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ABSTRACT 
International Journal of Exercise Science 6(3) : 250-255, 2013. With the emergence of 
shared facilities, the possibility of a processing delay is increased as time on instrumentation 
becomes less available. The purpose of this investigation was the evaluate the effect of a 24h time 
delay on lymphocyte subset concentration, as well as for the apoptotic marker annexin V. 
Fourteen healthy individuals completed an incremental treadmill test to exhaustion, and blood 
samples were obtained before and after exercise. The samples were labeled in duplicate with 
mixtures consisting of flow cytometry staining buffer, the biomarker for early-phase cell death 
(annexin V), and antibodies for specific lymphocyte phenotypes (CD4, CD8, and CD19). Samples 
were labeled for 30-min, centrifuged, and decanted, before the addition of RBC Lysis Buffer. 
Upon the completion of processing, the first set of samples were immediately analyzed using 
flow cytometry and the remaining duplicate samples were acquired 24 h later. Data were 
analyzed using a paired sample t-test with significance accepted at the p < 0.05 level. For blood 
draws obtained at rest, no differences between acquisition days were observed with regard to cell 
volume for any lymphocyte subfraction. However, blood samples obtained following an 
exhaustive exercise bout had significant decreases in CD4+ (p=0.002) and CD8+ (p= 0.021) 
concentration between acquisition days. Processing delays did not affect the number of apoptotic 
cells in any lymphocyte subset either at rest or following exercise. As the number of apoptotic 
cells was unaffected by processing, the reduction in cell concentration is likely due to 
mechanisms other than programmed cell death. It is possible that exercise makes lymphocytes 
more susceptible to necrosis during the post-activity period. 
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INTRODUCTION 
 
Intense physical activity has been shown to 
alter immune system variables such as 
subset count (1, 5), cytokine production (4, 

16, 20), and proliferative response (17, 18). 
One common response is a biphasic 
modulation in overall lymphocytes, 
resulting in an increase during exercise, but 
a reduction in number through the recovery 
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period following exertion (1, 6). Our 
laboratory has investigated potential 
mechanisms surrounding the reduction of 
lymphocytes with exercise, termed exercise-
induced lymphocytopenia, in the 
framework of elimination via apoptosis, 
egress from the cardiovascular system into 
the lymphoid pools, or contributions by 
both processes (2, 10). While strong 
evidence exists to support cellular 
migration as the primary influence(2, 3, 22), 
the contribution of lymphocyte apoptosis is 
less clear. Some studies have observed 
increased lymphocyte apoptosis with acute 
high-intensity exercise (7, 8, 14), however 
other studies do not indicate a change in 
cell death status of lymphocytes following 
an acute bout (19, 21). 
   
We have noted that a potential explanation 
for the differences observed in the exercise-
induced lymphocyte apoptosis literature is 
the lack of a standardized methodology for 
obtaining this measurement (11). Cell death 
due to exercise has been assessed 
morphologically (7, 14), and using various 
biomarkers such as annexin V (8, 9, 23), 
CD95 (8, 9), and alterations in 
mitochondrial transmembrane potential 
(24, 25). This has resulted in apoptotic 
yields following exercise that have varied 
between 2.5 (23) and 51% (7). 
 
With regard to biomarker methodology, 
many investigators have limited access or 
time on equipment, particularly when 
utilizing a shared or “core” facility. It is 
possible that blood samples obtained on an 
exercise testing day would not be able to be 
processed until a day later when the 
investigator was able to access equipment. 
In a previous investigation, we found that a 
delay in blood processing following 
exercise similar to methods used in many of 

the previously noted biomarker 
investigations, resulted in decreased overall 
lymphocyte apoptotic index assessed via 
morphology (13). As an acquisition delay 
has the ability to affect exercise-induced 
apoptosis, we wished to determine the 
consequence of suspending flow cytomeric 
measures on lymphocyte subfractions 
following exercise while utilizing a 
common biomarker for cell death, annexin 
V. We hypothesized that evaluated 
measurements taken on fresh blood 
samples would provide a greater yield with 
regards to cell volume and cell death 
compared with readings from the same 
samples obtained 24h later. 
 
METHODS 
 
Participants 
A total of 14 individuals (female=6, male=8) 
were recruited from Western Kentucky 
University’s Kinesiology, Recreation and 
Sport Department, women’s volleyball 
team, and swim team (see Table 1). The 
purpose of the study was explained to each 
participant and they signed a written 
informed consent, which was approved by 
the institutional Human Subject Review 
Board. 
 
Table 1. Subject characteristics reported as mean±SE. 
 Age 

(years) 
Height 
(cm) 

Weight 
(Kg) 

Male 20.0±1 170.7±2.4 84.2±2.2 
Female 19.8±1 163.8±4.9 63.8±2.8 
 
Protocol 
Participants completed a single treadmill 
run to exhaustion. The bout began with a 
three minute walking warm up at 80.5 
m·min-1 (3.0 mph), and the first running 
stage was 134.1 m·min-1 (5.0 mph). Speed 
was then increased incrementally by 26.8-
52.6 m·min-1 (1-2 mph) with each 3-min 
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stage until a comfortable running velocity 
was established (self-selected by the 
participant). Once constant running speed 
was attained, treadmill grade was increased 
2.5% with each successive stage until 
volitional fatigue. Adjunct measurements 
obtained during the test included heart 
rate, and ratings of perceived exertion. 
 
Blood Analysis: Blood samples (150 ml) 
were obtained via finger-stick into capillary 
tubes before (Pre) and immediately 
following the treadmill run (Post). All 
antibodies and reagents were obtained 
from eBioscience (San Diego, CA) unless 
otherwise noted. Whole blood (40 mL) was 
labeled in duplicate with mixtures 
consisting of flow cytometry staining buffer 
(250 mL), the biomarker for early-phase cell 
death (annexin V in a 1:900 dilution), and 
antibodies for specific lymphocyte 
phenotypes (CD4, CD8, and CD19, also in 
1:900 dilutions respectively) in a 
microcentrifuge tube (Posi-Click, Denville 
Scientific Inc., South Plainfield, NJ) certified 
to be RNase, DNase, and pyrogen free. 
Blood samples were processed as described 
previously (12). Briefly, samples were 
incubated in the dark at room temperature, 
centrifuged, then decanted, and RBC Lysis 
Buffer was added and allowed to incubate 
for 15-min. PBS (Sigma Aldrich, St. Louis, 
MO) was added, then samples were 
centrifuged, decanted, and vortexed. The 
final sample of resuspended sample was 
250 mL, and tubes remained capped until 
just prior to acquisition. Therefore, the total 
volume of sample was the same between 
acquisition days. The first set of samples 
were immediately analyzed using flow 
cytometry (C6, Accuri, Ann Arbor, MI) and 
the remaining duplicate samples were 
stored at 4°C until acquisition 24 h later. 
 

Statistical Analysis 
Data were analyzed using a paired sample 
t-test (SPSS Statistics 18.0, IBM Corporation, 
Somers, NY). Significance was accepted at 
the p < 0.05 level. 
 
RESULTS 
 
For baseline blood draws, no differences 
between acquisition days were observed 
with regard to cell concentration for any 
lymphocyte subsets (CD4+, p = 0.23; CD8+, 
p = 0.19; CD19+, p = 0.45). However, blood 
samples following an exhaustive exercise 
bout displayed significant decreases 
between acquisition days. CD4+ cell counts 
were significantly less on day 2 compared 
with day 1 (P = 0.002) (see figure 1).  
Similarly, CD8+ counts were significantly 
lower on day 2 compared with day1 (P = 
0.021) (see figure 2). 
 

 
Figure 1. Postexercise helper T-cell (CD4+) volume 
was significantly decreased on the second day of 
analysis compared with volume observed on the 
first day of acquisition, reported as mean and SE. * 
denotes a significant difference between processing 
days (p=.002). 
 
Acquisition delays did not affect the 
number of apoptotic cells in any 
lymphocyte subset either at rest or 
following exercise (p> 0.05 in all cases). 
 



ACQUISITION DELAYS AND LYMPHOCYTE SUBSETS 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
253 

 
Figure 2. Cytotoxic T-lymphocyte (CD8+) volume 
from postexercise samples was significantly reduced 
with a 24h delay in processing. * represents a 
significant difference between days of processing (p 
= 0.021). 
 
DISCUSSION 
 
The purpose of this investigation was to 
evaluate the effect of acquisition time on 
lymphocyte subset count and apoptosis. 
We hypothesized that a delay would affect 
both lymphocyte cell concentration, as well 
as the expression of the apoptotic marker 
annexin V. The primary finding is that a 24-
h acquisition delay significantly reduced 
the CD4+ and CD8+ cell concentration 
following exercise, while resting values 
were unaffected. In addition, acquisition 
delays of no more than 24-h appear to have 
little effect on early-phase apoptosis in the 
primary lymphocyte subsets.  
 
While these results are not similar to our 
earlier investigation (13), there could be a 
number of explanations for the discrepancy. 
Previously, we reported that the apoptotic 
yield decreased as processing time 
increased (i.e. the number of observed 
apoptotic cells was lower as the time for 
processing was extended). In that study, the 
morphological method was utilized. 
Morphological techniques have generally 
produced much larger exercise-induced 

apoptotic indexes (13-15), and it is possible 
that cells other than the subsets that we 
evaluated in the present study (CD4+, 
CD8+, CD19+), such as natural killer cells, 
could primarily account for the observed 
response. Additionally, the morphological 
method considers cells in all stages of the 
cell death process, whereas annexin V is a 
biomarker specific to early-phase apoptosis. 
It seems likely that the reduction of 
apoptotic cells in the previous investigation 
(13) was due to the deletion of cells in late-
stage apoptosis, rather than those in the 
early-phase. 
 
We found that an acquisition delay resulted 
in decreased cell volume for the CD4+ and 
CD8+ lymphocyte subsets. In one of the 
first investigations to evaluate the effect of 
physical activity on lymphocyte apoptosis, 
Mars et al. reported the presence of 
apoptotic cells up to 24 h following a bout 
of exhaustive exercise (7). They suggested 
that an apoptotic signal could persist for 
several hours following exercise, or that 
activation-induced cell death could play a 
more prominent role during the recovery 
period (7). As the absolute number of 
apoptotic cells in the present investigation 
was unaffected by processing, the reduction 
in cell volume is likely due to mechanisms 
other than programmed cell death. It is 
possible that exercise makes these cells 
more susceptible to necrosis during the 
post-activity period.  
 
In conclusion, while we found that a 24h 
acquisition delay decreased the volume of T 
lymphocytes (both helper and cytotoxic) it 
had no effect on the number of cells 
expressing the early apoptotic marker 
annexin V. Because of this, it is likely that 
the reduction in lymphocyte volume was 
due to necrotic cell death as cells displaying 
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the marker for programmed cell death 
remained unchanged. Future investigations 
should employ morphological and 
biomarker techniques toward elucidating 
the contribution of these mechanisms to cell 
volume reductions. From a practical 
standpoint, processing as we have 
described in the current investigation 
should proceed to analysis by flow 
cytometry without delay to avoid potential 
error, particularly when reporting the 
relative percentage of apoptotic 
lymphocytes. Lastly, future investigations 
could be directed at determining 
modifications to the protocol that would 
overcome the time and workflow 
limitations that are associated with 
evaluating exercise-induced lymphocyte 
responses when working in a shared 
facility. 
 
REFERENCES 
 
1. Deuster PA, Curiale AM, Cowan ML, Finkelman 
FD. Exercise-induced changes in populations of 
peripheral blood mononuclear cells. Med Sci Sports 
Exerc 20(3): 276-280, 1988. 
 
2. Friedman RA, Navalta JW, Fedor EA, Kell HB, 
Lyons TS, Arnett SW, Schafer MA. Repeated High-
Intensity Wingate Cycle Bouts Influence Markers of 
Lymphocyte Migration but not Apoptosis. Appl 
Phys Nutr Metab 37(2): 241-246, 2012. 
 
3. Hong S, Johnson TA, Farag NH, Guy HJ, 
Matthews SC, Ziegler MG, Mills PJ. Attenuation of 
T-lymphocyte demargination and adhesion 
molecule expression in response to moderate 
exercise in physically fit individuals. J Appl Physiol 
98(3): 1057-1063, 2005. 
 
4. Ibfelt T, Petersen EW, Bruunsgaard H, Sandmand 
M, Pedersen BK. Exercise-induced change in type 1 
cytokine-producing CD8+ T cells is related to a 
decrease in memory T cells. J Appl Physiol 93(2): 
645-648, 2002. 
 
5. Kendall A, Hoffman-Goetz L, Houston M, 
MacNeil B, Arumugam Y. Exercise and blood 

lymphocyte subset responses: intensity, duration, 
and subject fitness effects. J Appl Physiol 69(1): 251-
260, 1990. 
 
6. Kendall A, Hoffman-Goetz L, Houston M, 
MacNeil B, Arumugam Y. Exercise and blood 
lymphocyte subset responses: intensity, duration, 
and subject fitness effects. J Appl Physiol 69(1): 251-
260, 1990. 
 
7. Mars M, Govender S, Weston A, Naicker V, 
Chuturgoon A. High intensity exercise: a cause of 
lymphocyte apoptosis? Biochem Biophys Res Comm 
249(2): 366-370, 1998. 
 
8. Mooren FC, Bloming D, Lechtermann A, Lerch 
MM, Volker K. Lymphocyte apoptosis after 
exhaustive and moderate exercise. J Appl Physiol 
93(1): 147-153, 2002. 
 
9. Mooren FC, Lechtermann A, Volker K. Exercise-
induced apoptosis of lymphocytes depends on 
training status. Med Sci Sports Exerc 36(9): 1476-
1483, 2004. 
 
10. Navalta JW, Lyons TS, Prestes J, Arnett SW, 
Schafer MA, Sobrero GL. Exercise Intensity and 
Lymphocyte Subset Apoptosis. Int J Sports Med 34: 
268-273, 2013. 
 
11. Navalta JW, McFarlin BK, Lyons TS. Does 
exercise really induce lymphocyte apoptosis? 
Frontiers in Bioscience (Elite Ed) 2: 478-488, 2010. 
 
12. Navalta JW, McFarlin BK, Simpson R, Fedor EA, 
Kell HB, Lyons TS, Arnett SW, Schafer MA. Finger-
stick blood sampling methodology for the 
determination of exercise-induced lymphocyte 
apoptosis. J Visualized Experiments (48)2011. 
 
13. Navalta JW, Sedlock DA, Park KS. Blood 
treatment influences the yield of apoptotic 
lymphocytes after maximal exercise. Med Sci Sports 
Exerc 37(3): 369-373, 2005. 
 
14. Navalta JW, Sedlock DA, Park KS. Effect of 
exercise intensity on exercise-induced lymphocyte 
apoptosis. Int J  Sports Med 28(6): 539-542, 2007. 
 
15. Navalta JW, Sedlock DA, Park KS, McFarlin BK. 
Neither gender nor menstrual cycle phase influences 
exercise-induced lymphocyte apoptosis in untrained 



ACQUISITION DELAYS AND LYMPHOCYTE SUBSETS 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
255 

subjects. Appl Physiol Nurt Metab 32(3): 481-486, 
2007. 
 
16. Nieman DC. Immune response to heavy 
exertion. J Appl Physiol 82(5): 1385-1394, 1997. 
 
17. Nieman DC, Henson DA, Austin MD, Brown 
VA. Immune response to a 30-minute walk. Med Sci 
Sports Exerc 37(1): 57-62, 2005. 
 
18. Pedersen BK, Toft AD. Effects of exercise on 
lymphocytes and cytokines. Br J Sports Med 34(4): 
246-251, 2000. 
 
19. Peters EM, Van Eden M, Tyler N, Ramautar A, 
Chuturgoon AA. Prolonged exercise does not cause 
lymphocyte DNA damage or increased apoptosis in 
well-trained endurance athletes. Eur J Appl Physiol 
98(2): 124-131, 2006. 
 
20. Prestes J, de Ferreira CK, Dias R, Frollini AB, 
Donatto FF, Cury-Boaventura MF, Guereschi MG, 
Pithon-Curi TC, Verlengia R, Palanch AC, Curi R, 
Cavaglieri CR. Lymphocyte and cytokines after 
short periods of exercise. Int J Sports Med 29(12): 
1010-1014, 2008. 
 
21. Simpson RJ, Florida-James GD, Whyte GP, Black 
JR, Ross JA, Guy K. Apoptosis does not contribute to 
the blood lymphocytopenia observed after intensive 
and downhill treadmill running in humans. Res 
Sports Med 15(3): 157-174, 2007. 
 
22. Simpson RJ, Florida-James GD, Whyte GP, Guy 
K. The effects of intensive, moderate and downhill 
treadmill running on human blood lymphocytes 
expressing the adhesion/activation molecules CD54 
(ICAM-1), CD18 (beta2 integrin) and CD53. Eur J 
Appl Physiol 97(1): 109-121, 2006. 
 
23. Steensberg A, Morrow J, Toft AD, Bruunsgaard 
H, Pedersen BK. Prolonged exercise, lymphocyte 
apoptosis and F2-isoprostanes. Eur J Appl Physiol 
87(1): 38-42, 2002. 
 
24. Tuan TC, Hsu TG, Fong MC, Hsu CF, Tsai KK, 
Lee CY, Kong CW. Deleterious effects of short-term, 
high-intensity exercise on immune function: 
evidence from leucocyte mitochondrial alterations 
and apoptosis. Br J Sports Med 42(1): 11-15, 2008. 
 
25. Wang JS, Huang YH. Effects of exercise intensity 
on lymphocyte apoptosis induced by oxidative 

stress in men. Eur J Appl Physiol 95(4): 290-297, 
2005. 


