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INTRODUCTION

The cortex

of vertebrate

of hormones--glucocorticoids

adrenal

glands secretes

and mineralocorticoids.

two major groups
Glucocorticoids,

which have an oxygen atom at carbon number 11, increase

the rate

gluconeogenesis

in mammals

and increase

the mobilization

of lipids

(Turner

and Bagnara 1971). At the same time there

protein

synthesis.

in fibroblast
steroids

This latter

effect

growth in culture

corticoids,
little

on the other

1965).

hand,

or no gluconeogenic

is to retain

activity.

and Ruhmann 1966).

corticoids

function

through

Fallon

in bringing

the mediation

is still

anism of action

of steroid

different

in the body, i.e.,

and mineralo-

of DNA-dependent synthesis

1958, Fain 1965, Pena, et al.
produce variable

side

of

enzyme systems have been

responses

problems

(Talanti

and Hopsu 1961,
the precise

in the study of the mech-

hormones is their

organism which respond differently

often

these

not well understood.

One of the most difficult

cells

They have

growth of mouse fibroblasts

and Byrne 1967, and Turner and Bagnara 1971),

mechanism of action

cortico-

however,

Although glucocorticoids

about these

in

of mineralo-

sodium ions.

Interestingly,

RNA (Pan, Chin and Pai 1971) and several
implicated

of certain

The main function

hormones also have been found to depress
(Berliner

is a decrease

may be homologous to a decrease

in the presence

(Ruhmann and Berliner

of

there

effects

are many target

to the same steroid

1964).
effects

multifaceted

In addition,

cells

in the

hormone (Kostyo

corticosteroids

which might influence
1

on

the overall

2

interpretation

of results.

physiological
same time,

effects
obviate

of in vitro

and, at the

corticosteroid

some of the side effects

biochemical

et al.

the culture

1961).

(Berliner

1964).

Yields

With proper

procedures

sufficient

in a short period

Slime mold also can be easily
periods

corticosteroids
or by total

protoplasm
of time

separated

care the slime mold can be cultured

adding transplants

to new culture

of corticosteroids

on growth.

on slime mold can be easily
content

of nitrogen

which is the normal incubation

time.

as

from

of growth and biochemically

medium.

slime mold was chosen as the experimental

gate the effects

is slow.

of the slime mold Physarum Polycephalum

medium during various

by periodically

yield

more specific

methods, however, are small and the growth cycle

for ordinary

reasons,

might yield

in 1961 (Daniel and Rusch) provides

developed

analysed.

culture

from a particular

A submerged shake culture

(Guttes

Tissue

indefinitely
For these

organism to investi-

The influence

measured by gross

and lipid

during

of
total

72 hours growth,

LITERATURE
REVIEW
Steroid

hormones are secreted

ovary and placenta.
cortical

steroids

in the synthesis

of exerting

steroids

may be divided

organic

gland.

when secreted
and biological

into

three

compound metabolism;

into the blood.
activity,

groups:

protein

the cortico-

(2) mineralocorticoids,

but have little

and lipid)

effect

metabolism

on organic

(aldosterone

potent

in electrolyte

are the so-called
adrenocortical
function
coids

metabolism);

sex steroids,

on electrolyte

and water

compound (carbohydra·te,

is an exception

is minimal.

hydroxyl

which have overlapping
but their

Adrenal steroid

and mineralocorticoids

essential

(3) a group of lesser

and gonadal function,

for carbohydrate

contain

in that
corticoimportance

activity

hormones classed

on carbohydrate
17 heightening

sodium retention

metabolism;

metabolism

Structures

activity

the action

and is required

(2) a hydroxyl
on carbohydrate
3

between

as glucocorti-

are (1) a

group at carbon number 21 which enhances the capacity

compound to encourage

it

normal adrenocortical

21 carbon atoms.

and mineral

in

which lack an

has an oxygen at carbon number 11 and is the most effective
steroid

the

On

(1) glucocorticoids,

oxygen at carbon number 11, have major effects
metabolism,

from the

Most of them are

an oxygen at carbon number 11, are especially

possessing

testis,

of the true hormones, but are capable

hormonal effects

of chemical structure

cortex,

have been obtained

component of the mammalian adrenal

intermediates

basis

Nearly fifty

by the adrenal

of the

for an effect

group at carbon number
metabolism

and (3)

4

oxygen at carbon.number

11, either

exerting

in carbohydrate

major activity

as a hydroxyl

or ketonic

group,

metabolism.

GLUCOCORTICOIDS
Glucocorticoid
to fasted

glycogen

glycogen

stores

bohydrate

and a rise

by inhibiting

acceleration

(Eisenstein,

phosphorylase

1969) activity.

(Eisenstein,

et al.

pyruvate,

1966) that

or by depressing

1972).

phosphatase

and decreased

a striking

of diminished

from tissue

increase

in liver

oxidation

protein

also promote an
by enhancing

1964) and enzyme synthesis

result

in conversion

production

glucose

increase

carbohydrate

(Boyett

utilization

and

glucose-6-

to form glucose

uptake by extra-hepatic

The combination

those

of amino acid to

from pyruvate

activity

of car-

1952) and hexokinase

et al.

glucocorticoids

1969).

of glucocorticoids

The increase

(Kerppola

and fructose-diphosphatase
(1960) and inhibit

causes

Glucocorticoids

lactate

In addition,

1965, Matsui and Plager
genesis

the result

of gluconeogenesis

enzyme activities

animals

in blood sugar.

is partially

(Matsui and Plager

and Parks

The administration

normal or adrenalectomized

in liver

Hofert

activity.

(Kvam

cells

of increased
by the cells

(Munck

gluconeocauses

a

hyperglycemia.
The conversion
the adrenalectomized

of carbohydrate
rat.

The glucocorticoids

from carbohydrate

(Welt and Wilhelmi

zation

cells

by adipose

to fat

(Blecher

to increase

the output

in vitro

(Jeanrenaud

and Renold 1960).

inhibit

fat

1950) by inhibiting

1966).

capacity

is markedly

of free

Glucocorticoids
fatty

acids

Glucocorticoids

increased

in

synthesis
glucose

utili-

also have the

from adipose

tissue

may promote

5

this

latter

action

of an elevated

by increasing

c-AMP level,

adenyl cyclase

activates

cell

which by way

activity

lipase

to mobilize

lipid

(Allen and Beck 1972).
1~e glucocorticoid,

cortisone,

breakdown to amino acids
markedly increases

the activity

enzyme, in skeletal
glucocorticoid
reduction

treatment,

in the liver

nitrogen

adrenalectomy

into protein

rat

decreased

and Plager

This effect

1970).

system

decreases

The glucocorticoids

not

the incorporation

skeletal

of

muscle (Wool and

Clayman et al.

is thought

uptake of amino acid by extra--hepatic

to

synthetase

which, in turn,

Weinshelbaum 1960, Makman, Dvorkin et ~.1966,
Ariyoshi

In contrast

in a significant

but also inhibit

in isolated

Cortisone

a catabolic

and arginine

(McLean 1961).

catabolism

protein

1953).

dehydrase,

results

argininosuccinase

excretion

(Clark

and Byrne 1967).

enzyme) activities

only promote protein
amino acids

nitrogen

of serine

musle (Fallon

(amino acid catabolic
urinary

and urinary

causes an increased

1970, and

to be due to a

cells

(Kaplan and

Nagareda 1961, Kostyo and Schmidt 1963, and Pena, Dvorkin and White
1964), as well as an inhibition
which inhibits
protein

carbohydrate-dependent

(Young 1969).

is due to an inhibitory

corticoids

action

effect

have no apparent

into
effect

on

on muscle amino acid transport

on the synthesis

of an essential

amino

system (Kostyo 1966).

In contrast
protein

their

from carbohydrate

amino acid incorporation

The glucocorticoids

amino acid uptake directly;

acid carrier

of ATP synthesis

to the catabolic

in extra-hepatic

tissue

(such as cortisol)

action

of glucocorticoids

(muscle and lymphoid tissue),
increase

amino acid incorporation

on
glucointo

6

protein

in the liver

is associated

(Pena, et al.

1964, Leon 1966).

uptake of amino acid by liver

with the increased

and Nagareda 1961) and an increase
which involves
protein

the formation

in cystathionine

of new RNAand the synthesis

(cortisol)

thymocytes

(Makman, et~-

diminished

ribonucleic

and an increase

inhibit

inhibit

activity

of new

acid polymerase

on cell

1966) probably

activity

(Makman, et al.

ia
due to a
1966)

(Sands and Haynes 1970).
Glucocorticoids

from human myornetrium at concentrations

as low as 0.1 µg hydrocortisone

or corticosterone

(Grosser

and Swim 1958) and inhibit

cortisol

or 0.01 µg prednisolone

inhibition

et~-

growth and inflammation.

growth of fibroblasts

1965, Berliner

RNAand DNAformation

1966; Stevens

acid DNAase activity

Effects

per ml of medium

mouse fibroblast

growth at 0.1 µg

per ml of medium (Ruhmann and Berliner

and Ruhmann 1966 and 1967).

The specific

point

of

is not known.
Finally,

cortisol

cytotoxic

effects

1955) thereby

decreasing

matory effect

resulting

in granuloma formation
corticoid

synthetase

(Kaplan

(Pan, Chin and Pai 1971).
Glucocorticoids

resist

This observation

activity

anti-inflammatory

causes fibroblasts
in inflrunmatory

to become spherical

areas

(Dougherty

the degree of inflammation.
from this

action

(Atkinson> et al.

of adrenal
response.

steroids

and

and Schneebeli

The anti-inflam-

is demonstrated

by a decrease

1962). At present

the gluco-

cannot be separated

from their

MINERALOCORTICOIDS
Effects
found that

upon salt

adrenal

experimental

metabolism.

insufficiency

extracts

effects

through

are accomplished

of renal

tubules.

(1966) and Edelman and Fimognari
corticoids

concentrated

by (2) an increase

the rate

of sodium transport.

transport.

associated

with decreased

animal soon develops
state
Effects

coids

exert

little

fluid

cardiac

cell,

cytoplasmic

output

in
RNA

on sodium

the sodium and chloride

decreases
fluid

physiological

upon metabolism

how0ver, with large

deoxycorticosterone

epithelial

RNA, and (3) an increase

markedly and is

and blood volume.
which proceeds

growth.

compounds and cell

capacity,
effect

(1) mineralo-

The

to a

by death.

upon organic

salt-retaining

is not true,
that

of the tubule

extracellular

diminished

followed

that

of mineralocorticoids

of the extracellular

filtrate

by Sharp and Leaf

In the absence of mineralocorticoids

concentrations

the

The beneficial

Any drug which blocked

also blocked the effect

shocklike

in death unless

by the enhanced

(1968) indicated

in cytoplasmic

or

(Rogoff and Stewart

Experiments

in the nuclei

followed

to its

gland

destruction

of sodium (Young 1945) from the glornerular

the walls

formation

resulted

(Verzar 1967).

therapy

of mineralocorticoids

reabsorption

glands

of whole adrenal

(1927) or mineralocorticoid

as 1855, Thomas Addison

caused by pathological

removal of the adrenal

animal received

As early

acetate

doses.

levels

of organic
As early

of mineralocorticompounds.

.,

This

as 1941, Verzar found

(DOCA)given orally
7

In contrast

or by injection

8

could maintain
normal levels

blood glucose,

liver

glycogen and muscle glycogen

in the adrenalectomized

not only promote

liver

cat.

(Robert and Nezamis 1961), but also

rat

thymus preparation

medium or higher,

in vitro

DOCAincreases

(Schaefer
fatty

and Dritch

total

DOCAhave a depressant

effect

kidney homogenates and rat
(Frieden,

ct al.

(Leon 1966).

protein

adrenal

This depressant

effect

in vitro

(Kostyo 1965) under DOCtreatment,
ATPase activity

the release

DOCand
into mouse

liver

in vivo

about either

by the

(Kostyo and Schmidt 1963)
or to the effect

(Kimberg and Goldstein

of DNAfrom thymus tissue

of this
1967).

(Sutherland

1967).
The effect

also be expressed
reduced

of mineralocorticoids
by the

the proliferation

inhibition

proliferation

was inhibited

on protein

of cell

metabolism

growth.

and Swim 1958).

by 11-deoxycortisol

can

DOC significantly

of human myometrium fibroblasts

low as 5 µg per ml of medium (Grosser

tion

In

respectively

1970) and rat

or in vivo

et al.

metabolism.

is brought

of free

and Renold 1960).

gland in vitro,

of amino acid transport

stimulates

concentration

on amino acid incorporation

inhibition

DOCalso

also mobilize

the net release

(Jeanrenaud

1961, Clayman, et~~-

hormone on mitochondrial

per ml of medium

Mineralocorticoids

influence

uptake by

of 37 ll& per ml of

serum phospholipid

tissue

mineralocorticoids

glucose

}lg cortisol

1950), and DOCincreases

acid from rat adipose

addition,

inhibit

at a concentration

(Munck 1965).

(DOC)

in the adrenalectomized

whereas only 0.036-0.36

gave the same result
lipids.

Deoxycorticosterone

glycogen deposition

rat

at

at levels

as

Mouse fibroblast

and DOCat a concentra-

of I µg per ml of medium (Ruhmann and Berliner

1965, Berliner

and

9

Ruhmann 1966).
inhibit

fibroblast

They concluded
growth.

effect.

(Atkinson,

et al.

to this

salt-retaining

as evidenced

1962).

could

of mineralocorticoids

Dougherty and Sclmeebeli

DOCAenhanced inflammation,
weight

11-deoxycorticosteroids

Another effect

does not seem to be related
pro-inflammatory

that

ability

that

is their

(1955) found that

by an increase

granuloma

METHODS
Ai'JDPROCEDURES
PREPARATION
OF SLIMEMOLDCULTURE
Development of plasmodium.
mold, Physarum polycephalum,

A plasmodium culture

was obtained

of slime mold (Turtox/Camboxco Chicago,
oats

(manufactured

Illinois)

spores

sclerotial

and ground rolled

by the Quaker Oats Company Chicago,

moist paper toweling
sclerotial

by placing

of the slime

Illinois)

in a dark humid chamber at around 26°C.

spores were allowed to germinate

on
The

to form an arborescent

plasmodium.
Purification
cutting

a small piece

transferring
Petri

of plasmodium.

of paper toweling

it to sterile

dish and feeding

were maintained

The plasmodium was purified
containing

in sterile

oats.

condition

light

can inhibit

ation

(Cummins and Rusch 1968).

piece

of plain

sterile

plain

All slime mold cultures

slime mold gTowth by inhibiting
If contamination

This procedure

The plasmodium was further

was noted,

block of plain

agar with purified

to antibiotic-treated,
pH=4.S in a Petri

steril
dish.

contamination

respira small

to a new
until

by cutting

purity
a small

plasmodium on it and transferring

it

growth medium agar (see Appendix A) at

Antibiotics
that

was repeated
purified

because

mitochondrial

agar with plasmodium on it was transferred
agar plate.

in a

0140-0i)

in the absence of light

was achieved.

bacterial

plasmodium and

2.5% agar (Difeo Bacto-agar

it with sterile

by

can protect

mold from most

may occur during addition
10

of steroid

to

11

the medium.
penicillin
several

Physarum polycephalum
G and 100 units

days without

operations

of streptomycin

evidence

were performed

can tolerate

of toxicity

in an axenic

1000 units

per ml of growth medium for
(Hok 1954).

days growth on the antibiotic

culture

surface

flask

was transferred

containing

the development

and its

growth medium agar,

(about 81 mm2) of the agar containing
dium on its

All transfer

(U.V.) chamber.

Development of submerged shake culture
three

of

the advancing
into

20 ml of sterile

of a submerged culture.

stock.

After

one block

edge of the plasmo125 ml Delong

a sterile

growth medium at pH=4.6 for
The submerged culture,

covered with an aluminum cup, was shaken on an Eberbach variable
reciprocating
cations

shaker

of the flask.

(broken plasmodium) that

The procedure

the culture.

work, however, because

greatly

influenced

the rate

(Forma Scientific

to rinse

microplasmodia
to a new flask

every 72 hours to per-

the temperature

purposes

variation

for
over its

growth (see Appendix B).

was cultured

in a water shake

Thermo-shake Bath) at 29°C and at the same

of shaking as in the air bath.

and

adhered to the side

was not suitable

of culture

(Daniel

was swirled

containing

was repeated

The air bath culture

TI1e slime mold for experimental

intensity

flask

by means of a one ml Eppendorf pipette

of growth medium.

experimental

29°C with 98 recipro-

per minute for 72 hours

At 72 hours one ml of culture

was transferred

bath

at approximately

Once each 24 hours the culture

off any microplasmodia

surface

bath)

(4.7 cm length per stroke)

Rusch 1961).

petuate

(air

speed

SELECTIONOF CORTICOSTEROID
SOLVENT
Corn oil
a good solvent
steroid

solvent.

Insasmuch as vegetable

of corticosteroid

in mammalian experiments,

was added to the slime mold culture

'11le oil,

however, did not dissolve

but floated
released

on its

surface.

to the culture,

oil has been used as
cortico-

by mixing it with corn oil.

in the slime mold growth medium

Consequently,

and no effect

the corticosteroid

was not

was noted by addition

of the

hormone (see Appendix C).
Propylene
soluble

glycol

and can dissolve

delivering
1965).

solvent.

corticosteroids,

these hormones to tissue

glycol,

propylene

culture

(Ruhmann and Berliner

in Merck Index),

quantity

of propylene

glycol

medium.

The toxicity

of propylene

by determining

that

that

the maximum level

of each steroid

in

and (2) the maximum

could be added to each 20 ml of growth
glycol

to slime mold was tested

of propylene

One, five or ten µl of propylene

were added to a 125 ml Delong culture

glycol

glycol
flask

containing

the slime mold was harvested

as well as total

nitrogen

and lipid

content

maximum propylene

glycol

concentration
12

that

could be

per ml of growth medium

medium and one ml of slime mold (72 hour-culture
72 hours of culture,

could be added to

by (1) the solubility

(as indicated

glycol

which is water

has been used as a means of

The maximum amount of corticosteroid

the slime mold was determined

used.

Propylene

20 ml of growth

in air bath).
and the total

were determined.

After
yield
The

(5 µl per ml of growth medium)

13

that

did not inhibit

mold growth was determined

for use in subsequent

experiments.
PREPARATION
OF CORTICOSTEROID
SOLUTION
Fifty

mg of deoxycorticosterone

prednisolone,

or sixty

mg of cortisol

10 ml of methanol by vortexing.
added to the solution

hour.

The saturated

prednisolone,

solutions

concentrations

were

was then

5 ml of solution

required

(only

approximately

one

of 10 mg/ml of DOCA, 10 mg/ml of

and 12 mg/ml of cortisol

This near-saturated

in

(Rinco evaporator

below 50°C until
This procedure

glycol

The methanol

by vacuum evaporation

remained.

mg of

were weighed and dissolved

Then 5 ml of propylene

model 1007-1) at a temperature
glycol)

(DOCA), fifty

and mixed by vortexing.

removed from the mixture

propylene

acetate

solution

were obtained

could then be diluted

with propylene

in this
into

way.

the various

glycol.

INCUBATION
OF SLIME MOLDWITH
CORTICOSTEROID
HORMONES
Addition

of various

of propylene

glycol

of cortisol,

prednisolone

and maximum concentrations.

containing

and DOCAper 5 µ1 of propylene

hours in the air
the culture
nitrogen

(approximately
bath.

After

was l1arvested

and lipid

content

µl

1, 5, 10, 20, 25, 35, 40, 50 and 60 µg

added to 20 ml of growth medium.
of microplasmodia

One hundred

glycol

The medium was inoculated

were

with 1 ml

0.15 gram) which had been grown for 72
72 hours incubation

and the gross

total

was determined.

yield

in the water bath,
as well

as the

14
Addition

of saturated

growth resulting

DOCAsolution

from the presence

at various

of DOCAfor various

mold culture

at the beginning

of the 72 hour culture

they had been growing for 24, 48, or 72 hours.
at 72 hours after

zero hours,

respectively,

inoculation.

times was

of incubation

after

and the normal gross total

content

or after

The mold cultures

groups were harvested

were

72, 48, 24 and

time in the presence

control

inoculation

period,

This permitted

At the same time,

and lipid

A

by adding 50 1-1gof DOCAper ml of growth medium to slime

determined

harvested

times.

of the DOCA.

at 24, 48 and 72 hours

yield

as well as nitrogen

were determined.
METHODS
OF ANALYSIS

Harvesting
each culture

was separated

centrifugation
HNS Centrifuge)
ture.

water.

from

in a 20 ml test

3000 rpm, International

tube for six minutes

was discarded

by

at room tempera-

and the precipitate

was washed by mixing (Vari-Whirl

Model

(slime mold

Mixer) with S ml of

Another 10 ml of water were added and mixed by agitation

the tube,

and the slime mold was again centrifuged

discarded.

water to eliminate
stance.)

The microplasmodia

from the growth medium and harvested

at 2500 x g (approximately

The supernatant

microplasmodia)

natant

of slime mold culture.

Washing was repeated
all

and the super-

two more.times

of the growth medium (foreign

of

with 15 ml of
nitr.ogen

sub-

15
Measurement of gross total
(total

yield)

lipid

content

was weighed to the nearest
were determined

Nitrogen

acetic

The washed precipitate
0.01 gram.

on aliquots

determination.

(0.1 gram sample if the total
15 ml test

yield.

sample of the slime mold

was low) was transferred

After incubation

the parafin-covered

The precipitate

to 100 ml with acetone],

at room temperature

sample was then stored

morning the sample was centrifuged
pigment nitrogen

was determined
was dissolved

for at least
overnight

and the supernatant

was transferred
for at least

one-half

by the Micro Kjeldahl

following

formula:

ccntent

as determined
indicated

that

was introduced

· ·Lipid determination.

with the
of HCl)

weight of nitrogen)

A comparison of the nitrogen

on a 0.5 gram or 0.1 gram aliquot
no error

method (see

of the sample was calculated

net ml of HCl used x 0.01 (normality

sample solution.

tube.

of the sample was

x 2 (if 0.5 gram sample was used x 14 (equivalent
mg nitrogen/ml

from which

hour in 5 ml of

determinated

Nitrogen

The next

into a second test

The nitrogen

on a 0.5 ml aliquot

and

15 minutes,

at 5°C.

0.3 N NaOHat room temperature.

Appendix D).

into a

2.5 ml of water plus 2.5 ml of 8% trichloro-

tube containing

acid [8 ml of 100% (w/v) TCAdiluted

mixed.

and

of the slime mold.

A half-gram
yield

The nitrogen

=

content

of the mold culture

by sample (see Appendix E).

Lipid was determined

the method of BUgh and Dyer (see Appendix F).

by an adaptation

Immediately

mold was weighed, 3.6 ml of the methanol-chloroform

mixture

of

after

the

(2:1)

were

16
added to a 10 ml beaker containing
mold (or 0.5 gram if the total
rotating

spatula

for 2 minutes after

added and stirred
separated
another

test

for 30 seconds.

the solution
30 seconds.

minutes before

The suspension

it was filtered

one ml of chloroform

methanol

layer)

Then 1.2 ml of water,

was allowed to stand

with slight

ing lipid

was left.

into

paper on a glass

The upper layer

The chloroform

layer

containing

that

(water-

layer)

lipid

a 10 ml

funnel.

out any lipid

and the lower (chloroform

for

for a few

water suction

was used to rinse

were

which

were added and stirred

paper and residue.

was aspirated

with a

which 1.2 ml of chloroform

into two layers,

remained in the filter

contain-

was poured

an aluminum boat which had been weighed with a Cahn Electrobalance.,

Model G-2.
suction

The layer was then evaporated

vacuum, and over KOHpellets

boat with lipid
obtained

while it was under water

in a desiccator.

The aluminum

in it was weighed again and the net lipid

weight was

by subtraction.
Statistical

t-test

was low) and stirred

tube through Whatrnan number 1 filter

An extra

into

yield

a one gram sample of washed slime

analysis.

method (Li 1966).

Results

were analyzed

by an unpaired

RESULTS
Pigment nitrogen
vary significantly

extraction,

of any treatment

results
i.e.,

per gram of slime mold did not

from an average of 0.56 mg of nitrogen

slime mold regardless
All nitrogen

concentration

reported

hereafter

non-pigment

nitrogen.

that

was applied

are those

per gram of
(Table 1).

following

pigment

THE EFFECTOF PROPYLENE
GLYCOL
ON SLIMEMOLDGROWTH
Addition

of 1 µland

medium of slime mold culture

5 µl of propylene

lipid

yield

(4.65 gram),

(17.1 mg), concentration

lipid

per gram mold (3.7 mg), or alteration

(0.6)

(Table 2; Figures

mold growth with similar
the addition

1 and 2).
decreases

of 10 µl of propyle!ie

(Table 2 and Figure

1).

effect

total

of nitrogen

of nitrogen/lipid

in nitrogen
glycol

ratio

and lipid

on

nitrogen

There was a 30% inhibition

(2.19 mg),
ratio
of slime

content

with

per ml of growth medium.

The concentration

gram mold, and the nitrogen/lipid
with the control

per ml of growth

did not cause any significant

mold growth as measured by total
(10.2 mg), total

glycol

of nitrogen
were not altered

group (Table 2 and Figure

and lipid

per

when compared

2).

THE EFFECTOF VARIOUSCORTICOSTEROID
CONCENTRATIONS
ON SLIMEMOLDGROWTH
Glucocorticoid

effect.

Neither
17

cortisol

at concentrations

Table 1.

Concentration

of pigment nitrogen

per gram of slime mold under various

conditions

of

slime mold growth.
Treatment
(in various

concentration)

Sample
size

Concentration

of pigment (mg)

(mean~standard deviation)
+

Control

20

0.555-

Propylene glycol

12

o . s 6 o! o . o 1 o

Cortisol

20

0.560-

6

DOCA
DOCA(various incubation
times)

Prednisolone

+

Statistical
significance

0.030
NS

0.020

NS

0.560!

0.000

NS

20

0.560:

0.001

NS

20

o.sso!o.010

NS

.....

00

Table 2.

Toxicity

Treatment
(propylene glycol/

ml g:r:oh'.1:bmedfom)

Control

1 µ1
5 µ1
10 µl

of propylene glycol on slime mold growth.

·SamEle ·
1

2.

Total yield
3.91
3.88
4.80
3.41

5.36
5.49
5.44
3.33

.3.

0.519
0.575
0.581
0.560

0.546
0.583
0.507
0.586

. Mean±standard deviation

(gram)
4.31
4.34
4.17
3.38

Nitrogen/lipid
Control
1 µl
5 µl
10 µl

4.

Statistical
significance

0.589
0.622
0.554
0.709

5.09
4.37
4.75
2.74.

+

4.67 + 0.58.
4.52 - 0.59
+
4.79 + 0.46
3.22 -.0.28

NS

NS
< 0.05

ratio
o. 714
0.599
0.793
0.560

o.592;
0.595+
0.608+
0.605-

0.075
0.018
0.110
0.062.

NS
NS
NS

.....

\D

21
20

19
18

17

,-.

~

5

>.µ
.,.,
.µ
§

&

1

16
15
14
13

~

Nitrogen

□

Lipid

12
11

10
9
8

7
6

s

4

3

2

1

Control

1

Propylene glycol

s

10

(µg/ml growth medium)

Figure 1. Total nitrogen and lipid content in slime mold cultured with
various concentrations of propylene glycol.
(I represents standard deviation,)
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Figure 2. Concentration of nitrogen and lipid per gram of slime mold
with various concentrations of propylene glycol. (I represents standard deviation)

N

>--'

22

ranging

from 0.1 µg to 60 µg per ml of growth medium nor 1 µg and 50

µg prednisolone

per ml of growth medium altered

evidenced by the total
lipid

nitrogen

There was no quantitative

and lipid

effect.

(DOCA)to the culture

centrations

total

difference

group (Table 3 and

observed

The addition

inhibited

of deoxycorticosterone

the_ growth of slime mold in con-

.

of 40 µg or more per ml of growth medium.

at a concentration

The decrease

with the 10 µg of DOCAper ml of growth medium treatment

was not consistent,

but was consistent

of growth medium.

The decrease

at 20 µg and more of DOCAper ml

in total

yield

was 44.5% at 20 µg per ml

and 79.5% at 40 µg per ml of growth medium (Table 4).
by a decrease

paralleled

in total

lipid

content

was not so great

as the decrease

in lipid.

a 10% difference
Thus, nitrogen

was 2.6 mg. or 71% decrease.

between total
concentration

ment was significantly

lipid

in

nitrogen

was 5.9 mg for a

and nitrogen

increased

content

(F_igure 3).

from 2.1 mg per gram of mold in

group to 2.5 mg (19% increase)

Lipid concentration,

This is nearly

per gram of slime mold under DOCAtreat-

ment group, and to 3 mg 43% increase
group.

was

while in the 40 µg of DOCAper ml of growth medium

the decrease

the control

The decrease
The total

in the 20 µg of DOCAper ml of growth medium culture
35% decrease,

This decrease

of 44% of 20 µg of DOCA,

and of 80% at 40 µg of DOCAper ml of growth mdeium.

culture

in the

above 10 µg per ml of . growth medium with a maximum inhibition

occurring

nitrogen

(9.1 mg) and

nitrogen

concentrations.

Mineralocorticoid
acetate

(4.4 grams),

(16.9 mg) when compared to the control

content

Figure 3).

yield

slime mold growth as

in the 20 _µg DOCAtreat-

in the 40 µg DOCAtreatment

on the other hand, was not altered

by

Table 3.

The effect

Treatment
Control

of various

concentrations

Sample (total
1

2

3

4

4.18

4.64

4.4

4.29

of cortisol

and prednisolone

yield in grams)
.Mean±standard deviation
4.38

:: 0.14

on slime mold growth.

Statistical
significance

Cortisol.(µg/ml.growth.medium).
0.1

4.60

5.01

4.81

: 0.21

NS

1

4.45

4.93

4.69

: 0.24

NS

5

4.03

4.96

4.50

:: 0.47

NS

10

4.08

4.37

4.23

!

0.15

NS

20

4.70

4. 72

4. 71

:: 0.01

NS

60

4.61

4.14.

4.29

~ 0.27

NS

4.46

.. Prednisofone.

3.93

(µg/ml. growth .medium) .

1

3.58

4.31

3.95

~ 0,37

NS

50

3.86

4.02

3.94

+

NS

- 0.08

N

i.N

Table 4.

The effect

of various

concentrations

of deoxycorticosterone

acetate

(DOCA)

on slime mold growth.

Treatment
(µg DOCA/mlgrowth
medium)

Sa,~Ele (total

yield in grams)
Mean± s~andard deviation

1

z

1

4.62
4.60
4. 71

3. 72

4. 20

5

4.45
4.43
4.68

4.19

10
20

4.62
2.69

3.03
2.49

25
35

2..41 ·
0.81

2.40
2.63

40
50

0,75
0.70

1.01

Control

3

4

3.69

4.25
4. 52
4.32

! 0.34
± 0.09
! 0.4.2

4.13
2.23

3.09
2.02

3.72
2.36

± 0.68
± 0. 25

1. 26

0.90

2. 41
1.40

±

0.95
0.99

0.87
0.94

o.93.
1.05

±

o.os
0.73

:': 0.10

± 0.14

Statistical
significance

NS

NS
NS

<

0.05

<
<

0.05
0,05

< 0.05
< 0.05

.,..

N

1
1
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Figure 3. Total nitrogen and lipid content in slime mold under
various levels of cortisol,
prednisolone
and DOCAtreatment.

26
DOCA(Figure

4).

The nitrogen/lipid

0.53 in the control

ratio,

therefore,

increased

from

group to 0.62 with 20 µg of DOCA,and 0.90 with

50 µg of DOCAper ml of growth medium in the treatment

group.

GROWTH
SUPPRESSIONAT DIFFERENTSTAGES
OF THE GROWTH
CYCLE
In normal control
slime mold increased
maximum rate

cultures,

by 0.58 gram during the first

of growth occurred

during

1.96 grams of slime mold formed.
grams during

the innoculation

the last

24 hours.

hours was 3.65 grams (Figure

Additional

growth decreased

formed in the normal culture.

of the culture

in growth.

over the last

in total

normal growth.

48

Finally,

period,
of

growth from the 4.23 grams

When DOCAwas added following

1.6 grams of slime mold formed during

24-hour period

to 1.69

over the 72-hour period

48 hours compared to 3.65 grams in the control.
decrease

when

5).

This was an 84% decrease

growth for 24 hours,

The

The combined growth over the last

only 0.68 gram of slime mold developed

that

24 hours.

the second 24-hour period

When DOCAwas added at the beginning

culture.

of 0.15 gram of

normal

the last

This resulted

in a 56%

only 0.41 gram of slime mold developed
when the DOCAwas added after

1bis represented

a 76% decrease

48 hours of

in growth over the last

24 hours.
In the presence
mold increased
incubated
hours

of DOCA, the nitrogen

from 2.16 mg in the control

for 24 hours,

(Table 5).

concentration

culture

to 2.73 mg for 48 hours,

Likewise,

there

per gram of

to 2.63 mg when
and to 3.85 mg for 72

was an increasing

nitrogen/lipid

ratio

5
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Figure 4, Concentration of nitrogen and lipid per gram of .sliJlle mold as influenced
various concentrations
of DOCA. (I represents standard deviation)

by
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Figure 5. Normal growth (total yield) curve of slime mold
and effect of addition of DOCA(50 µg/ml growth medium) to
the culture of slime mold at various time intervals.

Table 5,

The effect

of DOCA(50 µg/ml growth medium) on nitrogen

in slime mold at various

incubation

concentration

times.

Treatment
(DOCAincubation time during 72 hour culture)
Concentration

of nitrogen

Control
24 hours
48 hours
72 hours

Samp_le
.1

.of lipid.

Control
24 hours
48 hotirs
72 hours.

Mean!standard

deviation

2 .18·

2.69
2.69
3.92

2.16
2.63
2.73
3.85

+
+

0. 0:,"

3,88
3.97

+
+
0.23

4.22

- 0. 04

- 0.06

: 0.07
: 0.07

(mg/gram slinie niold) .. ·
3.65
4.02
3.95

4.26

Nitrogen/lipid.

2

(mg/gram slime mold).
2.13
2.58
2.58
3.78

.. Concentration

Control
24 hours
48 hours
72 hours

arid lipid

4.10

3.90
4.24
4.19

4.10

+ 0.05
+ 0.15

ratio...·
0.583

0.641
0.673
0.887

0.533
0. 689
0.660
0. 936

0. 558
0.665
0.667

+
+

0. 025
.;: 0.024
- 0,006

0 • 912: +- 0 . 025

N

ID

·30

with increasing

DOCAincubation

time.

The lipid

concentration

in the DOCAcultures

nitrogen

or lipid

concentration

per gram of mold in the control

cultures

at the various

stages

of their

growth cycles

as well as the

did not change.

DISCUSSION

Preliminary

experiments

be used as the steroid

carrier

had indicated
because

that

corn oil

it did not mix with the growth

medium (see appendix C).

On the other hand, dimethyl

been used as an excellent

solvent

a

certain

experiments

effect

of growth (Berliner

by Ruhmann and Berliner

glycol

had no inhibitory

effect

glycol

was used to dissolve

sulfoxide

for corticosteroids,

degree of synergism with corticosteroids

the inhibitory

which supervenes

and Ruhmann 1967).

on mouse fibroblast
for these

has

but it exhibits

(1965) indicated

steroids

could not

that

on

Since

propylene

growth,

propylene
as it is

experiments

water-soluble.
The slime mold axhibi ted a_ greater
propylene

glycol

of propylene

than did mouse fibroblasts.

glycol

1965).

to inhibit

or lipid
glycol

glycol

per ml

of growth by propylene

were changes in the total

concentration.

As there

yield

of 10 µ1

slime mold

of growth

medium was

(Ruhmann and Berliner
glycol

was quantitative

and not in nitrogen

was no appaTent effect

of propylene

at a concentx·:=i.tjon of 5 µl per ml of growth medium, this

concentration
glycol

A concentration

growth of mouse fibroblasts

The inhibition

only as there

to the

per ml of growth medium inhibited

growth, whereas IS µl of propylene
required

sensitivity

was used in all

allowt;;:d addition

of tI1c experiments.

Five µI of propylene

of as much as 60 _µg of cortisol

31

and 50 µg of

32

prednisolone

and deoxycorticosterone

acetate

(DOCA), respectively,

per ml of growth medium.
Neither

cortisol

glucocorticoid

nor prednisolone,

activity

than cortisol,

Even though only 0.1 µg of cortisol

tions

affected

to inhibit

and Ruhmann 1967), these

of 600 and 5000 times greater,

slime mold growth.

The negative

times more

slime mold growth.

and 0.01 µg of prednisolone

ml of growth medium was sufficient
growth (Berliner

which has three

mouse fibroblast

same steroids

respectively,

result

at concentra-

had no effect

of cortisol

slime mold
be tested

compounds or a strong

for cortisol

and prednisolone.

with fluocinolone

acetonide,

glucocorticoid
to metabolic

activity
alternation

(Baxter,

DOCAhad a significant
~~~concentration
incre:1sing

DOCAconcentration

effect

This latter

effect

might

that

has greater

but is relatively
1970).

inhibitory

effect

resistant

on slime mold growth

of slime mold growth was observed

An

with increasing

up to 40 µg of DOCAper ml of growth medium; while

suggest

that

in no increased

DOCAintracellular

inhibitory
receptors

effect.
were

at 40 µg of DOCAper ml of growth medium where the maximum

was observed.

In comparison,

medium had an inhibitory
and Ruhmann 1966).
required

of

et al.

above 40 µg resulted

The data presented
saturated

ability

of 20 µg per ml of growth medium or greater.

inhibition

concentrations

receptor

catabolic

a steroid

than cortisol,

on

and prednisolone

on slime mold growth might be due to the lack of a necessary
in slime mold for these

per

effect

on mouse fibroblast

Thus, a 20-fold

to significantly

inhibit

one pg of DOCAper ml of growth

greater

growth (Berliner

concentration

slime mold growth.

of DOCAwas

This decreased

33

sensitivity

might be explained

mold (Baxter,

et al.

The nitrogen

either

concentration
that

inhibited

for cell

concentration

of the treatments

attempted.

treatments
formation

related

used in this

did not increase

No reason

DOCAapparently
culture

other

the slime
which was

lipid

nor

that

could separate

the lipid

by any
and

none of the

lipid

There also appears

and pigment
to be a distinc-

as mold growth decreased
for this

nitrogen

as it did with DOCA.

dichotomy.

growth about 80% whether

48 hours of culture,

was not metabolized

concentra-

it was added at

one might assume that

by slime mold during

the entire

period.

steroids

mouse fibroblasts
this

Neither

to mold growth and that

There seems to be a sensitivity
adrenal

across

of protein

of DOCA. In the former,

Since DOCAinhibited
or after

1962).

This suggests

of slime mold growth induced by propylene

can be suggested

the beginning

growth.

This would indicate

from slime mold growth.

as compar~d to that

tions

in slime

per gram of the mold was affected

experiment

tion between the inhibition
glycol

the formation

growth (Atkinson

pigment nitrogen

total

amino acid transport

mold membrane, or could stimulate

pigment were closely

ability

per gram of slime mold was increased

DOCAdid not inhibit

not necessary

binding

1970).

at the DOCAconcentrations
that

by a decreased

experiment

opposite

of that

are more sensitive

of slime mold to certain

seen in mammalian tissues.
to the glucocorticoids

than they are to the mineralocorticoid,

hand, DOCAinhibited

in which the glucocorticoids

That is,
used in

DOCA. On the

growth of the slime mold in concentrations
had no effect.

In fact.,

no inhibition

of

34

growth was observed with the use of glucocorticoids
tion

that

experiments
associated

could be dissolved
raise

a question

in 5 µl of propylene

in the concentraglycol.

These

whether slime mold growth inhibition

with mineralocorticoid

activity,

the lack of oxygen at

carbon number 11, or some other variation

of the molecule

that

This question

is responsible

partially
aldosterone,

for this

inhibition.

answered by comparing the effects
a potent

11-deoxycortisol

mineralocorticoid,

which contains

a hydroxyl

oxygen at carbon number 11, respectively.

is

of DOCA

might be

of compounds such as

11-dehydrocorticosterone
group,

an oxygen or no

or

CONCLUSION
The slime mold, Physarurn polycephalum,
convenient

subject

might well serve as a

for the study of the corticosteroid

action

mechanism.
From the results
conclusions

in this

study the following

may be made:

1.

Cortisol

2.

DOCAin concentrations

depressed

and prednisolone

did not effect

slime mold growth.

above 10 µg per ml of growth medium

slime mold growth as much as 80%.
3.

Total

to the decrease

in total

was not altered
propylene

slime mold lipid

Nitrogen

4.

and pigment decreased

per gram of slime mold (in cytoplasm)

by any of the treatments

glycol,

including

except with DOCAtreatment

that

differentiated

and that

in proportion

slime mold growth.

concentration

This indicates

glycol

obtained

protein

formation

the toxic

level

of

where it was increased.

and slime mold growth can be

DOCAinhibition

is different

than propylene

inhibition.
s.

DOCAmay possibly

with intracellular
concentration

receµtors

inhibit

slime mold growth by associating

which become saturated

of 40 pg per ml of growth medium.
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at a medium
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APPENDIXA
OF SLIME MOLD GROWTH
MEDIUM
PREPARATION

(DA.~IEL ET AL. 1962)

Growth Medium Formulation:
Tryptone

(Difeo 0123-01)

9.0 gr.

FeC1 4H 0
2 2

0.054 gr.

Dextrose

(anhydrate)

9.0 gr.

MgS0 7H 0
4 2

0.54 gr.

1.4 gr.

CaC1 2H 0
2 2

0.54 gr.

1.8 gr.

MnC1 4H 0
2

0.076 gr.

3.6 gr.

ZnS0 7H 0
4 2

0.03 gr.

Yeast extract

(Difeo 0127-01)

K HP0
2
4
Citric

acid·2H 0
2

2

Procedure:
The above chemicals
the pH was adjusted

were dissolved

and

20 mg of streptomycin

sulfate

and 20 mg of

were added to the medium.

If a 2.5% nutrient
agar 0140-01)

of water,

to 4.6 with 30% KOH.

Before autoclaving,
penicillin-G

in one liter

agar were desired,

were added to the above one-liter

Since hemin is not stable

(Difeo Bacto-

solution.

in acid or neutral

solution,

5 mg of

10 ml of 1% NaOH. The hemin solution

hemin were added

into

claved

to prevent

separately

25 mg of agar

solution

was added to freshly

nutrient

medium at the rate

oxidation.
autoclaved

After

autoclaving,

and partially

was autothe hemin

cooled

of one ml of hemin/100 ml of nutrient

41

medium.

APPENDIX
B
THEVARIATION
OF TEMPERATURE
IN MEDIACULTURED
ON THEAIR BATH

88 8 8
8888

~

0

.µ

~

8E)8E)
The temperature
ing overnight
variations

of water in culture

shaking on an air-bath

resulted

in variations

flasks

shake rack.
in growth rate.
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.c:
.µ

<IS

,:ll

(!)

.i.:
(lj

.c:
Cl)

was determined
These temperature

follow.;..

APPENDIXC

THE EFFECTOF DOCAIN CORNOIL ON SLIME MOLDGROWTH

Treatment
(µg DOCA/mlcorn oil/ml growth medium)

Total

Control

3.506

5

3.976

10

3.976

20

3.276

30

3.885

and each treatment

(grams)*

3.581

1

*There was no significant
control

yield

difference

in the total

group.
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yield

between the

APPENDIX D

NITROGEN
k~ALYSIS--MICROKJELDAHL
METHOD
(JOHNSON,1941)
Reagents:
Digestion

of half-saturated
Titrating
of saturated

mixture--17.6
H

ml of saturated

Cuso

4

added to 1000 ml

so4 •

2

indicator--0.23

ml of saturated

methyl red plus

100 ml

H3Bo3 plus 0.3 ml of 0.1% methylene blue.

Analysis:
Add 0.5 ml of sample to digestion

tube.

Add 0.5 ml of distilled

mixture

to each tube to make volume of

Add one ml of digestion

mixture

to each tube.

one ml.

1 ml plus 1 ml of digestion

(Blanks contain

mixture).

Add one scoop (about 200 mg) of K so crystals
2 4
Set up 0n digestion
for at least
70 volts.

rack.

two hours to prevent

Set voltage
solution

to each tube.

initially

bumping.

at 45 volts
Later adjust

to

Leave overnight.
The next day, add two drops of 30% tt2o to each tube to clear
2

color.

More may be added if necessary

the tubes on the digestion

to obtain

rack and at 70 volts

of the solution.

44

a clear
to prevent

fluid.

Keep

hardening

45

Add sample to distillation
with 5 ml of distilled
distillation

apparatus.

Rinse out tube 3 times

water for each washing and add it to the

apparatus.

Add 5 ml saturated
Collect
2 ml of titrating
Titrate

Na0H to distillation

25 ml of distillation

apparatus.

in an 80 ml beaker

indicator.
with 0.01 of N HCl to a faint

pink color.

containing

APPENDIX
E
Comparison of different
MicroKjeldahl

sample sizes

on the nitrogen

content as determined by the

method.

Treatment
(µg P.G./ml G. M)

Sample size
(gram)

No.

HCl used
(ml)

Control

0.5*

3

+
0.99-0.02

Control

0.1*

3

0.19-0.01

5

0.5*

3

0.96-0.02

5

0.1*

3

0.19-0.01

Nitrogen/gr.
S.M.
(mg)

Statistical**
significance

2. 77 +-0.06

+

2.66 +
-0.14

+

2.69 !0.06·

+

2-.66 -0.14

+

NS

NS

*0.1 gram sample size was compared with 0.5 gram sample in each treatment.
**There was no significant
difference between the 0.5 gram sample and 0.1 sample on nitrogen
analyzed by the MicroKjeldahl method.

content as

.i::,.

C]\

APPENDIXF
LIPID ANALYSIS--ADAPTATION
OF E. G. BLIGHAND
W. J. DYERMETHOD
(1959)
Maximum lipid

extraction

from tissue

methanol

and water in the initial

portions

of 2:2:1.8

proportions

for separation

It was necessary

determined

adjusted

so that
to obtain

that

the water content

proportion

into

and final
a separate

for a tissue

the volume of chloroform
the proper

chloroform,

of 1:2:0.8

of the solvent

The method of Bligh and Dyer was described
water.

required

prophase.

containing

80±1%

of slime mold be

and methanol

as listed

could be

above.

DETER~INATION
OF WATER
CONTENT
IN SLIMEMOLD

Sample

Wet Weight (grams)

Dried* Weight (grams)

H2o%

1

3.4563

0.1194

96.55%

2

.3. 3572

0.1242

96.30%

3

3.1279

0.1949

96.52%
96.45%

Ave.
*Dried at 52°C for overnight.
According
porportion

will

of chloroform

to adaption

be set up.
and methanol

of BHgh and Dyer method the following

%H0 in method:
2
in method:

%H
20 in slime mold=

volume of chloroform
47

and

volume

48

methanol to be used in slime mold.
0.8 : 0.96 = 3 :

X

x = 3. 6 (ml)

Therefore,
used for initial

3.6 ml of solution
extraction,

after

(2 methanol:l

chloroform)

which 1. 2 ml of chloroform

ml of water were added for the separation

of lipid

into

Initial

ratio

Final ratio

in this

experiment

1.2:2.4:0.96

= 1:2:0.8

2.4:2.4:2.16

= 2:2:1.8

and 1. 2

the chloroform

layer.
Chloroform:methanol:water

was
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ABSTRACT
Submerged cultures of the slime mold, Physarum polycephalum,
were incubated with cortisol, pre'dnisolone and deoxycorticosterone
acetate (DOCA) dissolved in propylene glycol to investigate the effect
of these steroids on growth.
Neither cortisol nor prednisolone in concentrations up to 50
µg/ml growth medium influenced mold growth characteristics. DOCA in
concentrations greater than 10 µg/ml growth medium inhibited growth with
a maximum inhibition of 80% at concentrations of 40 µg/ml and above.
None of the treatments altered the lipid or pigment nitrogen concentra
tions. The decreased growth in the DOCA treated cultures was accom
panied by increased mold nitrogen concentration. The nitrogen/lipid
ratio in the DOCA treated mold was 0.9 compared to 0.55 found in the
control and the other treatment groups.
Propylene glycol in concentrations greater than 5 µ1/ml growth
medium also inhibited gTowtn but did not increase the mold nitrogen
concentration.
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