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The Effects of Alkaloid Fraction of Korean Ginseng on the
Radiation-Induced DNA Strand Breaks
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Purpose : To investigate the effect of alkaloid fraction from Korean ginseng
on radiation-induced DNA double strand breaks (dsb) formation and repair
in murine lymphocytes

Materials and Methods : We used the neutral filter elution technique to assay
8o r ray-induced DNA double strand breaks formation and repair in
C57BL/6 mouse spleen lymphocytes for evaluating the dose-response
relationship in the presence of alkaloid fraction as a radioprotective agent.
The lymphocytes were stimulated with phytohemagglutinin (PHA, 2 ¢ g/ml) to
label *(H)-thymidine. Isotope-labelled lymphocytes in suspension were ex-
posed to 100 Gy at 0C in the alkaloid fraction-treated group and elution
procedure was performed at pH 9.6. The extents of formation of
radiation-induced DNA double strand breaks and repair were compared
respectively via strand scission factor (SSF) and relative strand scission
factor (RSSF).

Results : Alkaloid fraction reduced the formation of double strand breaks
with dose modification factor of 2.15, compared to control group. Rejoining
of DNA dsb appeared to take place via two components. The first fast
component was completed within 20.4 minutes, but the second slow
component was not completed until 220.2 minutes after irradiation. About
30% of dsb formed by irradiation was ultimately unrejoined despite the
administration of alkaloid fraction. The administration of alkaloid fraction had
a great effect on the second slow component of repair; the half-time of fast

component repair was not changed, but that of slow component was 621.8
minutes.
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Conclusion : Neutral filter elution assay proved to be a very effective
method to quantitate the extents of DNA dsb formation and its repair. By
using this technique, we were able to evaluate the efficiency of alkaloid

fraction from Korean ginseng as a valuable radioprotector.

Alkaloid fraction

can be used prophylactically to prevent or ameliorate the severe radiation
damages in workers and neighbors around the atomic power plants. For
more refined study, however, more advanced purification of alkaloid fraction

wil be needed in the near future.

Key Words : Alkaloid fraction, Double strand breaks, Neutral filter elution
assay, Mouse spleen lymphocyte, Repair half-time, Slow com-
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1. d4ulZeiutTol 22

6 =% C57BL/6 tl$-~9] v]4S aHH 35t Hank's
balanced salt solution (HBSS) 22 A3 % 10ml
2] HBSS & %<& 60mm petri-dish oA} AlE3}e]
AEZE BHAZAY 2589 AEE Ficoll-hypaque &
A ol T3 400gAM 3023 AR EAT.
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MEMEL 37CTEZ FAFHE 5% CO; incubator
(KMC-8409C, Vision Co.) £ ol&slgoen, o5 A
X9 w2 10% fetal bovine serum (FBS), 100
unit penicillin, 10 #g streptomycin, 2mM | -gluta-
mine %°] E718 RPMI-1640 wjAIE AMgstgdct
B2y A¥= 5x10° cellm! & phytohemagglutinin
(PHA, Sigma Chemical Co.) 2xg/ml o] A7l8 uj
el A 44 AlZF wiFE 3 microculture assay 2 Al
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Table 1. Tritiated Thymidine Labelling Ra-
te of Lymphoproliferation Induc-
ed by Ginseng Extract

Dose N:GP mouse lymphocyte(cpm)’
NT” 7808+ 682.2
50 mg/ml 11826.5+1104.4
500 w g/ml 159786t 1367.2
5mg/ml 13988.8 £ 1442.7
50mg/mi 38351927

» Mean+S.D. of the counts per minute of tritiated
thymidine incorportion by triplicate microcultures of
2x 155 spleen lymphocytes.

= NT :No treatement

Spleen
!

Mincing
!

Single cell suspension
}
Layer on Ficoll-pague sol.
!
Centrifuge : 400g, 30-40 minutes
l
Cell counting

}

1% 10%ell/mi of RPMI 1640 Medium
+ mitogen(PHA}+2 1 Ci [*R] thymidine/m!
(4hrs before celt harvest)

l
Incubate at 37°C, 5% Coz incubator

Fig. 1. Normal lymphocyte culture and fabelling of
radioisotope.
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DNA double strand breaks AAgol 2Jsle} wrALA
wolias s Fristsh

4. LA ZA}

Hl-thymidine ©2 A8 A4 ®F di7e
trypan blue Z A3t hemocytometer 2 A E ]
AEEE SAstgon, 7 AFFY 24-well culture
plate (Flow Lab. Inc) 9 3 wel® F+23to} 1x10°
celiwel®d EF3 T WAl FAL A DNA
double strand breaks ¢ 3&-2 W37 93l
culture plate & 2 ol 31 WAAE ZAREIT

£ Agel ASE WA 2Ab BAE AR

®Co teletherapy Unitltheratron-780, LET=1.9 KeV/
pmZ e SSD 50 cm, ZAFeF 15x15 cm® U
secondary standardization€ 3 Capintec dosime-
ter(Model 192) ©]-&3}] calibrationS Algstch &
9 280 cGy 9 NFEE 100 Gy 13 =Alslgen,

* Cell
1% 10%el/ml fo RPMI 1640 medium + [*Hlthymidine
i
Incubate for 2hrs at 37°C
with [*Hlthymidine free medium
)
irradiation
l
Celi+(x10) chilled PBS
!
25mm¢, 1.2um pore size filter
+wash with cold PBS;3 times

i
Lyse with 0.5M Tris
solution A: 0.05M giycine
0.025M EDTA(Nay)
2% wiv SDS
I
+ 0.5mg/ml proteinase K
3
Elution with solution A
|

Fraction collect

WAl o] ZAME M EE ZALE 0, 30, 60, 90, 180%
& wjF® F cold phosphate buffered saline
(PBS) 2.2 108 &XstAth

5. Neutral Filter Elution Assay

E A3 o]&d neutral elution H& Kohn 7
o] whiS ozt A48t A% 25 mm, pore size 1.2
2m¢l polyvinyl chloride filter (Gelman Sciences
inc.) 7} A4# filter holder (Gelman Sciences Inc.)
o 1x10° cells & #3381, cold PBSZ 33 AH3
% Koval 2 Kazmar2 w49 wel pH 9.69
lysing &8 [0.05 M Tris (base), 0.05 M glycine,
0.025 M EDTA-disodium salt, 2% w/v SDS, 05
mg/ml proteinase K] & 5 mi¥ FAXA AXE &
#atgct. Lysing &80] ¢ 1 ml E3ted Sdo F
TBE AXAZI & 30 £7F incubation 3F5.eH, DNA
dsbe =4< 9isle] pH 9.69) elution &4 [0.05 M
Tris (base), 0.05 M giycine, 0.025 M EDTA-
disodium salt, 2% w/v SDS] & A+&3}gitt

* Fiter

incubate with 0.4ml of
| M HCI for 1hr at 60C

l
incubate with 2.5ml of
0.4M NaOH for thr at

room temperature
!
Shake
i
~ Apparatus

wash with 3ml of
0.4M NaOH

Fraction + Scintillation cocktail

Counting

Fig. 2. DNA strand brdaks assay.



— J. Korean Soc Ther Radiol : Vol. 13, No. 2, June, 1995 — 117

Lysing ¥ elution €9 Z3= multichannel
pump (Manostat cassette pump)E ©]&3&ts 0.1 ml/
—‘?—94 £T 32 o9 eluton §4E o 308 Eo

% 103] 34st9ia, RE Ao 4 e oA
\HOI]H ANt 223 elution &AW & DNA
9| oF% stetaly] 9slad fiter holder® B filters
A A8k, filter holder & 0.4 M NaOH Z Ajzlg &
scintillation counterol] ¢Jste] ¥WAlsE =AstgYH
(Fig. 1,2).
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6. Liquid Scintillation Counting

zF gl Jysing &, 4 ZF fraction o
elution £ 9 filter holder 2] MA&doz HE 2zt
Zk 1 mil B AEE AFsEY. Fiter £ AP
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S
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Fig. 3. Neutral elution profiles depicting the elution
kinetics of DNA from murine lymphocytes
exposed to 100 Gy and then allowed to
repair for various peruids following irradi-
ation.
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Fig. 4. Neutral elution profiles depicting the elution
kinetics of DNA from murine fymphocytes
exposed to 100 Gy and then allowed to
repair in the presence of 500 xg/ml
Korean ginseng for various periods of time
following irradiation.



118 — Chul Koo Cho, et al.: The Effects of Alkaloid Fraction of Korean Ginseng on the
Radiation-Induced DNA Strand Breaks —

ALt t1y

Iz, 4
v
w
@ 0107
> ]
= h -
K 71 100Gy+Ginseng
[} -1
& 1 A
] 100Gy only
0.01 Y T T
- 50 100 15 200

Time(min)

Fig. 5. Relative rate of DSB rejoining in presence
or absence of Korean ginseng 500 ug/mi
following 100 Gy. A relative SSF of 1
presents 100% of double strand breaks
remaining following irradiation.
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Radiation Coly

a
Radiation + Ginseng
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Strand Scission Factor

Q
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Fig. 6. Strand. scission factor versus radiation dose
of murine lymphocytes following 7~ ray
irradiation in DNA DSB assay.
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mechanism)& ssb, dsb, @71 &4, sugar &4,
DNA-DNA crossfinks 223 DNA-protein cross-
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