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THE MITIGATION OF PHYSICAL FATIGUE
WITH “SPARTASE”
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acid salts of potassium and magnesium = takes in the intrrmedisry metabolivm and
b, Byl e, IS o e i B e B
on : ore ter ewerciwes.
o was determined by s standandized tet. test wos reprated after
the had been crow-country for a of 00 mirebes, and sgain slter
snother such petiod of 40 In this way of fstigue wpon Functional sdape-
hmb«uuamnnl. Theu, Spustae was taken orally in & peewcribed dow
for two weeks w sme teiting wm The rewlts indicated
thet Spartam the endursnce of Hhﬁ!-knpm
extremely (atiguing physical work. It appemsed to have no effect o highly

mSa!l‘?t;kc: a l'mﬂ'mlk mal conieq ueuco‘y of mcnt':ll
p ‘wor apparently an essent
factor in the establishment of the rhythmic
cycle of wakefulness and sleep, It is accom-
panied by biological propertics adverse to good
performance capacity. Alhough theso prop-
ertles are reversible under conditions of ade-
quate rcst, man has long sought for physical
or chemical means to prevent or te
e g ey e peak
thus ex g ' worx  at
efficlency. ¥ _

One of the'drugs reputed fo moderate phy-
sical fatigue is Spartase® —{he trade name foy
the potassium and magnesium salty of aspartic
acid. Aspartic acld is a non-essential glycogenic
amino ackl, playing sone role in protein metab-
olism where urea Is the end product. 1t iy,
according to Ratner,”’ the specific nitrogen
denor in the conversion of citrulline to arginine
which occirs anaerobically in the presence
of magnestum lons and adencsine triphosphate
in the omithine cycle, Of possible significance

e —

SPotaviven  and aypartates uwd in this
wrre provided by t\‘)ﬂh l.a!‘u':.mh as Spartase, hely

Is the fact that the ormithing eycle Is related
to tho energy producing Kmu cycle as sche-
matically shown in Figure 1,

Clinical and liboratory investigations have
indicated that potassium and magnesium aspar.
tates can te physical fatigue, Kruse™
and Vial™ have reported reductions in the
subjective symptoms of fatigue, the former
treating patients with Spartase, the latter ad-
ministering it to trained athletes. -

Extensive work has been ‘reported in which
the electronic rtheotome was used as a tool for

ince evaluation, The rheotome permits
muscle: excitation by electric stimulation of
the proper motor nerves in designated cutan.
cous areay, or by stimulation of
muscles directly. The relationship of intensi
duration curves for nerve and muscle, w
according to the investigators is characteristic
of the fatigue state, has been shown to revert
back to normal following treatment with
Spartase*+*
“The purpose of this investigation was to
stdy objectively the effect of the dmg on

work capacity by measuring the physiological

-1-
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adjustments to increasingly demanding physical
work under normal conditions and in various
states of fatigue.

PROCEDYRE

The experimental plan called for the ovalua-
tion of work capacity under normal conditions
und at two different stages of induced phyyical
fatigue. This was accomplished by determin-
ing. the biodynamic potential of four subjects
on a treadmill by means of & Work Capacity

~ Test (\WCT) 'described ¢ ™ The sub-

jects wero thoroughly rested and in a post
absorptive state,

Immediately following .he first test (\WWCT I)
the subjects ran for 60-minutes on » country
road, attempting to cover the greatest possible
tigtance during that time period, This activity
cased a cortain emount of physical fatigue
which was made evident in WCT 1 adminis
tered immediately after retuming (rom the 60«
minute e, After avother best-effort run of
40 minutes turation the fatiguing consequences

of the overall effort were ovaluated in a final
wCT i
Four normal subjects of 21, 32, 38 and 53

 years of ago participated in the study, Subject

A (21) was a collego student trained for com-
remivo cross-country running, Subject B (38)
ollowed a regular training regimen, running
from one to four miles threo limes each week.
Subject C (32) played occasional tennis but
had not R::ldpn! in physical exercises of
any sign Subr“ fol;u(:‘e;h pd:‘t to l!l:
expefimients, ject + Out of regu

training for several months, ran distances of
i-amllesl?umortwhi?amk. of roud.

For Subject C the two periods

ninning were n];lacnl by cquivalent but more
readily controllable work-outy s the treadmill.
Duting the treadmill tests pulse rate, blood
pressure and pulmonary ventilation were meas-
ured at regular intervals and the oxygen intake
and carbon dioxide output were determined at
the crest load,  The total energy expenditures
during the rinning periods were estimated from
the oxygen requirements for given minning
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velocities.” In the treadmill experiments, the

speed and slope of the belt served as factors -

for the estimation of oxygen intake and total

o erergy out-put.”™

Considering the possibility of changes in

~ orthostatic tolerance due to physical fatigue,
 tilt table tests were carried ont on cach subject

before the first and following the last WCT

- of each experimental series, During 5 minutes

in the supine position, for 7 minutes tilted foot-
ward to 60 degrees and for 3 minutes following
the retum to the -horizontal, pulse rate and
blood pressire were measured in half-minute
intervals, In addition, one-lead ECG tracings
from chest clectrodes were obtained during the
tilt and excrcise experiments. ‘
After the “control” responses to this com-
plete test procedure had been established, the

- . Spartase regimen was begun, Four tablets of

230 my potassium aspartate and 250 mg mag-
nesinm _aspartate cach were taken daily for
a period of one week by Subject D and for
two weeks by the other three subjects, Then,
the entire testing procedure was repeated in

~ a second serles, under extemal environmental

conditions nearly identical to those of the first
series ag shown in Table 1.

- RESULTS

The -course of the entire exercise procedure
and the functional adjustments observed during
its various phases are shown by the data of
Subject B in Figure 2. The subject’s cardio-
respiratory responses to the gradually increas-

ing energy demands, the latter expressed in

amounts of oxygen required per unit of body
weight, provide a proper accounting of his
functional reserves and linitations during cach
of the Work Capacity Tests. In this partic-
ular case, the subject attained a maximum oxy-
gen intake of 44.2 m1/kg/min in the first “con-
trol” test and then worked at an cstimated 88
per cent of this potential capacity during the
60-minute run, The physical fatigue resulting
from this effort caused a considerable reduction
of work capacity in WCT 1. Accordingly, the
average performance during the sccond steady

_ state period of work, running 40 minutes, was

lower than during the finst pedod. The maxi-
mum oxygen intake at the end of the third
WCT was only 72 per cent of that attained
In WCT [. Although, for any given workload;
the pulmonary ventilation Increased with sccu-
mulating fatigue, the peak volume at the end

TABLE 1
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of cach wuccensive test was Jower than In the
fous test, For this experimental subject

the values wero 104, ™4, and 78 1 /min (BTPS)
for WCT I, It and 11, respectively. _
Figure 2 alio shows the test resulty after
the administration of Spiftase. The subject's
functional response pattern as well as the per-
formance capacity in all throe tests were
nearly identical.s However, in case of Subrqﬁ D
(Figuro 3) Spartase appeared to have altered

the pattem of cardiorespiratory adjustments in
response tu the same encrgy Hemo-
dynamic conditions were ammlly more cco-
- nomical (lower pulse rate and pubse prewsure)

and the ventilatory efficiency wag certainly

- improved in \WWCT 11 and 111 (less vehime of aie
requirenient). The

m?:-ed at same ;ny ™ .
subject was not only a tu perform more wor
during the 40-minute run, but abso demon-
siited a comsiderable improvement of work
capacity in the last test,

The exsential performance data of all four
subjects are shown in Table 2 Becawse body
weights changed considerably during the ex-
perimental procedure, the minute valnes for

maximum exygen intake (in the work capacity
tests) and for the average oxygen requirements
during the minning periods were presented in
milliliters per kilogram of hady weight, Since
maximum oxygen intake served as the main

‘performance criterion, the various work levels

attained were ex In per cent of the
oxygen intake in the fint “control”
test, '

Consklering the decline of performance from

WCT I to \:‘CT I as uu?t sl;nlﬁnhn: for the
assesyment "rhyslul atigue,” the results
obtained in the “control™ tests revealed for all
{our subjects, A decrense to 8473 per cent of
the original work capacity as a consequence of
the preceding r*ysical cfforts, In the Spartase
experiments the two welltrained individualy
expetienced eventially the same performance
deterioration as in the “control™ experiments.
The two physically less active subjects, how.
ever, demomtrated an increase of functional
ard metabolic reserves in the final test, their
uis fmum oxygen intake being 333 for S:l:;m
C srd 383 ml/kg for Subject D com to
638 and 279 ml/kyg, respectively, in “control™

-~
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WCT 1H. The iniﬁmvcd work capacities of
Subjects C and D were also expressed in
greater total energy expenditures (See Table 3).

- Thus, while the untrained subjects undoubtedly

- benefited from the drug, the application of
Spartase in the two subjects who were trained
for ‘peak performance in running appeared to

~ - “apset slightly the adequate adjustments for

severe physical efforts. These differences in

response were certainfy not the result of train
ing or motivating factors nor, apparently, the
resilt of climatological factors {See Table 1)
In the case of Subject C, all experimental worl
was dene in the laboratory under controlled

" environmental conditions, and in the other ez

periments lemperature, humidity and solar ra.
diation were nearly the same,

TABLE 3

ESTIMATID TOTAL INER3Y EXPEINOITURE

CONTROL. [XPLAMINTS

SPARTASE DPLANENTS

rorgy Dog, Curetion Cargy Cop. . Dyrotion
T (vory ., bosd, e,
A) wiLL 2100 "o e 158
8 TRANED 1. » 1947 190
AVERASE : 2038 o0, e T
€ s~ o i 1304 ur
o) TRAMD nee uy 11 e

AVERANL o w3 903 .8

TILT TABLE TEST

< . The orthostatic tolerance tests revealed sim-

ilar reaction; pattems in' all four subjects. The
_group averages of blood pressure and pulse
rate, presentefl in Figure 4, show that, In the
“control® experiments, (he pre-exercise “ilting
from the supine position to a 60-degree incline
caused a slight fall of blood pressure from an
average of :124/82 to 120/83 mm Hg accom-
ml«l by a rise in pulso rate from 38 to 67

ts per minute, After the [atiguing exercise,
during a perid of recovery, the changes were
more impressive, the blood pressure declining
from 118/83 to 83/78 mm Hg while the pulse
rate increased from 103 beats per minute to

*128 a3 an average for the T-minute period of

tile,

Thus, orthostatic tolerance appeared defin.
itely affected - by physicat fatigue, In the

“Spartase” experiments the peripheral neuro-

circulalory responses to the pmtiml chan
veere neatly identical. This might indicate that

- in both experimental situations physical fati;

had developed to an identical cxtent, or that
the tilt table tests were not specific enough foz
detecting more subtle differences In accumu-
lated fatigue,

KGG.
Figure 3 shows a representative recordin

of the ECG taken at rest and during excrcls'o
beiore and after Spartase, There was no indi-
cation uf changes in the ECG that might be
attributable to Spartuse. -
" The fatigue effect occurring with work in
each secies of testsis apparent in comparing
the 10th minute tracings for WCT I and 11,
The WCT 11 tracing made at a metabolic rate

: of 8 times the resting level closely resembles

the peak minute tracings of WCT 1 made at 12
tiwes the resting metabolic level,

-8
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_ . DISCUSSIONS
3 imprb\?ed‘;;wimniing -performances of raty

‘trcated with Spartase were reported by Laborit,

- et al,"™" and Roien et al."" The latter group
... of .investigators made the following cbserva-
. tions: - The -performances ohserved in 38 con.
trol rats appeared to divide them Tito two major
“groups, one of lower and one of higher snrvival
-capability in-endurance swimming. In another

~ cxperimentul serics with 38 rats treated with
~'Spartase, this differentiation did not occur and
.the mcan swimming time of this gronp cx.

ceeded that of the control rats, The investi-
gators concluded that the animals of Initiall
.E:v'pﬂfoﬂm'nce capacity were favorably al.

fected by this drug.

A similar response pattern seems apparcut in

~ this study with humans. A fatigue mitigating
‘effect J

Spartase was observed in the two
imtrained subjects when thelr candiorespiratory
and metaholic functions were severely taxed
In extended physical efforts, After the admin.

stration of Spartase, Subjects C and D ex-

pended 100 to 300 kilocalories of additional
energy under conditions of near-exhanstion and
still scored comsiderably better in the final
performance tests. The two-trained subjects,

on the other hand, showed only slight quantit
tive changes in performance and no qualitath
changes in the fatigue pattern of function
response to the test work, Whatever ro
Spartase may play in intermediary metabolisr
it contributes nothing to the metabolic capabi
ity of the trained individual, Evidently, t}
trained organism has attained a point of opl
mum coordination of functional and metabo!
adjrstments that cannot advantageously t
alfected by this drug,

We can anly speculate on the mechanisir
involved In mitigating the fatigue of the ur
trained individuals, A 'lT)"l"c cconomical li)c;plr}:
tory action Is a powibility suggested t
work of Laborit and others."™  They found
reduction of CO, in plasma and expired al
of hypercapnic dogs treated with magnesiur
and potassium aspartates, This reduction sup
mwgl; occnrred as CO, and NH, were utilize
in the ornithine cycle, In the case of Subject
on whom pm;ﬁ measurements of CO, I
explred alr were made, there was an indicatior
of reduced CO, production after the admin
istration of Spartase. This {s shown In the daty
of Table 4. While theso data are not con.
clusive, they aro in the direction expected from

TABLE 4

! EXPIRED VOLUME OF CARBON DIOXIDE

i mi/kg/min — . Subject C
’ .
, weTl wrg T owerm
Ma | _PreSp. [ Post-Sp  Pre-Sp.s.. PostSe.  Pre-Sp. Peskdy.
. ~ -
%3 W e e o 10.6
0.8 04 76 1 I”.2 1.4
0 24.2 240 20 238
14 3.2 299
8. 4268  40.
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l_..'ubrorit'-'s'"{w{_)rli. '_."Rrhpiu_ltory center activity
~ during wotk might have been diminished be.

cause of lower blol CO, content. Creater

- economy in the respiratory effort did occur in’
... the cases of Subjects C-and D, following Spar-
- tase. Both snbjects showed sizeable reductions
- in ventilation at identical workloads, indicating

greater ventilatory efficlency since the oxygen

o requirements remained the same,

- The limitations of this study _pr&luu(!a any

_ generalizations about the anti-fatigue cffects -

of Spartase, However, the resnlts, showing a
fatigue mitlgating cffcct in some Individuals,

" ate of sufficicnt interest to fustify a more de-
" tailed study of its role In affecting respiratory
~ . gas exchange and intermediary metabolism due-

ing prolonged severe stress,

The authors gratefully acknowledge the tech-
nlcal assistance of Wilbur L, Smith and Kamal
Shanbous. '

SUMMARY

Some experimental and clinical investigations
have shown that Spartase — the potassium and
lum salts of aspartic ackd — has a
Rating effect on physical fatigue,

It was the purpose of this study to-vvaluate
the cffects of the drug on the work capacity of
four men before and after eplyodes of physically
fatlgublg exercises, Work capacity was de-
termined on the treadmilli using the standard-
{zed procedure of gradual minute-by-minute
increases of slogo at constant walking speed.

The test was repested after the snbject had

been running cross-country for a period of 60
mirates, again aftor another such

of 40 minutes, In this way effects of fatigue
upon functional adaplability to stress became
apparent,  Alter control data had been estab-

lished, Spartase was taken orally in recom.
mcndcdtro.u" 4

_ ges for two weeks, whereupon the
same complex testing procedure was pepeated.

" The performances of two well-trained in-

dWiduals appeared to be unaffected by the

drug. Two other individuals, who did not train
regulacly appeared to benefit from the Spartase
medication,” After Spartase these subjects ex.
pended 100300 kilocalories of additional cn-
ergy under conditions of near-exhaustion, and
still svored considerably better on the crcial

last performance tests,. . :

The results’ Indicated that Spartase. was
effective in' mitigating physical fatigve in un-
. tzained individuals engaging in stienuowns work,
It appearx] to hwe no clfect on trained
" Individuals. '
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