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It was known that there are three kinds

- of poisonous yellowish rice. They are the

citrinum yellowish rice®, caused by Penicil-
lium citrinum; the so called yellowish rice®,
caused by Penicillium toxicarium; and the
islandia yellowish rice®, caused by Penicillium

islandicum Sopp. The poisonous substances

of the first two were found to be citrinin and

Cg;Hg0,®, in the form of a yellow pigment
of polyene®), respectively. The toxic subs-
tances of the last one have been identified as
islanditoxin(*®), luteoskyrin® and malonic
acid(10.11), ;

In this report it will be reported that

there are three compounds isolated in crys-

: talline form from Penicillium islandicum when

cultured in the koji juice media. Two of the

new crystals are obtained from the cultured

- mycelium and both possess fluoreseence when

viewed under ultraviolet light. One of the
érystals, the kojic acid, was obtained from
the cultured broth. The method of isolation
and some properties of the compounds will

be described in the following.

EXPERIMENTAL

Organism and Cultured condition:

Penicillium islandicum JC (4209), obtained
through the courtesy of Dr. C.T. Hsu (Dean
of Taipei Medical College), was used through-
out this work.

Instead of Czapeck’s slant media, koji
juice slant media was used for the growth of
Penicillium islandicum. After the incubation

at 30°C for 7 days, the spores were transferred

to a sterilized 11. Erlenmeyer flask (treated
in an autoclave at 15 1b./sq. in. for 15 mins.)
containing 150 ml of koji juice. During the

incubation the white mycelium formed on the

: 2nd day and greer spores appeared on the

4th day. The growth of the funghs achieved

a maximum on the 12th day.

Method for the preparation of koji juice
media:

Aspergillus oryzae E. B, a gift of Dr. C.C.
Tung (birector of the Research Division,
Wei-Chuan Foods Corporation), was inoculated
on steamed rice, then was incubated at room
temperature with occasional stirring. White
mycelium formed on the 2nd day and green
spores appeared on the 3rd day. On the 6th
day the fungus reached a maximum growth.
Then distilled water was added and the incu-
bation at 60°C continued until the iodine test
was negative. After filtration, a yellow koji
juice was obtained.

Method of isolation of the compounds:

The Penicillium islandicum grown in 75
Erlenmeyer flasks was all transferred into a
Waring blender and wids blended well. After
filtration we obtained the residues (cultured
mycelium) and the filtrate (cultured broth).

(1) The Residues: About 3kg. of the
residues were defatted with z-hexane for 3
days, then extracted with chloroform for 4
days. After filtration, the extracts were con-
centraged under reduced pressure to ca. 30 ml.
This concentrate was passed through a silica
gel column (Wako-gel C-200, 3 cmx45cm).

~ Chloroform was used as an eluant and. the first
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yellowish green (ca. 350 ml) and the second
pink (ca. 320 ml) fluorescent fractions were
coilected. After concentration of these frac-
tions under reduced pressure and recrystallj-
zation of them ffom 952 ethyl alcohol, a white
needle and a pale brown needle crystals could
be o};tained. We named them “Compound G”
and “Compound P” respectively. The yield
‘of the “Compound G” was about 0.00322 and
that of the “Compound P” was about 0.00422.
(2) The Filtrate:
tured broth (yellowish brown color) was
concentrated under reduced pressure to ca.
500 ml. and acetone was added for the pre-
cipitation of carbohydrates and inorganic
salts(®, After filtration, the filtrates (reddish
brown color) were concentrated until acetone
free. Then the concentrate was extracted
with ethylacetate (200mlx4), this extract
- was concentrated and put into the refrigerator.
A pale yellow needle crystal was obtained.
After recrystallization from acetone we
obtained white prismatic needleshaped crys
“tals. This crystal was named as “Compound
E”, the yield was about 0.032.
Thin layer chromatography:
A layer of Wako-gel B-5 of 250 micron
thickness was applied on a glass plate (10 cm
‘. x20cm) with an applicator. The plate was
q dried overnight at room temperature and
~ activated at 105°C when it was used. The
1 sample was applied to the plate and developed
' in 224 methanolic chloroform at room tem-
'i perature for 40 minutes. The plate was dried
Fin air and viewed under U. V. light.
Toxicity study:
. Male mice of albino strain were used as

‘€xperimental animals, each weighing from 16 .

10 20 grams. They were fed with “Ta Di

Brand Chick Diet” and tap water ad libitum.
The animals were divided into 11 groups, 8
- each group.

 Group' I to V were injected intraperi-
oneally with 0.2 ml.

lene glycol solution. The dosages were

“Compound G” in pro-

" weight respectively.

About 101. of the cul-

400, 200, 100, 50 and 25 per 10 gm. body
Group VI to X ‘were
treated as above except the injécted subsstance
was “Compound P”. Group XI was used as
experimental control and was injected with
0.2 ml. propylene glycol only.

After the experimental mice died, they
were dissected. The brains, lungs, hearts,
livers and kidneys were taken out for patho-
logical examination.

RESULTS

“Compound G” and “Compound P” show
yellowish green and pink fluorescent spot on
the Wako-gel B-5 chromatogram; they possess
the Ry values of 0.6 and 0.5 respectively.
When the spots of “Compound G” and “Com-
pound P” on the Wako-gel B-5 chromatogram"
are sprayed with 0.522 methanolic magnesium
acetate solution®®, no color reaction develops.

The melting point.(Thomas Hoover Capil-
lary melting point apparatus) of these com-
pounds afe as follows:
133-135°C,
240-241°C (decomp.)
152-153°C

The U.V. absorption spectra (Hitachi
Perkin-Elmer UV-VIS Spectrophotometer) are

Compound G:
Compound P:
Compound E:
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Fig. 1. Ultraviolet absorption spectra.
“Compound G” in chloroform
00000 “Compound P” in chloroform
xxxxx “Compound E” in water
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shown in Fig. 1 which indicate that “Com-
pound G” and “Compound P* have a peak of
absorption at 275 mu and 280 my respectively,
“Coxﬁpound E” has two peaks, one at 220 mu
and the other at 270 mp.

The fluorescence spectra are shown in
Figs. 2 and 3, which indicate that “Compound

G” has the excitation and emission maximum
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Fig. 2. Fluorescence speétrurq of “Compound
G” in chloroform (determined by

Aminco-Bowman s_p;ectroﬂuorometer,
meter multiplier=0.001, sensitivity=

40)

A: excitation spectrum at emission
of 680 mp

"B: emission spectrum at excitation
of 335 mu

at 335 m rand 680 mp respectively, “Compound
P” has the excitation and emission maximum
at 295 mu and 480 mpu respectively.

The infrared absorption spectra, measured
on Hitachi Grating Infrared Spectrophotome-
ter as Nujol mull, are shown in Figs. 4, 5
and 6 vas “Compound G”, “Compound P” and

"Compbund E” respectively.
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Fig. 3. Fluorescence spectrum of “Compound
P” in chloroform (determined by
Aminco-Bowman spectrofluorometer,
meter multiplier=0.001, sensitivity =

40)

A: excitation spectrum at emission
of 480 mp

B: emission spectrum at excitation
of 295 mu
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Fig. 4. Infrared absorption spectrum of “Compound G”
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Fig. 6. Infrared absorption spectrum of “Compound E”

< 1L




Vol. 70. No. 10

H.T. Lee and Y.C. Tung

The elements analysis is 23 follows:

H (%) C (%) N (2)

“Compound E” 4.17 50.59 0

“Compound G” 11.04 8115 0

“Compound P” 607 7130 8.17

The mass spectra obtained for “Compound
E”, “Compound G” and “‘Compound P” showed
the molecular ion peak at m/e 142, 411 and
336 respectively. Both from the data of
elements analysis and mass spectra, we can
expect that the molecular formulas of “Com-
pound E”, “Compound G” and “Compound P”
are CgHgOs, CoHyuOs and CyHyoOsNp respecti-
vely.

“Compound ' E” has the same molecular
formula, melting point and crystalline form
with kojic acid. The mixed melting point de-
termination of “Compound E” with authentic
kojic acid (a gift of Mr. T.L. Kuo, K & K
Laboratories Inc.) showed no depression.
“Compound E” also showed the same ultra-
violet and infrared absorption spectrum with
authentic kojic acid. Thus “Compound E”
was identified as kojic acid.

After the injection of the mice with
“Compound G” and “Compound P”, the mice
revealed: weakness and abnormal walking,
especially when the “Compound G” group was
administered. The calculated LDg of *Com-
pound G” and “Compound P” was 152.8y and
114.6y per 10gm mouse respectively. The
summary of the pathological report is: ;

. 1. The cause of the death of the mice
was due to acute circulatory disturbance, e g.
the visceral organs showed marked congestion
and swelling especially in the brains, lungs
and kidneys. 3

2. There was no change to be seen in the
visceral organs. The liver merely revealed a
picture of mild fatty degeneration and marked
congestion. Nothing else‘is remarkable.

3. The pathological change that men-
tioned above, “Compound G” group was more
severe than ‘““Compound P” group.

4. In all the cases, the visceral organs

all showed a non-specific organic change. It
might be due to the rapid death within one
week.

DISCUSSION

Howard and Raistrick isolated six pigmen-
ted matters from  the cultured mycelium,
namely islandicin®®, rubroskyrin®®, iri- ;
doskyrin®®, erythroskyrin®®, flavoskyrint®
and skyrin{®, but no appreciable toxicity
was found in them. Tatsuno et al.® isolated
luteoskyrin and showed the toxicity of 1.0 mg/
10gm in micé when given subcﬁta,neously’.
All the seven compounds mentioned above
re anthraquinone derivatives, and give a
;sitive reaction with 0.5% methanolic
‘magnesium acetate solution®®, . However
both the “Compound G” and “Compound P”
isolated by us from cultured mycelium in
this experimental condition gave a negative
reaction.

Citrinin®, the toxic pigment of Penicillium
cifrinum-, with LDy 0.6mg/10gm in mice
subcutaneously and orally, caused acute and
chronic damage in the.kidney, where the:
reabsorption of water in the renal tubules
was inhibited, resulting in the urinary in-
crease(”, Similar changes were observed
using the moldy rice; pathological examination
proved to be glomerulonephrosis®®®. A

- yellow pigment of pd]yene(” with the mo-

lecular formula Cg;HgO0,® is the toxic agent
of Penicillium toxicarium which orally induces
in higher vertebrates an acute paralysis of.
ascending type, indicating some resemblance

_in signs and symptoms to the acute beriberi

or Landry’s paralysis in men, and affecting
selectively the motor neuron in the spinal
cord and medulla oblongata®0.20,
Luteoskyrin® and islanditoxin®®, two
liver toxic compounds, are the metabolites
of Penicillium islandicum Sopp. Their toxic
effect is to bring about an acute, subacute or
subchronic liver atrophies, liver cirrhosis®2)

or liver carcinoma®), However Buu-Hoi and
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‘no toxic effects on the liver and did not pro-
duce hepatoma even rats were. fed with a
low protein and riboflavin poor diet. Later,

sample of luteoskyrin injected to mice subcu-

- kill them, while -less pure sar’nple‘did. The
:f}’ toxicity of luteoskyrin might: be attributed to
i t.hevpresence of impurities.

* In this experiment it is shown that the
" toxic action of “Compound G”— C..H..O, and

- the toxic substances mentioned above, es-
. pecially luteoskyrin' and
animals to whom “Compound P” was. ad-

2 .xhinistered the organic change of the liver

report, the cause of the  death of the mice
was due to. aln acute circulatory disturbance,
and there was nonspecific change seen in the
. visceral organs. A toxicological study should
 be periormed'_to investigate the toxic me-
chanism of *“Compound G” and *Compound
Pn

 Islanditoxin(®),

which is isolated from
~ the cultured broth of Penicillium islandicum
Sopp, has a toxicity of minimum lethal dose
307/10gm jn mice given subcutaneously. It
is a Cl—containing peptide and will give a
- positive biuret  reaction. . Another toxic me-
tabolite of Penicillium islandium Sopp. from

- the cuitured broth.is malonic acid which was
, reported by YamamotoU%19, “Compound E”,
| which was identified as koiic acid, was
“ obtainéd from cultured broth in this ex-
- Periment,

It is a non-toxic substance firs*
~ isolated by Saito® from Aspergillus oryzae
Although the components of koji juice, which

- Were the metabolites of Aspergillus oryzae .

- Were not known, a control experiment was

‘_Derformed; .no crystal could be isolated ‘in
“ethyl acetate extracts.

We would like to emphasize here that
the use of koji juice as the growth media of .

Zajdela® reported that pure luteoskyrin had .
. Yamazoe ef. al.(") ‘also reported that a pure

taneously (3 mg/10gm body ‘weight) did not‘

“Compound P”—CyHyoO3N; was different from -

islanditoxin, In’

‘was never seen. According to the pathological '

= 10) —
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Penicillium islandicum i is better than Czapeck’
liquid media, for the former possesses more.
nutnents,

- SUMMARY

We have molated three compounds in :
crystallme form from Penicillium islandicum
whén cultured in koji juice media. Two were
from cultured mycelium and ehewed yellowish
green and pink fluorescence on Wako-gel B-5
chromatogram when viewed under ultraviolet
light. We named them as “Compound G” and :
“Compound P” respectively. They possessed._
‘the Rf value of 0.6 and 0.5 respectwely when
developed in 2% methanollc chloroform.

The molecular formula, melting ' point,
ultraviolet absorption maximﬁm, fluorescence
excitation and emission maximum of “Com--

_pound G” was CyH,0,, 133-135°C, 275 my,
335mp and 680 mp respectively. iThos,‘e of
“Compound ' P” was C30H30O0sN;, 240-241°C
“(decomp.), 280 mp, 295mu and 480 mu res-
pectively. : :

The toxicity of these two compounds was
proved by pathological examination as the
cause of the death of the mice was due to
an acute circulatory disturbance, and there
was no change seen in the visceral organs. !
The LDy of “Compound G” and “Compound
P” was 1528y and 114.67 per 10gm mouse
respectwely

Another compound was isolated from
cultured broth which was identified as kojic
acid. It was a non-toxic metabolite.

- These three compounds were different
from the other metabolites of Penicillium
islandicum, such as islandicin, rubroskyrin,
iridoskyrin, erythroskyrin, skyrm luteoskyrin,
islanditoxin and malonic acid, which had been'
reported by other authors. -
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