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GATER, DAVID R., DENISE A. GATER, JORGE M. URIBE, AND 
JOY C. BUNT. Effects of argininellysine supplementation and re- 
sistance training on glucose tolerance. J. Appl. Physiol. 72(4): 
1279-1284, 1992.-The purpose of this study was to evaluate 
and compare the effects of arginine/lysine supplementation 
(AL) and resistance training (RT) on changes in glucose toler- 
ance and to determine whether alterations were associated 
with changes in selected hormonal parameters. The study in- 
volved 30 physically active college males, ages 20-30 yr, ran- 
domly assigned to one of four groups: placebo/control (P/C, n 
= 7), P/RT (n = 8), AL/C (n = 7), or AL/RT (n = 8). An AL 
supplement at a daily morning dose of 132 mg/kg fat-free body 
mass or placebo was administered orally to controls and train- 
ing groups. During the lo-wk program, exercise subjects partici- 
pated in a progressive resistance training program stressing all 
major muscle groups. Three-hour oral glucose tolerance (OGT) 
tests were performed on each subject before and after the lo- 
wk intervention to evaluate resting levels and responses of glu- 
cose, insulin, and glucagon. OGT parameters did not signifi- 
cantly change after intervention. It was concluded that neither 
AL supplementation nor RT had a significant effect on OGT. 

amino acids; growth hormone 

WHILE AMINO ACID PREPARATIONS appear unnecessary 
to supplement the normal dietary protein intake, recent 
claims suggest that amino acid supplements, particularly 
arginine, stimulate the release of human growth hor- 
mone (hGH) that in turn stimulates protein synthesis in 
skeletal muscle. Clinical evidence is available that dem- 
onstrates arginine-induced hGH release in healthy males 
and females after intravenous administration of arginine 
(2,8,17,19,21,24). The only oral preparation of arginine 
demonstrated to increase hGH was a combination 1,200 
mg L-arginine/1,200 mg L-lysine; neither amino acid by 
itself had any effect on hGH levels, nor has this study 
been reproduced (14). Pilot studies in our laboratory 
failed to demonstrate consistent acute hGH responses to 
oral AL preparations of 5 g each; doses exceeding 10 g of 
combined supplement resulted in significant abdominal 
cramps and diarrhea. Besset et al. (4) demonstrated ele- 
vated sleep-related hGH peaks without evidence of wak- 
ing hGH changes after oral arginine aspartate adminis- 
tration, suggesting that 24-h hGH levels may increase 
and yet not be detected in acute serial samples. For this 
reason, investigators in the current study chose to mea- 
sure insulin-like growth factor-l (IGF-1) levels rather 
than hGH, since IGF-1 is a good indicator of chronic 
changes in hGH levels (7, 25); these results have been 
reported elsewhere (11). 

Once released, hGH can have a number of effects on 
the body, including growth of tissues and organs through 
enhanced protein synthesis and glucoregulatory actions. 
The mechanism by which protein synthesis is triggered 
within skeletal muscle may involve hGH and/or its mes- 
senger IGF-1, which is released from the liver; there is 
evidence to suggest that both mechanisms have a role 
(13). Crist et al. (7) demonstrated significant increases in 
fat-free weight and decreased percent body fat in resis- 
tance training (RT) subjects treated with exogenous 
growth hormone for 6 wk. Growth hormone has also been 
demonstrated to have diabetogenic actions in animals (1, 
5, 18) and in humans (27, 28). It appears that hGH can 
cause insulin resistance by impairing both the ability of 
insulin to suppress glucose production and its ability to 
stimulate glucose utilization, probably at a postreceptor 
site (27, 28). Chronic elevation of hGH can result in ele- 
vated blood glucose levels and hyperinsulinemia. The 
implied beneficial effects derived from amino acid-in- 
duced hGH release may therefore be countered by the 
detrimental consequences of its diabetogenic effects. Ad- 
ditionally, specific amino acids (particularly arginine) 
have also been demonstrated to enhance the release of 
both insulin (21, 22) and glucagon (22, 23). Chronic re- 
lease of these hormones may decrease the sensitivity of 
their target cells, further compromising glucose toler- 
ance. 

Physical activity has been directly correlated with fa- 
vorable effects on insulin action and/or oral glucose toler- 
ance (OGT) in both endurance (3,9,12) and RT athletes 
(20, 31). It has been hypothesized that increased muscle 
mass 
after 

and 
RT 7 

decreased fat weight, because it would occur 
contribute to favorabl .e alterations in gl .ucose 

tolerance (30). 
The purpose of this project was to assess changes in 

OGT consequent to chronic ingestion of the amino-acids 
arginine and lysine vs. a placebo during a lo-wk period 
with or without RT. In addition, relationships between 
glucose tolerance changes and selected hormonal param- 
eters were examined. It was hypothesized that AL sup- 
plementation would impair glucose tolerance indepen- 
dent of training status, although to a lesser extent in RT 
individuals. 

METHODS 

Experimental Design 

Thirty college males (aged 20-30 yr) were recruited 
and randomly assigned to one of four groups arranged in 
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P/C 7 21.4t0.6 178.8~12.3 76.7t0.5 17.1kl.O 63.6k1.2 318.0+20.2 
P/RT 8 21.4kO.8 177.6t1.7 76.0t2.0 17.8t0.9 62.4t1.3 335.2-tl7.7 
AL/C 7 23.7k1.2 183.6k2.1 75.5k1.3 14.1k1.4 64.9k1.8” 312.4d3.2 
AL/RT 8 23.2t0.9 177.5k1.2 72.9t1.6 17.8k1.5 59.8&1.0* 306.5kll.l 

Values are preintervention means ~fr SE; n, no. of subjects. FFB, fat-free body; P, placebo; C, control; RT, resistance training; AL, arginine/ly- 
sine. * Between-group difference, P < 0.05. 

a 2 X 2 factorial design to investigate the effects of RT 
and arginine/lysine (AL) supplementation on OGT over 
a lo-wk period. Supplement was provided in double- 
blind fashion; groups 1 and 2 received a cornstarch pla- 
cebo while groups 3 and 4 ingested equal amounts of AL 
(purity >99.6%) provided by Sigma Chemical. Each 
morning, subjects drank an oral preparation consisting 
of 66 mg of each amino acid. kg fat-free body-’ l day-’ or 
132 mg cornstarch l kg fat-free body-’ l day-l diluted in 
water. Doses were based on pilot studies indicating gas- 
tric intolerance at higher levels. Groups 2 and 4 com- 
pleted a lo-wk RT program, while groups 1 and 3 served 
as controls (C). 

Subjects 

To participate, subjects were required to meet speci- 
fied ranges for body weight (72.5-86.0 kg) and body fat 
(9--M%) determined from hydrostatic weighing. Nutri- 
tional status for the previous 3 mo was assessed by a 
computer-scanned food frequency questionnaire devel- 
oped by the University of Arizona Cancer Research 
Center. All subjects were required to have maintained 
stable body weight and to have met criteria for percent 
carbohydrate, fat, and protein components of diet within 
established guidelines (40-60,25-40, and lo-20%, respec- 
tively). Previous nutritional status information was nec- 
essary to avoid recruiting subjects who had been on ex- 
treme diets. Subjects also completed food and activity 
records 1 day/wk for the duration of the study and pro- 
vided feedback for diet modification. Final criteria re- 
quired subjects to have had some RT experience, but no 
formal RT program was to have been implemented for 
the 3 mo before the study. In addition, any subject with a 
history of orthopedic injury, diabetes, or renal disease 
was excluded from the study. A Human Subjects Consent 
Form approved by the University of Arizona Human 
Subjects Review Board was signed by each subject before 
any testing. Of 39 subjects assigned to a group, 9 failed to 
complete the study, resulting in a 25% drop-out rate. De- 
scriptive characteristics of the remaining subjects are 
listed in Table 1. 

Protocols 

Strength parameters, body composition assessment, 
IGF-1 levels, and the RT protocol have been described 
previously (11). The effectiveness of the RT program was 
comparable to that of previous studies (6, 20), as indi- 
cated by similar changes in strength parameters and 
body composition. 

Glucose tolerance. Each subject performed an OGT test 

before and after the lo-wk interventions. Dietary infor- 
mation was collected before the initial OGT test and simi- 
lar diets were encouraged for the 48 h before the final 
OGT test; dietary carbohydrate during this time was not 
recorded. After a 12-h fast, an indwelling catheter with 
an intravenous saline drip was placed in an antecubital 
vein between 0700 and 1000. Blood samples (5 ml) were 
taken at rest, and at 30,60,90,120, and 180 min after the 
oral ingestion of 100 g glucose in 10 oz of solution to 
evaluate the responses of plasma glucose, insulin, and 
glucagon. Posttesting was performed 48 h after the last 
RT workout and AL supplement. 

Plasma Analyses 

All subjects had fasting lo-ml blood samples collected 
from an antecubital vein between 0700 and 1000 before 
and after the lo-wk training or control period. The blood 
was collected with the appropriate preservatives and im- 
mediately placed on ice; serum was harvested within 1 h 
and stored at -2OOC until assayed. Samples for different 
assays (including hormonal) were aliquotted to reduce 
freezing and rethawing. 

Glucose. Blood was collected into capillary tubes and 
immediately analyzed for blood glucose concentration 
with an automated glucose analyzer (Yellow Springs In- 
strument, Yellow Springs, OH). A known volume of 
blood was injected into a collection chamber within the 
analyzer, which is adjacent to a glucose probe. The corre- 
sponding reading was adjusted for hematocrit to yield 
plasma glucose concentration. 

Endocrine. Resting values for insulin and glucagon 
were measured pre- and posttreatment, and areas under 
the curves (AUC) were determined by the trapezium rule. 
Hormonal profiles were determined with radioimmuno- 
assay techniques (RIA). Single-antibody kits (Diagnostic 
Products Corporation) were used for determination of 
insulin. Double-antibody kits were used for determina- 
tion of glucagon (Diagnostic Products). Intra-assay vari- 
ability for insulin and glucagon ranged from 0.8 to 24.9% 
and 0.9 to 21.9%, respectively, while interassay variation 
was 17.1 and 13.0%, respectively. Each assay consisted of 
a mixture of complete data sets of subjects from different 
groups. Radioactive levels of 1251 for hormonal assays 
were counted in an LKB Clini-Gamma Counter. Stan- 
dard curves, using the spline method, and hormone con- 
centrations were calculated with an LKB computer soft- 
ware program. 

Statistics 

A 2 X 2 factorial experimental design was used to as- 
sess the effects of supplementation and RT. Dependent 
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TABLE 2. Caloric intake and diet composition before and during IO-wk intervention 

1281 

Group n 
Caloric 

intake, kcal 

Before lo-wk Study 

% CHO % Fat % Pro 
Caloric 

intake, kcal 

During lo-wk Study 

% CHO % Fat % Pro 

P/C 7 1,965&132 54.4&2.9* 3O.Ok2.7 15.6+0.8*t 1,699&167 54.4+3.4*t 30.4t3.1 15.2+0.6*? 
PlRT 8 2,591?365 47.1t1.7 35.7tl.7 17.2t0.6 2,275*207 50.3t2.1 33.4t2.5 16.3+0.8$ 
AL/C 7 2,647+-402 48.8k2.6 33.6t2.5 17.6t0.6* 2,2834254 44.7t4.2* 36.9t3.0 18.4tl.4* 
AL/RT 8 3,472&354 45.7t2.7* 36.5k2.4 17.8k0.4t 2,321&295 44.6+2.4-j- 35.9t2.4 19.5kO.6t$§ 

Values are means k SE; n, no. of subjects. CHO, carbohydrates; Pro, protein. For other abbreviations, see Table 1. *t$ Between-group 
difference, P < 0.05. Similar superscripts within same column represent between-group differences. 6 Within-group difference, P < 0.05. 

variables for assessing glucose tolerance included resting 
levels and AUCs of glucose, insulin, glucagon, and insu- 
lin-to-glucagon ratios (I/G). Analysis of variance was 
used for comparisons within and between groups. Multi- 
ple regression was used to determine to what extent RT 
and supplementation contributed to observed variability 
in OGT. Specifically, pre- and posttreatment values, as 
well as the absolute changes, were assessed for the de- 
pendent variables representing these physiological pa- 
rameters. Percent changes were evaluated if pretreat- 
ment values were statistically different. In addition, rela- 
tionships (zero order and partial correlations) among 
values and changes in fat-free body (FFB) mass, hor- 
monal, and metabolic variables were evaluated. 

RESULTS 

Descriptive Characteristics 

Initial values for age, height, weight, percent body fat, 
and FFB weight were similar between all groups, al- 
though the AL/RT group had significantly less FFB 
mass than did the AL/C group (Table 1). 

Dietary Profiles 

Prestudy dietary profiles (Table 2) were not statisti- 
cally different between groups except that the AL/RT 
group had a lower percentage of carbohydrate and higher 
percentage of protein in its diet than did the P/C group. 
The AL/C group also had a greater percentage of protein 
in its diet than did the P/C group. Caloric intake and diet 
composition during the study were corrected to include 
the respective supplement taken by each group. Caloric 
intake during the study was similar between groups and 
remained isocaloric to prestudy determinations. Diet 
composition remained similar within groups, except that 
AL/RT significantly (P < 0.05) increased percent pro- 
tein. P/C was significantly (P < 0.05) different from both 
AL/C and AL/RT in relative carbohydrate and protein 
consumed; P/RT was also significantly lower in percent 
protein consumed than AL/RT. 

Resting Plasma Profiles 

Initial resting glucose levels were similar between 
groups, and no significant differences were found in rest- 
ing glucose within or between groups after the lo-wk in- 
tervention. Although resting insulin was initially similar 
between groups, it significantly (P < 0.05) increased in 
the P/RT after the intervention, which led to a signifi- 

postresting insulin levels. Initial glucagon levels at rest 
were similar and did not significantly change within or 
between groups after intervention. Basal I/G was similar 
between groups; however, postresting I/G was signifi- 
cantly (P < 0.05) higher in the P/RT than in the AL/RT 
group, although no significant within-group changes 
were seen. 

Glucose Tolerance Parameters 

Glucose tolerance was evaluated by the responses of 
glucose, insulin, glucagon, and I/G ratio after a glucose 
challenge (Figs. l-3). Changes in AUCs for each of these 
variables were also compared among groups. Initial glu- 
cose, insulin, and I/G AUCs were similar between groups 
and did not significantly differ within or between groups 
after intervention. Glucagon AUC was also similar be- 
tween groups before intervention; however, after the lo- 
wk study, significant (P < 0.05) within-group increases 
were seen for P/C, AL/C, and P/RT, although this did 
not lead to significant between-group differences. 

Prediction of OGT 

Potentially significant predictor variables (including 
training status, supplement status, and dietary, body 
composition, and endocrine parameters) for evaluating 
glucose tolerance were tested using multiple regression. 
The strongest predictor of absolute change in glucose 

P/C AL/C 

0- - -0 Pre 0- - .O Pre 

2.01 2.01, 0 30 60 90 120 150 180 0 30 60 90 120 150 180 

Time (minutes) Time (minutes) 

P/RT AL/RT 

0-- 0 Pre 

O-0 Post 

2.04 I  I  I  .  I  I  
0 30 60 90 120 150 180 

Time (minutes) 

0- - 0 Pre 

O-0 Post 
2 8.0 

2 

L 6.0 

al 

0 30 60 90 120 150 180 

Time (minutes) 

FIG. 1. Pre- and postintervention plasma glucose responses. Values 
are means t SE after 100-g glucose challenge. P/C, placebo control 
(n = 7); AL/C, arginine/lysine control (n = 7); P/RT, placebo resis- 
tance trained (n = 8); AL/RT, arginineilysine resistance trained (n = 

cant (P < 0.05) difference between P/RT and AL/RT in 8). 
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nously, oral administration may not sufficiently elevate 
plasma AL levels to facilitate this response. Clinically, 30 
g arginine in solution are infused intravenously over 30 
min to elicit an hGH response (8, 17, 19). Although Isi- 
dori et al. (14) successfully elicited an acute hGH re- 

AL/RT 

0-- 0 Pre 
0-- 0 Pre 

O-0 Post O-0 Post 

?200 
- i 

o’t . . . , , , 
0 30 60 90 120 150 180 0 30 60 li0 1;o 

Time (minutes) Time (minutes) 

FIG. ‘2. Pre- and postintervention plasma insulin responses. Values 
are means k SE after 100-g glucose challenge. P/C, n = 7; AL/C, n = 7; 
P/RT, n = 8; AL/RT, n = 8. *Significant (P < 0.05) pre- to postinter- 
vention differences within groups. 

30 60 90 120 150 180 

Time (minutes) 

mentation above this level might result in significant 
gastric distress, including diarrhea. Assuming this dose 
was sufficient to elicit a hGH response, chronic elevation 
of hGH should have resulted in elevated IGF-1 levels 
(25); no such increase was seen in the present study. It 
therefore appears unlikely that the amount of AL in- 
gested in the present study was sufficient to induce the 
anticipated hGH release necessary to cause impaired 

AUC was absolute change in glucagon AUC, accounting 
for 12.2% (P < 0.05) of the variability. Although the in- glucose tolerance. 

teraction of training and supplement status was the next 
strongest predictor of absolute change in glucose AUC, it 
was not significant (P < 0.08). No significant predictors 
were found for absolute change in insulin, glucagon, or 
I/G AUCs. 

Also surprising in the present study was the lack of a 
significant relationship between glucose tolerance param- 
eters and training protocol, despite similar changes in 
strength and body composition as those reported in pre- 
vious studies (6,20). Miller et al. (20) found that a lo-wk 
RT program significantly reduced both basal plasma in- 
sulin levels and the AUC during an OGT test (20). The 
reduction in AUC approached, but did not reach, signifi- 
cance. Similarly, Craig et al. (6) demonstrated signifi- 
cantly (P < 0.05) reduced insulin responses to a glucose 
challenge after 12 wk of RT in both old and young men, 
with no significant reduction in glucose response. In con- 
trast, Rinehardt (26) demonstrated no significant 
changes in resting insulin after a 9-wk diet/RT interven- 
tion program; however, glucose tolerance was not as- 
sessed. Despite excellent training results, each of the 

DISCUSSION 

Arginine infusion has been shown to stimulate the re- 
lease of hGH from the anterior pituitary (8, 17, 19, 21, 
24). When given in combination with lysine, oral adminis- 
tration of arginine has also been demonstrated to en- 
hance acutely hGH release (14). Glucose tolerance may 
be impaired through chronic elevation of hGH (27, 28), 
which causes insulin resistance, presumably at a postre- 
ceptor site. Conversely, RT has been demonstrated to 
increase insulin sensitivity, increase muscle mass, and 
decrease fat weight (20, 30). Subjects receiving AL sup- 
plements with or without RT in the present study were 
expected to reflect these mechanisms by increasing basal 
levels and AUCs for glucose, insulin, and, to a lesser ex- 
tent, glucagon in response to a glucose challenge after the 

aforementioned studies failed to include a C group in its 
experimental designs, allowing other variables to contrib- 

0-- 0 Pre 
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40.0. I  0-- 0 Pre 
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lo-wk intervention. However, no significant within- or 
between-group changes in basal glucose or AUC were 
noted after the lo-wk intervention. Similar patterns 
were observed in the resting insulin and AUCs, except 
that P/RT significantly (P < 0.05) increased basal insu- 0 30 60 90 120 150 180 

lin after intervention, which made it significantly (P < 
Time (minutes) 

0.05) different from AL/RT. Furthermore, basal gluca- 
gon was not significantly different after the lo-wk inter- 40.0 

vention, and although glucagon AUCs increased (P < E 

0.05) within the P/C, P/RT, and AL/C groups, no signifi- 
g 30.0 

cant between-group differences were noted. The results 
in the present study are somewhat surprising in lieu of 
past findings, which would suggest changes in glucose 
tolerance after these types of interventions. A number of 
factors may have contributed to these observations. 

Time (minutes) 

Although arginine administration has been demon- 
strated to increase hGH release when infused intrave- , , , , , , 

0-- 0 Pre 40.0. 

O-0 Post c 

g 30.0. T I1 

FIG. 3. Pre- and postintervention plasma insulin/glucagon re- 
sponses. Values are means fi SE after 100-g glucose challenge. P/C, n = 
7: AL/C. n = 7: P/RT. n = 8: AL/RT. n = 8. 

sponse with only 1,200 mg arginine/lJOO mg lysine in 
three separate trials, this study has not been repeated. 
However, Besset et al. (4) demonstrated a 60% higher 
slow wave sleep-related hGH peak after 7 days of oral 
administration of 250 mg . kg-’ l day-l (roughly 17.5 gl 
day) arginine aspartate, although waking hGH levels re- 
mained relatively unchanged. The present study re- 
quired subjects to ingest 4-5 g/day of both arginine and 
lysine over a lo-wk period; pilot work suggested supple- 

P/C AL/C 

v 1 -  7 8 ’ 

0 30 60 90 120 150 180 

Time (minutes) 

AL/RT 
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Time (minutes) 
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ute to observed changes. The present study utilized ran- 
dom assignment to exercise and C groups to overcome 
this factor, with C groups given the opportunity to use 
the RT protocol after the lo-wk study was completed to 
maintain motivation. Care was taken to distinguish be- 
tween acute and chronic exercise effects on glucose toler- 
ance. Immediately after an acute bout of exercise, the 
non-insulin-mediated glucos e transport in skeletal mus- 
cle is increased, augmenting the glucose transport that is 
mediated by insulin (10, 15, 16). It has been demon- 
strated that the residual effects of a single exercise bout 
on glucose transport resolve within hours if carbohy- 
drates are consumed but may persist for up to 48 h (16). 
The presen t investigation all0 wed 248 h postexercise to 
pass before measuring glucose tole rance, to minimize the 
acute effects of exercise on glucose uptake. 

Two cross-sectional studies have suggested relation- 
ships between glucose tolerance parameters and body 
composi tion. Szczypaczewska et al. (29) found that body- 
builders with lower percent body fat than C or obese sub- 
jects had lower glucose and insulin responses to a 100-g 
glucose challen .ge over 2 h. In comparing weight lifters, 
runners, and C subjects, Yki-Jarvinen and Koivisto (31) 
demonstrated a significant relationship (P = 0.54, P< 
0.01) between percent muscle mass and glucose infused 
to maintain euglycemia, an indicator of insulin sensitiv- 
ity. Unfortunately, the cross-sectional design of these 
studies allows for other extraneous variables, including 
training status and diet, to contribute to observed differ- 
ences. 

Despite the random assignment to groups and double- 
blind placebo design of the current study, differences in 
diet composition were present between groups before 
and during the treatment intervention. Diet composition 
differences during the study were mostly a reflection of 

.  

supplement administration, as the amino acids were re- 
corded as dietary protein. Although carbohydrate con- 
tent in diet may affect OGT, all subjects consumed a 
minimum 150 g carbohydrate each of the 3 days before 
the OGT test, as recommended by the American Dia- 
betes Association. Furthermore, no significant relation- 
ship between diet and OGT parameters was determined 
by multiple regression analysis. 

Finally, group means did not significantly differ before 
or after intervention; however, variability about the 
mean was 1 arge. Because the number of subjects in each 
group was relati vely small ( 7 or 8), the study may not 
have attained a statistical power sufficient to demon- 
strate significant differences between groups. However, 
previous studies with similar sample size and comparable 
changes in strength and body composition were able to 
demonstrate changes in tolerance after RT (6,20,31). No 
previous studies examining the effects of AL supplemen- 
tation on glucose tolerance have been noted in the litera- 
ture. 

In conclusion, neither AL supplementation nor RT 
had a significant effect on glucose tolerance parameters 
after 10 wk of intervention. Furthermore, it is unlikely 
that the AL dose employed in this study significantly 
altered hGH release, because IGF-1 levels failed to signif- 
icantly increase, as reported elsewhere. Finally, although 
previous studies have demonstrated relationships be- 

tween glucose tolerance parameters and body composi- 
tion, those studies failed to provided adequate controls to 
eliminate the differential effects of extraneous variables. 
The present study overcame these design flaws but was 
unable to support the previously reported relationships 
between RT and OGT parameters. 

Funding for this study was provided by a grant from Ross Laborato- 
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