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ABSTRACT

Objectives : In this study the authors investigated effects of the ethanolic extract of Khodiola Rosea
(HKC) on fatigue and hypothalamic IEG expression in rat forced swimming (FS) model.

Methods : Sprague-Dawley rats were administered HKC extract (25 mg/100g, p.o.) for 3 days prior to
FS, some rats underwent 10 min FS and others exhaustive forced swimming (EFS). In addition, other
rats were administered extract at different times after EFS over 3 consecutive days.

Results : When HKC administered before 10 mins of FS, serum actate dehydrogenase (LDH) and
creatine phosphokinase (CPK) activities were significantly lower than control group. When HKC
administered prior to EFS, blood lactate was significantly lower versus control group. When HKC was
administered after EFS, blood lactate (at 6 and 24 hours after EFS) were significantly lower and serum
LDH, CPK activities (at 24 hours after EFS) were significantly lower versus control group. When HKC
was administered after EFS, c-Fos positive neurons in hypothalamic periventricular area (PVA), medial
part (mPVN) and anterior hypothalamic nucleus caudal part (AHC) were significantly lower at 24 hours
after EFS than in control group. HSP-72 positive neuron numbers in hypothalamus were significantly
lower at 24 hours after EFS than in control group. Finally, when HKC was administered prior to 10
mins FS, HIF-1a expression in the gastrocnemius muscle was significantly increased.

Conclusions : These results suggest that HKC extract has an anti-fatigue effect, and it reduces neuronal cell
stress responses induced by physical stress by having a beneficial effect on lactate metabolism.
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Fig 1. Schematic diagram of experimental schedule
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Table 1. Effect of HKC on Serum Lactate Concentration of
Forced Swimming Rats

(mMol/L)
10 minute exhaustive
sSwimming Swimming
FS 8.3+0.8 6.7+1.2
PreTreal ps ke 65406 33406
after 6 hrs after 24 hrs
Post-Treat FS 1648i147x 1242i1.9*
FS+HKC 11.6£1.4 6.9+09

FS: group exercised with forced swimming.

FS+HKC: group exercised with forced swimming and treatment of
Rhodiola rosea ethanol extract.

Data presented mean * standard error (x; P < 0.05).
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25 e gk Apolzt fIAtH Table 2).
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Table 2. Effect of HKC on Serum LDH Activity of Forced
Swimming Rats

(IUL)

10 minute exhaustive

swimming swimming

] FS 2B032£232.1 28292+3158
Pre-Treat o ke 190534171.3' 2515342126
after 6 hrs after 24 hrs
s tra, TS 149581097 N465:1895
FS+HKC 1380.2£3042 24693+1599

FS: group exercised with forced swimming.

FS+HKC: group exercised with forced swimming and treatment of
Rhodiola rosea ethanol extract.

Data presented mean * standard error (+; P < 0.05).
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Table 3. Effect of HKC on Serum CPK Activity of Forced
Swimming Rats (IU/L)

(IU/L)

10 minute exhaustive
swimming swimming

N FS 1644261009 17260£1382
Pre-Treat FS+HKC 13002:049° 1565.0:89.0
after 6 hrs after 24 hrs

ot P 9383447 13803234

FS+HKC 80302626 101531356

FS: group exercised with forced swimming.

FS+HKC: group exercised with forced swimming and treatment of
Rhodiola rosea ethanol extract.

Data presented mean * standard error (x; P < 0.05).
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YeRR St} (Table 3).
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Fig. 2. Number of c-Fos (A) and HSP-72 (B) posiive cells in hypothalamic neuclei at 24 hours after forced swimming (FS) and

HKC treatment in rats

(A) HKC treatment produced significant decrease of c-Fos positive cells in PVA, mPVN, and AHC after FS (#+; P < 0.001). (B) HKC treatment.
produced significant decrease of HSP-72 positive cells in hypothalamus after FS (+#; P < 0.01).

(A) c-Fos

(B! HSP-72

EFS + HKC

Normal ES

Fig. 3. Immunohistochemical sections of c-Fos (A) and HSP-72
(B) positive cells in hypothalamic neuclei at 24 hours after
forced swimming (FS) and HKC treatment in rats

(A) Red lines indicate boundaries of each hypothalamic neuclei. HKC
treatment produced significant decrease of c-Fos positive cells in PVA,
mPVN, and AHC after FS. (B) HKC treatment produced significant
decrease of HSP-72 positive cells in hypothalamus after FS.

mFS
EBFS+HKC

Number of HIF-1 positive cells

Pre—Treat P ost—Treat

Fig. 4. Number of HF-1a positve cells in Gastrocnemius
following forced swimming (FS) and HKC treatment in rats

HKC treatment produced significant increase of HIF-1a positive cells in
case of Pre-Treat (x; P < 0.05).

T -

Fig. 5. HF-1a immuno-reacted sections of Gastrocnemius of
forced swimming (FS) and HKC treated rats

Section 1, H&E staining; section 2, negative control against HIF-la;
section 3, FS group of Pre-Treat; section 4, FS+HKC group of
Pre-Treat; section 5, FS group of Post-Treat; section 6, FS+HKC
group of Post-Treat.
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