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                              Introduction

    Themas ADDISON (1855) called atLention to a human syndrome
(now called Addison's disease) associated with deterioration
of the adrenal cortex. The disease appears te be tbe first
clinical defect ef an endocrine gland to be accurately described154).

   Over 30 different steroids have been isolated frcm the adrenal tissue
up to date48). However,tbe only 7 steroids are biotogicany active69),

and that the only following; cortisot, corticosterone and aldosterone,
are' normalty secreted in physiologicany significant amounts42).

    These steroids are classified roughly into two groups; glucocorticoids

and miDeralocorticoids• Tbe former are the steroids io which effects on

glucose and protein metabolism predominate, while the latter those in
which effects on sodium aad potassium excretion predominate42).

    The physiological actions of glucocorticoids are broadly divided into
two categories as follows; 1) to proteet an animal body frorn a stress,

t.e., when an animal is exposed to a stresser, the body respends towards
adaptatien]S2). Increase of plasma 11"onCS is one of the signs of such

responses. ; 2) to control some intermediary metaboliwm, especially
               50,41,51,55,99,118,157)gluconeogenesis .
   The adrenal cortex is controlted by hypothalamic--'pituitary system.

The ALITII secreted from pituitary stimulates the adrenocortical function

and iDcreases the secretion of glucocorticoids. As the result, when the
plasma glucocorticoids are elevated, the anterior pituitary diminishes
                   68,156)the output of ACI'IH .
   As well known, the specific digestion, absorption and metabotism,
especia]ty on carbobydrate, are run in ruminants; glucose is absorbed

from gut as a major end product of tbe inge$ted carbohydrate io most of
anima]s, while volatile fatty acids produced by micro-erganisms in
reticule"rumen50), are absorbed as the products in ruminants5'52'74).

                                                            55,67,158)   Glucese is essential for nervous conductivity in maninals .
The respiratory quotSent (R•Q.) iD brain is 097 to O.99, indicatinq that
the main energy source is g]ucose40)as supported by MccLyrvpNr et a!.87).

Moreover, about 70 % of the circulated glucose from the liver is utilized
by the brain in humans94), and a similar value could be true for ruminants75).

It wa3 $tated that the transfer rate of glucose expres$ed as a function
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of metaholic hody SJ.lC (W..3/4) ILl ruminants was cumparable to that In

nonruminants 10).

These two facts In regard to absorption and uti lization of glucose

indicate that a great amount of glucose required as an energy source

must be synthesized from nair carbohydrate precursors in ruminants.

Since there is no storage of carbohydrate in brain
64

), 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 Bo ). ;v1CCLYl\UNI et at .87)wcre unable to demonstrate any utili­

zation of acetate by arteriovenous difference studies on the brain of

sheep, though the acctate was comparatively rich in the circulating blood

f ' 113) I . I d fl· b Io rWlllnants • tIs a so suggeste rom t lese pOints t at g uconeo-

genesis may be of particular importance in ruminants with tbe low blood

glucosc level even normally. Also. this may be supported bj the follow­

ing fact. The glucose tolerance in ruminants is generally lower than

that in non-ruminant animals. MCCANDLESS and DYE d5)postulated that

a high level of gluconeogenesis in the rwninant was the primary factor

Vrhieh determine the low tolerance.

Glucocorticoids are directly related to regulate the process fur

1 .30,41,51,53,99,118.157) h h h . I'g uconeogenesls . ,t oug many ormones; Insu In,

glucagon, epinephrine, growth hormone, etc., have important roles in the

regulation of carbohydrate metabol ism 41).

Therefore, the gluconeogenetic role of adrenal cortex may be more

important in ruminants than in non-ruminant animals. As an 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-
. . 114 115 133)log carbohydrate metabolism I , •

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 from the comparative

viewpoint.

I would like to express my deepest appreciation to Dr. S. UESAKA

and Dr. R.KAWASHIMA for suggesting this theme, for stimulating



interest in it and for giving me the continuing guidance and encouragement
fer long years. Moreover, I wish to thank Dr. K. KU"dAZAKI , Dr.
Y• NISHIK.l"JVA , Dr. K. NAMIKAWA and many colleagues at the

Laboratory of Animal Science of either Kyote University or Miyazaki
University for their valuable hetp and advice- Espeeialiy, thanks are

due to Mr. T. DOGO who cotoperated during this study. I wisb to
thank Dr. S. HARA (Professor, Tokye College of Pharmacy) and Dr.
O. NISHIKAZE (Professor, Hokkaido University) for their valuable
advice, facing dit't'iculties during this study. It is a pleasure to record

bere a debt of gratitude to mb. I. Imo for bis kindnesB in correcting

the manuscript.
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 C2iapter I. Studies on estal)lishment of analytical method
                for gi uc oc ortico ids (1 1- OHC S)

    It has been knoNyn that more tban thirty kinds of steroids exist in

adrenal eort"x, though all these bormones are named generically as
                48 )                   . Cortisol aod corticosterone, se culled 11thydrox"adrenecorticoids

certicosteroids (11-OHCS.), have the bighest activity to carbobydrate
metaboiisn in adrenoeortieoids42'52'69). content of these hormenes in

either blood or adrenal glands is very small and they are labile to higb

temperature. Therefore, 11- OHCS levels in the living body wcre not
determined eusily, but man)' kiDds of nesy methods have been impreved
         79)recent ly.

    In addStion the relative amounts of cortiso] and corticosterone vary
wide]y among species, though either cortisol or corticosterene (or a
                                                                  19,45)mixture of botb) is uniformly present in bleod of vario"s species .
Moreover, it is a]so suggested that tbere may be a difference between
action of cortiso] und that of corticosteroned2). From such reasons, it

is neeessary to consider not only the total levcl of 11. 0HC•S.but also
the ratio of cortisol to corticosterone (F;/B raLio) in plasina aDd adrenal

glands. However, no routiDe method for separation of cortisol and
corticesteroDe is availab)c yet.

   Tbe first purpose in tbis study is to obtaiD an microquantitative
method for 11- OHCS levels in botb plasma and adrenal tissue of domestic
anima]s. The second is to get a method for determination of the F/[B
ratio. Tbe third is to confirm aceuracy of the methods obtained.

    1. Materials and Methods

    a) Sample;
    Blood samples were taken from the jugvlar vein of cattle and sheep,

from the beart of rabbits and tLrorn the cervical artery of decapitated

domestic fowls aod rats. Heparin sodium was added as an anticoagttlamt.

The heparinized blood was centrifuged for 20 minutes and the superDatant

plasma was stored at L20eC. The adrenal glaods removed from animals

were immediately trimmed, weigbed and stored at -200C.
   The blood plasma and adrenal glands of cattle were offered from the
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public slanghter house of Kyoto city• Sheep, rubbits and rats had been

fed at tbe experimental farm in KyoLo University.

    b) Reagent;

   An extra pure reagent of metbytene chEoride was distitled at 38.50C

prior to use. ADd the methylene cbloride used for aDalysis was diBtitled
and used again. Etbano]ic-sult'uric acid (75 Vrv %) was prepared by slowly

addiDg one vo)ume of ice-cold ethanol to three volumes of ice-celd
conce"trated sulfuric acid (GuaraDteed Reagent), the mixture being cooled

in ice-cold vvEter. This mixture was freshly prepared at each experiment.

Fluorescence was unstable unless tbe temperature of the solution vvas

preveDted from elevating at tbe preparation.

    c) Standard hormone;
   Cortisone, Deoxycorticosterone, CorticosteroDe (Merk) and Cortisol

(TaKeda) were used ss standard hormones ill this study.

    d) Instrumeot and Epparatus;
    It is esseoLial to keep all glasswares absoltttely etean. Such

treatments as rinsiag witb chromic acid overnight, the fo]lowing rinsing

svith water and finally wasbing with distilled watpr, were fouDd to be

adequate.

   Glass-stoppered tubes should be nsed for all extractions at any cost•
lf a plasLic stoppered tnbe was used, it was impossibte te measure the

optical density of glucocorticoids at the wave length of 240 mp, at

whicb peak absorption in the hormones occurs, because some substances
extracted from the plastic stopper by methanol had remarkabre absorption
at the wave lengtb uoder 290 mp (Fig. 1)e

   A Hitachi Spectrophotometerr124 type and a tibimazu-.Kotaki

Microfluorometer--UM type were used.

    e) Preparation of thin layer plates
    Thin layer plates were prepared fo]lowing STI]LAL`s staodard method60).

The outline is as follows; a suspension was made from 30 g of Kiesel

gel H (Merk) aed 65 ml of distilled water by triturating in a mortsr.
This suspension was ptaced in aD app[ieator (Yazavva Scientit'ic
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   a plastic stopper by methanol

 300
   ( rril;)

extracted

32O

from

Instrument Co.) and applied onto 4 pieces of gla$s plate, 20 x 20 cm,

to make a thin layer of 250 itL in thickness. They were allowed to sTand
about 15 minutes in the atmosphere and dricd at 130Åé for 1 hour to

activate. The plate was preserved in a tightly ciosed vessel.

   2 Results and Discussion

    tl) A quantitatisre method of plasma 11'OHCS level

   a) Extraction of 11"OHCS frorn plasrna
   An extraetive solvcnt must be selected with which only 11'OHCS
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are extracted as much as possible. RÅígarding these points] methylene
chloride seemed to be the rnost superior solvent.

   The extractiye procedure was investigated, ttsing methylene ch]oride

as the solvent. The recovery with standard deviation of cortisol (a8 pg)

           Table L Recoveries of cortisol and corticosterone added to

                     pl as ma

An lma1
SampSe
vo1ume
(ml)

Arnount
added

 (sig)
Numbe r

     RÅícovery

Cortiso1

 (%)

Corticosterone

Catt1e

Catt1e

Catt1e

Rabbit

10

4

4

4

as
a4
as
a4
a4
a2
as
a4

2

2

8

12
2

2

2

2

i 1 fa.2

 9Z4Å}90a)

 9 85

 9 Z7

 9 82

1O 1.2Å}1 a4 a)

1o a6

1oa6

 a): MeanÅ}standard deviation of the mean

or corticosterone (Ot4 ILg) added to 4 ml of prasma of cattle was 9Z4 Å}

9,.O%or 1012 Å} la4 %q respectively (Table 1). These recoveries were
quantitatively sufficient and their standard yariations were lower than
                   15)                      ; the recovery of cortisol was 983 Å}' 174 %.those by Braunsberg
Finding that the large variation of recoveries especially depended on the

technique of shaking for extraction, thc variation was improved to be

sma1 1er.

   The results of Table 1 also indicated that 11-OHCS in ptasma ceuld
be extracted to the similar extent by the present method and techniquet
regardless of the various volumes of plasma, the various plasma 11-OHCS

levels and plasma samples of the different animal species.

   b) Measurement of 11'OHCS
   The various methods for measuring adrenocorticoids have been considerably
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improved for these tcn ye"rs. These methedf can be clasg, ified into the
fol1owing three classes; co1orimetric precedurc2S,27,7B,11O:169,170),

fluorometric procedurc47'93'i57) and radioisotopic procedure7'56),

   A comparison of the sensitivit.v among some colorimetric methods
was carried out in the first instance. As shown in Fig. 2, sulfuric
acid chromogen methodi69) "nd uitraviolct a .x'.) ubsorption methodi7D)

were more spectrophotometrically sensitive than the others.

M---
th
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o
v
-re

U
-ao

1. 0

as

Fig•

o

Amount of cortisone in 3 ml of various

 t50 (iLLg)

solutions

   ta): U. V. :Nbsorption .lv[ethod

   tb}: Dipheny1uniine Reaction Method

   Cc): Porter-'Si1ber R,eaction Method

   (d): SuS furic Acid Chromogpn Method

2 Absorbance of cortisone b.v various spectrophotometric

  me thods

   Although it was tried to measure the final eNtract 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 rn1 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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separated.
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curves of the two fractions by
fractions were
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Fig.

.--v ;1
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  x x
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Corticosterone fraction

N,i xN,,...,z':

 240 260
                 Wave

3 Absorption curve of

   and purified by thin

  chromogen method

  -.--.X"X"

        NIIX:

280 300 320 340
 iength (mst)
the substances extracted from plasma

 aayer chromatography by sulfuric acid

chro'nogcn rnethod were as shown in Fig. 3, indicating that they were
identical to the curves of cortisol and corticosterone169).

   The results suggested that these colorimetric methods were practicalty

lacking in sensitivity and specificity for glucocorticoids. Therefore,

such methods were not probably adequate to routine analysis because they

would need a great amount of plasna and much time.
   Secondly, the sensitivity of u.v. absorption method170)was compared

                                                 147)with that of fluorometric method advanced recentLy                                                    . The results
indicated that the latter was strikingly rnore photornetrically sensitive

than the former, as shown in Fig. 4.
   Fluorescence of the major adrenocorticoids was measured as shown in

Table 2. Fluorescence readings of cortisoi and corticosterone were
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Table 2 Relative fluerescence of a drenocorticoids

Item F• R./pga) Exponent

Corticosterone
Cort isol

Deoxycorticosterone

Cortisone
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 n.35
 O.O9
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extremely high, while the others were only faint-

    It was suggested from these results that the fluorometric procedure

was the most adequate to determine the minute level of 11LOHCS in
either plasma or adrenal glands.

   Conditions for f!uorometric measurernent of 11-OHCS with Shimazu'
Kotaki micro-fluorometer'UM type were investigated.
   "iMien the ethanolic'sulfuric acid soliltion contained either cortisol

or corticosterone was maintained at high temperature, the f!uorescence
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 20Åéwas the mos! adequate as temperature for

the standing.

   As shown in Fig. 5, fluorescence readings of cortisol and corticosterone
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yaried as the time proceeded at 20 Åé. Flllerescence reading of cortisol

reached a plateau a! about 5 minutes after addition of ethanolic'sulfuric

acid and remained high level for a long time; while that of corticosterone
was eleyated 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 certicosterone was measured at 30

minutes after the addition.

   Under these conditions, re[ationships between amounts of either

cortisol or corticosterone and the fluorescence readings were as shown

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

tu
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imount of (B) or (F) in 5 mt of ethanolic 'suLfuric acid soLution

  Fig. 6. Standard curyes of corticosterone and cortisol
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amounts were less than 2.0 Pg per 5 ml of ethanolic-suSfuric acid in

cortisol and less than 1.0 SCg in corticosterone. But self'absorption

effect of the fluorescence was observed in the case of above each levet.
This result was in approx imate agreement with the report by svvEA[rl47)

that cortisol more than 6.5 "g resulted in self-absorption effect. A

relationship between arnounts of each hormone and the fluorescence

readings was 1inear and llsefuL for the measurpment in the case of

smaller amount than each limit; 2.0 va of cortisol or 1.0 Pg of

corticosterone per 5 ml of ethanolic-suifuric acid. An amount of either
cortisol or corticosterone used for standard was O.8 Itf or O.4 /Ltg,

respeetive1y.

   c) A quantitative method of plasma 11-OHCS leyel
   The outline of the procedure is shown in Fig. 7. Plasma samples

PLASDvLA.

   ,
Washed

;

Pre"'ashing:
Add Petroleum Ethen
Shake in slewly for 5rnin.
Centrifuge 2500 R.P.M. for
Discard upper layer.

EXTRACTS

      Methylene Chloride.
         slosvly for 10min.
  Centrifuge 3000 R.P.M. for 10 rnin.
        upper plasrna.

  Add Sodium Hydroxide.
        upper tayer.
    (Repeat 2 times) -
  Centrifuge er)oo R.P..Nf. for 5 rnin.

  ENTRACTS
  FIuorometry :
  Add ELpt,anolic-Sulturicacid solution.

  Stand 30 min at rocrn
             .

Fig. Z The determination of

        tissues

PLASMA -
  Extraction
  Add
  Shake m

  Dlscard

  Washing:

  Discard

 ;
Washed

ADRENAL TISSVES
         Extraction:
         Add 70% Ethanol and
         Grind by a glass rod.

EXTRAC PS
         Washing:
         Add Petroleum Ether.
         Shalce for 1 Tnitu
         Ccntrifuge 2000 R.P.M.

Wasbed EXTR.ACTS
        Dilution:
        Add water

ternperature (about 20 Åé).

        n-oHcs in plasrna and

quartz sands.

for 10 min.

adrenal
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were poured into glass-stoppered ccntrifufla] tubes and were shaken for 5

minutes with the three volumes of petroieum ether. A particu)ar attention
was needed ut the shaking because plasma layer could not be ea$ily

separated from petroleum ether, if the shaking was too viRorous. After
centrifuRation (2500 r.p.m.) for 10 fiiinutes, the petroleum etherlayer

was discarded. The washed plasma(a mlJ was transfused into the other new

centrifuRal tllbe or a separutory funnel and shaken for 10 minuteswith
the five volumes of methylene chloride (b ml). If the shaking was too

vigorous, methy:ene chloridc and plasma were inseparable. If too weak,
vzee vcrsa, either cortisol or corticosterone added to plasma were not

recovcred completeLy. It was required thut a constant shaking intensity

was al.ways kept. After the shnking, it was centrifuged for le minutes
again. X•lnien a volume of the plasrna was [ess than 4 ml, rnethylene

chloride extract was easily separated frorn the plasma layer. After the

upper plasma iayer was discarded, the lower extract layer was shaken

vigorously for 30 seconds with the V15 volurne of O.1N sodium hydroxide,

and allowed to stund unti1 the separation into two layers appeared clearly.

After ren)oval of the upper sodium hydroxide layer, the 1ower extract wfels

shaken with the sodiurn hydroxide solution in the same way as the previous

case, and centrifuged with 3000 r.p.m. for 5 minutes.

   After the removul of the upper )ayer, methylene chloride extract
(c ml) was transfused into the other new centrifugal tube. This extract

cooled in ice'cold wuter was shaken for 20 seconds with 5 or 4 rrtl of ice'

cold ethanolic'sulfuric acid solution and allcvwed to stand in ice•"cold

water for a few nnnutes until the niixture wus definitely devided into

two layers. The upper methylene ch]oride layer wrds rernoved carefutly.

The lower layer was ullowed to stand 30 minutes at the room temperature
(about 2eÅé) and measured by the fluorometer. At that tinte, IF'470 nitL

and a combination of -'t02, and FLtB;? or FL-530 rrilL were used as the

primary filter and the secondary filters, respectively.
   Plasma 11-OHCS leyel (M ILg/100 ml) svrds calculated by means of the

fot1owing formutai

                      X -- X                                b 100           Dvl =Px Ox -x
                      Xs- X'o c a
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       X : Fluorescence reading of a sarnple

       Xo: Blank - fluerescence reading of only the residue of methylene

            ch1oride
       Xs: Standard - fluorescence reading of a certain hornione (P Pg)

            and the residue of methylene chloride

    (2] A quantitative method of adrenal 11-OHCS level

   To extract 11-OHCS from the ground adrenal tissue, HA!NEs`49),
MAccHI` s77)and GulLLErv(IN's46)rr,ethods have been known up to date•

HAINES'49) method is complicated and takes much time. The iatter two
methods46'77) are suitable to extraction of corticosterone like corticoids,

but not to that of cortisol98).

   A method for extraction of both cortisol and corticosterone was
investigated in this experiment, based on the sugRestion of NISHIKAzE98).

   The outline of the method for determination of adrenal 11--OHCS
leyel is shown in the riflht half of Fig. 7. Adrenal tissue ( a rng) was

placed into a centrifugal tube and ground by a glass iod with the help

of quartz sands. Ten ml of 70 %ethanol per R of adrenal tissue was

added and the tissue was Rround thoroughly. It was viRorously shaken
for one minute with the three votumes of petroleum ether and centrifuged

at 2000 r.p.rr). for 10 niinutes. The upper petroteum ether layerwas

discarded. At this time the lower ethanolic layer shoutd not be removed
even a litt!e. Content of ethanol in the extract was adjusted to 30 %

with water. The final volume was bml.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-cxtracted with d ml of methylene chloride. And the methy]ene

chloricle re-extract (e ml) was measured fluorometrically as described in

the measuremcnt of plasma 11-OHCS.
   Adrena} 11-OHCS leve] (N ILgi100 mg) was calculnted by the following

fermu]a;

          x' x. b d loo
          Xs- Xo c e a
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       X : Fluorescence reading of a sarnple

       Xo: BIank - fluorescence reading of only the residue of methylene

            chloride
       Xs: Standard - fluorescence reading of a certain hormone (P ILg)

            and the residue of methylene chloride
    Recoveries of cortisol and corticosterone added to adrenal tissue

were 85.3Å} 11.1% and 108.0 Å} 12.0 Ye , respectively. Although the

recovery of cor!isol was somewhat ]ow, the method was considered to be

utiiizabte, 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 vefy low levels and thermolabile, it was considered to be difficult

to isolate each hormone from such samples in the past. Recently, thin
!ayer chromatography (TLC) has been recognized as a valuable analytical

tool. This seemed to be superior, regarding separability, sensitivity,
developmental rapidity and simplicity' of the apparatuses and the procedures

than the other chromatography. Then, TLe was utilized in order to isolate
cortisol and corticosterone independently from the extracted residue of

plasma or adrenal glands.

    a) Deve1opment
    It wa$ reported that the mixed solvents of two or more reagents were
superior as the developing solvent for separation of adrenocorticoids76'

86,112,149,160). These solvents were compared with each other regarding

$tability and separability. As the results, chloroformtmethanol solvent
(90 : 10, Vrv) was adopted.
   As shewn in Fig. 8, Rf values of cortisol and corticostero.nl with the

solvent declined as the time proceeded and became censtant in one hour
after pouring the sol vent; O.46 Å} O. 03 apd O.57 Å} O. 03, respe ct ive ly,

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

    b) Detection
    For detection of adrenocorticoids on thin layer plate, sulfuric acid
spraying method149), antimon-trich1oride method14S), f1uorescein"sodium
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       Fig. g Effect of the saturation time on the Rf value of
               certicosterone and cortisoL

                                                    i
rnethod 86), tetrazo1ium blue methodi60),iodine•-vapour method8t), vani11in

      82)         , etc., have been developed.method
    Detectionab!e lirnits of deoxycorticosterone and cortisone by three
methods81'82'B6) were shown in Table 3. It was reported that antimon'

       Table 3. Minirnal detectionable amount ef deoxycortjcosterone

                and cortisone on TLC by three methods

Substance F1uorescein
   Na Vani11in Iedine

Deoxycorticosterone

Cortisone

as

LO

as

2. 5

1.

2

o

5

LTnit: Ag; Diameter of spots : Ca. 5 mm
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o I 0 143) d If 0 °d . h 149) ..tnch orlde an su uric <lCI spravlng met od v,ere more sensitive

than these methods; even 0.1 fig 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 II-GIleS was not affected by the spraying of iodine-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 corticosterone in a sample presumed

from those of the detectionable amount of standards by the spraying of

iodine-vapour.

._------------------------

(F)

CI

o

x • •

• Extracts from sample

X : Standards which contains cortisol (F) and

corticosterone (B)

Fig. R Portions of cortisol and corticosterone presumed,

based on the Rf values of standards
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     c) Elution

     It had been difficult to isolate purely and quantjtativety a substance
 from the 'silica gel". The difficulty had prevented TLC from beinR

 utilized to a quantitative analysis. Some methods have been proposed
 for the elution81'91'96'141), bvt their methods had any defects. The

 modified MArl ['HEVVSe method was used in this study. The apparatus was

 shown in Fig. 10.

    If the elute was dried by the

 help of N2 gas flew on water bath,

 the recovery was not high. The
 residue miRht be blown off by the

 gas flow, attaching to corpuscles

 of si1ica get. This difficulty

was overcome by the next procedures;
3 votumes of the ice-cold sulfuric

acid were slowly added to 4 volumes

of the ice-co!d elute of methylene

ch1oride-ethanol (3 : 1, VLIV),

and shaken vigorously for 20

seconds. Such mixed solution Fig. Ia Elutien apparatus for the
was atlowed to stand in ice- isolation of cortisol and
cold water until two layers corticosterone from the
appeared clearly. The upper 'silica gel'
methylene chloride layer was

discarded. The lower layer
(75 9e ethanelic-sulfuric acid contained the extracted hormones) was

allowed to stand 30 minutes at about 20 Åé, and was measured by means of

the fluorometer.

    Recoveries of cortisol and corticosterone added on TLC plate by the

modified e!ution 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 net change even if more amounts
of a 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 bet.ween the recovery of cortisol and that

of corticosterone was appreciated.
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Table 4. Recoveries of cortisol and corticosterone obtained by

elution from TLC plate of Kieselgel H

Recovery (%)

r,.----------A-----------..,I tern

Oortisol

Cor t icos te rone

Amount
added
(JLPJ

2.0

0. 8

1.0

0.4

P re-Deve I opmen t

9 0.8 (2)a)

9 1. 7 (3)

89.5 (2)

90.8(3)

Pas t -Deve I opmen t

8 L5± 13.8 (5)

a): Each number in parentheses shows the number of repl ications

b): Mean ± standard deviation of the mean

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

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

d) A method by means of TLO for separation of cortisol and corti­

costerone

The outl ine of the obtained method is 3s follows i a methrlene

chloride extract from either plasma or adrenal tissue was dried by

flowing N2 gas on water bath (40 - 50 DC). This residue was dissolved

In a little amount of methylene chloride 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 wa~

also dissolved in methylene chloride and spolted on the same line of

hath 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/V) •

In order to faci I i tate saturat ion. a piece of f i I ter 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
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out and dried.

    Iodine-chloroform solution (O.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 Eel' of the positions drawn

oblique or horizontal 1ine was tran$ferred on the apparatus (Fig. 10)
and washed with a mixed selvent of methylene chloride and ethanol (3 : 1,

V7V) 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 alloved to

stand in ice-cold water until two solvent layers appeared clearly. After

removal of the upper methylene chloride layer, fluorescence of the Iower

layer was measured llnder the same corKIitions as described at the deter"'

mination of plasma 11-OHCS level.
    F/B ratio was calculated according to the foSIowing formula;

                                       q
                          Xf- X.f X,f qXsb(Xf-- X.f)

             F/B ratio= x =
                          Xb- X.b P PX,f(Xb-" X,b)
                                       Xsb

        Xf or Xb : Fluorescence readinR of cortisol or corticosterone
                      fraction in a sample, respectively

        XofOr Xob: Btank - fluorescence readinR of the position OF or

                     OB in Fig. 9, respectively
        Xsfor Xsb: Standard - fluorescence reading of cortisol (q va)

                      or corticosterone (p SLfz), respectively

    {4) Precision of the methods obtained in this study

   The determination of 11'OHCS level was repeated twice en the same
plasma sample. The difference between the two values was 4.3 Å} 3.2 %

of the mean. A value of plasrna 11-OHCS level obtained by the method

seemed to be comparatively precise.
   As much impurities existed in plasma in spite of the very minute

level of 11-OHCS•, it was not clear whether only 11-OHCS themselves
Were measured by the method or not. Then, source and ernission spectrurns
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500      580
Analyzing
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/

Fig.

 440 520 4•tO 5-.).O 440
    Exciting Wave Lefigthb (m,")

a: Exciting wave length is constant

b: AnalyzinR wave length is constant

IL Source and einission spectrurn of

    cortisol (F), corticosterone (B)

    cattle and rats

520 440

(465TiV` )

 (52OmlL)

fluorescence radiated

and plasma extracts of

520

fr om

 sheep,

were investigated. The results are showti in Fig. 11. All samples showed

the same curve as either cortisol or corticosterone standafd and had a
single peak at the wave length of 465 mtL or 520 inpL by the side of exciting

or analyzing light, respectively. These results indicated that the

impurities radtating fluorescence under the same conditions as 11'OHCS
were almost perfectly ruled out frcm the present determination of 11DHCS.
   The separability of cortisol and corticosterone was examined on adrenal

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

                              -22-



corticosterone (2

O.5 cm of width

tu
=

-"vcu

e
L
oo
=
v
o
m
o
- o
=
-r;:.

20

10

 o

 : 1)

from
'

the

FIuorescence of the

 origin was measured

positions located on every
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                       Absolute Rf value (cm)

      Å~: Sho-rs the position of cortisol (F)

      O: Shovvs the position of corticosterone (B)

   Fig. 12. Thin layer chromatoRrams of cortisoZ (F), corticosterone

             (B) and adrenal extracts of cattle and rabbits

cortiso! and corticosterone was appreciated by the chromatogram of

standards as shown in Fig. 12. The F;ZB ratie of the standard was 1.98

and exactly equal to the mixing ratio (= 2).
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 Chapter ll. Adrenal weightg in various animals

    The evaluation for adrenal weight as a way to know adrenocortical
activity varied among investigators. DuycK28) and sANzARI125)reported

no siRnificant correlation between adrenal weight and corticoid secretion
rate in rats and dogs, respectively. on the other hand, sAyERs128)stated

that adTenal weight is a good index of adrenocortical activity,

    Suppose an organ occupies the part in body according to its need, it

is considered that adrenal weight miRht be useful to evaluate the impor-

tance of adrenal grands. :Xs the first stept adrenal weights were surveyed

and compared amonR various anirnals.

    L Ma te ri als and Me thods

   Cattle (Japanese Black and Holstein), sheep (Japanese Corriedale),
rabbits (Japanese native), domestic fowls ('White Leghorn) and rats (WTistar

strain) at the experimental farm in Kyoto Universityi were used in this

mvest1gat1on.
   Japanese BIack and Holstein ivere young fattening steers about eighteen

fnonths of age, The ages of ether animals were about one to two years in

sheep; sixteen weeks in domestic fosvls; five months to two years in

rabbits; ene month to two years in rats.

   Adrenal glands were taken out as soon as possib]e after slaughter of

animals, aad irnmediately trimmed and weighed.

    2 R,esults 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
rnale, but the sexual difference was not appreciated in Japanese Black

Cattle and in rabbits.
    sANzARLI125) reported that a statisticaliy siRnificant correlation

vv4s found between body weiRht and udrenal weight. The adrenal weight per
unit of body weilttit(AVVASW) nas been often used for comparisons of the

adrenal weight arnong animals whose body weights are different each other
26,97)      . The AWZBW is shcvNvn inTable 6. The increasinR erder.of AVV![BVV
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T ab1e 5. Body wetghts

   animais
and adrenal waiRhts in the    +var1ous species of

Anirna1 Sex Number Body weiptit(kg) Adrenal       1)weiptit ( g)

Cattle Japanese

Holstein

Black
Female
S teer

Male
Ma1e

 6
11
 2
12

428Å}242
474Å}32
501Å}18
36 1 l: 15O

1

1

1

1

        2J2.8Å}2O
37 Å} L4

.3 7Å} a9

a6Å} 5.6

Sheep 'Wether 9 3 35t39 26 4Å} a4 8

Rabbit
Femate
Ma1e

10
12

141Å}a23
1.4 1 •f a2 1

a232tao
a234Å} ao

51
37

Domestic Fowl Ma1e 18 156.taO9 al 38Å}aO21

Rat
Fema1e
Ma1e

24
25

al95Å}aO65
a274faO99

ao s7Å}ao
ao4sÅ}ao

19
13

1)

2)

The
Me an

yalues are

Å} standard

the combined

 deviation

we i sth t s of left and riRht adrenal glands

was as fol 1 ows; cattle Åq sheep Åq domes tic fowls Åq rabbi t$ Åq rats.

    It was reported that ASAUBVV was 30.1 mg!VkR (mean of six) in Japanese
Beef catt]e168), ss mfvlcg (five) in sheepi55), 176 mkrAcg (ten)97), go.s

mg/kg (twelve)i6) in the male white Leghorn, 76 mz/kg (six)i65) in the

                                              26,57,9S,125)                                                            and 264 msu'kglaying hen, 107 to 136 mg/kg in the male rats
(thirty five) in the female26). The present data coincided with these

va1ues.
   Althoug} .XW)!ENV has been often adopted in the experiments dealt with

a 1imited vveight range, with a single species, or with a few closely
related species, its manner cannot be usefus over a large weight range21).

CHRISTIAN21) recomrnended to take the ratio of logarithmic adrenal

weight te logarithmic body weight.
    From the point of view that the heat given off as the result of

metabolism is directly proportional to body surface} i.e., metabolic
body weight tw3/4), it is supposed that the functional irnportance of
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Table & A comparison of the adrenal weight per unit of body weight
         (AYVAIW) and that of metabo1ic body weight (.A]VVf'MEPV) among

         various species of animals

Anima1 Sex
Adrena1 weight Adrena1 weight

     weightBody
  msz/lcg)(

Metabolic body
     (m        gA{g)
;;:-:-::-:T;-:-:L:-;-`Tl-::-7i-)

weight

Catt1e Japanese Black

Holstein

Pemale
S teer

Male
Ma1e

          2)2 98Å} .39

2 92Å}tO
273Å} •.).8

3 !L O+ Z9

            2)1 3 5.5Å}1 &1

1 3 5.9Å}1 71

12 92 -Å} 1 •Z2

16 5.0 t3 l9

Sheep Wether 8a1 t-1&8 19 L5 -t4 IJ5

Rabbit
Female
Mate

16Z2 t4 L7
169et3Z3

18a6 •t4 19
1828Å}3a4

Dornestic Fowl M3te 8 &7 tl L5 9 90 tl 33

Bat
Fema1e
MaEe

3e a9 t4 Z7
18 a6 E5 73

19 48 t2 93
1 2 5.0Å}2 79

1) Metabolic body vveight is body weight to the three'quarters power

2) Mean Å} standard deviation

adrenal glands retated to metabolism could be evaluated through adrenal
weight per unit of the metabolic body weight (AJAe!MEM'). There was no
significant difference in the AViL,'MBW among animals except that the
AVVLIMBW ef dcvnestic fc)w1s was siymificant1y sma11.
    If either body weight or metabolic body weight was more closely
related to the adrenal weight, the variability in values of the adrenal
vveight divided by the more closely related weight should be smaller than
the other. Nevertheless, their co•-efficients of variation were nearly
equal; 18.8Å}6.8 % in the AwnV and 17.0Å}4.8% in the AVSeileV[EMir. It
is suggested that both indicators are equally valuable as a measure, if
any, wbich sho-rs an importance of adrenal glands in body.
   As a whole, adrenal glands in ruminants were smaller than that in
nOn'rurninants in regard to the degree of occupancy, but the former were

functionally as important as the latter. .
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Chapter M. 11-OHCS levels in both blood plasma and adrenal
               tissue of various animals

   It has been stated that glucocorticoid Eevels in p]asma75'111) and in

adrenal tissue57) are the good criterions of the adrenocortical activity.

A!thouRh many investigators have determined glucocorticoid levels in
plasma of varioys anirnals7'26'75'97'106'125'124'150'152'165), there exist

some questionable problerns in their methods. No report concerning
plasma gtucocorticoid levels under the same conditions through variovs

animals is available yet. Levels of glucocorticoids in adrenal glands

have not been reported in most of domestic amma:s.
    It has been known that the rnajority of glvcocorticoids in both plasma

and adrenal glands is either cortiso! or corticosterone (or a mixture of

both) in a!1 species, but the relative amounts of cortisol and corticosth
erone vary widely among animal speclesi9'45). Moreover, it was described

that there might be difference between the action ef cortiso1 and that of
corticosterone42). From such reasons, it was necessary to consider not

only the total level of 11-OHCS, but also Fl/B ratio in plasma and

adrenal glands.
    11-OHCS levels and Fi/B ratios in both plasma and adrenal glafids

yK}re compared arnong variovs anirnals.

    L Materials and Methods

    The used anirnals, 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 giye 'resting

 level' of 11-OHCS-
    11'OHCS levels and FIA] ratios in plasma 3nd adrena! tissue were
determined according to the methods obtained in the previous study

 (Chapter I)•

    2 R,esults and Discussion

    The levels of 11-OHCS in both plasrna and adrenal tissve are showtt

 in Table 7. The levels of 11-OHCS in plasma of cattle, sbeep, goats
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Table 7 A comparisoii

         .among "arlous

of 11-OH(]S levels in
specics of anirnals

plasma and adrenal ttssues

Anima1 Scx Piasnti 11'OHCS
    (ILgiOO .l)

level Adrenal 11'OHCS
   ( I`g.i1OO mg )

1eve,

Cattle a)Japanese

 Ho1stein

Black

Fema1e
Steer

Ma1e
Male

o.pt9

2. 1

34

   -1)
4Å}as4( 6)2)

7t O. 64( 4)

3 -t a9 5(15)

t2 9Å} L7 3

307ta58
2.8 3 F: L2 l

372 i: Ll 4

( 6)2)

(12)

( 4)

(10)

     a)Sheep We ther ,3.2O I: 1. 1 6(16) 31 1 Å} •Z4 8( 6)

Goat
al Fema1e

Ma1e

:l3

Zl
3tft83
1Å} al1

( 2)

( 2)

Rabbitb) Fema1e
Ma te

a2
Z4

3ttO8(
6Å}2.72(

13)

18)
23 Ot L19(
L9 7 1: Ch,6 2 (

7)

6)

Domestic     b)Fowl Ma te •Zl 8Å}a19( 6) ao4 1:ao2( 4)

Ratb) Fema1e
Ma 1e

4

3

5.3-t3

L3 tl
30(22)
a2(24)

a7 oÅ} a3 7(

Q7 OÅ} a2 3(

4)

4)

1)

2)

a)

b)

No datum available

MeanÅ}standard deviation; a number

of samples
11-OHC,S levets of the animal are
11'-OHCS levels of the animal are

in parentheses shows the number

presented as cortisol;

presented as corticosterone

and domestic fowls vvere iower than tho3e of rabbits. The mean tevels

of female and maEe rabbits were 6.23 I`g/100 ml and 7.46 ILg/100 ml,

respectively, and evidently lower than those of rats. And the female

rats were higher than the male.
   The tevels of 11'OHCS in adrenal glands of cattle and sheep were
higher than those of domestic fowls, rabbit$ and rats as shown in Table
7. CRITCHLUVV et al as)
                    . reported that il-OHCS levels in adrenat glands
ef rats were 1.96 Å} O.27 "g/100 mg in female and O.89 iÅ} O.15 pg/100 mg

in male. These value$ were in agreement with the present data. -
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    On the results in Table 7, adrenal 11--OI-ICS level$ were higher in

 ruminants than in nonLruminants, while plasma 11'OHCS leve1s were the
 reverse of the adrenal. Cattle which the adrenal sarnp:es were taken

 from, hewever, had been transported 60 km from the farm to the staughter
 house and fasted for about two days. And the sheep had been transferred

 from their barn into the dissecting room and tethered in the room for a
 few hours. REiD ct at.ii7) reported that transportation infhienced

 cortisol level in plasma of sheep. Bum et al.5) reported that rats

 transferred to laboratory for experiment had high plasrna and adrenal

 corttcosterone levels. From these faets, 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 11tOHCS level in ruminants. Therefore, further investigation
wil1 be necessary in erder to discuss on the difference of the levels

 among spectes.
    It was reported that plasma glucocorticoid Ievels were about 1.5 SLg/
 loo ml in sheep75'124), and approximately lo "g/'loo ml in the male rats

and 3o sLg/10o ml in the female26'59). The present tevels of both rats

and sheep were somewhat higher than the results fbund in the literatures
7,26,59,75,106,124)                   . On the contrary, the level of dairy cattle was 1(rwer
than the result reported by ROBERTSON et at.121) and vENKATASEsHu
and ESTERGREEN161), biit higher than the resu1t by TEKrv[psoN et at.15O).

And, wlLLE'Ivr et al.165) reported the similar level to the present result

in dairy cattle.

  As the reasons brought about these differences, environmental conditions,

und sex, breed, aRe, etc. of the experimental animal ceuld be considered.

Such influences on plasma 11-OHCS level, boveveri is not sufficiently

understood. Then, further investigation witl be carried out later on.

    PIasma glucocorticoid levels in serne other animals have been reported;
10 to 24 #g/loo ml in huFnans15'109'157'158), 4o Å}o.s pg/ioo ml in
,nonkevi57), 34.o Å}o.7 #g/loo mi in guinea pigsi37), ls.4 Å} s.g i`g/loo
ml m' pigs152) and s to lo piv'loo mr in mice71).

   As shown in Table 8, F/fB ratio in ptasma was over 3.0 in ruminants;

about 2.0 in rabbits; and under O.5 in domestic fcrwls and rats. However,

the ratios in adrenaL tissue were under O.5 in most of the tested animals,

except for the higher ratio in sheeps 2.9. Fi/B ratio in plasEna svas
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Table 8 A comparison of the ratios of cortisol to corticosterone
         (F/B ratio) in plasma and adrenal tissues among various

         species of animals

Frs ratio
Animal Sex

in plasma in adrenai

Cattle Japanese Bl ack

Ho1stein

Femdle
S teer

Mnle
Nkt1e

 - 1)

36
L7.3

as

a4
a2
a3
O, 3

Sheep We ther .as 29

Goat
Fema1e
lIaie

1ao
 36

Rabbi t
Female

Male

•Z3

1. 9

a3
a2

Domestic Fowl Ma1e a4 al

Rat
Female
Ma1e

a2
a4

ao4
aoo

1) Nodatum ayailable

different from that in adrenal tissue even in the same animal.

   The present resalts of FiA3 ratio in adrenal tissue were similar to
the data described on beef cattlel70), r,tts57) 3nd other anitnals45),

respectively. Although the data regarding FA] ratio in plasma had
rarely been available, it was recently reported that the ratios in plasma
of Holstein cattle were 4.o t 1.2T61) and L).4i65). These values coincided

with the present results.

   According to thc results in Tables 7 and 8, ruminants had 1ower level
ef 11-OHCS (.Sr4 pfv'100 ml) and higher F)/B ratio (l 3) in p]asma than

non"ruminants. In reRard to the lom' 1evel of g1uct)ct)rticoids in p1asma

of rurninants, three pessibilities can be suRgested ; 1) The higher
sensitivity of ruminants to the corticoids as LImoNER75) has alreadv
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pointed out. 2) The existende of a specific steroid in plasma of rumi-

nants. 3) The quickness. and intensity in response of adrenal cortex in

rumlnants to many stressors.
   Mereover, cortisol was predominant in plasma of ruminants. This
might be an adaptative symptom to the metabolism characteristic ef

ruminants, as it is well known that the corticoid has the himbest

gluconeogenetic activity.

L

-
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 Ckapter rv. EHect of season, age dnd sex on plasma 11-Åq)HCS
               ievel

   Adrenal i)veights and 11-O}IOS levels in plasmn and adrenal tissue of

several domestic and laboratory animals, were presented previously

together with FM ratios (Chapters ll andM). For the proper evaluation

of thesc results, :ossible effects of seuson, age and sex on these

parameters shoutd be taken into consideration• .4ynonR a few available
reports, pATERSoNtD5) described that plasma !1'OHCS levels in cattle
wcre influenccd bv seagon, and WAT.4LNARE:62) rcported that the similar
effect e:isted in huFnun:s. R,eR;]rding the effjct of a"e, ,gHtxw et al.154)

reported that plasma 11'-OHCS levels of caEves, 3 to 8months old, were
similar to those of adult cows. The sex'ual difference in plasrna 11-OH()S
level was apparent iti [n]ture rats26'59), but that in sheep or in cattle

has not been known.
   The purpose of this study is to elucidnte effects of season, age and

sex on plasma 11'OHCS ILbvels of cattle, sheep and rats.

   1. Materials and Mcthods

   The breed and the nufnber of animals are presented in Table 9,
Cattle were fed at Tottori Livestock Breeding StationtVF' and Department

of Anima1 lndustry, ChugokuA2ricuttura1 Experirnenta1 Station)Iele.

Sheep "tere fed at Chugoku Livestock BreedinR StationL)EIe. R,ats were

fed at the laboratory, in Kyoto U/niversits- and they were moved into

individual cages 10 days before starting each experiment. The animals

Table 9, The breed and the num5er ef ani.rruils

Species Breed
Number (heads)

Mnle Female Total

Cattle

Sheep
ILat

Japanese Black

Japanese Corriedale
"VLI $tar

67
54
24

140
 71
 22

207
125
 46
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consisted of both sexes of various aRes.

   The seasons tested were early summer CJune, i969) and Iate winter
(February, 1970).

    Bleeding technique and recipe for blood plasTna were as described
previousty (Chapter I). AccordinR to zlwwN et al.171), it took

several minutes for rats to show theresponse of plasma corticosterone

level after exposure to a stressor. The time required for bleedinE was

less than one minute in this study. Therefore, the blood samples have
presumably had 'resting level' of plasma 11-OHCS.

    Biood was taken under the conditions as stress-free as possible late

in the morning. The blood sarnple was centrifuged and the supernatant

plasrna was stored at -20OC. The determination of 11-OHeS in plasma
was carried out by the method described previously (Chapter I).

   '*=*J : All these stations belong to Ministry of Agriculture and

          Forestry of Japan.

Table la Sexual and seasonal

of cattle, sheep and

differences in

 rats

plasrna 11-OI-ICS teve1s

S pecies Season
P1as,na 11'OHCS 1eve1(pgi100ml)

Ma1e Fema1e

Cattle

Sheep

Rat

S Llinrne r

Winter

Summe r
"Winter

Surnlner

Winter

 L47
 16 6

 30 5

 327

2698
3695

a Å} a4 g( 3o) '*

 t t)76(37)

 l• L06(30)
 d-J MO(24)

 Å}2 12 9( 14)
b el 21 1(1O)

 18 la

 1.7 7

 2.78

 302

3972
    b5203

Å} a85(69)
=l 09 4 ( 7 1)

Å} a96(34)
t IJ9(37)

t3 al9(12)
t3a6o(1o)

a

x

and b: Meuns havinR a common !etter in
       are statistically different (KO
: Mean Å} standaTd deviation; The number
   indicated in parentheses

                       -33-

thei

.05)

 of

r superscripts

observations is



    'Z Results and Discussion

   Plasma 11'OHCS levels of all anirnals in early suJTuner and late
winter are shown in Table 10. It was also observed in this study that

plasma 11'OHCS levels of cattle and sheep were quite low as compared

to those of rats, regardless of seasons and sexes.

   Plasma 11'OHCS leve]s of cattle and sheep in winter svere simi!ar
to those in surnmer, while the levels of rats in winter were higher than

those in summer though the difference was not significant.

    In cattle and rats, p]asma 11-OHCS levels of the fernale seemed to
be hiRher than those of the male. The sexual ,difference was significant
in the case of cattle in summer (PÅqO.Ol) .und r"ts in winter (PÅqO.05).

On the other hand, the flifference was obscure in sheep.

   Values of plasma 11-OHCS in Table 10 were further classified into
several groups according to the age as shown ii Tables tl, 12 and 13, to

facilitate the analysis of possible effects of sex and season.

   Plasma 11-OHCS levels of male and t'emate •;attle seven to twelve

months old were higher in winter than those in summer, but this seasonal
difference was significant only in the rnale (PÅqO.Ol). The seasonal

effects in either younger or older ages ivere 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 ptasma 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), CRITCHI.UVV et al.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 sensitiyeiy affected

by season. This age range coincides with that in which calves are
susceptible to Kiriyoi diseasei45), and hence adrenal dÅrtsfunction could

be involved in its etiololoF.
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Tab1e la The influence of age
    in plasma 11-OHCS

on sexual

levels of

and

rats

seasonal di ffe rences

Age Season
Pl asma 11- OHCS 1eve1 ( pcg,i 1 O O mtf )

Ma1e Fe ma Se

Old

Midd1e

Young

Suck1ing

Winter

Summer
Winter

Sumrner
Winter

Summer

4 1.7(2)a)

2 5,2(5)

3 2.3(3)

2 2O(6)
3 Z8(5)

3 99 (3)

1 81 (2)

4 5.1(5)

5 t4(3)

3 t3(5)
6t1(5)

4 ao(2)

a): Number in the parentheses shows the number of samples
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 Chapter V. Etfect of physieal and psycholegical stresseg
               on plasma 11-OHCS level

   Seasonal variations in plasma 11'OHCS levels were investigated
previously (Chapter rv). It was sugpested that the leve.1 in cattle and
sheep miRht be more stable than in rats as described by KNIGc}E68),

indicating that adrenal cortex of ruminants might respond less sesitively
to a stressor than that of rats, There are some evidencesl16'151) to

support 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, i.e., 'cold' and 'hot' temperatures, and

transportation were selected as physical and psychological stressors
according to REID116,117).

    1. Materials and Methods

   Young fattening steers about 16 months old (Japanese BlackÅr, adult

wethers (Japanese Corriedale) and adult male rabbi,ts (Japanese native)

and rats (Wistar strain) at the experimental farm in Kynto University

were used.
   This study consisted nf 3 pxperiments. The treatment of each
experiment was as follovs; 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 ' 21Åé by the transfer (Table 14).

Exp• JI ('cold' stress): sheep and rats kept in the hot room for five days

were moved back to the outdoor environTrK,nt at 1 and 6 - 7A.M., respec'

tively. The temperature was decreased 15 - 200C by the second transfer.
These two experirnents were perforrned in the period from February 6 ta

March 18, in 1970 in Kyoto. Blood samples of sheep (4 heads) were taken
from each anirnal at O, 1, 2, 4 and 8 hours after the rnove. In rats (8

heads), the sarnples were taken from different animals allotted to each

time, i.e., O, 1/2. 1 and 2hours.
                                                         ,   Exp. M(psychological stress): cattle, sheep and rabbits were trans-
Ported by a truck for 120. 90 and 10 minutes, respectively. Blood samples
were taken frorn each animal at O, 1, 2. 4 and 8 hours after the beginning

                                  -37-



Table 14. Conditions of Experi[ixtnts I and ll

Experiment I ('hot' stress) Experiment II ('cold' stress)

An i rma 1          TimeDatea) at the start
     of treatment

 Difference of
the temperature
  (oC)

         Time
Datea') at the start
      of treatment

 D
the

ifferette of
temperature

( eC)

Sheep

Rat

26
32

216

a7

a.m. 5:30

a .m. 6 :3 e

a.m. 6:3O

a.m. 6:Oo

2i(- i - 2o)b)

2i(-- 2-19)

16( 4 - CZ O)

19( J•-20)

212

37
bzC26

.al 8

a.m. 1:OO

a.m. 1:OO

a.m. 7:OO

a.m. 6;OO

1s( c2 o - s)b)

lg(cao-1)

t O(20-O)

18(20 - 2)

a)

b)

These experiments were carried

The numbers in parentheses show

the room of phytotron

out in Kyoto in 1970

 the temperatures of outdoors and

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 frem different anima!s allotted to each time,

i.e., V2, 1, 2 and4hours. In cattle (4 heads) it was atso rnade from
each animal at one day before, and 2 and 24 hours after the beRinning of

transportation.

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

    Oth R,esults

- As shown in Fig. 13, plasma 11-OHCS levels in sheep somewhat
tncreased at 4 heurs after the exposure to the stressor, but decreased

beneath the initial va]ue at 8 hours. In rats, the levels increased
rapidly and significantl.y (PÅqO,Ol), but returned to the initial vatue

within 1 hour after rhe exposure.

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

stress as shown in Fig. 14. The changes in shpep after the exposure
to the stres$or were not significartt, if an)•. However, the lpvels in
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Fig. 13 Influence of 'hot' stress on plasrpa 11'OHCS tevel in sheep

         and iats (Exp• I)
EAch mark shows mean plasma 11-OHCS level and'standard deviation

(cross (Å~)-sheep, solid circle (4)-rats)

rats increased rapidly and significantly (PÅqO.05) after the exposure,

and it remained high level even after two hours. ,
   After transportation the levels in cattle and sheep increased twice
the initial value. The levels in rabbits increased three times the initial
regardless of the shorter duration of transportation (Fig. 15).

    F3. Discussion

    In general, the actions of glucocorticoids may be divided tnte two

main classes: one is to help or protect the animal body frnm stresses
by increasing the resisting ability, and the other is to regulate the

                 4T)metabolic pattern .
    It was obtained tfie resutts that plasma 11-OHCS levels in sheep
Were not changed significantLy by meteorological stressors, but those in
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"'"'a
III '"(lJ ....

..r:. ro

'" '-
'-' '-'

"'"' 8.0 80.....
E

0
0....
£
"-"

IV
>
IV

CI) 4.0 40
0
:I:
9........

<'Il
E
'"ra-0...

o 1 2 4

Time in hour

8

Fig. 14. Influence of 'cold' stress On plasma ll-OHCS level In sheep

and rats (Exp. IT)

Each mark shows mean plasma 11-0HC8 level and standard deviation

(cross (X)-sheep; solid circle (.)-rats)

rats were increased rapidly and significantly. REI0
116

) 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

ated by adrenal ascorbic acid depletion test 131 ,166). And in humans a

I d ' d h d . I .. 164)co eXPosure InCrease tea renocortlca actIvity •

Plasma ll-OHCS levels increased rapidly in all the animals subjected

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

-40-



than that in either sheep or cattte. REID et al.i17) reported that serum

cortisol level in sheep was increased by transportation. MEScHAKS90)

reported that urinary neutral steroids increased in the bull following

15 - 40 km transportation. It is obvious that transportation of long

dttration might be stressful in physical means, but effects of transpor"

tation of short duratien should be investigated from psycholoRical
viewpoints. REID et ai.ii7) and REIDIi6) 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

would cause rather trouble in the practical husbandry of sheep than a

physical stress.
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 15• lnfluence of transportation on plasrna 11-OIICS tevel in cattle,

     sheep and rabbits (Exp. ]ID

Each mark shows mean plasma 11'OHCS leve! and standard deviation
(cross (Å~)-sheepi soSid circle (e)-rabbits, open circle (o)tcattle)
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  Chapter vr. Effect of faeting on plasma 11-OHCS level

    Many investigators reported that plasma cortisol level was not altered
 during fasting in humans59'66'70'129). Data on plasma glucocorticoid

 measurements in rodents during fasting are sparse. Chronic starvation
 (4 -- 14 days) failed to elicit any sign of adrenocortical stimulation
 in rabbits14). A 24 hours fasting in the rat produced an increase in

 plasma corticosterone levels, but this had been Renerally ascribed te
 nonspecific stress5B). The effect of prolonged fasting on plasma corti-

 cesterone ievel is not known in rats, On the other hand, OTSUKAL and
 o!vPRI101) suRgested thut adrenal cortex of goats might be activated by

 fasting, based on the information regarding peripheral blood eosinophils

 count and adrenal weight.

    These results and sugRestion seemed to support the hypothesis that

 adrenocorticat function of ruminants might be of particular importance
 in relation to nutrition, cornpared 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 reRu1ation of intermediary metabolisrn

 in ruminants with that in rodents.

    1. Materials and Methods

    The anim31s used in this study were the same as described previously
 (Chapter V). Each animal wms kept individually in a metallic caRe•

Water was Riven ad lebttum during fasting.

    Plasma saTnples were taken frorn ench anlmal (4 heads) at O, 1, 2, 4•
 10, 16, 2e, 24, 28. 32, 36 and 40th day after removal of feeds in sheep,

'It was also made from the different animals allotted to each particular

day; O, 1, 2, 3, 4, 6, 10 and 14th day in rabbits (18 heads) and ; O, 1,

2, 3, 4 and 7th day in rats (21 heads) after the removal. Bleeding

technique was described previously (Chapter I). Body "eight was rrEasured

ever)' at b1eedjng.

    Plasma 11-OH(]S Levels "ere determined in the four rats fasted for '
5 days and in the three fed controls. Al] these rars ss'ere decapitated

at the same time.
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   The detertnination of plasma 11-OHCS level was carried out by the
method described previously (Chapter I).

    O- R,esults

    Plasma 11'OHCS leveLs and body weights during fasting in sheep,

rabbits and rats are shown in Figs. 16, 17 and 18, respectively. The

mean initia] body weights with standard deviation were 46 Å}4.4 kg in

sheep, 2.33 Å} O.13 kg in rabbits and 341 Å} 86 g in rats. In the figllres,

the body weight was shown as the percentage to each initial weight.

Initial levels of plasma 11"'OHeS were in agreement with those in the
previous experiment (Chapter IID in either sheep or rabbits, whereas the

levels were not in rats. The reason for this discrepancy was not obvious,

but it might result from the different meteorology, season, etc.

(Chapter M•
    Plasma 11'-OHCS levels in sheep declined sliRhtly after fifst 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 (PÅqO.05). The levels increased moreover frorn

 the primary to the secondary p!ateau at ge to 24th day after the removal.
Prior to death, however, plasma 11-OHCS Seve}s decreased suddenly (Fig.

 16)• Three sheep died after 39, 42 and 43 days of fastinR. 'I'hen, fast-

 ing was terminated. and one sheep was re-fed to recover.
    Body weight decreased rapidiy and acceleratively for 10 days fro.rn

 the beginning of fasting and reached 76.5%of the initial at that tirne,
 but the weight decreased siowly and constantly thereafter in $heep (Fig.

 16).
    Plasma 11-'OHCS leveis in rabbits responded to fasting a$ sh(i-rn in
 glR}eIJ[g t[ll:, lhev;elSi':fl ari lbOuWterb,,b.eartnWeeehni Rlhearndat6tlhotdha}isaayf.terThtehel.r.ee;Jt;?va1

                                                                      ' decllned after 14 days of fasting again. These changes were not statts-
 tiCal1y siilnificant. This experirnent was ceased when ene fabbit died

 between iO and l4th day after the removal•
    BOdy v"eiRtit decreased gradually and reached 79.4 9o ef the inilial

 Weight at 10th day after the removal of feeds in rabbit$ (Fig. 17)

    As shown in Fig. 18, the mean plasma 11-OHCS ieveS in rats seemed

                                   --43-
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 Fig. Infiuence of fasting on plasma 11tOHCS level and body weight
          in sheep

         Solid circles (e) represent rnean plasma 11-OHCS level with

          the standard deviation and crosses (Å~) represent the mean

         percent of body weiRht to the initial.

to increase after fir$t day of fasting and remained higher level than the

initial thereafter. One rat died at 6th day after the removal of feeds.
'Ihe changes of pIasma 1ltOHCS 1eve1s by fasting were not statistica11y

sig[ntficant because of the large variation.

   Body weight decreased raDidly and acceleratively for 3 days from the

beginning of fasting, but gradually thereafter Ln rats. The weight at

third day was 78.4 % of the initial (Fig.18).

   The further exper}ment was carried out to elucidate whether plasma
11-OHCS ievels were affected by fasting in rats or not under the condi-

tions without the effect ef meteoroloj!y, season, etc.. Body weight

decreased to 78.8% of the initial after 5 days of fasting. The mean
plasma li'OHCS leveis were 46.4 Å} 33.4 itg (S.D.) per 100 mi in the

fasted group and 31•5 Å} 10.2 #g (S.D.) per 100 ml in the fed. The differ'

ence between the two group was not significant.
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          the standard deviation and crosses (Å~) represent the mean

          percent of body weiptit to the initial ,

   Weights of adrenal glands, liver and kidney in sheep died of fastirig

are shown in Tab1e 15. Their norma1 relative wtiights were 76 rnfL/kg,
12-2 and 2.31 iukg, respectively, accordinR to MIYAZAKI92). Adrenal

Weight in the fasted sheep seemed to be heavier than the normal, whi!e

the 1iver and kidney weights were comparable to it. On the other hand,

the re!ative adrenal weights in rats were not changed significantly by

fasting, as shown in Table 16.
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    3 Discussion

    In general, the amollnt of carbohydrate which is present in a body is

very small; occurring as much less than 1"/e of the body at any given

moment. But, it is constantly being formed and broken down in metaboiisrn
and thus performs a multitude of vital functions85). A great amount of

glucose was absorbed from the gut in most of animais, whiLe enly little
part of carbohydrate in feeds svas absorbed as glucose in ruminants5'52).
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And that, glucose util ization expressed as a function of metabolic body
. ~ ..V4). .

sIze tW' I n ruminants was comparable to that in non-ruminants accord-
1D)

ing to BAXTER et a/... • Therefore. one could have a hypothesi s that

gluconeogenetic action of glucocorticoids was of particu lar 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 consumed 155). Then, the responses of

plasma II-OHCS Ipvels to fasting v.ere investiJ!ated in sheep. rabbits

and ra ts.

During fasting, body weight decreased rapidly and acceleratively from

100 to 80 %, but slowly and constantly thereafter. This seemed to

indicate that an animal had reached to "fastinJ! condition", when body

weight decl ined under 80 % of the initial. and that fpeds in ~ut of the

animal had been absorbed almost completely at the time 126). At the

"fasting condition", plasma ll-OHCS levels in sheep responded signifi­

cantly (P<0.05) to fastinR. whereas the levels in rabbits and rats not

sij;!fii ficantly. The resul t in sheep was in agreement with that in goats

reported by OTSUKA 101 ). On the other hand, no response of plasma
. . If' d" h 59,66,70,129)jillucocortlcold evel to astlnjl was escrlbed In umans

d
. 14)

an rabbI ts •

It was reported that the kidney of shepp fasted for 10 to 14 days

synthesized more glucose In vdro from amino acids. esoecially alanine

and serine, than that of the fed animal 127). Gluconeogenesis from
. f .. 130) MVarIous SUbstrates was also pnhanced by astlng In rats • oreover.

it has been df'ffionstrated that J!lucocorticoids stimulate the incorporation
14 99 • 118) . 3U, 41 • 51 •

of L-alanine-U-C into glucose and other gluconeogenesIs

53,99,157) The stimulated glucose synthesis during fasting may be

mediated by the adrenocortical function in ruminants. while it may be

mediated by other factors in non-rwninants.

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 in



ruminants than the hormonal action to

This pfoblem wi11 be also discussed in
V[D .

   Tabje 15. The wet wpiRht of adrenal

             the sheep died of fasting

protect the body from stresses.
 the fo]lowing chapter (Chapter

 Rlands, liver and kidney in

and in those normalty fed

Re1ative weigh ta)

Itern Number Adrenal Alands
 (mg/kg)

Liver
( g/k g)

5i,:'J,""wt

Fasted sheep

NormalC)

3

12

116Å}3sb)

 76

14.1Å}4.6

12.2

2.33Å}O.47

2.31

a)

b)

c)

:

:

:

Relative weight indicates the weight

weight
MeanÅ}standard deviation

These data were quoted from a paper
Zootech. Sci., 38 (1967) 527-536

       Table 16 The wet weight of

 of organ per

by MI YAZ AK I

adrenal glands

kg of initial body

,A.; Jap. J.

 in fasted rats

Period fasted
   (days) o 1 2 3 4 7

Abso1ute weight
     (mR)

Re1ative weight
   (m     gAcg)

 44.0Å}128 51.eÅ}S2

1 2a1Å}64 a) 14Z {tr1 29

 4Z6Å}Z5

t3 &2Å}i 4.8

 53 7Å}1 23

1522Å}1 a2

 5 1.T-t-1 U8

1 4 4S+1 9.0

 4 4.0+27

13a8Å}/l27

a); Mean and

weight in
standard deviation of

mg per kg of initial
re1ative weight

body wpight
which is the adrenal
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 Chapter va. Role of glucocorticoids on glucoge metabolism
               in iasting 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 CChapter V[D. In order to know reasons of these difference

between sheep and other animaSs, changes of bSood glucose, plasma lipid
and protein levels during fasting were surveyed in sheep and rats.

   BIoed glucose level seerned to be associated with the change of plasrna
n'oHcs level as the results (Exp. I). since insulin41), epinephrine
51,52,41,118)                      31,52,57,41,45,144)                                                        41)             , glucagon                                        , growth hormone                                                           t glucocor-
ticoids50,41,51,55'99,118'157), etc., had been known as the hormones

which coutd regutate blood glucose leve!, however, it was not certain if

the maintained level of blood glucose would be directly related to the

increased prasma 11-OHCS.

   Glucose was intravenously injected into the fasted sheep and its

effects on plasma 11-OHCS, protein and lipid level wvere examined to

elucidate whether adrenal cortex played a direct rote in the mechanism

for the maintenance of blood Rlucose level in sheep during fasting or

not.

   I Materials and Methods

   E)q)erimental animals. sheep (Japanese Corriedale) and rats (Wistar

strain), were fed at the Laboratory of Animal Breeding of Miyazaki

Universitv. About 16 months old wethers and about 2 months rats were
used. The mean body weights wi th standard deviation were 34.7Å}4.8 kg

in sheep, 308.8 Å} 56.1 g in the male rats and 211.3 Å} 28.6 R in the -

female. Each animal was kept individua]iy in a metallic cage for rats

and in a pen with sands beddinR for sheep. R,ats were fed in an envtron-

Ment controlled chamber (Koitotron), where the temperature was kept at
25 OC and the relative humidity was 60 to 70 9e. Water was Riven ad

tibttum during fasting.
   This study consisteg of two experiments. Blood samptes were taken
from each animal (6 heads) at O, 2, 4, 6, 8, 10, 15, 20 and 30th day

after the removal of feeds in sheep, whereas from the different animals
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allotted to each particular day during fasting; O, 2, 4, 6, 8 and 10th day

in rats Cmale, 24 heads; femate, 15 heads) (Exp. 1). Blood glucose,

plasma protein and lipid levels were determined ln al1 samples.

   Glucose solution CIO g%, S'W) 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 U.5 mM per kg of the body weight before

fasting. It took 5 minutes to inject the dose of glucose. Blood samples
were taken at O, 2, 3, 4, 6 and 28 hours after the first injection of

glucose. Blood glucose, plasma 11-OHCS, protein and lipid leveis were

de te rm ined.

   Blood Rlucose, plasma total lipid and protein levels were determined
by savK)Gyl methodi59), BRAGDoN method146)ancl Tsukasa protein Refrac-

tometer, respectively. Densitometric determination of plasma lipid
                                                        65)fractions by TLC was carried out according to KArut"O et al . P1asma
11-OHCS !evel was determined by the rnethod described previously

(Chapter D•

2 Results

(Experiment I)

   Blood glucose, plasma totaL protein and lipid levels in sheep and

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

Table 17 Blood glucose, plasma total protein and lipid leyel in sheep

         and rat$ before the removal of feeds

Anima1
G!ucose
(mg %)

Protein
 (g %)

Lipi ds
(mg    %)

Sheep (6)

   Male(6)
Rat
    Fema1e(3)

4z6Å} agX
9 97Å}1 O.8

892Å}1 2.2

5.9 OÅ} a3 3

U53Å}O.35

Z27Å}U.25

25 L9Å}1 5.8

28 32 t6 31

48Z4 Å}1 &2

)te : Mean Å} standard deviation; numbers of animals are given in'

    parentheses

-5O-



   The results in sheep (Figs• 19 and 21) were expressed as relative

value$, namely, as a percentage for the value before the removal of feeds.

   ChanRes of bedy weight, blood Rlucose, plasma total protein and 1ipid
level are shown in Figs• 19 and 20. Body weight Rradually decreased

during fasting in both sheep and rats as wel1 as in the previous exper-
iment (Chapter VD. 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 bSood giucose level at the end of each period
was significantly lower than the control level (PÅqO.05). From that

time, the blood glucose level was maintained up to the end of fasting,

or even e!evated at the time.

   The change of plasma total protein level in sheep was contrary to
that in rats. The protein level increased up to 10 days of fasting in

sheep (PÅqO.Ol), but began to decrease from 4th day after the removal

of feeds in rats and its decrease becarne significant at 6th day in female

(PÅqO.05).
   Plasma total lipid level in sheep began to increase at 2th day of
fasting and reached a maximum at 10th day (PÅqO.05). But the level

seemed to decrease graduaLly thereafter (Fig. 19). Free fatty acids

(FFAs) increased remarkably by fasting (PÅqO.Ol), while triglyceride

somewhat decreased as shown in Table 18. In rats plasma total lipid

level decreased dramaticatly (Fig. 20).

(Experiment ll)
    The mean plasma 11-OHCS level with standard deviation prior to
glucose injection was 4.50Å} 1.08 ptiy'100 mt and itwas significantly
higher than the level before fasting; 3.00 Å}O.95 Ag/100 ml (PÅqO.05).

   When glucose was injected into the sheep fasted for 24 days, the
blood glucose tevel changed as shown in Fig. 21. The increase of blood

glucose level was accompanied with the significant decline of plasma

 11-OHCS level ÅqPÅqO.Ol). The blood glucose at 28 hours after the
 injection declined to the level before the injection. accompanied with

 the 11-OHCS levei recovery.
    Also, plasma total protein (PÅqO.Ol) and Lipid (PÅqO.05) levels

 decreased after the glucose injection (Fig. 22). Their decrease seerned

 to be later than that of plasma 11-OHCS. At that time, only FFAs
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decreased significantly (PÅqO•Ol) in the Iipids as shown in Table 19.

   3 Discussion

   A sufficient supply of Rlucose te the fasted sheep seemed to result

in relaxation of hyperadrenocortical activity due to fasting as far as
                                                         6)the present experiment was concerned. Moreover, BASSEI'r                                                            reported
that cortisol given to sheep throuRhout fasting of IU days increased

blood g:ucose level. These resu[ts indicate that adrenal cortex is of

particllLar importance for the maintenance of blood giucose level during
fasting in sheep.

   Plasma 11-OHCS level did not increase significantly during fastinR
in rats (Chapter Vl). However, bloed Rlucose [evel was maintained up to

8 days except for the decrea$e of the first 2 days after the removal of

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

Table 18. Effect of fasting on p1astna lipid fractien level in sheep

  Day Chotesterol
ef fasting ester

  Tri-
g1yceride

  Free
fatty acids Cholesterol

Phospho'
  1ipid

 o
 2
 4
 6
 8
10

15
20

57Å}21
39Å}11
46Å}14
45Å}16
54Å}2O
58Å}15
55Å} 7
42Å} 5

47Å}21
35t 7
36tl9
39Å}23
28+16
30Å} 8
21Å} 6
29Å}12

  loÅ} 7a
  71Å}3ob
  83Å}3 2h

1o1Å}3ob
1OsÅ}17b
1o4Å}lsb
 s4Å}1 7b

1o7Å}2lb

46Å} 7
5OÅ} 14

5OÅ}16
68Å}13
71t 9
64 tll
63t 9
63 -t 13

92Å} 7
75Å}16
80 -t 13

74Å}22
73 tl7
84 t2 2

83Å}16
81Å}24

a and

Each

 b : Differences between means in

     letter are significant (PÅqO

value is the mean with S.D. of 4

                         -54-
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Table 19. Effect of glucose injection on plasma lipid fraction level

          in the fasted sheep

Time after
1nlectton

Cho1estero1
   ester

  Tri-
glyceride

  Free
fatty acids eholesterol

Phospho-
  1ipid

o

3

6

28

65 Å} 22

73 t 34
68 t 19
64 Å} 13

39 Å} 16

47 Å} 22

47 t 16
43 Å} 10

87 Å} 27a

51 Å} 8e
        ab74 Å} 28
        b72 Å} 16

64 Å} 15

65 Å} 15

69 Å} 23

59 Å} 17

60Å} 14

59Å}11
59 Å}1O

57Å}19

                                                (Unit mg%)
a,b and e : Differences between means in a column with the di

            letter are significant (PÅqO.Ol)

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

fferent

adrenal cortex may act for the maintenance of blood glucose !evel in rats

during fasting, though the participations of glucocorticoids in the
maintenance cannot be absolutely ruEed out. For example, epinephrine51'
52,118), glucagon51,52'57'45'144), etc., also have the gluconeogenetic

action. Moreover, yALovv et ai.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
                                         35)                                            . These hormones may eithermedullary hormones according to FEL[MAN
independently or co-operativeiy act to maintain blood glucose level in

rats.
    It is interesting that Fb"As increased rapidly after the removal of

feeds, but they were reduced following the decrease of plasrna 11-OHCS

revel by the giucese injection. It has been shown the similar results
in sheep6'61) and in dogs142). TRENKLE153) reported that an intravenous

injection of glucose into fasting sheep decreased the lpvel of plasma

FEAs within 1 hour.
   Non"esterified fatty acid level in ptasma increases with the body
need for enerfry and the utilization of the fatty acids is preportional
to its level in sheep122). The increase of piasma FFA levet in sheep

Seerns to represent active fatty acid mobilization. The mobilized fat.ty
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acids may be utilized in the tis$ue other than brain, nervous system,
                         48,142):ic;;.1,s aBXgousrwh' O,f,e."edisny ,,p.,,ada:hd.7'afY,,atiid,gi"diS.aViilgh,Odf fiA,UCil7e.E.,.

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 throllgh 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 ievel could be different between

the two animal species tested. Moreover, it is suggested ihat glucocorti-
coids would play more important roles in the mechanism in sheep than in

rats.
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Chapter va, Effect of rm on plasma 11-OHCS Ievel and
             Fl/B ratio

    Since normal plasma 11-OHCS levei is very lew in ruminants,
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 11tOHCS to exogenous ACrl]I-I was investigated in order to

examine responsibility of adrenal cortex itself in the hypothaiamic'-

hypophyseal-'adrenocortical system. Many referencps about this type of
research could be easily found in cattle17'120,161), sheep7,124)
                                                               , humans
109), rabbits65), chickens95) and rats47'95). 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'OHCS level and Fl/B ratio

vvere 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), aduit 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 ef 4 experiments. Changes of plasma

11-OHCS level after ACTH injection were investiRated in Exp.I. The
dose of ACTH to each species was adopted as shown in Tabie 20, based
                                   5,124,148)                                             . After an injection ofon the results by some researchers
ACTH, blood samples were taken with appropriate time intervals from
each cattle and sheep, but from different individuals allotted to the

scheduSed time intervals in rabbits and rats. Physiological saline

(O.9 %) had been consecutively injected 3 to 5 days in rabbits and 10

days in rats to train the animals not infruencing by the treatment
(BARRE'I'r et al.5)). The anima1s were a1so simi1ar1y trained in Exps.

M and rv •

    Exp. II was undertaken to knov the dose'-response of AC[[1-I and plasma

11'OHCS levels in sheep by giving graded doses of ACTH (O, 5, 10 and
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Tab1e 2a Body weight
   of ACTH

and metabotic body weight of animals, and dose

Body Weight
  (kg)

 Metabo1ic
Body Weight
  Ckg)

Dose .f ACrlEFI (I.U .Zhead)

Animal N umber Dose
 past

shown in the
 iiteratures

Adj usted Dose sd

Catt1e

Sheep
Itabbi t

Rat

6

8

7

5

380

 43
  2.7

  O.3 1

86

17

 at
 a4 2

4oa)

2ob)

4

 1o)

34

 65
 as

 al7

                                                                     148)a), b) and e): These values were quoted from the reports by TAKEUCHI
    sABAT24),BARR}+rrI' et at.5), respectively, and 4 I.Uvliead in rabbits

    was tested beforehand by the author. These doses of ACTH sufficed

    to increase plasma 11-OHCS level of each animal
d): O.40 I.U. of ACTH per kg of metabolic body weight was u$ed as a

    cormon standard unit for every animal in order to calculate this

    adjusted doses

20 I.U. per head).

   Exps. M and rv were cenducted, based on the results of these two

preliminary experiments. In Exp. M, O.40 I.U/. per kg ef 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), respee-

tively, after the injection of either ACTH or saline as shown in Table
21.

   In Exp. rv, doses of ACTH increased plasma 11"OHCS leveSs were
injected into cattle, sheep, rabbits and rats. And the effect on F7B

ratto tn pLasma was investigated.
   ACTH preparation used in the present study was ACTI-{ 'Daiichi')ie.

Either ACTH or saiine was injected intraperitoneatly. Plasma samples

'

+; AÅëTH
Daiichi

'Daiichi' is

 Seiyaku Co.
a

'

comrnercial preparation of
Ltd, in •iapan.

 -6O-

ACTH by
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23 Changes of plasma 11-OHCS levels in cattle, sheep,
    rabbits and rats by tbe time after an intraperitoneal
    injection of either ACTH or saline (Exp. I)

    Solid Sine (-) is for injection of ACTI-?le; broken one

     ("') is for injection of saline. And solid dots (e)

     represent the mean level of cattle; cfosses (X) represent

     the mean level of sheep; open circ!es (O) represent the

    mean level of rats; triangles (ZÅrlÅr represent the mean

     level of rabbits
    *: The dose of ACTH per head was 4e I•U. in cattle, 20
       I.U. in sheep, 4 I.U. in rabbits or 1 I.U. in rats

were collected and stored in

I). Plasma 11-OHCS levets
methods presented previously

the'same way as
 and FA] ratios
(Chapter I)•
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    3 Results

   The resuits of Exp. I are shown in Fig. 23. The saline in)ection
had no effect on plasma 11-OHCS levels fer six hours in cattie and sheep.

A.n injectlon of ACTH increased evidently plasma 11'OHCS levels in

all animals.

   In Exp. II, the levels of plasma 11-OHCS in sheep reached the maximum

vaiue at two hours after ACTH injection even lhough the dose of ACTH
was different (Fig. 24).

   The results of Exp.Mare 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 shpep were significantly elevated.

        E
        -o.

        b io

        5

        s

        8s
        g
        Å}

        :

       Åí

                          2 4 6
                          Time in hour

      Fig. 21 Changes of plasma 11-OHCS levels in sheep by the

                time after an intraperitonea[ injection of various

               doses of ACTH (Exp. 1[)

            Each mark shows mean plasma 11`-OHCS level after

             tnJectton of the corresponding dose of ACTH; open'
            circles (O) 20 I.Uv'head, crosses (Å~) 10 I.U./head,

            solid dots (e) 5I.U•/head and triangles (tts) saline
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Table 2L Plasma
at the

etther

 11LOHCS levels in cattle, sheep, rabbits and

time of peak after an intraperitoneal injection
ACTH or saline (Exp. 1fl)

rats

 of

An ima1 Numbe r
Plasma 11-OHCSle ve 1Å}S.D.

thSaline
(x,Agt1OOnze)   ACTH

(y,#g/1OOme)

  An index of
re(setLsse.6.n)tensity

E]apsed time(hour)
t .f E?[lii,a "g as' t l iO."g?eep

Catt1e
Sheep

Rabbit

Rat

6

8

7

5

 1.7 4Å} O.4 9

 298Å} a97
 a63t 4,2
3 O.64Å}1 3.2

 95 3Å} L54

 83 8Å} 30 8

2a86Å}32

2 98 4Å}t3

5.8 2Å} 1.6 3a

326t1.gsb
a81Å}177b

1.2 1ta6ge

 2

 2

 1

1/2

a, b and e: Differences between means in a column with the different

            letter are significant (PÅqO.05)
S.D.: Standard deviation
)+e : The mean dose of ACTH per head was 34 I.U. in cattle, 6.5 I.U. in

     sheep, O.8 I.U. in rabbits or O.17 I.U. in rats
)iele : This is the time required to reach the maximum plasma 11-OHCS

     level in Experimentl '

The percentages of plasma 11-OHCS after the injection to the initia]

levels were 582 in cattle, 326 in sheep, 381 in rabbits and 121 in rats.

And the differences ameng animal species were statistically significant
(PÅqO.05), except for the difference between sheep and rabbits.

   F7B ratios in plasma of sheep at the peak of 11-OHCS level after
 the ACTH injection and those in the untreated are shown in Table 22.
The latter value were quoted from the previous data (ChapterID. There

was a tendency that the Fi/B ratios in cattle and sheep somewhat increased

after AC'IH injection, while those in rabbits and rats somewhat decreased.

    4 Discussion

   The time required to reach the maximum plasma 11-orICS leyel after

ACTH injection was two hours in cattle and sheep, one hour in rabbits

and thirty minutes in rats. An argument, whether the chronological
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Table 22. Acute effect of an intraperitoneal in]ection

           of ACTH on the ratio of cortisol to corticosterone
           (F)!B ratio) in plasma of cattle, sheep, rabbits

           and rats (Exp. rv)

FLA3 ratio
Ani mal UntreatedXe AC[IH in1ectton

Catt1e

Sheep
Rabbit

Rat

36
38
1. 9

a4

4. 2

96
a3
a2

            )le: These values were cited from the previous chapterCIID

pattern of this response is characteristic of each species or not, has
not been settled. There were reports that it took onei6i) and two hours

 120) in cattle to reach the maximurn of plasma 11-OHCS level. The time
was six hours and forty minutes in sheepi24), and one hour95) or a quarter

'ot an hour47) in rats. In the pre$ent experiment, the time required in

sheep was constantly two hours regardless of the various doses of AC'IH.
                                                                47) .Similar results have been reported in rats by GUILLEMIN et ad. , in
which the tirne was always a quarter of an heur at various dose lpvels of

AO'M given. These results were consonant with an idea that the reaction

 time for AC'I!H might be fixed in certaln species, at least, in rats and

 sheep.

    In Exp. .ilL a common standard dose was set to carry out reasonable

 comparison of the sensitivity of plasma 11-OHCS to exogenou$ AC'IH among

 animal species. Plasma 11'OHCS levels in each sppcies after the saline

 injection were found in a range of resting condition in all species
 (Chapter IID, indicating that the eleyated plasma li-OHCS after the AU!H

 injection was entirely attributabte to e: ogeneus :NC'IH. Based on these

 findings, an index as presented in Table 21 was proposed to help compar'-

 ative $tudy of the mode ef AC'II'l dependent responses among species. It
 was reportedby GUILLEMIN et al.47' that the index values were 114 and
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136 in rats received O.05 mU or O.1 rriU of AC'IH, respective1y. The

results were in agreernent with those of the present results in rats. It

is suggested that the response of adrenal cortex to AC[[H is different
among animal species wi th the order of cattte År sheep and rabbits År rats.

   The predominant corticoid in each anitna1 seemed to be preferably
increased by the AC)'M injection in this study. KAss et al.65) reported

that a single administration of ACrl!H did not alter significantly Fi/B

ratio, though the administrations for a prolonged period increased the
ratio in rabbits. According to BUsHIB), FzB ratio was not affected by

AC'[I]H treatment in some animals. Exceptionaliy, the ratiowas reduced
from 5.0 to 2.35 by ACrll-l in the cat, FRASER56) reported that ACTH

reduced the ratio in humans. On the contrary, FiA] ratiowas remarkab}y
                                    161)                                        . It is suggested from theseelevated by ACTH injection in cattle
resutts that there may exist a species difference in the response of F;IB

ratio to ACTH.
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 Chapter or. Effect of ACTH, cortisol and corticosterone
               injection on blood eosinophils count

   T}K)RN et al.151) reported that injection of ACTH reduced the
:::ill\e?leldL;2nlZOSs,:,?.g,i.:,8,P",i'iStm,Z.9Z,2,efiE?;.itio.I'1•ISIv.2":.E:,f"ua.P.:elXri!,ig,ezfg,;,;s,ggmS

goatsl02), humans54'62'151) and guinea pigs29), but eosinophilia in

chickens97).

   The effect of ACTH was ebserved in the following animals; cattle,
sheep, rabbits and rats. Moreover, the cause of this species difference

was investigated from the viewpoint of differential action of cortisol

and corticosterone.

    L Materials and Methods

   Animals used in this investigation were the same as previously

described (Chapter vrID.

   The present study consisted of 4 experiments. A.CTH was injected

into cattle and rats at the doses of 40 I,E.L and 1 I.U'. per head, respec-

tiVely. In sheep, three different doses of ACTI-I (5, 10 and 20 I.U. per

head) were administered. Blood samp[es were taken at O, 2, 4, 6 and 8

hour$ from each cattle, and at O, 2, 4 and 6 hours frem each sheep after

an injection of either saline or ACTH. And it was rnade at O, 2, 4 and

6 hours from the different [ats allottedto the scheduled tirne intervals

after the injection (Exp. I).

    In Exp. fi, eosinophils were counted at O and 8 hours in cattle, at O

and 6 hours in sheep, at 5 hours in rabbits and at O, 2, 4 and 6 hours in

rats after the injection of either satine er ACTH. The doses were the

same as Exp. I. The saline had been consecutively injected 3 to 5 days
in rabbits and 10 days in rats to trzin the animals not influencing by

the treatment. The training for rats was also practiced in Exps. I, 1flI

and N.

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

sa!ine, cortisol or corticosterone. All these treatments were given in

order each group every week. The fifteen rats -ere divided into 3 groupS.
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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
Plasma 11-OHCS levet-*- (#g/100me)

Dose (mg/kg B.W•)
1/12

   4
   2.0

Vl5
  10
   4. 0

  )ie: Plasma 11"OHCS levels in sheep and rats at the same conditions

      as the anima!s used in this experiment were 3.68 and 9.12 Pg/100me.

      respective1y

The saline, cortisol and corticosterone were injected for each group; 3,

6 and 6 rats, respectively. After one week, a treatn)ent differed from
that at the first time was given each group. As a control, eosinophiis

were counted in other six rats before the treatment. The doses were 600

times amount of the total 11'OHCS presumed to be existed in thp whole

blood; 2.0 mg and 4.0 mg per kg of body weight in shpep and rats,

respectively. Thpse doses were calculated basing on the standards shovn

in Tabie 23. Blood samples were taken at O, 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. rv, three ewps received saline, 25 mg and 100 mg of cortisol

per individuali respectively. Either cortisol or corticosterone of 2.0

mg per kg of body weight was injected into male rats. Blood sainples

were collected in the same way as described in Exp. I[.
   The rats in E.xps. III and rv were fed in an,environment controLled

charnber (Koitotron), where the temperature was set to 250C and the

relative hurnidity was 50 to 60 %.
    AC TH pre pa ra ti on us ed in the pre sent st udy wa s ACTH 'Da i ichi '--e.

The commercial 'Hydrocorton'-)IeKJ was utilized as cortisol preparatton.

)Ie ; ACTH 'Daiichi' is a comrnercial preparation of ACTH by

    Daiichi Seiyaku Co., Ltd. in •Japan.
)ie+(-' ; 'Hydrocorton' is a commercial preparation of cortisol by

     Japanese Merk & Co., Inc..
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Corticosterone was suspended in the saline contained one percent ef

carboxymethylcellulose. Either a drug or saline was injected intraperi-

 toneally . All these experiments usua]jy started at 9:OO to 10:OO A.M..
    Blood was collected from jugular vein in cattle and shepp, frorn the

tail vein in rats and from the ear vein in rabbits. Eosinophils were
counted by HINKLEMAN's methodl02), using a hemocytometer of Fucks-

Rosenthal type.

    2. Results and Discussion

   The results of Exp. I are shown in Fig. 25. The eosinophils count
was not modified remarkably by the saiine injection in all animals tested.

The ACTH injection decreased eosinephil$ count in cattle and sheep as

the time proceeded, while it increased somewhat in rats.

   The effects of pither saline or ACTH injection in Exp. [ are shown
in Table 24. The eosinophils count was not modified by the saline

injection. The counts decreased significantly in both cattle and shepp
injected with ACTH (PÅqO.Ol), but the counts increased significantly

in rabbits (PÅqO.Ol) and were not changed in rats.

   The species difference regarding the response of eosinophi]s to ACTH

was supposed to be existed, based on the results by several researchers
29,54,62,89,97,1ce-151). It s.ggests that anima! species having cortisol

predominantly in plasma might show severe eosinopenia to ACTH, while
the species having corticosterone might not. The results of Exp. [ gave

further support to this suggestion.

   Since the Fi/B ratio in plasma seemed to be unchanged by the ACTH
injection as described previously (Chapter mpv the differential actions

of cortisoi 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. M). Control eosinophils counts

per mm5 (Mean Å} S.D.) were 125 Å} 17, 92 Å} 20 and 72 Å} 32 in three groups
of sheep, and 150 Å} 39 in rats. these values were similar to the results

in Exp. ff and atso agreed with the resuits by BLENKINSOPP and
BLENKINsopp15).
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Table 2t Effect
sa1ine

sheep,

of an intraperitoneal injection

on the ppripheral btood eosinoph
rabbits and rats (Exp. ll)

of either

ils count
ACTH or
in cattle,

Eosinophi1s Counts (per mm3)

Animal
P re' Injecti on

Post'lnjection
Sal 1ne ACTH

Catt1e

Sheep
R•abbit

Rat

312Å}124a( 8)
102Å} 93a(10)

152Å} 73a( 6)

 381Å} 85a(4)
 123Å} 38a(5)
Z 18 OÅ} 1, 87ga(5)

 152Å}- 28a(5)

   8 5Å}

    15Å}

1q578Å}1

  163t

  ssb( s)

   sb( s)
,gglb( 4)

  60a(13)

a, b: Differences between the means
same species are significant
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       Fig. 2Z Effect of an intraperitoneal injection of saline,
                 cortisol or corticosterone (4.0mg/kg. B.W.) on

                 blood eosinophils counts in rats (Exp. IID

                Each value is the mean of 2 to 6 animals

   After the injection of saline, eosinophils count increased and teached

165% of the initial vatue 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 Yo of the

initial yalue 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 seyerer in sheep
than in rats. After the corticosterone injection, eosinophils counts

decreased and reached 73 % of the initial value at 4 hours in rats, but

were not changed in sheep. It has been known that gtucocorticoids a]so
induce eosinopenia in humans58), guinea pigs29), rats15) and goatslOO).

    It is suggested that both cortisol and corticosterone couid red"ce
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 inlection of either

eosinophils counts

eosinophils in sheep and ratsi 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 shepp
decreased eosinophils count (Fig. 28). It was sirnilar to the resuits of

Exp. M, uspd about 70 mg ef cDrtisoi per head. These results suggested

that 25 mg of cortisol pp.r head, i.e.i about e.7 mg per kg. of body weight,

would result in the maximum decrease of posinophils. But 2.e mg of
certisol or corticosterone per kg of body weight did not decrease the

eosinephiSs in rats as shown in Fig. 29, indicating that more than 4.0

mg of the hermone$ would be required to induce eosjnepenia.
   EosiRopenia was also induced in sheep, even if the dose of cortisel

was reduced to abellt one third of the previous case. Therefore, the

eesinophils in sheep would be more receptive to glucocorticoids thaR
those in rats.
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    cortiso1 or corticosterone (2.0 mg/kg.

    blood eosinophils counts in rats (Exp.

   Each value is the rrvean of two animals

of either
B.W•) on

rv)

   It can be concluded that the species specificity in response of

posinophils to the ACTH injection results from a difference in activity
between cortisol and corticosterone, and in receptivity between shepp and

rats, regarding the effects of the hormones on the posinophils.
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 Cbapter X. Effect of cortisol and corticosterone on blood
              glucese. 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 tX. there might exist some differences in activity

of eortisol and corticosterone, or in receptivity of animal body to the

hormones.

   The changes of b]ood glucose. protein and lipid level following either

cortisol or corticosterone injection were further investigated in sheep

and rats.

1. Materia]s and Methods

   Anirnals used in this experiment vvere about one

2 months male rats. BIood samples were collected
Exp. 1(l of Chapter IX.

   Bleeding technique and recipe for blood p]asma
previously (Chapter I). Blood glucose and plasma

were determined immediate]y after the bleeding by
and Tsukasa Protein Refractometer, respectively.
!evel was determined by BRAGDoN method146).

year old we thers and

at the same time in

were described

total protein levels
                159)SCtV[OGYI method

Plasma total lipid

Table 25. Blood glucose, plasma total protein

in sheep and rats befoTe treatment
and 1ipid 1eve1

Anima1
Glucose
(mg %)

Protein
(g %)

 Lipids
(mg %)

Sheep( 6)

Ra t(4)

4 63Å}as -Xi

8 5.7 t43
5.53Å}a56
67O t: O. 18

20
27

Z3 Å}3 26

,i4 t2 a6

x•
  . Mean

gtven

Å} standard deviation; numbers of

in parentheses
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   2 R,esults and Discussion

   Blood glucose, plasma total protein and lipid levels in

rats before the treatment are shown in Tabie 25.
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   The effects of each treatment in sheep (Figs. 30, 31 and 32) are

expressed as retative values, namely, as a percentage for the initial
value before the treatment. All treatrnents increased blood glucose level

in sheep. Cortlsol was the most effective, and corticosterone was

intermediate between cortisol and saline. Significant differences were
observed between the cortisol' and saline-treated group (PÅqO.Ol), and

between the cortisol- and corticosterone-treated group (PÅqO.05), up to
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32 Infiuence of an intraperitoneal injection of

    corticosterone or cortisol en plasma total
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6

 saline,

1ipid 1eveh

-

6 hours after the treatment. The net increases of blood gLucese level

were 7% and 38% in the corticosteronet and cortisol-treated group,

respectively (Fig. 30)•
   As shovvn in Fig, 31, plasma protein remained constant level in either

cortisol-or corticosterone-treated group of sheep, but slightly decreased

in the saline-treated. Therefore, both cortisol and corticosterone may
have the action to slightiy elevate plasma protein level.
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   As shown in Fig. 33, blood glucose level in rats was rapidly increased

by injection of either cortisol or certicosterone (PÅqO.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 cortisol-trpated rats, respectively. However, the
level prior to the treatment was 1(rwer than the previous result (Chapter
M, indicating that the increase in rats might be overestimated. On the

other hand, neither plasma protein nor lipid level was changed. Although

the number of rats used in this experiment may not be sufficient, the
results agreed with the data reported by GLENN et 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 nor corticosterone

affected on plasma total protein and lipid level in both animals. The

effect may be related to frequency of the administration ef glucocorticoids,

based on the reports that consecutive administrations of cortisone
increased psasma protein level in rats22), and that glucocorticoids

increased the release of free fatty acids from adipose tissue of rats
vn vttro55,54)
              .
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 Chapter XI. Effect of ACTH on growth and food intake

    A theory can be proposed frotn the results obtained hitherto that the
higher level of adrenocortical activity ls desirab]e for ruminant grov,'th,

but is not always for non-ruminant.
    Glucocorticoids increased gro"'th rate in steers20'24) and in wether
 lambs140), but decreascd the rate in non--rumtnant animalsl'11'12'65'103,

104,i07,156). However, a large amount of exogenous glucocorticeids

administered to normal animals may inhibit intrinsic corticotrophin
                                                       72) . , •production by the pituitary as reperted by LEVVIS et al.                                                          , lndlcatmg
 that tota] quantity of the circulating g)ucocorticoids miRht be lovered

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 described that ACTH does not inhibit the

intrinstc corticotrophin production regardless of the injections for a
1ong duration2i56,159).

   ACTH was consecutively injected into Rrowing wethers and rats to

elevate adrenocortical activity. The effects on growth rate and feed
consumption were investigated.

   1 Materials and Methods

   Male rats (Wistar strain) and wether lambs (Japanese Corriedale), at

Animal Breeding Laboratory in Miyazaki L'niversity, were used in this

study.
   This investigation consisted of 4 experiments. ACTH'-ZX was used

as ACTH preparation. In Exp. I, seventeen rats weighing 265 Å} 16 g

were divided into 5 groups of 3 each, except for control group having 5

anis'na1s. The sa1ine or ACTH was injected intramuscu1arly into the

dorsal buttock region 7 days. Each rat of group 2, 3, 4 and 5 received
O.25, O.5, 1.e and 2.0 I.U•. of ACTH per head daiiy, respectively.

Body wreiRht was measured at S, O, 2, 4 and 7th day from the beginning

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

)+e : ACTH-Z is a com.rnercial preparation of iNCTH by Daiicht

    Seiyaku Co., Ltd. in Japan.
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decapitated, and adrenal weiRhts and plasma 11'rOHCS levels were

measured.
    All rats received 1.0 I.U. of ACTH per head daily in Exp. [. The

way of injection was the same as in Exp. I. Food intake was determined
by subtracting the amount of the remaining from the Riven food.

    These two experiments Mere conducted in an environment controlled
chamber QÅqoitotron), where the temperature was set to asOC and the

relative humidity was 50 to 60 %.
    The six growing wether lambs (26 - 36 kg body weiRht) were used

commonly in Exps. III and M The lambs were daily fed with the concentrate
(5 parts of wheat bran and 1 part of soybean meal) at O.6 % of body

weight and alfalfa meal at O.8 %. Hay and water were given ad lebitMm.
    In Exp. III, six tambs were divided into 3 groups of 2 anirnals each.

Each animal in group 1 received the saline as control. Doses of ACTH
in Rroups 2 and 3 were O.4 I.U. and O.8 I.U. per kg of body weight per

day, respectively. The animals were injected intramuscular!y 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-OHCS levels were determined at O, 1, 2, 5 and 10 days after the

beRinning of the treatrnent.

    In Exp. rv. six lambs were divided into 2 groups of 3 animals each.

Control group recpived the saiine and the other group received O.4 I.U.

of ACTH per kg of body wpiRht in the same way as in Exp. M. After

one month, a treatment for each group was reversed. Body weight was
measured 3 consecutive days on every 5 days after the beginning of the

treatment.
    Plasma 11'OHCS levels svere determined by the method described
previousLy (Chapter I).

    '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 dai[y admin-
istrations of ACTH inhibitecl Rrowth over a dose range of O.25 - 1.0 I.U.

per head. A furtber increase in dose (2.0 I.U. per head) resulted in

cessation of growth (Fig. 34). The uverage daily Rain for 7 days decreased
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     O2
     Period in day
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  4

'wi th

I)

7

ACTH on body

progressively as the dose of ACTH increased and ACTH doses more than
1•O I•U. per head suppressed significantly (PÅqO.Ol) the gain comparing

with control (Table 26).

   Increase of adrenal weight was strictly proportional to the dosage of

ACTH (r -- O.812, PÅqO.Ol). The mean adrenal weight of the animals
received either 1.0 or 2,O J.IJ'. of ACtTH was significantly lower than

that of controls after 7 days treatment (PÅqO.05). However, plasma 11-

OHCS 1eve1s in the .KCrl'H-treated groups ,vere somewhat higher than the
leyels in the control. Their differences were not significant (Table 26).

   As these results, correlation coefficient between growth rate and
adrenal weight was --O.79, and its estimate "'as statistically significant
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Table 2a Effect of

rate and
(Exp• I)

 intramuscular
adrenocorttca1

1nject1ons

actlvLty tn

with AcrEH on

Rrowing ma1e
growth
rats

Dose of ACTI-I
(I.U ./h eaord ay)

Daily gain
 ( g/d ay)

Adrenal
(rng/kg

weiRht
B.W.)

P1asma 11'OIK)S
   (iLg/1OO,ne)

leve1

(g)-x-

 O.25
(3)
 O. 5
(3)
 1. 0
(3)
 2.0
(3)

5.4 + 1. 7a-leK-

37Å}a4ab
38t 1. oab

2. 2 tLlbc

a1 f- agc

14 L7Å}2 1.3d-xx-

1726Å}1z2de

18 a6Å}3 a4de

2371 t3 7. 5ef

29Z7Å}9Z2f

 91 2Å} Z9 7 rxxJ

1 5.1 5Å} 42 4

1 34 3t 5.85

1 33 7Å} 1.3 3

2a84Å}5.32

a,

d,

•k

xx
;

:

b

e

and e: Differences between rneans with
       significant (PÅqO.Ol)

and f: Differences between means with

       significant (PÅqO.05)

The nurnber in the parentheses shows a
Mean Å} st andard deviation

the different letter

the different Å}etter

number nf anima1s

are

are

(PÅqO.Ol).

   In Exp. fi, the injections of 1.0 I.U. of ACTH inhibited growth and
feed consumption imrnediately after the beginning of the treatment in
rats (Fig. 35). Moreover, feeds required for a unit (= g) of gain, e.e.,

feed conversion ratio, were 6.4 g and 15.1 g in centrols and in treatments,

respective1y.
   Exp. M was conducted as the preliminary experiment on sheep. The
average daily gains of three groups received saline, O,4 I.U. and O.8 I.U.

of ACTH per kg of body weight, were 107 g, 144 g and 128 g, respectively.

Plasma 11-OHCS levels in AC'IE-I-treated groups were sornewhat higher than

those in the contror.
   The results of Exp. rv are shown in Figs. 36 and 37. Growth rate for
10 days after the beginning of the treatment was higher in ACTH-treated

sheep than in the control, though it was not significantly effective.
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It was not understood svhy growth rate during 5 to 10 days was higher than
the rest of the periods in both groups (Fig. 36). Total gains for these

10 days were O.64 kg and 1.00 kg in the saline- and ACM'treated grollp,

respectively. There was an increase in the gain of 56 % in the AC'IH-

treated wethers. This difference was not statistically sipnificant.

However, it could be interpreted that ACTH uccelerated the growth in
wethers, since the gain foLlowing .ISL(?.TI{ treatrnent was higher than that

fo!1owing 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 ACYITH-treated (Fig. 37).

Roughage volumes required for a unit (= kg) of gain were 8.9 kg and more

than 13.5 kg in treatments and in controls, respectively.

    3 Discussion

   ACYIH is likeSy to stimulate durable produetion of glucocorticoids.
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      Fig. 36. Effect of intramuscular injections with ACr[TH on daily
              gain of growing wether ]ambs (Exp. rv)

The animals were injected intramuscularly with ACrTH (O.4 I.U./kg of body

weight) on day 1, 2 and 3, and again on day 5. 6 and 7 of 15 days' experimpnt.

AC'IIH somewhat increased plasma 11-OllCS levels, but the levels did not

increase in para]lel with the doses in rats and sheep. On the other hand.
adrenal weights were highly correlated with doses of ACTH in rats (PÅq

O.Ol). These results indicate that weight of the adrenal is a good index

of adrenocortical activity in experiments of more than a few day duration
                       128)as suggested by SAYERS .
    In rats growth rate was decreased when the adreneCOrliCal alC;,ilVoist,Ylo4)

was stimulated by AC'Il-!. This agreed wi th the results m rats ,
chickens12'156) and rabbits65) with injections of glucocorticoids. On

the contrary, there was more increase in the gain of 56 Ye in the wether

lambs injected AC'IIH than in the controls. The elevated growth rate in
wethers seemed to result from a high adrenocortical activLty, though no
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Table 2Z Total
    ACTH

gain for

or saline

ten days af!er

 treatment ln

the beginning ef

sheep

either

Sheep
No.

Gain (kg)

Sa1ine ACTH

1

2

3

4

5

6

-O.27
  L62
  ft75

  a23
-O.O1
  1.51

a4o
O.7O

1.12

a68
1.3 7

1.7 3

Me an a64 1.0 O

Aixg

v

"=
v
=eaxm

!20

1OO

80

control

ACTH

S.D.

                 -5-O O-5 5-10 10-15
                               Period in day

      Fig. 3Z Effect of intramuscular injections with ACTH on
                feed consumption of growing wether lambs (Exp. rv)

The animals were injpcted intramuscularky "'ith ACTH (O.4IXJ./kg of body
weight) on day lt 2 and 3, and aRain on day 5, 6 and 7 of 15 days experiment
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direct evidence that the consecutive ACTIt injections kept the activity

elevating was obtained in this study.

    It is generally accep.ted that glucocorticoids accelerate the protein
catabolism in chickensi2), ratsl19) and sheep88), or make protein

synthesis retard in mice4) and rats25). one of the causes of the

different growth response to ACTH between ruminants and rodents might

be feed consumption; the consumption decreased in rats after ACTH

mlection, 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 AerH, 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.
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                    Summary and Conclusion

   Physiological aspects ef lhe digestiofl and metabolism in rurninants

are principally differcnr from those in monogastric animals. The author
supposed that the adrenocortical function of ruminznts might adapt itself

to the nutritional metaboiism. The specificity of adrenal cortex in
ruminants was investigated by means of cornparative approach, compared

with that in non'-ruminant animals.

      I, Studies on establishment of anaiytical method for glucocorticoids

         (11-oHes)

   Analytical methods for 11-OHCS were investigated with b)ood plasma
and adrenal tissue samples of domestic and Laboratory animals.

1) Quantitative methods for 11-OI{()S level in both plasma and adrenal

tissue were established in this study. Recoveries of cortisol and

corticosterone added to plasma were 97.4 Å}9.0 %e and 101.2Å} le.4 %,

respectively. Recoveries of cortisol and corticosterone added to adrenal

tissue were 85.3 -t 11.1% and 108.0Å} 12.0 %, respectively.
2) A method wi th thin layer chromatoRraphy for deterrnination of a ratio

of cortisol to corticosterone (F/B ratio) was also established.

3) Some evidences indicated appropriateness of the obtained methods.

      ff. Adrenal weights in various animals

   The wet adrena] weights were cempared among animal species; cattle
(Japanese BSack and Holstein), sheep (Japanese Corriedale), rabbits

(Japanese native), domestic fowls (SS'hite Leghern) and rats (Wistar

strain).

   The order of the maflnitude on the adrenal "eight per unit of body
weiRht was as follows; cattle Åq sheep Åq dnmeslic fowls Åq rabbits Åq rats.

I'Iowever, when the adrenal weight was expressed as a function of metabolic
body weight (w3/4), the differences 3mong species "ere not evident. It

 is supposed therefore that the adrenal glands of cattle and sheep may be

as important as those of other anima]s, functionall}".
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      M. 11'-OHCS 1eve1s in both blood plasma nnd adrenal tissue of

         vari ous animals

   To elucidate the specificity of adrenocortical function in ruminants,

11-OHCS leve[s and FAiS ratios in both plasma and adrenal tissue were

compared arnong various animals. The used animals are the same as in
Chapter ll.

1) The levels of 11-OIICS in plasma of ruminants were lcnver (under 4

tw100ml) than those in all other animals.
2) The levels of 11'-OHCS in adrenal glands of cattie and sheep were

hiRher than those of rabbits and rats• But, this might be simply due to

the conditions under which the adrenal glands were taken out.
3) The F/B ratio in plasma of ruminants was over 3.0, indicated that

cortisol was a predominant corticoid in the plasma.

      rv. Effect of season, age and sex on plasma 11-Ol-ICS level

   Blood samples of cattle, sheep and rats collected durinR early summer

or late winter were analyzed to elucidate the influence nf season, age

and sex on plasma 11-OHCS level. The used animals consisted of both

sexes of various ages in each species.
1) Plasma 11-OHCS levels of the female were hiRher than those of the

ma[e in cattle and rats, while the sexual difference was obscure in sheep.

2) In calves seven to twelve months oldi plnsma 11-OIICS leve]s were

hiRh in winter and 1ov in surmner. Similar seasonal effect was observed

in rats, but not in sheep.
3) Influence of age on plasma 11-OHCS Ievels was appreciable in sheep

and rats.

      V. Effect of physical and psychological stresses on plasma

         11-OI-ICS 1eye1

   The effects of meteorological and transportation stressors on plasma

11'OHUS level N]re investigated i'n sheep, rabbits and rats.
1) Plas;na 11-OHCS level increased in sheep and rats by 'hot' stress.
This response was remarkably significant in rats (PÅqO.Ol).
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2) P)nsma 11"OHCLS level increased significantly in rats by 'cold'
 stress (PÅqO.05), but the level somewh[•it decreased in sheep.

3) In generul, the responses of plasma 11-OIICS levet to physical

stresses in sheep were less than those in rats.
4) Plasma 11-'OHCS level was increased by transportation stressor in

all animul species, especially in rabbits.

      VI. Effect of fastÅ}nR on p]asma 11-OHC•S 1evel

   The response of plasma 11-'OHC..S leveS and adrenal weiRht to fasting

was investigated in sheep, rabbits and rats.
1) Plasma 11-OHCS ievel in sheep increased significantly (PÅqO.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) P]asrna 11'OHCS levels in rabbits were rather lmv 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 levels in rats were nonsignificant1}' aflected by

fasting for 7 days.

4) Adrenat glands of sheep died of fasting were hypertrophic, but those

of rats were not affected.

     va. Role of glucocorticoids on glucose metabolism in fasting

         ani ma!s

   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 plasrna 11-OH(JSi protein and lipid level were stlldied.
1) Blood giucose level drarnatically decreased at first (PÅqO.05), but

the tovered level was maintained or even gomewhat elevated thereafter

through fasting in sheep and rats,
2) Plasma total protein level gradually increased up to 10 days of

fasting in sheep (PÅqO.el), but began te decrease from 4th day after the

femoval of feeds in rats and its decrease became significant at 6th dav
in female (PÅqO.05).

3) The simi!ar changes as in protein "'ere observed in plasma total
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lipid level in both specIes (P<O.05). The results of lipids in sheep

seli'med to be primarily due to the increased free fatty acids (FFAs)

(P<ll.Ol).

4) The intravenous glucose injection reduced plasma 1l-OHC8 level in

the fasted sheep (p<o.on.
5) After the glucose injection. plasma total protein levels decreased

(P<O.ol) and the I ipid levels decreased (P<O.05), most likely by

decl ining of F FA content (P<O.OI).

6) Olucocorticoids seemed to play more important role for the maintenance

of blood glucose Ipvel during fasting in sheep than in rats.

\111. ~Jffect of AC'IH on plasma 11-0I-IC8 level and F/B ratio

The responses of plasma ll-OHCS level and F/B rat io in blood plasma

to an intraperitoneal injection of ACTH were studied in cattle. sheep.

rabbi ts and rats.

1) ACTH injli'.ction caused a transient increase of plasma ll-OHCS lli'vel.

It took two hours in cattle and sheep. one hour In rabbits and thirty

minutes in rats to reach the maximum level.

2) The timp required to reach the maximum plasma ll-OHCS level in

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

3) The percentages of plasma 11-0HOS after the AOTH injection to

the initial levels were 582 in cattle. 326 in shepp. 381 in rabbits and

121 in rats (P<O.05). But the difference bptween 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 injPction, while the ralio decreased in rabbits

and rals.

LX. Effect of ACTH. cortisol and corticostprone 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. sheep. rabbi ts and rats.

I) Eosinophils count dramatically decreased in both cattle and sheep
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after the ACTH injection (P'ÅqO.Ol), but the count increased in rabbits

(PÅqO.05) and was not changed in rats.

2) Eosinophils count decreased by both cortisol and corticosterone tn
either case of sheep or rats. Especially, 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 ene tbird of the previous case, whLte it wa$ net in

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

     X. Effect of cortisol and corticosterone on blood glucose,

         protein and lipid [evel

   The effects of an intraperitoneal injection of cortisol and corttcoste-
rone on blood glucose, plasma protein and lipid level 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, respectively, up to 6 hours

after the injection.
2) The increases of blood glucose level were 22%and 29%of the initial
level in the corticosterone'- and cortisolJ-treated rats, respectively.

3) No difference was distinct!y appreciated in regard te changes of plasma

total protein and lipid level after the injection of either cortisol or

    +corttcosterone.
4) As a conclusion of Chapters iX and X, there seems to be a difference

in activity between cortisol and corticosterone, and in receptivity between
sheep and rats regarding the effects of the hormones on peripheral blood

eosinophi]s count and blood glucose level.

     xt. 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 rnale rats.
1) Growth rate and feed consumption significantty decreased (PÅqO.Ol) in

 rats injected with ACTH, while they increased in sheep+
2) Feed conversion ratie in ACTH'-treated sheep was lo,ver than that in

 control, while it was the reverse in rats.
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3) Tl'"he different response of growth rate to ACTH between ruminants

and rodents seems to be made part of feed consumption 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 corticeid in plasma of ruminants was cortisol.

2) Plasma 11-OHUS 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 Rlucose level during fasting in sheep.
4) Response of adrenal cortex to ACTH washigher 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 cortiso!

   was higher in sheep than in rats.
6) The higher level of adrenocortical activity syas desirable for ruminant

   growth, but not always for non-ruminant.
   In genera1, glucose is essential for nervolls conductivily in rnarnma1s
55,67,157)          . It depends on the level in blood gluce'y] :.vhether the suppty
to brain, centra) nefvous system, etc. is sufficient or not80). However,

only little part of carbohydrate in feeds is absorbed as glucose from
gut in rurninants5'52'74), having the low blood glucose leve[ even normany.

Therefore, even a 1ittle shortage of glucose could be a growth 1imiting

factor in ruminants.
   As described previous]y ( IN6) ), the adrenai cortex in ruminants had
some specificities advantageous to compensate the growth limiting factor,

suggesting that gluconeogenetic action of glucocorticoids was of particular

importance in them.
   If glucocorticoids stimulate simply and solely the gluconeogenests
from amino acids in ruminants as in non-ruminantsi55), their action

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

the most unique characteristic of ruminant nutrition that a great amount
of volatile fatty acids are absorbed from gut, converted to gtucose,

ketone bodyt etc. and uti1ized in body.
   Supposing that glucocorticoids stimulate the gluconeogenesis frern
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the volatiSe fatty acids, glucose wi1l be supplied sufficient]y in

ruminants. It would solve the problem of unstable giucose nutrition
without protein catabolism and alse wQuld make the uti1ization of the

fatty acids efficient. It would increase the feed intake, moreover,
                                                              9)                                                                • Asbecause the accumulation of the fatty acids decreased the intake

the results, hyperadrenocortical activity increased the growth rate in
ruminants ( 6) ).
   As a whole, it can be concluded that the unique characteristics of

adrenal cortex in ruminants should be the result from the adaptation to

the peculiarity ef metabolism of nutrients, particularly carbohydrate

me tabo1ism.
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