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The differences and similarities between aquatic and terresfial mammals 
have been the subjects of several investigations (1-3). Studies of the gross and 
hlstologic anatomy of the lungs of several marine mammals have disclosed some 
structural modifications peculiar to these species (4, 5). The problems of 
adaptation of physical structure to an aquatic environment have been discussed 
by Kellogg (6) and the physiology of respiration of diving animals has been 
reviewed by Irving (7). 

The mechanisms for controlling the oxygen supply to the tissues and the 
ability of many marine mammals to undergo long periods of submergence have 
been of great interest. Irving, Scholander, and Grinnell (8) studied the respira- 
tion of dolphins during rest and diving and found that the resting oxygen 
consumption was less than that for seals but somewhat greater than for man per 
unit of weight. They reported that the lactic acid content of the muscle tissue 
of dolphins did not change significantly during the dive and that blood lactate 
values were not altered during or after diving, in contrast to the results obtained 
on rats and ducks (9) and on seals (8) in which lactic acid increased in the muscle 
during diving and in the blood during recovery. 

With some information on the over-all physiology of the dolphin at hand, 
it was of interest to study the intermediary cellular metabolism, since funda- 
mental differences in the metabolism of aquatic and terrestial mammals must 
certainly reflect variations in enzymatic processes. Except for the findings 
of Manery, Welch, and Irving (10) that excised seal skeletal muscle can glyco- 
lyze to the same extent as rabbit muscle, data on the concentrations of the 
intermediates of glycolysis and on the respiratory and glycolytic enzymes in the 
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tissues of aquatic mammals are lacking. The present study was therefore 
carried out to obtain information concerning the glycolysis and respiration of 
dolphin tissues, since such information might be of value in understanding the 
energy-yielding reactions of mammals in an aquatic environment. 

The present communication gives the results of measurements of the distri- 
bution of acid-soluble phosphorus compounds and of some enzymes in several 
tissues from three adult long-snouted dolphins (Stenella plagiodon) and one 
new-born spotted dolphin of the same species. 

EXPEI~E~ENTAL 

Collect, ion of Ma/er/a/.--Three adult long-snouted dolphins were harpooned in the 
coastal waters near Marineland, Florida, and were placed overnight in large tanks 
at the Marine Studios. t The minor wounds inflicted by harpooning did not impair 
the normal activity of the animals. On the following day the animals were anes- 
thetized with pentobarbital sodium (40 nag. per kilo) and the tissues were removed 
for analyses. The removal and freezing of all of the tissues from each animal required 
about 7 minutes. One new-born animal was obtained at the time of birth and the 
tissues from this dolphin were also taken for analyses. The heart of the new-born 
animal was functioning at the time of birth but respiration had not yet begun. About 
20-gin. samples of liver, kidney, heart, brain, and skeletal muscle (rectus abdominis) 
were quickly taken by two of us while a third investigator rapidly froze the tissues 
between two blocks of dr)" ice. The samples were then placed in unbreakable cellu- 
lose nitrate containers of about 80 cc. capacity, and the vials were covered with rubber 
caps. The vials were then placed in wide mouthed thermos jars of pint capacity and 
the thermos jars were filled with crushed dry ice, stoppered, packed in corrugated 
cartons containing crushed dry ice, and shipped to the Chicago laboratories by Air 
Express. This technique was essentially the same as that devised by Eichdberger, 
Fetcher, Geiling, and Vos (1) for the collection and shipment of blood and milk from 
dolphins. The samples arrived at the laboratories 15 to 18 hours after dissection, 
remaining frozen throughout transit and until completion of all of the analyses which 
were begun immediatdy after arrival of the samples. After the tissues were prepared 
for shipment further dissection of the animals was performed to obtain the total 
weights of the organs of each animal. 

Chemical Met/wds.--The enzyme assays were carried out on homogenates (11) 
prepared from the frozen tissues. The homogenization technique for enzyme assays 
was particularly suitable for the present study since the possibility of using prepara- 
tions which require intact ceils was obviated by cellular damage which necessarily 
resulted from freezing the tissues. Furthermore, the use of homogenized tissues 
allows for an estimation of the maximum activity (12) of the particular enzyme sys- 

1 The collection of these spccimens was made possible through the whole-hearted 
cooperation of the scientific and technical staffs of the Marine Studios. The ef- 
ficient service of the Ddta and the Eastern Airlines and the Air Express of the Rail- 
way Express Agency made possible the rapid transportation of the frozen tissues 
from St. Augustine, Florida, to the laboratories in Chicago. 
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tem to be studied provided the necessary cofactors are added in excess to the system, 
In the present studies cytochrome oxidase and succinic dehydrogenase were measured 
by the method of Schneider and Potter (13), malic dehydrogenase by the procedure 
of Potter (14), and adenosine triphosphatase by the method of DuBois and Potter 
(15). Measurements of the rate of anaerobic glycolysis and respiration of skeletal 
muscle, liver, and brain were carried out on tissue homogenates by the procedure of 
Reiner (16). To test whether the freezing and the time elapsing between the removal 
of the tissues and the assays influenced the results obtained on dolphin tissues, we 
carded out control tests with rat tissues which were frozen and stored for a similar 
length of time and then assayed. Since the results obtained on fresh rat tissues and 
frozen ones showed no significant differences we believe that the values obtained for 
the dolphin tissues closely approximate those which would have been obtained if 
the tissues were assayed immediately after removal from the animals. 

The analyses of the acid-soluble phosphorus compounds were carried out accord- 
ing to the scheme outlined by LePage and Umbreit (17), with the exceptions that co- 
enzymes were measured according to Mdnick and Field (18) and glycogen was meas- 
ured on separate samples by the procedure of Good, Kramer, and Somogyi (19). 

RESULTS 

The Distribution of Cytochrome O~'idase, Succinic Dekydrogenase, and Malic 
Dekydrogenase in Dolphin Tissues.--Measurements of the cytochrome oxidase, 
succinic dehydrogenase, and mafic dehydrogenase activities of fiver, kidney, 
brain, skeletal muscle, and cardiac muscle of dolphins were carried out to obtain 
an index of the concentration of some of the respiratory enzymes in dolphin 
tissues. The results of these assays are shown in Table I. In  this and sub- 
sequent tables dolphin 1 refers to an adult male, dolphin 2 to a lactating female, 
dolphin 3 to a young adult male, and dolphin 4 to a new-born dolphin. For 
comparison of the enzyme activities of tissues from the aquatic mammals  
employed in these studies with the enzyme activities of tissues from a terrestial 
mammal,  data for adult rats, the only terrestial mammal  for which values have 
been obtained for these enzymes by  the same methods, are included in Table I. 
The values for rat  tissues are taken from the data of the investigators who de- 
signed the methods used in this s tudy together with results obtained on rat  
tissues by the same methods in this Laboratory. 

The results of these assays demonstrated that  al~ of the dolphin tissues which 
were examined contained cytochrome oxidase, succinic dehydrogenase, and 
mafie dehydrogenase. As in the case of rat  tissues, the greatest eytoehrome 
oxidase activity of dolphin tissues was found in cardiac muscle while the cyto- 
chrome oxidase activity of kidney and fiver was about one-half as high 
in dolphin tissues as in rat  tissues. Skeletal muscle showed the least cytochrome 
oxldase activity of the tissues examined and the activity was similar to that  of 
the skeletal muscle of adult rats. 

The succinic dehydrogenase activity of dolphin tissues was highest in kidney 
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and heart muscle and the activity of these two tissues was similar. Skeletal 
muscle, brain, and liver exhibited similar succinic dehydrogenase activity, about 
one-fourth as great as was found in heart and kidney. The kidney and skeletal 
muscle of the new-horn dolphin (No. 4) had less succinic dehydrogenase activity 
than the corresponding tissues from the adult animals while heart and liver 
exhibited activity similar to that of the adult animals. All of the dolphin 

TABLE I 
TI~ Cytochrome Oxidase, Surxini¢ DeI~ydrogenase, and MaUc D~ydrogenase Content of 

Dolphin Tissues 

Dolphin No. {Kidney Brain I Heart [ Skeletal musde I Liver 

Adult rats . . . . . . . . .  

308 
324 
302 
181 

695 

C¢.ochrome oxidase(Qo,) 

186 1330 
290 1000 
236 790 
- -  525 

420 1699 

155 
190 
174 
57 

180 

167 
294 
375 
162 

479 

Succinic dehydrogen~ (~)~) 

Adult rata . . . . . . . . .  

86.2 
70.4 
62.5 
28.5 

195 

25.2 
17.3 
18.7 

48.7 

81.4 
82.5 
54.0 
71.0 

219.0 

22.0 
18.6 
15.0 
6.0 

35.5 

21.6 
41.1 
27.0 
27.0 

87.7 

Malic dehydrogenase (Qo~) 

1 
2 
3 
4 

Adult rata . . . . . . . . . .  

39.6 
59.2 
15.5 
18.0 

81.4 

22.4 
18.5 
13.6 

27.5 

6,5.0 
53.0 
50.0 
44.0 

128.0 

13.8 
16.2 
9.8 
6.0 

14.0 
28.9 
25.0 
33.0 

103.5 

tissues showed a lower succinic dehydrogenase activity than the corresponding 
tissues from adult rats. Malic dehydrogenase activity was greatest in the 
cardiac muscle of dolphins while kidney, brain, and liver exhibited similar 
activity about one-half as great as that  found in heart muscle. All of the 
dolphin tissues contained less malic dehydrogenase than the corresponding adult 
rat  tissues. While the malic dehydrogenase activity of the tissues from the 
new-born animal was lower than that  of adults the difference was not as great 
as in the case of cytochrome oxidase or succinic dehydrogenase. 
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The Adenosine Triphospkatase Activity of Dolphin Tissues.--The adenosine 
triphosphatase activity of dolphin tissues was measured to obtain an indication 
of the concentration of a glycolytic enzyme in dolphin tissues. The assays 
were carried out in the absence of a metallic activator and with calcium at a 
final concentration of 0.003 M as the activator. I t  was also of interest to meas- 
ure the rate of hydrolysis of ATP by homogenates of dolphin tissues using 

TABLE H 

The Adenosine Trlphosphatase Acti~y of Dolphin Tissues 

Activator 

None 

Calcium 

Magnesium 

Manganese 

None 

Calcium 

SkeleU Dolphin No. Heart muscl~ 

ATPase ATPa~ 
ss~s  ~ s  

1 4 .0  7 .9  
2 5.0 7.1 
3 3.1 8.0 
4 1.7 1.8 

1 5.5 8.4 
2 5.3 7.6 
3 7.4 11.4 
4 5.7 3 .8  

1 7.5 14.0 
2 8.5 11.1 
3 11.1 18.3 

1 7.3 1.1.9 
2 5.3 7.9 
3 10.0 1.3.9 

Adult rats 4 .8  12.5 

27.3 23.3 

Liver Brain Kidney 

ATPas: ATPa~ ATP~e 
~ s  un~s u ~ s  

0.9 1.0 1.8 
1.4 0 .9  1.4 
1.4 1.5 1.8 
1.8 - -  2.2 

3 .8  1.5 4 .9  
3 .0  1.3 2 .4  
6.0 1.5 6.0 

8.9 5.6 12.5 
9 .6  4 .6  4 .9  
9.2 6.6 8.7 

6.5 3.8 6 .9  
4.7 2.5 2 .6  
7.5 5.0 7.2 

3 .9  2 .4  3.5 

12.9 7.0 20.3 

magnesium and manganese in place of calcium. For these tests a final concen- 
tration of 0.003 ~ manganese and magnesium was employed in the adenosine 
triphosphatase test system (15). The results of these assays are shown in 
Table I I  in which all of the values are expressed as micrograms of phosphorus 
liberated from ATP in 15 minutes by 1 rag. of fresh tissue (adenosine triphos- 
phatase units). 

As may be seen from the data in Table I I  all of the dolphin tissues possessed 
the ability to catalyze the liberation of inorganic phosphorus from ATP. How- 
ever, a significant difference was observed between dolphin tissues and rat 
tissues in the activating effect of calcium. Whereas calcium produces a marked 
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stimulation of the adenosine triphosphatase activity of rat tissues only a small 
augmentative effect was noted with calcium in the skeletal muscle, liver, and 
kidney of dolphins and no significant increase was observed in heart muscle 
and brain. Of the dolphin tissues skeletal muscle possessed the greatest 
adenosine triphosphatase activity. However, all of the dolphin tissues ex- 
hibited a lower activity of this glycolytic enzyme than the corresponding tissues 
from adult rats. 

Magnesium was a more effective activator than calcium for the hydrolysis of 

TABLE HI  

Anaerobi~ Glycolysis and Respiration of Dolphin Tissues 

Dolphin No. 

Adult rats 

Tissue 

Liver 

Skeletal muscle 

Brain 

Liver 
Skeletal muscle 
Brain 

Anaerobic glyeo]ysis 

IMg Mn 

20.2 39.4 
26.0 57.8 
19.2 40.8 
31.8 39.4 

33.6 28.6 
49.0 41.9 
78.4 63.6 
32.1 44.5 

24.2 31.3 
28.6 27.0 
26.7 26.2 

24.0 13.0 
103.0 51.0 
66.0 

Oxygen consmnption (Q/c2) 

Mg Mn 

15.7 14.1 
10.5 6.2 
5.5 4.0 
4.9 5.3 

5.2 10.3 
5.5 4.3 
3.1 4.2 
0.4 1.9 

22.6 10.8 
13.4 8.0 
12.1 12.6 

12.0 12,0 
4.0 7.0 

20.0 8.0 

ATP by homogenates of dolphin tissues. Manganese acted similarly to mag- 
nesium with the activating effect being slightly less than that produced by the 
same concentration of magnesium. 

Respiration and Glycolysis o/Dolphin Tissues.--Reiner (16) has recently de- 
vised a test system which facilitates the measurement of glycolysis and respira- 
tion of tissue homogenates. This method was applied to brain, skeletal muscle, 
and liver of three adult dolphins using both magnesium and manganese as 
activators. The results of these measurements are shown in Table I I I  which 
includes comparable data on tissues from adult rats. 

These results indicate that the rate of respiration was lowest in skeleta. 
muscle, although anaerobic glycolysis of skeletal muscle proceeded at a rapid 



DUBOIS, GEILING, McBRIDE, AND THOMSON 353 

rate. Manganese and magnesium were of similar effectiveness as activators 
except for anaerobic glycolysis of liver, where manganese was the more effective; 
and skeletal muscle, where, except for the new-born dolphin tissues (No. 4), 
magnesium produced more activation than manganese. The respiratory sys- 
tem with magnesium activation was poorest in the tissues of the new-born 
dolphin and the immature adult (No. 3) while the glycolytic system was of a 
similar order of magnitude in the tissues of all four dolphins. There was, in 
general, a greater disparity between the dolphin and rat values for glycolysis 
and respiration than for the individual enzymes tested. 

D~stribution of the Phosphorflated Intermediates of Glycolysis in Dolpkin 
Tissues.--The assays for certain enzymes in dolphin tissues suggested that 
intermediary carbohydrate metabolism proceeds through similar pathways in 
aquatic and terrestial mammals. Measurements of the distribution of the 
phosphorylated intermediates of glycolysis in dolphin tissues were, therefore, 
of interest to ascertain whether a phosphorylative glycolysis occurred in the 
tissues of this species and to note the concentrations of the phosphorylated 
esters in the tissues of this aquatic species. The results of these measurements 
are given in Table IV in which average values for the compounds in the tissues 
of the three adult dolphins are given together with the maximum and minimum 
values for the group. 

The data in Table IV on the distribution of acid-soluble phosphorus in dolphin 
tissues show that aU of the tissues contained the phosphorylated intermediates 
of glycolysis. A comparison of the results obtained here with those obtained 
by LePage (20) on adult rats shows the similarities and differences between the 
concentrations of phosphorylated compounds in the tissues of the two species. 

The skeletal muscle of dolphins and rats contains simiiar quantities of in- 
organic phosphorus, total phosphorus, nucleotides, and phosphoglyceric acid. 
The fructose phosphate esters were much higher in quantity, and the quantity 
of phosphocreatine about one-half as great in dolphin skeletal muscle as in rat 
muscle. Cardiac muscle also contained similar quantities of most of the com- 
pounds as compared with rat heart muscle. However, the fructose phosphate 
esters were again higher in amount than in the cardiac muscle of rats. Brain 
contained less inorganic phosphorus, total phosphorus, phosphocreatine, phos- 
phoglyceric acid, and pyridine dinucleotides than did rat brain. The concen- 
tration of phosphorylated compounds in the liver of dolphins was somewhat 
lower but within the same general range as in rat liver. The kidney tissues of 
dolphins, however, presented a somewhat different picture as compared with 
rats since aU of the compounds were present in much lower quantities than in 
rat kidneys. 

A fractionation of the acid-soluble phosphorus of the tissues from the new- 
born dolphin was also carried out. Skeletal muscle contained about one-half 
the quantity of inorganic phosphorus, total phosphorus, ATP, and phospho- 
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creatine while the other constituents were present in about the same quanti ty 
as in adult dolphins. The values for the phosphorylated intermediates in the 
other tissues of the new-born animal were of the same order of magnitude as 

T A B L E  I V  

The Distcibutg, on of Aeid-Solubl~ Phos ,horus in l)ol 
I 

Inorganic 
Tissue I phosphorus 

~ / 1 0 0  Kwh 

Skeletal 941 
muscle (734-1260) 

Brain 729 
(6~-. 5201 

Liver 1162 
(1100-1236) 

Kidney 749 
(669-750) 

Heart 1280 
(1046-1520) 

ohin Tissues 

Organic 
phosphorus 

pg/lO0 gm. 

4230 
(3940-4400) 

890 
(675-940) 

1454 
(1340-1570) 

504 
(4$5-S9O) 

2175 
(1925--2325) 

ATP 

437 
(346-595) 

113 
(95--128 ) 

5o 
(~0-62) 

7 
(4-11) 

223 
(190-290) 

ADP 

au/100 gin. 

38 
(1O-55) 

13 
(10-16) 

115 
(100-132) 

i 
(0-6) 

28 
(22-32) 

Phospho- AdenyHc Phospho- glycerlc 
acid ereatine acid 

~ullO0 tt~l/l~9 gin. ~ / 1 0 0  gin. gm. 

120 600 216 
(90-142) I (570-640) 

27 44 
(20-35) (20-90) 

68 73 
(46-82) (58~C) i 

11 53 
(7-15) (20-91) i 

! 
82 168 

(68-90) (L2&-220) 

(19O-250) 

48 
(45-50) 

65 
(50-79) 

IS 
(16-20) 

114 
(96-142) 

Hexosedi- 
phosphat¢ 

pu/100 gm 

221 
(169--265) 

38 
(34-93) 

51 
(41-58) 

48 
(sl-63) 

[ 9o 
(82-ioo) 

Skeletal 
muscle 

Brain 

Liver 

Kidney 

Heart 

Glucose- 
1-PO4 

~u/lO0 gin, 

283 
{212-385) 

43 
(29-71 ) 

143 
(81-230) 

101 
(71-141) 

53 
(42-63) 

Glucose- 
6-PO, 

~ / 1 0 0  gin. 

530 
(449-631) 

76 
(6O-95) 

246 
(158-~oo) 

58 
(50-71 ) 

336 
(227-400) 

Fructose- 
6-PO, 

pK/IO0 gin. 

233 
(187-286) 

51 
(33-75) 

69 
(59-87) 

54 
(37-74) 

134 
(125-216) 

Tziose-P04 

~ / 1 0 0  gin, 

9 
(6-12) 

0 

0 

0 

9 
(6-12) 

Cocnzymes 

96 
(83-I07) 

19 
(15-24) 

6O 
(58-62) 

14 
02-16) 

65 
(57-75) 

Peutose-POt i 

~ / 1 0 0  gra. 

116 
(101-146) 

56 
04-s6) 

113 
(85-.I~0) 

12 
(9-15) 

157 
(105-19S) 

Phosphopy- 
ruvxc acid 

PMIIO0 gin. 

67 
(4O-9O) 

0 

0 

0 

9 
(2-25) 

for the adult animals, closely approaching the minimum values obtained on the 
adult animals. 

Glycogen Content of Dolpkin Tissues.--Glycogen values were obtained for all 
of the tissues from the adult animals and from three of the tissues from the new- 
born dolphin. The results of these measurements are shown in Table V. 

Of particular interest in these measurements was the high glycogen content 
of skeletal muscle. As shown in Table V the glycogen of skeletal muscle of the 
dolphins was above 0.6 per cent in every case with the average for the four ani- 
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reals being 0.98 per cent whereas the average value for adult rats was 0.16 to 
0.20 per cent under comparable conditions of fasting for 24 hours. The low 
level of glycogen in the dolphin livers was probably due to fasting from the time 
of capture until death (24 hours). 

TABLE V 
The Glycogen Content of Dolphin Tissues 

Dolphin No. 
Skeletal muscle 

per ce~tt 

0.895 
0.630 
0.809 
1.570 

Glycogen 

Heart Liver 

per ~e~t Per g.oa 
0.12 0.08 
0.05 0.07 
0.24 0.88 
0.01 0.16 

Brain Kidney 

per cast per c,e~ 
0.05 0. I0 
0.017 0.05 

0.012 0.08 

TABLE VI 
Organ Weights of Dolphins 

Organ 

o 

Total body weight .... 

Blubber ............. 
Gastrointestinal tract 

and contents ........ 

Lungs ................ 

Liver ............... 

Kidneys ............ 
Brain ............... 

Thyroid ............. 

Testes .............. 

Heart ............... 

Skeleton .............. 

Dolphin 1 
(adult male) 

[ Per cent 
Weight of body 

weight 

139 g' 
22.7 16.3 

7.0 5.04 -L 2.63 1.89 
0.955 0.69 
0.9001 0.6.5 
0.023 0.01( 

6.3001 4.54 
0.682 0.49 
5.11 3.67 

Dolphin 2 
(adult female) 

Dolphin 3 
(young male) 

Average per cent 
of body weight 

Per cent 
Teight o| body 

weight 

kg. 

0 
7.4 15,8 

7.73 7.03 
2.11 1.92 

0.82~ 0.75 
0.86~ 0.79 

0.57( 0.52 
3.86 3.51 

Per cen! 
Weight of bofl y 

weight 

kg. 

90 
18.1 20.1 

5.0 5.55 
2.27 2.52 
1.75  1 . 9 4  
0.60 0.67 
1. O6 1.18 
0.01 0.01, 
0.11 0.13 
0.48 0.54 
3.30 3.66 

Dolphin 

17.4 

5 .87  
2.22 
1 .92  
0.70 
0.87 
0.01~ 

0.52 
3.61 

Rat 

0.70 
3.90 
0.80 
0.85 
0.005 

0.34 

Organ Weights of Dolphins.--Since data on the weights of individual organs 
of the dolphin in relation to the total body weight are lacking, we recorded the 
weights of some of the organs from the three adult dolphins. Such data may 
be of value in further studies on the metabolism of this species. The results 
of these measurements are shown in Table VI. For comparison, values forthe 
weights of certain rat organs, as per cent of total body weight, are included. 

The most striking differences between the two species are the relative sizes 
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of the lungs and the liver. The dolphin lungs occupy over three times as much 
of the total body weight as do rat lungs, while the rat liver is, in proportion, 
twice as large as the dolphin liver. The kidneys and brains of the two species 
are similar with respect to their weights as compared to the total weight of the 
animals, while the dolphin heart represents a greater percentage of the body 
weight than does the rat heart. The thyroid of the dolphin is also relatively 
larger than that of the rat; this difference may be largely attributable to the 
disparity in the temperature of the environment of dolphins and rats. 

DISCUSSION 

These studies on the intermediary carbohydrate metabolism of dolphin 
tissues indicate that the pathways for the dissimilation of carbohydrate and 
the energy-yielding reactions in this aquatic mammal are similar in many 
respects to those of terrestial mammals. 

The assays for cytochrome oxidase, succinic dehydrogenase, and malic de- 
hydrogenase demonstrated the presence of all of these respiratory enzymes in 
dolphin tissues. A considerable difference was noted in the enzyme activities 
of the individual dolphin tissues, with heart muscle showing the greatest con- 
centration of all of these enzymes as is the case with rat tissues. The activity 
of these respiratory enzymes in dolphin tissues was lower than that of the corre- 
sponding rat tissues. Since the oxygen consumption of dolphins is somewhat 
higher than that for man per unit weight (8), it is unlikely that the lower respir- 
atory enzyme activity in dolphin tissues as compared with rats is due to adap- 
tation for possible diminished oxygen supply, but it is probably rather a 
reflection of a slower rate of metabolism in dolphins as compared with rats. 
A comparison of the enzyme activities obtained in dolphin tissues with those 
of the tissues of large terrestial mammals would be of interest when data on the 
latter animals obtained by the same methods become available. 

The enzyme activity measurements on the new-born animal are the first 
experiments to be carried out on dolphins obtained at the time of birth. They 
demonstrated that the tissues contain much higher enzyme concentrations at 
the time of birth as compared with adult animals of the same species than do 
new-born rats (21). This finding is consistent with the ability of young dol- 
phins to perform all the movements of the adult animals immediately after 
birth. 

The lower respiratory enzyme activity of dolphin brain tissue as compared 
with rat brain might be responsible for the greater sensitivity of dolphins to 
barbiturates (1), if barbiturates produce their narcotic action through inhibition 
of cellular respiration as considerable evidence obtained by Quastel and Wheat - 
ley (22) has suggested. 

Measurements of the rate of hydrolysis of ATP by the adenosine triphos- 
phatase of dolphin tissues showed, in contrast to results obtained on rat tissues, 
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that calcium provides very little activation of the adenosine triphosphatase of 
tissues from this species while magnesium and manganese had a definite stimu- 
latory effect on the hydrolysis of ATP by homogenates of dolphin tissues. The 
lack of an activating effect by calcium might suggest either that this ion is not 
the activator for the adenosine triphosphatase of dolphin tissues or that the 
tissues contained a sufficient quantity of calcium to provide maximum activa- 
tion of the enzyme. The latter possibility seems unlikely, however, in view of 
the similarity in the concentration of electrolytes in the skeletal muscle of 
dolphins and terrestial mammals which was noted by Eichelherger, Ceiling, and 
Vos (3). To our knowledge the activation of adenosine triphosphatase by 
magnesium rather than by calcium has been reported (23) in only one other 
tissue, the electric organ of the electric fish (Torpedo). 

Glycolysis was shown to take place in dolphin tissues, by manometric meas- 
urements of acid formation using glucose as the substrate. This finding is in 
agreement with the demonstration by Irving, Scholander, and Grinnell (8) of 
lactic acid formation in vitro by dolphin skeletal muscle. The presence of the 
phosphorylated intermediates of the Emden-Meyerhof glycolytic scheme in aU 
of the dolphin tissues examined indicates that the energy-yielding reactions in 
this aquatic species are qualitatively similar to those in the tissues of terrestial 
mammals. The high concentration of glycogen in the skeletal muscle of the 
dolphin indicates the ready availability of the substrate for glycolysis during 
muscular activity, which is needed for the energy-yielding reactions enabling 
this species to swim at speeds around 25 knots. 

The finding that the enzymatic reactions examined in this study are qualita- 
tively similar in dolphins and in terrestlal mammals supports the idea (7) that 
adaptation in aquatic mammals to prolonged submergence is due to a more 
highly developed mechanism for differential shunting of oxygen rather than to 
a shift in intermediary metabolism. 

The present studies have demonstrated that it is possible to obtain tissues at 
localities far removed from the laboratories, and by freezing them immediately 
in dry ice the enzyme activities can be preserved while the tissues are sent to 
the laboratories. Such a technique might prove useful in future studies on the 
intermediary metabolism of animals captured at sites far removed from the 
equipment necessary for metabolic studies. 

SUMMARY 

1. Liver, kidney, brain, skeletal muscle, and cardiac muscle from one new- 
born and three adult long-snouted dolphins (Ster~lht plagiodon) were obtained 
for enzyme studies. 

2. All of the dolphin tissues exhibited cytochrome oxidase, succinic dehydro- 
genase, and malic dehydrogenase activity. Considerable differences in the 
enzyme activities of the various tissues were noted, with cardiac muscle exhibit- 
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ing the highest respiratory enzyme activity. The enzyme activities of dolphin 
tissues were lower than those of the corresponding rat tissues. 

3. All of the dolphin tissues exhibited adenosine triphosphatase activity 
which was accelerated by magnesium and manganese but, in contrast to rat 
tissues, was only slightly activated by calcium. 

4. Measurements of the distribution of acid-soluble phosphorus in dolphin 
tissues indicated that glycolysis in all of the tissues examined proceeded through 
the Emden-Meyerhof phosphorylation scheme. 

5. The average glycogen content of dolphin skeletal muscle was 0.98 per cent 
as compared with 0.16 to 0.20 per cent for rat skeletal muscle. The high glyco- 
gen content of dolphin skeletal muscle indicates a ready source of substrate for 
glycolysis even during submergence when the blood supply may be differentially 
shunted to other organs. 

6. Measurements of the organ weights of dolphins showed that the lungs 
occupy over three times and the liver one-half as much of the total body weight 
as do these organs in the rat. The heart and the thyroid gland of the dolphin 
are also larger in proportion to the total body weight than in the rat while the 
relative weights of the other tissues in the two species are about the same. 

The authors are indebted to Mr. Craig Phillips for obtaining the organ 
weights and to Mr. Roy G. Herrmann for the glycogen analyses. 
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