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Effects of Rhodiola rosea (KH101) on Anti-fatigue in Forced Swimming Rats

Hyuk-sang Jung, Eun-young Kim, Eun-sheb Shim, Hyun-sam Lee, Eun-jung Moon*,
Zhen-hua Jin***, Sun-yeou Kim*, Young-joo Sohn**, Nak-won Sohn*

College of Oriental Medicine, Institute of Oriental Medicine, Kyung Hee University
“Graduate School of East-West Medical Science, Kyung Hee University
**College of Oriental Medicine, Sangji University, **Kyung Hee Management Compeny

ABSTRACT

Objectives : Rhodiola rosea has been used in herbal medicine to treat various conditions, such as antimelancholia,
antifatigue, improvement of work competence and prevention of altitude sickness. In this study, we investigated effects of
Rhodiola rosea extract (KH101) on fatigue in forced swimming rats.

Methods : Sprague-Dawley rats were induced with fatigue by forced swimming, then rats in each group were treated with
KH101. We observed changes of glucose, LDH and cortisol in serum and LDH, glycogen, hexokinase, citrate synthase MDH,
SDH and CK in muscle.

Results : Obtained results were as follows:

1. Continuance times of exercise significantly increased in all groups at day 1, in the 50 mg/kg concentration group at day
2, in all groups at day 3 and in the 50 mg/kg conc. group at day 4.

2. In serum, glucose significantly decreased in all concentration groups.

3. In the soleus muscle, LDH significantly decreased in the 50 mg/kg concentration group. HK significantly decreased in the
100 mg/kg conc. group. SDH significantly increased in the 100 mg/kg conc. MDH were significantly decreased in all conc.
groups.

4. In the gastrocnemius muscle, HK significantly decreased in all concentration groups, while MDH significantly increased all conc.
groups.

Conclusions : It is concluded that the KHI01 has and anti-fatigue effect in rats. Additional studies are needed to find
the mechanism of the association between each single herb.

Key words : Forced Swimming, antifatigue, Rhodiola rosea extract, Soleus muscle, Gastrocnemius muscle
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AERZAM, AAATY A5, 259 74,
go] gt IR 3, TAEY oW Sl
FEI ASGHER FHHI obAlotell A AR
B AeEe] gl gelste e EuEs (AA
2, Crassulaceae)oll 3= A#RFLER (Rhodiola
kirilowi) o] R} RIS AHS-3bH, fiRIEN, &8
20, Pk, BoRiEES] S50 FEhess, N
HEE, RAEZN, M, WE 5o A3l
A3l . ol 9lol= R alterna, R. brevipetiolata,
R. crenulata, R. quadrifida, R. sachalinensis @ R.
sacra 5 A 2 R, rosea <A EE 0] A&
B2 AHET o 1970992 Aok o
TFAES| TAAY 7% A, AESA 2 AlA
A AEHRAzE Hg AEe] 27t &%
dAfstdlen, 1 A3 TS g A7
o] W3l dte] fEd 25S wIEE vy
A} (Panax ginseng) °1vF 7 A1 27V ( Eleutherococcus
senticosus) 2t 7= "oJHEA (adaptogen)'®] 4%
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& 3HFNA FASe] (forced swimming,
FS)& AAste] SEAEHAZ Bty 83|
A glucose, lactate dehydrogenase (LDH), cortisol
A, ZFoA9 LDH. glycogen, hexokinase
(HK), malate dehydrogenase (MDH), succinate
dehydrogenase (SDH), citrate synthase, creatine
kinase (CK)E AJ3}3t4 Wy o2 ZAste] 3
ghit f-013 AE de] ofel Bk wlelth

2. A=°| =H o =0

B AN E FF AAAA AA Y
2R (KL5K, Rhodiola rosea) F= SHAk
B ¢ ¥4 A, B7F AHSE S, &80 &
o etg-o] AF&-F¢lch. HPLC (high pressure liquid
chromatography) Az #M& 915t A ¥ &
AAE 47410 ¢ A FHsl FE590E 250 ml 4
A7ksle] A2E 2AE T

In vivo AHESH B2 53 FHAF A 3734
(}L 5K, Rhodiola rosea) .2, 23t %
£ olghEoll M FE3l oebEFE97]
£ Aotk AP TE Y T Az T4 4 g
of sigt AFu|H =z AAkste] 100 mg/kg (RR-100),
50 mg/kg (RR-50)¢] &3& ZAAst 14 1
A 1040 A5 e $4A T AR
of 3UARE AgA7|ztel] A U7 AFFA
solom, 7l fed s AT ES I o F

1A17E 73t Foll A7 sl

_‘

923



HIZRRFESKHI01)0] ZH 7 eFol T23|=0f o|x=

3. B4 FEE9| MY, FE204 ¥ salidroside,
tyrosol 12|11 rosavine| HPLC M2k 24
A9} FEgolel] whE TAH FZEE9 salidroside,

tyrosol 2] 2 rosavin® S A7) ¢35k

HPLC (high pressure liquid chromatographic) 7|

715 o] &3t} HPLC (Agilent 110 system, HP

Co.. Ltd, USA) ¥A4< ¢4, Column (YMC Co.,

Ltd. Japan, J'sphere ODS-HS80, JH-303, JH08S04

-2546WT)& 250 x 4.6 mm LD. S-4 um, 80 A&

o] &34l o™, column temperature = 25 CZ 3}

adh. E4A4 AlEgE 10 mg/mle =2 30 wE

F9)sle] EA sttt Salidrosidedt tyrosole UV

278 nmell A, rosavin < UV 254 nmellA =435}

ot Salidrosidet 1174 Foll peak7} AEEHA 2

o, tyrosol< 15.2%, 18] rosavins 33.3% 3o

AZE=H o)A Water / MeOH gradient

mode, flow rate 1 ml/min.22 3s}tgow oA

o] g0} 242 o Fig. 13 2t

=

of £ (2351 0)F A% F LEFAFE Z7}
Al k=]
=

2

(500 mm x 500 mm * 400 mm)
)

(
7171 818 meell AF2 5 %ol Fsts A
= wigdol 7HASS] (forced swimming, FS)<

of 5k
S

MeOH ratio (%)

£ B

~

SRS N e <P <

i

wH

|t
44
rlo

N

NN

HS TR H S A EHA] ¢k ]
(Normal ), +553Ad & AAIG
Control )., +&33tAd
+ (RR #)o& F-831eh 273
| Fol&fol we} 100 me/kg T3+ (RR-10
50 mg/kg Fd+ (RR-50 )22 v
bt getE] 2 BR3kdoh(Fig. 2).
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Fig. 1. The composition and condition of mobile
phage in HPLC (high pressure liquid
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Rhodiola
rosea

chromatography) analysis technique

RR-100 ; 100mgikg
RR-50 ; 50mgiky
“0Once a day p.o.
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Rhodiola
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EFS ; Exhaustive Forced Swimming

Seﬂ Glucose
Lactate dehwdrogenase
Cortisol

Muscle | Lactate dehyirogenase
Ghycogen

Hexokinase

Malate dehydrogenase
Succinate dehydrogenase
Citrate synthase
Creatine Kinase

Fig. 2. Schematic diagram of experimental schedule
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6. AlZ2|

T A mE 2 AF InpE AYF
E< pentobarbital sodiume® w33 o2 NF
s, Aoz RE] oF 3 mlo] AL AF s
ZutE AR g YAEVIR 4 T
3,000 rpm°ﬂ/\1 1587 dAEejsle] A& F3)
Aok =3 IF AR, wEL) S T w

24 F=3H

Kl

1. dHX|#| £H

1) Glucose # =

4-aminoantipyrin 17.5 mg3} 02 ml¥ glucose
oxidaseE 7F&t & FWIBIAL(AA %), phenol 0.2
g NaCl 09 g& 100ml®] FFel ¥ Ae &
1] &Rl o (BA] ).

Glucose standard+ glucose 400 mg/dl
of serial dilutiondt ¥ 510 nmellA F3=
Ao}, 7812 7 sample 5 ulE &3Hted 1087 A

o ¥pA|8E & BAIYF 1000 ulS ¥4It o] % 510nm
AA Z Sample?] FF=E UV-spectrophotometer
2 ZAseo.

2) Lactate dehydrogenase (LDH) A=

71A 2L (2-amino-2methyl-1propanol 63.9
ml, litium lactate 10.9 g DW total volume 1000
ml, pH 9.0)& Fn|sta, o]%F 100 mle F 3}
NAD 400 meg &3tste] 7]14-NAD-$HFH o=
st wlE] FHlE T CE By A9d &
9] ZFIEAZFY (Dichromate) & blank® 3}
of 2z F4x7} 0-010] HEF sHsich Al el
71A-NAD-¢k& 29 ml& .1,/]-5]-0:] 37T 25zl
& B7F wkA]sly, 7)o &3 100 uE &3k
ZA WEES 79l $7 UV-spectrophotometerl]
A FEFEE 340 nmell M 082 Sl 22t EA3)
of ¥ F4E W3E Itk (£ W3l
48

E_
=
=
4=

F2EE FE % Gamma counter (COBRA®,
Hewlett packard, USA)E ¢]$-3}od Radio Immuno

Assay® (DPC’s Coat-A-Count Cortisol kit) 2
A3k

8. =SXAE £H
1) Lactate dehydrogenase (LDH)
ZAL AEslo] A7 Adgel AHE F B

715 AT B FHE AT 249 104
9] 50 mM sodium phosphate $+&} (pH 7.0)&
7F3le] homogenizer® w23} 3t 4T, 100,000xg
oA 1A17F Fob 294 Eelste] cytosol 3
Adedh o] F dRE AT A A o]%
stedeh. 71" 9549 (2-amino-2methyl-1propanol
63.9 ml, litium lactate 109 g, DW total volume
1000 ml, pH 9.0) Fwlske] o]F 100 ml< 3}
of NAD 400 mg#t &3tste] 7]2-NAD-sh&ef o
2 3o vl FHlE 7 CE B2sd Ast

59 23 EA2E9Y (Dichromate) & blank® 3}
°4 Hzo 4= 0~01°] HEF sk A8
401] 712A-NAD-¢k&e 29 ml& Fsle] 37C 3

>4z 5 B34 ‘”le}—L o37]ell &4 100 ul
% st A W8ES F¥el &4 UV-
spectrophotometerel] A1 %ﬂf Z 340 nmel| A 022}
Sl 747t ZAste B F4E HIE T3

5]

¢ WEE
o (3 Wl 48308 T,

2) Glycogen &% =4

AAGT L& FFHE ST F FA -0 C
of Btste] EAo o] g3teh. WA AL Flo A
z2 AZ (74 200 mg A= 2% 100 mg A=)
S AFst 30 % -KOHEY S Yol 714, &3

%
3 & 05 %-ethanolz EFpEES HAAZ F
5000xg <A 10 min 94 2 5}°4 AHEE 3
& 8l o] AAE dAH] FHSE A
o] AAZ F 5 %-phenol$-< %—M A A A
A FE32A g % THAEAR A

3) HK &4 34

uhe 9hx=8 (50 mM sodium phosphate $+%&
49 (pH 7.0). 5 mM MgCI2, 5 mM ATP. 0.2
unit Glucose-6-phosphate dehydrogenase} 1mlell
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A
THo
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(A) 0.1 mM glucose, (B) 100 mM N-acetylgucosamine
100 s} 2A43ZE 100 ul. $74 300 us &
7t Qo] vbSAI Y, whe & BRFEA S ALE)
o 340 nmellA £% FRF=WIE AT o5
(B)-(C)=HK #4422 ZA39d.

4) Malate dehydrogenase (MDH) &4 =4

Z219] 54l 9] isolation buffer (0.25 M sucrose, 3
mM HEPES, 1 mM EDTA. pH 74)d 42
homogenizerZ homogenization 3t 3, 2,700xgol| A
104 Al8e sl ASAE S o A&
HS 8500xgell A 10 %l’i:’—‘:'r =, nEZze o}
ARNES 4ok v EZ= ot AAE 2 mgell 50
mM potassium phosphate buffer (pH 7.4)5 o]

Z volume®] 1 mle] =5 sttt 9 $9&

sonicator tubeol W2 X, Lo nty, "B T}
T 1E 302 47 £ 33 wkEste] S AE gy
A& A}L3}ed malate dehydrogenase EAE &

3} 7] EA 3
AA volumee] 1 ml ¢] F=F 90 mM glycine
29 (pH 10.0)¢] =}s43& sample solutione 0.1
mg Y7 malic acidE 33 mMe] HEZF 73t
% B-NAD+E 0406 mMeo] =5 ¥ 3874t
*"]7]”4/‘1 340 nmell A FE=9] “45}2 A5k

/‘1 AHEstlen A9 ZEHE“HW ‘i% 27 1
w74 71e712 &4 4 (uM/min/mg) & Ak
3kt
5) Succinate dehydrogenase (SDH) 24 =4
11 % KCl $9922 10 % homogenateZ 9H=
Y5715 AH-she] 8200xgell A 38-7F A3}
A NS 15000%gell A 1587 A3 5}ed W]
v,_g_ga]o} AANEL A7, o] AHES Aalq 1.1
2 4] homogenate & ¥ 15,000xg
Qs A AHES 11 %
=1, A&

A5
7t
o2 5uj

o
=
a7,

KC]%"—'L‘ZE 50 % homogenateS %
0.01 M phosphate buffer (pH 7.4) &

AT As 2 AP Zadow AL bt
A& ALl A 1027 HAF F 620 nm 49
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o5k

o

i<}

ot

335 W 3= SpectrophotometerS ARg-sho] #&
32 Ak3}8] DICPIP (2, 6-dichlorophenolindophenol)
aws FAske] SDH #4S A3k,

6) Citrate synthase 24 =4

gdA e Z&22E 100 mM KHPO4 34
Hol] FA2 obtt& g¥Er] 9
4 &35 33 WhEeka 01 M KHPO, 0.6
ml, 3 mM acetyl Co A 0.1 ml, 1 mM DTNB 0.1

lo o o
N
N

xl
ok rl

¥ rEZ=

ml, Z5EA 01 mE 47 EFT F 30T, 340
el A FFEES S, o47]d A 5

mM oxaloaetate 0.1 mlE HHEAIAAM FF=o ¥
32 2459,

7) Creatine Kinase (CK) A

Creatine Kinase =3-2 spectrophotometer® =
Aste WS o7k W3ste] 400 mM imidazoloe,
pH 6.8, 5 2 mM creatine phosphate, 2 mM ADP,
10 mM MgCl, 5 mM AMP, 2 mM NADP, 20
mM glucose, 28.5 mM glutathione, 26 U HK, 1 U
glucose-6-phosphate dehydrogenase (G-6-PDH), 2
mM EDTA, 0.01 mM diadenosine pentaphosphate
of Aleke Egst 4 | mlell 24 20 ulE ¥
340 nmol A F3 =2 WskE A3

8. EHEM

AgARE 54 Z2 33 SPSS® for windows
(version 10.0, SPSS, Inc., Chicago, US.A)E A&
sl FE9] o] M Axo WIHSLAE H]—U-
& 7% oneway ANOVAES AAsgd, #o4
P value<0.05%1 7% f-eAel st -’37}5}93—L
post hoc test®A] Scheffe’s testE A3l 8}t

N, A

1) $7449 AR 9 F2-4afel w}-& salidroside.
tyrosol 28] rosavin®] HPLC ¥4 A3} (Table 1)
EAA] Fo AR o7 dEAl salidroside, tyrosol
I8 rosaving T EEEE HAY 2ALS 3



93], 4R A W Ll E Helete FEE

ZAE & HPLC #A4<& AAsksic eAb
FZEAME salidroside’t A9 AEEHA
orom, eI B B FEEAM A%
tyrosolo], El¥AF A, B ollghe FEE|A Ak
9] rosavine] ZAEH et FHALe] E]HlAke] s,
I8 3 FEA A7} S8 B H)E) A Aoe=w
uko okl galidroside, tyrosol L8] rosaving &
F313 Atk 53] FEAF A9 duhE FEE
A salidroside (0.84 %)<} rosavin (2.13 %)e] 7}
A =2 222 TR NS Tyrosols 55
A A B EF oete F2E Hots E FEE
Moo B S Bolov, FEA Bell vlste
A7} o B ok ERebldh 2= EE 9] Ad
A}E Z3s|¥d, salidroside, tyrosol, I1¥] T
rosavma 7}%1— \:]-alcog_ fﬂ- 5].___ },124_4 z7—]£
ST TEA A B RS Sl R3S
olch, A FA AL 95t A A
AR & 22 FHA A ] ke& oleh2o] F
5 TAARAE 610 g5 4= & AU
o 82 61 %°l%ih

HU>}Lr

F7e

o e

Table 1. The contents of salidroside, tyrosol and
rosavin in H.0 and EtOH mixture
extracts of Rhodiola rosea

Salidroside ~ Tyrosol Rosavin
00w w wh w wh w wh

NE A H,O0 147 049 435 145 140 047
EtOH 251 084 137 0.05 639 213

B H,0 070 023 162 054 124 041
EtOH 1.02 034 061 020 567 189

T A HO - - - - - -

EtOH - - - - 022 007
B HO - - 045 014 - -
EtOH - - - - 034 01

Rhodiola rosea was classified according to the habitat
(The northeast of China: NE, Tibet: TB) and each
samples was extracted with H.O (H) and EtOH (E).
Each sample was analysed by high-performance liquid
chromatographic (HPLC) technique. Each injected
volume was 300 ul in HPLC system.

ﬂ—"ﬂﬂlﬂ] IAAFZES ATRA & F A
3 (forced swimming, FS)< 53
3 = =243 A3 9 194 (1 Day)=
+E5H 27 (Control ¥)°] 603235 sec, %Zﬂxd
FZ%E 50 mg/kg 597 (RR-50 )o] 647+24.4
sec, 100 mg/kg F< (RR-100 ¥)e] 686+32.3
sec 8 TEAZFE RAT, §9 294 (2 Day)=
+5 % (Control #)e] 583202 sec, &7
F%Z% 50 mg/kg FoI7 (RR-50 ¥)eol 717+39.1
sec, 100 mg/kg FAL ( RR-lOO )l 658+90.8
sec®] +EAIZHE Bodh 9 394 (3 Day)+
+5WET (Control ¥)°] 468+284 sec, T73A
FZ% 50 mg/kg F9< (RR-50 ) el 606+19.9
sec, 100 mg/kg T+ ( RR-100—7— o] 680+77.7 sec
o FFAIZME Belom, f9 494 (4 Day)&
5 d 27 (Control ¥)9 494i21.4 sec, TRAF
ZE 50 mg/kg T4 (RR-50 )] 591+20.3 sec,
100 mg/kg Fod+= (RR-100 +)°] 603+63.1 sec<]
SEAS Beld s 194 50 me/ke. 100
mg/kg Tl A +EA&AZe] BE F71EkS)
ot fojAe] oA Aty £ 2¥94E 4
AF%E 50 me/kg FodTolA WJ??M] (P<0.01)
e AEAIZ ] FUskl oM, f4d 3YAE F &
o] BFolA F2A4 (P0.001, PCO.05) S R,
vpxlet 4dA= 50 mg/kg FATLA HA
(POODE 2d ¥ d+43 AAFEE &
o T FIFAEANLE T BFA FU)e)
gdodt 100 mg/kg FoiZ 2o} 50 mg/kg T+
M oS fo8t &35 HoH(Table 2).

p x] A7+
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Table 2. Effect of Rhodiola rosea on the
changes of swimming time following
the forced swimming (sec)
Dayl Day2 Day3 Dayd4
Control 6034235 583+20.2 468284  494+21.4
RR-50 6474244 717+39.1%* 606£19.9%* 591+£20.3%*
RR-100 686+32.3 658+90.8 680+77.7%  603%63.1

Data presented mean * standard error (n=8).
Control: control group exercised with forced swimming
RR-50: group exercised with forced swimming and
treatment of Rhodiola rosea ethanol extract 50 mg/kg
RR-100: group exercised with forced swimming and
treatment of Rhodiola rosea ethanol extract 100 mg/kg
*: statistical significance compared to the control group
(*, PC0.05: **, P<0.01: *** P <0.001)

3) =557 =4
AFNA FAAFEES AFTFA T F A
[}
=

93 (forced swimming, FS)& A3k wix|=} 4
A EEHst A o S AF FEY I
(A2 [ EE 52 R d ds HAE S

oleus muscle)
)] 0.180.01

A% A3} 225 A2 (Right
o e vles

o2

Z+7 (Normal ¥

g, +EdxZ (Control ¥)°] 0.18£0.01 g Z7A4A
FZ£Z 50 mg/kg Fol (RR-50 ) o] 0.17+0.01

g. 100 mg/kg FI7 (RR-100 <)e] 0.17+0.01 g
o]y, 2E% uH|EZ (Right Gaustrocnemius
muscle) ] FAE BlE5HEZ (Normal )9
0.9620.04 g, +FHZ (Control ¥)e] 0.91+0.04
g, TAAFZEE 50 mg/kg T (RR-H0 &)l
0.98+0.03 g 100 mg/kg ¥ (RR-100 ) °]
0.92+0.03 g °Ich ¥ A7AY FAHAFEE

o & ZEFAL HlelE folst
okoko}(Fig. 3).

1T =

7
HEHE Holx]

928

o5k

o

i<}

12
10
@ 08
-
-% 06 ONormal
g 04 mControl
02 B RR 50
00 % | ORR 100

soleus gastrocnemius (medial)

Group

Fig. 3. Effect of Rhodiola rosea on the muscle
weights of rat following the forced
swimming.

Data presented mean + standard error (n=12).
Normal: normal group without forced swimming,
Control: control group exercised with forced
swimming, RR-50: group exercised with forced
swimming and treatment of Rhodiola rosea
ethanol extract 50 mg/kg, RR-100: group exercised
with forced swimming and treatment of Rhodiola
rosea ethanol extract 100 mg/kg.

4) ddA =

(1) Glucose A=

$5E3 A e B2 A3 JAE A F,
o - H 5

i
(it

M glucose TE=E FHAT A3 vlFHEL
(Normal %) °] 147.56.0 mg/dL.,

Yol 231.8+12.9 mg/dL, EAHAFEE 50 me/kg
(RR-50 #)°] 225.749.7 mg/dL, 100 mg/kg
(RR-100 ¥)°] 212.3£18.4 mg/dLelgl o,
A7A7 100 mg/kg FoALNA  FoF
(P<0.05) =35 eb i iek(Table 3).

(2) LDH A=

TERE Al wE &3 A3

3. T4 Fotel ozt fdE T E Tﬂ%}
o gdye] [DH v=& &3 23, w5
Z7 (Normal #)¢] 2311.5£383.6 IU/L, +5d=
< (Control )] 17288+382.5 1U/L, ¥431F&
£ 50 mg/kg 97 (RR-50 )l 2602.3+393.5
IU/L, 100 mg/kg T+ (RR 100 - °] 21942
+482.1 TU/L o]glow, &

“
“



Fo] & gy LDH =
ke, 50 mg/kg T+ (R
osA (P0.01) g LD
73S B (Table 3).

(3) Cortisol =¥

SR Al w24
%" T+ H3fel 45}"4
o] Fyo Cortlsol S FEs A3 v
=< (Normal &
(Control )¢l 10*00 ug/dL 178’%1—,—"“ 50
me/kg —r‘ﬁ"‘ (RR-50 ¥)°] 1.1+0.1 ug/dL. 100
mg/kg Fod (RR-100 +)e] 1.1%0.1 ug/dLe]<d
o, % TAY TAAFZE Fo T g
cortisol ¥ == W3S Yep A okokeh(Table 3).

T :o e

o\-l" Coﬂ
oy
rlo
o
ﬂr{
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Table 3. Effect of FRhodiola rosea on serum
parameters in the rat following the
forced swimming.

Glucose LDH Cortisol
(mg/ml) (IU/L) (ug/dL)
Normal  147.5#6.0 231153836  1.0£0.0
Control  231.8£12.9  1728.8+3825  1.0+0.0
RR-50  225.749.7  2602.3£393.5**  1.1%0.1
RR-100 212.3+18.4* 2194.2+4821  1.1%0.1

Data presented mean * standard error (n=12).
Normal: normal group without forced swimming
Control: control group exercised with forced swimming
RR-50: group exercised with forced swimming and
treatment of Rhodiola rosea ethanol extract 50 mg/kg
RR-100: group exercised with forced swimming and
treatment of Rhodiola rosea ethanol extract 100 mg/kg
*: statistical significance compared to the control group
(*, P < 0.05: ** P<0.01)

5 THAE
(1) LDH (IU/L)

T3} /‘éﬁ%’ﬂ 2RSS e I R
(7PX}U]L HIED) S AFH, o Hatel o3t
of fdE = ‘]i"ﬂ A3t 25 LDH $=5
#23 As}, 7hAbv]Z(Soleus muscle) W] LDH %

%7 (Normal +)°] 163.44+1.56 IU/L,
= (Control ¥)e] 285.47+16.15 1U/L, ¥
AFZE 50 mg/kg T4+ (RR-50 <)ol 208.14
+13.69 TU/L, 100 mg/kg FI< (RR-100 )¢l
232.69+35.03 TU/L °]%2™, ¥]¥-((Gaustrocnemius
muscle)] LDH %%+ H]—'F ‘H Z Normal
)] 29.29+6.48 1U/L, 59z (Control ) o]
58.52+13.49 1U/L, %:@xqz,_%g 50 mg/kg Fol
(RR-50 ) °] 41.8348.72 TU/L, 100 mg/kg T+
(RR-100 +)o] 4259+4.03 IU/L °lgiet. & 4+
A A fodel ogt iAw W LDH 24
o ZvpE FAA FEE S0 mgks FAL
(RR-50) A f-2]3 (P0.05) ZAEdE Ho
o, v &2 e LDH &4 =3 34 28 50

mg/kg FAZ (RR-50)ellAH Zastg o #-9]3
A& Aok (Fig. 4A).
(2) Glycogen (umol/g)
+ere Aol w2 &2 A% ol T&E
A, SdeF Bajel st gl vz de

of 25U glycogen FEE AT A3 74AA
Z(Soleus muscle)H glycogen ¥ =

Normal )] 39.37+5.4 umol/g, ==+ (Control
)ol 30.92+2.8 umol/g. ¥7AHFEE 50 mg/ke
oJ 7 (RR-50 #)°] 22.71+3.0 umol/g. 100 meg/kg
o] 7 (RR-100 )] 18.12+4.8 umol/g °|%l.2H,
E-Z(Gaustrocnemius muscle)Y glycogen ¥5+=
+E %2 (Normal ) o] 30.925.1 umol/g, +
o 22 (Control ¥)°] 25.1243.5 umol/g, T73A
FZE 50 mg/kg T (RR-50 ¥)e] 33.82+6.4
umol/g, 100 mg/kg T+ (RR-100 <)ol 24.15
+7.2 umol/g °l%ch ¥ AT A A Fodel
o7t 7kAbe] 25 glycogen A FHarh £
A FZE 100 mg/kg T (RR-100) 1A *n‘4
A (P0.05) ZHAAI7)e AsEe 2o H]
Wl glycogen AF =} FAH F= O
mg/kg FoI7 (RR-D0) A F71sled ot 4 3}
A= @k (Fig. 4B).

(3) HK (umol/g/min)
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HIZRRFESKHI01)0] ZH 7 eFol T23|=0f o|x=

TEeh Age upE 24 A% EhiE Z8S
Fod+% Fatol st
of %W HK v=% #2s 23 /A
(Soleus muscle) HK Er= vl &5 d 27 (Normal
)o] 0.72£0.2 umol/g/min, +EN=F (Control
) °] 0.830.1 umol/g/min, T74AFZEE 50 mg/ke
Fol (RR-50 ¥)°] 0.60+0.1 umol/g/min, 100
mg/kg FoI 7 (RR 100 ) ¢] 0.40+0.0 umol/g/min,
ojgiom, u (Gaustrocnemius muscle)¥ HK
TEE ]%%‘H Z7 (Normal +)e] 0.7240.1
umol/g/min, +5HWZT (Control ¥)o] 1.40£0.1
umol/g/min, EFAAFZE 50 mg/kg EojL
(RR-50 #)°] 1.03£0.1 umol/g/min, 100 mg/kg &
o (RR-100 ¥)°] 0.620.1 umol/g/min 1=}
B AT A 7HA fredol gt sk S HK
g4 /bt FAA FEE 100 mg/kg FA+
(RR-100 H)elA o1k (POODAHAEE B
o, ¥E-ZWe HK 842 344 F2&5 X
mg/kg Fo7 (RR-50 ). 100 mg/kg Foi*
(RR-100 &) EFelAM F2J8F (P<0.01, P€0.001)7
4 235 B9d (Fig 40).
(4) MDH (umol/g/min)
TR Aol wE gal A& Zupg 2

%‘) 5 H3lel| oste] il ¥ 2o
2] 9] Malate dehydrogenase (MDH) *
st A}, 7FAm] 2 (Soleus muscle) ! MDH %

v+ ZE  (Normal ++)o]  57.999.3
umol/g/min, +EHZT (Control ¥)°| 42.89+1.4
umol/g/min, ¥73AFZE 50 mg/kg T+ (RR-50
)ol 25.08+5.1 umol/g/min, 100 mg/kg Fol+
(RR-100 +)°] 14.58+2.2 umol/g/min °]giom,
v 22 (Gaustrocnemius muscle)i MDH ¥=+=
] &5 W% (Normal ) ¢] 96.28+2.9 umol/g/min,
Fd 27 (Control +)°] 13.70+1.8 umol/g/min,
$3AFEE 50 mgks FAT (RR-50 &)l
.90£3.7 umol/g/min, 100 mg/kg 37 (RR-100
)o] 56.64+4.8 umol/g/min °©]ich & QF Az}
Al fredel o3t 7iAu 259 MDH 49 7

fd .ﬂ HO

fioe & 2

rle s

119

ol Mo

[F%]
oo

4

°>‘~

930

of 5k
S

A27F 2744 2 50 mg/kg FIL (RR-50 ),
100 mg/kg T (RR-100 oA +lsHA
(P00, PX0.001) ZH&dhes AdE Boowm, wE
¢ MDH ¥=% ¥44 %% 50 mg/kg ¥
o7 (RR-50 ), 100 mg/kg ¥4+ (RR-100 <)

FolA fost (P00 Fhass 2y
(Fig. 4D).

(5) SDH (umol/g/min)

TR Al wE 22 A3 ZulE Z82
AF, o35 Fafell oste] sl 7|26l diste
<599 SDH =5 33t 23}, 7|2 (Soleus
muscle) SDH 5=+ v¥l+s9HE2T (Normal )
o] 26.25%6.4 umol/g/min, +5 N3 (Control )
o] 11.25+2.9 umol/g/min, T4 AF%E 50 me/kg
Eo (RR-50 ) °] 30.00+12.9 umol/g/min, 100
mg/kg Fol+ (RR-100 )] 27.50%5.1 umol/g/min
o]9l o™, B]E-Z(Gaustrocnemius muscle)i SDH
FET H]%%‘Hi{" (Normal )e] 18.75+4.3
7)ol 20.00£2.2
umol/g/mln EAAFZE 50 mg/kg T35 (RR-H0

+)o| 28.75+9.7 umol/g/min, 100 mg/kg Foi+
(RR-lOO )] 11.253.7 umol/g/min °|%ich. &
At A 7 fredell gt 7w SDH
FAe vt F4H FEE 100 mg/kg FoAL
(RR-100 I)ellM $-21A4 (P0.05) A F7Fsk
om, HEZU SDH ¥xx E4A F2E 50
mg/kg T4 (RR-H0 &)ellA Z718l= 73ko]
AR f-A4> sl (Fig. 4E).

(6) Citrate Synthase (umol/ml/min)

e A wE B A5 ZuiE I8S
A, FodEF Hatel oJste] H4H 2ol 3}
of 289 Citrate Synthase FE25 323 A3}
7HAkE] 2Z( Soleus muscle)Y Citrate Synthase F%=
= H]TL%‘H (Normal )] 2.36+0.7 umol/ml/min,
TR Control ) o] 4.86+0.9 umol/ml/min,
A 'zr%g 50 mg/kg FI< (RR-50 )9l
3.40+0.4 umol/ml/min, 100 mg/kg ¥+ (RR-100
o] 4.00+0.7 umol/ml/min olglem, ®EZ

a

umol/g/min, <<=+ (Control &



(Gaustrocnemius muscle)] Citrate Synthase %% (Soleus muscle)W] CK 5= 8] 5%+ (Normal
+ vl E (Normal ) ©] 3.36+0.9 umol/ml/min. o] 48.22+1.3 U/L, +sHZ=+ (Control )9l
+Ed %22 (Control ¥)°] 5.10£1.1 umol/ml/min, 71.35+4.4 U/L, 3AA FZ2E 50 mg/kg T
244 F%% 50 mg/kg T (RR-50 )] (RR-50 )] 63.81£1.6 U/L, 100 mg/kg FoIF
6.96+1.3 umol/ml/min, 100 mg/kg F1< (RR-100 (RR-100 #)°o] 63.63+10.1 U/Lelglem, w]EZ
) o] 2.93%0.6 umol/ml/min °Jgich. & A7 A} (Gaustrocnemius muscle)] CK ¥%¥ H]$+%

A fredol o3t 7ixRu| 8 Citrate Synthase ZZ (Normal ¥&)°o] 62.30+5.7 U/L, +Ed=x+
Fex +5dWzF (Control o] HEFHZL (Control #)°] 637554 U/L, ¥74A FZE 50
(Normal ¥)2et 288 F7}3 AgE Helon, mg/kg FA7 (RR-20 ¥)e] 5441+6.1 U/L, 100
2744 FZ% 50 mg/kg FoI+ (RR-50 ), 100 mg/kg FoI (RR-100 &) o] 58.53+3.2 U/L |4
mg/kg T3 (RR-100 &)olA wv]&FHz2T o & A+ A3 A fedel dgt s S
(Normal ) 2et $7Fshs Ass Holom, v& CK v+ 234 F&E 50 mgke Fo9<
=9 Citrate Synthase ¥ % =3 F4A F2& (RR-50 )3 100 mg/kg Fd+= (RR-100 )ell
50 mg/kg FoI7 (RR-50 &)X F7kste= A +EWEL (Normal ¥) 2 ZFAstd ot

A
o] iAot BF fo42 Hsieh(Fig. 4F). oA
(7) CK (U/L)

, Bl B-24 9] Creatine Kinase 5%
A FZE 50 mg/kg FA7 (RR-H0 4)

olt, e
L 32
Rt

[¢) hul
AF, F35 Fatoll st fdd 2ol oz} o] sl oy 2R foAL ol
o el (K =8 H23 23 sxe)2
OMor e el O Normal
: = W Cantral E 14 & Control
o Gim mRESR) A | BENE
5 - z : BRR-100 51,3
.:-::- ™ i é’ S S ¥ 32
S - P £ s
E B 7 ul v S
xoleus omen gusironemius soleus gastroremius " hiege gastronemius
A e B Sroup C
o clgMormal on ONorma
2 = L] ;g;u_—ggol E B MW Contral
fm ™ |lGrR1o0 i Ao
B Sy
Sa i 2 7
- M / I
il ‘
soleus e'.“gastr e i L F
Fig. 4. Effect of Rhodiola rosea on the muscular tissue parameters in the rat following the forced

swimming.

Data presented mean * standard error (n=12). Normal: normal group without forced swimming, Control:
control group exercised with forced swimming, RR-50: group exercised with forced swimming and treatment of
Rhodiola rosea ethanol extract 50 mg/kg. RR-100: group exercised with forced swimming and treatment of
Rhodiola rosea ethanol extract 100 mg/kg. *: statistical significance compared to the control group (*, P ¢
0.05: **, P<0.01)
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HIZRRFESKHI01)0] ZH 7 eFol T23|=0f o|x=

N, T FH
Szt A deln AYshe RAA 94
o7 dAFS L& A7 AH o] e}

% 4 ke el 43 240z 2791 9

o oleld Wz el A ATl o
£ A3 AAHA, 14 W 5oz QY Ao
2 re] £ 4 ot QAANE e ezt v
&3] 9o o) W u, Hele] Aol BAT
& W Fo) AT HAH Aozt AW, A
Aue) glew, 7147 ARERE e da 2

% AR, 257 A% g9 A%, 94 2
T4 49E A8 5 JERIEER-RIEL

BN F—%@M}%
g3 rEdaz Q3 A% xg 2y e
AR el

el 29 3
7]_‘:_ o]r)JE;q]
o] A o]} ZF2 3 2
1245 =& Xﬁ}‘“’—? z7}3} 7ro] A

EY2e
of HFolHal Hg& vehlx, 4% AE#H X
Aol 23 AH HFe] ofidel] diste Hidke

Addle A H3 35 23E 7, A4
Aol AA 7ol daiME T ks LIEA
ar 225 7294t (Panax ginseng)” ©
v} 74X 2719 (Eleutherococcus senticosus)”, £.1]
A} (Schisandra chinensis Bail)® 5¢] gHeFE% o
HEAE TRt oloH, o3 gdepEEe] ¥
2EH 29 4oz o EAlle] Fedhe}
= Ao 7 Zlo® Aledd A=Y
F25 AFAHEAEL organi acids. flavonoidse,
taninns @ phenolic glycosidesS F&Halo] 1229
AEA o] RuHep?Y, 53] o gAY 2%&
YehllE= A& o2 p-tyrosolt phenolic glycoside
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rthodioloside”} &&# 3lom™, p-tyrosol ArEHA
&ALl AR E=3 5-11p0xygenase A &S] B
I 5313, rhodiolosides THE A EollM = 7
= salidroside®] 9222 rhodiolin, rosin, rosavin,
rosarin, rosiridin 53 7 ooFst A2z%s v}
AT JE Aoz ByFel g,

B AT A fod FM F4A9 323
E*‘S‘g ototr 7] 93
}7] 98 57
°—b?=174 o= salidroside.
tyrosol ¥ rosavine] 74 thEk d5FejglE =4
<z $A FAAES A, & LvEE
HPLC #A4& AAste] Ao A x4 24&
gk & 53 T8A A odshE FEEA
7 o9 salidroside, tyrosol & rosavine] &gl
Hodct A fFedsFAM A 723 E g
‘EJ:E:] A} g% °—J°}E7] -r]ffﬂ B

%Oz'\— o 1 0 0 -0 2

AME H8 FE2x27E ZAH TAAH F2E
< TEAY ALl e, AFNA FAA F
5SS T T3 } 73A 53 (forced swimming,

SEA2A 7] 2H. Ao
A9 glucose, LDH cortisol®] W35 FAsl e

o, 2% nle]2u}A2A LDH, glycogen, HK.
MDH, CK, SDH, citrate synthases& =A 3%}
%%%%% HEE FAZLAA o] FofA = F

AL AA Y A FAF AR A Sl HAat

&o] 50 % oliE AAd L& Fel A =

gL 28 £3t= o] 9l& adenosine triphosphate

(ATP), creatine-phosphate (CP), glycogens-2] 3

Foll AT AA7E 9l2m, lactatese] 3EHE
Jr A FHo] e Aoz ¥¥HA o
A YA E AHEE] HEiME A A E
7b ARH R AREEE oy AIdQl ATP7F AR
H=d|, ATP9] A2 phosphocreatined] 2|3+ A
AL RSl o3 AL AFSRRREel ok AA
o] 9Jt}. 73 phosphocreatineel] &3+ ATP AJA &
7P w23 48 W22 CK7} phosphocreatine

r{o



3 ADPE WA ATP7} AQE 2 3
L3 Zholv =3 & Sle =2 FZA
P& AA dAE TFshe=d, =g F 4
o] BFol olFo] AR e A4 2AEEA
o]l ke FAF I AR FFo] o Feld A

S ZATEAL nEZEg oS A TCAZZ0
Al Ao ubgoz R E

4A FEE o7 5 A&7 oy
gt oJekS WA =A] dolk A} Fo 1UAE
TAEAE FAA FoLod A SIS B
o} foAe] g, 294 50 me/ke Tl
oA 2298 %ol S7kskeom, 3UA He d
50 mg/kg. 100 mg/kgell M 27+ 29.49 % (P<0.001),
45.30 % (P0.05) $SJ8HA Z7sksiom, 444
HE 2 50 mg/keg T3l 24 19.64 % (P0.01)
FoJsHA F7hskeh wbd 289 A, FE9
FAE THEE H Xpo|E HolA gdedl ol
AR FoArt AF AT ARl +F
3 58S PAATHE AL vt

CK%= ADP$} phosphocreatine2 %€l APTE &
A ube-& ZEufjsln], 9ub$-© 2 Phosphates ADP
of Ae]AA ATP7} RAHES sted B2 &
Aoltt, =3 +FOE Qldl THY ALY FFHF
o] ol A FHw MEAWIAME ATPS A
o] BhajzA CPKAA Z7bshA R 2 A
ol E A Fde A EsdzLe] 7RIS
CKy=x nj+5dzdd Ble) 48 %9 $93
Z71e el o, 7349 50 mg/kg 100 mg/kg
Tt Tz Bl&) 22 1057 %, 10.82

glucose
AlZvaE Z5oll AAE o] 3lE glycogen©] glucose o
2 AstEo] Hol 2oz FFHY, o= AT

83 AUAZ o &Hd. =TI I=EEA
lactate’} &% % Aol & FFOE 34
o gHe] pH7} A=A glycogend] £3l 7}
AEe] 2327t aEg” aeba 7HA) o 3
= A +5E T A AW glucose FEF>- &
3] 7rasH "ol B AFelA Al fed e E 1)
4 & 83 glucosed] FEE FES A &
Tz Blsted 4 50 mg/kgst 100 mg/kg
Fol oA glucose®] FE=7F 2+ 2.63 %, 841 %
(P0.05) 2 FoJsHAl ZHAastd). 7hakm] 285l A
9] glycogen®] FET +EHETe] HlEFHERL
o Bl 21.46 %AsGE o™, £ 50 mg/kget
100 mg/kg FoATolM 22k 2655 %, 4141 %
(P0.05) 7} Zashdet. wlELolA 9] glycogen &
F wedERTe] vl Rl vl§ 1876 %
Adtgon, EAA 50 mg/kg Tl 3463
Z7ksh= 7S Bedom, 100 meke T+
AAE 386 %Aade e B HKe @
3o A glucoseE glucose-6-phosphate®  QJAF
sl FhE EEGS Basted  pyruvatest
ATP A6l Frejsl= Faol). o AY A
Zhatn) 2ol M 9] HKEA = 5270 B %
2ol vle] 1528 % Z7kstged, EAA 50
mg/kg FATLE 2771 %, 100 mg/kg T+
51.81 % (P00 E f-o]3A  ZAsldet vlE
A9 HKEA=E +5dxsel v dxd
o ¥la] 9444 % F7lstdew, 744 50 me/ke,
100 mg/kg FoIv= 47 2643 % (P0.01), 55.71
% (PO.00D) 2 FoJ3HA ZHastdel o & 74+
oJ o2 <l3l w B kA glycogeno] BF
22 fE NS gnste, 7449 50 mg/ks,
100 mg/kg Fei7F < 2ol A=A FefjAtel] o
& A e 48 Aoz 44Ug”,
LDHE &%3%% WAbelA 24k 3§AS S
g, AN 2] YA 5] Flsle] B4t R
Z3HA = Ak A AR Sk e
A P2 F93 Aty FAHL 9 F

Ml 12 oo

f
z

S-S
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HIZRRFESKHI01)0] ZH 7 eFol T23|=0f o|x=

HAT F55 & 7F A=F] pyruvatert A=
o] o] A% 1, pyruvates HAleZ A
A7) FAE Evis= LDH &4 o] 27184
2. T8y 2 AYeME $EdzT ¥9F

el wls zFassed.
o] Ao® Ay A3t AN 5 T A o

o ¥F ZAEES 271 A7]x, LDHEA ==
]

100 mg/kg FolFolA 9] &% LDHEA=E 47
50.53 %. 26.92 % Z7Vstsieh. 9 WelA ¢ LDH
TR g, /A2 LDHE +5dxs
o] Hl&FzTel B8l 7466 % (PL0.01) <28}
A F7bstgd o, E4A 50 mg/kg Tl E
21.09 % (P0.01) $-3H (P0.01) 74 100 mg/kg
EolFollAE 1849 % st

E22M9 LDHSEE &£5dzZo v&sdz

ol ¥la 99.80 %%kt

o8 AL 92F 273, 259 FHEZSAT Y
Ehte 7S Tk 5o o8t ZAake] e
oldl ¥ AgY A3 FAHY 50 mg/kg Fo37t
IEE FLUATIA A sFE el sle e
2 A7tEidh

Citrate synthase:x TCA3|29 ActA A
citrate A& SFvlss &4, SDHE Succinate
< fumarateZ &23}sHe 24, MDHE maltate
£ oxaloacetateZ BpAd) st 242 dubi o
2 FAA e os SURskE AeE deA
oltt. 13 citrate synthase:= dulA o2 HAAA
5ol o8 Fkele AeR deA ok # 4
FolME EAA] FAIALA 5 Wi &3}
S vepl=A detrr] S8 w2 v g2
o 49| citrate synthase, SDH, MDH®| &4 & =
Asldeh. 2 A3} 7Am] 2ol A 9 citrate synthase
FAEE TFHRL HEF dxTel HE
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o5k

10595 %%7Vski e, &7 50 mg/kg, 100
mg/kg FolF S5 22l Bl& 47 30.04 %.
1770 %7r2stdeh. Bl &M FEd 2ol
H]+-Fd 2ol w8l citrate synthase”} 51.79 %
Z7hstg e, 744 50 mg/kg, 100 mg/kg Fo
FollME A7 3647 %, -42.55 % Z7Fst o
A sl

SDH| &4 dr7|se] AR 52 3
St #) 72l SDHS #Ad o] HEsd
' 2t g B dAdAE AR Zex g
SDHEAH = +5dxTol vlE% 2Ll vls)
57.14 % Arastsiom, 7474 50 mg/kg, 100 mg/kg
ol ol M= A7 166.67 %, 144.44 % (P<0.05) =
T Skt Bl EZeA e F el
vzl ®lsl SDH7F 667 % Z7het e
m, 747 50 meg/kg, 100 mg/kg FoFellME 7t
F 4375 %, ~43.75 % SR f-o)Ad 9l
.ol $AAY Fo7} iAe| 29 SDHE A
SIEAATHE e HAFT ek

P
2
T AR FoZe] FEdHxRTl wE we
1
(o)
X

Ir

LZ r

}

=
e

o o T N

oL % 7]
2 AAse 237 sige AE 9njdth
MDH+= TCA3]2)A maltateE oxaloacetate
geidlels 242 ol dF A sixpu] el
e MDHZA = +s5dxde] HliF Hxs
of wlal 26.04 % FAstom, £744 50 mg/kg,
100 mg/kg FoAolA 2H2F 4152 % (P0.01),
66.01 % (P<0.00D)E §-9]3HA ZAstdet vlE
Mo FFHETe] vlFHEL vls] MDH
7F 85.77 % ZAsem™, 744 50 mg/kg, 100
mg/kg TN 27t 18394 %, 313.44 %=
BEE =AM fsHA (P0.001) F718ked
oo AAEE Tt £ 4 Fo
7b FE2EH S A s AAelxe A
4 lactate ARl FARA pyruvatedh Abell Fhed s}

o ez dd Fz 25 Y IR f



0
1
0z
0N
o

o, Jgy xue 3a) o2 2o Hol &
74 A A3 %Y compound®] AT S&} =84 o)
AT, A 7)Ae] A7} & Pod oz
A7k
V.4 E
A F EAA F7h 5 92 um

= = A H7| $5he, HPLC —Eri
Aol F8 AHel salidroside, tyrosol
] FE sl AsE A
£ 3AFq FA F FTAEAL {’—
E A, g4 F glucose, LDH, cortisol®] &
o 41¢] glycogen. LDH, HK. malate dehydrogenase
(MDH), creatine kinase (CK), succinate dehydrogenase
(SDH). citrate synthased] B =E #HZsle] o
25 2o A2 A
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1. $ARE 22 554 A dske FE2ES 34
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=
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TAA FAZANAN F7EFAE B £94
o] . 2Adel = 50 mg/kg FATNA
oJgt 717 3Adel = 50 mg/ke. 100 mg/kg
Fod oA f93 F7h7F FEEG oM, 41U
& 2 50 merkg FoAFelA FolEA Ftst
ek

4. 83 glucoses
Fod oA FosHA A

cortisol > M Folfo]

== 344 50 mg/kg 100 mg/kg
tastglen,  LDH,
%q}_,;.—oﬂ H] 3

r_lo l‘>‘

LDHEAEE 50 mg/kg FodTolMe 23}
A 74, 100 mg/kg FATAME o= 7
g5 2o HK A =E 100 me/kg F9

T E Foldt #HAE, 50 mg/kg FolTLolA
L adts AgE 291 CKE ZEFA
7asle 73S B9t citrate synthase:® &
A FodE BRoA Jtaste %S B

™, SDH+ 100 mg/kg FeATelA f-213H4 5
7}, 50 mg/kg FAFANME Fobete A B
grh. MDHE 743 FoZ 2FA §23
A Zraskele,

6. B]E-Lol| A< rﬂ Z27o vd FAH v=E F

o}. HK Fol A FosHA Fastg o
CK% 2E %oﬂd st ﬂﬂi 193‘4

e e 100 mg/kg —rﬂf‘ﬂl/ﬂ = Ak
73S B4k SDHE 50 me/ke T‘ﬁ'r“"ﬂ e
F7Vete 732, 100 me/kg TN E A
3= A% Hgon, MDHE ZE oA

olAe] AYAAE B uf, THAY Bl &F
2P Al T eo] HiE o7 Holn, &
5 g

sAEH A AEA I 24 9 sd FA oA
9 FAIA lactate THAFS) FAMA pyruvate™ Alell
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