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ABSTRACT - To investigate the modifying effect of Kwao Kreu, Pueraria mirifica (PM), we performed two kind
of studies which are the non-surgical medium-term carcinogenicity study and the modulation of gap junctional
intercellular communication study. The first study, a non-surgical medium-term carcinogenicity bicassay was done
to investigate the modifying effect of Kwao Keru, Pueraria mirifica (PM), a rejuvenating folk medicine from
Thailand, on the male F344 rat liver. Specific pathogen free, male 6-week-old F344 rats were divided into ten groups.
To induce hepatocarcinogenesis, those in all groups were given a single i.p. injection of DEN (200 mg/kg) and were
received two 1.p. injection of DGA (300 mg/kg) at the ends of weeks 2 and 5. Rats of group 3-6 were given sodium
phenobarbital (PB 0.05 % in drink). A diet containing 10 mg/kg PM was given to group 2 during the post-initiation
phase and to groups 4 and 5 during promotion and initiation phase, respectively. Group 6 was given the experimental
diet alone throughout the experiment (8 weeks). Rats of group 7, 8, 9 and 10 were fed 1000 mg/kg PM in the same
manner as group 2, 4, 5 and 6. All animals were sacrificed at 8 weeks after DEN administration. Result of the
immunohistochemical staining of the glutathione S-transferase placental form (GST-p) indicated that the numbers
and areas of the preneoplastic leisions were not significantly changed in all PM treatment group comparing to control
group. Also the numbers and areas of GST-p positive foci among group 7, 8, 9 and 10 were not significantly changed
in comparing to control group. To study the effect of PM on the modulation of gap junctional intercellular
communication, the present study was performed scrape-loading dye transfer (SL/DT) assay in human keratinocytes.
The results showed that PM could not modulate GJIC. These results indicate that Pueraria mirifica may have no
carcinogenic effects on experimental hepatocarcinogenesis in rats and gap junctional intercellular communication in
human keratinocyte.
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p, Gap Junctional Intercellular Communication (GJIC)
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Table 1. AIN-76A diet formula

Formula gkg
Casein 200.0
DL-Methionine 3.0
Sucrose 500.0
Corn Starch 150.0
Com oil 50.0
Cellulose 50.0
Mineral Mix,
AIN-76(170915) 350
Vitamin Mix 10.0
AIN-76A(40077) '
Choline Bitartrate 20

Ald A 717 AR 8F B9 PME Fo8 2ot} 7, 8, 9
I3 102 PM©] 1000 mgkg S A AHRS| Fo3 25
2A, e 2, 4,5 2 677 47 2A sIdokFig. ).

HE|=E & ZHAL % GST-p] HA=ZE&E ZAl

7He Se R #AAE 54 2-3mmE 2L AFH3
o 10% T4 T2HUCE 24NZF 7P, YA =
A AF& A Fetdoz Eo|slsl, Hematoxylin &
Eosin (H&E) G4 3] F& dnj7og #asigry. &
& GST-po] WY A3 HALE 9Jat] 2] 14
€ 7+ =& i8] avidin biotin peroxidase complex (ABC)
HE olg3t] W E4E AT Held 27 dHe
xylene® 2 HAE HUL, 9F % 7 &9 5}74114
3-S5 AR, moisture chamberdll A H]| 0|22l ¥h-3-&
Z017] 93} B4 goatd] FHO R blocking A7), rabbit
anti-rabbit IgG, avidin biotin complexE Z}Z} moisture
chambero] A ¥1-8-A12] ¥ H,0,% 0.03% diaminobenzi-
dine (DAB: 0.2M Tris-HCI buffer, pH 7.6)2.2 wAule
S doFtt. oje} o] HY FAHE FEjolE A7)
(Image Analyzer, Carl Zeiss, Germany)Z ©]-&-3kJ GST-p
Fd B ook WAE Egs

MZ Bi2F ¢ SL/DT(Scrape-loading dye transfer) assay
HaCaT human keratinocyte cell 10% FBS7} #7hd

0 2 5 8weeks
Groups L | I
v v v S
i [ Basal diet |
v v v S
it E [ 10 ng/ke PM ]
v v 4 S
m [ | 0.05% PB |
v v v S
v [ [ me/kg PM + 0.05% PB \
v v \ S
v [10mg/kg PM | 0.06% PB ]
v v v S
vi [ 10mg/ke PM | 10me/kg PM + 0.05% PB |
v v v S
VI [ i 1000 mg/kg PM ]
v v v S
wo [ [ 1000me/kg PM_+ 0.05% PB |
v 4 v S
X [1000 me/kg PM] 0.05% PB ]
v v S
]

v
X 1000mg/kg PM | 1000me/ke PM + 0.06% PB

Fig. 1. Experimental design to examine the effects of the
Pueraria mirifica. ¥V DEN (diethylnitrosamine) 200
mg/kg. i.p. V DGA (D-galactosamine) 300mg/kg. i.p.,
PB (sodium phenobarbital), PM (Pueraria mirifica),
S, sacrifice.
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RPMI-1640 W X|(Life Technologies)& 7}3le 37°C, 5%
CO, incubatorellA] HiY3IH T SL/DT assay= &¥HE<I
Lucifer Yellow7}F Q1913 &35 & AEZZHEH FHAX
£ gap junctiond B3 HAWe 2E EAske WHoR
A1 Ml322] monolayer®l| scrape line2 o] GIICE #asie
wgoltt (El-Fouly 5 1987). HaCaT cell® 35mm petri
disholl 73l 80-90% ©FA TGS o] FA & the,
- #EA 8% RPMI-1640 wi#lol| )4t} Ax3 Pueraria
mirifica (125 pg/mE TPA (10ng/ml) A= 24x17F Ao
A AHsHTh TPA A A 1AZE Foll Ca¥'/Mg™ PBSE Al
23t o}, 0.05%9] Lucifer Yellow (Sigma) 2 mlS %3]
3o 23 Aol 938 AEE o] 83k scrape lineS
BHEo] 3% S A-2oA vkgAIZTh PBSE dishE HA
3] A5 U8, 4% paraformaldehyde®. 2 A|XE THAZ
t}. Gap junction® %3+ Lucifer Yellows] it Axe 9
F AuZ4(Olympus IX70y% ©]€-3led 200014 #2213
o}.

Xgo| A Mz

Az, A 471 FA v, s B4 Al disko
Student's t-tests AMESI p<0.05 oA thztte] EAH
g dEskd

# o

HE Hst

§F7He] AlY 717 F A=l AT BE oA FEY
A%l whey Fukske delsiont, 1000 mgke®l Pueraria
mirificad T oAM= FAT (p<0.05) AF T &

=] tH(Table 2).
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Table 2. Effect of Pueraria mirifica on body weights in male F344 rats

Experimental Body weight® (g) at week”
groups 0 1 2 3 4 5 6 7 8
DEN 137.35 142.75 169.86 196.16 218.50 213.01 232.07 253.51 263.71
+5.04 +5.21 +4.57 +3.70 +4.59 +7.28 +7.73 + 691 +7.12
DEN-PM" 138.15 146.12 166.85 194.07 219.96 212.68 231.92 25141 261.74
+395 +5.28 +5.16 +3.70 +4.07 +4.69 +5.74 +6.73 + 8.01
DEN-PB 136.98 144.04 176.96 204.05 22435 22297 245.30 263.45 273.16
) +6.63 +5.97 +5.58 + 8.46* + 10.10 +11.51* £ 1118  +10.98* +12.16
137.06 143.85 174.58 201.43 223.67 225.87 243.10 261.21 271.43
- ])
DEN-PB+PM +4.53 +4.56 +3.76 +7.46 +9.81 + 645 +9.29 +9.48 +6.41
137.52 141.69 173.60 202.71 22193 224.63 243.10 261.45 271.17
+PMD-
DEN+PM'-PB +4.89 +4.88 +5.11 +4.71 +5.85 +4.30 +6.45 +6.36 +9.81
137.12 140.46 174.31 201.11 22405 220.53 241.31 260.54 270.57
0_p+PMD
DEN+PM-PB+PM +595 +3.27 +4.27 +5.63 +7.01 +6.81 +7.04 +7.65 +6.73
DEN-PM? 137.15 144.11 167.71 176.07 182.96 186.69 199.92 211.87 217.77
) +4.77 +6.82 +4.49 T 4.14* +5.07* + 5.44% +6.96* +7.75* +9.05*
136.02 142.17 166.57 178.44 185.17 183.91 199.66 210.12 21333
- 2)
DEN-PB+PM +5.26 +5.19 +4.76%F £ 4.73%% £ S531%¥*F £3.45%F  £423%x 4470k 5 Q[**
3 136.22 133.69 159.25 193.71 217.94 217.30 235.17 250.10 259.33
+PM?-
DEN+PM™-PB +5.74 T 388** £ 6.11%x L S5T71¥* +491 +6.20 7 01¥* £ 742%% £ 79]%*
2 > 136.13 133.25 155.24 177.98 189.35 194.35 205.41 219.84 226.75
2)_ PR4PM?
DEN+PM"-PB+PM +4.27 +427%%  £537¥F  +6.63*%*  +£8.09** +781**  +804%* £ 865k RT3k

* Values were expressed as mean + SD.
® Weeks after DEN injection.
* : Significantly different from the rats treated with DEN (p<0.05).
** . Significantly different from the rats treated with DEN-PB (p<0.05).
D1 10 mg/kg Pueraria mirifica , > : 1000 mg/kg Pueraria mirifica
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HZ chy| ocH ZF 2A

DENYHS: Fojgt o v]s] DEN# PBS Foidh oA
Al 7 FRe) sl FoHEE #1E & AATh =3
DEN# PBuhE Fod3h ol vlsf 7hh 8 gA|e} £
Al 2 Pueraria mirificas F9% olde 3l
7v Zare] fol3h(p<0.05) FaE FEY F o, 8F

QT}(Table 3).

GST-p &d 829 72 HY

GST-p "G A} A4 xS} PHEE GST-p &
A ZAa g Sy 28e BEY AN 7F AP
X GST-p ¥4 HAel 529} WAL DENTHS: Fodh o
H|3] DEN-PBzolA 429} WA {22 (p<0.05) T7H&

HAE 5 Q) ey FAXTE B8t Pueraria mirifica
Fogh 2o dojMe thxkeH vl 7F FE Aol
FelHel wsks #2E 5 {ATH(Table 4).
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Scrape-Loading Dye Transfer (SL/DT) assay
Z2 ¥IS| Pueraria mirificas X3 FoA GIIC
ALE B1El7] 98t SLDT WH-g ARSI, Lucifer
Yellow blade® scraping=o] 48 & AlE ¢tog A
34 =™ gap junction channetE B-38led HIITh F A
%] HaCaT celbllX+= LY7} scraped line& 71202 de
HA FFE B AT PMERS HAF ZME GIIC
capacity W3}E#] eskt}. eyt TPA(12-O-tetradecanoyl-
phorbol-13-acetate)l] =ZAZ1 A EdM= GIC7E AFA
AAHAES BRI 5 UJ}. Pueraria mirificas A A

Table 3. Final body and absolute relative liver organ weight of rats treated with Pueraria mirifica

Group Treatment No. of Rats Final body weight (g) Liver/body weight ratio (%)
1 DEN 10 26371+ 7.12% 3.50+0.23
2 DEN-PM" 10 261.74 £ 8.01 3.58+0.45
3 DEN-PB 10 273.16 £ 12.16 476+ 0.24*
4 DEN-PB+PM" 10 271.43 £ 6.41 416+ 0.27**
5 DEN+PM"-PB 10 271.17+9.81 428+ 0.35%*
6 DEN+PM"-PB+PM" 10 270.57 +6.73 4.63+0.37
7 DEN-PM? 10 217.11 £ 9.05* 3.53+0.25
8 DEN-PB+PM? 10 213.33 4+ 5.81%* 4.11 £ 0.20%*
9 DEN+PM?-PB 10 25933 + 7.91%* 448 £0.15%*
10 DEN+PM?-PB+PM? 10 226.75+ 8.73%* 4.87+0.31
¥ Values were expressed as mean + S.D.
* : Significantly different from the rats treated with DEN (p<0.05).
** . Significantly different from the rats treated with DEN-PB (p<0.05).
' 10 mg/kg Pueraria mirifica ,® : 1000 mg/kg Pueraria mirifica.
Table 4. Effect of Pueraria mirifica on the GST-p positive liver cell foci in hepatocarcinogenesis rats
GST-p positive foct
Group Treatment No. of Rats 3 5
No./em Area (mm™/cm”)
1 DEN 10 1.54+032% 0.03 % 0.01
2 DEN-PM" 10 1.49 £ 0.25 0.05 +0.03
3 DEN-PB 10 411+ 1.13* 0.29 + 0.09*
4 DEN-PB+PM" 10 416+ 1.17* 0.27 + 0.05*
5 DEN+PM"-PB 10 408+ 1.28* 0.28 + 0.09*
6 DEN+PM"-PB+PM" 10 412+127* 027+0.11*
7 DEN-PM? 10 1.51£0.19 0.04 +0.02
8 DEN-PB+PM? 10 407+ 1.17* 0.25+ 0.07*
9 DEN+PM?-PB 10 3.98 + 1.37* 0.24 + 0.08*
10 DEN+PM?-PB+PM? 10 416 + 1.39* 030+0.11*

9 Values were expressed as mean = S.D.
* : Significantly different from the rats treated with DEN (p<0.05).
;10 mg/kg Pueraria mirifica ,” : 1000 mg/k Pueraria mirifica.
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Fig. 2. Gap junctional intercellular communication capacity of HaCaT cells revealed by the scrape dye loading method. a,
treated with solvent (medium) only; b, treated with Pueraria mirifica; ¢, treated with medium and TPA; d, treated with
Pueraria mirifica and TPA. Dramatic inhibition of gap junctional intercellular communication is evident with TPA,
whereas Pueraria mirifica appears to have no effect, with or without TPA treatment.

3l32 TPAE B4 A3 A Zoll4x TPACl sl ojA%
GICSt FAleE ob g BEE = AU Pueraria mirifica
£ TPA A9} BAIgle] GHC FaFe MAA] edch(Fig
2).
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toremifenee] A o), tZ=EAZ A3 [7B-estradiolH.
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A% Z7rE AR AR Fe) A7 FAHA, & B
M= stilbenAle] P/ ANEEZAQ DESE AHAIAES
A9 FRAAN FosA Aol BATE BEFE 7 AN
o gtk wEbd PME 1000 mgkgl 2 T89S 749
Yels olgdt AFY A e IExe PME &
e o Jepd PMe] 54384 FFoEX £AR A=Tt
Fo] 73t A2EZAL EFE AFHAE o A 4+ o
= At fAReE Ao AzbEh

HzE F7] ddd Rddo 3 Pueraria mirifica]
7vel vy g gzl Uig 7k 29 7k A 5
), Wl x2A A AL 7F Ao e disk AR a9
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