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Effect of Corticoids on Spleen of the Cichlid Fish, Tilapia mossambica.* 
(28174) 

HOWARD A. BERN 
Hawaii Marine Laboratory, University of Hawaii, Honolulu, and Department of Zoology and 

I t s  Cancer Research Genetics Laboratory, University of California, Berkeley 

Splenic atrophy is one of the generally ob- 
served consequences of glucocorticoid admin- 
istration to mammals ( 1). In an experiment 
designed to determine the effect of short-term 
treatment with cortisol on interrenal histology 
of the euryhaline freshwater cichlid teleost, 
Tilapia mossambica, the expected decrease in 
spleen weight was not observed. Additional 
experiments were then conducted to examine 
the response of the spleen in Tilapia to the 
mammalian “ g l ~ ~ ~ ~ ~ r t i ~ ~ i d , ”  cortisol, and to 
the mammalian “mineralocorticoid,” deoxy- 
cor ticos terone. 

Materials and methods. Tilapia mossam- 
bica of both sexes and weighing less than 30 
g, from Oahu, Hawaii, were used. No differ- 
ences in response relative to sex or size of the 
animals were noted. In  the initial experiment 
(Table I )  , 2 groups of 6 fish each were main- 
tained in running tap water. One group re- 
ceived 0.5 mg cortisol acetate (FA) in 0.1 ml 

* Hawaii Marine Laboratory Contribution No. 
184. Research conducted during tenure of a 
National Science Foundation Senior Postdoctoral 
Fellowship, 1958-9. Author thanks K. B. DeOme for 

aqueous suspension intraperi toneally daily for 
7 days; the controls received 0.1 ml distilled 
water (OW) similarly. Two other groups 
were injected similarly, but had been trans- 
ferred to running sea water one month before 
the beginning of the experiment. When i t  be- 
came apparent that the spleen weight was not 
decreased by the cortisol treatment, additional 
groups were set up (Table I ) ,  including 3 
groups treated as above for 21 days with DW, 
FA, or deoxycorticosterone acetate (DCA) ; 
both steroids were given as a daily intraperi- 
toneal dose of 0.5 mg in 0.1 ml aqueous sus- 
pension. 

At termination of experiments, spleens were 
weighed on a 0-500 mg torsion balance, and 
all spleens except those from the first experi- 
mental series were fixed in Bouin’s for prepa- 
ration of hematoxylin and eosin-stained paraf- 
fin sections. Final body weights were recorded, 
and spleen weight/body weight ratios were 
calculated (Table I) .  Portions of the hepato- 
pancreas and of the hemopoietic “head kid- 
ney” from representatives of Groups I11 and 
IV  were also fixed and stained. 

advice on histopathologic findings. Results. Short-term treatment with FA had 
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no significant effect upon spleen weight. How- 
ever, treatment for 2 1  days resulted in more 
than doubling of the spleen weight. com- 
pared with controls. DCX. on the other hand. 
had no appreciable effect on spleen weight: 
other than the suggestion of decrease in weight 
seen after 7 days of treatment (Group IIa  

The spleen of Tilapia is composed of both 
lymphoid and myeloid elements. Its archi- 
tecture is not unlike that of the mammalian 
spleen. FA treatment for 2 1  days causes a 
proliferation of phagocytic elements and for- 
mation of numerous islands of these cells. 
These reticular phagocytes are large vacuo- 
lated cells containing variable amounts of yel- 
lowish pigment, and their hypertrophy and 
hyperplasia clearly distinguished the FA- 
treated from DCA- and DW-treated spleens 
(Fig. 1 & 2 ) .  Only one DW-treated and one 
DCA-treated fish showed these cells in notice- 
able numbers, 

The “head kidney” is composed largely of 
lymphoid and myeloid elements. The re- 
sponse to FA was essentially the same as in 
the spleen, with the appearance of prominent 
islands of phagocytic cells. 

FA treatment also resulted in phagocyte 
proliferation in the liver, in association with 
both central veins and portal veins (Fig. 3, 
4 ) .  I n  the latter site, the acinar pancreatic 
tissue was often disrupted by islands of phago- 
cytes. The relation of the pancreatic tissue 
to hepatic tissue in Tilapia is similar to that 
described in Fundulus ( 2 )  and in the majority 

vs Ic) .  

of teleosts examined by Kristal(3). The pan- 
creatic tissue surrounds and follows the path 
of the portal veins through the liver, making 
up a true hepatopancreas. As in Fundulus, 
islet tissue was not encountered( 2 ) .  

The hepatic cells of FA-treated fish possess 
a densely eosinophilic cytoplasm, whereas 
those of untreated Tilapia are generally clear 
owing to extensive vacuolation (Fig. 3,  4 ) .  

No consistent effect of DCA on spleen, 
head kidney, or hepatopancreas histology was 
noted: although the splenic arterioles were 
often particularly prominent after DCA. 

Discussion. Short-term treatment of Til- 
apia with FA did not result in the splenic 
atrophy expected from extrapolation from 
mammalian studies( 1 ) ,  and continued treat- 
ment with FA resulted in significant splenic 
hypertrophy. The phagocytic tissue appar- 
ently responsible for the increase in spleen 
weight in Tilapia also attains prominence in 
the rat spleen after cortisone treatment of 
rats! but as a result of the disappearance of 
lymphatic elements ( 1 ) . Cortisol causes both 
lymphopenia and lymphocytosis in Fundulus, 
depending on the breeding conditions of the 
fish(4,5), but effects on the spleen were not 
reported. 

Teleosts apparently do not distinguish be- 
tween gluco- and mineralo-corticoids in 2 re- 
ported responses : in compensatory interrenal 
atrophy (negative feedback presumably medi- 
ated by the hypophysis) (6 ; Bern, unpubl.), 
and in sodium movement across the gill mem- 
brane( 7) .  I n  the present experiment, the tar- 
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All tissues fixed in Rouiii’s, stained with H.E., X115. 
FIG.  1. Spleen from fish receiviiig 21 daily injectioiis of distilled water. Normal histology. 

FIG. 2. Spleen from fish receiving 2 1  daily injections of cortisol acetate. Clear areas are 

FIG.  3. Hepatopancreas from fish receiving 21  daily injections of distilled water. pa, pan- 

FIG. 4. Hepatopancreas from fish receiving 2 1  daily injections of cortisol acetate. Arrows 

Rlsck spots are pigment deposits. 

large prolif crations of phagocytes. 

creatic acini. 

indicate islands of phagocytic cells. 

get organ does react differentially to the 2 
“classes” of corticoids. Information on the 
nature of the corticoids of Tilapia is incom- 
plete( 8) ; however, cortisol does not appear 
to be an endogenous hormone in this tele- 
ostean species. 

The significance of the hyperplasia of the 
phagocytic (reticuloendothelial) elements is 
uncertain. A disease of Tilapia was encoun- 
tered in Hawaii, which involved widespread 
cyst formation in the viscera, mesenteries, in- 
tegument, etc. Initially, the causative organ- 
ism was considered to be a myxosporidian 
(Noda and Bern, unpubl.) , but no final diag- 
nosis has been possible. Only one spleen of 
the many examined in this series showed 
cysts characteristic of this disease; however, 
several infected head kidneys were noted, al- 
though not after FA treatment. The phago- 
cytic reaction, in both spleen and liver, ac- 

cordingly, could be a direct response to the 
cortisol, or a secondary response to the pro- 
liferation of a microorganism, owing to a cor- 
tisol-induced reduction of immune responses. 
In opposition to the second possibility is the 
fact that the disease, which is capable of 
natural fulmination and rapid destruction of 
the individual, did not erupt in this fashion 
after cortisol administration. 

Summary. Cortisol treatment of Tilapia 
nzossambica (Teleostei Cichlidae) for 7 days 
resulted in no splenic atrophy; similar treat- 
ment for 21  days resulted in significant hyper- 
trophy. A notable proliferation of phagocytic 
cells occurred in the spleen, head kidney, and 
hepatopancreas. Such changes did not occur 
after deoxycorticosterone administration. 
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Combined Gas and H e a t  Exchange in Extracorporeal Circulation." (28175) 

NICHOLAS P. D. SMYTH, BRIAN B. BLADES AND WILLIAM F. BARTON 
(Introduced by C. R. Treadwell) 

Department of Surgery, George Washington University School of Medicine, Washington, D.C. 

In extracorporeal circulation for heart sur- 
gery the heat exchanger is now considered an 
essential adjunct for maintenance of normo- 
thermia and induction of rapidly reversible 
hypothermia. 

There would seem to be obvious advantages 
in combining the functions of gas and heat 
exchange in one unit, since each requires the 
dispersion of blood over a large surface area. 
Priming volume of the extracorporeal system 
would be reduced, and also the length of 
tubing and the number of connections used. 

We selected the vertical screen oxygenator 
for modification, first, because of its efficiency 
(1) ; and second, because its absence of mov- 
ing parts made the task theoretically easier. 
Since beginning this work we have become 
aware of the successful application of this 
principle of combined gas and heat exchange 
to the bubble(2,3), and the disc oxygenator 

In the proposed modification the wire 
screens of the oxygenator would be replaced 
by thin metal plates, through the center of 
which the heat exchange fluid would circulate, 
and on the surface of which the blood would 
be filmed for gas and heat exchange. 

This report is concerned with the prelimi- 
nary results obtained with a single plate. 

Methods. The test plate was made from 
2 pieces of No. 304 stainless steel measuring 
12 in. in height X 16 in. in width x 64/ 
1,0010 of an inch in thickness. On one side 
of each plate mirror image halves of the cen- 
tral duct system were chemically milled to a 

( 4 3  1. 

*Supported in part by U.S.P.H.S. grant. 

depth of 15/1,000 of an inch. The plates 
were then welded together to form a single 
plate % of an inch thick containing a central 
duct system with a cross-sectional area of 
30/1,000 of an inch X 3/4 inch. On each 
side of this plate a pattern was chemically 
milled to form a "weir" 10/1,000 of an inch 
deep, and of an inch high across the top of 
the plate, and a 3 mm X 1 mm diamond pat- 
tern 5/1,000 of an inch deep on the rest of 
the plate. The finished plate was the same 
size as the Kay-Gaertner screen ( 1) , and its 
surface pattern resembled the standard Tyler 
#538 type 304 stainless steel Ton-Cap Screen 
(1,6). Inlet and outlet manifolds were then 
welded to the bottom of the plate using stand- 
ard hose threads for connection to the heat 
exchange fluid system (Fig. 1 ) .  The plate 
was housed in the Lucite Box of a Kay-Gaert- 
ner Screen Oxygenator,+ modified to take the 
single plate.:: Temperature change was af- 
fected by a Thermo-Rite hypothermia unit.$ 
Blood and heat exchange fluid inflow and out- 
flow temperatures were recorded electrically. 11 

Oxygenation was studied by partial bypass 
from an anesthetized dog. The venous blood, 
obtained from the external jugular vein was 
circulated across the plate and returned to 
the femoral artery. Humidified oxygen was 
passed through the oxygenator casing a t  a 
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