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Influence of the short and long term supplementation

of creatine on the plasmatic concentrations of glucose

and lactate in Wistar rats*
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ABSTRACT

Recent studies suggest that the creatine supplementation can
interfere with glucose uptake and lactate production during the
physical activity. The aim of this study was to investigate the ef-
fects of the short-term (5 g.kg* for 1 week) and long-term (1 g.kg*
for 8 weeks) creatine supplementation on the plasmatic concen-
trations of glucose and lactate of sedentary and exercised (swim-
ming to 80% of the tolerated maximum load) rats. Seventy two
male Wistar rats (240 + 10 g) were used and divided equally in 4
experimental groups (n = 18): CON - sedentary rats without sup-
plementation; NAT — exercised rats without supplementation; CRE
— sedentary rats with supplementation; CRE + NAT - exercised
rats with supplementation. The blood samples were obtained week-
ly before and after the maximum load test. Before the maximum
load test, except for the group CRE-NAT (3-5 weeks), that present-
ed lower level of plasma glucose concentration in relationship the
other groups, all the other results were similar among the experi-
mental groups. After the maximum load test, all of the experimen-
tal groups presented reduction of the plasma glucose concentra-
tion and increase of the plasma lactate concentration. However, in
relation to the glucose, this reduction was significantly (p < 0.05)
pronounced in the groups CRE (1-4 weeks) and CRE + NAT (1-8
weeks), and in relation to the lactate, the increase was significant-
ly (p < 0.05) smaller in the groups CRE (1-2 weeks) and CRE + NAT
(1-8 weeks). The findings of this study suggest that the adopted
regime of supplementation influenced the metabolic glycemic pro-
file, minimized the lactate accumulation and increased the maxi-
mum load supported in the animals supplemented.

INTRODUCTION

Creatine supplementation (Cr) has been widely adopted as a
nutritional strategy with the purpose to potentialize physical per-
formance, especially by athletes®?. The possible ergogenic bene-
fits of Cr supplementation are related to its biochemical and phys-
iological role on the skeletal muscular tissue bioenergetics4.
Several mechanisms have been proposed in order to demonstrate
the involvement of Cr supplementation with improved physical
performance®, among them: increase of the Creatine Phosphate
indices (CP), functioning as an immediate buffer of the Adenosine
Triphosphate use (ATP) during exercise; increase of the resting Cr
indices in order to increase the resynthesis rate of the CP itself
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during and after exercise; reduction of the muscular acidity, once
the CP acts consuming a H* in the ATP resynthesis process; in-
crease of the Citrate Synthase activity (CS), a marker of the oxida-
tive ability potentializing aerobic exercises; increase of the training
ability and finally, increase of the muscular mass, since the CR is
an osmotically active substance.

The metabolic profile and the energetic state of the muscular
cells are altered according to changes in the activity degree and in
the energetic substrates offer that these cells present. Some stud-
ies reveal that the Cr supplementation interferes with the glucose
peripherical metabolism®7. Within this context, increased rates of
insulinic secretion®, higher expression of GLUT-4 receptors® and
increase in the glycogen intramuscular concentration®® after sup-
plementation are reported. It is believed that due to its hypoglyce-
mic effect, the Cr supplementation could be benefic for the treat-
ment of patients with type Il diabetes®.

Currently, the blood lactate has been used as an important con-
troller of the bioenergetic conditions of the skeletal musclet-12),
The lactate accumulation responsible for the muscular fatigue phe-
nomenon could be postponed due to the Cr supplementation in-
crease of the lactic anaerobic metabolism through the energy ob-
tained by the ATP-CP system®3. Such characteristic could benefit
long duration exercises. Nevertheless, research concerning the
effects of the Cr supplementation on the biochemical markers in
long duration physical activities is scarce in the literature. There-
fore, the aim of this study was to evaluate the aerobic physical
performance and the glucose and lactate peripherical metabolic
response of rats submitted to Cr acute and chronic supplementa-
tion.

METHODS

Experimental model — 72 Wistar (Rattus Norvegicus) young
adult male rats (240 + 10 g), with 10-12 weeks of age, obtained
from the Bem-Te-Vi farm (Paulinia/SP) were used. The animals were
individually kept in polyetilene cages, in the bioterium of the Phys-
iology and Pharmacodynamics Laboratory of the Research and de-
velopment Institute of the University of the Vale do Paraiba with
controlled temperature (22-25°C), relative humidity (40-60%) and
photoperiod (12 hours light-dark cycle). Moreover, all the animals
had access to ad libitum palletized food (Labcil®) and water.

The studies had duration of eight weeks and the animals were
equally divided in four experimental groups (n = 18): sedentary
(CON): non-supplemented sedentary rats; exercised (NAT): non-
supplemented exercised rats; sedentary Creatine (CRE): seden-
tary and supplemented rats; exercised Creatine (CRE + NAT): ex-
ercised and supplemented rats.

All the adopted procedures in this study were according to the
laboratory animals handling and care principles recommended by
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the COBEA (Brazilian School of Animal Experimentation) and ap-
proved by the Ethics and Research Committee of the UniVap (Pro-
tocol # L022-2005-CEP).

Physical activity protocol — All the animals were submitted to
a swimming adaptation period (30 daily minutes without load, dur-
ing five consecutive days) in order to decrease factors related to
the stress promoted by the swimming activity®?. During this peri-
od, the creatine was not administered. After adaptation, the ani-
mals were individually submitted to the maximal load test (MLT)®*
19), Load cells corresponding to 0%, 1%, 2%, 3%, and so forth, of
the total body weight of the animal, were placed until its exhaus-
tion, reaching the maximal tolerated load. The exhaustion of the
animal was determined by its inability to be below the water sur-
face for approximately eight secondsi**%%. This test allowed the
working load adjustment for the physical training at 80% of the
maximal load.

The physical training at 80% of the maximal load was performed
in groups of six animals due to the more vigorous exercise promo-
tion when compared to the individual swimming®b. Such training
occurred five times a week with training daily sessions of 30 min-
utes and only in the NAT and CRE + NAT experimental groups.
Vests with lead loads were comfortably attached to each animal’s
chest.1415) At the end of each experimental week, new MLT was
performed for possible training load readjustments. The swimming
protocol was performed in an asbestos tank with 250 liters of wa-
ter kept at 35 + 2°C temperature.

Creatine supplementation — The supplementation was per-
formed through an oral-esophago probe (1 mm wide; 3 cm long)
adapted to a 3 ml serynge, with water as the infusion vehicle. Such
procedure daily occurred after the swimming adaptation period,
two hours prior to the physical training. During the first week of
the experiment (loading phase), a dose of 5 g of Cr/kg of the ani-
mal’s body weight was established and after the first week (main-
tenance phase), a dose of 1 g of Cr/kg of the animal’s body weight
for all the supplemented animals (CRE and CRE + NAT) was as-
signed®2:16),

Micronized creatine. (Integral Médica®), chromatographic stan-
dard degree was used in order to facilitate the absorption of the
supplement and minimize any risk of contamination of the prod-
uct.

Glucose and lactate analyses — The blood samples (~25 ul)
were obtained through punction from the tail tip of each animal
and placed in test-strips for the glucose (Blood Glucose Sensor
Electrode-Medisense®) and lactate (BM-Lactate®) quantification.
Afterwards, these test-strips containing the samples were imme-
diately introduced in the MediSense portable analyzers — Q.1.D.
Precision® and Accutrend® Lactate for the determination of the glu-
cose and lactate concentrations, respectively. This procedure was
performed before and after the maximal load tests.

Statistical analysis — The results were expressed as average +
standard deviation. Variance analysis (ANOVA) 4 x 4 was used for
repeated measurements among the experimental groups in the
different experimental periods. The post hoc test by Tukey for
multiple comparisons was applied for the identification of the spe-
cific differences in the variables in which the F indices found were
higher than the established statistical significance criterion (p £
0,05).

RESULTS

Total body weight

The total body mass average (g) of the animals at the end of the
first, fourth and eighth weeks is represented in figure 1. A statisti-
cally significant increase (p < 0,05) of body mass was observed
after the first week, when the CRE-1 (294 + 10) and CRE + NAT-1
(292 + 13) groups are compared versus the CON-1 (273 = 11) and
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Figure 1 — Total body weight. Results expressed as average + standard
deviation, n = 18 per experimental group, * p < 0,05 versus CON; #p <
0,05 versus NAT (ANOVA, followed by Tukey-Kramer test of multiple com-
parison).

NAT-1 (270 + 12) groups. Similar increase was obtained after the
fourth week when compared with the CRE- 4 (361 + 13) and CRE
+ NAT-4 groups (352 + 10) versus the CON-4 (327 + 12) and NAT-
4 (330 £ 13) groups. After the eighth week as well, the average of
the body mass of the animals in the supplemented groups (CRE-
8: 455 + 13 and CRE + NAT-8: 440 + 12) was statistically higher (p
< 0,05) in relation to the non-supplemented groups (CON-8: 410 +
12 and NAT-8: 402 + 11).

Tolerated maximal load

It can be observed in table 1 that the maximal load test revealed
that from the first week the animals from the CRE + NAT group
tolerated significant more load than the animals from the other
experimental groups. Although the findings from the CRE group
are higher than the ones from the non-supplemented groups (CON
and NAT), these indices did not present significant differences (p >
0,05). Moreover, from the fifth week on, the animals from the NAT
group supported more load than the animals from the CON and
CRE groups.

TABLE 1
Tolerated maximum load

Experimental groups

CON NAT CRE CRE + NAT
After adaptation (g) 105+2,1 103+1,9 10,8 £ 2,6 10,2+15
1st week (9) 109 = 2.3 10,8 1,9 11,7+ 21 14,6 = 2,0%
2 week (g) 11,7+ 2,1 11,8 +1,7 126 +24 15,6 + 1,9%
3 week (g) 12,6 1,8 12,4 =23 13517 16,6 = 2,4%
4t week (g) 134 +24 132+25 144 +1,9 17,5 + 2,3%
5t week (g) 141+19 17,4+ 15 154 1,7 22,4 1,7
6" week (g) 148+21 18,1 +1,9" 16,3 +2,3 23,7 +1,9*
7t week (g) 158 + 2,2 229 +1,7* 17,3+ 1,6 29,0 = 2,1%
8" week (g) 16,4 +1,9 24,1 +2,1* 18,2+ 1,9 35,2 + 2,4%

The results were expressed as average + standard deviation, n = 18 per experimental group, # p <
0,05 versus CON, NAT and CRE; 'p < 0,05 versus CON; * p < 0,05 versus CON and CRE (ANOVA,
followed by Tukey-Kramer test of multiple comparison).

Glucose

Table 2 presents the average indices of the plasma concentra-
tions of pre and post-maximal load test glucose. Similarity between
the results was observed before the maximal load test, except for
the CRE + NAT group in the third, fourth and fifth weeks. Howev-
er, all the found results in the animals from the CRE + NAT group
after the maximal load test were significantly different from the
CON and NAT groups. Besides that, from the fifth experimental
week, the results from the CRE + NAT group were also statistical-
ly higher than the ones found in the CRE group.
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TABLE 2
Pre and post maximal load test glucose

TABLE 3
Pre and post-test of maximal load lactate

Experimental groups

Experimental groups

CON NAT CRE CRE + NAT CON NAT CRE CRE + NAT

After adaptation After adaptation

Pre-test glucose (mg/dl) 93+ 3 95+5 91+6 92 +4 Pre-test lactate (mmol/I) 25+09 22+05 22+0,7 23+0,6

Post-test glucose (mg/dl) 77+4 79+3 76+ 3 805 Post-test lactate (mmol/l) 80+05 79+06 81+0,5 8,2+0,8
1st week 1st week

Pre-test glucose (mg/dl) 89+3 89 +4 85+ 2 85+ 3 Pre-test lactate (mmol/l) 28+09 26+07 24+09 26+1,0

Post-test glucose (mg/dl) 77+4 76+ 2 68 + 4* 67 + 5* Post-test lactate (mmol/l) 80+08 82+06 6,8+0,8" 6,4 +0,7*
2nd week 2nd week

Pre-test glucose (mg/dl) 88+ 2 0 +5 89+14 85+3 Pre-test lactate (mmol/l) 25+08 24+10 23%07 2,0+0,9

Post-test glucose (mg/dl) 80+ 4 82+3 73 £ 5* 71+ 2% Post-test lactate (mmol/l) 82+09 81+08 7,1+0,6" 6,8 + 0,8%
3 week 3 week

Pre-test glucose (mg/dl) 92+ 3 91+3 88 +3 75 + 4# Pre-test lactate (mmol/I) 28+09 31+07 26+09 2,1+0,8

Post-test glucose (mg/dl) 90+5 86+ 4 70 + 2% 68 + 3* Post-test lactate (mmol/l) 77+07 79+08 73+07 6,5 + 1,0*
4t week 4t week

Pre-test glucose (mg/dl) 95+ 6 95+ 4 90+ 4 80 + 2* Pre-test lactate (mmol/I) 25+07 30+x06 26+05 2,4+0,7

Post-test glucose (mg/dl) 88+3 86 +4 74 + 5% 71 + 5% Post-test lactate (mmol/l) 85+08 80+09 79+0,8 6,4 +0,7*
5t week 5t week

Pre-test glucose (mg/dl) 97 +4 93+14 93+3 85 + 2# Pre-test lactate (mmol/l) 27+10 28+07 25+1,0 25+0,6

Post-test glucose (mg/dl) 85+5 80+ 3 79+ 4 68 + 6" Post-test lactate (mmol/l) 83+06 79+08 8,3+0,6 6,8 + 0,97
6™ week 6™ week

Pre-test glucose (mg/dl) 94 +5 93+6 89 +4 89+5 Pre-test lactate (mmol/l) 27+09 30+x07 26=+0,7 2,7+0,9

Post-test glucose (mg/dl) 85+3 79+3 794 70 + 2% Post-test lactate (mmol/l) 85+0,7 7,7+09* 8,7+06 6,3 = 0,9¢
7t week 7t week

Pre-test glucose (mg/dl) 89+3 90 +5 91+4 89 +3 Pre-test lactate (mmol/I) 25+08 27+08 24+0,6 2,7+0,8

Post-test glucose (mg/dl) 82+2 81+3 80 +2 72 + 2% Post-test lactate (mmol/l) 84+09 7,0+0,8* 83+0,8 57 +1,0%
8t week 8 week

Pre-test glucose (mg/dl) 92+4 94+3 92+5 90+3 Pre-test lactate (mmol/l) 31+0,7 30+07 28%+0,9 2,6 +0,6

Post-test glucose (mg/dl) 85+ 3 90+ 3 83+4 74 + 5* Post-test lactate (mmol/l) 85+0,7 69+0,6* 84+09 5,7 +1,0%

The results were expressed as average + standard deviation, n = 18 per experimental group, # p <
0,05 versus other results from the same type (ANOVA, followed by Tukey-Kramer test of multiple
comparison).

The CRE group presented different indices (p < 0.05) in relation
to the non-supplemented groups, only in the four first weeks of
the study. The post-test indices obtained in the CRE group in that
period, were similar to the ones obtained in the CRE + NAT group.

Lactate

The average indices of the lactate plasma concentrations of the
pre and post-maximal load test are demonstrated in table 3. It was
observed that after the two first experimental weeks, the CRE and
CRE + NAT supplemented groups presented significant lower lac-
tate indices after the maximal load test in relation to the non-sup-
plemented groups. After this period, the results found in the ani-
mals from the CRE + NAT group, after the maximal load test were
also lower in relation to the CRE group. Moreover, from the sixth
week on, the NAT group presented results that significantly dif-
fered from the results obtained in the CON and CRE groups after
the maximal load test.

DISCUSSION

The human studies involving the Cr supplementation are usually
divided in two phases: (1) initial phase with supplementation of
high Cr doses (20 to 30 g daily) during 5 to 7 days (Loading Phase),
immediately followed by (2) a maintenance phase, with small Cr
doses of 1/5 of the initial dose (4 to 6 g daily), during several weeks.
Nonetheless, since rats were used in this study and the basal
metabolism rate, conversion and assimilation of organic combina-
tions are much more intense in these animals, an extrapolation of
Cr doses was made necessary for the real activity and metabolic
need of the studied population. The choice of the adopted regi-
men for the Cr supplementation dosage in this study was made
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The results were expressed as average + standard deviation, n = 18 per experimental group, # p <
0,05 versus other results from the same type; * p < 0,05 versus CON and CRE (ANOVA, followed
by Tukey-Kramer test of multiple comparison).

from work conducted with rats®%1)., These studies observed that
the 5 g and 1 g doses of Cr for each kilogram of the animal’s body
mass promoted ergogenic effects associated with intramuscular
increases of Cr, equivalent to the ones found in humans in the
loading and maintenance phases, respectively.

The literature presents countless works concerning the poten-
tial effect of the Cr over the anaerobic metabolism, especially for
the bioenergetic characteristic of this compound®-29%. Nevertheless,
few studies discuss the effects of Cr supplementation over the
aerobic metabolic resistence. In this study, the interest was exact-
ly to evaluate the aerobic aspect, since it is little understood. There-
fore, the working load for the physical training was individually ad-
justed to 80% of the tolerated load during the maximal load test. In
this training level, the animals would perform a physical activity
predominantly aerobic®”. Adaptative changes associated with the
aerobic training may be observed through alterations in dimension
and in number of mitochondria of muscular cells, which favor the
ATP production aerobically and benefit long duration exercises®®),
In our study, it was observed through the evaluation of the maxi-
mal load tolerated; that significant changes related to training (NAT
group) occurred from the sixth experimental week. Moreover, it
was observed that the Cr supplementation associated with physi-
cal training could benefit the aerobic performance from the very
first week of this association. These findings admit the possibility
of Cr being ergogenic as well in aerobic activities, as previously
reported in the literature®13. Yet there seems to be a need for
interaction between physical activity and Cr supplementation for
more effective gains in performance®2.

In addition to to anaerobic energetic buffer generated by the Cr
supplementation, it has been proposed that the Cr and the CP act
as messenger molecules between the mitochondria and the sub-
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cellular sites of ATP production and hydrolysis, and thus may help
aerobic activities®4. In the mitochondrial site, the synthetized ATP
enters the intermembrane space where part of it is used by the
Mi-CK (Mitochondrial Creatine Kinase) for the formation of ADP
and CP. The resulting ADP is hence favorably situated to be taken
by a translocase to the interior of the mitochondrial matrix in the
exchange for the ATP of the matrix. The resulting CP, contrary to
the ADP, spread up to the myofibrillar M band, where it locally
serves for ATP replacement, having the MM-CK (Myofibrillar Cre-
atine Kinase) as catalysis agent. The resulting Cr returns to the
mitochondrial intramembrane space in order to continue the cy-
cle®4, The increase of the Cr pool generated by its supplementa-
tion would favor the perpetuation of such ATP formation cycle and
explain the better performance and load tolerance in the supple-
mented animals.

A possible fundamentation for the Cr supplementation in aero-
bic exercises is related with the Cr aid in buffering the ADP in-
creases™. It has been reported that the ADP considerable increases
act an inhibitors on the cellular ATPases, resulting in reduction in
the cycle of the copling of the crossed bridges of the muscular
ligands®9. In the sarcomeres in which large quantities of ATP are
hydrolyzed, the immediate ADP rephosphorilization by the MM-
CK, when in supplementation, keeps a low ADP concentration
avoiding hence the inactivation of ATPases myosins and not block-
ing the rapid generation of ATP@419,

During the occurrence of the ATP hydrolysis in the muscular
contraction, protons are released (H*). It has been suggested that
the hydrogen ions increase (and concomitant decrease of the pH)
during intense exercise contributes to fatigue. The ATP resynthe-
sis by the CP occurs through the consumption of an H*. Conse-
quently, increasing the cellular ability of immediately phosphorilize
the ADP and buffering the H* may serve to increase long duration
physical performance. Once again the Cr supplementation could
contribute to such process).

Some authors observed that the Cr supplementation may mod-
ify the utilization and formation of energetic substrates, such as
glucose and lactate, and possibly improve physical performance
during extended exercises which preferably use aerobic metabo-
lism®-2520) Studies which observe the glucose utilization concom-
itantly with lactate generation during high intensity physical activi-
ty in populations supplemented with creatine is unknown for us.
Creatine is a compound which directly interferes on the muscular
energetic metabolism. In a recent study, the influence of the Cr
supplementation on the glucose metabolism and the lactate for-
mation was characterized in detail®. It was observed that the Cr
supplementation increased the expression of the Cr receptor (CT-
1) and the glucose receptors (GLUT-4). Therefore, the intramuscu-
lar glycogen and Cr content was increased. The mechanism through
which the high cellular concentrations of Cr and CP attenuates the
Lactate Dehydrogenase (LDH) activity, decreasing thus the lactate
formation, is still unknown. Besides that, the glucose stored as
glycogen was preferably used via aerobic glycolysis (mitochondrial
oxidation), once the Citrate Sintase (CS) activity, an aerobic ability
marker, was increased.

It was also observed in our study that the Cr supplementation
interfered with the glucose and lactate peripheric response. How-
ever, we acknowledge that we may simply interfere over the oc-
currence of lactate formation alterations and glucose consumption
without reaching any conclusion about how this fact occurred.
Concerning glucose, reduction in the plasmatic indices of this nu-
trient was observed after the maximal load test in all experimental
groups. The literature reports that during long term and high inten-
sity physical activity, the plasmatic glucose substantially contrib-
utes as energetic substrate and thus its blood concentration may
be reduced®@). Nevertheless, only the animals from the CRE + NAT
group presented significant plasmatic glucose reductions after the
maximal load test during the entire study. Such finding is attribut-
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ed to the fact that the Cr supplementation may stimulate the insu-
lin secretion®22 and increase the GLUT-4 receptors expression®:22,
both effects are hypoglicemiants. It is interesting to point that the
animals that were only supplemented (CRE), presented lower glu-
cose concentrations after the maximal load test up to the fourth
week of the study. It has been proposed that the long term Cr
supplementation may induce the down regulation mechanism for
the CT-1 of Cr®3. Such episode could prevent the additional inflow
of this compound for the muscular cells and explain the lack of
significant reduction of the plasmatic glucose from the fifth exper-
imental week. Conversely, the physical activity itself, a factor not
present in this group (CRE), could stimulate the expression of the
GLUT-4 receptors and contribute to the hypoglicemiant effects®4.
Yet, since the NAT group did not present hypoglicemiant alterations,
further studies should be conducted in order to better evaluate
different physical activity intensity and frequency. Isolatedely, it
did not promote the decrease in the glucose concentrations after
the maximal load test.

The blood lactate accumulation has been described as one of
the factors responsible for muscular fatigue and therefore limita-
tor of the long term physical performance®. Concerning the lac-
tate plasmatic concentrations, it is observed that the Cr supple-
mentation associated with physical exercise reduced the lactate
accumulation. The Cr supplementation increases the energy ob-
taintion system of the phosphagens and decreases the need for
anaerobic glycolysis use, which generates lactate®®. Moreover, as
previously described, an LDH inhibition seems to occur, which
would deviate the glucose oxidation for the aerobic metabolism®@b.
Such fact associated with the renewal ATP cycle increase by the
mitochondria after Cr supplementation justifies a lower use of the
anaerobic glycolysis and consequently lower lactate production®
4)

Thus, we conclude that the Cr supplementation associated with
regular long duration and intensity physical exercise could benefit
the performance of physical activities predominantly aerobic and
decrease the accumulation of blood lactate, postponing the mus-
cular fatigue appearance and favoring recovery after physical exer-
tion.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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