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ABSTRACT

AIM: To investigate the antioxidative activity of the con-
stituents of the roots of Scrophularia ningpoensis (Chinese
name: Xuanshen). MEHTODS: The main compounds
from the roots of Scrophularia ningpoensis were isolated
and identified by chromatography and FABMS, NMR etc.
Using the techniques of pulse radiolysis, the electron
transfers from iridoid glycosides (IG) or phenylpropanoid
glycosides (PG) to oxidized OH radical adducts of 2'-de-
oxyadenosine-5'-monophosphate acid (dAMP) or 2’'-de-
oxyguanosine-5’-monophosphate acid (dGMP) were ob-
served. RESULTS: Two IG: harpagoside and
harpagide, two PG: angoroside C and acteoside were ob-
tained as the main hydrophilic constituents of the plant.
At 0.1 mmol/L concentration, angoroside C and acteoside
were able to repair the oxidized OH adducts dJAMP and
dGMP  significantly. However, harpagoside and
harpagide had no such effect. The electron transfer rate
constants of angoroside C with dAMP and dGMP were 4.2
x 10° and 10.3 x 10° L-mol ~!+-5~!; the electron transfer
rate constants of acteoside with dAMP and dGMP were 5.3
x 10 and 20.2 x 1P L-mol~!+s~'. CONCLUSION:
PG from Scrophularia ningpoensis have a potent antiox-
idative activity for reducting of the oxidized OH adducts of
dAMP and dGMP.
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INTRODUCTION

Hydroxy! radical (OH’) is generated either from ra-
diolysis of water present in the biological tissues or from
redox cycling implicated in the toxicity of a wide range of
chemicals. It has been recognized as an extremely reac-
tive oxidative species which can attack DNA bases and
sugar moieties of nucleotides and cause chemical injury of
DNA and other biological targets, leading to strand
breaks, cross-links, and modifications in sugars and bases
of DNA!'2) | Pulse radiolysis is a very useful method to
observe drugs undergoing electron transfer to OH radi-
cals. The antioxidative activity of many compounds, in-
cluding phenylpropanoid glycosides (PG)'/, flavones'*
and derivatives of hydroxycinnamic acid'®, have been
tested by this method. The roots of Scrophularia ning-
poensis Hemsl have been used as a famous Chinese
medicine named “Xuanshen™ for treatment of various in-
flammatory diseases®’ . In previous studies, many iri-
doid glycosides (IG) have been reported to be isolated
from the above mentioned plant'”. The IG are regarded
as the bioactive source of the plant[“] . However, in our
recent works, many PG obtained from the planl[“'] have
also shown many pharmacological activities''®. These
were ignored in earlier studies because of their difficult
purification pmcedure[B]. In this study, IG; harpagoside
and harpagide, PG angoroside C and acteoside were ob-
tained as the smain hydrophilic constituents from the roots
of Scrophularia ningpoensis (Fig 1). While the antiox-
idative effect of acteoside (also called verbascoside) was
tested by pulse radiolysista] , angoroside C which exists in
large amounts in the plant was not tested by this method.
In order to investigate the antioxidative effects of angoro-
side C and to observe which among the PG and IG 1s
the bioactive antioxidizing agent from Scrophularia
ningpoensis , the interaction of IG and PG with oxidized




ISSN (2539756  Acta Pharmacol Sin P E B HE ¥/ 2000 Dec; 21 (12)
c 1126 - E-mail aps@mail.shenc.ac.cn Phn/Fax 86-21-6474-2629
R1
OH
H H O
0
R
OH R
O M 0
< H
RO Me | Gic H
OH
R= @\co (1) R =Me, R;=arabinosyl (3)
R=H (2) R=R,=H (4)

Fig 1. Chemical structures of harpagoside (1), harpagide (2}, angoroside C {3), and acteoside (4}.

OH radical adducts of dAMP and dGMP was studied
by puise radiolysis.

MATERIALS AND METHODS

Plant materials The roots of Scrophularia ning-
poensis were collected from Zhejiang province of China.
The plant was identified by Dr MA Xiao-Qiang from
Shanghai Institute of Materia Medica, Chinese Academy
of Sciences, where the voucher specimens (No 95 — 10)
have been deposited.

Extraction and isolation  Eight kilogram of
powdered roots of the plant were extracted with hot 95 %
EtOH (twice), 60 % EtOH {twice) for 1 h each under
refliang . The combined EtOH extracts were concentrat-
ed in vacuo. The residue was suspended in HoO and the
suspension was shaken successively with ether and »-
BuOH. A portion of the n-BuOH layer residue (140 g)
was subjected to column chromatography on macro-
porous resin DA-201, silica gel and sephadex LH20 with
various eluents to obtain harpagoside (0.95 g), harpagide
(54 mg), angoroside C (15.4 g) and acteoside (97
mg). The structures of the 4 compounds were assigned
by comparing the chemical and spectral data (IR, EIMS,
'HNMR, ®CNMR) with those reported in the litera-
turel? .

Pulse radiolysis experiments The dAMP and
dGMP were obtained from Sigma Chemical Co ( St
Louis, MO, USA). All solutions were prepared using
triple distilled water, were buffered with phosphate (2
mmol-L™'), and saturated with high purity nitrous ox-
ide. All experiments were carried out at room tempera-
ture.

Pulse radiolysis experiments were conducted by us-

ing a linear accelerator providing 10 MeV electron pulse
with a duration of 8 ns. The dosimetery of electron
pulse was determined by thiocyanate dosimeter containing
0.01 mol- L~! potassium thiocyanate (KSCN) solution
saturated with nitrous oxide by taking e(gcn)2 - = 7600 L-
mol ~'-cm~! at 480 nm. The detailed descriptions of
pulse radiolysis equipment and experimental set-up have
been described elsewherel''! . In this work, the dose per
electron pulse was 100 Gy.

RESULTS

Reduction of oxidized OH radical adducts of
dGMP and dAMP through electron transfer The
fast repairing of radical adducts of dGMP and dAMP by
IG and PG were investigated by a pulse radiolysis
method. The reaction rate constants of OH radical with
dGMP and dAMP were determined as 8.2 x 107, 4.1 x
10°, 8.0x10%, 7.2x10°, and 9.3 x 10° mol*L™"-s™"
at pH 7, respectively. In this experiment, the solutions
contained 2 mmol + L~! deoxyribonucleotide and 0.1
mmol* L.7! the tested IG and PG. The results showed
that angoroside C and acteoside were able to repair the
oxidized OH adducts of dGMP and dJAMP significantly,
but harpagoside and harpagide had no such effect.

The transient absorption spectra recorded at 1 us and
50 us after pulse radiolysis of 2 mmol-L~' dGMP aque-
ous solution containing 0.1 mmol-L ™! angoroside C and
saturated with N,O at pH 7 are shown in Fig 2a. The
transient absorption spectra at 1 us after electron pulse
was predominantly due to OH radical adducts of dGMP.
At 50 us after the pulse, accompanying the decay of the

- absorption band in wavelength region 390 — 540 nm, a

new absorption peak appeared at 360 nm, which was as-
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signed as the absorption peak of phenoxyl radical of an-
goroside C anising from electron transfer reaction of anion
radical of angoroside C at 360 nm. The transient absorp-
tion spectra recorded at 1 pes and S0 us after pulse radioly-
sis of 2 mmol * L~! dGMP aqueous solution containing
0.1 mmol-L ™! acteoside and saturated with N,O at pH 7
are shown in Fig 2b. It indicates that the absorption
peak of phenoxyl radical of acieoside was also at 360 nm.
In addition, the transient absorption spectra obtained from
2 mmol * L™! dAMP aqueous solution containing 0.1
mmol- L~' angoroside C or acteoside and saturated with
N,O at pH 7 are shown in Fig 2c and 2d.

Reaction rate constants for reactions of an-
goroside C and acteoside with OH radical adducts
of dGMP and dAMP A series of pseudo-first-order
rate constants ( ,,) of formation of angoroside C phe-
noxyl radical were determined with a fixed concentration
(2 mmol*L~!) of deoxyribonucleotide, and altering the
concentrations of angoroside C from 0.02 mmol-L™~' to
0.1 mmol-L~'. The k,,, was treated as a function of
the concentration of angoroside C, so that a line could be
obtained, whose slope was the rate constant { k) of elec-
tron transfer reaction of deoxyribonucleotide with angoro-
side C. The electron transfer rate constants of angoroside
C with JAMP and dGMP were 4.2 x 10° and 10.3 x 10°
Lemol!-s™!, respectively. The electron transfer reac-
tion rate constants of deoxyribonucleotide and acteoside
could be determined in the same way. 'The electron
transfer rate constants of acteoside with dAAMP and dGMP
were 5.3 % 10 and 20.2 x 10° L mol ™! -s™', respec-
tively .

DISCUSSION

The reactions between OH radical, deoxynibonu-
cleotides and PG are shown as follows taking dGMP as an
example:

OH- + dGMP — [dGMP-OH Jx + [dGMP-OH ],y (1)
[dGMP-OH |« + PG — [dGMP-OH|gx + PG'  (2)

-OH

[ dGMP-OH | 5x dGMP (3)

In these three steps, step 2 is more important as It
determines the electron transfered from PG to oxidized
OH radical adduct of deoxyribonucleotide. In this
study, the reaction rate of dGMP was faster than that of
dAMP, as guanosine is more easily oxidizable than
adenosine.

The above-mentioned results indicated that the
phenylpropanoid glycosides, which were extracted from
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Fig 2. Transient absorption spectra from pulse radiolysis
of dAMP or dGMP 2 mmol L~ ! and angoroside C or acteo-
side aqueous solution 0.1 mmol+ L~1, saturated with N,0
at pH7 at1 ps (@) and 50 ps (O). Insert: Traces of an-
ion radicals of phenylpropanoid glycosides at 360 nm. {a)
dGMP and angoroside C; {(b) dGMP and acteoside; (c)
dAMP and angoreside C; (d) dAMP and acteoside.
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Scrophularia ningpoensis , were able to react with the OH
radical adducts of deoxyrbonucleotide via electron
transfer process. Thus reparing the damaged deoxyri-
bonucleotides could be reported. According to Rice-E-
vans, ef al''?), the phenolic compounds possess an an-
tioxidative activity. Hence it can be suggested that the

repairing activity of phenylpropanoid glycoside com-
pounds seems to be related to the phenolic hydroxy in the
structure .

REFERENCES

1  Chapman JD, Gillespie CJ. Radiation-induced events and
their time scale in mammalian cells. Adv Radiat Biol 1981;
0: 143 - 98.

2 Von Sonntag C. The Chemistry basis of radiation biology.
London; Taylor and Francis; 1987. p M4 -115.

3 Wang P, Zheng RL, Gao W, Jia ZJ, Wang WF, Yao SD, et
al . Reaction of hydroxyl radical with phenylpropanoud glyco-
sides from Pedicularis species: a pulse radiolysis study_ Life
Sci 1996; 39: 104 -8.

4 Ca 7L, Li XF, Katsumura Y. Interaction of hydrated elec-
tront with dietary flavonoids and phenolic acids; rate constants
and transient spectra studied by pulse radiolysis, Free Radic
Biol Med 1999; 27, 822 -9,

5 Qian SP, Zhang JS, Yao SD, Wang WF, Lin NY. Scav-
enging of superoxide radical anoin with hydroxycinnarmic acid
derivatives; pulse radiolysis study. J Radiat Res Radiat Proc
1998; 16; 146-9.

6 Jiangsu New Medical College. Dictionary of Chinese Materia
Medica. Shanghai. Shanghai Scientific and Techmcal Pulish-
ers; 1977. p 769~ 70.

7 Li YM, Jiang SH, Gao WY, Zhu DY. Iridoid glycosides
from Scrophidaria ningpoensis.  Phytochemistry 1999; 50:
101 — 4.

& Ma GN, Shen YY. Progress in chemical constituents and ac-
tivities of the plants Scrophularia ningpoensis. World Notes
Plant Med 1997; 12; 251 - 3.

9 Li YM, Jiang SH, Gao WY, Zhu DY. Phenylpropanoid gly-
cosides of Ningpo figwort ( Scrophularia ningpoensis). Chin
Tradit Herb Drugs 1999; 30: 487 —90.

10 Li YM, Jiang SH, Zhu DY. Development in chemical con-
stitvents and activities of the plants in genus of Scrophularia.
Chin Tradit Herb Drugs 1999; 30, 307 - 10.

11 Hou H(Q, Yao SD, Wang YF, Zhang IS, Lin NY. Genera-
tion of the CO0 radical via electron transfer reaction: a pulse

radiolysis study. Chem Phys Leit 1993; 203. 22-5.

12 Rice-Evans C, Miller N, Paganga G. Structure-antioxidant
activity relationships of flavonoids and phenolic acids. Free
Radic Biol Med 1996; 30. 933 - 56.

ZHPERKETREZETREEMK B HEHR
R MR

ZER, 4T F L4, £ 5, BLEEC,
S RAS (hEBERE FEAGR YR LEHY
HEr FHMRESALRERE, L& 200031, 9 H;
hEP R EEETFER, £% 201800, RHE)

XA TE; EEE; ILEAR: RERRREH
Bes; MR SRR BREER

HEY: FiT XS8R E4ER. Ak M
HERBH P EMEEMXIE TR, WESHKE
WX ERS T ENGEHEE. MMAKIERA
B, MESBEBINITIEREARI N BEAZT R
dAMP #1 dGMP R M A XM EEHE T &,
AMEERETFEEENR B d RN ERE Y.
SR, NXBKBEHEBLIBEHERENS, KA
ElRTHRGEREE. MWBRTSWMET, IER
¥, THRIEHF CH acteoside. Mk rhiEM LK TR
BEE 0.1l mmol" LB, EREHEHBHCS
acteoside MR BB EREE MR AHE "L BEEN
AR, 1 ERE BB T, N AR 5 S bH T AR A
F& G THERBAHE., ETREF CH JAMP &
dGMP [F] B i, T 75 H R B BOR 4.2 x 10° K 10.3 X
108 L-mol~'-s~1; acteoside 5 dAMP J dGMP [&] ) B
FHEBEEBERN5.3%x10° % 20.2x10° L-mol !~
s7h, B XEPHNERRTERRBREEFTR
MR BN A B & 75 A R0 S E
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