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Effect of caffeine on delayed-onset muscle soreness and muscle stiffness
MURATA Yoshihisa and SAITOH Takeru

Department of Health and Physical Education, Asahikawa Campus, Hokkaido University of Education, Asahikawa 070-8621

ABSTRACT

The purpose of this study was to examine the effect of caffeine on delayed onset muscle
soreness (DOMS) induced by repeated bouts of eccentric exercise. The subjects performed
seven sets of 15 eccentric arm-curl exercises with a non-dominant side. A dumbbell for the
exercise set at individual 50% one repetition maximum. This experiment used a double-
blind test. Seven healthy male students ingested caffeine (6mg-kg! body weight) or
placebo 24 hours after the eccentric exercises. Just before caffeine ingestion, and after 0.5,
1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 hours, we measured heart rate, blood pressure, muscle
stiffness and visual analog scale (VAS) related to DOMS. Systolic blood pressure was
significantly (p<<0.05) increased 2.5h after caffeine ingestion. Muscle stiffness of the brachial
biceps tended to be lower 1.5 and 2.0h after caffeine ingestion. The levels of VAS after
caffeine ingestion in the arm-flexed condition were significantly lower than in the placebo
condition at 25h (p<<0.05). When acupressure was applied to the brachial biceps, levels of
VAS also significantly (p<0.05) decreased to 3.5h from 1.5h after caffeine ingestion. These

results suggest that caffeine is temporarily effective in relaxation of DOMS after eccentric

exercise.
= BMIZ5B3 5% (Clarkson et al., 1992; Cleak and
" #®E Eston, 1992; Newham et al, 1998). DOMS?® %
MR A (Delayed Onset Muscle Soreness, LML, AT 47042 (BEE) 28, %
DOMS) &, AMENZMREENE (=72 Y v HAND EZVED BN R B Hi /] B DA D3 A 5
7 EF) ) BEBRRRED L VI EEED HITENFHMEEN TS (Jones et al, 1987:
WOEE 21T &, EBhR BRI~ 24RE AR B (24 Ebbeling and Clarkson, 1989) .
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DOMSOJEH & LT, MiMkifEE 2D OfsG

Mk oBE I EPRERTWVWE I L
(Armstrong, 1984), F7:, ZoREHEBIZE
WCHRBE B O RIEAE K THIRMETIE W E < H
7Ty LR R MESEL 2
E, E5IT, FIEROSIHED M ORI X b i
EREDSHEMIZENB I EICXVBIERIENS
ZEDHER SN TS (Maridakis et al, 2007) o
¥ 72, Chen et al. (2003) X, =27+t ) v 72
HEH) 4~ 8O FEKHICBVWT, TT/
LTy — (Al) OBIZTFEBIAH 6 fiFH
MTHILEHRELTND, SHHEDZ END,
DOMSD 3G A B = A LI T 7/ ¥ v i E 5
LTWaEEZLNL, KNIZKEIZHFET ST
T/ YT YPIRERE A L CME LR T
Lo E T e ABEEE BT 2
(Hayasida et al, 2005), P1ZZ&&KIE, &5124
SO% 7547 (Al, A2a, A2bB X T'A3) I
M S ND o JHAMBEMBERNDBEIZB T,
Sawynok (1998) 1%, 775/ ¥ Y IZP1Z &I
ER L, KRR TIRAIZAKREZ N LTRSS
TEH % 5483 5 0%, A2af CA2bZ B KR E A L1z
Bitnid, KSR ERET 2L 2MELT
Wb,

—7J, Lindskog et al. (2002) & 757/ v &
h7 A OREIWEBL, hT7 A ETT
Y UEZHER (AlIBXUA22) CHLTT T/ ¥
Y EFSOMABMEE L, T 0ZEKRO
TEHZBHET S Z & 2 LT\ b, Maridakis
et al. (2007) (&, HEBJEE D VR A2 %
BUZH T A4 VB AZ Ty NEEIC X KRR
W ODOMSEMEM T 2 2 L 2 MGL, #7 <
A VBT T v v A2aBAROFEHH & LTl <
CEIZEY, TFI VUMD SRT BIAD
B REx BT 2R Z R L TWb, I—
E— Rk RO BWIREICE TN S D
7 x4 212, DOMS%Z i3 2 HHME»DH 5
EV) L, FERICHRENEE RS, LAL
%A 5, DOMSND A 7 = A4 ¥ BERFIC B §
LD IZFED L\,
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ARWFZE1E, Maridakis et al. (2007) OWFZFERF
A FEZC, EHPEOD L RKFAER T2 RE
W, B A LR BERE LT, ok Yy
7 BB X D FAET HDOMS ICHNTHH 7 o4
> IO FG A REFR) R O Fefe ke I 5 L O'DOMS
RN D B LEZ LN DHMEIIKT S A
7xA VEROBE R TAZ L HE L

2. 5 &
2.1 #HERE

T—b—RBEELRE, H 7 VEAHEHE
WOBBEHA % L, EEIRICHE L T 2% %
BYRFEET BERNEOMNGE Lz, HHEO
RIS E Table WR L7ze RPOMKRESL X
ORI, ARMEE OF aa 418, HBF-
352V) XD PE L7z EBIEAVY VXEF
OREMCHI Y EhE S, BBRE SRR OB E
FHiEB X ORERBIZOWT TR 3217w,
HHICXBREZSG2. B, WEEIITFEERRE
H SETEBICREDL L, WMLVESZPEZ
528, TVIA—NVEERERLH 7 =4 Y EHK
BEeERLenwa e, 7~ 8K ORI Z &
52 &, F72, 2MFEKSNIEBELYHOEHEN
Hrl—& L7,

Table 1. Physical characteristics of the subjects.

Variables N=7

Age (years) 202 = 04
Height (cm) 1744 = 15
Body weight (kg) 710 = 21
Body fat (%) 177 £ 12
BMI (kg/m?) 235 = 07
Resting SBP (mmHg) 1183 = 29
Resting DBP (mmHg) 656 = 25
Resting HR (mmHg) 684 = 27
Maximum weight (kg) 16.0 = 05

All values are presented mean *SE. BMI; body mass index
SBP; systolic blood pressure, DBP; diastolic blood
pressure, HR; heart rate.
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2.2 EBROBE

KW DEBRTHF A ~ ZFigllmR L7z, A%
B, ¥7V 754 v FilBRoO 7 0 At —N—ik
EHWT, 774 YENGEHEET T 2RE
WMo 2 b7z - THEIM L 72 Hgds b
RKERD50% D5 >~V % v, JER SR &
515M% 1ty b & LTHRN7 £ b OfEE
B 21Ty, EB AR 24RE EAGE U 7R TR (K
EH72D6mgDh 724 vF37I5ER)2E
W7z 0%k, ME, AfEEE (LRI B
S OFEBGREONER, AEHERERT (0 Bk
), $|HL#05, 1.0, 15, 20, 25 30, 358k
C40E B DOFF ORI TIT o720 B, 2HHD
FEEX, 1RH»S 17 AU LEOMBEZ BT T
To72e TRNTOERIZER238+09C, W
539+0.8% DEE T TI7 - 726

2.3 EH7yOT74

FEBIZALH, HRAEOFMESpIIB T, L
BiE O JE i EE) TR ERKERZNE L
7o % RIRKFERNE, FEALLSECRPEA (B

Day 1 0

EifEE - K9170~180°) 2 S RmE dhAL (N BI&
B RI50~60°) T, FBIFohb ¥y Uy NVER
OmAEE L, FEEH O 2 86 F Tz L7z,
RWFFECTHWZER 71 7T 2%, 25 - ki
(2009) DFHEEZZI/ER L7z Thbb, B
R, AL -CIER E o R o = 2
M)y rEB EER Lz, T, LR KE
BD50% YT 2 EHED 5 ¥ N % i AL
(B £5 BE © #950~60°) 7> & IR (R EY
EifEE : #9170~180°) FTHEHPIFTY v X
S TEMER AT 5720 KIS, BREDVHERE ON
AR L 72ROV 2 8D, R D AT
2 RAE Tl & IR RS Wi 2 T o 720 2D
—HOEEZ 10FPIC 1 M OX—ZTI5HATH 2 &
Zlty bel, £ty MEIZ4G5OKREZIZIZA
T7+tvy MERL,

2.4 FEERHASBOENSE

W ERE L, F9426mg (6 mg/kgfkE) O H
7 x4 v (Wakoth#, J#hiAKA 74 ) 28
BFAShIENA 72V (BRER, HF, 068ml)

41.5 (min)

Exercise program (7 sets)

Rest Rest Rest Rest Rest Rest | EX

: 15 eccentric exercise, Rest: 4min

Day 2 (After 24h from Day1)

-0.5 0 0.5 1.0
l ] ] ]

20 25 3.0 35 4.0 (h)
I I I I I

Rest

Caffeine or placebo
ingestion

Measurement of
blood pressure,
Muscle stiffness
And VAS(DOMS)

LS O N S N N N O |

Fig.1 Experimental design.
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Z, 200mOTHRHI ATV —F —THILL
720 WIEE (77 1K) LLC, HEOATLH
MR OS24 — b 5 BROFEHE, Okcal) %Al
M U7z 17 x4 e OR kS X OARMFE
OWBEZEZEL, HHECE FHCH T AV
AT DOFEIN % FEERBAUA24WE [ 1 7> © FEBRAE T 24
Wpffe F CHILE T8 2 L 2RI L 720

2.5 BAEWHEHSLIVRELE
1) DA%k

BB EIZN—bL — b E=% — (Polarfh#,
RS800CX) D ¥AE 2K L, FEALZHREIZT
L% (heart rate, HR) %304k (9 Kixi)
TENETN L GHMEL, OVl %Z e s
L7z
2) IfE

FER X O NG IME (systolic blood pressure,
SBP) B X O¥EERAIME (diastolic blood pressure,
DBP) &, 7Y ¥ VHBIMEE (OMRON+:H,
HEM-700) ZJiWVCA>a A MY v 731k,
305 Ik (9 g p) TEZN 1 |3 OW%E L 72,
3) MR

FEF) & b o> 1o B & weRA & L, W R A
YIBE—E RS XD IR R T — 2
O, iR (TRY-ALL#:#, NEUTONE
TDM-N1/NAL) % HvCRRIRE 2 5% L 720
BEEEOFHINE 5 BIATV, 25 Ol & /Ml
2D IETZ 3B ZWEME L7z (B
H - K¥, 2010). F 7z, W& EH 6 EEEH oMl
EWENBEL B E Lz, B, Bl AL
(AR SHLIE XA OERHALCTH B +— >~ (T)
w7z,
4) FBINY 755 P O G

i AR ORI IE, EBIN 2B TH HVAS
MW7, VASIZ/h% a7z L] fimz [9E
AW W] i L72100mmo H# & L 7z
(Nosaka et al, 1995; Nosaka et al, 2002; 2= - 1k
1, 2009) o BEERE L, DLFIOR L7z 3512 T,
SEALTO T BN % B A ORI 2 VAS EIZREA
L7z B, WTO=&MTollEd, EBREH
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Fi7 O RS 2 R, HRELEOL LT

Zhol,

© RS IR & % IR (N B
FE 1 170~180°) 12 L7=& E DA

@ MG o R E & R IREE D S W -
<) LRI HAREE (R BIE A BE © 50~60°) 12
AL E0fA

® LRI S ¢ PR AR T BRSO 348
(M & FOHE~MIR) XY Fh B9
H(RATK Y == SNzF—EF) 2Wwo
CYEMLIE ZDNA

2.6 e

T=FI%, TRTPMHE = EERAE TR L2,
WEMOZEDOKEIZIE, WIEDH 5 t HiEz Hwv
7o 7B, BT A BOKEEIZEMRER 5 % Al
&L, 5~10%Z%Mmd b &Kk L7,

3. ¥ R

3.1 LHEBOZEL

DHIEAND A 7 24 VEROFEIZONWT,
Fig2ll/R L7ze B 724 VEEIZX Y, #HEE
OLIARIE 1 K% (p<0.05) B & L5 (p
<001) IZHEIZWA L7,

3.2 MmMENZE{L

717 A 2RO IE 3 X OPR i
JEDZALIZOWT, Fig3lliRL7ze #7214 ¥
EIE O I 1, PR E R L T, 258K
BIZBWT, ARICEWE (p<0.05) Z7R L7z
F72, A7 oA VEIUTEY, PEERIIE
IZHAT, 2IEH G TEWEIT 2R L72 (p=009),

3.3 LtHE-EHOHBEENZEIL

i A O 5 R B ZE AL O R & Fig 4R L
7z FEREIC BT, LR OIS 7 =
A VR X2 EBREBIRO N o7z,
LA L aAss, FEERGURHEIUE pifii 4 HiE L L7
BALRIZBNT, 7oA VERISHERE (p=
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HR (bpm)

70

65 r

60 r

55 1 —O— Caffeine ---A--- Control

0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
Time (h)

Fig.2 Changes of Heart rate after caffeine ingestion.
Points and bars represent means and SE, respectively. * p<<0.05(vs Control), ** p<00.1 (vs Control)

130
125 1

120

SBP (mmHg)

15 -

110 -

105

70 r

DBP (mmHg)

65 r

—O— Caffeine  ---A--- Control

0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0
Time (h)

Fig.3 Changes of systolic (SBP) and diastolic (DBP) blood pressure after caffeine ingestion.
Points and bars represent means and SE, respectively. * p<<0.05(vs Control), §:p<0.1(vs Control)
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Muscle stiffness (T)

Fold change (times)

05 F —O— Caffeine ---A--- Control

0 0.5 1.0 15 2.0 25 3.0 35 4.0
Time (h)

Fig.4 Changes of muscle stiffness after caffeine ingestion.
Points and bars represent means and SE, respectively. §: p<0.1(vs Control)

35

—O— Caffeine ---A--- Control

25 1

20 -

DOMS (VAS, mm)

10

0 0.5 1.0 15 2.0 25 3.0 35 4.0
Time (h)

Fig.5 Changes of DOMS (VAS) in the arm-extended condition after caffeine ingestion.
Points and bars represent means and SE, respectively.
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50

45 r

40 r

35 r

DOMS (VAS, mm)

30

25 r

20 r

ol

—O— Caffeine ---A--- Control

0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
Time (h)

Fig.6 Changes of DOMS (VAS) in the arm—-flexed condition after caffeine ingestion.
Points and bars represent means and SE, respectively. * p<<0.05(vs Control)

80

S e ll ________ _______ ]

60 r

50 -

40

DOMS (VAS, mm)

30 -

20 -

1.2 1

11 1

09 r

Fold change (times)

05 r

—O— Caffeine ---A---Control

0.4

0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Time (h)

Fig.7 Changes of DOMS (VAS) in a state of acupressure after caffeine ingestion.
Points and bars represent means and SE, respectively. §: p<0.1(vs Control)

Asterisks indicate significant differences between caffeine and control (*p<<0.05 and *p<0.01).
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006) B LU 2KH% (p=0096) Ofiix, I
LRI 2R L7z,

3.4 FHEMEHNEOERNZEL

JH R Stk (Figh) B354 7 =4 V8
O EBIIFGARE &R & OMICIZA R 22T/ S
Nieirotze —J7, W& (Figé) TOH 7 x
A VHERZOEBWHARE, 77 2 REREO
i & LT, 25K (p<005) IZBWTH
BV EE R L72e & 518, EhRiEE &M
(Fig7) 12BWTdH, »7x4 YERBEOEH
M5 R U, RFIE & JRl L C, 2 BERAE (p=0.07)
BV TERWEZ /] L, 25Kl (p<0.05)
TEABINEEZ R L. 518, EBHFHE
WO Rl % 2 & U722 bR X ) R 4
trCoRREME LG (Fig?), #7724 >
FE O EB ARG, EBSRE % (p<
0.05), 2 K% (p<0.01), 258 (p<0.01),
WM (p<005) B X UB5KFRI#E (p<0.05)
D 2WEHINC DIz o THEIKWEZ R L 72,

4. £ %

AFgEClE, EHBEEODH 2 KFEFH T 254
B, R r MYy 2 EEICL D5
A9 2 EBEHDOMSNO A 7 = 4 IR B
L OZ DRkHERE I 2 BRET L 720 %72, DOMS%HYE
HELME, 274 73A2 (BES) ML, W
BANDEZVERE T 5 Z LY (Jones et al,
1987; Ebbeling and Clarkson., 1989; Murayama
et al, 2000) ENTWVWBL T N5, HEE~DY
724 VEIOEBIZOWT LW Lz, 20k
K, h7 A HERUL, FEEEE 2 AT IR L,
FBITH R 2 B S8R H 5 2 EAVRE
N7z

NS OFERIL, EBIEVER AR O AL D —D
ELT, A7 YA (a-e—RBXR
E) OBMWIHERTH LW HEEZRL TV,
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4.1 AHRICEWTZHT7 114 EROEES
ipkds2

AREEFRIZE Y, H7 x4 VB, —RIII
EZzEASE, ZOo—TONEIRY EE5 2
EARENTz, Corti et al. (2002) (&, AFLAIE
KICHER L7257 = 4 v % RS (250mg) L
72y, - e —HIEBEOH L% LISk b S
T, BREAMEEREB L OME 2T 5 2 & 2%
LIZRERA L T b, ABFZEHE A 1ZCorti et al.
(2002) DWMEZELZFT DD THo72h, HE
I B ARERNE, 2 R S o 1 IREAE
ETHoTzo KD N 7 2 4 VEEHHIL, ¥
ATV~ EH 7 24 (6mg/kg BW)
AL, I ATV Y+ —F —TkAirtr &
WIHISDTH o7z LW T HEHH 7k
K) BRI G TH-722 &hn, FiEk
G X WIPGREEDSIE S, A 7 = 4 VigED Lk
SR 2 B L 72T RS HERE S B

7 x4 VEIUC X BT AR, SRR
DEBEIZLZ2DDEEZLNDLY, —HT, LM
Bixh7 =4 YEIUSL DD L. 2, &
TFgess & (Robertson et al, 1978; Corti et al,
2002) & —3F %, h 7 = A4 Y OIE AR,
XD L <3RS D28 ANRE O B ASB 5- L T
5 EEZEZLNTVAD, KA &L T ORI
EEICBWTRZ D72 EZ BNb,
Spieker et al. (2000) 1%, FEHIANLNE D2 A
R I 5 2 L2 LT b, —F, &
7 2 A ATHHEPE IS RE B o 2K E R H K O
WKLo THERZRITZED2H S (Robertson et
al, 1978). Tz &nn, DA T2 4
7xA YOEMIZBHELE ZEZ 5N 5%, WEHHK
TERNERMIERICEDN AL EZONTWVWED
T, AR THEINZ D 7 24 V12X 503408
X, RS EAR R & S e EFAEH &
R DMLY, OO AR % J i)
L7z TiE e nwh L #fLEd s,

AR LY, 7 =4 RS LB
7 v M)y 7 EE)THERE S NL/ZDOMSIZ BT
5 FBIPHAIIOWT,  FREE ST 2 '
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BICH VRS ELRRDH LD T LARS N
720 DOMSIZBITBHAIE, iz sy4+Iv I
B I EREMIZENET LI EPMEINT
BY, HrEH,»r 2L, mURAIECEWw
& X T w % (Clarkson et al, 1992; Miles,
1994), TOZ s, KWFZERICHEIT 5 HMES
T ODOMSD W & T, T BIYE A DOVASHE
AL (Control® 9 M 5E s D I + FEHEFRGE -
64+59mm), H 7 A YEROEBEIRDLN
mirolze 7z, FEMSMETIE, TRl I HER
HOEBIZIFHADEHE Y (Controld 9 W % 2
DI = FEHERRE ¢ 386 £64mm) (& L7225,

FAF Iy I OB E 2 BETIR RN 72
7o, HT7 A VEROEEL, BIE258E
DIKHTLIREN 2oz, THITH LT,

EREERE ST, 3R (R & F o ~1udR)

WTHRBOMRMEZEE L2 Ik, EBN
i A DVASHEA E < (Controld 9 Ml E K D3y
fitl = BE#E RS 1 63.7£68mm), # 7 =4 YD
DOMSIZH § 2 R flwp R (Z21k5) 13 MIi%L5
~35H £ T 5RO b7z,

Jones et al. (1987) ¥, DOMS%#HH &5
7y M)y 7 EBEIBICIEHOAT 4 7 A ADHE
MBKEL BB EE2HWE LTS, AR TH
Wz sy by ZEE TR ST ARIRIZE W
T, WERE oML, & (152+10T) 12
HGEBE % (204=05T) THECHM (p<
001) LTHY, Jones et al. (1987) D% X
RIoMRThotee 72y MY v 7 &R 7 0
77 K TED BT R B O (Z1L=)
&, A7 A VEIUEY, EELSB X020
B TR S MBI H o 720 B, <~ v
P=TURA MLy FTEEINDL Z LA SN
TWw5b (BEIZA, 2010 5 FEARIEA, 2012) 2%,
<y —=URA MLy FIiE, DOMSO BRI H)
BrDH 52 EHME (Rodenburg et al, 1994;
Lund et al, 1998) SN TBY, HEEEORHI &
DOMS®D BEJFNZAT & D B @M 253 5 0] GEPE AT
I N5,

4.2 FHEDIR—YFENESR
AKWFCTHEHAL2H 7 =4 v EIZFEH426mg
(6mg/kgkE)THY, CNIFFYy Fa—b—
K 3MBIHHL T L LEEDNT VD, ZORDA
T A VEBNT LI LT, —FRICHIARE
WITAHZLDVHRETELD, TOXAH=ZALITDON
T, Lindskog et al. (2002) # X U'Maridakis et
al. (2007) OEATHIZETIX, A7 A V&7 T/
T UAIREAER (BURER), KRUA2am A (9%
WTEH) of&2#HELZEHELTWEDS, K
WIZETIE, 77 =4 P8 ERZT &R ST
T Y VAVZBEROE E 2 HE L 20 IEAHT
Hbo TOWMHE LT, 77/ ¥y BAIZEE
A U CRAET Ao BB, M AR
OO EHHT2EHE D B
(Robertson et al, 1978) 2%, AR#FFEICHBWTIL
EDEADBARENTT20, W74 ETT /¥
YAIZERITIZEH L TR Wl BETEDZT S
Nb. =7, HIRBEIERINIZ s, 7 x
AR TT v Y A2a B ROBE 2 HE LD
TRV EEZ D, TNUE, BT A VHHR
i DA ORI 12 D R RS B REME &R L
TWwb,
AREFFEIZBNT, B 7 =4 Y ORESHBT 5
R ASSEATIFZE ISR TIE W & v ) IR 2 4472,
g, AMREDOFTTVT 54 v FRETHW 2
FEEAE DR OMA A 7 24~ GEHA TRV
HA) THol7z0, BNTOBMICHZZEEL
iz TR R LIEREINL, a—b -7 LD
KEBRELTH 7 24 v EBERLEAETIE, &
NN OWILAS R 20T, AWFFETH S N7k R &
D HHEREHTRIRDPBNII LD Ltk vy,
INHIZOVWTIE, SHROBERELE L72v,

5. #&

5

RIFFE T, EEEEOD 2P T KFEE TS
2, oz z vy M)y 7 EBICXDFERS N
72DOMS~DH 7 = 4 VBRI WE L1z Z
DOFER, N7 x4 VBRI, EREMETAREICN L
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