PEHGEEE P LE 2004 4 4 J 5
Chin J Pharmacol Toxicol 2004 Apr;

18(2):127-133
18(2):127-133

+ 127 -

Effects of aristolochic acid on morphological transformation of

cultured Syrian hamster embryo cells
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Abstract: AIM
that transformation of Syrian hamster embryo (SHE) cell

A large body of evidence has shown

cultures is perhaps the most biologically relevant short-
term system for identifying carcinogens and studying the
mechanisms of chemical carcinogenesis. The purpose of
the present study is to examine the ability of aristolochic
acid ( AA),
medicines derived from Aristolochia to induce morphologi-
cal transformation (MT) in cultured SHE cells. In addi-
tion, the effect of a-tocopherol on AA-induced MT was
studied. METHODS  Prior to the transformation assay,
a dose range-finding study was conducted employing a

the active component of many herbal

wide range of concentrations of AA following either a 24 h
or a 7 d treatment to establish an appropriate range of
concentrations for the cell transformation assay. AA con-
centrations causing approximately 0% — 50% cytotoxicity
were chosen for testing in the cell transformation assay.
The effect of a-tocopherol on AA-induced MT was investi-
gated by co-treatment of the cultured SHE cells with
transforming concentrations of AA and 100 pmol*L™" o-
tocopherol. RESULTS

treatment, AA induced significant increases in MT at con-

Following a 7 d continuous

centrations of 0.4, 0.8 and 1.6 mg* L.~ !'( maximum sub-
toxic concentration tested) . Significant increases in MT
were also observed in SHE cells treated with AA at con-
centrations of 1.0, 1.5, 2.5, 4.5 and 5.0 mg* L°!
( maximum subtoxic concentration tested ) for 24 h.
Transformation induced by AA was inhibited (16% -
76% ) by co-treatment with the antioxidant, a-tocopherol
(100 pmol+L="). CONCLUSION The results of the
present study show that AA can induce MT in cultured
SHE cells following either a 24 h treatment or a 7 d con-
tinuous treatment. MT induced by AA can be inhibited by
antioxidant, a-tocopherol, suggesting that oxidative stress
be involved in AA-induced transformation and carcinogen-
esis. The present study also shows that the SHE cell
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Herbs have been used for thousands of years
as medicines to treat diseases'' . Most of them are
used as medicines with little understanding of their
potential toxicological effects. Aristolochia is a
typical example of these herbal medicines'?’ . The
Aristolochia family is one of the oldest plant
species used as herbal medicine, with aristolochic
acid being the major active Componentm. This
family of herbal medicines has been used for many
years to treat certain diseases such as arthritis,
gout, rtheumatism, and snake bites'45) . Aris-
tolochic acid ( AA) can be isolated from these
plants as a mixture of two structurally related
phenanthrene carboxylic acids(AA [ and AATl ),
which differ only by one methoxy groupm. Be-
sides the above therapeutic effects, AA was also
shown to have antifungal, antibacterial, antiviral,
7-10] Therefore, AA was

used as an anti-inflammatory agent in several

and antitumor effects!

pharmaceutical preparations prior to 1982. How-
ever, two independent studies in the early 1980's
showed that AA was a potent rodent carcino-
genm’m. As a result, the products containing
AA were withdrawn from the market by the Ger-
man Federal Health Office. Although the thera-

peutic claims of herbs are not allowed in the Unit-
ed States, the Dietary Supplement Health and
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Education Act (DSHEA ) passed in 1994 allows
herbs and other botanicals be used as dietary sup-
plements. Contamination with AA was recently
found in 18 of the 35 dietary supplement products
tested by the US F DA, In order to protect con-
sumers from the potential health risks related to
AA, the US FDA requested manufacturers and
distributors to recall all botanical products con-
taining AA.

After the carcinogenic effects of AA were re-
ported, many studies were conducted to investi-
gate the genotoxicity of AA. AA was shown to be
a direct mutagen in Salmonella typhimurium tester
strains TA100, TA102 and TA1537"'*"', but
AA was not mutagenic in the nitroreductase-defi-
cient strain TAI0OONR'™). AA was also shown to
be mutagenic to cultured Chinese hamster ovary
(CHO) cells' ' In addition, induction of struc-
tural chromosomal aberrations and micronuclei in
human lymphocytes by AA was repoﬂedm’m .

Morphological transformation (MT) of Syrian
hamster embryo(SHE) cells by chemical carcino-
gens was first reported by Berwald and Sachs'™ in
the early 1960’ s.

shown that SHE cell transformation is one of the

A large body of evidence has

most predictive in vitro assays for identifying car-
cinogens. The major difference between the SHE
cell transformation assay and commonly used short
term genetic toxicology assays is that the end point
of this assay, MT, is the preneoplastic conversion
of cells in vitro, which is very similar to the pre-
neoplastic or neoplastic alteration of cells
in vivo'™ . Therefore, MT can be induced by
both genotoxic and nongenotoxic carcinogens. In
contrast, most of the commonly used short term
genetic toxicology assays only respond to genotoxic
carcinogens . With more than 500 chemical/physi-
cal agents tested in this system, the SHE cell
transformation assay demonstrates more than 80 %
concordance with the results of rodent bioas-
2]y addition, SHE cells demonstrate a

multistage process of neoplastic transformation
[22,23]

says
similar to that observed in vivo . Transfor-
mation of SHE cells may result from similar mech-

anisms involved in carcinogenic process in vivo .

Therefore, this transformation system not only pro-
vides a useful system to evaluate the carcinogenic
potential of chemical/physical agents, it also pro-
vides a relevant model to study the mechanisms of

124) | Besides evaluating the

carcinogenesis in vitro
carcinogenic potential of chemicals and studying
the mechanisms of carcinogenesis, the SHE cell
transformation system has also been used to assess
the chemopreventive potential of chemicals and to
investigate their mechanisms of action’™%%) . In
the present study, the potential of AA to induce
MT and the ability of a-tocopherol, a well-known
antioxidant, to inhibit AA-induced MT were stud-

ied in the SHE cell transformation system.

1 MATERIALS AND METHODS

1.1 Chemicals

Aristolochic acid was obtained from ICN
Pharmaceuticals, Inc.(Costa Mesa, CA). Benzo
(a)pyrene(BaP) , dimethylsulfoxide (DMSO), a-
tocopherol acetate, and L-glutamine were pur-
chased from Sigma Chemical Co. (St. Louis,
MO). Fetal bovine serum was purchased from
HyClone(Togan, UT). LeBoeuf’s modification of
DMEM ( DMEM-1 ) was obtained from Quality
Biological ( Gaithersburg, MD) .
1.2 SHE cell transformation assay

SHE cell transformation was conducted as

Custer, et al (7]

described  previously by
Briefly, primary embryo cells were isolated from
13-d embryos of Syrian hamsters and cryopre-
served. FEach experiment began with cells taken
from the cryopreserved lot and cultured to achieve
near-confluency, followed by seeding the cells
into the assay dishes. The cell cultures for the
SHE assay contained 40 000 cells/ culture that had
been X-irradiated sufficiently to prevent division
but not metabolism ( called “feeder cells”) and a
smaller number of untreated cells to act as “tar-
gets” for the test chemical. The feeder cells were
seeded first, and the target cells(enough to pro-
duce 25 — 45 colonies/dish) were seeded a day
later. After incubation for another day, the cul-
tures were exposed to AA either for 24 h(followed
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by replacement of the medium with AA-free medi-
um for an additional 6 d) or for 7 d continuously .
In studies examining the effects of a-tocopherol,
AA and a-tocopherol (100 pmol*L™") were co-in-
cubated for either 24 h or 7 d. After incubation,
the cultures were fixed with methanol, stained
with Giemsa, and evaluated for morphological
transformation .

Each SHE cell transformation assay was pre-
ceded with a dose range-finding assay in which a
wide range of chemical concentrations was tested
for cytotoxicity. After incubation, the reduction in
colony number(or colony density) was determined
relative to the vehicle control cultures. Chemical
concentrations causing approximately 0% — 50%
reduction in colony number or density were chosen
for testing in the cell transformation assay.

1.3 Statistic analysis

Data were analyzed using Fisher's exact test.

2 RESULTS

2.1 Cytotoxicity of aristolochic acid

Initial studies were performed to examine the
cytotoxicity of AA(measured by reduction of rela-
tive plating efficiency, RPE) in SHE cells after
either a 7 d continuous treatment or a 24 h treat-
ment. A concentration range of 0.025 to 50 mg*
L' was tested for the 7 d continuous treatment.
A dose dependent increase in cytotoxicity was pro-
duced by AA, and substantial cytotoxicity ( >
50% reduction of RPE) was observed at doses of
3.14 mg-L™" and greater(Tab 1). AA was lethal
at 12.5 mg+ L', Similarly, a range of 0.20 to
100 mg* L™ " was tested for the 24 h treatment pe-
riod. Substantial cytotoxicity was obtained at con-
centration of 6.25 mg*L™" and above, and AA
was also essentially lethal at 12.5 mg* L™' (Tab

1).

Tab 1. Cytotoxicity of aristolochic acid(AA) in Syrian hamster embryo( SHE) cells following 7 d or 24 h treat-
ments
7 d Treatment 24 h Treatment
Treatment Average number PE RPE Treatment Average number PE RPE
colonies per dish /% /% colonies per dish /% /%
DMSO 0.2% 31 19.1+£2.1 100 DMSO 0.2% 22 19.1£2.1 100
AA(mg'L") AA(mg'L_l)
0.025 28 17.3+£2.8 91 0.200 22 17.3+2.8 104
0.050 28 17.8+2.4 93 0.400 19 17.8+2.4 87
0.100 27 17.1+2.7 90 0.800 23 17.1+2.7 105
0.200 29 18.3+3.8 96 1.60 19 18.3+3.8 87
0.400 23 14.5+1.9 76 3.14 13 14.5+1.9 60
0.800 21 13.4+£3.1 70 6.25 6 13.4+£3.1 27
1.6 17 5.90+1.4 55 12.5 0.2 5.90+1.4 1
3.14 9 2.20+0.9 31 25.1 0 2.20+0.9 0
6.25 4 0 12 50.0 0 0 0
12.5 0 0 0 100 0 0 0
25.0 0 0 0 - - - -
50.0 0 0 0 - - - -

PE: plating efficiency = (number of colonies per dish/number of target cells seeded) x 100% . RPE: relative plating efficiency = (PE of treat-

ment group/PE of vehicle control group) x 100% . x + s.
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2.2 Morphological transformation by aris-
tolochic acid

Based on the results of the cytotoxicity stu-
dies, five concentrations of AA ranging from 0.20
to 1.6 mg*L~" were tested in the 7 d transforma-
tion assay. An RPE range of 88% to 42% cyto-
toxicity range of 12% to 58% was caused by the
AA treatments in this concentration range ( Tab
2). Significant increases in the frequency of MT
were observed at concentrations of .40, 0. 80,
and 1.6 mg-L™". When SHE cells were treated
with AA at concentrations from 1.0 to 5.0 mg-
L~ " for 24 h, a concentration-dependent increase
in cytotoxicity was produced, and significant in-
creases in MT frequency were obtained from all
treatment groups except for the 3.5 mg*L™" treat-
ment(Tab 2) . For both exposure conditions, the
positive control treatment with BaP at 5.0 mg*
I,=! induced a significant, and similar, increase
in transformation frequency compared to the con-
current vehicle control(Tab 2) .
2.3 Effect of a-tocopherol on aristolochic
acid-induced morphological transformation

The results from the transformation assay
were used to select 0.40 and 0.80 mg* L~ of AA

(as transforming treatments) to test in combina-

tion with a-tocopherol. As shown in Tab 3, treat-
ment with either 0.40 or 0.80 mg*L~" AA for 7 d
produced significant increases in MT frequency,
as expected. However, co-incubation with 100
pmol * L™ " a-tocopherol reduced the MT frequen-
cy; the cellular transformation induced by 0. 40
mg*L.™" and 0.80 mg*L~" AA was inhibited by
56% and by 16% , respectively. This inhibition
was statistically significant for the co-treatments
with 0.40 mg-L~" AA and 100 pmol+L~" a-toco-
pherol, relative to AA alone(Tab 3). Similar re-
sults were obtained for a 24 h treatment period.
MT induced by 1.0 mg+L™" AA was significantly
inhibited ( by 76% ) by co-treatment with 100
pmol * L1 a-tocopherol (Tab 4). The data also
clearly showed that treatment with 100 pmol« L™
a-tocopherol alone did not have any effect on MT
in SHE cells for either the 7 d or 24 h exposure
periods.

3 DISCUSSION

The SHE cell transformation assay has been

used for decades to evaluate the carcinogenic

(28]

potential of chemicals Two protocols are

currently in use for the SHE cell transformation

Tab 2. AA-induced morphological transformation in SHE cells following 7 d or 24 h treatments
7 d Treatment 24 h Treatment

Tt e e v T OO e N
DMSO 0.2% 0.280 3 1073 100 DMSO 0.2% 0.377 4 1060 100
BaP 5.0 mg-L™'  2.255" 26 1153 110 BaP 5.0 mg-L™'  1.964" 22 1120 105

AA(mg-L™1) AA(mg-L™")

0.20 0.528 5 947 88 1.00 1.189" 22 757 71
0.40 1.316" 12 912 85 1.50 1.480" 11 743 70
0.80° 1.489" 13 873 57 2.50 1.351" 11 814 55
1.20° 0.564 5 886 49 3.50 0.841 7 832 47
1.60" 1.2177 11 904 42 4.50 1.939" 14 722 35
- - - - - 5.00 1.733" 14 808 31

BaP: benzo(a) pyrene. MTF: morphological transformation frequency = (number of transformed colonies/total colonies) x 100% . a: The

number of target cells seeded per dish was increased to compensate for expected toxicity. “ P<0.05, compared to the concurrent vehicle con-

trol by Fisher's exact test.
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Tab 3. Inhibition of AA-induced transformation by
a-tocopherol following 7 d treatment

Total MT  Total

Treatment MTF/ % colonies  colonies RPE/ %
Vehicle 0.283 3 1059 100
BaP 5.0 mg- L' 1.991° 23 1155 106
AA 0.40 mg-L~! 1.3937 13 933 88
IAA 0.80 mg L' 1.1697 13 1112 71
a-Tocopherol 100 pmol-L.=!  0.353 4 1134 107
AA 0.40 mg-L™" + a- 0.614*% 6 977 90

tocopherol 100 pmol * L~ 1
“AA 0.80 mg L'+ o- 0.987 11 1114 71
tocopherol 100 pimol - L~
See Tab 2 for the legend. “ P <0.05, compared with concurrent vehicle

control by Fisher’s exact test; * P<0.05, compared with corresponding AA

group by Fisher's exact test.

Tab 4. Inhibition of AA-induced transformation by
a-tocopherol following 24 h treatment

Total MT  Total

Treatment MTF/ % colonies  colonies RPE/ %
Vehicle 0.331 4 1209 100
BaP 5.0 mg-L~! 1.424" 21 1475 122
AA 1.00 mg-L~! 1.955" 20 1023 85
a-Tocopherol 100 pmol-L.="  0.150 2 1335 110
AA 1.00 mg-L=" + o 0.472* 6 1271 105

tocopherol 100 gmol L~

See Tab 2 for the legend. * P <0.05, compared with concurrent vehicle
control by Fisher's exact test; ¥ P<0.05, compared with corresponding AA

group by Fisher’s exact test.

assay: one using a 7 d exposure period, and the
other, a 24 h exposure. The results from previous
studies have shown that treatment duration-depen-
dent transformation was indicative of the potential

9] A negative re-

mode of action for compounds
sult with a 24 h treatment, in combination with a
positive result from a 7 d treatment, may be in-
dicative of a ““promotion-like” activity of a test
compound . For initiator type of compounds, posi-
tive results are usually obtained with both treat-
ment protocols. Results from the present study
showed that AA induced a significant increase in
MT in SHE cells following either a 7 d or 24 h ex-
posure. These results support an initiation mode of
action ( direct interaction with DNA) for AA-in-
duced transformation. In fact, previous studies by
others have clearly shown that AA is a direct DNA

damaging agent, which produces gene muta-

tions 14~ 1630] , structural chromosome aberra-

tions''”), and unscheduled DNA synthesis™®" in
different in wvitro and in vivo systems. Taken to-
gether, the current SHE assay results and pub-
lished genotoxicity assay results are consistent in
indicating that AA is a genotoxic carcinogen.

The inhibition of AA-induced MT by co-
treatment with a-tocopherol is an interesting find-
ing from the current study. Previous studies
showed that a-tocopherol inhibited MT induced by
acrylonitrile by preventing formation of 8-hydroxy-
2'-deoxyguanosine ( OH8dG ) , the most predomi-
nant DNA oxidative modification'2® . Therefore,
the inhibitory effects of a-tocopherol suggest a role
for oxidative stress in the induction of MT by AA.
a-tocopherol is one of four tocopherols composing
the well-known, naturally occurring, fat-soluble
antioxidant, vitamin E.

a-Tocopherol is the most abundant and the
most biologically active component of vitamin
EF2) . Within cells, a-tocopherol is mainly locat-
ed in the phospholipid bilayer membrane, protect-
ing the adjacent membrane lipids, unsaturated fat-
ty acids, and proteins against oxidative damage
caused by free radicals and blocking the free radi-

[33,34]

cal peroxidation process Through similar

mechanisms, a-tocopherol can also prevent DNA

[35]

from being damaged by oxidative stress*™-. How-

ever, other mechanisms, such as blocking the for-
mation of active DNA-reacting metabolites'®® | are
also involved in the protective effects of a-toco-
pherol against DNA damage. In addition, since
the inhibitory effects of a-tocopherol on AA-in-
duced MT were observed in vitro under co-treat-
ment condition, AA may be inactivated by direct
reaction with a-tocopherol. Therefore, without
further investigation, the actual mechanisms by
which a-tocopherol inhibits MT induced by AA
will remain unknown.

In summary, the results from the present
study show that the rodent carcinogen, AA, was
effective in causing MT in SHE cells, and further-
more, that the common antioxidant, a-tocopherol,

decreased the MT induced by AA. AA may even
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be preventive of AA-induced transformation for
different combinations of AA and a-tocopherol
concentrations used in this study. Both AA and a-
tocopherol are components of many natural pro-

ducts. Therefore, the results from the current

study suggest that SHE cell transformation be a
useful model assay system for the nutraceutical
and herbal medicine industries to detect potential
carcinogenic ingredients as well as to screen for

potential anticarcinogenic  properties in their

products.
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