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Amylase in Fresh Water Fish.“ (25680) 
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Although some information is available on 
amylases found in certain fish( 1.2.3), much 
of the work was done earlier with rather crude 
methods then available. with methods now 
Iinown to be somewhat unreliable. or with 
methods which gave only qualitative indica- 
tions ( 3 ) .  Much of this earlier \vork was$ done 
with marine fish rather than fresh water fish. 
Since we were interested in knowing how aniy- 
lase in the gastro-intestinal tract and other 
organs of fish compared quantitatively with 
mammalian amylase levels( 4 . 5 ) ,  we investi- 
gated amylase in 2 locally available species. 
the blue-gill and largemouth black bass. 

MutPrinls and mc thods .  The fish used were 
caught in local lakes and kept alive in fresh 
water from their environment until moment of 
sacrifice. ,4ny fish which died early as a 
result of hook injuries was discarded. Blood 
was obtained by dissecting a flap over the 
heart and aorta, cutting the aorta and collect- 
ing blood in crucible. Gills, heart, liver, gall 
bladder, kidneys and spleen were removed 
separately. The  gastro-intestinal tract was 
dissected and washed as previouslj. described 
(5)  and separated into stomach, upper and 
lower intestine and pyloric caeca. I f  not ana- 
lyzed immediately, all tissues were kept in 
frozen state at -18°C. The  tissues were homo- 
genized as previously described (4.5 ) and amy- 
lase contents determined by \‘an Loon’s an:\.-- 
loclastic method ( 6 ) .  The chilled liver tissue 
for isolated cell preparations was minced with 
scissors, then placed in Lucite press designed 
by Dr .  R .  Duncan Dallam( 7 ) ,  similar to that 
described by Lata and Reinertson (8 ) .  Tissue 
was gently pressed through 10-mesh (10 to 
the inch) Ttainless steel wire screen (20 mm 
diameter), and washed through with small 
quantities of cold Ringer’s solution. The press 
was dismantled, cleaned, a 20-mesh screen in- 
serted and a slurry of liver cells and tissue ob- 
tained from first oper;it ion was I)ressecl 
through this screen. ’I’he I)I-OC“S was re- 
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peated with screen of 30-. 50- and 60-mesh, 
obtaining suspension of broken liver cells, in- 
tact cells, a few erythrocytes and a very few 
small clumps of liver cells. This suspension 
M ’ ~ S  centrifuged in International Centrifuge, 
(‘linical l lodel.  a t  1500 rpm for 15 minutes 
a t  2 O. the supernatant discarded. cells resus- 
pended in Ringer’s solution and again centri- 
fuged. After 5 or 6 such washings, cells were 
centrifuged a t  3000 rpm for 10 minutes. A 
small amount of each preparation was dis- 
persed in cold Ringer’s solution and examined 
under microscope. The preparation was 
usually chiefly whole liver cells with very few 
clumps. red blood cells or broken cell frag- 
ments. T f  not, the preparation was resus- 
pended, washed and centrifuged again until 
broken fragments were removed. Overall 
yields of cells from whole liver were about 
1070. 

Resul ts .  Table T shows that amylase con- 
tents of fish tissues other than viscera were 
lower than serum amylase. There was no in- 
dication of high muscle amylase activity pre- 
viously reported ( 9 ) .  In liver and spleen, amy- 
lase levels were well above those of serum, al- 



though undoubtedly fragments of pancreatic 
tissue may have caused part of the high levels. 
Diffuse and disseminated nature of fish pan- 
creas makes it impossible to separate corn- 
pletely the pancreas frcm whole liver. 

Amylase levels of intestinal tract (includ- 
ing pyloric caeca) were well above those of 
otheir organs and indicated that the paiicreas 
provides considerable amylase even though 
the diet of these fish contains very little 
starch. Amylase is found in the gastro-intes- 
tinal tract and other visceral organs of the 
black bass despite previous sltatements ( 3 )  to 
the contrary. 

In studies on isolated liver cells, livers were 
takein from 35 bluegill. In 7 of these fish, liv- 
ers were quite pale, almost a light tan color, 
and extractions with ether indicated that they 
contained much larger amounts of lipid than 
normal livers. Since these might represent 
some pathological condition, these livers were 
not used in preparation of isollated cells but 
were pooled and analyzed separately. Their 
amylase content was 3610 units/100 g tissue 
compared to' 7980 for normal livers. The iso- 
lated liver cell amylase (Table T T )  was much 
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lower than whole liver level but still appre- 
ciable, and well above serum amylase, indicat- 
ing that the liver had some amylase that could 
not be attributed either to pancreas or blood 
remaining in liver. 

Amylase in the hepato-pancreas of a carp 
was 550,000 units/l00 g and bile amylase was 
2 3,000. 

Amylase levels of the gastro- 
intestinal tract and other visceral olrgans of 
bluegill and largemouth black bass were 
relatively high, ranging from 1000-8000 units/ 
100 g, considerably above serum levels. Amy- 
lase levels of gills, heart, kidney and muscle 
were relatively low. Amylase was found in 
isolated liver cells from the bluegill. 
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Patent Blue Vt  has been used to visualize 
the lymphatics of man in attempts to under- 
stand the role of these vessels in formation of 

edema of congestive heart failure and other 
disease states. During these studies, i t  xp- 
peared in the urine( 1,2,3) suggesting use of 

uptake from interstitial spaces and transport 
to the venous circulation. Subsequent obser- 
vations revealed, however, that PBV was ab- 
sorbed by venous capillaries as well as lym- 
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