20).
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Dos
C.R.

Control
Cort.
pre-block

Cort.
post-block

I 21 3U 23
II 35 ; vo 35
III 21 >70 18
TV U 26 16
V 12 20 17
VI 11 _____________21 17

Table 1. Effect of R.E. block on the C.R. response to cortisone.

Dog ----- Control
STH

pre-block
STH

Post—block
I 21 12 23
II 35 21 33
III 21 10 20
IV U 6 13
V 12 8 15
VI -_____U __________ 6 _____ Ik________

Table 2. Effect of R.E. block on the C.R. response to STH.
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DISCUSSION

Kramar, Levine, Meyers and Sass were unable to demonstrate 

any correlation between plasma glucocorticoids and capillary 
resistance (14). From this they concluded that there is some

thing else involved in regulation of C.R. Kramar, Simay-Kramar 

and Carnazzo noted that locally applied cortisone causes no 

great change in C.R. at the area in question unless the organism 

is stressed (17). This leads them to believe that the tissues 
are sensitized by stress to cortisone. The experiments reported 
in this paper indicate that the R.E. system may be involved in

this sensitization. The results of these experiments are inter—
1

preted as evidence that an intact R.E. system is desirable for 

the activity of cortisone and STH on the tissues responsible 

for capillary resistance. The finding that blocking the reticulo
endothelial system does not always totally ablate the C.R. 

response to these hormones is suggestive that perhaps the R.E. 

system affects the sensitivity of these tissues to cortisone and 

STH. The manner in which the R.E. system exerts its influence 
is not known, but the fact that R.E. block effects the C.R. 

response to both STH and cortisone suggests that it occurs at 
the tissue level.

It is quite speculative to attempt to relate the above 

discussion to the question of a generalized stress response.
It may, however, prove to be of some value and can, to a degree,
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be justified if one keeps in mind that it is speculation. The 

work of Selye has established the importance of glucocorticoids 

in the typical stress responses (27). Kramar and his associates 

have shown that the first phase of the "capillary stress response" 

is due to liberation of glucocorticoids from the adrenal cortex 

(11,12). If it can be assumed that endogenous cortisone is ef

fected by the R.E. system just as is exogenous, then certain 
speculations can be made.

It has been shown that blocking the R.E. system results in 
a decreased resistance to the stresses of swimming (25), radia
tion (23) and drum trauma (20). Scarhourough has also shown

|

that blood transfusions increase C.R. (26), but this may be the 
result of a direct action on the vasculature instead of the non

specific effect of stress. From the evidence afforded by the 

present experiments, it may be that this is because a functionally 
defective R.E. system has failed to sensitise the tissues to 

cortisone. Perhaps the mechanism involved in the stress response 

is that the stress causes the R.E. system to sensitize the tis

sues to the glucocorticoids, which when released by the adrenal 
cortex, cause the typical tissue changes noted. There is no clue 
as to the manner by which R.E. system is activated and it has 

been mentioned that the way the R.E. system affects tissue sensi

tization is unknown. This hypothesis might be supported by an 
experiment studying the effect of R.E. block on the "capillary
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stress response".

Another question that arises is whether the whole R.E. 

system is involved or whether it is a function of a specific 
group of cells. Ungar thinks that only the spleen is involved 
because removal of the spleen abolished the stress response as 
reflected by the C.R. and the bleeding time. The typical 

changes could be restored by injection of a splenic extract (29).
The failure of some workers to note any effect of R.E. 

block may be due to two factors. First, they may have used too 
much cortisone or ACTH. If the R.E. system only sensitizes
the tissues to cortisone, large doses could overcome this

1

block. Hudson (9) used 25 mg. of cortisone in guinea pigs.
The second factor may be that the amount of colloid used was 

either too great or too little (10). These factors do not ex
plain the failure of Friederici and Solbach (3) and Kresbach 
and Rabel (IS). These studies were conducted in the same 
manner as that of Essellier and Wagner.
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SUMMARY
It is shown that reticulo-endothelial blockade, as af

fected by the injection of India ink, results in abolition, 
diminution or reversal of the capillary resistance responses 
to cortisone and STH. The possible relationship of these 
findings to stress phenomena are discussed.

!





31

1. Bar dach, J. Ann, de l*Inst. Pasteur. 3: 577,1889.
2. Brickner, R. N. Bull. J. Hopk;.. Hosp. 40: 90,1927.
3. Cameron, G. R. Pathology of the Cell. Oliver and Boyd, 

Edinburgh, 1952. pp. 204-212.
4. Carrel, A. and Ingehrigsten, A. J. Exp. Med. 15: 287,1912.
5. Eichholtz, F., Staat), A., Taugner, R. Arch. Internat. 

Pha^macodvn. 86: 407,1951.

6. Essellier, von A. F. und Wagner, K. F. Acta Haemat.
8 : 63, 1952.

7. Freund, J. J. Immun. 18: 315, 1930.
8. Friederici, L. und Solbach, H. G. Ztschrt. für die Gesamte 

Ex p . Med. 125: 419,1955.
9. Hudson, B. Austr. J. Exp. Bio. Med. Sc. 32: 689,1954.
10. Jaffe, R'. H. Hiv s . Rev. 11: 277,1931.

11. Kramâr, J. Am. J. Phvs. 175: 69,1953.

12. Kramâr, J. Science. 119: 790,1954.
13. Kramâr, J. Personal communication.
14. Kramâr, J., Lebine, V. E., Meyers, V. W., Sass, R. N. Am.

J. Phvs. 192: 603,1958.
15. Kramâr, J., Meyers, V. W., Peetz, D. J. J. Lab. Clin. Med.

43: 395, 1954.
16. Kramâr, J. and Simay-Kramâr, M. Endocrin. 52: 453, 1953.
17. Kramâr, J., Simay-Kramâr, M., Carnazzo, A. J. J. AppI. Phvs. 

In press.
18. Kresbach, E. und Rabel, Ch. Wien. Klin. Wchnschrft. 66: 

295,1954.
19. Mar shall, A. H. E. An_Qutl4ne_of, the .Cytology_,and_Pâthology 

of the Reticular Tissue. Charles C. Thomas, Springfield, 111,, 
1956. pp. 7-9



32

20. McKenna, J. M. and Zweifach, B. W. 187 : 263,1956.
21. Nagao, K. J. Inf. Pis. 27: 527,1920.

22. Robson, H. N. and Duthie, J. J. R. Brit. Med. J. 2: 971, 1950.
23. Robson, H. N, and Duthie, J. J. R. Brit, Med. J. 1: 994-, 1952.
2A. Sabatini, L. and Salvioli, S. Arch, di Fis. 16: 81,1918.

Quoted from Brickner, Bull. J. Honk. Hosn. 40s 90,1927.
25. Samaras, S. C. and Russum, B. C. Am. J. Bhvs. 183: 657,1955.
26. Scarbourough, H. Edin. Med. J. 48(2): 555,1941.
27. Selye, H. Stress Acta, Inc., Montreal, Canada, 1950.
28. Talmadge, D. W. Ann. Rev. Microbiol. 9 ; 335,1955.
29. Ungar, G. Endocrin. 27: 329,1945.
30. Ungar, G. de Rhys. 39: 219,1947.

\

31. Voigt, J. Biochem Ztschr. 63: 409,1914, quoted from Brickner, 
Bull. J. Hopk. Hosp. 40: 90,1927

32. Wilhelmj, C.M., Gunderson, D. E., Shuput, D., McCarthy, H. H. 
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