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Abstract
Exercise-induced leukocytosis and lymphocytosis is accompanied by up-regulation and down-regulation of hundreds of

genes in white blood cells (WBCs). Agouti-related protein (AgRP) is an orexigenic peptide secreted predominantly from the

arcuate nucleus in the hypothalamus. AgRP affects feeding behavior and plays a role in energy and glucose homeostasis

and adiposity. The purpose of the study was to determine effects of circuit resistance exercise (CRE) (9 exercises, 25 s per

exercise) at different intensities on peripheral blood lymphocyte (PBL) AgRP mRNA expression and its concentrations in

lymphocytes and plasma. Twenty-five young female college students were randomly divided into five groups: control, 40%

1-repetition maximum (1-RM), 60% 1-RM, 80% 1-RM and combined (40 þ 60 þ 80% 1-RM) loads. Peripheral blood

mononuclear cells were isolated by a lymphocyte density gradient centrifugation method for AgRP mRNA expression.

Lymphocyte ATP, glycogen, AgRP, growth hormone (GH), and plasma AgRP, GH and glucose concentrations were

measured. CRE increased AgRP mRNA lymphocyte expression significantly (P , 0.0001) at all intensities. A higher and

significant (P , 0.01) increase was found in the 60% 1-RM group when compared with the other groups. The CRE-induced

lymphocyte AgRP expression was accompanied by elevations in plasma AgRP, glucose and GH levels as well as higher

WBCs, lymphocytes and neutrophil counts. Lymphocyte AgRP and GH concentrations were significantly reduced (P ,

0.05). Lymphocyte ATP content was unchanged and glycogen was reduced in the combined group but not in the other

groups. Data indicate that AgRP mRNA is expressed in PBLs and that CRE increases its expression. Data also reveal that

the expression of AgRP was accompanied with higher plasma AgRP and GH concentrations. Findings suggest that AgRP

may provide an important signal in the immune environment and that the lymphocyte may be considered as an extra-

hypothalamic source of plasma AgRP following exercise stress.
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Introduction

Circulating white blood cells (WBCs) in humans rapidly
increasewith sufficient physical activity. Lymphocytosis is pro-
duced in response to endurance exercise,1,2 short-term cycling
exercise3 and resistance exercise.4,5 For example, running a
marathon has been shown to increase WBC number by as
much as 140%.1 Moreover, acute and chronic effects of exercise
on neutrophil and lymphocyte gene expression have been

reported.6–11 Thus, exercise is a potent stimulus for increasing
lymphocyte number and gene expression.

Natelson et al.11 determined the effects of an acute exhaus-
tive maximal treadmill test on peripheral blood leukocyte
cytokine gene expression. They reported a 47% reduction in
tumor necrosis factor (TNF)-a gene expression, but the
expression of interleukins 1a, 1b, 2, 4, 6 and 10
was unchanged. Büttner et al.6 demonstrated that acute
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strenuous and moderate treadmill exercise produced signifi-
cant increases in total WBC, lymphocyte and granulocyte
counts immediately after the treadmill tests. They also found
that following the strenuous treadmill exercise tests, 450 and
150 genes were differentially up- and down-regulated, respect-
ively, with exercise intensity affecting the degree of specific
gene expression. Changes were found for genes that code
for stress proteins as well as genes involved in inflammatory
responses, energy metabolism, potassium homeostasis and
anti-inflammatory responses. Zieker et al.12,13 reported an
increase in leukocytes, monocytes, and a reduction in lympho-
cytes counts immediately after a one-half marathon, which
was accompanied with up-regulation of several genes and
down-regulation of others. Collectively, these studies demon-
strate that acute exercise has a pronounced effect on WBC
gene expression.

Ghrelin is an orexigenic (appetite stimulating) peptide pro-
duced mainly in the stomach.14 There is evidence that this
peptide is expressed in human T-cells, B-cells and neutro-
phils,15 suggesting a necessary signaling role of this appetite
hormone in the immune system. Mager et al.16 reported the
expression of ghrelin and its receptor in peripheral blood
mononuclear cells (PBMCs) of subjects with metabolic syn-
drome and found ghrelin expression positively correlated
with PBMC expression of TNF-a and IL1-b. They concluded
that ghrelin PBMC expression suggests that ghrelin plays an
autocrine role in the immune system. Agouti-related protein
(AgRP) is another orexigenic peptide that is primarily
secreted from hypothalamic-NPY-containing neurons of
the arcuate nucleus (ARC).17,18 AgRP is also expressed by
extra-hypothalamic tissues17–19 including skeletal muscle,20

adrenal gland, testis, kidney and lung18; however, to our
knowledge, no studies have investigated its expression in
PBMCs. Analogous to ghrelin, AgRP acts as a signaling
peptide that affects feeding behavior, energy homeostasis
and adiposity; it is up-regulated by fasting, insulin-induced
hypoglycemia and leptin administration.21 Similar to
ghrelin, AgRP may also play a role in immune function.
There is evidence that AgRP is a major neuroendocrine regu-
lator of inflammation after exposure of an organism to patho-
gens or other stressors.22 Additionally, it has been reported
that central injection of AgRP enhances the hypothalamic–
pituitary–adrenal response to the inflammatory cytokine,
IL-1 in the primates.23 Moreover, since the active isoform of
human AgRP crosses the blood–brain barrier (even though
it is slow to do so),12 expression of AgRP in the periphery
could have an effect on melanocortin receptors and thus
hunger. Finally, in vitro evidence demonstrates that AgRP
inhibits leptin expression in adipocytes via inhibition of
a-melanocyte-stimulating hormone (MSH).24 Given the ties
that a-MSH has both with adipocyte and central nervous
system (CNS) satiety signaling as well as immune function,25

and coupled with the emerging concept that obesity is associ-
ated with an inflammatory diseased state, it seems plausible
that in addition to its known orexigenic effects, AgRP may
also play a role in neuroendocrine regulation and specifically
that AgRP may interact with a-MSH to modulate neuroendo-
crine responses to inflammation.

A few studies have investigated the effects of physical
exercise on tissue AgRP mRNA expression and plasma

concentrations in humans and rats.26–28 Although there is
some evidence that resistance exercise affects lymphocyte
gene expression,29 there are no published data regarding
the effects of exercise on AgRP mRNA expression and its
concentrations in the human peripheral blood lymphocytes
(PBLs). The present study was conducted to investigate
the effect of a single session of circuit-resistance exercise
(CRE) at different intensities on lymphocyte AgRP mRNA
expression and its concentrations in the lymphocyte and
plasma. Activation of hypothalamic–pituitary axis in
response to resistance exercise results in increases in growth
hormone (GH) as well as other endocrine responses.30 GH
is important in the regulation of immune function; it is
expressed in the spleen and in peripheral blood and it stimu-
lates T- and B-cell proliferation, modulates cytokine response,
and GH receptors are found in different forms of leuko-
cytes.31 Resistance exercise can also alter blood glucose
levels,32 which may affect immune function as well as
AgRP.33,34 Given the effects of GH and glucose, a second
aim of the study was to determine whether changes in
plasma and lymphocyte AgRP are accompanied by changes
in lymphocyte GH, glycogen and ATP levels as well as
changes in plasma insulin, GH and glucose. It was hypoth-
esized that acute exercise (circuit training) would (1) increase
lymphocyte expression of AgRP; (2) that its expression would
be accompanied by increases in plasma GH and glucose and
reductions in glycogen and ATP concentrations in lympho-
cytes; (3) that exercise would increase lymphocyte and
plasma AgRP levels; and (4) that increased exercise intensity
would enhance these responses.

Materials and methods

Subjects and research design

The study was approved by the ethic committee of the School
of Medical Sciences of Tarbiat Modares University and
conducted in accordance with the policy statement of the
Declaration of the Iranian Ministry of Health. Written
consent was obtained from 25 female physical education stu-
dents (age 20–30 y, height 150–171, body weight 50–65 kg
and body mass index [BMI] 18–24.5 kg/m2) without
weight circuit-resistance training experiences (Table 1).
Subjects were randomly assigned to five groups with five
subjects in each group: (1) control (no exercise); (2) 40% of a
one-repetition maximum (1-RM); (3) 60% of a 1-RM; (4)
80% of a 1-RM; and (5) combined loads (40þ 60þ 80%)
1-RM. Subjects completed a medical examination and a
medical questionnaire to ensure that they were not taking
any medication, were free of disease and were not using
steroids. All groups were completely familiarized with exper-
imental procedures and had their 1-RM determined for each
of the nine exercises used in the CRE protocol. Subjects were
all tested in the luteal phase of their menstrual cycle.

Exercise testing procedures

Before the main trial, participants were taken to the weight
room three times. In the first and second visits, all of the
participants performed strength tests to determine their
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1-RM for each of the nine free-weight resistance exercises
(arm curl, triceps extension, back extension, squat 908, leg
curl, bench press, overhead press, dead lift, seated row).
The procedure employed was the same as reported pre-
viously.26,35 The resistance exercise sessions were held in
the morning between 08:30 and 11:00 h to avoid effects of cir-
cadian rhythms. The duration of the whole program was
26 min. Subjects were instructed to follow normal lifestyle
habits, avoid medications, refrain from exercise three days
prior, and report to the lab for testing in a fasted (12 h) state.

Blood collection and lymphocyte preparation

Blood samples were obtained from an antecubital vein
immediately after the end of CRE protocols. Venous blood
samples were collected from the subjects into heparinzed
(10–20 U/mL) tubes (Vacutainer, Becton Dickinson,
Franklin Lakes, NJ, USA). Plasma was separated by cen-
trifugation within 15 min of collection and divided into
three aliquots. The aliquots were frozen and stored at
2808C for subsequent analyses (within 2–3 weeks).
Peripheral blood mononuclear cells were isolated by lym-
phocyte (Cedarlane Laboratories Limited, Burlington, ON,
Canada) density gradient centrifugation at 900 g, according
to the manufacturer’s instructions and the pellet containing
lymphocytes were used for further analyses.

PBLs AgRP mRNA expression

Freshly prepared blood lymphocytes (5 � 105 cells per
sample) were powdered with cold mortar and pestle, and
used for the isolation of RNA. Total RNA was extracted
by the guanidine thiocyanate method36 and mRNA was
purified using a mRNA isolation kit (Roche Diagnostics
GmbH, Mannheim, Germany) according to the manufac-
turer’s instruction. Two hundred nanograms of mRNA

were used for the synthesis of the first-strand cDNA in a
20 mL volume by using oligo (dT) primer in the first-strand
synthesis kit (Fermentas GmbH, St Leon-Rot, Germany).
Relative expression levels of AgRP mRNA in the lympho-
cytes were determined using a semi-quantitative polymer-
ase chain reaction (PCR) method. The following primers
were used to amplify lymphocyte AgRP and b-actin
cDNA (as an internal control): AgRP-forward: 50 AGA
AGA CAG CAG CAG ACC GAG 30; AgRP-reverse: 50

TGA AGA AGC GGC AGT AGC AC 30; b-actin-forward:
50 TCC TGT GGC ATC CAT GAA ACT 30; b-actin-reverse:
50 ATC GTG CAC CGC AAA TGC TTC 30. AgRP cDNA
were amplified giving a 186-bp product. PCR was formed
for 35 cycles of denaturation at 948C for 30 s, annealing of
608C for 30 s and extention at 728C for 50 s. Reactions
were set up using a two-fold serial dilution of template
cDNA to assess the best dilution of template in PCR.
Template cDNA was standardized by amplification of a
315-bp internal control of b-actin, a housekeeping gene
and a protein known to be expressed in the tissues. All
the reactions were repeated a minimum of three times to
ensure repeatability. All PCR products were electrophoresed
on an agarose gel and bands visualized by ethidium
bromide staining and quantified by computer integrated
densiometry (Eastman Kodak Co, New Haven, CT, USA).
Levels of mRNA were expressed as a ratio of signal intensity
for the b-actin gene.

Biochemical analyses

The plasma samples were analyzed for glucose, GH and
AgRP. Glucose was determined using an enzymatic
method (glucose oxidase and peroxidase, Man Co.,
Tehran, Iran). Plasma and lymphocyte GH were determined
by ELISA (Diagnostic Biochem Canada Inc, London,
Ontario, Canada; intra-assay coefficient of variation

Table 1 (a) Physical characteristics of participants. (b) The one-repetition maximum (1-RM) values in kg of nine exercises for 40%, 60%, 80% and
combined (40, 60, 80)% 1-RM groups

(a)

Variables Control 40% 1-RM 60% 1-RM 80% 1-RM Mixed% 1-RM

Age (y) 22.8+1.1 21.2+1.0 22.2+0.3 23.2+0.3 24.6+1.7

Height (cm) 162+1.3 161.2+3.6 159.0+2.4 167.0+3.7 162.0+2.1

Weight (kg) 54.0+1.7 52.6+2.0 50.0+1.0 55.0+3.0 54.0+2.7

BMI (kg/m2) 20.4+0.42 20.2+1.33 19.6+0.7 21.3+0.6 20.6+0.5

(b)

Variables 40% 1-RM (N 5 5) 60% 1-RM (N 5 5) 80% 1-RM (N 5 5) Combined% 1-RM (N 5 5) F P

Exercise 1 (kg) 17.0+1.27 18.7+1.98 17.7+1.0 18.8+1.6 0.336 0.800

Exercise 2 (kg) 148.5+7.7 152+16.5 163+9.0 142.0+11.86 0.71 0.558

Eexrcise 3 (kg) 28.3+1.0 28.0+1.45 26.7+0.6 25.10+1.0 2.21 0.132

Exercise 4 (kg) 42.6+2.5 39.4+2.17 44.4+1.8 38.0+2.37 1.89 0.178

Exercise 5 (kg) 21.7+2.16 22.62+1.1 20.60+1.47 1.92+24.8 1.171 0.356

Exercise 6 (kg) 28.87+3.14 28.75+1.6 29.9+1.64 25.0+2.37 1.053 0.400

Exercise 7 (kg) 31.12+1.37 30.50+2.82 30.7+1.90 29.90+1.10 0.077 0.971

Exercise 8 (kg) 61.50+6.62 63.9+5.50 74.40+5.43 64.0+1.60 1.471 0.266

Exercise 9 (kg) 60.12+2.7 68.26+6.64 64.8+2.7 74.60+4.0 2.24 0.128

BMI, body mass index:1-RM, 1-repetition maximum

N¼ 5 subjects per group. Values are mean+SEM (kg)
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(CV)%: 5.95, sensitivity 2 ng/mL). Plasma and lymphocyte
AgRP were measured using a commercial kit (Human AgRP
Immunoassay, R&D Systems GmbH, Wiesbaden-
Nordenstadt, Germany; intra-assay CV%: 3.4, sensitivity:
0.68 pg/mL). Lymphocyte ATP was measured using acommer-
cial ATP determination kit (bioluminescence method, sensitive
assay; Biaffin GmbH & Co KG, Kassel, Germany). Glycogen
contents in lymphocytes were obtained using a glycogen
colorimetric kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China).

Statistics

The data were analyzed using an SPSS package (version 13)
by personal computer. The obtained data for lymphocyte
AgRP, GH, ATP, glycogen, and plasma glucose, GH and
AgRP concentrations were analyzed using a one-way analy-
sis of variance. Significant effects were followed by appro-
priate planned comparison. Statistical significance was
accepted at P , 0.05.

Results

The descriptive characteristics of the subjects are high-
lighted in Table 1. There were no significant differences
between groups for age, height, body weight or BMI.
Analysis using a semi-quantitative reverse-transcription-
PCR technique showed that AgRP was expressed in PBLs
in all given exercise intensities (Figure 1). A higher and sig-
nificant (P , 0.001) AgRP mRNA expression was found in
the 60% 1-RM group than in the control and other exercise
groups (Figure 1). The WBC, lymphocyte and neutrophil
counts were significantly increased in all exercise groups,
but the counts of lymphocyte were higher in the 60% (P ,

0.027) and 80% 1-RM (P , 0.012) groups than in the other
groups (Figure 2). Lymphocyte AgRP and GH concen-
trations were significantly lower in all exercise groups
(P , 0.028 and P , 0.05, respectively), but the 60% 1-RM
group had lower levels of lymphocyte AgRP and GH
(Figure 3). Lymphocyte ATP contents remained unchanged
and lower glycogen levels were found in the combined
group compared with the control group but no other
group, although higher lymphocyte glycogen content was
observed in the 60% group when compared with the 40%
and combined loaded groups (Figure 4). In contrast to the lym-
phocyte content, plasma AgRP and GH concentrations were
significantly higher in the 60%, 80% and combined loaded
groups than in the control group (Figures 3 and 5). However,
the 80% 1-RM and combined loaded groups had higher
plasma GH concentrations than other groups (Figure 5).
Plasma glucose concentrations were significantly (P , 0.001)
higher in all exercise groups compared with the control
group, and the levels of plasma glucose were higher in the
40% and 60% groups than in the other groups (Figure 5).

Discussion

To our knowledge, this is the first study to demonstrate that
AgRP is expressed by PBLs. It is also the first investigation

to show that exercise increases AgRP expression in these
cells. Another major new finding is that plasma AgRP
increased with greater resistance exercise loads. In addition,
there were reduced AgRP and GH concentrations in lym-
phocytes following the CRE protocols, but this reduction
was more pronounced in the 60% 1-RM group.

As demonstrated in previous studies,6,9,16,37 physical exer-
cise enhanced white blood cell number and gene expression
in the present study. Connolly et al.8 investigated the effects
of 30 min of constant rate of cycle ergometry (80% VO2

peak) on PBMC gene expression. They reported that the
number of total WBCs, lymphocytes and monocytes were
significantly elevated immediately after exercise. They also
observed that 311 genes were differentially regulated
between pre- and post-exercise and 552 genes were differen-
tially regulated between post-exercise and recovery periods
(90 min). Most of the genes were categorized as immune,
inflammatory, stress, cell growth, metabolism, signal trans-
duction and transcription factors. Studies such as these
reveal the potent effect of exercise on PBL gene expression.

In the present study we found that AgRP mRNA is
expressed in PBLs, which is the first time this has been
reported. This discovery is analogous to findings regarding
the PBL expression of two other appetite hormones, leptin38

and ghrelin.15 In addition, since immune cells release
inflammatory cytokines that can affect food intake and
energy balance,39 the expression of leptin and ghrelin and
AgRP in PBLs would be consistent with these physiological
responses. Indeed, it has been reported that with reduction
in ghrelin derived from T-cells there is an increase in
expression of proinflammatory cytokines.39 Additionally, it
has been shown that leptin affects immune responses in
part through action on an isoform of the leptin receptor
in T-cells.40 From these data and those presented in the
present study, it appears that PBL signaling via appetite
peptides may provide an important role for immune
system communication and possibly CNS tissues regarding
the state of energy homeostasis. This may be especially
important due to the energy requirements for effective
immune system function.

The effects of physical exercise on TNF-a, interleukin 1
and 6,41 and ghrelin16 in human lymphocytes have been
investigated, but AgRP has not. Mager et al.16 determined
the effects of an incremental aerobic exercise (30 min at
55–65% of VO2max, 4 times/week) and resistance training
(4 sessions/week at 70% 1-RM, 2 � 10–12 repetitions) on
ghrelin gene expression and its plasma concentrations in
peripheral mononuclear cells of overweight or obese
women. Using realtime PCR they reported both ghrelin
and GHSR 1b mRNA were expressed in PBLs of all study
subjects. They also found that the expression of ghrelin in
aerobic and resistance groups was not accompanied by
significant changes in plasma ghrelin concentrations. In
the present study we used resistance exercise, a stressor
known to affect the immune system,42 on human PBL
expression and plasma levels of AgRP. With consideration
of the effects of physical exercise on PBL gene expression
and with regard to AgRP mRNA expression in other
tissues, our results are in agreement with previous studies.
Moreover, our data showed that higher AgRP mRNA
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expression was accompanied with decreased and increased
lymphocyte and plasma AgRP concentrations, respectively.
This suggests a possible role of AgRP for paracrine and
endocrine signaling. Future research is needed to further
elucidate these findings.

There was a greater lymphocyte AgRP mRNA expression
in the 60% group compared to the 40%, 80% and combined

workload groups. Intuitively, these findings would call into
question the use of different subjects for the different exer-
cise intensities and intersubject variability. However,
plasma concentrations of GH typically increase with
increases in resistance exercise muscle loading and GH in
the present study followed this expected pattern of increase.
This also held true for the combined group that used lower

Figure 1 Semi-quantitative reverse-transcription PCR (RT-PCR) and lymphocyte AgRP/b-actin of mRNA expression (%) in peripheral blood lymphocytes of

control (N ¼ 4), 40% (N ¼ 4), 60% (N ¼ 5), 80% (N ¼ 5) and combined (40, 60, 80)% of 1-RM loaded groups (N ¼ 4). Values are mean+SEM. �40% versus

control, þ60% versus control, ‡80% versus control, †combined % load versus control, �þ60% versus 40%, þ‡60% 1-RM versus 80%, þ†60% versus combined

% load group. 1-RM, 1-repetition maximum; AgRP, agouti-related protein
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(40% 1-RM), moderate (60% 1-RM) and higher (80% 1-RM)
workloads. This suggests that the physiological responses to
different workloads were not due to subject variation within
groups with regard to exercise load. Thus, it remains to be
determined why greater AgRP mRNA expression occurred
with the 60% 1-RM load versus the other loads.

Lymphocyte AgRP content was considerably higher at the
80% compared with the 60% 1-RM load; thus, it is possible
that at the 80% 1-RM load the higher AgRP lymphocyte
content had already supplied ample feedback within the
lymphocyte to reduce AgRP mRNA expression, although
this cannot be determined from our research protocol.

Figure 3 Lymphocytes AgRP and GH and plasma AgRP concentrations in

control, 40%, 60%, 80% and combined (40, 60, 80)% load groups. Five sub-

jects per group. Values are mean+SEM. The levels of lymphocyte AgRP were

significantly lower in 40%, 60% and 80% groups, but the reduction of AgRP

was more pronounced in the 60% group. The same pattern was observed

in lymphocyte GH levels. �40% 1-RM versus control, þ60% 1-RM versus

control, ‡80% versus control, †combined % load versus control. 1-RM, 1-

repetition maximum; AgRP, agouti-related protein; GH, growth hormone

Figure 2 Total WBCs, lymphocyte and neutrophil counts in control, 40%,

60%, 80% and combined (40, 60, 80)% loaded groups. Five subjects in

each group. Values are mean+SEM. �40% versus control, þ60% versus

control, ‡80% versus control combined % load versus control and for WBC

and lymphocyte counts. The counts of lymphocyte were significantly higher

in the 60% and 80% groups than in the 40% group. �þ60% versus 40%

group, �‡80% versus 40% group. 1-RM, 1-repetition maximum; WBC, white

blood cell
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What is clear is that exercise stimulated increased AgRP
mRNA expression since all exercise trials were associated
with greater AgRP mRNA levels than resting values.

The effects of physical exercise on plasma AgRP concen-
trations and brain AgRP mRNA expression have been exam-
ined in only a few existing studies. Ghanbari-Niaki et al.26

reported that a single session of CRE at 35% 1-RM increased
plasma AgRP concentrations in 20 young men immediately
after the exercise bout. Levin and Dunn-Meynell27 reported
no significant effect of exercise on AgRP expression in the
ARC of wheel-running and food-restricted rats. In their
study, the combination of exercise and caloric restriction
had no additive effect on ARC AgRP expression. Another
study demonstrated that the AgRP mRNA expression in
the ARC was significantly increased in sedentary, wheel-
running and food-restricted rats as compared with freely
fed rats.28 This effect was stronger in the running animals,
in which AgRP was increased 4.8-fold versus 2.3-fold in the
sedentary group. In the present study, there was a pattern
of increase in plasma AgRP concentration with increasing
workload, similar to GH responses. Some of the increase
could have been due to greater lymphocyte expression of
AgRP, although clearly other peripheral sources of AgRP
likely contributed to higher plasma levels. It is not clear

why there was a varied workload pattern associated with
lymphocyte AgRP content. Future studies are required to
elucidate these findings.

This is the first report in relation to levels of GH in PBLs
after exercise, particularly following the CRE. Thus, with
regard to the discrepancies between plasma and lympho-
cyte content of AgRP and GH, we can only speculate that
a higher plasma AgRP and GH in contrast to the AgRP
and GH PBL content is the result of AgRP and GH release
or depletion/degradation from different sources among
PBLs. This suggests that the lymphocyte might be a minor
source of AgRP and GH release into circulation.

In our study, lymphocyte ATP content remained
unchanged, but the levels of glycogen were significantly
lower in the combined group than in the control group,
and significantly lower in the 40% and combined groups
compared with the 60% group. Together these findings
suggest that lymphocyte AgRP expression is not affected
by lymphocyte ATP and glycogen concentrations following
exercise.

Limited data exist regarding effects of resistance exercise
load on leukocytosis. In the present study, neutrophil

Figure 5 Plasma glucose and GH concentrations in control, 40%, 60%, 80%

and combined (40, 60, 80)% of load groups. Five subjects per group. Values

are mean+SEM. Plasma glucose were higher in exercise protocols. A

higher and significant plasma glucose concentration was observed in the

60% and 40% groups when compared with the other groups. �40% versus

control, þ60% versus control, ‡80% versus control, †combined % load

versus control, �þ60% versus 40%, þ‡60%1-RM versus 80%, þ†60% versus

combined % load group. 1-RM, 1-repetition maximum; GH, growth hormone

Figure 4 Lymphocyte glycogen and ATP contents in control, 40%, 60%,

80% and combined (40, 60, 80)% load groups. Five subjects per group.

Values are mean+SEM. A higher level glycogen content was observed in

the 60% group when compared with the 40% and combined % load

groups. †Combined % load versus control, �þ60% versus 40% group,
þ†60% versus combined % load group. 1-RM, 1-repetition maximum
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counts were lower (although not significantly so) after the
80% 1-RM trial versus the 60% 1-RM trial, whereas the
mean value for lymphocytes at 80% 1-RM was greater
(although not significantly so) than at 60% 1-RM loads.
WBC count was slightly lower for 80% 1-RM than for 60%
1-RM, but significantly greater than 40% 1-RM. It appears
that there are variable responses of different kinds of leuko-
cytes to different exercise loads. For instance, Mayhew
et al.43 investigated effects of resistance exercise rest intervals
(1 versus 3 min between sets) on leukocytosis and reported
increased lymphocyte number to a greater degree in response
to a one-minute rest interval protocol compared with resist-
ance exercise protocol using three-minute rest intervals
between sets, which was similar in direction to our findings.
However, there was actually a higher mean neutrophil level
in the three-minute versus the one-minute protocol. This is
also consistent with the direction of our findings with mean
neutrophil counts being greater (but not significantly so) in
response to the 80% 1-RM versus 60% 1-RM trial.

In summary, this is the first study demonstrating that
acute exercise increases PBL AgRP mRNA expression. The
study also provides the first evidence that larger resistance
exercise loads elicit greater increases in plasma AgRP con-
centrations and that loading affects lymphocyte AgRP
content. Findings indicate that PBLs should be considered
as a possible extra-hypothalamic source for plasma AgRP
levels following acute exercise. These data are consistent
with the general concept of intra- and inter-tissue appetite
signaling in that immune system responses to acute exercise
require greater energy expenditure and that orexigenic
signaling via AgRP could be important in response to
immune activity elicited by exercise. Further study is
needed to determine the role of AgRP mRNA expression
in the exercise environment.
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