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LaDue, Wroblewski and Karmen demon-

strated that serum glutamic-oxalacetic trans-
aminase (SGOT) varied from one individual
to another when they found normal SGOT
levels ranged from 10 to 40 units(1). How-
ever, other investigators reported the SGOT
activity was relatively constant in the same
individual under mnormal conditions(2,3).
Many reports now indicate that SGOT may
vary in the same individual under special
circumstances, such as physical exercise. Con-
flicting reports have appeared in the litera-
ture concerning the effects of exercise on
SGOT. Apparently SGOT may decrease(4-
7), increase(8-16) or remain unchanged(17,
18) in response to exercise. It is necessary to
resolve these differences since the SGOT test
is widely used to aid in the diagnosis of myo-
cardial infarction.
- Several attempts have been made to ex-
plain these controversial results. These in-
clude: (a) different types of exercise; (b)
different durations of exercise; (c) different
time intervals for obtaining samples after ex-
ercise; (d) different methods used to deter-
mine GOT activity in the serum.

Nerdrum and Berg(11) have pointed out
that Laets(6), Critz and Merrick(4,5) and
Nerdrum and Nordgy(7), all using spectro-
photometric methods, have reported decreases
in SGOT titers following exercises of a speci-
fic type or duration.

Nerdrum and Berg(11) have demonstrated
an increase in ketone bodies after exercise.
Ketone bodies are known to affect the SGOT
values obtained by use of the Reitman and
Frankel colorimetric method. In earlier work
from this laboratory(4,5) a modified version
(19) of the Tonhazy, White and Umbreit
(20) method for tissue GOT was utilized. In
this modification a serum sample was inacti-
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vated and then carried through the assay
procedure. Thus, any color developed was
due to non-transaminase material and should
be subtracted from the color developed in the
assay procedure by the same serum. In the
raw data from these experiments we have
noted that under resting conditions there is
little, if any, chromogenic material but after
exercise there is a large amount of color pres-
ent, probably ketone bodies. The amount of
color present is such that if the values found
in the sample blanks had not been subtracted
from the assay samples we would have found
an increased SGOT level following exercise.

In view of the possible errors inherent in
such a method we were pleased with the in-
troduction of a new method for determination
of SGOT in 1962(21). This method employs
a diazonium salt which is specific for oxal-
acetic acid(22). The availability of this new
method, which is not influenced by other keto
acids in the reaction mixture, led us to ex-
amine this problem more rigorously. In par-
ticular we were concerned with the effects of
the duration of a specific type of exercise
(swimming) on SGOT levels.

Materials and methods. Adult, female al-
bino rats of the Sprague-Dawley strain,
weighing an average of 186 g, were housed in
air-conditioned animal quarters and were fed
standard Purina Laboratory Chow and given
water ad libitum.

These animals were divided randomly into
groups for either control, exercise (swim-
ming) or splenectomy experiments. The hema-
tocrit was determined before and after exer-
cise in normal and splenectomized rats to in-
vestigate the effects of fluid exchanges on
SGOT levels during and immediately after
exercise. Blood was obtained for the hema-
tocrit studies from the tail. Splenectomized
animals were allowed 10-14 days for recovery
from surgery before they were utilized in the
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TABLE 1.

SGOT AFTER SWIMMING EXERCISE

Hematoerit and Serum Glutamie-Oxalacetie Transaminase Activity in Normal and

Splenectomized Rats.

SGOT in units/liter

Exp series (normal animals)

Hematoerit (%)
(normal animals)

Hematoerit (%)
(splenectomized animals)

Control 79.0 + 2.18%
(26)*
63.6 + 5.40%
(13)
111.0 = 5.40%
an
80.5 +- 2.64
(24)
75.8 + 3.28
(1%)
92.7 4 4.63¢
(19)
101.1 + 5.88%
(21)
103.3 + 4.50%
(15)

Swimming, 1 min

” 5
" 10
» 15 »
» 30
” 60 "

»” 120 *

434+ 025 42.4 + .30
(80) (81)
47.1 + 1.03% 46.3 + .73%
(11) (12)
46.3 + .90% 47.6 + 93¢
(11) (14)
45.5 + 54t 47.0 + 81t
(25) (15)
15.0 = 793 42.7 + 81
9 (11)
16.1 + .63 46.5 + .62%
9 (11)
15.2 + .85¢ 449 + .82t
(1) (10)

* No. of animals. t S.E. of mean.

swimming experiments. The animals swam
for either 1, 5, 10, 15, 30, 60 or 120 minutes.

Serum for the SGOT determination was
obtained by a direct heart stab on unanesthe-
tized, restrained rats immediately after exer-
cise. The serum was separated and stored in
cold until analyzed. Analysis was usually per-
formed within 2 days after the serum was
collected. The enzyme is reportedly quite
stable when refrigerated for this period (1,23,
24). Hemolyzed samples were discarded.

A modification of the Furuno and Sheena
(25) method was utilized for determination
of SGOT. The modification eleminated ethyl-
enediaminetetraacetic acid (EDTA) and poly-
vinylpyrrolidone (PVP) from the color de-
veloper solution. The diazo salt (6-benzami-
do-4-methoxy-m-toluidine diazonium chlor-
ide) reacts only with oxalacetic acid and ap-
parently owes its specificity to interaction
with the B-carbon rather than the keto group
of oxalacetic acid as does 2, 4-dinitrophenyl-
hydrazine(22). SGOT activity was expressed
in terms of units/liter.

Statistical comparison of experimental
mean values to control mean values was made
by Student’s “t” test of significance. Chau-
venet’s Criterion(26) for the rejection of sus-
pected data was applied to all series of ex-
periments. The null hypothesis was rejected
at the 5% level.

1 p <0.05 compared to control.

Results. The effect of variable swimming
time on SGOT activity and hematocrit is pre-
sented in Table I. SGOT activity was de-
creased significantly (p = 0.011) by swim-
ming for 1 minute, while swimming for §
minutes resulted in a highly significant rise in
SGOT activity (p — <0.001). It can be
seen that swimming for either 10 or 15 min-
utes resulted in SGOT levels near the resting
(control) level. However, swimming for 30,
60, or 120 minutes resulted in a progressive
increase in SGOT titers.

The hematocrits of the intact rats were the
same as those of splenectomized rats with the
following exception: at a swimming duration
of 30 minutes in the splenectomized group
the hematocrit was at the control level. No
explanation is offered for the control hemato-
crit observed in this group. Hematocrit data
was not obtained for the 15-minute swimming
group, however, in previously published work
on intact rats swimming for 15 minutes we
found the hematocrit to be increased to
47.5% from a resting (control) value of
42.0%(5). This is a somewhat larger in-
crease than that found in this study at either
the 10- or 30-minute swimming time.

Discussion. The decrease in SGOT activity
observed after 1 minute of swimming and the
large increase in SGOT activity found after
5 minutes of swimming are difficult to ex-
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plain. Fluid shifts could have been respon-
sible for the early, rapid changes in SGOT
activity. Sréter and Friedman(27,28) ob-
served a decrease in hematocrit (51.5% to
50.2%) in rats running on a treadmill for 24
minutes at 20 m/min. The hematocrit re-
mained low for 40 minutes, However, we
found in rats, as Auvergnat found in man
(29), that swimming for either 1 minute or
5 minutes caused a hemoconcentration. The
splecen and other red cell reservoirs could
have been masking fluid shifts by forcing red
cell rich blood into the circulation during the
first few seconds of exercise. To investigate
this possibility a group of rats were splenec-
tomized and their hematocrits determined be-
fore and after various swimming times. We
found no significant difference in hematocrit
response to exercisc between splenectomized
and intact rats. The decrease in SGOT ac-
tivity reported by several investigators ap-
pears to be related to the intensity and dura-
tion of the exercise load(7,11). The time the
sample is obtained after exercise may also be
important(11). We are unable to explain
completely the rapid fluctuations in SGOT
activity occurring during the first 5 minutes
of swimming exercise.

After 10 and 15 minutes of swimming
SGOT activity returns to normal levels. With
the longer swimming times there is a gradual
and significant elevation in SGOT titer. The
1ise in transaminase activity in the longer
swimming groups is probably related to
hypoxia (30-33) developing in the active
muscles. The hypoxic condition could result
in increased permeability of the cell mem-
brane and thus allow leakage of the GOT en-
zyme into the serum. Highman et a/(30,34)
have suggested that the hypoxic condition
acts indirectly by causing release of catechol
amines, which in turn are responsible for the
increased cell permeability. However, the
work of Gray and Beetham(35) suggests the
large dose of catechol amines used to dem-
onstrate this was far in excess of the physio-
logical release of catechol amines during ex-
ercise.

This laboratory has demonstrated elevated
GOT activity in heart, skeletal muscle and
liver from exercised rats(5). Such an increase
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would result in a larger tissue/serum ratio for
GOT and would favor diffusion of GOT from
such tissues into the serum, and thus might
explain, at least in part, the elevated SGOT
activity associated with the longer duration
swimming exercise.

The function of GOT in serum is unknown.
It may have no function in serum, but may
be present as a result of slow leakage from
normal heart, skeletal muscle and hepatic tis-
sue. Likewise, the function of GOT in heart
or skeletal muscle remains obscure but it ap-
pears to be closely related to the contractile
process(36). The increased GOT in heart and
skeletal muscle associated with exercise may
represent an attempt by the organism to con-
vert an increased amount of amino acids to
keto acids. As pointed out by Cohen(37),
the rapid rate of transamination (GOT), and
its independence of aerobic conditions, indi-
cate its importance in making available such
substances as a-ketoglutaric acid or oxalacetic
acid for muscle metabolism. The appropriate
keto acids could enter the Krebs cycle and
result in an elevated production of ATP
which would aid the exercising animal in
meeting the increased work load.

Summary. The hematocrit and SGOT ac-
tivity were determined in intact and splenec-
tomized rats before and after swimming ex-
ercises of varying durations. The hematocrit
was elevated in both the intact and splenec-
tomized rats following a swimming exercise
of any duration. SGOT activity was decreased
by the very short duration swim (1 minute),
but was elevated after swimming 5 minutes.
A 10 or 15 minutes swim produced no signi-
ficant change in the SGOT activity but swim-
ming for 30, 60 or 120 minutes caused a pro-
gressive rise in such activity.
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Previous work from this laboratory showed
that pretreatment of stressed intact rats with
guanine nucleotides abolished some of the
characteristic metabolic alterations of stress
(1,2). In addition, the survival time of adre-
nalectomized rats subjected to tourniquet ap-
plication was significantly prolonged by gua-
nylic acid pretreatment(2). These experi-
ments suggested a physiological role for the
guanine nucleotides in the stress response.
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The present study was undertaken to deter-
mine whether an applied stress alters the
metabolic handling of the guanine nucleo-
tides themselves in normal and adrenalecto-
mized rats. As a first approach to this prob-
lem we measured the rate of disappearance
of C! labelled guanylic acid from the blood
of tourniquet stressed and unstressed intact
and adrenalectomized animals.

Materials and methods. Male albino rats
of the Sprague-Dawley strain, weighing 200 g
+ 10 g were used in these studies. The rats
were maintained on Purina rat chow and



