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Over the past 30 years several investigations 
have been made concerning the behavior of 
the supply of nutrients in the blood during 
periods of exercise. Considerable evidence in 
support of the increased metabolism of both 
glucose and non-esterified fatty acids (Nefa) 
has bwn obtained ; however, reports describing 
the behavior of b l d  concentrations of these 
substances provide inconsistent data. Many 
of these inconsistencies are no doubt due to 
variation in the severity of exercise, the site 
of blood sampling, and the amount of previous 
physical training of the subject. Moreover, 
concentrations of plasma nutrient measured at  
various times during the transient period fol- 
lowing initiation of exercise may differ con- 
siderably. Heretofore, the expeximental periods 
of continuous elevated metabolic rate have 
been of such brief duration as to preclude at- 
tainment of steady state, thereby not only 
eliminating $steady state information, but also 
introducing a “time error” among experi- 
menters and rendering comparison of results 
difficult. The following experiments were 
therefore diesigned to examine the time course 
of response of plasma glucose and Nefa levels 
to an increase in metabolic rate and to deter- 
mine whether steady state plasma concen- 
trations of these nutrients could be o b w e d .  

Having characterized this response, it was 
then of interest to investigate the pocssible in- 
volvement of catecholamines. The glycogen- 
olytic effect of epinephrine has long been 
implicated in the sympathetic response to 
stress, although its r d e  in the regulation of 
glucose supply during an increase in metabolic 
rate has not been delineated. Norepinephrine 
has been shown to be la potent fatty acid 
releasing agent, both when present in blood 
and via adrenergic innervation of adipose tis- 
sue tissue ( I ,  2 ) .  In an attempt to determine 
if the plasma nutrient responses to an increase 
in metabolic rate are dependent on the action 
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of these catecholamines, a second set of ex- 
periments was performed on animals in which 
catecholamine stores had been depleted by 
reserpine administration. 

Because of the various technical problems 
encountered in maintaining constant exercise 
for periods of several hours, hypermetabolic 
states were achieved in anesthetized dogs by 
injection of 2,4-&nitrophenoI (DNP). Pre- 
vious studies of plasma nutrient response to 
DNP have revealed a marked hyperglycemia 
with depletion of hepatic and muscle glycogen 
stores (3),  and an apparent increase in glucose 
(4) and Nefa (5)  uptake by muscle tissue. 

Methods and Materials. Dogs fasted over- 
night were anesthetized with intravenous sc+ 
dium diethylbarbiturate, 2 0 0  mg/kg, preceded 
0.5 hour by intrapenitoneal morphine sulfate, 
4 mg/kg. Such a combination was capable of 
maintaining anesthesia for at least 5 hours 
without supplemental anesthetic. Each animal 
was fitted with a tracheal cannula and at- 
tached to a Benedict-Roth metabolimeter; a 
Cournand needle was inserted in the left ex- 
ternal jugular vein. Following the completion 
of all surgical procedures, the animal was 
permitted a I-hour stabilization period. Blood 
samples of 5 ml were drawn into heparinized 
syringes every 15 min during a 0.5 hour pre- 
DNP basal period and a 3 hour post-DNP 
period. The DNP, 5 mg/kg, was injected in- 
travenously as a 3.16% solution of Na dinitre 
phenoxide in water, pH = 9.4. Duplicate 
determinations af plasma glucose and Nefa 
concentrations were made using the g l u c w  
oxidase and a modified Dole’s method (6) 
respectively. The catecholamine depletion ex- 
periments were identical with the exception 
that reserpine, 0.1 mg/kg, was injected intra- 
peritoneally as a 0.5% solution in 2070 as- 
corbic acid on each of two afternoons preced- 
ing the day of the experiment. 

Results. Our preliminary interest is the 
long-term #behavior of pllasma g l u m  and 
Nefa concentrations in norrnal, amHhe(tiZed 
animals (Fig. 1). Average glucose cmcen- 
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FIG. 1. Oxygen consumption ratio and deviation 
od plasma ghcose and Nefa concentrations in four 
anesthetized dogs. 

tration in four dogs was 91 mg/lOO ml ini- 
tially and remained within t 5 mg/100 ml 
throughout 3 hours. Average Nefa concen- 
tration was 397 peq/liter initially and ex- 
hibited 'it slow increase over the 3 hours. Re- 
gression analysis of deviations from the ini- 
tial plasma Nefa concentration revealed a 
relaitionship: Nefa = -11.9 + 65 .2 ( t )  
where t is time in hours, with standard error 
of estimate = 122.0. The slope was signifi- 
cant at p < .01; the intercept was found not 
to differ significantly from zero. The rate of 
oxygen consumption in $these animals remained 
essentially constant. This variable is plotted 
in Fig. 1 as the ratio to the value at com- 
pletion of the 1 hour stabilization period. 

Response of normal animals to D N P ,  As 
may be seen in Fig. 2a, oxygen consumption 
rose abruptly, then remained relatively con- 
stant alt about 2 . 2 5  times the pre-DNP level, 
an increase comparable to that of mild exer- 
cise. Plasma glucose concentration in these 
six animals began rising immediately follow- 
ing DNP administration, reached a peak 30 
mg/100 ml above Ithe (basal level in 30 min, 
and then slowly fell to about 15 mg/100 ml 
above basal, where it then remained over 
the last hour. The increase in plasma Nefa 
concentration during the first 2 hours after 
DNP administration, Nefa = -25.8 + 
65.0 ( t ) ,  did not differ from that of the con- 
trol group. During the third hour, howem, 
the slope constant increased to 276.0 peq/liter 
per hour, which differed significantly ( p  
< :01) from both the previous 2-hour slope 
(65.0 M i t e r  per hour) and the slope of 

the control group (65.2 peq/liter per hour). 
Response of reserpinized animals t o  D N P .  

To investigate the possibility that the DNP 
induced hyperglycemia and elevated Nefa. 
level resulted from the action of endogenous 
catecholamines, these experiments were re- 
peated in five other animals pretreated with 
reserpine. Average oxygen consumption ratio 
of the reserpinized dogs was found by group 
comparison t \test to be significanrtly greater 
than that of the nonreserpinized animals, p 
< .05, (Fig. 2 b ) ,  however, the change in 
plasma glucose concenltration of the reser- 
pinized group was not detectably different 
from th,at of the normal group. The DNP 
induced change in Nefa concentration in 
reserpinized anilmals was found by analysis 
of variance to be significantly lower ( p  < 
.05) than that of the normal nonreserpinized 
group for the first 2 hours, allthough the rise 
during the (third hour could not !be shown 
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FIG. 2 .  Time course of oxygem consumption ratio 
and deviation in plasma glucose and Nefa con- 
centrations from basal after DNP: (A, top). Six 
nonreserpinized dogs. (B, bottom). Six reserpinized 
dogs. 
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to differ from that of either the normal or 
the control animals. The mean basal pre- 
DNI’) glucose and Nefa concentrations were 
found by group comparison t test to be sig- 
nificantly higher in reserpinized than in nor- 
mal animals at the probability levels indi- 
cated in Table I. There was no difference in 
basal oxygen consumption. 

Discussion. The action of dinitrophenol 
appears to be primarily an uncoupling of 
the oxidation and phosphorylation processes 
( 7 ) .  Thus, although nutrients are oxidized, 
the transfer of this energy of oxidation to 
the formation of high-energy phosphate oc- 
curs with reduced efficiency. Consequently 
an increased rate of nutrient metabolism is 
necessary to meet basal energy requirements 
of the tissues. That the plasma pool of glu- 
cose is increased rather than depleted under 
such conditions is of particular interest. One 
possible interpretation is that this hypergly- 
cemia represents the response of a system 
capable of sensing the increased metabolic 
rate and evoking a release of stored glucose. 
Were this Ithe case it would not be surpris- 
ing that a hyperglycemic steady state should 
result since this and the consequent hyper- 
insulinemia would facilitate glucose uptake 
to meet cellular energy requirements. 

The proposal of such a regulatory system 
is not without precedent. The existence of 
an unidentified “metabolic rate sensor” has 
been proposed to account for the hypernea 
of exercise (8).  I t  is interesting to speculate 
that the hyperglycemic response reported here 
might be of similar origin. 

Allthough the action of dinitrophenol on 
intermediary metabolism is basically different 
from ‘that of exercise, both forces lead to an 
increased cellular requirement for nutrients. 
Furthermore, many investigators report a sig- 
nificant transient hyperglycemia during exer- 
cise (9,10), suggesting that both forces result 

in qualitatively similar responses. It has 
been demonstrated that DNP hyperglycemia 
is not the result of general asphyxia or hyper- 
capnia (1 1 )  ; however, fuiither study is neces- 
sary to eliminate the possibility of a direct 
effect of DNP on glycogenolysis. 

Reserpine, when given intraperitoneally on 
each of 2 days preceding experimental use, 
has been found to deplete nerve endings of 
cardiac muscle, adrenal medulla. and adipose 
tissue to less than 1Oc/r of their normal cate- 
cholamine content (12-14). I t  does not, 
however, block the recovery of blood glucose 
concenltration following induction of insulin 
hypoglycemia ( 15). The absence of any dif- 
ference in plasma glucose response of normal 
and catecholamine depleted animals suggests 
that catecholamine release, either via the sym- 
pathetic nervous system or as transported in 
plasma, is unimportant in the hyperglycemic 
response to DNP. However, the higher basal 
glucose concentrations in the reserpinized 
group appear to be in conflict with what 
would ,be expected in the absence of cate- 
cholamine and suggest the introduction of 
another effect of reserpine. The data of other 
investigators, using reserpinized animals in 
metabolic studies, reveal similar differences, 
particularly in fasting blood glucose concen- 
tration (15-1 7). The Occurrence of a reser- 
pine induced release of pituitary corticotropin 
resulting in extended glucocorticoid responses, 
as well as the classical acute catecholamine 
responses, has been reported and confirmed in 
recent literature (18,19). A corticoid induced 
increase in gluconeogenesis might explain the 
elevated basal glucose and even mask the 
effects of catecholamine depletion on the 
plasma nutrient response to DNP. 

The initial drop in plasma Nefa concen- 
tration detected in reserpinized animals sug- 
gests either a greater dependence of this 
group on plasma Nefa for nutrient material 
or a decreased rate of release from adipose 
tissue. 

Summary. The response sf plasma glucose 
and Nefa concentrations to DNP has been 
investigated. An overshoot in the transient 
response of plasma glucose concentration to 
a DNP-induced step increase in metabolic 
rate was apparent, with roughly 2 hours re- 
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quired for attainment of the steady state. 
We have failed, however, (to detect any im- 
pairment of this response by prereserpiniza- 
tion. The Nefa concentration was found to 
increase continuously in response to DNP 
at a rate greater than that found in anesthe- 
tized control animals. The reserpinized ani- 
mals differed only ‘by an initial decrease in 
plasma Nefa concentration following DNP. 

1. Abboud, F. M., WendCng, M. G., and Eckstein, 
J .  W., Am. J. Physiol. 205, 57 (1%3). 

2. Correl, J .  W., Science 140, 387 (1963). 
3. Hall, V. W., Field, J., Sahyun, M., Cutting, 

W. C., and Tcainter, M. L., Am. J. Physiol. 106, 
432 (1933). 

4. Issekutz, B., Jr., IHetenyi, G., Jr., Winter, M., 
Mosonyi, M., and Forbath, M., Acta Phydol. Acad. 
Sci. Hung. 10, 327 (1956). 

5 .  Spitzer, J. J., McElroy, W. T., Jr., and Issekutz, 
B., Jr., Proc. k c .  Exptl. B i d  Med. 108, 89 (1961). 

6. GOSS, J. E. and Lein, A., Clin. Chem. 13, 
36 (1967). 

7. Simon, E. W., Biol. Rev. Cambridge Phil. SOC. 
28, 453 (1953). 

8. Grodins, F. S., Physiol. Rev. 30, 220 (1950). 
9. Dill, D. B., Edwards, H. T., and Mead, S., Am. 

J. Physiol. 3, 2 1  (1935). 
10. Miller, H., Issekutz, B., Jr., and Rodahl, K., 

Am. J .  Phydol. 205, 167 (1963). 
11. Hall, V. E., Brown, C. A., and Sahyun, M. 

Proc. SOC. Exptl. Biol. Med. 31, 380 (1933). 
12. Waud, D. R., Kottegoda, S R., and Krayer, 

O., J .  Pharmacol. Exptl. Therap. 124, 340 (1958). 
13. Kirpekar, S. M., Cervoni, P., and Conri, D., 

J. Pharmacol. Exptl. Therap. 142, 71 (1963). 
14. Weiner, N., Perkins, M., and Sidman, R. L., 

Nature 193, 137 (1962). 
15. Rees, H. V. a d  Noaoh, E. L., Acta Physiol. 

Pharmacol. Neerlan’dica 10, 181 (1961). 
16. Edmunson, J. H. and Goodman, H. M., Proc. 

SOC. Exptl. Bid.  Med. 110, 761 (1962). 
17. Maickel, R. P., Westermann, E. D., and 

Brodie, B. B., J. Pharmacol. Exptl. Tmherap. 134, 
167 (1961). 

18. Westermann, E. O., Mdckel, R. P., and 
Broldie, IB. B., J. Pharmacol. Exptl. Therap. 138, 208 
(1962). 

19. Eechaute, W., Lacroix, E., and Leusen, I., 
Experientia 18, 233 (1962). 

Received Aug. 30, 1967. P.S.E.B.M., 1968, Vol. 127.  

Transaminase Inhibition by Decaborane* (32776) 

WALTER N. SCOTT, HENRY D. COLE, JUANITA H. LANDEZ, AND ARTHUR A. WYKES 
(Introduced by R. K. Richards) 

Physiological Chemistry Section, USAF School of Aerospace Medicine, 
Brooks Air Force Base, Texas 

The use of the lboron hydrides, pentabmane 
and decaborane, in recent years as high energy 
propellants has stimulated interest in the 
mechanism(s) by which this class of com- 
pounds expresses its toxic effects. 

Boron hydrides are known to cause marked 
derangements in the biochemical and func- 
tional relationships of Ithe central nervous sys- 
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tem (1). While there is indirect evidence 
that many of (the effects may be due to 
inhibition of aromatic amino acid decarbox- 
ylases ( 2 ) ,  direut evidence has been obtained 
that SHTP dmrboxylase (EC 4.1.1.26) is 
inhibited by decaborane (BO1Hl4) ( 3 )  ; these 
are all pyridoxal-requiring enzymes. For this 
reason, we chose to examine a number of 
pyridoxal enzymes, as well as several non- 
pyridoxal-requiring enzymes, to test the hy- 
pothesis that the toxic manifestations of boron 
hydrides are primarily due to their inihibition 
of pyridoxal enzymes. 

We are reporting our initial resulmts show- 
ing ‘the effects of d w b r a n e  (BloH14) upon 
glutamic-oxalacetic transaminase (aspartate 
aminotransferase, EC 2.6 : 1.1) activity in the 


