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Abstract — Rhizoma Rehmanniae Preparata is a Chinese herbal tonic. The hemopoietic effects
of Rhizoma Rehmanniae Preparata(4-time steamed Jihwang, 4-time steamed double dose Jihwang,
8-time steamed Jihwang, 8-time steamed double dose Jihwang) were examined using i vitro
rat(SD) model. Cyclophosphamide(150 mg/kg) was injected into experimental groups and control
group to induce bone marrow suppression. Oral administration of Rhizoma Rehmanniae Preparata

suppressed hormone levels of T, and T,. Reticulocyte count was increased by the bone marrow

SUppression.
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Table I. Experimental groups
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2 o3 & 24 AME3s1%

E42™ FUN - Cyclophosphamide®”(cytoxan
200 mg vial, 2JA|2HE 1333 mlY] SF=rol A3
L35l AEEE Kgd 10miE 13] E7FH(150
mgkg)dte] FFEAS FE3T. Cycloplsospha-
mide= AANA Bt F, YT E]
APALE Asgct. E3 MES life cycled £
F7191 G271 F2 ZE31] PAEI} RE7|Z o]
Pale AL JAToEA FAES] F4E He=Th
8] cyclophosphamide Fojr] W87 44T, &
g, thAg, Ao 28, dx Fo] F2go] ¥
g o, o] 4L B F 7-1045H 30|
AlEFgTh

AESE - 65732 A SDA ratE HSHEFE
Ae|zRey 7YPsld d=FIe)slAT FELFHA
A 277k wBNAETE =3I T dRt 9SS
Al ARG FES AP0 A en, AN
AL ex 23+3°C, AUSE 50£10%013.0H,
8 EE A7 12-168)019, 2 1247 WS
cycle(AET:00, £519:00), ZEE 150~300 Lx=
23380, A AY717r B dAHEA FABIETh A
FHEER TIAEARIETFASIANe E(tap water)
< AFHHANAS.

A 85739 rat(SD)l cytoxan(150 mg/kg)
< 13 B} Bl FEs AR F 57
g ZAA] <0 e SX18e] 28715 ¢ R
Lo HElE Hrislr] Ysle] 453 859 AL £
1), 282 o] A cHTable D). £ BF2E
ZATRAHE ARSI

abEar DA - FSAEE cytoxan T ¥
428 Ba7)170)] mid 13] o) FAEA Aol
Ale] dulzgaEa®e wyste] g BEBH
o, A3A9 273 dEE Alsih

; AD*(cytoxan, Volume Dose
Group Animal No. (rflztkg) ) (ml/kg) (g/kg/day)
Control 6 0 10 0
Positive control 6 150 10 0
S(4x Steamed Jihwang) 6 150 10 8.33
SD(4x Steamed double dose Jihwang) 6 150 10 16.66
SS5(8x Steamed Jihwang) 6 150 10 8.33
SSD(8x Steamed double dose Jihwang) 6 150 10 16.66

Sacrificed after administration for 3 days, *AD; administration
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SE 74 ¥ BY ME MH -2 5ES v
(ether |21 %, FodHelld H e o EDTA-2K
2 g€ CBC bottled e B3} Coulter
count (JT, Coulter Co., USAYE )83} HLEA
2 dHE g (mew methylene blue)el] AME-3}
Stk @AS A2oM SAANZ T, YFTEJANR
2] 7](Avanti 30, Beckman Co., USA)E o]& 3}
5000 rpmell A 1083+ A4lEelsle) 832 Ealsky
ot 22" AL deep freezer(-70°C)ell Hasled
ARE-FA Tt

2o(blood) X LAEEP(reticulocyte)o] I3t =
g 53 &Y - AT Arke 7E471E WBC,
RBC, HGB, HCT, MCHC(Mean Corpuscular He-
moglobin Concentration)) MCH(Mean Corpuscular
Hemoglobin), MCV(Mean Corpuscular Volume), PLT
£ 2481}, 8T (reticulocyte) T capillary
tubedll 1% new methylene blueZ ©]-&3k] FAE
%, 587 Ao WXSH e, slide glassol] T3}
o] AZAZ T} Reticuolcyte counti: 1,000709] 28
T& Agste 54l Ve reticulocytes] HI=
£ WE-S2 eI

B dsisty ZAl - I AW3EA A= AST
(aspartate aminotransferase), ALT(alanine aminot-
ransferase), creatinine, ALP(alkaline phosphatase),
BUN(lood urea nitrogen) 2 glucoseE A3} £-4]
71(Airon 200, Crony Instruments, Rome, [taly)Z
ol g-3le) =AUt

HyUo| S22 &F - Ao a2 BYEY
2 Competitive immunoenzymatic assay (Sanofi-
pasteur Diagnostics, Chaska, MN, USA)QIE]E o]¢
saom, 1 24 W T, A% 9% 110usS
anti-T, &A1} ¥H&AIZ] T-f goat anti-mouse anti-
body”} ¥ paramagnetic particles} T,-alkaline
phosphatase”} 28l anti-T, A9 A= og b
221#4 chemiluminescent substrate”} 243h= A
T8 Z3sl T, AFsdch T8 3L 8%
30 p& anti-thyroxine 33} thyroxine-alkaline pho-
sphatase @ goat anti-mouse antibody’} Eo{J+E
paramagnetic particlee] 3-8 Ajgdol Wi wkS
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specific gravity, pH, protein, urobilinogen, nitrite,
occult Blood, WBC 55 7435t
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Table II. Body weight change in rats orally treated with Rehmanniae Radix

\ Sex Male
. \ Group C S SD SS SSD
Variable
\ Dose(g/kg/day) 0 8.33 16.66 8.33 16.66
\ No. of animals 6 6 6 6 6
Administration 292.37° 294.91 292.58 291.30 291.65 289.84
(8 days before) (18.99)° (15.47) (19.05) (20.66) (15.63) (15.85)
Administration 52.59 -22.095 -16.345 -16.29 -21.265 -13.655
(1 day) (11.06) (15.40) (13.35) (11.21) (14.33) (12.52)
Administration 62.968 -10.986 -8.828 -8.290 -6.71 -3.117
(3 days) (2.22) (11.39) (10.15) 9.14) (11.08) (11.71)
a; Values were expressed as mean, b; = S.D., Significantly different from Positive
control group(*p<0.05, **p<0.01)
Table III. Relative organ weight of rats orally treated with Rehmanniae Radix
Sex Male
Group C PC SD SS SSD
Dose(g/kg/day) 0 0 8.33 16.66 8.33 16.66
Body weight(g) ~ 319.96°(9.47)°  257.00(8.93) 255.18(10.44) 249.03(6.40)  253.64(5.89) 245.02(3.45)
Liver 2.94(0.23)* 3.35(0.12) 2.91(0.19)* 2.98(0.04)* 2.95(0.1)*  2.91(0.24)*
Spleen 0.26(0.02) 0.47(0.29) 0.26(0.09) 0.25(0.02) 0.28(0.07) 0.23(0.09)
Kidney left 0.39(0.04)* 0.46(0.03) 0.46(0.07) 0.43(0.04) 0.43(0.03) 0.42(0.02)
Kidney right 0.40(0.02) 0.46(0.05) 0.43(0.04) 0.44(0.03) 0.43(0.03) 0.44(0.007)

Relative organ weight at 3 days after treatment with Rehmanniae Radix,
a; Values were expressed as mean, b; & S.D., Significantly different from Positive control group(*p<0.05)

< SDgkoll o3 frelst Wshks JElA] ftont
PCEoA Fuid AL &+ Adth

S8 74 22U - ¥4AFEY ¥adLe FAX
tizael vlsle] PCRAAM 7Hge] Azrt e
25 HARIE FAYReH 63%F 2# e HFe] F
s} o BoE BRoME o3t #ss) #
Z=A) Ftet.

ZEHEXN 53 - AR FIFEA FEEolA
A% Foje] PCEEY 25 RBC® HGB, HCT
go] TRy BAEA FARt SN 22
FH2] h2Z0.01) 2 SDE(0.05)°10tHTable 1IV).
TR oM FAA gzten) 4] 4
o] F7FsIReH A3 FAA] iago] PC<SD<
S<SSD<SST w22 A RE 4Urh 53
SR BoFox] PCE Br} E71E0) T 4EA
ot SSDEIA & WP $9} granulocyte’t F
7¥8lem™ lymphocyteZt AT & WP
o] F7he AFTY STkl o Aejgta =Y
BATH fejde ook 28y SDEeME 3

Yol 71 thd F7iet Ado] AU 2y o
71Me F 987 SV T oA 94 F
A foAe AR AYTFe 4t I
Ao SSDF] A9 AL B $= Jirh
T &710A B Wyt Fo1e A-Ed SD
9 ALole F WIGTL SV Gtkernz
Z8ago] AT o) Yehls HETY HhH F
712 B % 7] vEelt. SSDES Aeld I
2A faoMe iagoe) 18T BAEE 7
£ gutdoz A¥4 Ngely 34 WEE A%
WA slmEEY At s o, 2 v UK
t}. Cytoxan(150 mg/kg) 13] E7 Fo] 5 Fia
< AR rateld S OIRTE 2 SAF FAL
oMe FAA dizgel v WHHIET T F
7Vt Table V). ol 5ol o3k 287159
g 7108 Ao AlEdE. 2T APEEY
A3 B e U BlE] JAHET
o) %2 BT IRy BAEH foHe A
HA) 2AUTHp<0.05).
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Table I'V. Hematological values of male rats orally treated with Rehmanniae Radix
Tested WBC #LYM #MO #GR RBC HGB HCT MCV MCH MCHC PLT
Unit x1000 % % % x10° g/dl % f1 pg g/dl x1000
Group : C
Mean 9.78 84.51 795 753 7.96%* 1593** 46.01** 57.81 20.05 3466  1178*
SD 211 6.69 294 397 038 0.99 1.48 1.87 1.52 2.71 281
Group : PC
Mean 7.70 - - - 6.56 13.26 38.15 58.16 2025  34.81 1620
SD 2.19 - - - 0.44 1.09 2.72 1.89 1.38 2.15 276
Group : $(8.33 g/kg/day)
Mean 2.75% 7260 975 2206 6.81 13.58 3933 5768 1991 3453 1542
SD 0.21 2757 629 16.88 0.39 131 3.04 1.64 1.24 2.11 314
Group : SD(16.66 g/kg/day)
Mean 5.45 7133 500 2366 7.16* 14.61* 41.50* 5793 2043 3523 1606
SD 0.63 6.36 460 525 037 0.79 2.17 210 0.90 0.51 316
Group : SS(8.33 g/kg/day)
Mean 4.70 5481 16.60 2858 6.66 13.82 38.64 58.00 20.74 35.76 1430
SD 1.62 6.34 734 1369 015 0.48 2.14 2.31 0.39 0.85 330
Group : SSD(16.66 g/kg/day)
Mean 6.02 43.45 1047 4107 6.73 14.03 3936 5845 2085 35.68 1455
SD 2.63 5.53 583 651 059 1.20 3.58 114 040 0.61 295
All hematological values were measured at 3days after treatment of Rehmanniae Radix.
Statistically Significant from Positive control(*P0.05, **P(0.01)
Table V. Reticulocyte count of rats orally treated with Rehmanniae Radix
\ Sex Male
\ Group C PC S SD SS SSD
Parameter
\ Dose(g/kg/day) 0 0 8.33 16.66 8.33 16.66
\ No. of animals 6 6 6 6 6 6
Mean(%) 2.01 2.76 3.26 3.03 3.28 2.93
v (0.38)** (0.20)° (0.69) 0.72) 0.71) 0.77)

Reticulocyte count at 3 days after treatment with Rehmanniae Radix, a: + SD, Statistically Significant from Positive

control(**: p<0.01)

BHol Mty W3] - 3= ASTE S<SD<PC<
SS<C<SSD# o= F7)sltt. PCtel ¥l C
F(p<0.05)7 SSTE(p<0.05)x EATHoZ Fo
sk W3t AT, controlol H]ER] PC(p<0.05), S
(p<0.01), SD(p<0.05)zx0lX FelddA Zrisiack
(Table 6). ALT®] %2 S<PC<SD<SS<SSD<C
o2 FTRIL PGS 7502 sl BAIAE
3 A} &= (p<0.0500M frolgh wsht #EE
ok gzl HEAM PCp<0.05), S(p<0.01), SS
(p<0.01), SD(P<0.05)ZANE Z2s7]e a9A T
A% o] Wste)7) wiel ddHoez gmz}
. Creatinine® Z53 FdolA dizwol v

) 2 e 7FAE o) o= cytoxand] 9% EF
2 71hd 7108 AT Algs A, d SN B
ARoZ AU E e Yder & 9oyt
= Aow Q7ML €% ALPE 554 i
X 57

£ cytoxan SAo) 93 BFE 7hhof 7I0E Al
qHee] Az Azbgrh. SSDEME tiRats) H]
58 FAE BYE ol £X3e] Tl 9 R
© 2 AFEEY, BUNS SSDZo 1 9:& PCol
Hls) Z7Hp<0.05)31121} ol A Wil 23
HER ez & oot gl 2o AlRdT.
ag)a FAR gz HlaA] F oA §
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Table VI. Serum biochemical values of rats orally treated with Rehmanniae Radix

Kor. J. Pharmacogn.

\ Sex Male
. \ Group Control PC S SD SS SSD
Variable

\ Dose(g/kg/day) 0 0 8.33 16.66 8.33 16.66

\No. of animals 6 6 6 6 6 6
ASTW/)) 67.55* 42.60 37.06 39.56 63.39% 75.65
SD (18.78) 12.19) 12.11) 17.29) (20.68) (44.50)
ALTW/N) 21.14* 11.41 10.59 12.28 14.08 16.68
SD 4.92) (3.76) (2.56) (3.38) (3.66) 6.22)
ALPu/) 91.90** 55.11 36.53* 41.44 43.84 71.71
SD (10.58) 17.81) (7.39) 4.07) (7.10) (40.72)
BUN(mg/dl) 12.25 11.33 9.59 10.66 13.11 13.44*
SD (1.31) 1.73) (1.84) 2.17) (3.20) (1.37)
Creatinine(mg/dl) 0.251 0.211 0.121* 0.185 0.208 0.228
SD (0.04) 0.07) (0.02) (0.03) (0.06) (0.06)
Glucose(mgy/dl) 77.65 109.01 106.70 94.24 117.70 96.93
SD (14.44) 42.73) (16.83) (43.90) (32.49) (24.15)

Serum biochemical values at 3 days after treatment of Rehmanniae Radix,
a; Values were expressed as mean, b; = S.D., Significantly different from Positive control group(p<0.05)

A WHal= Ut Glucose: FF o
izl vlE] 1 % 7RI, PG s
A fo4de gl ey 43 Rde
2402 EAXNBA SZ(<0.0DF SSE(p<0.05)]
A frelg S SAEAN o) cytoxane] o$
A2 oA ALt Aefi7p B Eo] Al 3
A A8 981, 4N glucose Yol Bo] &7
Hez Z7HE Aoz Aze § Sl

gELlel S22 Wl - X3 T B3
FRA f2 Tl thyroxine®! H3h= TAA| o
o) Hj3] 2 o] SSD<SS<SD<S<PCE &o2
Z7I5tHTable VID). Triiodothyronine®e 4
A koA positive control & ALJEEL TR
A YRZEG UAE A #2905 ole A
4 folde FEER BUAT cytoxan(150 mg/

X2

A
=
s

kg) 18] 87 FojA) 230 322 T, 2 Tyt 5
7V, A% 39 A+ FHAl thyroxine B
triiodothyronine®) =& <o) 718 2L JAS=
A7} dvhs Ag & & ATk

S MY U =¥ HEl - A% T 25
A faFA & AAFL dxdd Hleiyo
SS<SD<PC 402 7rAa3lgom SSDY SZEoie
Z7rsIeh S3e] 2ad Y¢S cytoxan E/g0l
23t &5 7hho) o3 540 Astd R A
ZtEn, APFE JAel <3 & A F] HEE
o] Al BEAHQ feode & T+ fIUTh
SSRGS =3 AFez v £45e] BE
&2 AN 2 120%, PC 101%, S 78%,
SD 93%, SS 147%, SSD 129%= Z+zt Jelshon,
o= Rat(SD)dll oA 7iA] =lolel] olgh wsle] &

Table VII. Changes of hormone levels in rats orally treated with Rehmanniae Radix

\ Sex Male
Parameter \ Group C PC S SD SS SSD
\ Dose(g/kg/day) 0 0 8.33 16.66 8.33 16.66
T 0.746° 0.956 0.713 0.703 0.646 0.606*
3 (0.06)° (0.22) (0.06) (0.15) (0.13) (0.08)
T 2.815 9.455 5.185 4.640 4.013 3.526
4 (0.53) (3.85) (0.20) (1.32) 110 (0.51)

Thyroxine hormone values at 3 days after treatment of Rehmanniae Radix,
a; Values were expressed as mean, b; + S.D., Significantly different from Positive control group(*p<0.05, **p<0.01)
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HAEQ Y. BAFH oz oL AT Al 7
EA F7hRe Ao dEA Ak A7leA] ofaAt
4 PHELe UERF 33%, PCE 100%, ST 33%,
SDs* 66%, SSt 33%, SSDit 33%= z+zh ubebxt
o 9lo] Az Hol A8 Fojtol|r] PCE H
3 oz ggo] WA FAEAT S
(occult bloodye PCi= 2 SSDolM z1z} 198 &
Ao}, TFEA F2A cytoxan 18] B} Foo

Table VIII. Urinalysis in rats orally treated with Rehmanniae Radix

\ Sex Male
\ Group C PC S SD SS SSD
Parameter
\ Dose(g/kg/day) 0 0 8.33 16.66 3.33 16.66
\No. of animals 3 3 3 3 3 3
Glucose ) ) ) ) ) )
(g/dl) i i ) i i i
- +1) +Q) +) +() -
Bilirubin - +@ - +() - -
- +(D) +(Q1) +(1) - +
+Q) + +@Q) + + +
Kezgf;;i;’dy + + + + +) +
+(1) +@Q) + +(1) + +@1)
<1.005 1.010 1.010 <1.005 1.025 1.010
Gravity <1.005 <1.005 <1.005 <1.005 <1.005 1.015
<1.005 <1.005 <1.005 <1.005 <1.005 1.020
8.5 8.5 8.5 =9.0 7.5 7.5
pH =9.0 =>9.0 8.5 =29.0 =9.0 8.5
8.5 8.5 =>9.0 =9.0 =9.0 8.0
) +(2) +(2) +@3) +(2) +3) +
— @ +@ 4@ +®  +@
+@3) +3) +(2) +(3) +(2) +(3)
N 0.1 1.0 1.0 0.1 1.0 0.1
(Etﬁ?fﬁnﬁf/’él) 0.1 1.0 01 1.0 01 0.1
. ‘ 0.1 1.0 0.1 1.0 0.1 1.0
- +(1) +(1) - +(1) -
Nitrite +O) +(1) - +(1) - -
- +(1) - +(1) - +Q)
- +D - - - +@)
Occult Blood - - - - - -
- + + +(1) + ;
WBC =+ =+ + +(1) + +
+ +(2) + +(1) + +
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Table IX. Incidence of non-neoplastic microscopic findings in rats orally treated with Rehmanniae Radix

\ Sex Male
\ Group C PC S SD SS SSD
Organ
\ Dose(g/kg/day) 0 0 8.33 16.66 8.33 16.66
\ No. of animal 3 3 3 3 3 3
Liver
Extramedullary hemopoiesis 0 3 3 3 3 3
Vacuolation 1 1 0 1 0 0
PMN infiltration/peribiliary 0 0 0 1 0 0
Mononuclear cell infiltration/peribiliary 0 0 0 0 0 0
Microgranuloma 0 0 0 2 0 0
Focal necrosis 0 0 0 0 0 0
Spleen
Extramedullary hemopoiesis 0 3 3 3 3 2
Megakaryocyte hyperplasia 0 3 3 3
Atrophy 0 0 0 0
Bone marrow
Hematopoietic hyperplasia 0 3 3 v 3 3 3
Kidney
Mineralization 0 0 1 0 0 0
Nephropathy 1 0 0 0 0 0
Tubular dilitation 0 0 1 0 0 0
Protein cast 0 0 0 0 0 0
Tubular basophilia 0 0 0 0 0 0
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Photo. 1. Photomicrograph of control rat liver. Normal
arrangement of liver cells around central vein was
shown (H & E stain, x100).

Photo. 2. Photomicrograph of the spleen of control
rat (H & E stain, x100).

Photo. 3. Photomicrograph of Cytoxan(150 mg/kg)-ad-
ministered and Rehmanniae Radix (4x Steamed double
dose, 16.66g/kg)-treated(3 days) rat liver. Megakaryo-
cyte(+2) of liver cells was shown (H & E stain, x100).
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Photo. 4. Photomicrograph of Cytoxan(150 mg/kg)-
administered and Rehmanniae Radix (4x Steamed dou-
ble dose, 16.66g/kg)-treated(3 days) rat spleen. Mega-
karyocyte hyperplasia(+3) of spleen cells was shown
(H & E stain, x100).

Photo. 5. Photomicrograph of Cytoxan(150 mg/kg)-admin-
istered and Rehmanniae Radix (8x Steamed, 16.66 g/kg)-
treated(3days) rat liver. Extramedullary hemopoiesis(+2)
of liver cells was shown (H & E stain, x100).

Photo. 6. Photomicrograph of Cytoxan(150 mg/kg)-
administered and Rehmanniae Radix (8x Steamed dou-
ble dose, 16.66g/kg)-treated(3 days) rat spleen. Extra-
medullary hemopoiesis(+2) of spleen cells was shown
(H & E stain, x100).
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