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gfiect of caffeine and ephedrine ingestion on
anaerobic exercise performance

L pOUGLAS G. BELL, IRA JACOBS, and KRISTINA ELLERINGTON
pefence and Civil Institute of Environmental Medicine, Toronto, Ontarie M3M 3B9, CANADA

ABSTRACT

e i BELL. [0 G, L JACORS, and K. ELLERINGTOM. Effect of caffeine and ephedrine ingestion on anserobic exercise performance, Med.
Sci. Sports Exerc., Vol 33, No. 8, 2000, pp. 1399-1403, Purpose: Ingestion of o combination of caffeine {C) and ephedrine (E)
prolongs time to exhaustion during high-intensity aerobic exercise. CNS stimulation by C and E was proposed as pant of the mechanism
for the improvement. [t was thought that this arousal might also be of benefit duning anserobic exercise. The purpose of this study was
o inwestigate the effect of C, E, and C+E ingestion on performance of snoerobic exercise. Methods: Two groups were used to evaluaie
the effect of C and E on anaerobic performance. Groap | (WIN) consisted of 16 healthy unirained male subjects who performed a 30-5
Wingate test. Group 2 (MAOD) consisted of 8 healthy untrained male subjects who pedformed a supramaximal (125% V0, ) cycle
exercise irial 1o exhaustion to determine maximum accumulated oxygen deficit. The trials commenced 1.5 h after ingesting either C
(5 mg-kg ™), E (1 mg-kg™'). a combination of C+E. or a placebo (PL. All irials were randomized and double blind, Blood samples
were assayed for lactate and glucoss post drug ingestion just before exercise, and again 3, 5, and 10 min post exercise. Catecholomines
were measored in the preexercise and 10-min postexercise blood samples. Results: Ephedrine increased power output during the early
S B phase of the Wingate test, whereas C increased time to exhaustion and O, deficit during the MAOD test. C, E, and C+E increased
blood lactate, glucose, and catecholamine bevels. Conclusion: The improvement In anasrobic exercise performance is likely o result
of both stimulation of the CNS b!‘ E iﬂd Skﬂlbﬂl mum:l-e by C. Key-Words: ERGOGENIC AIDS, DOPAMINE, CATECHOLAMINES,
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" rgogenic aids are usually considered in terms of their
cffects on competitive sports performance, but they
also have potential applications for the enhancement
or sustaining of a soldier's performance. Unlike sports,
where the use of pharmacological ergogenic aids is uneth-
ical, such cheating would not concern the military. It is
likely that a safe ergogenic aid would find application in a
military setting if the pcrfonnancc ben.eﬂts increased the
chances of mission success.
Racent studies demonstrated that a mixtu:c of caffeine
(C) and ephedrine (E) ingested approximately 1.5 h before
exercise significantly improved exercise performance- (5—

8). In one study (6), C and E significantly improved cycle

ErEometer exercise time to exhaustion; furthermore, the
benefits of combining C+E were additive (7). In a field
stwdy where subjects ran 3.2 km as quickly as possible while
wearing military "“fighting order” (i.e., webbing, backpack,
full canteen, ammunition, and carrying a rifle), run times

werealso significantly improved by C+E ingestion (51 The

Peivent improvement in the 3.2-km run (5) was reduced
tompared with the ride time to exhaustion (6), and this was
believed to be related to the intensity of effort and the type
of test. The estimated intensity of effort during the 3.2-km
fun was predicted at 90% VO, ., from heart rate data (5),
Whereas the intensity of effort for the bike ride was held
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constant as 85% VO,,.,,. Further, the bike test was a test to
exhaustion, whereas the run test was a time to completion.
In a follow-up study, the dosage of C+E administered was
reduced and a history of caffeine use was also investigated
as a possible confounding variable (8). The findings from
this study showed that time to exhaustion was significantly
prolonged after ingestion of C+E compared with placebo,
and the magnitude of the performance improvement was
greatest in individuals who ingested caffeine regularly (8).
This latter finding was attributed to an “overdosing” of
individuals who were not accustomed to caffeine. Taken
together, these data indicate that ingestion of both C+ E may
improve one's ability to sustain high-intensity aerobic work.

It was speculated that the primary mechanism resulting in
improved performance after C+E ingestion was increased
central nervous system (CNS) stimulation (6). It is tempting
to speculate whether such CNS stimulation would also en-
hance anaerobic exercizse performance. However, the data

“are equivocal in regard to separate administration of C or E

on anaerobic performance. For example some studies on C
report no improvement (10,11,15), whereas other swudies
report ergogenic effects (2,9,12). Research on E is sparse
and nonsupportive (13,20). Moreover, there are no reported
studies investigating the combination of C+E on anaerobic
performance. The physical fitness demands of many mili-
tary tasks involve the performance of supramaximal exer-
cise, i.e., intensities that exceed maximal aercbic power;
thus, there could be very broad benefits of an ergogenic aid
that was shown to improve both aerobic and anaerobic
exercise performance.




Thus. the purpose of this study was to investigate the
effect of ingesting C. E. and their combination on anaerobic
exercise performance. It was hypothesized that, compared
with a placebo, a combination of C+E would enhance
anaerobic performance beyond any possible enhancement
seen with separate administration of either drug.

METHODS

General design. To evaluate various aspects of anaer-
ohic performance, two study groups were used in this in-
westigation, The first group (WIN) performed a Wingate test
{4), whereas the other group (MAOD) performed a maximal
accumulated oxygen deficit test (19). Subjects reported to
the laboratory for seven test sessions. During the first ses-
sion, subjects underwent a medical screeming and were
given a caffeine intake questionnaire before signing an
informed consent document. Once completed, subjects had
their VO .y determined on an electronically braked cycle
ergometer (Ergomed 920/930, Siemens-Elema, Solna, Swe-
den) using a ramped cycle protocol (25 W-min™"). Visits 2
and 3 served to familiarize subjects to the performance tests
they would be performing throughout the study; sessions
4-7 were the treatmient trials. All sessions were separated by
at least | wk.

Treatment trials. These trials were double blind and
randomized. Subjects reported to the laboratory after an
overnight 12-h fast. They also had refrained from drinking
alcohol and caffeine for 24 h before testing. Two hours
before commencement of the trials, a 400-mL sport drink
{Gatorade®) was consumed. After the 2 h, a venous catheter
was inserted in an antecobital vein {Insyte®, Deseret). Sub-
jects were then instructed to rest for 15 min, after which a
blood sample was drawn. Ten mL of blood were drawn at
each sample time: 5 mL were expelled into a tube treated
with EGTA (90 mg:mL™") and glutathione (60 mg-mL™")
(Cat-A-Kit, Upjohn, Kalamazoo, MI). This sample was used
for catecholamine and drug analyses. The remainder was
expelled into an EDTA tube. Between samples, the catheter
was kept patent by flushing it with heparinized saline. After
the first blodd. sample, the subject ingested one of the
following four treatments: 5 mg-kg ™' body weight of C, 1
mg-kg ™" body weight E,a combination of these doses C+E,
or a placebo (P) that-contained a dietary fiber (Metamucil®).
All treatments were ingested in opaque gelatin capsules.
Minety minutes after ingestion (pre-exercise) another blood
sample was drawn. After this sample, the subjects com-
pleted the performance test protocol. Upon completion of
the test protocol, the subject moved to a stretcher and lay in
a supine position for blood sampling. Here, blood samples
were drawn 3, 5, and 10 min after the termination of the test.

WIN group. Sixteen healthy male volunteers, aged 32 *
4 yr (mean + SD), mass of 80.0 = 9.2 kg, and VO, 47.7
+ 6.2 mL-kg™"-min~" performed the Wingate test. Eleven
were coffee drinkers, i.e., consuming greater than the equiv-
alent of | cup of coffee per day. The procedures for this test
follows. A 5-min warm-up ride was performed on a me-
chanically braked ergometer (Cardionics AB, Stockholm,
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Sweden). The warm-up resistance was set at 1.5 kg ang "
pedal frequency of 60 revolutions per minute. Twice durip,
this warm-up, the subjects were instructed (0 sprint as hyrg
and fast as possible while the resistance was increased yp
4-6 kg for about 3-3 5. The warm-up was followed by ,
2-min period of stretching. Next, the Wingate test wpq
performed with the resistance adjusted to the subject’s body
weight (0.08 gkg™") (4). The subjects were instructed g
remain seated while cycling and to cycle as quickly and g,
forcefully as possible through the entire 30-s duration of
exercise. Upon the command to begin exercise. subjecs
were allowed 2-3 s to overcome the inertia of the flywheg|
before the full resistance was applied and the 30 s com.
menced. Once full resistance was applied power output was
averaged every 5 s over the 30-s duration of the test via 4
computer system supplied with the ergometer. Verbal en.
couragement was provided throughout the ride.

MAOD group. Eight healthy male volunteers, aged 372
+ 5 yr, mass of 86.8 = 9.1 kg, and VO, 43.5 = 34

mL-kg~"-min~"' performed the MAOD test All were coffee - -

drinkers, i.e., consuming greater than the equivalent of [ cup
of coffee per day. During the initial visit these subjects also
had their oxygen consumption measured on the electroni-
cally braked cycle ergometer while performing four consec-

utive submaximal intensities approximating 50%, 60%, -

70%, and 80% VO,__.,. Each submaximal ride was 4 min in

2peak;

“duration. A linear regression equation was calculated for

each subject from these submaximal oxygen consumption
and power output values. The MAOD power output equiv-
alent of 125% VO, was then calculated from this equa-
tion. This power output was then used in the treatment trials.
Procedures for the treatment trials were as follows. The
electronically braked cycle ergometer was used during the
MAOD tests, A warm-up ride at 60 W was performed for 5
min at a cadence selected by the subject (60-80 rpm). At
the end of this 5-min warm-up, resistance was immediately
increased to the power output calculared to correspond to

125% V0 speay and collection of expired gas was initiated. —
Expired gas was collected in a 300-L. wet spirometer (Col- .
lins Gasometer, Braintree, MA). After determining the tem- _
perature and volume of the expired gas, a sample from the

spirometer was directed to the oxygen and carbon dioxide
analyzers (Ametek models S3A and CD3A, Pittsburgh, PA)
for the determination of these gas fractions. For the MAOD,
test oxygen deficit was calculated as the difference between

the oxygen demand, as determined from the linear regres: _

sion equation and oxygen uptake during the high-intensity
component of the test. Verbal encouragement was provided

throughout the test, but elapsed time was not revealed-

Cadence was allowed to range between 60 and 100 rpm. The
test was terminated by the experimenter when the cadence
dropped below 60 revolutions per minute.

Blood analysis. Plasma was obtained from aliguots of
each blood sample and assayed for glucose (GOD-PAP
Boehringer Mannheim, Germany), norepinephrine, epi-
nephrine, and dopamine (negative ion chemical ionizano?
gas chromatography-mass spectrometry (21). Another ali-
quot of each blood sample was immediately deproteinized
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gtar catteing (G, ephedrne (E), C + E, or placebe (P) ingestion.
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Time
(s) P (W) L) EIW) C+EMW)
5 W0=3]  W02=3  106+33° 1047 =320
10 791 = 21 797 = 21 B3 =210 8112220
5 683 = 17 9219 ET5+19 682 = 10
2 584 = 15 587 = 15 574 = 16 582 = 18
% 501+ 14 SOT=16 4% =17 497 = 16
0 A44 = 15 44 =17 29727 40 = 17

3:;'__::- nan-E trials.

and subsequently assayed for lactate (18). Preexercise
"plasma samples were also assayed for C and E by mass
spectrometry  (GC-MS)  electron-impact,  selective-ion
mOonitonnge.

Data analyses. A 2 X 2 factorial repeated measures
analysis was used to determine the effects of caffeine
{pregent or absent) and ephedrine (present or absent) on the
ride .ime to exhaustion, oxygen deficit, and accumulated
oxyozen consumption for the MAOD test. For all other
variables a three-factor design was used, ie., the 2 % 2
factorial repeated measures (caffeine and ephedrine treat-
ments) and a repeated measures over time, to compare the
changes in the dependent variables across treatments and
tume: Commercially available statistical software was used
(1). When a posr_hoc comparison was required, a. means

; cnmﬁarisun contrast technigue was employed and the Huyn- .

* Felet-epsilon factors were used to adjust degrees of freedom

" for multiple comparisons (1). Statistical significance was
accepted at the P < 0.05 level. Variables measured at
exhaustion for the MAOD were used in the analysis; how-

- ever, those values corresponded to varying times to exhaus-
tion among the subjects.

RESULTS

Caffeine and ephedrine concentrations. Plasma
caffeine concentration just before the performance tests
afier C and C+E ingestion. were similar, as were plasma

" ephedrine concentration after E and C+E ingestion. No
caffeine was detectable in the P or E trials, nor was any E
detectable in the P or C trials. :

WIN group. Table 1 shows that the administration of
ephedrine (E and C+E trials) produced a significant in-
crease in power early in the ride compared with the trials
when E was not ingested (P and C). After 15 s, this increase
in parformance no longer existed.

Both C and E treatments caused increased lactate post
exercise; C+E lactates were greater than C, E, or P. Also C
and E were greater than P post exercise at the 10-min mark
{Fig. 1).

Caffeine and ephedrine ingestion significantly increased
tlucose levels pre- and post-exercise (Fig. 2).

The caffeine treatments (C and C+E) were associated
Witk significant increases in epinephrine levels pre- and
Post-exercise compared with the noncaffeine trials (E and P)
(Tuble 2). Norepinephrine was increased for the C and E
inials post exercise, and the combination was additive. The
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FIGURE 1—RBlood lactate (mean = SEM) pre- and postexercise at 3,
5, and 10 min after performance of the 30-s Wingate test (N = 16), *
Significantly different from P; t significantly different from E; %
significantly different from C.

ephedrine trials showed a significant increase in dopamine
post exercise compared with the nonephedrine trials. :

MAOD group. Table 3 shows that the administration of
caffemne (C and C+E trials) significantly improved times 10
exhaustion by about 8% compared with the non-C :rials (P
and E). C and C+E significantly increased MAOD by about
7%, as well as significantly increasing postexercise bicad
lactate (Fig. 3). Caffeine and ephedrine ingestion signifi-
cantly increased glucose levels. The C+E treatment signii-
icantly elevated glucose levels above the C, E, and P levels
at all time periods. C and E glucose levels were also sig-
nificantly elevated above P-levels (Fig. 4). The caffeine
treatments (C and C+E) were associated with significant
increases in epinephrine levels pre- and post-exercise com-
pared with the noncaffeine trials (E and P). Norepinephrine
was not changed 10 min post exercise as a result of caffeine
and ephedrine ingestion. The ephedrine trials were associ-
ated with a significant increase in dopamine levels post
exercise compared with the nonephedrine trials (Table 2).

12

Time (minutes)

FIGURE 2—Blood glucose (mean = SEM) pre- and postexercise at 3,
5y and 10 min after performance of the 30-s Wingate test (V = 16), *
Significantly different from P; + significantly different from E; §
significantly different from C.
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THALE 2. Catechalamines [mean = SEM) pre- and post-axercise at 10 min for the Wingate (N =

o+ placeba (P) was ingesied 1.5 h bebare the performance 1ests.

16} and MAOD (N = 8) performance tests; caffeing (C), ephedrine (E), C - ¢

—,

Wingate _ MADD e
Pragzereise Postexercisn Presxarcise Postexentize
Esineghring {pmal - L") S
C+E 4199 = 19.4* g22 8 = 745 1T6E = 576" 4340 = 8187
Caffeing 4516 =313 B95.8 = 118.4° 482 4 = 56.0* 4523 = 45
Ephedring E0 =176 5066 = 676 281.8 = 56.5 2408 =753
Placebo 3483 = 245 647.5 = T84 2674378 2620+ X8
Noreginephrine jnmod - L") e
C+E 31902 1081 + 0.95*° 258 = 016 430 = 060
Catleine 330=020 952 + 063" 234 =036 475 =018
Ephedring 304 =017 871 = 0.64° 262 =025 451 =084
Placebo 2T =0 =050 20 =028 133 =036
Dopamine (pmel - L=7)

" C+E 5M.2 = 366 1480.0 = 121.1° 54T 82 1002.0 = 17624
Caffema 5459 =299 7B99 + 386 6389 = B33 612.4 = 439
Ephadrime 5892 = 282 1380.7 = 1245 6593 + 940 #91.9 = 103.1%
Pizcaba 4982 = 185 7183 = 326 4961 = 529 7295 = 1201

+( trials > nan-C triais: ° trias > non-E irials.

DISCUSSION

In the present study C and E ingestion was associated
with mgmt‘ icant improvement in different aspects of anaer-
obic exercise pe:lf-nrmance However, there was no additive
 effect or synergism between C and E when taken together.
' WIN group. Ephedrine improved performance of the
' Wingate test, which is purported to be a test of anaerobic

" power. Performance was only improved during the fizst 10 s
" "of this 30 s test. No improvement in performance was seen
""" with C, although the blood data for norepinephirine, lactate,
_ and glucose were similar for the C and the E trials post

| exercise. The observation that ephedrine ingestion did not

~ cause changes in the blood chemistry variables, taken to-
“'gether with the sympathomimetic chardcteristics of ephed-
_ rine, suggests that the resulting performance improvement
" may not originate within the muscle. This would be consis-
* tent with earlier speculations (6,7) that E may stimulate the
' CMS rather than muscle metabolism.

© An elevated dopamine level was associated with the E
trials, raising the possibility that there may be a nerve factor,
" as dopamine is a precursor to both epinephrine and norepi-
nephrine within the peripheral nervous system. Further,
dopamine is also a important neurotransmitter in the CNS,

15 5 Ma0D

Lactate (mmol/L)

Time (minutes)

FIGURE 3—Blood lactate (mean = SEM) pre- and postexercise at 3,
5, and 10 min after the MAOD test (N = B). * Significantly different
from P; 1 significantly different from E.
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especially in the area of the hypothalamus, which is known
to be imporant for body arousal. In addition, it is known
that ephedrine easily crosses the blood brain barrier and
probably stimulates this area. These observations further
suggest that ephedrine may be influencing an enhanced
CINS drive rather than enhancing muscie metabolism. How.

ever, where the increased dopamine is ~oming from and ii's
implication for performance enhancement warants further

research.

~The present performance improvement with E conflicts
with the works of others (13,207, Much of the discrepancy
may be related to the dose of E, The dose of E used in the
present study (1.0 mg-kg™ ") was 2 to 2 times the leve! used
previously (13,20). Also, Gilles et al. (13} used 120 mg of
pseudoephedrine. Pseudoephedrine is only about a third the
strength of ephedrine; thus, a 120-mg dose of pseudoephed-
rine is equivalent to about a 40-mg dose of ephedrine (13),
or about a 0.5-mg-kg ™" dose in our study.

MAOD group. Caffeine improved time to exhaustion in
the MAOD test, which is considered by some individuals
(12,19), but not all (3,14), to be an appropriate test for the
indirect noninvasive determination of ATP production from

Y

anaerobic metabolism. The enhanced tinie to exhaustion

might suggest that the effect of the caffeine treatments in the
current study is related to an enhanced stimulation of skel-
etal muscle metabolism rather than stimulation of the CH5.
This appears to be supported by the fact that the greater O
deficit during the C trials was paralleled by a greater in-

crease in blood epinephrine and lactate that was not seen in _

the E trials. It has been hypothesized previously that skeletal
muscle metabolism is enhanced as a result of increased
epinephrine levels after caffeine ingestion (10).

The present C result agrees with the works of others that

showed caffeine ingestion enhanced anaerobic exercise per
formance (2,9,12,16,17). However, unlike the present study
that found a significant elevation of blood lactate aftef
caffeine ingestion and MAOD performance, Doherty's
study (12) showed no significant increase in lactate. Thus,
Doherty (12) suggested that an increased rate of anaerobic
glycolytic flux, leading to higher production and accumt*
lation of lactate, is not a critical mechanism of action fof
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FIGURE 4—Blood glucose imean = SEM) pre- and postexercise at 3,
5, and 10 min after the MAQD test (¥ = 8). * Significantly different
from P; T significantly different from E; § significantly different from
C.

explaining the ergogenic effects of caffeine. Doherty pos-
tulates that there are other central and peripheral elements
involved. A probable reason for these ambiguities may be

“related to the training level of the subjects. In the present
: study untrained - subjects were  evaluated, whereas in

Dioherty"s study (12) trained mdwr.luals were examined.
In conclusion, taken together wh the results of other
nc;ocmtcd investigations, these daia lend sirong support to

.th premise that both aerobic. and a:ﬂanmbm performance is

improved after ingestion of C+E. Thus‘ t]u-. -c:-:lmbmaunn of
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C and E could be recommended as an effective ergogenic
aid for settings where acute, inténse exercise is required,
such as occurs in a variety of military operations. Further
testing of the C+E is necessary to clarify the effects on
cognitive performance and decision making before any ac-
tual application should be adapted in such settings.

Finally, in the present study, both caffeine and ephedrine
improved different aspects of anaerobic performance.
Ephedrine appeared to exert its effect more through an
increased arousal, whercas caffeine appeared to enhance
muscle metabolism.
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