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Mycophenolic acid (MA) inhibits the growth of some pathogenic fungi
such as Candida albicans, Cryptococcus neoformans and several species of

Trichophyton at low concentrations in vitro. The antibiotic is more effectvie
against fungi at slightly acidic pH than neutral pH. When administered to
mice through the intraperitoneal, intramuscular and oral routes MA excreted

toafewpercent in the urine. However, at no time was active MA detectable
in the blood of mice. MA is effective against experimental trichophytosis of
the guinea pigs, without noticeable skin irritation or inflammation.

Mycophenolic acid (MA) is an antifungal antibiotic found by Gosio^ in 1896.
Later, Clutterbuck and Oxford2) reported that MA is produced by Penicillium

brevi-compactum series to which Gosio's strain belonged. The structure of MA was
elucidated by Birkinshaw3) in 1952, as shown in Fig. 1. Although Alsberg4) and
Florey5) reported some biological properties of MA, detailed studies of the biological

p

roperties have not been made.

Recent findings that MA exerts significant anti-
viral and antitumor activities6'7) prompted us to
study some biological properties of the antibiotic.
In this communication we describe in vitro anti-
microbial properties, absorption and excretion in
mice and the effect against experimental trichophytosis in the guinea pig.

Materials and Methods

Nystatin (4,180 u/mg) and griseofulvin were used as positive controls*.
The microorganisms used in this study are type cultures of our laboratory, including

54 strains of 25 species of fungi and 27 strains of 7 species of bacteria. The fungi were
grown on malt extract agar (Difco, pH 5.2) supplemented with 2 % glucose. The medium
for bacteria was Muller-Hinton agar medium (Eiken, pH 7.2). For determination of
minimum inhibitory concentration (MIC) a 2-fold serial dilution method was used. The
test organisms were inoculated by streaking to the assay media with a platinum loop from
the cell suspensions of the test organisms (bacteria 107-5 cells/ml, fungi 106-5 cells/ml). The
cultures were incubated 2-5 days at 27°C for fungi and 18 hours at 37°C for bacteria.

Quantitative determination of MA ; The thin-agar cylinder plate method was utilized
for the quantitative determination of MA using Candida albicans as a test organism. The

Fig. 1. Mycophenolic acid
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* Nystatin and griseofulvin samples were kindly supplied by Sankyo Co., Ltd. and Nihon Kayaku
Co., Ltd., respectively.
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cell suspension of the test organism was mixed with malt-dextrose agar medium. The
cultureswere incubated at 27°C for 24 hours. The zones of growth inhibitory formed by
MA slowly disappeared from the margin with time, so it is necessary to incubate precisely
for24 hours. It is possible to determine MA in the range of 6~100 mcg/ml by this

method.
Anti-trichophytosis activity of MA; MA was used as 5% solution in 50% ethanol

and griseofulvin, the positive control, was used as 3 % phenethyl alcohol solution. The
hair was removed from back and both sides of guinea pigs, strain Hartley, weighing 300
+20 g. After exfoliation with sand-paper on naked skin, the guinea pigs were infected

with a spore suspension (106 spores/ml) of Trichophyton asteroides. The treatment was
initiated40 hours after infection, MA being given on the infected loci twice a day for 7
consecutive days. Anti-trichophytosis activity was determined by observing the symptoms
caused by the infection on treated and untreated skin.

Results and Discussions

Antimicrobial Activity of MA

The antimicrobial spectra of MA are demonstrated in Tables 1 and 2. MA shows

minimum inhibitory concentration (MIG) values of 3.9-31.2 mcg/ml against some patho-
genic fungi such as Candida alhicans, C. stellatoidea, C. tropicalls, C. parakrusei and

Cryptococcus neoformans, whereas MA shows no activity against Candida guiltiermondii>

C. krusei, C pseudotropicalis, Hausenula anomala and Saccharomyces cerevisiae. It is

noteworthy that several species of Trichophyton were inhibited by relatively low

Table 1. Antifungal activity of mycophenolic acid and nystatin

T est orga nism s

M IC (m cg /m l)

T est org an ism s

M IC (m cg /m l)

M y c o -phenolicacid Nystatin M y co -phenolicacid Nystatin

C a n d id a a lbic a n s  C a - 1 7. 8 1 0. 9 7 W illia a n o m a la    W - 1 5 0 0 0. 2 4

C a - 2 3 . 9 0 0 . 4 8 C ry p to co c cu s
1 5 .  6 2   0. 2 4

C a - 3 15. 62 0 . 9 7 n e of o r m a n s   C r - n - 1

C a -4 7 . 8 1 0 . 4 8 C r - n - 2 15. 6 2 0. 9 7

C a - 5 7 . 8 1 0 . 9 7 C r- n - 3 1 5. 6 2 0. 9 7

C a - 6 7 . 8 1 0 . 4 8 C r- n - 4 15. 6 2 0. 9 7

C a - 7 7 . 8 1 0 . 4 8 C r- n - 5 3 1. 2 5 0. 9 7

C a - 8 7 . 8 1 0 . 9 7 S a c c h a r o m y ce s
6 2. 5 0. 9 7

C a -9 7 . 8 1 0 . 4 8 c a r ls b erg en sis  S - c - 1

C a - 10 7 . 8 1 0 . 9 7 S - c - 2 6 2. 5 0 . 9 7

C a - 15 1 5. 6 0 . 9 7
S . ce r ev isia e     S - c e - 1 5 0 0

C a -1 7 1 5. 6 0 . 4 8 S - c e -2 50 0 0 . 4 8

C. g u illier m o n d ii C a -g - 1  C a -g - 2  C a - g - 3 5 0 0

5 0 0

5 0 0

0 . 9 7

0. 2 4

0. 2 4

M ic r o sp o r u m c a n is M i- c - 1 3 1. 2 5 1. 9 5

M. g yp s eu m     M i-g - 1 3 1. 2 5 3 . 9 0

Aspergillus fl a v u s  A s -f - 1 5 0 0 1. 9 5

C. k r u sei       C a -k - 1 5 0 0 1. 9 5
A . m elleu s       A s - m - 1 1 2 5 1. 9 5

  C a -k - 2

C . p a r a k r u s ei C a -p k - 1

  C a - p k - 2

5 0 0

3 1. 2 5

6 2. 5

1. 9 5

0. 4 8

0. 9 7

A. a m ste lo d a m i    A s - a - 1 7 . 8 1

A . c h e v a lie r i     A s - c - 1 2 5 0 3. 9 0

A . f u m ig a tu s    A s - f- 1 5 0 0 7 . 8 1

C . tr op ic a lis    C a -t - 1 7. 8 1 0. 9 7 T r ic h op h y to n m en ta g r op hy tes T -m - 1 1 5 . 6 2 1. 9 5

C a -t -2

C a - t -3

1 5. 6

7 . 8 1

0. 4 8

1. 9 5
T. r u br u m       T - r - 1 1 5. 6

T . sc h o e n lein ii    T - s - 1 5 0 0 7. 8 1
C. p se u d o tr op ic a lis C a - p t - 1  C a - p t -2  C a - p t -3

C . s tella to id e a C a - s - 1

1 2 5

5 0 0

5 0 0

3 . 90

0. 4 8

1. 9 5

0. 2 4

T . f er r u g in e u m   T - f - 1 1 5. 6 1. 9 5

T . a ste r oid es      T - a -1 1 5. 6 1. 9 5
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Table 2. Antibacterial activity of mycophenolic acid
T e s t o rg a n is m s

M IC
(m c g /m l) T e s t o rg a n is m s

M I C
(m c g /m l)

S t a fi h y lo c o cc u s  au r e us  2 09  P 3 1. 2 5 S ta p h y lo co c cu s ep id e r m id is S - 5 1 2 5

2 0 9 P (R ) 1 2 5 S h i g e l l a  f l e x n e r i       2  a > 5 0 0

T e r a jim a 6 2. 5 2 b > 5 0 0

18 8 6 2. 5 P r o teu s v u lg a r is      O X - K 2 5 0

K u sa m a 1 2 5 O X - 2 5 0 0

B - 5 31 . 25 E s ch er ic h ia co li       B - 1 9 > 5 0 0

B - 8 3 1. 2 5 C - 6 > 5 0 0

B - 9 12 5 P se u d o m on a s a er u g in o sa   P s - 1 > 5 0 0

B - 15 31 . 25 1 9 0 5 > 5 0 0

B - 19 3 1. 2 5 S a lm o n ella e n te r itid is    S - 1 > 5 0 0

B - 4 3

B - 4 6

12 5

1 2 5

S - 2 > 5 0 0

Table 3. Effect of pH of medium on the activity of mycophenolic acid
against various test organisms

T e st o r g a n is m s
M IC  (m g /m l)

T e st or g a n ism s
M IC  (m g /m l)

P H 5 . 2  P H 7 . 3 p H 5 . 2  p H 7 . 3

C a n d id a a lbica n s     C a - 3 6. 2 5 2 0 0 S a c c h a r o m y ce s ca ls be rg en sis S - c - 1 2 0 0 > 2 0 0

C a - 6 6. 2 5 2 0 0 M icr o sp o r u m  ca n is     M i~ c - 1 12 . 5 1 0 0

C . p a r a h r u s ei      C a - p k - 1 1 2. 5 > 2 0 0 A sp e rg illu s a m s te lo d a m i  A s- a - 1 12 . 5 5 0

C . tr op ica lis       C a - t- 1 1 2. 5 > 2 0 0 T r i c h o p h y t o n  m e n t a g r o p h y t e s  T - m - 1 6. 2 5 2 5

C .  s t e l l a t o i d e a   C a - s - 1

C ry p to c oc c u s n e of o r m a n s C r- n - 1

12 . 5

12 . 5

1 0 0

2 0 0

T .  a s t e r o i d e s           T - a - 1 6 . 2 5 5 0

Table 4. Effect of inoculum size on the activity of mycophenolic acid
against various test organisms

T e s t o rg a n is m s
In o c u lu m

M IC
(m c g /m l)

In oc u lu m
M IC

(m c g /m l)
s ize T e s t o rg a n is m s s iz e

(c ells/m l) (ce lls/m l)

C a n d id a  a lb ica n s

1 0 8 1 2 5 10 8

1 0 7

10 6

1 0 5

> 1 2 5

> 1 2 5

> 1 2 5

> 1 2 5

1 0 7 1 5 . 6 C a n d id a  k r u s ei

C a - 4 1 0 e 7. 8 C a - k - 2

1 0 s 3 . 9

C a n d id a  p a r a k r u s ei

 C a -p k - 1

1 0 8

1 0 ?

1 0 6

1 0 5

> 1 2 5 62.  5

3 1. 2

3 1. 2

C a n d id a

g u illier m o n d ii

C a - g - 1

1 0 8

1 0 7

1 0 6

1 0 s

> 1 2 5

> 1 2 5

> 1 2 5

12 5

S a c ch a r o m y c es

ca r ls ber g e n sis
 S - c -2

1 0 8

1 0 7

1 0 6

> 1 2 5

1 2 5

3 1. 2

C a n d id a

p seu d otr op ica lis

C a - p t -3

1 0 8

1 0 7

1 0 6

> 12 5

> 12 5

> 12 5

C r y p to co cc u s

 n eof o r m a n s

 C r - n - 3

1 0 8 1 2 5

W illia  a n o m a la

1 0 8 > 12 5

10 ' 7 . 8 1 0 ? > 1 2 5

10 6 7 . 8 W - 1 1 0 6 > 1 2 5

1 0 5 1 0 5 > 1 2 5

concentration (15.6 mcg/ml). The antifungal spectrum of MAis specific and the acti-
vity is not as strong as nystatin which inhibited the growth of all fungi tested at
concentrations of 0.2-7.8 mcg/ml.
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MA shows moderate inhibition of Staphylococcus aureus but the other bacteria

tested were insensitive. Most antifungal agents now used are highly toxic to mam-
mals. It is interesting that the acute toxicity of MAis so low that mice could well-
tolerate a single intraperitoneal injection of 1,000 mg/kg.7)
The MIC values of MAagainst sensitive fungi depends on pH of the assay media

and the inoculum size of the test organisms (Tables 3 and 4). For example, several

Candida albicans strains were inhibited at 6.3 mcg/ml at pH 5.2 but grew normally at
pH 7.3 even in the presence of 200 mcg/ml of MA. MIG of MAfor Cryptococcus
neoformans was raised over 16 fold when the inoculum size increased from 107 to 108
cells/ml.

Absorption and Excretion
Table 5 shows that MA activity was

recovered from urine after administra-
tion either intraperitoneally, intramus-
cularly or orally. Upon intramuscular

administration of 250 mg/kg of MA urine

levels of 42.5 mcg/ml were found after

30 minutes and 27.5 mcg/ml was still

excreted in urine after 6 hours (Teble 5).

However, no MA was detectable in the blood at any time post administration. This
contradictory fact suggests that MA might be present in the blood bound with serum
protein, showing no growth inhibitory activity. Although some MA was excreted in
the urine, the total sum of recovered presented only a few per cent of the initial dose.

Effect against Experimental Trichophytosis
MA suppressed the symptoms caused by infection of Trichophyton asteroides without

Table 5. Bio-assay values in urine after
administration of mycophenolic
acid to mice

Dose Urine concentration (mcg/ml)
(mg/kg)R°Ute~30 ~1 ~3 7^

minutes hour hours hours
250 I M 42.5 ll.5 37.5 27.5

250 I P 10.0 17.5 6.0 -
500P O 37.5 6.0 13.5 15.5

The result is given by the mean of 5 animals.
Test organism : Candida albicans Ca-4

Table 6. Effect of mycophenolic acid on experimental tricophytosis in guinea pigs

T r e a tm e n t D o s e
A n im a l

N o .
C u r a tiv e r a t e * R e d n e s s S c a le S tim u lu s

N o n e

(C o n tr o l)

1

2

3

0

-Hf 4 f + f

- f - f f # #
-H - -tf 4 f

-H - -ff -ff

4H - 4H- -H f

蝣H - -H - -H -

G r ise o fu lv in

( 3 % s o ln .)

0 . 2 m l/p a rt

b . i. d .

4

5

6

1 0 0

M y c o p h e n o lic
0.2 m l/p a rt

7 2 7 . 7 _L

a c id 8 1 6. 6 : _L J_ _L

(5 % s o ln .) b . i. d. 9  2 3. 5

(22.6 % in a v e ra g e )

* Guinea pigs were sacrificed after treatment to remove small pieces of infected skin (three pieces
from back and both abdominal sides of each animal). Each small piece was divided equally into
6 portions to inoculate them onto Sabouraud agar plates added with penicillin and streptomycin.
The fungal growth was examined, after 1-week incubation at 27°C, and the curative rate was
calculated as follows :

/Total numberX /Number of skin pieces \

C

urativerate (%) = W skin^piefsj ^^ f""gal &á"ih> xl00 (%)

1otal number of skin pieces
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irritation and inflammation to the skin (Table 6). When small pieces of treated skin

were incubated at 27°C for 7 days on a suitable medium, 77.4?/o of the pieces possessed
viable T. asteroides. This fact indicated that MAis a fungistatic agent rather than
a fungicidal one. Since the symptoms caused by the proliferation of the fungus were
suppressed, the growth of the organism was inhibited as long as MAwas present,
but once MAwas removed from the treated skin, the fungus began to grow again.
Thus, MA shows moderate inhibitory activity against experimental trichophytosis of
guinea pigs without adverse side-effects. However, usefulness will be limited because
of the fungistatic nature of the compound.
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