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Abstract

The effects of 50% ethanolic extract (JR-ext) prepared from Steamed Rehmanniae Radix (the steamed root of
Rehmannia glutinosa L1BOSH, "Juku-Jio" in Japanese) on hemodynamics were investigated in rats. JR-ext activated pyruvate
kinase activity, rate-limiting enzyme in erythrocyte glycolytic pathway that closely relates to erythrocyte ATP content and
its theological properties, and increased the ratio of young erythrocytes in whole blood. JR-ext increased erythrocyte count,
and locomotor activity after forced running (3 m/min X 8 hr), in iron-deficient anemic rats. Also, JR-ext had an inhibitory
effect on decrease of hypodermic temperature in back of rats under 4°C, and promotional effect on recovery of hypodermic
temperature after water-immersion.

These results suggest that JR-ext enhanced the erythrocyte properties in quantity and quality, would promote the ex-

changes of oxygen and carbon dioxide in peripheral tissue, and consequently activate vital life activity.

Key words Rehmannia glutinosa, hemodynamic, erythrocyte aging, anemia, hypodermic temperature, locomotor
activity.

Abbreviations JR-ext, 50% ethanolic extracts prepared from steamed Rehmanniae Radix; ATP, adenosine
triphosphate; ADP, adenosine diphosphate; NAD, nicotinamide adenine dinucleotide; PK, pyruvate kinase; EDTA,
ethylenediamine tetraacetic acid; HEPES, N-2-hydroxyethylpiperazine-N -2-ethanesulfonic acid; EGTA, ethylglycol bis(2-
aminoethyl ether) tetraacetic acid; BSA, bovine serum albumin.
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Table I-a Composition of diet.

Amount (%)
Component - -
Normal Iron deficient diet

a-Corn starch ! 42.57 42.57
Sucrose ! 21.28 21.28
Casein ! 20.0 20.0
Corn oil 2 5.0 5.0
Vitamin mix.3 1.0 1.0
Mineral mix.3 5.0 _
Mineral mix.(-Fe)3 - 5.0
Cellulose ! 5.0 5.0
Choline-Cl 4 0.15 0.15
Total 100 100

1 : Purchased from Oriental Yeast Co., Tokyo, Japan.

2 : Purchased from Honen Co., Tokyo, Japan.

3 : Vitamin (AIN-93), mineral (AIN-93) and mineral (-Fe) (AIN-
93) mixtures were purchased from Nihon Nosan K.K.,
Yokohama, Japan.

4 : Purchased from Wako Pure Chemical Co., Osaka, Japan.

Table I-b Composition of the Mineral Mix.and Mineral
Mix.(-Fe) used for the normal or iron deficient diets.

Amount (mg/1000000mg)

Component - -
Normal Iron deficient diet
CaCO3 357000 357000
KH2PO4 196000 196000
K3CsHs507 * H20 70780 70780
NaCl 74000 74000
K2SOa 46600 46600
MgO 24000 24000
FeCeHs07 * nH20 6060 -
ZnCO3 1650 1650
MnCOs3 630 630
CuCO3 * Cu(OHz) * H20 300 300
KIO3 10 10
Na2SeO4 10.25 10.25
(NH4)6M 07024 *+ 4H20 7.95 7.95
NaSiO3 * 9H20 1450 1450
CrK(S0a)z2 * 12H20 275 275
LiCl 17.40 17.40
H3BO4 81.50 81.50
NaF 63.50 63.50
NiCOs3 + 2Ni(OH)2 « 4H20 30.53 30.53
NH:VO3 ‘ 6.60 6.60
Sucrose up to 1000000 up to 1000000
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Fig. 1 Effect of 50% ethanolic extract (JR-ext) from steamed

Rehmanniae Radix on erythrocyte pyruvate kinase activity in intact
rats.
Test substance in 0.5% CMC -Na was orally administered once a day
for 7 d. Blood samples were collected from the abdominal vein 1 h
after the final administration. The pyruvate kinase activity in eryth-
rocytes was measured by the quantitative enzymatic determination at
25, as the rate of disappearance of NADH. Each value represents
the mean £ S.E. (n=8). Significantly different from control value,
*p<0.05.

Erythrocytes ( X 10° cells/ 1 1)
0 2 4 6

Control

JR-ext
50 mg/kg

JR-ext
200 mg/kg

Fig. 2 Effect of 50% ethanolic extract (JR-ext) from steamed
Rehmanniae Radix on cell age of erythrocytes in intact rats
Test substance in 0.5% CMC-Na was orally administered once a day
for 7 d. Blood samples were collected from the abdominal vein 1 h
after the final administration. The erythrocytes were separated by
the discontinuous Percoll density gradient. The erythrocyte counts
in high-density and low-density fractions were measured. Each
value represents the mean * S.E. (n=8). Significantly different
from high-density erythrocyte counts in control rats, *p<0.05.[ 1;
who! throcyte count,[ZZ]; low-density erythrocyte count (young
cell) high-density erythrocyte count (old cell).

200 mg/kg BEICE D 2NEF N 1.09, 1471 /L,
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Fig. 3 Effect of 50% ethanolic extract (JR-ext) from steamed
Rehmanniae Radix on erythrocyte counts in phlebotomized anemic
rats
Anemia was caused by drawing blood 1.0 ml from the cervical vein
once a day for 3 d. The rats were orally administered test substances
in 0.5% CMC-Na once a day for 14 d immediately after the first
phlebotomy. Blood samples were repeatedly collected from the cer-
vical vein at 3, 7 and 14 d, and the erythrocyte counts were meas-
ured. Each value represents the mean £ S.E. (n=9-10). Significantly
different from value before first phlebotomy, $$p<0.01. O ; control,
A ; JR-ext 50 mg/kg, W ; JR-ext 200 mg/kg.
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Fig. 4 Effect of 50% ethanolic extract (JR-ext) from steamed
Rehmanniae Radix and ferric ammonium citrate (Fe) on locomotor
activity after forced-walking in iron-deficient anemic rats
Rats fed a normal diet or an iron-deficient diet, and was orally ad-
ministered test substance in 0.5% CMC- Na once a day for 25 d from
first day in the experimental period. The locomotor activity (19:00
~ 7:00) after forced walking (3 m/min X 8 h) in ion-deficient ane-
mic rats was measured. Each value represents the mean T S.E.
(n=8). Significantly different from normal value, *p<0.01.
Significantly different from control value, *p<0.05.

Table II Effects of 50% ethanolic extract (JR-ext) from steamed Rehmanniae Radix and Ferric ammonium citrate on body
weight, erythrocyte counts, hemoglobin content and hematocrit value in iron-deficient anemic rats.

Treatment Body weight Erythrocytes Hemoglobin Hematocrit value
(g) (X 10° cells/ £ 1) content (g/dl) (%)
Normal 1657 £ 1.2 7.83 £ 0.27 13.7 £ 05 409 T 13
Iron-deficient diet
Control 1473 *£ 2.6%8 452 + 0.18%% 7.8 = 0.2%8 18.8 = 0.5%8%
JR-ext 50 mg/kg 152.0 = 3.7 5.05 £ 0.22 8.1+ 02 204 £ 1.0
JR-ext 200 mg/kg 151.6 £ 5.6 5.13 £ 0.21* 8.3 £ 0.2% 21.0 = 0.9
Fe 0.5 mg/kg 1563 = 4.4 7.45 £ 0.29%% 10.1 £ 0.3** 32.1 £ 1.4%*

The rats were fed a normal diet or an iron-deficient diet, and were orally administered test substances in 0.5% CMC-Na once a day for 21
d from first day in the experimental period. Blood samples were collected from the cervical vein. Erythrocyte counts, hemoglobin content
and hematocrit value were measured. Each value represents the mean = S.E. (n=8). Significantly different from the normal value,
$3p<0.01. Significantly different from the control value, * p<0.05, ** p<0.01.
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Fig. 5 Effect of 50% ethanolic extract (JR-ext) from steamed Rehmanniae
Radix on body temperature in cold (4°C)-stressed rats
Test substance in 0.5% CMC-Na was orally administered one time or
once a day for 7 d. The rats were left under 4°C from 30 min after the
final administration. The change of hypodermic temperature in back of
rats was measured in 4°C. Each value represents the mean = SE.
(n=8). Significantly different from value before cold-stress, 35p<0.01.
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Significantly different from control value, *p<0.05, *¥p<0.01.[_|; con-
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Fig. 6 Effects of 50% ethanolic extracts from various Rehmanniae
Radix (KR-ext, JR-ext) and pentoxifylline on body temperature in

cold (4°C)-stressed rats
Test substances in 0.5% CMC-Na were

orally administered once a

day for 7 d. The rats were left under 4°C from 30 min after the final
administration. The change of hypodermic temperature in back of
rats was measured in 4°C. Each value represents the mean + S.E.
(n=8). Significantly different from hypodermic temperature before

cold-stress, 3%p<0.01.
*p<0.05.

Significantly different from control value,
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Fig. 7 Effect of 50% ethanolic extract (JR-ext) from steamed Rehmanniac Radix on glycogen content in liver, blood sugar level,
triglyceride level and free fatty acid level in serum in cold (4°C)-stressed rats
Test substance in 0.5% CMC * Na was orally administered once a day for 7 d. The rats were left under 4°C from 30 min after the
final administration. Blood samples were collected from the caudal vena cava, and levers were extracted at 1, 2 and 6 h. The gly-
cogen content in liver (a), the blood sugar level (b), the triglyceride level (c) and the free fatty acid level (d) in serum were determined.

Each value represents the mean £ S.E. (n=8).

Significantly different from the value before cold-stress, $p<0.05, 3¥p<0.01.

Significantly different from the control value, *p<0.05, *#p<0.01. <; normal, O; control, A; JR-ext S0 mg/kg, H; JR-ext 200

mg/kg.
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Fig. 8 Effects of 50% ethanolic extract (JR-ext) from steamed
Rehmanniae Radix and pentoxifylline on body temperature in water
(20°C) -immersion-treated rats
Rats were immersed in water (20°C) for 10 min. Test substances in
0.5% CMC-Na were orally administered immediately after water-
immersion. The change of hypodermic temperature in back of rats
was measured in 24°C. Each value represents the mean + S.E.
(n=8). Significantly different from value before water-immersion,
$3p<0.01. Significantly different from value immediately after wa-
ter-immersion, #p<0.01. Significantly different from the control

value, *p<0.05.
O:; control, MR JR-ext 200 mg/kg, @; pentoxifylline 200 mg/kg.

BITEBOET2HEEICHNE L 7.
4. EBRREESY FORTER RIVa-—S U8 I
E, Pl Es L ESERBEICRIZTRE

BTFE FigblomLlaled, 7v b 2ERICEE
+5E, RFREBACETL, KIEESE 2 ERKRP, S
FTEOEERETHEESN ., COETROETIK
WL, JR-ext 200 mg/kg O HE[EHRE FIHEIERZR L,
JR-ext % 7 BRELEAEORST 2 &, ZOETEAERI
st

EEBRE A BEROETREOBKTICAXT KRext B
X O pentoxifylline DEE biRaT L 7458, KR-ext 200
mg/kg BEEIZIZF OETEIE T 2ERMED o 0T,
pentoxifylline 200 mg/kg #HG5HCIETHRET 2 5
AR T & 2 AR pED s (Fig. 6),

Frya—4v8 Fig. TalkmLic &L, 7 ) a—
rUBIEERTE | BRI THEEE CET L, 6%
KBWTHESIET LA, JR-ext 200 mg/kg #2543
EEBEREKRET, F7) -4y ELBEANOL
NIVICHER LU oo

MEE : Fig. b icR L2 Z &L, MBEIGEERE
o THERETL, KEBEE2HME, SFELERNS
#HEant, JRext 200 mg/kg REHICEIZOET %
k3 2 EEDERD ST,

mMAERAE | Fig. Tc iR Lz J &L, THETESE
ERZICL - TEBETL, KEBRZ 2RI OEE
HETHBERaN, JR-ext 200 mg/kg HREHICIET

O 2459 2 En A0 517,

BERASEEEER | Fig. Td IR Lo Z &<, ERERE
KRR I X - TEREINL, REEE 1 RERERS S

BERBEMAEES N, JRext 200 mg/kg %5 3
BREE I L 2 EHIEIBEDOENE & ol i,
5. KBAMS v FPOBETERIZRIZTEZE (cooling-
rewarming test)

7y MEATICOKZIOASHEKERARNSE S &, K
TiEI1Z 37.820.2CH 5 26.7H05CETIET L, KEH
FHERT 60 BOE TEIZI.TE02CThh, 88.5%EE
L7zo Fig 8 ICIILEBERIOK THR%E 100% & L, MERD
KTEAE0% & LIEBOETROEEBHELR LI, 2D
R, JR-ext 200 mg/kg KR ERHROK T iR DEIE
A HEIC{EE S ¥, Pentoxifylline 200 mg/kg (I D
ETROEEZMEIL 2, &5, KEAMK TR S
60 7314 £ TO BB & TR OZELE ORI OB E
B, FTENKBRAIOKRTES TOET 2/.01IHE
T AW RO E A, WBEE, JR-ext 200 mg/kg
BE#EE X U pentoxifylline 200 mg/kg #5-& D 100%
EERIR I, FnEh, 749129, 63.11£21BXV87.4
T425TH T,

zE B

MU & RIEEDORED 5 W IEINEOBEEDHuE %
X LERETHD, TOKR, MEAR, EHEN
BERK, MEOENER BRRLEE2ETHIRELERS
Nz, o, BRETHICEL 2 LEMPRHER
OEFLARETHZ TME] 2XET 2MEENEH
RMTEEREFRACENERLEAE - THWEEER
Sh, ThET, BEELRBHMEBEORHBREESNESE
HEHs Mo LTxkd, 40, BHEOHERMIEA
AESICHRIAT A28, REMARORBIREBICRELE
BERITTHRIOKOEN H 5 W IZERNE(LIC KIT 3 2l
BOEBERN L, &0k, BIBICEEREIC K
AIREETE MMEJ RELEL, 2HMBOBREEMIE
Bic &k A REENRES, BNOTEED L CRER
BROETRZERICR L/,

HEaEIcE » TIMRER BB TRESTHEOBETH
D, ZOHTHRIIKIIMES LU - BILREOER L &
DEEerBEIT L LS, EaHEFCRBELRTRE S
DTH B, HRMERKIEEL D ORARELHZKRICLT,
By " BbiRE & OBEMERE LT 5 /2%, biconcave
disc DFEAFHERFT 5 —FH, T OKE I HW/MERER
OMERL D KEVY, M/NMERAEREEET 2B
3, RMRBEBHGOEE*ER s 3, T, Rl
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HEAEEOMELIEREABRVREL TV, COHE
RIMIKAN ATP EE & EEFBICEEL TV 5, FEEHO,
Z OFRMERA ATP S8% JR-ext BEINS &, £ 0OFEE,
FRMBREFREAWET B EEESPITLTVED, T
D ATP EAICRE L OERBHZENBEE LTV 32,
FORTEEHER S L T hexokinase, phosphofructo-
kinase, pyruvate kinase (PK) 8817 5 %49, £ T,
FRMERNPKEEEE I RIE T HEA R L& 2 5,
JR-ext 3% DBEFZ A EZDI, TOFAA T =R AL
LCid, FRIMERKAN OBERE~DOBEEIER & FRMERHTA % N
LRIERERANEZ ok, BHESEMERNFE
ARIFLLED, X5, MAROKRSIC X D RMKER
BEFLEEREZFET 5 2 &0 5, FRIMBREEEAN L /2R
BUEHORSSEWEEZL S/, JORMBkEEIC
WY B BHIE OBEAIE L T S 20, FRINFRETEARE,
FRMERN ATP 28, RINBRNEZREM S1ER3 2R
Ko aging? KREITHRMBOREL, KRORkoLES
IR U oo ARIMEBKIE aging o & © EREEASEEML,
IHic LT, JR-ext @EFRMIKIC L5 5 EHEED PK
BREROFWF RN O L TD 1, TOFKRE,
PHFE OB OBELED 12k AHFHERMEK D B
L, MEHBAMFTEER? X 2BBTo/k
MERDFEBRTTE E B E &, FRIMEKD & — v A — X —
BlREEN, EUdbDEEL NI, X5, FAERM
BRid, 2 URMmEkE s 2 &, ATP S5 8, WMHERE
REEED - DIRIMKE e LR EREE 7T & DREEED
O LS, BB ERMKSEOBEHIEEL S D,
Z OFER, BMEIKEHB~OMEOMIE - ZBLix
HOBEEEL, REHBORIEL S 2 AJREESHER
i,

wic, MEDO—>THIEMICKTTIRMBEOELES
MEtU7zo B E BRMBRDEN, BRI R L oREE
ThHBH, Bk 2FoMfM~OBEERSETL,
g}iE, BUin, PR, EFEEETOERES LS %
ET52&Ehs, TIE)IRELVWAZ, ChEFTOWRE
KBWT, HEMNEMREZTERIT 2 2 & @HESD sh
Ty, BFHOS DHMESEMEEOBRTLCNE 5 5 b
adjuvant BEfiR € F i B THIMEAAEERD TV 3D,
Alal, seEIMIcmE EBRE L BT 7 ERMko R
f) « BRNTET U2k R ZEEII RT3 2B o g e
2R LI, £9, DB (QmbD Ol 3 Bl TE
MmLZEMmMEF o LT, BHEIFRINKEOREE %
RS 2 ERSBHE I N, EBETEMEESET 2
HEEFEEIESE VYD, ZOEHERERLEDT
bo, HIME k2N TEINICEBHECIER I
SV EEZ ST, RIS, SRRZHEMICRIT T EEIC

DWTHRET L 7o HARADSOERRFEZIC+HT
B2, EDRDICEUIBRIHEMIBERAISRSE
LPTWRBEINTWVEY, TOSRZHFIMICHL,
JR-ext 3EIMBLWET AEHEE L, 1BHMSEMIC
L THEHBREIEST O EBEL M EL >, —
H, EEZ» 31 BHA05.0me/kg YD Fe %
L Tcwsorl, £01/10 4B Fe 0.5 mg/kg
BREESRZEEMOFIEEMIE L, DEDT &h o,
FHIFE LEMBRENSET L, BEMNZEMcEL, 58
Lo BOEETHY, ZOEHENL, FiNBkERE
B - BRHELTVWEEEZONS, 52, EIMEF
DEETEMHIC KT RAMBOLEL R L, #$REME
AN GARZE 3 BERHERD 7 » P OERITHEIL, 158
H~UREHZELT, E¥ 7> FOHRTHREEMR
Poti, UL, BRI IEREMABE~ 0BRSS A
RBL, BEFARECHD, A+ L2OEELZTPT
W9, 22T, SRZHEEIMNT » b ABRIEICRITE S
ZOROITEEEZREL, EHOERELEE L, £
DOFER, B v b OWEHITROITHEIRER S » b
DENZD BELS, EFHFESETLLRETHEE
DPED SN, Thicat LT, $RZHEEN ORI %1
IEU7 Fe 0.5 mg/kg 5 1% DITHEORTAEEIC
WHEIL, HWeZomErRES NI, —F, JR-ext i3,
RMEREOEIEDN Fe B G X a1 R ickk#E L Tt+4T
REEWDIL b b 57, MEBTROTERL EEEH
FThliExti, DFED, BB IIBEICHRMBRAEINE
HAHLZFTHL, TNETHSHILH > TELL DT
MIRKETZRE L R EMEEL & OFRMBEERE 2 EH)IC b IX
EL, REMRESH 5T LIk b, RO R ER
DIEMALICHF S LR, TEESLOEELLEEL
55,

wic, (KRREEBE N ICB U 2 2MEOKERFFEH
RET LI, BIRIEIETICHET 3 & BB BEL
% A FHETFEBGBLICET L, CORFRIET
% JR-ext EBEICHEIL 7, 4, BHRIcBLT, [
TREDETILZWMAEOEEVWLEHETIFILTS
» 5 cooling-rewarming test KBWT S, JR-ext EF
NTh -t —F, BHEE BRI RMBRE R EETLEER
AEL, BREEME L THY STV pentoxifylline
IEREEIC X AREE N Z{EE L, cooling-rewarming
test OFREHE S ELE S, PHIE L GRS 2R %
Ell, z0iy, PHMEOFRBERSIEMG, BRI
BREFRETTEIER 73 EORMBREEER L T BE V2
HERTEHEL, IhFEcid L Ts LRMROENHE(E
A EOfERPESGHICEWIER, BEisnkcbol
HEasns, £/, KETIKREET 5 LHEELETL
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Do x ¥ - RBIERH S ERCIEERBE O TES
5, IRBEE S v F OF(LFEN YT X -y EBET L L,
Frya—r v Eradicmbd s s sichiEiBnE
DET L, SEEEBESEML T, I
BETHBT) a—r vEDL, BiH D DEREAL
OEWIEHFEEMS P ) 7Y 2 T4 Fh olEgEd 5 & Hichs
FhsisED & OIEMBOBBENE LR THEEEZLD
N3, cHizHLT, JRext BF 7Y 3 -4 rvEBLT
PRSI E O T A INA, IS BRECE M EEE S
i, DI LS, BHIEN T A VF —FEBELR
RS RICHA T A ik, TR F -G
ShERSRE L, BEBmBSE iR JYa-7rro
RUopsHgE s n, BRI S © OIENE O B 251
OB A Flol - 72 S EE S N,

Plloc & o, BRI GARIMBRET A @ £k 5 FRIMER
WO d 2 EN B L CEBMBEETEER SRS D,
XSICBICIRE L TV A RHEREEER L PEASIIC
BWTET LARKBEEBEOEIESSY, MECL-»TAE
U7z R RO KT ARET A EAMIH S HITE - 1o, 7
IOl ©ERoEEE R (B IBnEED
HAULEANIW] EHALTVRIO JEL, SH0ER
BEESNEA*HEFT 215G, JWEEZAV DA% 8)
VBThb I EAEREMNFTLI—HEREELON S,

2)

3)

4)
5)

6)

*F577-8502 BABRM/NEIL 3-4-1
TSR EFREHAERENRE AREE 9)
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