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Introduction

Thomas ADDISON (1855) called attention to a human syndrome
(now called Addison's disease) associated with deterioration
of the adrenal cortex. The disease appears to be the first
clinical defect of an endocrine gland to be accurately described154).
Over 30 different steroids have been isolated fran the adrenal Lissue

48) 69)

up to date However,the only 7 steroids are biologically active

and that the only following; cortisol, corticosterone and aldesterone,
are‘normaliy secreted in physiologically significant amountsaz).

These steroids are classified roughly into two groups; glucocorticeids
and mineralocorticoids. The former are the steroids in which effects on
glucose and protein metabolism predominate, while the latter those in
which effects on sodium and potassium excretion prcdominatedz).

The physiological actions of glucocorticoids are broadly divided into
two calegories as follows; 1) to protect an animal body from a stress,
t.e,, when an animal is expesed to a stressor, the body responds towards

132)

adaptation Increase of plasma 11-CHOCS is one of the signs of such

responses. ; 2) to control some intermediary metabolism, especially
gluconeogenesi550’41’51’53’99’”8‘157).

The adrcnal cortex is controlled by hypothalamic~pituitary system.
The ACTH secreted from pituitary stimulates the adrenocortical function
and increases the secretion of glucocorticeids. As the result, when the
plasma glucecorticoids are elevated, the anterior pituitary diminishes
the output of ACTHéB’TS‘S).

As well known, the specific digestion, absorption and metabolism,
especially on carbohydrate, are run in ruminants; glucose is absorbed
from gut as a major end product of the ingested carbohydrate in most of
animals, while volatile fatty acids produced by micro-organisms in
reticulo-—rumenso), are absorbed as the products in ruminantss’52’74).

Glucose is essential for nervous conductivity in mama1555‘67’158)-
The respiratory quotient (R.Q.) in brain is 087 to 099, indicating that
the main energy source is glucose40)as supported by MCCLYMONT ez a/.87)-
Moreover, about 70 % of the circulated glucose from the liver is utilized
by the brain in humansQa), and a similar value could be true for ruminant,s75)-

It was stated that the transfer rate of glucose expressed as a function
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of metabolic hody size (W3/4) jo ruminants was comparable to that in

nonruminantsm).

These two facts in regard to absorptiocn and utilization of glucose
indicate that a great amount of glucose required as an energy source
must be synthesized from pom carbohydrate precursors in ruminants.

Since there is no storage of carbohydrate in brainéd), the utilized
glucose is largely supplied from the circulatory blood glucose. It
depends on the level of blood glucose whether the supply is sufficient
or not?9). MCCLYMONT et o¢ .B7)

zation of acetate by arteriovenous difference studies on the brain of

were unable to demonstrate any utili—

sheep, though the acctate was comparatively rich in the cireculating bloed

HS). It is also suggested from these points that gluconeo—

of ruminants
genesis may be of particular importance in ruminants with the low blood
glucose level even normally. Also. this may be supported by the follow—
ing fact. The glucose tolerance in ruminants is generally lower than
that in non ruminant animals. MCCANDLESS and DYE ds)pnst,ulat,ec’L that
a high level of gluconeogenesis in the ruminant{ was the primary factor
which determine the low tolerance.

Glucocorticoids are directly related to regulate the process for

50,41,51,5%,99,118,157)

gluconeogenesis , though many hormones; imsulin,

glucagon, epinephrine, growth hormone, etc., have important roles in the
regulation of carbohydrate metabolismm).

Therefore, the gluconeogenetic role of adrenal cortex may be more
important in ruminants than in noo-ruminant animals. As ab evidence,
it has been indicated that metabolic disorders in pregnancy toxaemia and
ketosis were characteristic of ruminants, and their causes might be
directly or indirectly mediated by the function of adrenal cortex regulat—
ing carbohydrate met.abolism”4’115’155).

As compared with the cases of humans and the laboratory animals,
there was little basic information available concerning the adrenocortical
function in ruminants. Then, the author intended to investigate basically
characteristics of adrenal cortex in ruminants Irom the comparative

viewpoint.

1 would like to express my deepest appreciation to Dr. S. UESAKA
and Dr. R.KAWASHIMA for suggesting this theme, for stimulating
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due to Mr. T. DOGO who co-operated during this study. 1 wish to
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O, NISHIKAZE (Professor, Hokkaido University) for their valuable
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Chapter J. Studies on establishment of analytical method
for glucocorticoids f11- CHCS)

It has been known that more than thirty kinds of steroids exist in
adrenal cortox, though all these bormones are named generically as
adrenucort,icoidsdg). Cortisol and corticosterone, so called 11-hydroxy—
corticosteroids (11-OHCS), have the highest activity to carbohydrate

42’52’69). Content of these hormones in

metabolism in adrenocorticoids
etther blood or adrenal glands is very small and they are labile to high
temperature. Therefore, 1i- OHCS levels in the living body were not
determined easily, but many kiods of new methods have been improved
recent,ly.79)

In addition the relative amounts of cortisol and corticosterone vary
widely ameng species, though either cortisol or corticosterone (or a
mixture of both) is uniformly present in blood of various species]9’45).
Moreover, it is also sugpested that there may be a difference between
action of cortisol and that of corLicosLeronedz). From such reasons, it
is necessary to consider not only the total level of 11+ OHCS .but also
the ratio of cortisol to corticosterone (FE~/B ratio) in plasma and adrenal
glands. However, no routine method for separation of cortisol and
corticosterone is available yet.

The First purpose in this study is to obtain an microquantitative
method for 11~ OHCS levels in botb plasma and adrenal tissue of domestic
animals. The second is to get a method for determination of the F B

ratio. The third is to confirm accuracy of the methods obtained.
1. Materials and Methods

a) Sample;

Blood samples were taken from the jugular vein of cattle and sheep,
from the heart of rabbits and from the cervical artery of decapitated
domestic fowls and rats. Heparin sodium was added as an anticoagulant.
The heparinized blood was centrifuged for 20 mibnutes and the supernatant
plasma was stored at ~—20°C. The adrenal glands removed from animals
were immediately trimmed, weighed apnd stored at —20°C.

The blood plasma and adrenal glands of cattle were offered from the
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public slaughter house of Kyoto city. Sheep, rabbits and rats had been

fed at tbe experimental farm in Kyolo University.

b) Heagent;

An extra pure reagent of methylene chloride was distilled at 385°C
prior to use- Apnd the methylene chloride used for analysis was distilled
and used again. Etbanolic-sulfuric acid (75 V/V %) was prepared by slowly
adding one volume of ice-cold ethanol to three volumes of ice-cold
concebtrated sulfuric acid (Guaranteed Reagent), the mixture being cooled
in ice-cold water. This mixture was freshly prepared at each experiment.
Fluorescence was unstable unless the temperature of the scolution was

prevepted from elevating at the preparation.

¢) Standard hormone;
Cortisone, Deoxycorticosterone, Corticosterone {Merk) and Cortisol

{(Takeda) were used as standard hormones in this study.

d) Inpstrument and apparatus;

It is essential to keep all glasswares absolutely clean. Such
treatments as rinsing with chromic acid evernight, the following rinsing
with water and fipally washing with distilled water, were found to be
adequate.

Glass stoppered tubes should be nsed for all extractions at any cost.
If a plastic stoppered tube was used, it was impossible to measure the
optical density of glucocorticoids at the wave length of 240 ma, at
which peak absorption in the hormones occurs, because some substances
extracted from the plastic stopper by methanol had remarkable absorption
at the wave length under 290 mg (Fig. 1).

A Hitachi Spectrophotometer-124 type and a Shimazu~Kotaki

Microfluorometer-UM type were used.

e} Preparation of thin layer plate;

Thin layer plates were prepared following STHAL's standard met.hodéo).
The outline is as follows; a suspension was made from 30 g of Kiesel
gel H (Merk) and 65 ml of distilled water by triturating in a mortar.

This suspension was placed in an applicator (Yazawa Scientific
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20}

Optical density

240 260 280 300 320
Wave length (me)

Fig. 1. Absorption curve of substances extracted from

a plastic stopper by methanol

Instrument Co.) and applied onto 4 pieces of glass plate, 20 x 20 cm,
to make a thin layer of 250 # in thickness. They were allowed to stand
about 15 minutes in the atmosphere and dried at 130°C for 1 hour to

activate. The plate was preserved in a tightly closed vessel.
2. Results and Discussion
(1) A quantitative method of piasma 11-OHCS leve!

a) Extraction of 11-OHCS from plasma
An extractive soivent must be selected with which only 11-OHCS
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are extracted as much as possible. Regarding these points, methylene
chloride seemed to be the most superior solvent.
The extractive procedure was investigatled, using methylene chloride

as the solvent. The recovery with standard deviation of cortisol (08 ug)

Table 1. Recoveries of cortisol and corticosterone added to

plasma
Sample Amount Recovery (%)
Animal volume added Number s A
(m¢) (ng) Cortisol Corticosterone
Cattle 10 a3 2 i122
0.4 2 982
Cattle 4 0.8 8 974190%
0.4 12 10 12+1 042
Cattle 4 04 2 985
02 2 1006
Rabbit 4 08 2 917 )
0.4 2 1086

a): Meantstandard deviation of the mean

or corticosterone (04 ntg) added to 4 ml of plasma of cattle was 974 &
90 % or 1012 *+ 104 9%, respectively (Table 1}. These recoveries were
quantitatively sufficient and their standard variations were lower than

5); the recovery of cortisol was 983 + 174 %.

those by Braunsberg1
Finding that the large variation of recoveries especially depended on the
technique of shaking for extraclion, the variation was improved to be
smal ler.

The results of Table 1 also indicated that 11-QHCS in plasma could
be extracted to the similar extent by the present method and technique,
regardless of the various volumes of plasma, the various plasma 11-QHCS

levels and plasma samples of the different animal species.

b) Measurement of 11-CHCS

The various methods for measuring adrenocorticoids have been considerably
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improved for these tca vears. These methods can be classified into the
23,27,78,113,169,170)

following three classes; colorimetric procedure
7,36)

fluorometric proccdurc”’s’s']s” and radioisotlopic procedure

A comparison of the sensitivily among some colorimetric methods
was carried out in the first instance. As shown in Fig. 2, sulfuric

170)

acid chromogen mclhod169) and ultraviolet (I'.V.) ubsorption method

were more spectrophotometrically sensitive than the others.

1.0} (d)

o
e

Optical density

{c)
{b)

10 20 30 40 50 (zg)

Amount of cortisone in 3 ml of various solutions

tajs U'» V. Absorption Method

{bl? Diphenylamine Reaction Method
()t Porter-Silber Reaction Mcthod
(d): Su!furic Acid Chromogen Method

Fig. 2 Absorbance of cortisone by various spectrophotometric

me thods

Although it was tried to measure the final extract fram 10 ml of
plasma of cattle, the hormones were too little to be detected even by
the two colorimetric methods. The absorption curve of the extract from
about 100 ml of plasma did not have peak absorption specific for gluco-

corticoids. The extract from larger amount of plasma was purified by
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thin layer chromatography and cortisol and corticosterone {ractions were

separated. The absorption curves of the two fractions by sulfuric acid

e—e Cortiscl fraction
X---x Corticosterone fraction
02
>
»
o=
3 AN Gl
Bt N X N /J‘
'5_ \;": ;Il
S —
240 260 280 300 320 340
Wave length (mat)

Fig. 3 Absorption curve of the substances exiracted from plasma
and purified by thin layer chromatography by sulfuric acid

chromogen method

in Fig. 8, indicating that they were

chromogen method were as shown
149)

identical to lhe curves of cortisol and corticosterone
The results suggested that these colorimetric methods were practically

lacking in sensitivity and specificity for glucocorticoids. Therefore,

such methods were not probably adequate to routine analysis because they

wou!d need a great amount of plasna and much time.

0)

The results

Secondly, the sensitivity of U.V. absorption melhod17 was compared

with that of fluorometric method advanced r6cenlly147).
indicated that the latter was strikingly more photometrically sensitive
than the former, as shown in Fig. 4.

Fluorescence of the major adrenocorticoids was measured as shown in

Table 2. Fluorescence readings of cortisol and corticosterone were
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Fluorescence reading or transmittance (%)

Amount of Bor P in 5 m¢ of solutions

Bl = Corticosterone; (Fl: Cortisol

—+ Fluorometric Method

==-: Spectrophotometric Method

Fig. 4 Fluorescence reading and transmittance of corticosterone

and cortisol by fluorometric and spectrophotometric methods

Table 2 Relative fluorescence of adrenocorticoids

Item F-R./#ga) Exponent
Corticosterene 820 100
Cortisol 478 58
Deoxycorticosterone 0.35 0.4
Cortisone nog 0.1

a)s This was converted into the fluorescence reading per 1 #g of
steroid
—10—



extremely high, while the others were only faint.

I't was suggested from these results that the fluorometric procedure
was the most adequate to determine the minute level of 11-QHCS in
either plasma or adrenal glands.

Conditions for fluorometric measurement of 11-OHCS with Shimazu-
Kotaki micro-fluorometer-UM type were investigated.

When the ethanolic-sulfuric acid solution contained either cortisol
or corticosterone was maintained at high temperature, the fluorescence
reading rapidly increased and reached a maximum at the early time, and
decreased very fast. When it was maintained at low temperature in the
reverse, the reading slowly reached the maximum. It was suggested from
these results that about 20 T was the most adequate as temperature for
the standing.

As shown in Fig. 5, fluorescence readings of cortisol and corticosterone

40t
Cortisol

g" 30 . - o -
'-c_:a /" e ———
o
- 3
% Corticosterone
bt
z
[=]
= 10
.

0 A A i

20 40 60
Aging time (min.)

Fig. 5. Effects of aging time on the fluorescence of corticosterone

and cortisol



varied as the time proceeded at 20 T. Fluorescence reading of cortisol
reached a plateau at about b minutes after addition of ethanolic-sulfuric
acid and remained high leve!l for a long time, while that of corticosterone
was elevated slowly and reached a maximum at 20 minutes, and began to
decrease at 40 minutes after the addition. Based on these results,
fluorescence of either cortisol or corticosterone was measured at 30
minutes after the addition.

Under these conditions, relationships between amounts of either
cortisol or corticosterone and the fluorescence readings were as shown

in Fig. 6. The relationships fitted the law of Lamberti-Beer, if the

/
80} , I,
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60| 7 ’/
¥/
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@ s Corticosterone ; (F)s Cortisol
0 L .

2.0 4.0
(nrg)

Amount of (B) or (F) in 5 m¢ of ethanolic =sulfuric acid solution

Fig. 6. Standard curves of corticosterone and cortisol



amounts were less than 2.0 #g per 5 ml of ethanolic-sulfuric acid in
cortisol and less than 1.0 #g in corticosterone. But self-absorption
effect of the fluorescence was observed 1n the case of above each level.
This result was in approximate agreement with the report by SWEAT‘47)
that cortisol more than 6.5 #g resulted in sel f-absorption effect. A
relationship between amounts of each hormone and the fluorescence
readings was linear and useful for the measurement in the case of
smaller amount than each limit; 2.0 2g of cortisol or 1.0 g of
corticosterone per 5 ml of ethanolic-sulfuric acid. An amount of either
cortisol or corticosterone used for standard was 0.8 ug or 0.4 ug,

respectively.

¢) A quantitative method of plasma 11-OHCS level

The outline of the procedure i1s shown in Fig. 7. Plasma samples

PLASMA ADRENAL TISSUES
Prewashing: Extraction:
Add Petroleum Ether. Add 70% Ethanol and quartz sands.
glenake in slgwly REor l\ermJEn 0 Grind by a glass rod.
ntrifuge 2500 R.P.M. for 10 min. h
! Discard upper layer. EXTRACTS
Washing:
Washed PLASMA « Add Petroleum Ether.
Extraction: Shake for 1 min.
Add Methylene Chioride. Centrifuge 2000 R.P.M. for 10 min.
Shake in slowly for 10 min.
Centrifuge 3000 R.P.M. for 10 min. Washed EXTRACTS
Discard upper plasma. Dilution:
EXTRACTS Add water
Washing:
Add Sodium Hydroxide.
Discard upper iayer.
(Repeat 2 times) -

Centrifuge 3000 R.P.M. for 5min.
Washed EXTRACTS

Fluorometry: )
Add Eghanolic- Sul furicacid sslution.

Stand 30 min_ at roam temperature (about 20 °C).

Fig. 7 The determination of 11-0HCS in plasma and adrenal

tissues



were poured into glass-stoppered centrifugal tubes and were shaken for 5
minutes with the three volumes of petroleum ether. A particular attention
was needed at the shaking because plasma laver could not he easily
separated from petroleum ether, if the shaking was too vigorous. After
centrifugation (2500 r.p.m.) for 10 minutes, the petroleum ether layer
was discarded. The washed plasma(a ml, was transfused into the other new
centrifugal tube or a separatory funne! and shaken for 10 minutes with
the five volumes of methylene chloride (b ml). 1f the shaking was too
vigorous, methylenc chloride and plasma were inseparable. If too weak,
vice versa, either cortisol or corticosterone added to plasma were not
recovered completely. 1t was required that a constant shaking intensity
was always kept. After the shaking, i1t was centrifuged for 10 minutes
again. When a volume of the plasma was less than 4 ml, methylene
chloride extract was casily separated from the plasma layer. After the
upper plasma layer was discarded, the lower extract layer was shaken
vigorously for 30 seconds with the 1715 volume of 0.1 N sodium hydroxide,
and allowed to stand untii the separation into two layers appeared clearly.
After removal of the upper sodium hydroxide layer, the lower extract was
shaken with the sodium hvdroxide solution in the same way as the previous
case, and centrifuged with 3000 r.p.m. for 5 minutes.

After the removal of the upper Jayer, methylene chlioride extract
(c ml) was transfused into the other new centrifugal tube. This extract
cooled in ice-cold water was shaken for 20 seconds with 5 or 4 ml of ice-
cold ethanolic-sulfuric acid solution and allowed to stand in ice-cold
water for a few minutes until the mixture was definitely devided into
two layers. The upper methylene chloride layer was removed carefully.
The lower layer was allowed to stand 30 minutes at the room temperature
(about 20°C) and measured by the fluorometer. At that time, 1F-470 mu
and a combination of U'V-Og, and FL-B2 or FL-530 m# were used as the
primary filter and the secondary filters, respectively.

Plasma 11-OHCS level (M #g7100 ml) was calculated by means of the

following formul a;

X =X, b
M=P x =-——'x —«x
X~ X, C a

100




X ¢ Fluorescence reading of a sample

Xo+ Blank — fluocrescence reading of only the residue of methylene
chloride

Xg: Standard — fluorescence reading of a certain hormone (P 2g)

and the residue of methylene chloride
(2) A quantitative method of adrenal 11-QHCS level

To extract 11-QHCS from the ground adrenal tissue, HAINES'49),

MACCHI"' 577)and GUILLEMIN'sM)methods have been krnown up to date.

HAINES' 49) method is complicated and takes much time. The latter two

46,77)

me thods are suitable to extraction of corticosterone like corticoids,

but not to that of cortisol%).
A method for extraction of both cortisol and corticosterone was
investigated in this experiment, based on the suggestion of NISHIKAZEQB).
The outline of the method for determination of adrenal 11-QHCS
level is shown in the right half of Fig. 7. Adrenal tissue ( a mg) was
placed into a centrifugal tube and ground by a glass fod with the help
of quartz sands. Ten ml of 70 % ethanol per g of adrenal tissue was
added and the tissue was ground thoroughly. It was vigorously shaken
for one minute with the three volumes of petroleum ether and centrifuged
at 2000 r.p.m. for 10 minutes. The upper petroleum ether layer was
discarded. At this time the lower ethanolic layer should not be removed
even a little. Content of ethanol in the exlract was adjusted to 30 %
with water. The final volume was b ml. After shaking gently, the extract
was centrifuged at 2000 r.p.m. for 10 minutes again and the remaining
petroleum ether and floating substances were discarded. This extract
(c ml) was re-cextracted with d ml of methylene chloride. And the methylene
chloride re-extract (¢ mi) was measured fluorometrically as described in
the measurement of plasma 11-OHCS.
Adrenal 11-OHCS level (N pg/100 mg) was calculated by the following

formula;

X—X, b d 100

X.— X c e a



X ¢ Fluorescence reading of a sample
X + Blank — fluorescence reading of only the residue of methylene
chloride
Xg+ Standard — fluorescence reading of a certain hormone (P Ag)
and the residue of methylene chloride
Recoveries of cortisol and corticosterone added to adrenal tissue
were 85.3 = 11.1 % and 108.0 * 12.0 %, respectively. Although the
recovery of cortisol was somewhat low, the method was considered to be

utilizable, so far as it was used for a comparison among animal species.
(3) Separation of cortisol and corticosterone

Since both cortisol and corticosterone in plasma and adrenal glands
were very low levels and thermolabile, it was considered to be difficult
to isolate each hormone from such samples in the past. Recently, thin
layer chromatography (TLC) has been recognized as a valuable analytical
toocl. This seemed to be superior, regarding separability, sensitivity,
developmental rapidity and simplicity of the apparatuses and the procedures
than the other chromatography. Then, TLC was utilized in order to isolate
cortisol and corticosterone independently from the extracted residue of

plasma or adrenal glands.

a) Development
It was reported that the mixed solvents of two or more reagents were

superior as the developing solvent for separation of adrenocorticoids”’

86’”2’149’160). These solvents were compared with each other regarding
stability and separability. As the results, chloroform-methanol solvent
(90 © 10, U“V) was adopted.

As shown in Fig. 8, Rf values of cortisol and corticosteropé with the
solvent declined as the time proceeded and became constant in one hour
after pouring the solvent; 0.46 £ 0.03 and 0.57 t 0.03, respectively,

indicating that saturation time of the developing solvent was one hour.

b) Detection

For detection of adrenocorticoids on thin layer plate, sulfuric acid

149) 143)

spraying method y antimon-trichloride method , fluorescein~sodium
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«—e Corticosterone
x---x Cortisol}

Lo}

()
=
=
> 05
e
A 1 1
0 30 60
Saturation time (min,)
Fig. & Effect of the saturation time on the Rf value of
corticosterone and cortisol
method 86), tetrazolium blue melhodwo), iodine-vapour melhodm), vanillin
methodsz), etc,, have been developed.

Detectionable limits of deoxycorticosterone and cortisone by three

melhod581’82'86) were shown in Table 8. It was reported that antimon-

Table 3. Minimal detectionable amount of deoxycorticosterone

and cortisone on TLC by thrce methods

Substance Flucg:scein Vanillin Iodine
Deoxycorticosterone Q5 0.5 1.0
L0 2.5 2.5

Cortisone

Unit: pmg; Diameter of spots 2 Ca. 5 mm



?) were more sensitive

trich]oride145) and sulfuric acid spraving method14
than these methods; even 0.1 #g of an adrenocorticoid could be detected
by both the methods. The sensitivity of iodine-vapour method was not so
high as shown in Table 3. However, the part of double bonds in the
molecule of an adrenocorticoid binds loosely with iodine and shows a
visible color, and this color disappears gradually. And the property of
the hormone is not changed through this procedure81{ The fluorescence
reading of 11-OHCS was not affected by the spraving of todine-vapour.
Therefore, the iodine~vapour method seemed to be superior for the
quantitative determination of the hormone after the detection. Fig. 9
showed the portions of cortisol and corlicosterone in a sample presumed
from those of the detectionable amount of standards by the spraying of

iodine-vapour.

B ° Y % ° |oB
(F) o M e [ow
X ° . X

¢ . Extracts from sample
X : Standards which contains cortisol (F) and

corticosterone (B)

Fig. & Portions of cortisel and corticosterone presumed,

based on the Rf values of standards



c¢) Elution
It had been difficult to isolate purely and quantitatively a substance
from the 'silica gel’. The difficulty had prevented TLC from being
utilized to a quantitative analysis. Some methods have been proposed
for the elutionsl’m’?é’mn, but their methods had any defects. The
modified MATTHEWS' method was used in this study. The apparatus was
shown in Fig. 10.
If the elute was dried by the
help of No gas flow on water bath,
the recovery was not high. The
residue might be blown off by the
gas flow, attaching to corpuscles
of silica gel. This difficulty
was overcome by the next procedures;
3 volumes of the ice-cold sul furic
acid were slowly added to 4 volumes
of the ice-cold elute of methylene
chloride-ethanol (3 : 1, VV),

and shaken vigorously for 20

seconds. Such mixed solution Fig. 10. Elution apparatus for the
was allowed to stand in ice- isolation of cortiso! and
cold water until two layers corticosterone from the
appeared clearly. The upper "silica gel"

methylene chloride layer was

discarded. The lower layer

(75 % ethanclic-sulfuric acid contained the extracted hormones) was
allowed 1o stand 30 minutes at about 20, and was measured by means of
the fluorometer.

Recoveries of cortisol and corticosterone added on TLC plate by the
modified elution method are shown in Table 4. The recoveries without
development and detection were 91.7 % and 90.8 % in cortisol and corti-
costerone. respectively. Recovery did not change even if more amounts
of 2 hormone were applicated on thin layer plate. The recovery with
development and detection was slightly lower than that without development
and detection, but no difference between the recovery of cortisol and that

of corticosterone was appreciated.



Table 4. Recoveries of cortisol and corticosterone obtained by

elution from TLC plate of Kieselgel H

Recovery (%)

Amount
Item added ~ —Ae ~
(ng)
Pre-Development Post-Devel opment
_ 2.0 9 0.8 (2)a/
Cortisol 5
0.8 9 1.7 (3) 81.0+972(5)
_ .0 8 95 (2)
Corticosterone
0 4 9 038 (3) 815+ 1388(5)

a)s Each number in parentheses shows the number of replications

t): Mean T standard deviation of the mean

It was suggested, therefore., that the modified elution method could

be used in order to estimate E/B ratio in plasma and adrenal glands.

d) A method by means of TLC for separation of cortisol and corti-
costerone

The outline of the obtained method is as follows; a methylene
chloride extract from either plasma or adrenal tissue was dried by
flowing Ny gas on water bath (40 — 50°C). This residue was dissolved
in a little amount of methvlene chlioride and spotted on thin layer plate
at a position of 2.0 an above the lower end of the plate using a glass
capillary. The standard mixture of cortisol and corticosterone was
als.oAdissolved in methylene chloride and spotted on the same line of
both sides of the sample. After the solvent was thoroughly evaporated,
the thin layer plate was put quietly into a developing vessel which had
been saturated with a vapour of the developing solvent — chloroform and
methanol (90 10, V.7/V).

In order to facilitate saturation, a piece of filter paper soaked in
the developing solvent was placed inside the vessel, The development
was done by ascending solvent chromatography at room temperature and

completed when the solvent moved 10 cm upwards. The plate was taken



out and dried.

Iodine-chloroform sclution (0.5 %) was sprayed on the plate and the
positions of cortisol and corticosterone were presumed from those of
standards as shown in Fig. 9. The "silica gel" of the positions drawn
oblique or horizontal line was transferred on the apparatus (Fig. 10)
and washed with a mixed solvent of methylene chloride and ethanol (3 : 1,
VV) until the elute reached 5 ml.

This elute was cooled in ice-cold water and 3.75 ml of sulfuric acid
was added gently. It was vigorously shaken for 20 seconds and allowed to
stand in ice-cold water until two solvent layers appeared clearly, After
removal of the upper meihylene chloride layer, fluorescence of the lower
layer was measured under the same conditions as described at the deter-
mination of plasma 11-OHCS level.

E“B ratio was calculated according to the following formula;

.
Xi= Xo1r  Xst
E/B ratio = X =
Xp~™ Xop _P X ¢ (X~ Xop)
xsb

qub(Xf"- X )

of

Xf or Xb + PFluorescence reading of cortisol or corticosterone
fraction in a sample, respectively

Xofor Xob: Blank — fluorescence reading of the position OF or
OB in Fig. 9. respectively

Xsfor Xsb: Standard — fluorescence reading of cortisol (q Ag)

or corticosterone (p Mg), respectively
{4) Precision of the methods obtained in this study

The determination of 11-OHCS level was repeated twice on the same
plasma sample. The difference between the two values was 4.3 + 3.2 %
of the mean. A value of plasma 11-OHCS level obtained by the method
seemed to be comparaltively precise.

As much impurities existed in plasma in spite of the very minute
level of 11-QHCS, it was not clear whether only 11-OHCS themselves

were measured by the method or not. Then, source and emission spectrums



of fluorescence radiated from plasma extracts of sheep, catile and rats
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Fig. 11. Source and emission spectrum of fluorescence radiated from
cortisol (F), corticosterane (B) and plasma extracts of sheep,

cattle and rats

were investigated. The results are shown in Fig. 11. All samples showed
the same curve as either cortisol or corticosterone standard and had a
single peak at the wave length of 465 m# or 520 mu by the side of exciting
or analyzing light, respectively. These results indicated that the
impurities radiating fluorescence under the same conditions as 11-OHCS
were almost perfectly ruled out from the present determination of 11-OHCS.
The separability of cortisol and corticosterone was examined on adrenal

extracts of cattle and rabbits, and standard mixture of cortisol and

-9 92



corticosterone (2 ¢ 1). Fluorescence of the positions located on every

0.5 cm of width from the origin was measured. The good separation of

20 Cattle Rabbi t F & BMixture

10 p

Fluprescence reading

O X O

Absolute Rf value (cm)

X Shows the position of cortisol (F)

(O): Shows the position of corticosterone (B}

Fig. 12. Thin layer chromatograms of cortisol (F), corticosterone

(B) and adrenal extracts of cattle and rabbits

cortisol and corticosterone was appreciated by the chromatogram of
standards as shown in Fig. 12. The E/B ratio of the standard was 1,98

and exactly equal to the mixing ratio (= 2).



Chapter [i. Adrenal weights in various animals

The evaluation for adrenal weight as a wav to know adrenocortical
activity varied among investigators. DUYCK’®) and SANZARI ') eported
no significant correlation between adrenal weight and corticeid secretion
rate in rats and dogs, respectively. On the other hand, SAYERS’ZB)stated
that adrenal weight 1s a good index of adrenocortical activity,.

Suppose an organ occupies the part in body according to its need, it
is considered that adrenal weight might be useful to evaluate the impor-
tance of adrenal glands. As the first step, adrenal weights were surveyed

and compared among various animals.
1. Materials and Methods

Cattle (Japanese Black and Holstein), sheep (Japanese Corriedale),
rabbits (Japanese native), domestic fowls (White Leghorn) and rats (Wistar
strain) at the experimental farm in Kyoto University, were used in this
investigation.

Japanese Black and Holstein were young fattening steers about eighteen
months of age. The ages of other animals were about one to two years in
sheep; sixteen weeks in domestic fowls; five months to two years in
rabbits; one month to two years in rats.

Adrenal glands were taken out as soon as possible after slaughter of

animals, and immediately trimmed and weighed.
2. Results and Discussion

Body weights and adrenal weights of various animals are shown in
Table 5. Adrenal weight of the female rat was heavier than that of the
male, but the sexual difference was not appreciated in Japanese Black
Cattle and in rabbits.

SANZARIQS) reported that a statistically significant correlation
was found between body weight and adrenal weight. The adrenal weight per
unit of body weight (AW/BW) nas been often used for comparisons of the
adrenal weight among animals whose body weights are different each other
26’97). The AW/BW is shown in Table 6. The increasing order of AW/BW



Table 5 Body weights and adrenal weights in the various species of

animals
Animal Sex Number Body weight{kg) Adrenal weightl)(g)
Female 6 428+24% 12.8+20 2
Cattle Japanese Black Steer 11 474132 137114
Male 2 501t18 1371+09
Holstein Male 12 361+150 136t56
Sheep Wether 9 335Lt39 2641+ 048
F l 10 . T 0O *
Rabbi t emale 1.41+£023 .232F0051
Male 12 1.41£021 1234+t0037
Domestic Fowl Male 18 L56 009 01380021
Rat Female 24 0L195+0065 00570019
a
Male 25 0.274+0099 0.0451+0013

1) The values are the combined weights of left and right adrenal glands

2) Mean 1 standard deviation

was as follows; cattle < sheep < domestic fowls < rabbits < rats.

It was reported that AW/BW was 30.1 mg/kg (mean of six) in Japanese
Bee § Catt]e168). 58 mp kg (five) in sheep155), 176 mi kg (ten)w), 90.5
mg kg (twalve)16) in the male white Leghorn, 76 mg/kg (six)]és)
laying hen, 107 to 136 mg/kg in the male r31526'57‘95'125) and 264 mpkg

(thirty five) in the fema]e‘%). The present data coincided with these

in the

values.

Although AW/BN has been often adopted in the experiments dealt with
a limited weight range, with a single species, or wilh a few closely
related species, its manner cannot be useful over a large weight rangeZ1).
CHRISTIANZD recommended to take the ratio of logarithmic adrenal
weight to logarithmic body weight.

From the point of view that the heat given off as the result of
metabolism is directly proportional to body surface, t.s., metabolic

body weight (“’3/4), it is supposed that the functional importance of



Table 6 A comparison of the adrenal weight per unit of body weight

{AWBW) and that of metaholic body weight (AW MBW) among

various species of animals

Adrenal weight

Adrenal weight

Animal Sex - - ; I
Body weight Metabolic body weight
(mgkg (mgkg)
Female 298+392 1355+t181%2
Cattle Japanese Black Steer 292+40 1359+171
Male 2783+ 28 1292+122
Holstein Male 390+789 16503 19
Sheep Wether 8§011188 19 1L5+415
i Female 1672 K4 1.7 1806 +t419
Rabbit
Male 1630+373 18281+364
Domestic Fowl Male 887t1LS5 9301133
Female 3009EL4727 1948t24a3
Rat
Male 1806 K573 1250+2729

1) Metabolic body weight is body weight to the three-quarters power

2) Mean * standard deviation

adrenal glands related to metabolism could be evaluated through adrenal
weight per unit of the metaholic body weight (AW MBW).

There was no

significant difference in the AWMBW among animals except that the

AW MBW of domestic fowls was significantly small.

If either body weight or metabolic body weight was more closely
related to the adrenal weight, the variability in values of the adrenal
weight divided by the more closely related weight should be smaller than
the other. Nevertheless, their co-efficients of variation were nearly

equal; 18.8 & 6.8 % in the AW/BW and 17.0 + 4.8 % in the AWMBW.

is suggested that both indicators are equal ly valuable as a measure, if

any, which shows an importance of adrenal glands in body.
As a whole, adrenal glands in ruminants were smaller than that in

non-ruminants in regard to the degree of occupancy, but the former were

functionally as important as the latter.

—2 6
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Chapter II. 11-OHCS levels in both blood plasma and adrenal

tissue of various animals

It has been stated that glucocorticoid tevels in plasma75‘”1)

57)

and in
adrenal tissue are the good criterions of the adrenocortical activity.
Although many investigators have determined glucocorticoid levels in

plasma of various animals7’26’75’97'106’125’124’150’152’165),

there exist
some questionable problems in their methods. No report concerning
plasma glucocorticoid levels under the same conditions through various
animals is available yet. Levels of glucocorticoids in adrenal glands
have not been reported in most of domestic animals.

It has been known that the majority of glucocorticoids in both plasma
and adrenal glands is either cortiso! or corticosterone (or a mixture of
both) in all species, but the relative amounts of cortisol and corticost-
erone vary widely among animal species19'45). Moreover, it was described
that there might be difference between the action of cortisel and that of
corticosterone42). From such reasons, it was necessary to consider not
only the total level of 11-OHCS, but also E/B ratio in plasma and
adrenal glands.

11-OHCS levels and F/B ratios in both plasma and adrenal glands

were compared among various animals.
L Materials and Methods

The used animals, the bleeding technique and the recipe for blood
plasma and adrenal glands were described previously (Chapter I). The
samples were carefully collected under the conditions to give "resting
level” of 11-QHCS.

11-OHCS levels and F/B ratios in plasma and adrenal tissue were

determined according to the methods obtained in the previous study

(Chapter I).
2 Results and Discussion

The levels of 11-OHCS in both plasma and adrenal tissue are shown

in Table 7. The levels of 11-OHCS in plasma of cattle, sheep, goats



Table T A comparison of 11-0H(S

among various species of animals

levels in plasma and adrenal tissues

i mal S Piasma 11-OHCS lewl Adrena! 11-0QHCS leve
Anima cx (g 100 ml) (ug. 100 mg)
Female S 129+ 173( 6)?

Ca ttlea)Japanese Black Steer

294t+ag84( 6)¥

207 E£058(12)

Male 217t064¢( 4) 283 1:1.23( 4)
Holstein Male 243 +0.95(15) 272 11.14(10)
Sheep? We ther 320 -116(186) 211+248( §)
) Female 3233E083( 2) -
Goat
Male 2114011( 2) -
R.abb'tb) Female 623-408(13) 230+119(C 7)
’ Male 746+272(18) 1L971:062( 8)
Domestic Fowl® Mals 218+019( §) Q041002( 4)
Rath) Female 453E£830(22) Q70+037( 4)
t
2 Male 313+F182(24) Q70+023( 4)

1) No datum available

2) Meant standard deviation: a number in parentheses shows the number

of samples

a) 11-OHCS levels of the animal are prescnied as cortisol;

b) 11-OHCS levels of the animal are presented as corticosterone

and domestic fowls were lower than those of rabbits.

The mean levels

of female and male rabbits were 6.23 €100 ml and 7.46 487100 ml ,

respectively, and cvidently lower than those of rats. And the female
rats were higher than the male.

The levels of 11-OHCS in adrenal glands of cattle and sheep were
higher than those of domestic fowls, rabbits and rats as shown in Table
T. CRITCHLOW et ol.%) reported that 11-OHCS levels in adrenal glands
of rats were 1.96 + 0.27 2g-100 mg in female and 0.89 + 0.15 4ag 100 mg

in male. These values were in agreement with the present data.

—28 -



On the results in Table 7, adrenal 11-0HCS levels were higher in
ruminants than in non-ruminants, while plasma 11-OHCS levels were the
reverse of the adrenal. Cattle which the adrenal samples were taken
from, however, had been transported 60 km from the farm to the slaughter
house and fasted for about two days. And the sheep had been trans{erred
from their barn into the dissecting room and tethered in the room for 3
few hours. REID ¢t ad.]”) reported that transportation influenced
cortisol level in plasma of sheep. BARRETT et al.s) reported that rats
transferred to laboratory for experiment had high plasma and adrenal
corticosterone levels. From these facts, the adrenal 11-OHCS levels
found in cattle and sheep may not represent the "resting level®, However,
it is not well known to what degree such factors would influence on
adrenal 11-QOHCS level in ruminants. Therefore, further investigatioﬁ
will be necessary in order to discuss on the difference of the levels
among species.

It was reported that plasma glucccorticoid levels were about 1.5 Mg/

75'124), and approximately 10 #g-100 m! in the male rats

and 30 pg /100 m| in the female26’39). The present levels of both rats

and sheep were somewhat higher than the results found in the literatures
7,26,39,73,106,124)

100 ml in sheep

. On the contrary, the level of dairy cattle was lower
than the result reported by ROBERTSON ¢ al.121) and V ENKATASESHU
and ESTERGREEN'®"), but higher than the result by THOMPSON ez ac,'50)
And, WILLETT «¢ al.165} reported the similar level to the present result
in dairy cattle.

As the reasons brought about these differences, environmental conditions,
and sex, breed, age, etc. of the experimental animal could be considered.
Such influences on plasma 11-OHCS level, however, is not sufficiently
understood. Then, further investigation will be carried out later on.

Plasma glucocorticoid levels in some other animals have been reported;
10 to 24 #g 100 ml in humans > 10%+737:138) 40 + 0.8 4g 100 ml in
monkeywn, 34,0 + 0.7 #g7100 ml in guinea pigs157), 18.4 x 5.9 ug 100
ml 1n pig5152) and 5 to 10 ug7 100 ml in mice”).

As shown in Table 8, /B ratio in plasma was over 3.0 in ruminaats;
about 2.0 in rabbits; and under 0.5 in domestic fowls and rats. However,
the ratios in adrenal tissue were under 0.5 in most of the tesied animals,
except for the higher ratio in sheep; 2.9. F/B ratio in plasma was

-2



Table &8 A comparison of the ratios of cortisol to corticosterone
(F/B ratio) in plasma and adrenal tissues among various

species of animals

E/B ratiec
Animal Sex — -
in plasma in adrenal
Femalen — 04
Cattle Japanese Black Steer 36 0.2
Male 2.3 0.3
Holstein Male 6.5 0.3
Sheep We ther 38 29
Female 106 -
(Goat
Male 36 -
Female 2.3 03
Rabbi t
Male 1.9 02
Domestic Fowl Male 04 0l
Rat Female 02 004
Male 04 000

1) No datum available

different from that in adrenal tissue even in the same animal.
The present results of /B ratio in adrenal tissue were similar to

the data described on beef cattle”g), 57) 45),

riats and other animals
respectively. Although the data regarding E~B ratio in plasma had

rarely been available, it was recently reported that the ratios in plasma
of Holstein cattle were 4.0 F 1.2161) and ‘2.4165). These values coincided
with the present results.

According to the results in Tables 7 and 8, ruminants had lower level
of 11-OHCS (=4 #g~/100 m!) and higher F/B ratio (& 3) in plasma than
non-ruminants. [In regard to the low level of glucocorticoids in plasma
of ruminants, three possibilities can be suggested : 1) The higher

sensitivity of ruminants to the corticoids as LINDNER75) has al ready

--.3 0._



pointed out. 2) The existence of a specific steroid in plasma of rumi-
nants. 8) The quickness and intensity in response of adrenal cortex in
ruminants to many stressors.

Moreover, cortisol was predominant in plasma of ruminants. This
might be an adaptative symptom to the metabolism characteristic of
ruminants, as it is well known that the corticoid has the hipghest

gluconeogenetic activity.



Chapter V. Effect of season, age aad sex on plasma 11-OHCS

level

Adrenal weights and 11-QHCS levels in plasma and adrenal tissue of
several domestic and laboratory animals, were presented previously
together with F/B ratios (Chapters 11 and ). For the proper evaluation
of these results, possihle effects of season. age and sex on these
parameters should be taken into consideration. Among a few available
reports, PATERSONTUS) described that plasma !1-OHCS levels in cattle
were influenced by season. and WATANAHE%'?)
effect existed in hur-n;m:;. Regarding the effact of age, SHAW ef a[.154)

reported that plasma 11-QHCS levels of calves., 3 to 8 months old, were

reported that the similar

similar to those of adult cows. The sexual difference in plasma 11-OHCS

level was apparent in muture r31526'59),

hut that in sheep or in cattle
has not been known.
The purpose of this study is to elucidaie effects of scason, age and

sex on plasma 11-OHCS levels of cattle, sheep and rats.

1. Materrals and Methods

The breed and the nwnber of animals are presented in Table 9.
Cattle were fed at Tottori Livestock Breeding Stationﬁéﬁ and Department
of Animal Industry, Chugoku Agricultural Experimental Stationﬁ.
Sheep were fed at Thugoku Livestock Breeding Stationﬁ. Rats were
fed at the laboratory, in Kyoto University and they were moved into

individual cages 10 days before starting each cxperiment. The animals

Table 9. The breed and the number of animals

Species ' Breed Number (heads)
Male Female Total
Cattle Japancse Black 67 1490 207
Sheep Japanese (Corriedale 54 71 125
Rat Wistar 24 22 46




consisted of both sexes of various ages.

The scasons tested were early summer (June, 1969) and late winter
(February, 1970).

Bleeding technique and recipe for blood plasma were as described
previously {(Chapter I). According to 7 IMVMERMAN ¢t az,”‘), it took
several minutes for rats to show theresponse of plasma corticosterone
level after exposure 1o a stressor. The time required for bleeding was
less than one minute in this study. Therefore, the blood samples have
presumably had ‘resting level” of plasma 11-OHCS.

Blood was taken under the conditions as stress-free as possible late
in the morning. The blood sample was centrifuged and the supernatant
plasma was stored at —20°C. The determination of 11-OHCS in plasma
was carried out by the method described previously (Chapter I).

xok i All these stations belong to Ministry of Agriculture and

Forestry of Japan.

Table 10. Sexual and seasonal differences in plasma 11-QHCS levels

of cattle, sheep and rats

Plasma 11-OHCS level(p#g7100ms )

Species Season
Male Female
o Summer 147%F 049¢30) % 181%°+ 085(69)
attle Winter 166 £ 076(37) 177 L 094(71)
Summer 205 + 106(30) 278 + 096(34)
Sheep Winter 327 + 140(24) 302 + 119(87)
Sumnimer 2698 +2129(14) 39.7Zb t3019(12)
Rat Winter 3695% F1211(10) 5203% r3660(10)

¢ and 4: Means having a common letter in their superscripts
are statistically different (P<0.05)
* . Mean + standard deviation; The number of observations is

indicated in parentheses
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2 Results and Discussion

Plasma 11-QHCS levels of all animals in early summer and late
winter are shown in Table 10. Tt was also observed in this study that
plasma 11-OHCS levels of cattle and sheep were quite low as compared
to those of rats, regardliess of seasons and sexes.

Piasma 11-OHCS levels of cattle and sheep in winter were similar
to those in surmmer, while the levels of rats in winter were higher than
those in summer though the difference was not significant.

In cattle and rats, plasma 11-QHCS levels of the female seemed to
be higher than those of the male. The sexual difference was significant
in the case of cattle in swnmer (P<{0.01) 4ynd rats in winter {(P<0.05),
On the other hand, the difference was obscure in sheep.

Values of plasma 11-QHCS in Table 10 were further classified into
several groups according to the age as shown i1 Tables {1, 12 and 13, to
facilitate the analysis of possibdle effects of sex and season.

Plasma 11-OHCS levels of male and female :attle seven to twelve
months old were higher in winter than those in summer, but this seasonal
difference was significant only in the male (P<{0.01). The seasonal
effects in either younger or older ages were not significant (Table 11).
In sheep, age did not affect the sexual and seasonal difference in plasma
11-OHCS levels except that the levels in the females older than 2 years
decreased with age (Table 12).

In rats, data obtained were limited. Only a conclusion may be that
the plasma 11-OHCS levels in this species are readily affected by the
season, high in winter and low in summer. Effect of sex was obvious
only in the adult (Table 13). CRITCHLUW c¢ a5.26) reported the similar
effects in rats.

In general, plasma 11-OHCS levels in ruminants were less susceptible
to season than those in rats. However, it was interesting that plasma
11-OHCS levels in cattle 7 to 12 months old were sensitively affected
by season. This age range coincides with that in which calves are

susceptible to Kiriyoi diseasei45), and hence adrenal dysfunction could

be involved in its etiology.
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Table 13 The influence of age on sexua! and seasonal di fferences

in plasma 11-QHCS levels of rats

Plasma 11-OHCS level (ug”7100m¢)

Age Season

Male Fema le

Old Winter 4 1.7(2)% 181(2)

. Summer 2 5.2(5) 4 5.1(5)
ddl

Middle Winter 32.3(8) 5 4.4(3)

Young Summer 2 2.0(6) 3 4.3(5)

~ Winter 3 78(5) 6 4.1(5)

Suckling Summer 3 9.9(8) 400(2

2 )! Number in the parentheses shows the number of samples
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Chapter V. Etfect of physical and psychological stresses
on plagsma 11-OHCS level

Seasonal variations in plasma 11-OHCS levels were investigated
previously (Chapter V). It was suggested that the level in cattle and
sheep might be more stable than in rats as described by KNIGGE68),
indicating that adrenal cortex of ruminants might respond less sesitively

to a stressor than that of rats, There are some evidencesﬂé’]‘?’”

to
supporl the inference.

In this study, the responses of plasma 11-OHCS level were investi-
gated by exposing the selected species of animals to some stressors.
Meteorological stressors, #.¢., "cold" and "hot" temperatures, and
transportation were selected as physical and psychological stressors

according to REID'162117),
1. Materials and Methods

Young fattening steers about 16 months old (Japanese Black), adult
wethers (Japanese Corriedale) and adult male rabbits (Japanese native)
and rats (Wistar strain) at the experimental farm in Kyoto University
were used.

This study consisted of 3 experiments. The treatment of each
experiment was as follows; Exp. I ("hot"' stress)! sheep and rats were
moved from outdoor environment into a hot room of phytotron at about 6
A.M. The temperature was increased 16 — 21°C by the transfer (Table 14).
Exp. II {("cold" stress): sheep and rats kept in the hot room for five days
were moved back to the outdoor environment at 1 and 6 — 7 A.M., respec-
tively. The temperature was decreased 15 — 20°C by the second transfer.
These two experiments were performed in the period from February 6 to
March 18, in 1970 in Kyoto. Blood samples of sheep (4 heads) were taken
from each animal at 0, 1, 2, 4 and 8 hours after the move. In rats (8
heads), the samples were taken from different animals allotted to each
time, z.e., 0, 1-2. 1 and 2 hours.

Exp. II (psychological stress): cattle, sheep and rabbits were trans-
ported by a truck for 120, 90 and 10 minutes, respectively. Blood samples

were taken from each animal at 0, 1, 2. 4 and 8 hours after the beginning



Table 14. Conditions of Experiments I and [I

Experiment T ("hot" stress) Experiment I ("cold" stress)
Animal Time Difference of ) Time Difference of
Date“) at the start the temperature Date?’ at the start the lgmperature
of treatment (°C) of treatment {°C)
6 a.m. 5130 21(—1— 20)8) 912 a.m. 1:00  15(20—5)0)
Shee .
P 3 2 a.m. 6:3686 21(—2—189) 17 am. 100 19{20— 1)
218 a.m. 6230 18( 4 -20) 2,26 am. 7:00 200(20—10)
Rat . _
% 7 a.m. 6:00 19( 1:-20) 218 a.m. 6300  18(20—2)

a) These experiments were carried out in Kyoto in 1970
b) The numbers in parentheses show the temperatures of outdoors and

the room of phytotron

of transportation in sheep {4 heads). In rabbits blood was taken from
all animals (12 heads) 10 days before the exposure to the stressor to
determine the initial level of plasma 11-OHCS. After the exposure,
the samples were taken from different animals allotted to each time,
t.e., 172, 1, 2 and 4 hours. In cattle (4 heads) it was also made from
each animal at one day before, and 2 and 24 hours after the beginning of
transportation.

The bleeding technique and the method for determinatinn of plasma
11-OHCS were described previously (Chapter ).

2. Results

As shown in Fig. 13, plasma 11-QHCS levels in sheep somewhat
increased at 4 hours after the exposure to the stressor, but decreased
beneath the initial value at 8 hours. In rats, the levels increased
rapidly and significantly (P<{0.01), but returned to the initial value
within 1 hour after the exposure.

Plasma 11-OHCS levels in sheep and rats responded to the "cold"

stress as shown in Fig. 14. The changes in sheep after the exposure

to the stressor were not significant. if any. However. the levels in
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rats increased rapidly and significantly (P<0.05) after the exposure.
and it remained high leve! even after two hours. _
After transportation the levels in cattle and shecp increased twice
the initial value. The levels in rabbits increased three times the initial

regardless of the shorter duration of transportation (Fig. 15).
3 Discussion

In general, the actions of glucocorticoids may be divided into two
main classes: one is to help or protect the animal body from stiresses
by increasing the resisting ability, and the olher is to regulate the
metabolic pattern“).

It was obtained the results that plasma 11-0HCS levels in sheep
were not changed significantly by meteorological stressors, but those in
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rats were increased rapidly and significantly. REIDHé) reported that
plasma cortisol level in sheep was not altered by exposure to cold, even
in combination with other types of stressors; undernutrition and pregnancy.
On the other hand, acute exposure to cold caused a transient rise of

adrenocortical activity in rats, though the activity was indirectly evalu-
131,166}

164)

ated by adrenal ascorbic acid depletion test And in humans a
cold exposure increased the adrenocortical activity
Plasma 11-OHCS levels increased rapidly in all the animals subjected

to transportation (Fig. 15). The response in rabbits was more remarkable



than that in elther sheep or cattle, REID et al.117) reported that serum
cortisol level in sheep was increased by transportation. h&ESC}DM(S9D)
reported that urinary neutral steroids increased in the bull following

15 —40 km transportation. It is obvious that transportation of long
duration might be stressful in physical means, but effects of transpor-
tation of short duration should be investigated from psychological
viewpoints. REID et 61.117) and REIDHé) listed the short transportation
as a psychological stressor.

So far as plasma 11-OHCS are concerned., it is suggested that rumi-
nants are less sensitive to a physical and a psychological stress than
non-ruminants. The results also indicate that a psychological stress
wou ld cause rather trouble in the practical husbandry of sheep than a

physical stress.

10 -

Plasma L1-QHCS level {(pg/100mé)

Time in hour

Fig. 15. Influence of iransportation on plasma 11-OHCS level in cattle,

sheep and rabbits {Exp. I

Each mark shows mean plasma 11-OHCS leve! and standard deviation

(cross (X)-sheep; solid circle (e)-rabbits, open circle (0)-cattle)



Chapter VI. Effect of fasting on plasma 11-OHCS level

Many investigalors reported that plasma cortisel level was not altered
during fasting 1n human559’66’70’129). Data on plasma glucocorticoid
measurements in rodents during fasting are sparse. Chronic starvatlion
{4 — 14 days) failed to elicit any sign of adrenocortical stimulation
in rabbitsM). A 24 hours fasting in the rat produced an increase in
plasma corticosterone levels, but this had been generally ascribed to
nonspecific slressz’a). The effect of prolonged fasting on plasma corti-
costerone level is not known in rats. On the other hand, OTSUKA and
OM)RImU suggested that adrenal cortex of goats might be aclivated by
fasting, based on the information regarding peripheral blood eosinophils
count and adrenal weight.

These results and suggestion seemed to support the hypothesis that
adrenocortical function of ruminants might be of particular importance
in relation to nutrition, compared with that of nonruminants.

In this study. the responses of plasma 11-OHCS levels and adrenal
weights to fasting were observed to compare an importance of the adren-
ocortical function regarding the regulation of intermediary metabolism

in ruminants with that in rodents.
1. Materials and Methods

The animals used in this study were the same as described previously
(Chapter V). Each animal was kept individually in a metallic cage.
Water was given ad {ibetum during fasting.

Plasma samples were taken from each animal (4 heads) at 0, 1, 2, 4.
10, 16, 20, 24, 28. 32, 36 and 40th day after removal of feeds in sheep.
"It was also made from tlhe different animals allotted to each particular
day; 0, 1, 2, 8, 4, 6, 10 and 141h day in rabbits (18 heads) and ; 0, I,
2, 8, 4 and 7th day in rats (21 heads) after the removal., Bleeding
technique was described previously (Chapter I). Body weight was measured
every at bleeding.

Plasma 11-OHCS levels were determined in the four rats fasted for

5 days and in the three fed controls. All these rats were decapitated
at the same time.



The determination of plasma 11-QHCS level was carried out by the

method described previously (Chapter I).
2. Results

Plasma 11-QHCS levels and body weights during fasting in sheep,
rabbits and rats are shown in Figs. 16, 17 and 18, respectively. The
mean initial body weights with standard deviation were 46 1 4.4 kg in
sheep, 2.33 X 0.13 kg in rabbits and 341 £ 86 g in rats. In the figures,
the body weight was shown as the percentage 1o each initial weight.
Initial levels of plasma 11-OHCS were in agreement with those in the
previous experiment (Chapter IID in either sheep or rabbils, whereas the
levels were not in rats. The reason for this discrepancy was not obvious,
but it might result from the different metecrology, season, etc.
(Chapter ID.

Plasma 11-OHCS levels in sheep declined slightly after first day
of fasting, but increased promptly and reached a plateau within 10 days
after the removal of feeds. At tenth day, the level was significantly
higher than the initial (P<0.05). The levels increased moreover from
the primary to the secondary plateau at 20 to 24th day after the removal .
Prior to death, however, plasma 11-OHCS ievels decreased suddenly (Fig.
16). Three sheep died after 39, 42 and 43 days of fasting. Then, fast-
ing was terminated. and one sheep was re~fed to recaver.

Body weight decreased rapidly and acceleratively for 10 days from
the beginning of fasting and reached 76.5 % of the initial at thatl time,
but the weight decreased siowly and constantly thereafter in sheep (Fig.
16}.

Plasma 11-OHCS levels in rabbits responded to fasting as shown in
Fig. 17. The jevels were lower between 1 and 61h day after the removal
of feeds than thz initial, but became higher at 10th day. The levels
declined after 14 days of fasting again. These changes were not statis-
tically significant. This experiment was ceased when one rabbit died
between 10 and I4th day after the removal.

Body weight decreased gradually and reached 79.4 % of the initial
weight at 10th day after the removal of feeds in rabbits (Fig. 17)

As shown in Fig. 18, the mean plasma 11-OHCS 1level in rats seemed
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to increase after first day of fasting and remained higher level than the
initial thereafter. CQOne rat died at 6th day after the remova! of feeds.
The changes of plasma 11-QOHCS levels by fasting were not statistically

significant because of the large variation.

Body weight decreased raoidly and acceleratively for 3 days from the
beginning of.fasting, but gradually thereafter in rats. The weight at
third day was 78.4 % of the initial (Fig.18).

The further experiment was carried out to elucidate whether plasma
11-OHCS levels were affected by fasting in rats or not under the condi-
tions without the effect of meteorology, season, etc.. Body weight
decreased to 78,8 % of the initial after 5 days of fasting. The mean
plasma 11-OHCS levels were 46.4 + 33.4 pg (S.D.) per 100 ml in the
fasted group and 31.5 + 10,2 #g (S.D.) per 100 ml in the fed. The differ-

€nce between the two group was not significant,.
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Weights of adrenal glands, liver and kidney in sheep died of fasting
are shown in Table 15. Their normal relative weights were 76 mg kg,
12.2 and 2.31 g/kg, respectively. according to MIYAZAKI??). Adrenal
weight in the fasted sheep seemed to be heavier than the normal. while
the liver and kidney weights were comparable to it. On the other hand,
the relative adrenal Qeighls in rats were not changed significantly by
fasting, as shown in Table 16.
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3 Discussion

In general, the amount of carbohydrate which is present in a body is
very small; occurring as much less than 1 % of the body at any given
moment. But, it is constantly peing formed and broken down in metabolism
and thus performs a multitude of vital functionsss). A great amount of
glucose was absorbed from the gut in most of animals, while only little

part of carbohydrate in feeds was absorbed as glucose in ruminantss'sz).



And that, glucose utilization expressed as a function of metabolic bod

N 2 . ) Y
size ) in ruminants was comparable to that in non-ruminants accord-
ing to BAXTER ¢t aﬁ.m). Therefore, one could have 2 hypothesis that
gluconeogenetic action of glucocorticoids was of particular importance
in ruminants.

Gluconeogenesis, the process by which non~carbohydrate precursors
are converted to glucose. is of especial importance during fasting or
when low carbohydrate diets are consunwd155). Then, the responses of
plasma 11-OHCS levels to fasting were investigated in sheep, rabbits
and rats.

During fasting, body weight decreased rapidly and acceleratively from
100 to 80 2, but slowly and constantly thereafter. This seemed to
indicate that an animal had reached to "fasting condition', when body
weight declined under 80 9% of the initial, and that feeds in gut of the
animal had been absorbed almost completely at the time126). At the
"fasting condition', plasma 11-OHCS levels in sheep responded signifi-
cantly (P<0.05) to fasting, whereas the levels in rabbits and rats not
significantly. The result in sheep was in.agreement with that in goats
reported by OTSUKA”“). On the other hand, no response of plasma

H N H H . ,6171
glucocorticoid level to fasting was described in hunmn559 6,70,129)

and rabbits14).
1t was reported that the kidney of sheep fasted for 10 to 14 days
synthesized more glucose :n vitro from amino acids, especially alanine

. . 127 .
and serine, than that of the fed animal 2 ). Gluconeogenesis from

130)

varions subsirates was also enhanced by fasting in rats Moreover,

it has been demonstrated that glucocorticoids stimulate the incorporation

99.118) 50,41,51.,

of L-alanine-U—C14 into glucose and other gluconeogenesis

55’99’157). The stimulated glucose synthesis during fasting may be
mediated by the adrenocortical function in ruminants, while it may be
mediated by other faclors in non-ruminants.

As a conclusion, it is suggested that adrenal cortex of sheep responds
more sensitively to the increased requirement of glucose synthesis than
that of either rats or rabbits. This relation was the reverse of a
species difference in the response to meteorological and transportation

stressors (Chapter V). These results seem to support the hypothesis

that gluconeogenetic action of glucocorticoids is more important (D



ruminants than the hormonal action to protect the body from siresses.

This problem will be also discussed in the following chapter (Chapter

VDD .

Table 15. The wet weight of adrenal glands, liver and kidney in
the sheep died of fasting and in those normally fed

Relative weighla)
Adrenal glands Liver Kidney
Item Number (mgkg) (e/kg) (a'kg
Fasted sheep 3 116+38% 14.1t4.6 2.38+0.47
Normalc) 12 76 12.2 2.31

a): Relative weight indicates the weight of organ per kg of initial body

we ight

b): Meantstandard deviation

c): These data were quoted from a paper by MIYAZAKI ,A.; Jap. J.
Zootech., Sci., 38 (1Y67) 527-536

Table 16 The wet weight of adrenal glands in fasted rats

Perégcalysasted 0 1 2 3 4 7
Abso}(t:,:;:)we'ght 44.01128 516182 476175 5371123 517t1u8 440427

Relative weight
e 1281464%) 14701129 13821148 15224162 14454190 13381227

a)?: Mean and standard deviation of relative weight which is the adrenal

weight in mg per kg of initial body weight



Chapter VI. Role of glucocorticoids on glucose metabolism
in fasting animals

The results in the previous experiment suggested that adrenal cortex
of sheep might respond more sensitively to fasting than that of either
rats or rabbits (Chapter VD. 1In order to know reasons of these difference
between sheep and other animals, changes of blood glucose, plasma lipid
and protein levels during fasting were surveyed in sheep and rats.

Blood glucose level seemed to be associated with the change of plasma

11-OHCS level as the results {(Exp. I). Since insulin41), epinephrine
51,52,41,‘118)' glucag0n51’52'57'41’45’144) 41)

30,41,51,53,99,118,157)

s growth hormone s glucocor-

ticoids » etc., had been known as the hormones
which could regulate blood glucose level, however, it was not certain if
the maintained level of blood glucose would be directly related to the
increased plasma 11-OHCS.

Qlucose was intravenously injected into the fasted sheep and its
effects on plasma 11-OHCS, protein and lipid level were examined to
elucidate whether adrenal cortex played a direct role in the mechanism
for the maintenance of blood glucose level in sheep during fasting or

not.
1 Materials and Methods

Experimental animals. sheep {Japanese Corriedale) and rats (Wistar
strain), were fed at the Laboratory of Animal Breeding of Miyazaki
University. About 16 months old wethers and about 2 months rats were
used. The mean body weights with standard deviation were 34.7T+ 4.8 kg
in sheep, 808.8 + 56.1 g in the male rats and 211.3 = 28.6 g in the
female. Rach animal was kept individually in a metallic cage for rats
and in a pen with sands bedding for sheep. Rats were fed 1n an environ-
ment controlled chamber (Koitotron), where the temperature was kept at
25°C and the relative humidity was 60 to 70 %. Water was given ad
£ibitum during fasting.

This study consisted of two experiments. Biood samples were taken
from each animal (6 heads) at 0, 2. 4, 6, 8, 10, 15, 20 and 30th day

after the removal of feeds in sheep, whereas from the different animals



allotted to each particular day during fasting; 0, 2, 4, 8. 8 and 10th day
in rats (male, 24 heads; female, 15 heads) (Exp. [). Blood glucose,
plasma protein and lipid levels were determined in all samples.

Glucose solution (10 g%, W/V) was intravenously injected two times
with the interval of one hour into the sheep fasted for 24 days (Exp. ID.
The dose for each time was 0.5 mM per kg of the body weight before
fasting. It took 5 minutes to inject the dose of glucose. DBlood samples
were taken at 0, 2, 3. 4, 6 and 28 hours after the first injection of
glucose. Blood giucose, plasma 11-OHCS, protein and lipid levels were
determined.

Blood glucose, plasma total lipid and protein levels were determined
by SCMOGY! methodwg))1 BRAGDON methodmé)and Tsukasa Protein Refrac-
tometer, respectively. Densitometric determination of plasma lipid
fractions by TLC was carried out according to KANNO ¢! ad‘ss). Plasma
11-QHCS level was determined by the method described previously

(Chapter D.
2. Results

(Experiment I)
Blood glucose, plasma total protein and !ipid levels in sheep and

rats before the removal! of feeds are shown in Table 17.

Table 172 Blood glucose, plasma total protein and lipid level in sheep

and rats before the removal of feeds

%—_

_ Glucose Protein Lipi
Animal (mg %) (g %) (rriglg;)
Sheep (6) 4761 89* 590+ 033 251L9*158
Rat Male(6) 99.7+1 0.8 6.53+£035 2832t6 31

Female(3) 892+122 7271025 4874+182

~

x . Lo .
¢ Mean 1 standard deviation; numbers of animals are given in

parentheses



The results in sheep (Figs. 19 and 21) were expressed as relative
values, namely, as a percentage for the value before the removal of feeds.

Changes of body weight, blood glucose, plasma total protein and lipid
level are shown in Figs. 19 and 20. Body weight pradua!ly decreased
during fasting in both sheep and rats as well as in the previous exper-
iment (Chapter V). Blood glucose level decreased more dramatically for
the first 2 days in rats and 4 days in sheep after the removal of feeds
than body weight. The mean blood glucose level at the end of each period
was significantly lower than the control level (P<0.06). From that
time, the blood glucose leve! was maintained up to the end of fasting,
or even elevated at the time.

The change of plasma total protein level in sheep was conirary to
that in rats. The protein level increased up to 10 days of fasting in
sheep (P<0.01), but began to decrease from 4tih day after the removal
of feeds in rats and its decrease became significant at B6ih day in female
(P<0.05).

Plasma total lipid level in sheep began to increase at 2th day of
fasting and reached a maximum at 10th day (P<0.05). But the level
seemed to decrease gradually thereafter (Fig. 19). Free fatty acids
(FFAs) increased remarkably by fasting (P<0.01), while triglyceride
somewhat decreased as shown in Table 18. In rats plasma total lipid

level decreased dramatically (Fig. 20).

(Experiment I

The mean plasma 11~QHCS level with standard deviation prior to
glucose injection was 4.50 & 1.08 #g7100 ml and it was significantly
higher than the level before fasting; 8.00 + 0.95 g 100 ml (P<0.05).

When glucose was injected into the sheep fasted for 24 days, the
blood glucose level changed as shown in Fig. 2i. The increase of blood
glucose level was accompanied with the significant decline of plasma
11-OHCS level (P<0.01). The blood glucose at 28 hours after the
injection declined to the level before the injection. accompanied with
the 11-OHCS level recovery.

Also, plasma total protein (p<0.01) and lipid (P<0.05) levels
decreased after the glucose injection (Fig. 22). Their decrease seemed

to be later than that of plasma 11-OHCS. At that time, only FFAs
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decreased significantly (P<0.01} in the lipids as shown in Table 19.
3 Discussion

A sufficient supply of glucose to the fasted sheep seemed to result

in relaxation of hyperadrenocortical activity due to fasting as far as

)

the present experiment was concerned. Moreover, BASSE’T"I“S reported
that cortisol given to sheep throughout fasting of 10 days increased
blood glucose level. These results indicate thatl adrenal cortex is of
particular importance for the maintenance of blood glucose leve!l during
fasting in sheep.

Plasma 11-OHCS level did not increase significantly during fasting
in rats (Chapter V). However, blood glucose level was maintained up to
8 days except for the decrease of the first 2 days after the removal of

feeds as well as in sheep. Some hormones secreted from other than

Table 18. Effect of fasting on plasma lipid fraction level in sheep

— " I
Day Chaolesterol Tri- Free Phospho-
of fasting ester giyceride fatty acids Cholesterol lipid
0 57121 47t+21 10+ 7% 46+ 7 92+ 7

2 39t11 85+ 7 71t30% 50+14 75%t16

4 46114 36+19 83t32% 50+16 80+13

6 45116 89+23 101+30° 68+13 74t22

8 54120 28+16 108+17° 71+ 9 73¢17

10 58t15 80+ 8 104+15° 64r11 84+22
15 55+ 7 21+ 6 84+17% 63t 9y  83+16
20 42 5 29+12 107+21% 63r13 B81+24

(Unit mg %)

a and b ; Differences between means in a column with the different
letter are significant (P<0.01)

Each value is the mean with S5.D. of 4 animals
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Table 19 Effect of glucose injection on plasma lipid fraction level

in the fasted sheep

——

Time after Cholesterol Tri- Free Phospho-
injection ester glyceride fatty acids Cholesterol lipid

65 £ 22 39 + 18 87 + 27¢ 64 + 15 60114
73 t+ 34 47 £ 22 51 £ 8° 65+ 15 59+11
68 + 19 47 £ 16 T4 + 28%® 69 + 23 59110
28 64 t 183 43 + 10 72 + 16® 59 + 17 s7+19

(Unit mg3s)
a,4 and ¢ I Differences between means in a column with the different
letter are significant (P<0.01)

Each value is the mean with S.D. of 5 animals

adrenal cortex may act for the maintenance of blood glucose level in rats
during fasting, though the participations of glucocorticoids in the

maintenance cannot be absolutely ruled out. For example, epinephrine51‘

52,118) 51’52'57’45’144), etc., also have the gluconeogenetic

, glucagon
action. Moreover, YALOW et ad.167) suggested that both sensitivity and
secretion rate of insulin in rats were reduced by fasting. This insensi-
tivity of insulin seems to be due to alterations in secretion of adrenal
medul lary hormones according to FELIIMAN‘SS). These hormones may either
independently or co-operatively act to maintain blood glucose level in
rats.

It is interesting that FFAs increased rapidly after the removal of
feeds, but they were reduced following the decrease of plasma 11-OHCS
level by the glucose injection. It has been shown the similar results
in sheepé’m) and in dogsMZ). TRENKLE155) reported that an intravenous
injection of glucose into fasting sheep decreased the level of plasma
FFAs within I hour.

Non-esterified fatty acid level in plasma increases with the body
need for energy and the utilization of the fatty acids is proportional
to its Jevel in sheep122). The increase of plasma FFA level in sheep

seems to represent active fatty acid mobilization. The mobilized fatty



acids may be utilized in the tissue other than brain, nervous system,

48,142), and may aid in saving of glucose.

etc., as a source of energy
In facts BASSETT ef al.a) reported that fasting diminished the glucose
utilization rate in sheep. It is suggested from the present results that
plasma 11-OHCS may also indirectly contribute to the maintenance of
blood glucose level through fat mobilization in sheep.

Blood glucose was not depressed under a certain level in spite of the
prolonged fasting in both sheep and rats. However, the underlying mecha-
nism for the maintenance of blood glucose level could be different between
the two animal species tested. Moreover, it is suggested that glucocorti-
coids would play more important roles in the mechanism in sheep than in

rats.



Chapter I. Effect of ACTH on plasma 11-OQHCS level and
F/B ratio

Since normal plasma 11-QHCS level is very low in ruminaptsy
the level of 11-OHCS should be augmented to get more precise information
of the adrenocortical function of them. In the present study, the response
of plasma 11-OHCS to exogenous ACTH was investigated in order to
examine responsibility of adrenal cortex itself in the hypothalamic-
hypophyseal-adrenocortical system. Many references about this type of

research could be easily found in cattle”’uo’]é]), sheep7‘124)

109)

» humans
, rabbit565>, chickens%) and rats”'95). However, the data compiled
from these reports were equivocal, and were not sufficient enough to
depict species specificity, if present.

In the present experiments plasma 11-QHCS level and F/B ratio
were determined to clarify quantitative and qualitative differences in
the responses of plasma 11-OHCS to ACTH.

1. Materials and Methods

Young fattening steers (Japanese Black), adult wethers (Japanese
Corriedale), adult male rabbits (Japanese native) and adult rats (Wistar
strain) were used. Body weights and numbers of the animals are shown
in Table 20.

This investigation consisted of 4 experiments. Changes of plasma
11-OHCS 1level after ACTH injection were investigated in Exp.I, The
dose of ACTH to each species was adopted as shown in Table 20, based
on the results by some researcher55’124'148). After an injection of
ACTH, blood samples were taken with appropriate time intervals from
each cattle and sheep, but from different individuals allotted to the
scheduled time intervals in rabbits and rats. Physiological saline
(0.9 % ) had been consecutively injected 8 to 5 days in rabbits and 10
days in rats to train the animals not influencing by the treatment
(BARRETT et 61.5)). The animals were also similarly trained in Exps.
Mand NV .

Exp. II was undertaken to know the dose-response of ACTH and plasma

11-OHOS levels in sheep by giving graded doses of ACTH (6, 5, 10 and



Table 20. Body weight and metabolic body weight of animals, and dose

of ACTH
— f
Body Weight Metabolic Dose of ACTH (I1.U,head)
. ody . d
Animal Number (kg) Bo%%g\;’mﬂht Dose shown in the Adjusted Dosest
past literatures

Cattle 6 380 86 1402 34

Sheep 8 43 17 20%) 85

Rabbi t 7 2.7 21 4 0.8

Rat 5 031 042 19 017

148
2), 5) and ¢): These values were quoted from the reports by TAKEUCHI ),

gABA'2Y)  BARRETT ¢ of.) respectively, and 4 I.Us/head in rabbits
was tested beforehand by the author. These doses of ACTH sufficed
to increase plasma 11-OHCS level of each animal

d): 0.40 I.U. of ACTH per kg of metabolic body weight was used as a
common standard unit for every animal in order teo calculate this

adjusted doses

20 1.U. per head).

Exps. Il and IV were conducted, based on the results of these two
preliminary experiments. In Exp. II, 0.40 I.U. per kg of metabolic body
weight was selected as a standard dose of ACTH for all animals. The
adjusted doses are described in Table 20. Blood samples were taken from
cattle, sheep, rabbits and rats at 2, 2, 1 and one-half hour(s), respec-
tively, after the injection of either ACTH or saline as shown in Table
21.

In Exp. IV, doses of ACTH increased plasma 11-QHCS levels were
injected into cattie, sheep, rabbits and rats. And the effect on B
ratio in plasma was investigated.

ACTH preparation used in the present study was ACTH 'Daiichi“k,

Either ACTH or saline was injected intraperitoneally., Plasma samples

* ! ACTH 'Daiichi® is a commercial preparation of ACTH by
Daiichi Seiyaku Co., Ltd, in Japan.

60—
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Fig. 23 Changes of plasma 11-QOHCS levels in cattle, sheep,
rabbits and rats by the time after an intraperitoneal

injection of either ACTH or saline (Exp. I)

Solid line (&) is for injection of ACTI—PK; broken one
(-9 is for injection of saline. And solid dots (@
represent the mean level of cattle; crosses (X) represent
the mean level of sheep; open circles (O) represent the
mean level of rats; triangles (/) represent the mean
level of rabbits
¥: The dose of ACTH per head was 40 L.U. in cattle, 20
1.U. in sheep, 4 I.U. in rabbits or 1 I.U. in rats

were collected and stored in the same way as previously described (Chapter
I). Plasma 11-QHCS levels and E/B ratios were determined by the
methods presented previously (Chapter I).
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3 Results

The resuits of Exp. I are shown in Fig. 23, The saline injection

had no effect on plasma 11-QOHCS levels for six hours in cattle and sheep.
An injection of ACTH increased evidently plasma 11-OHCS ievels in
all animals.

In Bxp. II, the levels of plasma 11-OHCS in sheep reached the maximum
value at two hours after ACTH injection even though the dose of ACTH
was different (Fig. 24).

The results of Exp. Ul are shown in Table 21. High basal plasma 11-
OHCS levels in rats were not modified by the ACTH injection, while

the levels in rabbits., cattle and sheep were significantly elevated.
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Fig. 24 Changes of plasma 11-OHCS levels in sheep by the
time after an intraperitoneal injection of various

doses of ACTH (Exp. 1)

Each mark shows mean plasma 11-OHCS level after
injection of the corresponding dose of ACTH; open'
circles (O) 20 I.U.head, crosses (%) 10 I.U.head,
solid dots (@) 5 [.U. head and triangles (/) saline



Table 21. Plasma 11-OHCS levels in cattle. sheep, rabbits and rats

at the time of peak after an intraperitoneal injection of
either ACTH or saline (Exp. 1D

Animal Number I;laalsir:: 1 OHCi(;eTE;ES'D- re?pHOnlsrzadeixnt%Lsity E]frposrﬁd ig?;?c(??l:)rr?
(z.2g/100n8)  (y it 100me) (y/=t8.D.) to blood sampling®

Cattie 6 174+ 049 953+1.54 5.8 21 1.6 3¢ 2

Sheep 8 298+ 097 838+308 326+£1.98% 2

Rabbit 7 863+ 4.2 2686132 381+177% 1

Rat 5 30.641132 2984443 1.21+069° 1,2

¢, b and ci Differences between means in a column with the different
letter are significant (P<0.05)
S.D.: Standard deviation
*¥ ¢ The mean dose of ACTH per head was 34 [.U, in cattle. 6.5 [.U. in
sheep, 0.8 I.U. in rabbits or 0.17 I.U. in rats
#®K 1 This is the time required to reach the maximum plasma 11-QHCS

level in Experiment I

The percentages of plasma 11-OHCS after the injection to the initial
levels were 582 in cattle, 326 in sheep, 381 in rabbits and 121 in rats,
And the differences among animal species were statistically significant
(P<0.05), except for the difference between sheep and rabbits.

FB ratios in plasma of sheep at the peak of 11-QHCS level after
the ACTH injection and those in the untreated are shown in Table 22,
The latter value were quoted from the previous data (Chapter ID. There
was a tendency that the E“B ratios in cattle and sheep somewhat increased

after ACTH injection, while those in rabbits and rats somewhat decreased.

4. Discussion

The time required to reach the maximum plasma 11-OHCS level after
ACTH injection was two hours in cattle and sheep., one hour in rabbits

and thirty minutes in rats. An argument, whether the chronological



Table 22. Acute effect of an intraperitoneal injection
of ACTH on the ratio of cortisol to corticosterone
(E/B ratio) in plasma of cattle, sheep, rabbits
and rats (Exp. V)

e —

F/B ratio
i I . - -
Antma Untreated*' ACTH injection
Cattle 36 4. 2
Sheep 38 9.6
Rabbit 1. 9 03
Rat 04 02

*: These values were ¢ited from the previous chapter (D

pattern of this response is characteristic of each species or not, has

161)

not been settled. There were reports that it took one and two hours

120) in cattle to reach the maximum of plasma 11-OHCS level. The time

. . . 4 9
was six hours and forty minutes in sheep?:Z ), and one hour 3) or a quarter

47}

sheep was constantly two hours regardless of the various doses of ACTH.

Similar results have been reported in rats by GUILLEMIN e¢ 01-47). in

"of an hour in rats. In the present experiment, the time required in

which the time was always a quarter of an hour at various dose levels of
ACTH given. These results were consonant with an idea that the reaction
time for ACTH might be fixed in certain species, at least, in rats and
sheep.

In Exp. I, a common standard dose was set to carry out reasonable
comparison of the sensitivity of plasma 11-OHCS to exogenous ACTH among
animal species. Plasma 11-OHCS levels in each species after the saline
injection were found in a range of resting condition in all species
(Chapter I), indicating that the elevated plasma 11-OHCS after the ACTH
injection was entirely attributable 1o exogenous ACTH. Based on these
findings, an index as presented in Table 21 was proposed 1o help compar-
ative study of the mode of ACTH dependent responses among species. It

4
was reported by GUILLBMIN e¢ ac, 7/ that the index values were 114 and



136 in rats received 0.05 mU or 0.1 mU of ACTH, respectively. The
results were in agreement with those of the present results in rats. ]t
is sugpgested that the response of adrenal cortex to ACTH is different
among animal species with the order of cattle > sheep and rabbits > rats.
The predominant corticoid in each animal seemed to be preferably
increased by the ACTH injection in this study. KASS et 01.65) repor ted
that a single administration of ACTH did not alier significantly E/B
ralio, though the administrations for a prolonged period increased the
ratio in rabbits. According to BUSH1B), FE/B ratio was not affected by
ACTH treatment in some animals. Exceptionally, the ratio was reduced
from 5.0 to 2.35 by ACTH in the cat. FRASER‘%) reported that ACTH
reduced the ratio in humans. On the contrary, F/B ratio was remarkably
elevated by ACTH injection in cattlew”. It is suggested from Lhese
results that there may exist a species difference in the response of E/B

ratio to ACTH.



Chapter IX. Effect of ACTH, cortisol and corticosterone

injection on blood eosinophils count

THORN et a£.151) reported that injection of ACTH reduced the

peripheral blood eosinophils count in humans. After that, this fact was

29,89,102)

confirmed in some other animals However, the responses seem

. . . . 8%

to be species specific, t.e., ACTH induced eosinopenia In cattle ),

goatswz), human554'62']5]) and guinea pigszg), but eosinophilia in
97)

chickens .

The effect of ACTH was observed in the following animals; cattle,
sheep, rabbits and rats. Moreover, Lhe cause of this species difference
was investigated from the viewpoint of differential action of cortisol

and corticosterone.
1. Materials and Methods

Animals used in this investigation were the same as previously
described (Chapter V.

The present study consisied of 4 experiments. ACTH was injected
into cattle and rats at the doses of 40 1.1J. and 1 I.U, per head., respec~
tively. In sheep, three different doses of ACTH (5, 10 and 20 I.U. per
head) were administered. Blood samples were taken at 0. 2, 4. 6 and 8
hours from each cattle, and at 0, 2, 4 and 6 hours from each sheep after
an injection of either saline or ACTH. And it was made at 0, 2, 4 and
6 hours from the different rats allotted to the scheduled time intervals
after the injection (Exp. I).

In Exp. [I, eosinophils were counted at 0 and 8 hours in cattle, at 0
and 6 hours in sheep, at 5 hours in rabbits and at 0, 2, 4 and & hours in
rats after the injection of either saline or ACTH. The doses were the
same as Exp. I. The saline had been consecutively injected 3 to b days
in rabbits and 10 days in rats to train the animals not influencing by
the treatment. The training for rats was also practiced in Exps. I. I

and [V.

In Exp. i, six heads of sheep were allotted to three groups received

saline, cortisol or corticosterone. All these treatments were given in

order each group every week. The fifteen rats were divided into 3 groups.



Table 23 The dose of an injected hormone and the base for calculation

Item Sheep Rat
A ratio of total blood volume to body weight 1712 1715
Plasma 11-OHCS level™® (1g/100me) 4 10
Dose (mg/kg BW.) 2.0 4.0

*: Plasma 11-OHCS levels in sheep and rats at the same condilions

as the anima!s used in this experiment were 3.68 and 9,12 2g/100mé.
respectively

The saline, cortisol and corticosterone were injected for each group; 3,
6 and 6 rats, respectively. After one week, a treatment differed from
that at the first time was given each group. As a control, eosinophils
were counled in other six rats before the treatment. The doses were 600
times amouni of the total 11-OHCS presumed to be existed in the whole
blood; 2.0 mg and 4.0 mg per kg of body weight in sheep and rats,
respectively. These doses were calculated basing on the standards shown
in Table 23. Blood samples were taken at 0, 2, 4 and 6 hours from each
sheep and at 1, 2 and 4 hours from the different rats allotted to each
time after the injection of saline, cortisol or corticosterone.

In Exp. IV, three ewes received saline, 25 mg and 100 mg of cortisol
per individual, respectively. Either cortisol or corticosterone of 2.0
mg per kg of body weight was injected into male rats. Blood samples
were collected in the same way as described in Exp. Il

The rats in Exps. Il and V were fed in an environment control led
chamber (Koitotron), where the temperature was set 1o 25°C and the
relative humidity was 50 to 60 %.

ACTH preparation used in the present study was ACTH "Daiichi ¥,

The commercial 'Hydrocorton'ﬁ was utilized as cortisol preparation.

¥, ACTH 'Daiichi’ is a commercial preparation of ACTH by

Daiichi Seiyaku Co., Ltd. in Japan.
ﬁ@'l'é; 'Hydrocorton' is a commercial preparation of cortisol by

Japanese Merk & Co., Inc..
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cattle, sheep and rats afier an intraperitoneal injection
of either ACTH or saline (Exp. I)



Corticosterone was suspended in the saline contained one percent of
carboxymethylcellulose. Either a drug or saline was injected intraperi-
toneally . Al! these experiments usually started at 9300 to 10200 A.M..

Blood was collected from jugular vein in cattle and sheep, from the
tail vein in rats and from the ear vein in rabbits. Eosinophils were
counted by HINKLEMAN's methodmz), using a hemocytometer of Fucks-
Rosenthal type.

2. Results and Discussion

The results of Exp. I are shown in Fig. 256. The eosinophils count
was not modified remarkably by the saline injection in all animals tested.
The ACTH injection decreased eosinophils count in cattle and sheep as
the time proceeded, while it increased somewhat in rats.

The effects of either saline or ACTH injectien in Exp. Il are shown
in Table 24. The eosinophils count was not modified by the saline
injection. The counts decreased significantly in both cattle and sheep
injected with ACTH (P<0.01), but the counts increased significantly
in rabbits (P<0.01) and were not changed in rats.

The species difference regarding the response of eosinophils to ACTH

was supposed io be existed, based on the results by several researchers
29.,54,62,89,97,102.151)

It suggests that animal species having cortisol
predominantly in plasma might show severe eosinopenia to ACTH, while
the species having corticosterone might not. The results of Exp. Il gave
further support to this suggestion.

Since the /B ralio in plasma seemed to be unchanged by the ACTH
injection as described previously (Chapter M), the differential actions
of cortisol and corticosterone rather than the qualitative differences
in glucocorticoids among animals could be related to the eosinophil
pattern specific to the species.

The effects of cortisol and corticosterone on eosinophils were
investigated in both sheep and rats (Exp. II). Control eosinophils counts
per mm®> (Mean 1 S.D.) were 125 + 17, 92 £ 20 and 72 £ 32 in three groups
of sheep, and 150 * 39 in rats. These values were similar to the results

in Exp. I[ and also agreed with the results by BLENKINSOPP and

BLENKINSOPP'3),



Table 24. Effect of an intraperitoneal

injection of either ACTH or

saline on the peripheral blood eosinophils count in cattle,

sheep, rabbits and rats (Exp.

iy,

Eosinophils Counts (per mmP)

Animal . Post-Injection
Pre-Injection
Saline ACTH
Cattle 312+124%( 8) 381+t 85%(4) 85+ 58%( 5)
Sheep 102+ 93%(10) 123t 38%(5) 15 8%( 5)
Rabbi t 7180£1,8792(5) 1057811 991%( 4)
Rat 1524 73%( 6) 152+ 287%(5) 163t 60%(13)

e, b3 Differences between the means having the different letter in the

same species are significant (P<0.01)
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Fig. 26 Effect of an intraperitoneal injection of saline,

cortisol or corticosterone on blood ecgsinophils

counts in sheep (Exp. ID

Each value is the mean of six animals
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Fig. 27 Effect of an intraperitoneal injection of saline,
cortisol or corticosterone {4.0mg kg. BW.) on
blood eosinophils counts in rats (Exp. I

Each value is the mean of 2 to 6 animals

After the injection of saline, eosinophils count increased and reached
165 %2 of the initial value in sheep and 140 % in rats. On the other
hand, the injection of cortisol induced marked eosinopenia in both animals
as shown in Figs. 26 and 27. Eosinophils counts were about 40 % of the
initial value at 4 to 6 hours in sheep after the treatment, and about 65
% at 2 to 4 hours in rats. The degree of decrease was severer in sheep
than in rats. After the corticosterone injection, eosinophils counts
decreased and reached 78 % of the initial value at 4 hours in rats, but
It haé been known that glucocorticoids also
induce eosinopenia in humanssa). guinea pig529)- 13) 100)-

It is suggested that both cortisol and corticosterone couid reduce

were not changed in sheep.

rats and goats
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Fig. 28 Effect of an intraperitoneal! injection of either
saline or cortisel on blood eosinophils counts
in sheep (Exp. V)

eosinophils in sheep and rats, and that the reducing activity of cortisol
would be higher than that of corticosterone.

The injection of 25 mg or 100 mg of cortisol to individual sheep
decreased eogsinophils count {Fig. 28). It was similar to the results of
Exp. II, used about 70 mg of cortisoi per head. These results suggested
that 2b mg of cortisol per head, i.e¢., about 0.7 mg per kg of body weight,
would result in the maximum decrease of eosinophiis. But 2.0 mg of
cortisol or corticosterone per kg of body weight did not decrease the
eosinophiis in rats as shown in Fig., 29, indicating that more than 4.0
mg of the hormones would be required to induce eosinopenia.

Eosinopenia was also induced in sheep., even if the dose of cortisol
was reduced to about one third of the previous case. Therefore, the

eosinophils in sheep would be more receptive to glucocorticoids than
those in rats.
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Fig. 29. Effect of ‘an intraperitoneal injection of either
cortisel or corticosterone (2.0 mg/kg. B.W.) on

blood eosinophils counts in rats (Exp. IV)

Each value is the mean of two animals

It can be concluded that the species specificity in response of
eosinophils to the ACTH injection results from a difference in activity
between cortisol and corticosterone, and in receptivity between sheep and

rats, regarding the effects of the hormones on the eosinophils.



Chapter X. Effect of cortisol and corticosterone on blcod

glucose., protein and lipid level

The results of previous experiments suggested that the adrenocortical
role related to nutrition was more important than the protective action
from stresses in ruminants, compared with monogastric animals. As
indicated in Chapter {X. there might exist some differences in activity
of cortisel and corticosterone, or in receptivity of animal body to the
hormones.

The changes of blood glucose. protein and lipid level following either

cortisol or corticosterone injection were further investigated in sheep

and rats.
1. Materials and Methods

Animals used in this experiment were about one year old wethers and
2 months male rats. Blood samples were co!llected at the same time in
Exp. If of Chapter IX.

Bleeding technique and recipe for blood plasma were described
previously (Chapter I). Blood glucose and plasma total protein levels
were determined immediately after the bleeding by SQMOGYI method159)

and Tsukasa Protein Refractometer, respectively. Plasma total lipid
level was determined by BRAGDON method146).

Table 25. Blood glucose, plasma total protein and lipid level

in sheep and rats before treatment

Glucose Protein Lipids
Animal (mg 9) (g %) (mg %)
Sheep(6) 468+35% 553+ 056 2078+826
Rat(4) 85743 8701018 2754 1t286

* . Mean T standard deviation; numbers of animals are

given in parentheses
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Fig, 30 Influence of an intraperitoneal injection of saline,

corticosterone or cortisol on blood glucose level in
sheep

Each value is the mean of six animals

2. Results and Discussion

Blood glucose. plasma total protein and lipid levels in sheep and

rats before the treatment are shown in Table 25.



" The effects of each treatment in sheep (Figs. 80, 31 and 32) are
expressed as relative values. namely. as a percentage for the initial
value before the treatment. All treatments increased blood glucose level
in sheep. Cortisol was the most effective, and corticosierone was
intermediate between cortisol and saline. Significant differences were
observed between the cortisol- and saline-treated group {(P<0.,01), and

between the cortisol- and corticosterone-treated group (P<0.05), up to
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Fig. 81. Influence of an intraperitoneal injection of saline,

corticosterone or cortisol on plasma total protein level
in sheep

Each value is the mean of six animals
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Fig. 32 Influence of an intraperitoneal injection of sal ine,
corticosterone or cortisol on plasma total lipid level

in sheep

Fach value is the mean of six animals

6 hours after the treatment. The net increases of blood glucose level
were 7% and 38 % in the corticosterone- and corlisol-treated group,
respectively (Fig. 30).

As shown in Fig. 31, plasma protein remained constant level in either
cortisol-or corticosterone-treatedigroup of sheep, but siightiy decreased
in the saline-treated. Therefore, both cortisol and corticosterone may

have the action to siightly elevate plasma protein level.
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Fig. 83 Influence of an intraperitoneal injection of either
corticosterone or cortisol on blood glucose level,
and plasma total protein and lipid level in rats
Each value is the mean of two animals
There was no difference in changes of plasma total lipid level

following injection of cortisol or corticosterone in sheep (Fig. 32).



As shown in Fig, 33, blood glucose level in rats was rapidly i1ncreased
by injection of either cortisol or corticosterone (P<0.05), and reached
a plateau within one hour after the injection. The increase of the
glucose level reached 22 % and 29 % of the initial level in the
corticosterone- and corliscl-treated rats, respectively. However, the
teve] prior to the treatment was lower than the previous result (Chapler
V), indicating that the increase in rats might be overestimated. On the
other hand, neither plasma protein nor lipid level was changed. Al though
the number of rats used in this experiment may not be sufficient, the
results agreed with the data reported by GLENN ez al.44).

These results suggest that 1) cortisol is more effective for elevation
of blood glucose level than corticosterone in both animals, though the
difference in rats was only a little, and 2) cortisol is more effective
for the elevation in sheep than in rats.

So far as in the present experiment, neither cortisol ner corticosterone
affected on plasma total protein and lipid level in both animals. The
effect may be related to frequency of the administration of glucocorticoids,
based on the reportis that consecutive administrations of cortisone

22)

increased the release of free fatty acids from adipose tissue of rats
33,34)

increased plasma protein level in rats , and that glucocorticoids

tn vilro



Chapter XJI. Effect of ACTH on growth and focod intake

A theory can be proposed from the resultls obtained hitherto that the
higher level of adrenccortical activity is desirable for ruminant growth,

but is not always for non-ruminant.

20.,24) and in wether

1.11,12,65,103,

Glucocorticoids increased growth rate in steers
lambsmo). but decreased the rate in non-ruminant animals
104,TD7,156). However, a large amount of exogenous glucocorticeids
administered to normal animals may inhibit intrinsic corticotrophin
production by the pituitary as reported by LEWIS et 05.72), indicating
that total quantity of the circuelating glucocorticoids might be lowered
from normal level. Therefore, it was obscure whether the effect on
growth was resulted from high adrenocortical activity or not. On the
other hand, it has been descrihed that ACTH does not inhibit the
intrinsic corticotrophin production regardless of the injections for a
long duration2’56’159).

ACTH was consecutively injected into growing wethers and rats to
elevate adrenocortical activity. The effects on growth rate and feed

consumption were investigated,
L Materials and Methods

Male rats (Wistar strain) and wether lambs (Japanese Corriedale), at
Animal Breeding Laboratory in Miyazaki University, were used in this
study.

This investigation consisted of 4 experiments. AC'I‘H“Z%é was used
as ACTH preparation. In Exp. I, seventeen rats weighing 265 & 16 g
vere divided inio 5 groups of 3 each, except for control group having 5
animals. The saline or ACTH was injected intramuscularly into the
dorsal buttock region 7 days. FEach rat of group 2, 3, 4 and 5 received
0.25, 0.5, 1.0 and 2.0 ]1.U. of ACTH per head daily, respectively.

Body weight was measured at —8, 0, 2. 4 and 7th day from the beginning

of each treatment. At the end of this experiment, all rats were

* . ACTH-Z is a commercial preparation of ACTH by Daiichi
Seiyaku Co., Ltd. in Japan.



decapitated, and adrenal weights and plasma 11-OHCS levels were
measured.

All rats received 1.0 I.U. of ACTH per head daily in Exp. [I. The
way of injection was the same as in Exp. I. Food intake was determined
by subtracting the amount of the remaining from the given food.

These two experiments were conducted in an environment control led
chamber (Koitotron), where the temperature was set to 25°C and the
relative humidity was 50 to 60 % .

The six growing wether lambs (26 — 36 kg body weight) were used
commonly in Exps. Il and V. The lambs were daily fed with the concentrate
(5 parts of wheat bran and 1 part of soybean meal) at 0.6 % of body
weight and alfalfa meal at 0.8 %. Hay and water were given ad {ibitum,

In Exp. I, six lambs were divided into 8 groups of 2 animals each.
Each animal in group 1 received the saline as control. Doses of ACTH
in groups 2 and 3 were 0.4 I.U. and 0.8 I.U, per kg of body weight per
day, respectively. The animals were injected intramuscularly into the
dorsal buttock region on day 1, 2 and 3, and again on day 5, 6 and 7 of
15 days experiment. Body weight was measured every 5 days and plasma
11-CHCS levels were determined at 0, 1, 2, 5 and 10 days after the
beginning of the treatment.

In Exp. N. six lambs were divided into 2 groups of 3 animals each.
Control group received the saline and the other group received 0.4 I.U.
of ACTH per kg of body weight in the same way as in Exp. I, After
one month, a treatment for each group was reverscd. Body weight was
measured 3 consecutive days on every 5 days after the beginning of the
treatment.

Plasma 11-QHCS levels were determined by the method described

previously (Chapter T).
2. Results

The results of Exp. I are shown in Fig. 34 and Table 26. The
injections of saline did not affect the gain of rats. The daily admin-
istrations of ACTH inhibited growth over a dose range of 0.25 — 1.0 I.U.
per head. A further increase in dose (2.0 I.U. per head) resulted in

cessation of growth (Fig. 34). The average daily gain for 7T days decreased
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Fig. 34 Effect of intramuscular injections with ACTH on body
weight of growing male rats (Exp. I)

progressively as the dose of ACTH increased and ACTH doses more than
1.0 1.U. per head suppressed significantly (P<{0.01) the gain comparing
with control (Table 26).

Increase of adrenal weight was strictly proportional to the dosage of
ACTH (r = 0,812, P<0.01). The mean adrenal weight of the animals
received either 1.0 or 2.0 1.U. of ACTH was significantly lower than
that of controls after 7 days treatment (P<0.05). However, plasma 11-
OHCS levels in the ACTH-treated groups were somewhat higher than the
levels in the control. Their differences were not significant (Tabie 26).

As these results, correlation coefficient belween growth rate and

adrenal weight was —0.79. and its estimate was statistically significant



Table 26. Effect of intramuscular injections with ACTH on growth

rate and adrenocortical activity in growing male rats

(Exp. 1)
Dose of ACTH Daily gain Adrenal weight Plasma 11-OHCS level
(1.Uvhead/day) (grday) (mg kg BW,) (g 100me)
0 Nk
(5% 5.4 + 172K 14 1749 1 g%kK 912+797Hk
0.25 .
3 37 +0 428 172611 20%¢ 1515+424
0.5
) 38 + 10¢b 180613 34%°¢ 1343+t585
1.0
(3) 2.2 £ 1 1% 23871k375° 1337+1.33
2.0
& Q1 +09c 2977t972/ 20844532

., & and el Differences between means with the different letter are
significant (P<0.01)

d, ¢ and f: Differences between means with the different letter are
significant (P<0.05)

*: The number in the parentheses shows a number of animals

*%2 Mean T standard deviation

a

(p<0.01).
In Exp. II, the injections of 1.0 I.U. of ACTH inhibited growth and

feed consumption immediately after the beginning of the treatment in

rats (Fig. 35). Moreover., feeds required for a unit (= g) of gain, t.c.,
feed conversion ratio, were 6.4 g and 15.1 g in controls and in treatments,
respectively.

Exp. II was conducted as the preliminary experiment on sheep. The
average daily gains of three groups received saline., 0.4 I.U. and 0.8 L.U.
of ACTH per kg of body weight, were 107 g, 144 g and 128 g, respectively.
Plasma 11-OHCS levels in ACTH-treated groups were somewhat higher than

those in the control.
The results of Exp. IV are shown in Figs. 36 and 87. QGrowth rate for

10 days after the beginning of the treaiment was higher in ACTH-treated

sheep than in the conirol, though it was not significantly effective.
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Fig, 35. Effect of intramuscular injections with ACTH on body

weight and feed consumption of growing male rats (Exp. II)

It was notl understood why growth rate during 5 to 10 days was higher than
the rest of the periods in both groups (Fig. 86). Total gains for these
10 days were 0.64 kg and 1.00 kg in the saline- and ACTH-treated group,
respectively., There was an increase in the gain of 56 % in the ACTH-
treated wethers. This difference was not statistically significant.
However, it could be interpreted that ACTH accelerated the growth in
wethers, since the gain following ACTH treatment was higher than that
following saline treatment in all sheep except for only one animal (No.
2)(Table 27). Moreover, while roughage consumption was constant in the
saline-treated group, it trended to increase in ACTH-treated (Fig. 7).
Roughage volumes required for a unit (= kg) of gain were 8.9 kg and more

than 138.5 kg in treatments and in controls, respectively.
3 MDNiscussion

ACTH is likely to stimulate durable production of glucocorticoids.
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Fig. 36. Effect of intramuscular injections with ACTH on datly
gain of growing wether lambs (Exp. IV)

The animals were injected intramuscularly with ACTH (0.4 T.Uskg of body
weight) on day 1, 2 and 8, and again on day 5. 6 and 7 of 156 days experiment.

ACTH somewhat increased plasma 11-OHCS levels, but the levels did not
increase in parallel with the doses in rats and sheep. On the other hand.
adrenal weights were highly correiated with doses of ACTH 1n rats (p<
0.01). These results indicate that weight of the adrenal is a good index
of adrenocortical activity in experiments of more than a few day duration
as suggested by SAYERSIZB).

In rats growth rate was decreased when the adrenocortical activity
was stimulated by ACTH. This agreed with the results in ratsH‘mS’mA).
chickensu'mé) and rabbitsés) with injections of glucocorticeids. On
the contrary, there was more increase in the gain of 56 % in the wether
lambs injected ACTH than in the controls. The elevated growth rate in

wethers seemed to result from a high adrenocortical activity, though no



Table 27 Total gain for ten days after the beginning of either

ACTH or saline treatment in sheep

Sheep Gain (kg)
No. Saline ACTH
1 —nz27 040
2 1.6 2 0.70
3 nT5H 112
4 023 .68
5 — 001 137
6 1.51 LT3
Me an 0.64 1.00

s—--+ control
—as ACTH
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Fig. 871 Effect of intramuscular injections with ACTH on

feed consumption of growing wether lambs (Exp. V)

The animals were injected intramuscularly with ACTH (0.4 I.U./kg of body
weight) on day 1, 2 and 3, and again on day 5, 6 and 7 of 15 days experiment.



direct evidence that the consecutive ACTH injections kept the activity

elevating was obtained in this study,

It is generally accepted that glucocorticoids accelerate the protein

catabolism in chickenst). rats”(?) and sheep88)

synthesis retard in miced) and ratszs). One of the causes of the

» or make protein
different growth response to ACTH between ruminants and rodents might
be feed consumption; the consumption decreased in rats after ACTH
injection, but increased in sheep. Another might be efficiency of feed
utilization; the efficiency decreased in rats after ACTH injection,
but increased in sheep.

When adrenocortical activity was stimulated by the consecutive
injections of ACTH. as a whole, growth rate decreased in rats, whereas
it increased in sheep. This result would give further information to

support the theory postulated above.



Summary and Conclusion

Physiological aspects of the digestion and metabolism in ruminants
are principally different from those in monegastric animals. The author
supposed that the adrenocortical function of ruminants might adapt itself
to the nutritional metlabolism. The specificity of adrenal cortex in
ruminanis was investigated by means of comparative approach. compared

with that in non-ruminant animals.

I. Studies on establishment of analvtical method for glucocorticoids

(11-QHCS)

Analytical methods for 11-OHOS were investigated with blood plasma
and adrenal tissue samples of domestic and laboratory animals.
1) Quantitative methods for 11-OHCS level in both plasma and adrenal
tissue were established in this study. Recoveries of cortisol and
corticosterone added to plasma were 97.4 £ 9.0 % and 101.2 + 10.4 %,
respeciively. Recoveries of cortisol and corticosterone added to adrenal
tissue were 85.8 £ 11,1 9% and 108,0 = 12.0 %, respectively.
2) A method with thin layer chromatography for determination of a ratio
of cortisal to corticosterone (I/B ratio) was also established.

3) Some evidences indicated appropriateness of the obtained methods.
[. Adrenal weights in various animals

The wel adrenal weights were compared among animal species; cattle
(Japanese Black and Holstein), sheep (Japanese Corriedale)s rabbits
(Japanese native), domestic fowls (White Leghorn) and rats (Wistar
strain).

The order of the magnitude on the adrenal weight per unit of body
weight was as follows; cattle < sheep < dmestic fowls < rabbits < rats.
However, when the adrenal weight was expressed as a function of metabolic
body weight (WYY, the differences among species were not evident. It
is supposed therefore that the adrenal glands of cattie and sheep may be

as important as those of other animals: functionally.



II. 11-OHCS levels in both blood plasma and adrenal tissue of

various animals

To elucidate the specificity of adrenocortical function in ruminantss
11-OHCS levels and E/B ratios in both plasma and adrenal tissue were
compared among various animals. The used animals are the same as in
Chapter II.

1) The levels of 1I-OlICS in plasma of ruminants were lower (under 4

#g100ml) than those in all other animals.

2) The levels of 11-OHCS in adrenal glands of cattle and sheep were

higher than those of rabbits and rats. Buts this might be simply due to
the conditions under which the adrenal glands were taken out.

3) The /B ratio in plasma of ruminants was over 3.0, indicated that

cortisol was a predominant corticoid in the plasma.
V. Effect of season. age and sex on plasma 11-OHCS level

Blood samples of cattles, sheep and rats collected during early summer
or late winter were analyzed to elucidate the influence of seasons age
and sex on plasma 11-QHCS level. The used animals consisted of both
sexes of various ages in each species.

1) Plasma 11-OHCS levels of the female were higher than those of the
male in cattle and rats: while the sexual difference was obscure in sheep.
2) In calves seven to twelve months old: plasma 11-OHCS levels were
high in winter and low in summer. Similar seasonal effect was observed
in rats» but not in sheep.

3) Influence of age on plasma 11-OHCS levels was appreciable in sheep

and rats.

V. Effect of physical and psychological stresses on plasma

11-0OHCS level

The effects of meteorological and transportation stressors on plasma
11-0HCS level were investigated in sheep: rabbits and rats.
1) Plasma 11-OHCS level increased in sheep and rats by *hot" stress.

This response was remarkably significant in rats (p<0.01).



2) Plasma 11-QHCS level increased significantly in rats by 'cold'
stress (P<C0.05): but the leve! somewhal decreased in sheep.

3) In general, the responses of plasma 11-0lICS level to physical
stresses in sheep were less than those in rats.

4) Plasma 11-OHCS leve! was increased by transportation stressor in

all animal speciess especially in rabbits,
VI. Effect of fasting on plasma 11-0HCS level

The response of plasma 11-OHCS level and adrenal weight to fasting
was investigated in sheep, rabbits and rats.
1) Plasma 11-OHCS level in sheep increased significantly {(P<0.05)
within 10 days and elevated moreover at 20th to 24th day after the removal
of feeds. The levels decreased suddenly prior to death.
2) Plasma 11-0HCS levels in rabbits were rather low at the early stage
of fasting than the initial levels, but somewhat increased at 10th day
after the beginning of fasting. _
3) Plasma 11-OHCS lewls in rats were nonsignificantly affected by
fasting for 7 days.
4) Adrenal glands of sheep died of fasting were hypertrophic: but those

of rats were not affected.

VI. Role of glucocorticoids on glucose metabolism in fasting

animals

Changes of blood glucose, protein and lipid level during fasting in
sheep and rats: and the effects of glucose injection into the fasted
sheep on plasma 11-OHCS. protein and lipid level were studied.

1) Blood glucose level dramatically decreased at first (P<0.05): but
the lowered level was maintained or even somewhat elevated thereafter
through fasting in sheep and rats,

2) Plasma total protein level gradually increased up to 10 days of
fasting in sheep (P<{0.01): but began 1o decrease from 4th day after the
removal of feeds in rats and its decrease became significant at 6th day
in female (P<0.05).

3) The similar changes as in protein were observed in plasma total



lipid level in both species (P<0.05). The results of lipids in sheep
seemed to be primarily due to the increased free fatty acids (FFAs)
(P<0.01),

4) The intravenous glucose injection reduced plasma 1I-QHCS level in
the fasted sheep (P<{0.01).

5) After the glucose injection, plasma total protein levels decreased
(P<0.01) and the lipid levels decreased (P<{0.05), most likely by
declining of FFA content (P<0.01).

6) (Jlucocorticoids seemed to play more important role for the maintenance

of blood glucose level during fasting in sheep than in rats.
V. Effect of ACTH on plasma 11-OHCS leve! and /B ratio

The responses of plasma 11-OHCS level and F/B ratio in blood plasma
to an intraperitoneal injection of ACTH were studied in cattle, sheep:
rabbits and rats.

1) ACTH injection caused a transient increase of plasma 11-OHCS level.
It took two hours in cattle and sheeps one hour in rabbits and thirty
minutes in rats to reach the maximum level.

2) The time required to reach the maximum plasma 11-OHCS level in
sheep was constantly two hours regardless of the various ACTH doses.

8) The percentapges of plasma 11-QHCS after the ACTH injection to

the initial levels were 582 in cattle, 326 in sheep, 381 in rabbits and
121 in rats (P<0.05), But the difference between sheep and rabbits was
not statistically significant.

4) There was a tendency that F/B ratio in plasma increased in cattle
and sheep after the ACTH injection, whilte the ratio decreased in rabbits

and rats.

IX. Effect of ACTH, cortisol and corticosterone injection on

blood eosinophils count

The responses of eosinophils count in the peripheral blood to an
intraperitoneal injection of ACTH, cortisol or corticosterone were
investigated in cattle: sheepsr rabbits and rats.

1) Eosinophils count dramatically decreased in both cattle and sheep



after the ACTH injection (P<{0.01), but the count increased in rabbits
(P<0.05) and was not changed in rats.

2) Eosinophils count decreased by both cortisol and corticosterone in
either case of sheep or rats. Bspecially, the effect of cortisol was
greater than that of corticosterone.

3) Eosinopenia was also induced in sheep: even if the dose of cortisol
was reduced to about one third of the previous case: while it was not iIn

rats, when the dose was reduced to about one half.

X. Effect of cortisel and corticosterone on blood glucose:

protein and lipid level

The effects of an intraperitoneal injection of cortisol and corticoste~
rone on blood glucose, plasma protein and lipid leve! were tested in
sheep and rats.
1) The net increases of blood glucose level were 7 % and 38 % in the
corticosterone~ and cortisol-treated sheep: respectivelys up to 6 bours
after the injection.
2) The increases of blood glucose level were 22 % and 29 % of the initial
level in the corticosterone- and cortisol-treated rats, respectively.
3) No difference was distinctly appreciated in regard to changes of plasma
total protein and lipid level after the injection of either cortisol or
corticosterone.
4) As a conclusion of Chapters X and X, there seems to be a difference
in activity between cortiso! and corticosterone,» and in receptivity between
sheep and rats regarding the effects of the hormones on peripbheral blood

eosinophils count and blood glucose level.
XI. Effect of ACTH on growth and food intake

The effect of intramuscular injections of ACTH-Z on growth and food
intake was investigated in growing wethers and male rats.
1) Growth rate and feed consumption significantly decreased (P<0.01) in
rats injected with ACTH, while they increased in sheep.
2) Feed conversion ratio in ACTH-treated sheep was lower than that in

control, while it was the reverse in rats.



3) The different response of growth rate to ACTH between ruminants
and rodents seems to be made part of feed consunption and part of

efficiency of feed utilization.

From the above results, specificities of adrenocortical function
related to ruminant nutrition are summarized as follows;

1) The predominant corticoid in plasma of ruminantis was cortisol.

2) Plasma 11-OHCS level responded more sensitively to fasting in
sheep than in rabbits and rats.

3) Glucocorticoids played an important role in the mechanism for the
maintenance of blood glucose level during fasting in sheep.

4) Response of adrenal cortex to ACTH was higher in cattle and sheep
than in rats.

5) Cortisol was more effective for elevation of blood glucose level than
corticosterone in both sheep and rats, and the receptivity to cortisol
was higher in sheep than in rats.

6) The higher level of adrenocortical activity was desirable for ruminant
growth, but not always for non-ruminant.

In general, glucose is essential for nervous conductivily in mammals

55'67'157). It depends on the leve! in blood glucose whether the supply

to brain, central nervous system: etc. is sufficient or notso). However,
only littie part of carbohydrate in feeds is absorbed as glucose from

gut in rminant55'52'74)- having the low blood glucose level even normally.
Therefore: cven a little shortage of glucose could be a growth limiting
factor in ruminants.

As described previously ( 1~5) )» the adrenal cortex in ruminants had
some specificilies advantageous to compensate the growth limiting factor:
suggestling that gluconeogenetic action of glucocorticoids was of particular
importance in them.

If glucocorticoids stimulate simply and solely the gluconeogenesis
from amino acids in ruminantis as in non-ruminants 55)-

would be catabolic and they would inhibit the growth. However, it is

their action

the most unique characteristic of ruminant nutrition that a great amount
of volatile fatty acids are absorbed from gut, converted to glucose,
ketone body: etc., and utilized in body-

Supposing that glucocorticoids stimulate the gluconeogenesis from



the volatile fatty acidss glucose will be supplied sufficiently in
ruminants. It would solve the problem of unstable glucose nutrition
without protein catabolism and alse would make the utilization of the
fatty acids efficient. [t would increase the feed intake: moreover.
because the accumulation of the fatty acids decreased the intakeg). As
the resultss hyperadrenocortical activity increased the growth rate in
ruminants ( 6) ),

As a wholes it can be concluded that the unique characteristics of
adrenal cortex in ruminants should be the result from the adaptation to
the peculiarity of metabolism of nutrients, particularly carbohydrate

metabolism.
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