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SUMMARY

Capsella bursa-pastoris herb has been eaten and used medicinally in China and Japan
for many centuries and some chemical and pharmacological studies' on the herb extract
were made in the early period of this century. Our studies showed that the herb extract
had some other pharmacological activities including oxytocic, antiulcer and anti-inﬂammatbry
actions. - Thereafter, the herb extract was found to inhibit the solid growth of Ehrlich
tumor in mice. Fumaric acid was isolated and identified as the active component responsible
for the antitumor action and also for the antiulcer action. - When fumaric acid was given
to the tumor-bearing mice in combination with mitomycin C, an efficient but highly toxic
antitumor antibiotie, it was found that fumaric acid reduced selectively the side effects of
mitomycin C. Fumaric acid was then shown to exhibit an inhibitory effect on the chemical
carcinogenesis i.e. the induction of stomach and lung cancers by a nitrofuran in mice, and
that of hepatomas by 3-methyl-4’-dimethylaminoazobenzene or thioacetamide in rats. These

activities of fumaric acid were associated' with its enhancing effect on the DNA synthesis

of the pertinent tissues to overcome the damages by these toxic agents.
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1. Introduction

In an old Chinese book written in the 6th cen-
tury, it is recorded that people had a custom of
eating seven spring herbs with rice gruel on Ja-
nuary 7th. An old Japanese book, ‘‘ENGISHI-
KI’’, written in the 10 th century says the same thi-
ngs. This practice has been believed to help sto-
machs from exhaustion after the New Year Fea-
sts, and still followed by many Japanese people
today. Figs. 1 and 2 show the seven herbs,

1. Oenanthe stolonifera, Umbelliferae,

2. Capsella bursa-pastoris, Cruciferae,

3. Gnaphalium multiceps, Compositae,

Stellaria media, Caryophylaceae,
Lapasna apogonoides, Compositae,

Raphanus sativus, Cruciferae,

o o oA

7. Arabis flagellosa, Cruciferae.
Cabvsella bursa-pastoris, commonly called ‘‘shephe-
rd’s purse’’, was used as a folk medicine for hemo-
stasis, diuresis, and antipyresis (Fig. 3)P. Few
studies were made chemically and pharmacologically

in the early period of this century?®,

2. Pharmacological activities of Capsella
bursa-pastoris extract

At the beginning of our studies, we examined

the pharmacological activities of Capsella bursa-
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Fig. 3. Capsella bursa-pastoris

pastoris herb. The active components of this herb
were extracted with 70% ethanol, purified by pas-
sing through the columns of charcoal, Kj, and Sep-
hadex G25, K2, and fractionated by absolute-
ethanol extraction, Ks and K4, and paper chromato-
graphy, Ks’ (Fig. 4). The isolated materials sho-
wed various kinds of pharmacological activities:
they decreased blood pressure, increased the coro-
nary blood flow in the heart as did the cardiotonic
agents, and contracted small intestine and uterus.
These activities advanced with the progress of
refinement, and Ks/, which consisted of polpeptides,
showed the most potent oxytocic activity®?, A
strong diuretic activity was exhibited by the abso-
lute-ethanol soluble fraction, Ki, but not in the in-
soluble fraction, Ks. The herb extract also exhibi-
ted anti-inflammatory and antiulcer actions. OQur
studies have provided some pharmacological basis

to the clinical usage of the herb extracts:®,

3 4 5

Fig. 2. Seven herbs

Herb ' 70% EtOH extract
pass thr. Charcoal column
EtOH,effluent
dry up
Residue
dissolve’in H50 and
pass thr. charcoal column
Ho0 effluent
dry up
K1
pass thr. Sephadex column
Ninhydrine positive fraction
lyophilize
K2
| extract with abs. EtOd

Residue EtOH extract
K3 Ky
Paper chromato-
graphy
K3'

Fig. 4. Fractionation of CBP extract for phar-
macological activities

3. Inhibitory effect of Capsella bursa-pastoris
extract on growth of Ehrlich solid tumor

Then, we made experiments to examine whether
the herb extract exhibited any anti-tumor activity
or not, and found that it inhibited the solid growth
of Ehrlich tumor in mice!®. Accordingly, we tried
to isolate and identify the active component, using
the anti-tumor activity as a guide. In short, the
active component could be extracted from the aci-
dified solution of the herb into ether, and an active

substance was isolated in the crystalline form (Fig.
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Fig. 5. Fractionation of CBP extract for antitumor activity

Table 1. Anti-tumor Activities of the Fractions

Fraction Control Residue EtOH-ext Et:0-ext Crystalline
Dose (mg/kg)? — 80 80 : 80 40
Tumor wt(g) 2.2+0.6 2.4%0.5 1.540.5>  1.0+0.4° 0.7+0.4¢

2 Given i.p. daily for 14 days Each value represents the mean%S, D

b P <0.02, ¢ P<0.01, relative to Control,

Table 2. Physical and Chemical Properties of the Crystalline Substance

Monoclinic prismatic needles; mp 285-286°.

IR (KBr)/cm ; 1660, 1425, 1320, 1275, 1234, 1010, 900.
NMR in dimethylsulofoxide-ds 6 ppm from tetramethylsilane; 6.65 (2H, singlet).

Mass spectrum m/e; 116 (M*).
Elementary analysis;

CH.O:

Calculated : C 41.39, H 3.47.
Found ; C 41.66, H 3.52.

5). Table 1 shows the anti-tumor aetivities of the
fractions. = The anti-tumor assay was made on ICR
strain mice which were inoculated with 2 millions of
Ehrlich tumor cells into the subcutaneous tissue of
the left inguinal region. Each fraction of the herb
extract was given to mice intraperitoneally for 14
days at the dose given in the Table 1.. Then, the
animals were killed and their tumor lumps were
weighed. The anti-tumor activity was noted in
the ether soluble fraction and also in the crystalline

substance isolated from this fraction. The physical

and chemical properties of the crystalline subst-
ance, including Melting Point, Infrared (IR), Nu-
clear Magnetic Resonance(NMR)- and Mass- spectra,
and elementary analysis, completely coincided with
those of authentic fumaric acid (Table 2). Figs. 6
and 7 show the tumor nodules isolated from the
subcutaneous tissue of mice. In contrast to saline-
control, fumaric acid effectively inhibited the gro-
wth of tumor nodules. Fumaric acid was also res-

ponsible for the antiulcer action of the herb extract

(Fig. 8y,
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Fig. 8. Antiulcer action of fumaric acid Fig. 9.

Inhibitory effect of fumaric acid on the
occurrence of toxic symptoms in mice
given mitomycin C

! 3-methyl-DAB

— FA

Control [T — 3-methyl-DAB

0 7 58
Weeks

Fig. 10. Experimental methods. =given a
' diet containing 0.06% 3-methyl-DAB ;
(Ml =given a diet containing 1% fu-
maric acid and drinking water contai-
ning 0.025% fumaric acid; [C] =given

a basal diet. ‘ ! .
Fig. 11. 3-Methyl-DAB-induced hepatoma and
the inhibitory effect of fumaric acid

on the induction of hepatoma



Capsella bursa-pastoris

71

Table 3. Effects of Mitomycin C and Fumaric Acid on Liver and Kidney as to Contents
of Nuclei Acids and Incorporation of Either. (*H)Thymidine into DNA or

- {(14C)Orotic Acid into RNA®?

DNA ; RNA

Treatment? Incorporation of Incorporation of

(mc/‘m‘g’;;ue) (*H) thymidine (mc;’“tf.ntu ) (4C) orotic acid

g/8 (dpm X 1073/mg DNA) g/g ussue (dpm X 1074/g tissue)

Liver
Control 2.35 £ 0.17 5.04 £ 1.53 8.40 = 1.09 3.09 = 0.31
MC 3.52 + 0.15¢ 2.46 + 0.434 7.90 £ 0.21 3.20 = 0.13
MC+FA 2.88 £ 0.52¢ 11.7 + 3.3¢ 8.00 = 0.70 3.37 & 0.45
Kidney
Control - 3.70 £ 0.11 3.13 £ 0.18 4.90 = 0.25 40.0 = 4.2
MC 4.42 + 0.194 2.39 + 0.164 4.98 = 0.09 50.7 + 5.9
MC+FA 3.89 = 0.39 6.58 + 2.54¢ 4.89 = 0.13 46.7 £ 5.9

2 Mice were divided into three groups, and each group of animals were treated with two i.p. injec-

tions on the first and third days.

On the fifth day the contents of tissue nucleic acids and the in-

corporation of either ((H)thymidine into DNA or {14CJorotic acid into RNA were determined.
Each value represents the mean+S.D. of six determinations.

b Control, givinen 0.2 ml of 0.9% NaCl; MC-treated, given 4 mg/kg of mitomycin C; MC+FA-
treated, given 4 mg/kg of mitomycin C and 40 mg/kg of fumaric acid.

¢ P <0.05, relative to Control.
4 P <0.01, relative to Control.

4. Reduction by fumaric acid of side
effects of mitomycin C '

An attempt was made to examine the combina-
tion effect of fumaric acid with mitomycin C, a
potent but highly. toxic anti-tumor antibiotic!?.
Then it was found that the toxic symptoms in ICR
mice given mitomycin C were reduced by the con-
current administration of fumaric acid (Fig. 9).
Fumaric acid did not reduce the antitumor activity
of mitomycin C against either the solid or the as-
citic form of the Ehrlich tumor. Fumaric acid red-
uced the lethal and hematologic toxicities of mito-
mycin C, and studies on the nucleic acids of animal
tissues indicated that mitomycin C inhibited sele-
ctively DNA synthesis of liver and kidney, whereas
fumaric acid exerted an enhancing effect, antagoni-
stic to mitomycin C, on DNA synthesis of these
tissues (Table 3).

5. Anticarcinogenic activity of fumai'ic acid

The third activity of fumaric acid against can-

cer is an anticarcinogenic action. This activity

of fumaric acid was shown by the following three

experiments.

(1) A study was carried out to examine the eff-
ect of fumaric acid on the induction of hepatomas
in the rats that had been given a hepatocarcinogen,
3-methyl-4’-(dimethylamino) azobenzene (3-methyl-
DAB)®,

rats and the basal diet fed to the animals was a

Animals used were male Donryu strain

semisynthetic diet, CE-2. Rats, 2 months of age,
were fed a diet containing 0.06% 3-methyl-DAB
unti] they consumed 0.5 g of the carcinogen, which
required about 50 days. Then the animals were
divided into 2 groups. The rats of Group 1 were
followed to be given the basal diet and ordinary
drinking water for 51 weeks. Group 2 rats were
given a diet containing 1% fumaric acid and the
drinking water containing 0.025% fumaric acid for
the same period. Control rats were maintained on
the basal diet and ordinary drinking water through-
out (Fig. 10). All 15 animals of the untreated
control group showed no neoplastic changes in
their livers. Hepatic tumors developed in 11 of 13
animals of Group 1 fed solely 3-methyl-DAB. In the
rats of Group 2 given fumaric acid after ingestion
of 3-methyl-DAB, most livers were macroscopically
almost normal, and their surfaces were generally

smooth (Fig. 11). Only 2 cases of hepatocellular
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Fig. 12.

given 40 mg/kg of fumaric acid.

carcinomas developed in this group. The liver
on the left was found in a rat of Group 1. The
neoplasm is greyish white, soft, and lobulated.
The tumor nodule with central umbilication occupies
a large part of the median lobe. The liver on
the right is a representative example of a normal
looking liver from a rat of Group 2.

(2) Another inhibitory effect of fumaric acid
on hepatocarcinogenesis was examined in rats fed
thioacetaminde (TAA)#, A group of male Don-
ryu rats were fed TAA at a level of 0.035% in
the diet for 40 weeks and then fed a basal diet
for 40 weeks.
9 of 41 animals of this group fed TAA alone.

Hepatic carcinomas developed in

The effect of fumaric acid on the carcinogenesis
was examined in 2 groups fed both TAA and fu-
maric acid; one group of rats were fed fumaric
acid at 1% in a basal diet after ingestion of TAA,
and another group of rats were fed TAA plus a
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Effect of an i. v. injection of mitomycin C and fumaric acid on the distribution
of the radioactivity of hepatocyte DNA in Nal isopycnic gradients.
cytes from a rat given 8ml/kg of 0.9% NaCl solution.

(A) Hepato-
(B) Hepatocytes from a rat

(C) Hepatocytes from a rat given 0.5mg/kg of
mitomycin C. (D) Hepatocytes from a rat given both mitomycin C and fumaric
acid. At 24hr after the injection, hepatocytes were isolated from rat liver and
exposed in culture to (3H)dThd and BrdUrd. The DNA of the hepatocytes was
semipurified and distributed in Nal isopycnic gradients. Sedimentation was from
right to left. The quantity of DNA in each fraction was determined fluorometri-
cally and the radioactivity in DNA was determined in a liquid scintillation counter.
Curves are representative of 3 separate experiments.

The

inhibitory effect of fumaric acid on TAA carcino-

supplement of 1% fumaric acid in the diet.

genesis was so marked that no hepatic carcinomas
were found in both groups fed fumaric acid in com-
bination with TAA.

®
cinogenesis by potassium 1-methyl-7-(2-(5-nitro-2-
furyl) vinyl) -4-oxo-1, 4-dihydro-1, 8-naphthyridine-

The inhibitory effect of fumaric acid on car-

3-carboxylate (NFN), a strong stomach and lung
carcinogen, was examined histologically with male
ICR/JCL mice!®, NFN was fed to mice at a dose
level of 0.012% in the diet for 14 weeks. These
mice were then divided into 2 groups. One group
was given a basal diet, and the other group was
given a diet containing 1% fumaric acid in the
subsequent 39 weeks. In the group of 30 mice fed
NFN alone, squamatous cell carcinomas were found

in the stomachs of 7 mice, multiple papillomas

in the stomachs of 13 mice, and multiple and large



Capsella bursa-pastoris : 73

A liox B {10 ¢

3} o) 3t a

o o

< =

3 &3 >

o 2t 0 2 3

F {s82 {53

S 5% 1 g
» >
£ £

5 of ol § of 0 |

0 5 10 1520 25

c

] D
I3' ‘OEI3_ 1°35
v} o
5 £
gz Egz- =
2 58 158
A 8% 1} S
.é F 'w"ﬂ"w
= |
g8 0 10|3o : -ol

0 5 1015 20 25
fraction number

0 5 10 15 20 25

0 5 10 15 20 25
fraction number

Fig. 13.

Effect of an i.v. injection of mitomycin C and fumaric acid on the distribution
of the radioactivity of 3-methyl-DAB-induced hepatoma cell DNA in Nal isopycnic
gradients. (A) Hepatoma cells from a rat given 8 ml/kg of 0.9% NaCl solution.
(B) Hepatoma cells from a rat given 40 mg/kg fumaric acid. (C) Hepatoma cells
from a rat given 0.5mg/kg of mitomycin C. (D) Hepatoma cells from a rat given
both mitomycin C and fumaric acid. Rats were inoculated with 3-methyl-DAB-
induced transplantable AH136B hepatoma cells in the abdomen and 8 days after
given an i. v. injection as described above. At 24hr after the injection, hepatoma
cells were harvested from the abdominal ascites and exposed in culture to
(®H)dThd and BrdUrd. Analysis of the density gradients was done as described

in Fig. 12. Curves are representative of 3 separate experiments.

papillary adenocarcinomas in the lungs of 27 ani-
mals. The administration of fumaric acid suppr-
essed the NFN-induced stomach and lung carcino-
genesis. In the group of 32 mice fed NFN and
fumaric acid, no stomach tumors developed except
one early-stage of squamatous cell carcinoma. In
the lungs, only a small focus of mild atypical hy-
perplasia and a few early-stage adenocarcinomas

were noted in 7 and 11 animals, respectively.

6. Concluding remarks

I would like to conclude our study by mentioning
the mode of action of fumaric acid for its anticarci-
nogenic activity!®. In our study fumaric acid was
given to rats after intake of a carcinogen. There-
fore, fumaric acid inhibited the development of
hepatomas not so much affecting the metabolism

of the carcinogen but more affecting the promot-

ion of carcinogenesis. Fumaric acid has some
kinds of activities supposedly relevant to the present
finding. First, as mentioned previously, this acid
inhibited the solid growth of subcutaneously trans-
planted Ehrlich tumor in mice!®. Second, it red-
uces the growth and viability of Ehrlich, MH134,
11210 mouse tumor cells!”? as well as 3-methyl-
DAB-induced rat hepatoma cells in culture. Third,
[it reduces the toxic symptoms in mice and rats
after ‘the injection of mitomycin C, a toxic
antitumor antibiotic, or aflatoxin Bi, a hepatotoxin
produced by a fungus, Asperguillus Sfavus®19,

Fig. 12 shows the DNA synthesis of rat hepato-
cytes. The activity of DNA synthesis was deter-
mined by incubating the hepatocytes with (*HJ-
labeled thymidine and 5-bromodeoxyuridine in cul-
ture, sedimenting the DNA isolated from hepato-

cytes in Nal isopycnic gradient, and measuring the
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radioactivity in the fractionated DNA. The semi-
conservative DNA synthesis is shown as the radio-
activity sedimenting more rapidly than the peak of
DNA detected fluorometrically (Fig. 12A). The
injection of mitomycin C at the dose of 0.5mg/kg
at 24 hr before sacrifice reduced the activity of he-
patocytes’ DNA synthesis (Fig. 12C), while the
concurrent dosing of 40mg/kg of fumaric acid en-
hanced the activity and prevented it from being red-
uced by mitomycin C (Fig. 12D). A similar find-
ing was noted with aflatoxin B1!®. The injection
of mitomycin C also inhibited the DNA synthesis
of 3-methyl-DAB-induced transplanted hepatoma
cells that were growdng in the abdominal ascites of
rats (Fig. 13C). However, in contrast to the case
of hepatocytes, the concurrent dosing of fumaric
acid did not enhance the DNA synthesis of the ca-
ncer cells. The present selective effect of fumaric
acid with regard to the enhancement of DNA syn-
thesis seems to indicate the mode of action of fu-
maric acid for anticarcinogenic activity, namely,
fumaric acid might enhance the DNA synthesis
of liver tissue to ameliorate the deleterious altera-
tions brought about by 3-methyl-DAB and also to
encourage the normal liver cells to compete with
the precancerous and dormant cancer cells for the
development in the liver tissue.
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