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FIG. I. Time-dose relationship of 4 groups of dogs 
given a lethal dose of endotosin. Group 1 1 UII- 
treated controls; group 2 = treated with hydrala- 
zine alone; group 3 = treated with hydrocortisoiic 
and metaraminol; group 4 = treated with hydro- 
cortisone, inetaraniiiiol and hydralazine. Curves il- 
lustrate avg hourly blood pressure and output of 
urine. Animals surviving 24 hr after endotoxin are 

indicated for each group. 

Discussion. In  studies on the pathogenesis 
of canine endotoxin shock attempts have been 
made to reverse the peripheral vascular col- 
lapse with various agents. After onset of 
hypotension, and oliguria or anuria, the most 
consistently successful results obtained in 
this laboratory have followed administration 
of a combination of hydrocortisone and meta- 
raminol. The present study has demon- 

strated that hydralazine will increase urine 
flow in dogs having severe hypotension. This 
is in contrast to the untreated control series 
of animals that had a higher blood pressure 
but a consistently lower output of urine. 
When the systemic pressure was supported 
with a pressor drug and steroid, hydralazine 
had a favorable effect on output of urine, 
even though the blood pressure was lower 
than in the pressor-steroid treated group. 
These results are sf interest since hydrala- 
zine is usually employed as an anti-hyper- 
tensive drug. 

Summary. Canine endotoxin shock is 
characterized in part by hypotension, oli- 
guria, hernoconcentration and acidosis. The 
"shock" can be reversed in some animals 
with a combination of a pressor drug and 
hydrocortisone. The addition of hydralazine 
to this combination greatly augments the 
flow of urine, and possibly contributes to the 
survival of animals. 
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( 1  ) .  At pH 7 the previously known enzyme 
(GOT I)  has anionic properties, whereas the 
newly discovered transaminase (GOT TI 
acts as a cation. Separation, therefore, can 
be made easily by electrophoresis or by use of 
ion exchangers ( 2 ) .  The  relative proportion 
of the 2 enzymes also can be determined in- 
directly by a differential test. I n  most tissues 
investigated the colntribution of GOT 11 to 
total activity has been found to vary be- 
tween 40 and 70%. In  normal human serum 
the presence of GOT 11 has not been estab- 
lished with certainty, and in a few serums 
with high transaminase activity due either 
to recent myocardial infarction or to acute 
viral hepatitis the proportion of GOT I I was 
found to be small. It was thought to he of 
interest to determine in dogs acutely poisoned 
with carbon tetrachloride whether the high 
serum activity of GOT resulting from this 
injury(3) might contain a t  any time sub- 
stantial proportions of the new transaminase. 
Because activity of enzymes in serum must 
also depend on rate of elimination. we have 
studied in dogs the disappearance curves of 
intravenously injected, highly purified prepa- 
rations of the 2 GOT's as well as of GPT 
(glutamic-pyruvic transaminase) . 

Methods.  Production of hepatic injury.  
Foar healthy dogs received carbon tetra- 
chloride by  gastric irrtubation in doses of 2 
ml per kilo of body weight. Blood speci- 
mens were taken from the external jugular 
vein, irrespective of food intake, twice or 
three times before the beginning of the ex- 
periment, to serve as controls, and over a 
period of 12 days following administration 
of the toxic agent. The blood was allowed 
to clot and the serum was separated by cen- 
trif ugation. 

Determinulion of enzymutic activitics. 
Determination of transaminase activities was 
by the differential spectrophotometric test a t  
38"C', as previously described ( I ) . Activities 
are expressed as micromoles of ovalacetic acid 
formed per hour per milliliter of serum ( p M  
hr/ml). The  differential test consists of 2 
determinations, o x  a t  pH 7.4 in presence of 
high concentration of aspartate ( 10 
liter) to determine the sum of activities of 
GOT I and GOT 11, the other at pH 6.0 in 

moles 

presence of low concentratioln of aspartate 
(5  x moles/liter) to determine almost 
exclusively GOT 11. Corrections for the 
slight nonenzymatic destruction of DPNH 
(reduced diphosphopyridine nucleotide) were 
applied in each case; in our experience these 
amount to 1.5 and 2.2 density units per min- 
ute at pH 7.4 and 6.0, respectively. Activ- 
ity quotients (activity at p H  6.0 divided by 
activity at pH 7.4) for our purest prepara- 
tions from dog liver were 0.544 and 0.027, 
respectively, for GOT I1 and GOT 1. From 
the activity quotient determined in a serum 
with an unknown mixture of the 2 trans- 
aminases the proportion of each activity can 
he calculated with a fair degree of accuracy. 

Prepamtion of picrified transaminases and 
iritrnvenous administration t o  dogs. The 
method of separation and purification of the 
3 transaminases, GOT I, GOT I1 and GPT, 
from dog liver was presented by one of us 
( 2 )  a t  a recent meeting and will be the sub- 
ject of a forthcoming paper. The prepara- 
tions used for intravenous injection were 
purified several hundredfold. Specific activi- 
ties based on milligram protein nitrogen were 
3 5,000, 60,000 and 20,000, respectively, for 
GOT I, GOT TI and GPT. The  preparations 
were injected in doses of about 15,0010 pM/ 
hr per kilo of body weight, contained in 0.3 
ml of solution. Serial blood specimens were 
taken until serum activity had returned to 
normal values. 

Resul ts  and discussion. Carbon tetra- 
chloride poisoning. In  coinfirmation of 
earlier tests (3) maximal total GOT activity 
was observed in all 4 dogs 48 hours after 
administration of carbon tetrachloride. Ac- 
tivities then ranged from 448 to 995 pM/hr/ 
ml as compared with 0.89 to 1.40 for control 
specimens. By the ninth day values had re- 
turned almost to1 normal. The findings in 
one dog are summarized in the Table, while 
individual activities of GOT I and GOT 11, 
calculated from the activity quotients, for 
the 4 dogs, are plotted in Fig. 1. For the pe- 
riods between 16 and 96 hours i t  is seen that 
a t  the time of maximal total activity both 
enzymes exhibited peaks. Activity quotients 
then ranged from 0.10 to 0.11, an indication 
that GOT IT contributed 14 to 16% (mean 
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TABLE T.  JXstribution of Serum Glutamic-Oxal- 
acetic Transaminases Following Adininistrxtion of 

Carbon Tetrachloride in a Dog. 

GOT, pM/hr/ml GOT I1 

CCl, pH 7.4 pH 6.0 Quotient % /ml 
Hr after pM/hr 

Control* 1.04 .052 .050 0 
1.22 .030 ,025 
1.33 .017 .013 

? ?  

9 )  

16 44.0 1.13 .026 0 0 
18 41.6 1.15 -028 .2 .1 
20 43.2 1.85 .043 3.1 1.3 
24 54.0 2.19 .041 2.7 1.4 
40 760.0 68.3 .090 12.2 92.8 
48 824.0 82.4 .lo0 14.1 116.2 
64 139.4 7.1 -051 4.7 6.6 
72 47.5 3.06 .064 7.2 3.4 
88 11.3 .74 .065 7.6 .9 
96 8.5 .62 .073 8.9 .8 

112 6.5 .37  .057 5.8 .4 
168 3.9 .23 .059 6.4 .2 
192 3.3 .19 .058 6.0 .2 
216 1.6 
240 2.2 
264 1.8 
288 1.4 

* 4, 2 and 0 days before inj. of CCl,. 

14.7) to total activity. At 40 hours the dis- 
tribution was quite similar, while a t  24 and 
64 hours, GOT I1 averaged 3.5 and 4.5%, re- 
spectively, of total activity. Whether, in 
normal dog serum, GOT I1 is present at  all 
is difficult to decide, since its activity at  pH 
6.0 is extremely small and the accuracy of 
the test, therefore, low. Mean quotient with 
standard error of the mean in 9 control se- 
rums was 0.029 t 0.006, which is nearly the 
same as the qmtient of purified GOT 1 
(0.02 7) .  Interestingly enough, in rat serum 
we have found that GOT I1 contributes 20 
to 30% to total activity. 

Tt may be of interest to recall the findings 
on GPT following administration of carbon 
tetrachloride to dogs(3). Peak activity gen- 
erally occurred 1 day later than did that. of 
GOT, and was also somewhat higher. GPT 
activity also decreased more slowly than did 
that of GOT, with the result that the activ- 
ity-time curve of GPT was very much 
broader than that of COT. On the thir- 
teenth day after administration of the hepa- 
totoxic agent, GPT activity was still 16 to 
20 times control values. 

Intravenous administration of tPansa.mi- 
nases. Disappearance rates olf exogenous 

GOT I, GOT 'I1 and GPT in normal dogs are 
shown in Fig. 2. The 3 enzymatic prepara- 
tions were also injected into groups of 3 ad- 
ditional dogs and the decline olf their activi- 
ties followed. In each instance the results 
were quite similar to the ones illustrated. 
GOT I1 disappeared very rapidly from the 
blood stream, and 6 to 8 hours after injec- 
tion usually none of the injected enzymatic 
activity remained. A much slower elimina- 
tion was the rule for GOT I. Here enzymatic 
activity did not return to control levels until 
3 to 4 days after injection. The slowest 
rates were observed for injected GPT, which 
was present in blood for as long as 18 days. 

It seems that the differences in elimination 
curves of exogenous GOT I, GOT I1 and 
GPT bear a relationship to the activity 
curves in serum of endogenous transaminases 
following poisoning of the liver by carbon 
tetrachloride. GOT I1 is eliminated so rap- 
idly that it cannot build up as high a con- 
centration in blood as can GOT I or GPT. 
GPT, on the other hand, disappears so slowly 
that i t  shows a iiumerically greater maximal 

3 

@ H o u r s  o f t e r  t r o n r a m i n a r e  i n l e C t l O n  

FIG. 1. Serum activities of GOT I and GOT I1 
following carbon tetrachloride poisoning in 4 dogs. 

FIG. 2. Serum transaniinase activities f ollowirig 
intrav. administration of purified traiisaminnse 
preparations jn 3 dogs. 
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activity than does GOT T and remains ele- 
vated for a considerably longer time after 
hepatic injury. Similar observations with 
regard to (total) GOT and GPT also have 
been made in patients with acute viral hepa- 
titis or jaundice due to chlorpromazine (4-8) 
but a detailed study of the distribution of 
GOT I and GOT I1 in these conditions has 
not been made. 

Another reason for the very low levels of 
serum GOT IT in carbon tetrachloride poison- 
ing may be sought in the recently discovered 
fact(9) that this enzyme is bound within the 
mitochondrion, in contrast to GOT T and 
GPT which appear tc be present exclusively 
in the soluble part of the cell. While GOT 
I1 is readily released from its confinement 
inside the mitochondrion in the preparation 
of aqueous homogenates. we have noted that 
the enzyme is quite tightly bound in mito- 
chondria isolated b) standard procedure. and 
is then difficult to solubilize. I t  is conceiv- 
able that also under physiologic and patholo- 
gic conditions this enzyme may be released 
with some dificultj-. 

Serums of dogs poisoned with 
carbon tetrachloride exhibited high activities 
of GOT I and GOT I1 with maxima 48 hours 
after administration of the toxic agent. At 

S Z ~ I ~ I ~ C I I ’ ~ .  

no time, however, did GOT I1 contribute to 
total activity more than 16%. In  control 
serums the presence of GOT IT could not be 
established with certainty. Disappearance 
rates of intravenously administered purified 
preparations of transaminase also were 
studied in dogs. Activity of GOT I1 de- 
creased very much faster than that of GOT 
I. This difference may explain the uneven 
distribution of the 2 serum transaminases in 
carbon tetrachloride poisoning. 
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Glycogen Content of Normal Lymphocytes.” (26311) 
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The glycogen content of the formed ele- 
ments of the blood is said to reside in the leu- 
kocytes, red cells and platelets containing 
little or none of this polysaccharide( 1 ) .  Fur- 
thermore, it has been assumed that the major 
portion of that present in the white blood 
cells is contained in the myeloid elements. 
These assumptions are based on histochemi- 
cal examination of the blood from normal 
individuals and leukemic patients( 2,3) and 
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from chemical determinations on the leuko- 
cytes from patients with acute and chronic 
lymphocytic leukemia (4,s) .  Glycogen as- 
says of the lymphocytes found in these states 
have revealed extremely low levels. It has 
therefore been deduced that the lymphocyte 
of the normal individual contains a meager 
amount of this polysaccharide. However, 
direct measurements of normal lymphocytes 
have not been possible because of the dif- 
ficulty of separating these cells from the 
other formed elements of the blood except 
when they are present in elevated and ex- 


