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Effects of  High-Intensive  Exercise

Cytokines in Rats
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The effects of duration and time-dependent, high-intensity exercise on hematological properties and
inflammation-related parameters in rats were studied. 20, 60, and 120 min of high-intensive exercise
were performed daily for 8 weeks. None of the complete blood count (CBC) factors were affected by
the exercise, except for the leukocyte concentration which, in the 20 min group, showed an increase
of 47% compared to the control, but this was decreased after 60 min by 30% compared to the control.
As exercise was performed for 60 min or longer, serum concentrations of Fe™, unsaturated iron biding
capacity (UIBC), and total iron biding capacity (TIBC) were significantly elevated in comparison to the
control, where 20 min of exercise did not show any change. Both levels of interleukin-6 (IL-6), a
pro-inflammatory cytokine, and interleukin-10 (IL-10), an anti-inflammatory cytokine in the serum,
were elevated in response to the high-intensity exercise, however the rate of IL-6 increase was higher
than the rate of exercise intensity increase, thus the offset of inflammation might be suggested. The
concentration of nitric oxide (NO) in the serum became high in response to the exercise. Overall, the
current observation suggests that inflammation-like responses to high-intensity exercise might be due
to high circulation of blood flow and high oxygen requirement, resulting in systemic damages.
However, under the current high-intensity exercise conditions, more than 20 min of exercise might

not be suggested for health care purposes.

Key words : Duration time of exercise, high-intensive exercise, leukocyte, interleukin, nitric oxide
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HEE AL o g 2E, ol & AE &E el &l AAsk At
g FAA ke AN &S grjste Aoz2A A ¢
SS9 2Astole A dHT24] Mz 3y
A A&l 7 dubz o g dojste A AR
Abo]E7Rle] Stk 71 % Interleukin-6 (IL-6)%} Interleukin-10 2 AFolA AEE 85F 9 47 Sprague-Dawley (SD)
(IL10)0] Q& 1] L6 9% A4 Afo|E7}elo] 1 IL10S dEE T4 %(Central Laboratory Animal Inc. t] gt
gz J)%p1S 7HA 2 ok ek YZ P A AALEE in- el A FYIAT FEASAANA AULE 25C =
terferon- 7 (INF-7)% A1) 98] 3 @Zugo] g 30 60% T2 12402 1A} HE @slol BT A AR
3 AEE 2 dHA Qe o 2 JYEAd g3 By +5E Agety delstdh 27319 #8713kl Ad - 4
B 9 o) whE gwkgd] #ol ITH19). nFEeFA i (Control group, n=8)& EF3ted 20 (E-20 min group,
9] 0159 Z7te| U3 8 A7t AP YT IPELE n=8), 60+ (E-60 min group, n=8), 121l 120+(E-120 min
o] IL69} ILA10 [29]¢] 8% 432 AxA7Iths B o]9]d group, n=8) It &&& A7 AT § 470 E EHSAT
= Yz ol 7tao] WE INF-y 9 $F A3t 94 RiH o (Table 1). 27 A ZE AP 1579 54 1333
gt} 2o g AT E A ZtEE A THS m/min (% 0.8 km/hr)9 £=2 HX4E9 motorized
By 98 FEEwst 2748ba o] 7)o) tig AW vkgo.  treadmill (TM motor 2000, Korea)oll A B2] =5 3fo] 2g-<
ZA9 g3 18] oFF %518& o g Fof3itt. da% AR FEAH oF 3R FUE HSHORE SRS SUA
el lolM AA Wl M 7HE 2 e FRJAAS nitric e 713 M 857F 16.67 m/minc] A Al 23t
oxide (NO)= EHU A A Eo M H4F5H o] = L-alanin] A 36.67 m/min (°F 220 km/hr)2 NAM3] £EE S UA H9
28 NO SHELENOs)O 3 AHETHIOL NOg| shehy ol meh 217 20, 60, 120 & Bt BelvlE ANSAT 48
2ko] QAld] @ A7) st AAHA AHlMe NO AT FEF AR F(VOmax >80-85%) .2 47 oFii
= oy kA AdelF 75 By g AdaA BE tH23]. 857t AFe] TEE AT FAFTEZRE Y Y
A3} NOo| 28 e oa& e AT Qe o wEdA  EFE AR AAS A3 AHZE ARSI vh R AL
o] ¥Z NO9 Z7} 94 478 ui7} Qo2s]. 28y, 17 £ A8 o= Fuista FEHE AU A ot
9% A&7 G o]-g o7 2% Wil g3 = 2 718 5 st AAHASG
e A9 HHlEte o] w2 A} £ Az gig A7
7t 27EGR ARE 2 ATE YA HUh AZRIF S A2
B AFNNE a5 FALEEY A&7k P dgeee] gL dFezny dAHgleH AHd €@
3ta 24, AW BE AASuksd e e d= Ao o]Fo =HS 93 & SuHYE I AY, ¥, 4
HE FF Jox d58d Ao|EZS, a8 s g3z geloto] A E4vt7] o} Ato]E7HS] 3 NO
3 BUE NOS| 2o vHe JFL 4AF 2UL o] 52 BANY) I3 ¥F Busd
Table 1. Characteristics of experimental rats
. Grou

Variable Control E-20 ’ E-60 E-120

Sample size (n) 8 8 8 8

BE-Age (wk) 12 12 12 12

AE-Age (wk) 20 20 20 20

Exercise type Non Aerobic Aerobic Aerobic

Ex-speed (m/min) 0 36.67 36.67 36.67

Ex-duration (wk) 0 8 8 8

Species (rat) SD SD SD SD

BE-Wt (g) 355.00+21.05 363.25+20.14 319.10+18.97 350.30+29.52

AE-Wt (g) 4525043355 418.50+26.12" 382.57+31.04"% 364.21+21.64"

Data were expressed as the meantstandard error (SE).

*, p<0.05 (compared with Control)

**, p<0.01 (compared with Control)

1, p<0.05 (compared with E-20 min)

Abbreviation: Control, no exercise; E-20 min, daily exercise for 20 min; E-60 min, daily exercise for 60 min; E-120 min, daily exercise
for 120 min; Ex, exercise; BE, before exercise; AE, after exercise; Wt, weight; SD, Sprague-Dawley.
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24 ol g APLEe BT AFTHLTE FF FEOE Ve
Yol ghr WS THTable 1). HE3F, 8577+9] A% E-203% E-609] 4% W=7
CBC & diff-count =32 EDTAXE] AdE o] &3lo] 25 B}t o 60% FFO2 F7FE RO E120 9] Aol
ol 24 7)(BC-2800 ver, Shenzhen Mindary Bio-Medical Z3 UH 14% A=W S7ksk] AojAor v FUhes
A

H

Electronics Co., Ltd.,, Germany)ol Al 2 A5} T} HAh ol A=d 5 FA A& B AYGS
A EAA Ay AFALE M4 & F dda AgE
3 Wl 5%, $H 45 (total iron binding capacity, Bel= Asks el el glop 3= gl v
TIBC), 18] 3 &3} H 235 (unsaturated iron binding ca- = 9E £ dTMT B Ao s dEgtoy Wiyl
o =) A 0, = =
pacity, UIBC)®] 4= Hitachi 7600-210 (Hitachi Co., Japan) A dizael v E20 SME o 47% 8 FE SUkE B
9} Lqdia Fe (Asan Co., Korea)& ©]&3te Z43}9h. Ql ¥Hd E-60 ol A& Wshrh glUaL E-120 7] Aol M=
939 30% 7234 202 Uehgth(Table 2). o= @ 27
1 o]
;}:]OE-?}O\! ‘;c o A]—:é‘]—’f—l/\(NltrlC Odee, NO) 0“}\1‘9] 1701_1]:_%%0] ])\Qoﬂ H‘]’ﬂ' 20_’_ 7]]_;( = OE]_}‘]Z#QE
3749 Interleukin-6 (IL-6), Integeukm—lr()) (EI:—lOC)), aga MY =] Z/aT}l 1 ol T2 BEE 7Adte Aos
= k1 =0 Ayl
Interferon-7 (IEN-7) 5 #Jel £71912% NO&| T2 & AR5 g 501 o) o) 0] ol Rl ohr) Almsit 9%
I YE HgEHFH IS 0|3 2479 Quantikine
o A7 F o Btk & AFelM SAAE GUA
Rat IL-6 kit (R&D System, America), Quantikine Rat IL-10 3
. . . T E200141 9] FHI T STk L5 3 frHo] S
kit (R&D System, America), Rat interferon Gamma ELISA e ZolEl B8] Z7ho] )98 A02 Bl 1-247H
= e = Ut — ~ U
kit (abcam, UK), 28] 1 Total NO/Nitrite/Nitrate kit (R&D =T ° e .
Aeo] 4% F5 mE NET Y das Wyt ¥y

System, America) Al%FS AHE3t] S48kt °

Ho|E EA 9l £ M ge] 7P 7R A2 AU o F Aoy ol EdES
A5 Edos deo ANOVAZS AFE3 g1 4979 Wolste ddeolmg I 3 fHae da Wy 7434 4
20)7} S 79 Scheffe’s testE o] 23he] A1 AR AT s £ o dddt. 9% d7EdA &5 3 =
}XO 059] 2o §9AL AHFGon BE AR Pt e Mg O}UJ(epmephrme and norepinephrine) #H| 57}
_9_;{}(5]3) w159 of thell Hag up it 7HE|ZollS HE 9| F43} £3},
/‘}0157}%9] AA, 28 o5y +8 Hd T ddd |
Zn} 9 D& Agubgol &S WAL T-HEZF= A FHA THH=
a- and B- adrenoceptorES 53 7| Eolvlel tigt wkg-&

H =1} SHEH B3} Sohar S8l &5 & 9 U] ~Ed X~ 328y g2y
8 27t AT S$Eo] Ay $Eo] Folax] Lo gL TR SAEA Aol Bazt dTh15]. 7hE Eotrlo]

w

Table 2. Hematological changes following exercise for 8 weeks

. Group

Variable Control E-20 E-60 E-120
Leukocyte (10°/pl) 7.60+11.18 11.18+4.48" 6.84+3.52 535:1.627
Erythrocyte (10°/pl) 8.85+0.47 8.46+1.04 7.23+1.29 7.61+1.43
Hemoglobin (g/dl) 15.50+0.95 15.23+1.02 14.64+1.43 14.12+1.80
Hematocrit (%) 47.30+3.38 46.53+3.88 43.61+8.14 43.77+5.04
MCV (fl) 53.43+1.88 55.35+4.23 60.28+3.98 58.52+6.87
MCH (pg) 17.45+0.60 18.08+1.40 2054+2.49" 18.82+2.42
MCHC (g/dl) 32.73+0.44 32.73+0.89 34.27+5,04 32.18+1.61
RDW (%) 12.45:0.46 12.92+1.87 15.25+336" 15.97+2.06
Platelete (10°/pl) 490.83+105.11 485.37+154.33 509.42+169.10 614.42+190.51
MPV (fl) 6.41£0.44 6.48+0.32 6.94+0.35 721038"

Data were expressed as the mean+SE.

*, p<0.05 (compared with Control group)

f, p<0.05 (compared with E-20 min group)

Abbreviation: MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concen-
tration; RDW, red blood cells distribution width; MPV, mean platelet volume.
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Tl A&l fr=se WET o Mt T2 282 o A= H}S’Jr Zol IFE FAka EEol JAFH w2} 60E
T AR gA AT AAE ¥F F FE AT FHT olFFHE €9 d v5E X UIBCS’Jr TIBC &% 57}
S7FeF Bl HZF 7L SUbetal ARt AR 1 ERE dhe A2 Uehyth HE dio] A8 A4 Hl 35
o gx g F7F £ Aol wlel] @A opine ik 32]3 DNA $4S 2gete =4 A 25420 &
o] & d7olA 2AHE Aol =3 Zolsta ltH21] 2ol 9], EEY H 42 ﬁil%‘:&%(Fenton re-
ek, B Ao ZALE 1HE 5419 85 WYy F action) 5& 3 SAMALE e AT 54S 4o
Eo Hske dFo dogHgo] 483 AoZ ALRHAL 20 T AT 22]. o= B A E FAtA £ oY EF
T 23e e o8y dBfrAd qEAE M 5 AE 559 S7he A3 #4340 £234E vd 7ol
Ao AL A FUH o8, FAHCE Fo42 T . AT S7b mE f8 EdEA AR e eh 2
HPA T F7 A8 82 E(mean corpuscular volume, (free hydroxy radical)s ZFvjste d&d AIAHS 4o
MCV), H 8584 A F(mean corpuscular hemoglobin FE A HF Beellsd FHHE AF e Bl o)F
MCH), 48744 2 Z 2 ZMo|(red blood cell distribution < dod Fdn I S A ST Aded AR
width, RDW), 37843 &4 E(mean platelet volume, o] FHo Ug /teAdE EEA Ao14]. £ A= dE
MPV) Z28]3 4% FEUSE 9] FAH R E E60 w3t g WA B Atold] 242 FEAAI Bid
E-120 o] 2TH B20 2ol s £& oz Hex vk T4 wEtA, & A7 ARl KA ket 2] 20
(Table 2) 1 A7+ o]4+e] Ame] 13} E &5 A% 2389 & o3t AR FAtL +52 BF Y FE Sk 2
FA4A 2345 & F sl AAENT TS VAA FATF 1A o} A& 5 BF HE FF
o] o4 A Zhaed AE el o] Wk W 9 24
AL EX|X} of fralet #4E =AY 4 ok AlsETh
WE B ATE Fd TRE FALSE0] AT Hu
23 570 PlAE 93] A gl Aow Ve, & 83 Ao| =t
AL g EH B Aol Fal7t A” A4 Abagn g4 U 165 EFate] IL-10, 18] 3 INF-y 259 FF
o ad dF Edxddy BdE AR TEE TIF ©] 029 IBE 2FANTH IHEE Ae AL
959 ARAT W) ajel ZAHRT Tble 304 wel  (Table 4) o HEW 35 F Aol & A& F308)
Table 3. Changes in iron indices following exercise for 8 weeks
Grou

Variable Control E-20 : E-60 E-120

Fe™ (ng/dl) 263.50£86.40 341.75+88.04 456.25+122.11° 460.25+112.12"

UIBC (ng/dl) 320.37+50.94 373.50£61.76 446.50+130.17" 448.34+98.45°

TIBC (ug/dl) 635.12+111.14 715.25+146.55 851.62+292.32" 880.34+24.34"
Data were expressed as the mean+SE.
*, p<0.05 (compared with Control group)
**, p<0.01 (compared with Control group)
f, p<0.05 (compared with E-20 min group)
Abbreviation: UIBC, unsaturated iron binding capacity; TIBC, total iron binding capacity.
Table 4. Changes of serum cytokines levels following exercise for 8 weeks

Grou

Variable Control E-20 ) E-60 E-120

IL-6 (pg/ml) 3.86+1.10 29.09+18.39 37.73+16.60° 96.34:42.17

IL-10 (pg/ml) 2.20+3.81 16.44+10.77 20.49+13.00 24.06+14.15

IFN-7 (pg/ml) 12.39+2.14 34.60+12.68" 43.75+19.74 9.21+1.66'

Data were expressed as the mean+SE.

*, p<0.05 (compared with Control group)

**, p<0.01 (compared with Control group)

f, p<0.05 (compared with E-20 min and E-60 min group)
§, p<0.05 (compared with E-20 min group)

Abbreviation: IL, interleukin; IFN-7, interferon-gamma.
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Fig. 1. Changes in total NO concentrations in serum following
exercise for 8 weeks. Data were expressed as the
mean+SE. n=8. *, p<0.01 (compared with Control group).
Control, non- exercised group; E-20 min, highly intensive
exercised for 20 min; E-60 min, highly intensive exercised
for 60 min; E-120 min, highly intensive exercised for 120
min.
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