HAPTER - VII

EFFECTS OF CORTICOSTERONE TREATMENT ON CORTICOSTERONE CONTENT
OF RAT SERUM, BRAIN AND LIVER TISSUE AND MITOCHONDRIA DURING
DEVELOPMENT.

!
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Several methods have been described for the determination
of corticosterone content of plasma as well as tissue like
adrenals. These includes; estimation by fluorimetric (1-3),
isotope dilution (4) , radioimmunocassay (5-7) and by high

performence liquid chromatography (HPLC) (8).

Peterson (4) has described isotope dilution technique for
estimation of plasma corticosterone. Although this method is
highly specific for corticosteroﬁe. it hasno wide application

i

because the procedure is tedious%aqd requires 30 to 40 ml of

plasma for estimation of corticosterone in hum%ns.

The quantitative estimation of plasma cbrticostefone by
radioimmunoassay {RIA) is carrie@ out after ethanol
precipitaion of proteins (5 -7). In this method, cross
reactivity of the antiserum with cortisol, deoxycorticosterone
and 11- deoxycortisol was 8, 8 and 2% respectively, while that
for 17 e - hydroxyprogesterone, testosterone and 17 8 -
estradiol was less than 0.1%. The RIA method for
corticosterone is very senstive and can detect 10 Pg

corticosterone / tube (30 n mol /L ) (7).

A sensitive and specific high performance liquid

chromatographic assay for quantitation of cprticosterone in

rat plasma has been described by Wong et al. (8). In this
method rat plasma is extracted with methylene chloride, washed

with 0.1 mM NaOH and then with water. The washed extract is
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then analyzed by HPLC on C 18 ceolumn with UV absorbance at 254
nm. The detection limit of the assay is 10 ng/ml. The recovery

of costicosterone ranged from 87 to 95% .

Sweat (9, 10 ) has described a method for determination
of uncoqjugated corticosterone and hydrocortisocne in plasma by
fluorescence developed in sulfuric acid. The author has made
certain generalizations about activity relationship of steroid
fluoresgence based on fluorescence data of various steroids.
%resencé of hydroxyl group at position 11 of the steroid
nucleus is necessary for thHe production of a high degree of
fluorescence..The~q$,B unsntura%ed ketone group in ring A also
exerts a strong influence on fluorescence. Saturation of this
group in 11 - hydroxy series gtérdids results in a marked
decrease in the degree of fluérescence produced. However in
the 12 - hydroxy series, the saturated compounds exibi# the
greater degree of fluorescence. Hydroxyl group at position 17

exerts a minor influence on fluorescence (9)

The method is sensitive only to a fraction of microgram
and employs chromatographic separation of cortical steroids on
gilica gel microcolumn prior to development of fluorescence.
Hence although this method demonstrates usefulness of sulfuric
acid induced’ fluorescence for analysis of plasma

corticosterone, is not found to beé practical (1,11).
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According to the procedures described by Zenker and
Bernstein (11) and Silber et al. (1) minimun 0.2 to 0.5 ml of
plasma i? required for quantitative determination of
corticosterone by fluorescence. These methods are highly
specific for the corticosterone and most of the other steroids
except hydrocortisone show minimum or negligible fluorescence
under experimental conditions. Hydrocortisone showed 20 to 40%
fluorescence compared to that of the corticosterone (1,11).
Since corticosterone is the principal glucocorticoid of rat

blasma, these fluorimetric methods could be highly specific

for corticosterone determlnatnons.

1 i

Guillemib et al. (2) assegsed the validit& of the method
described by Silber et al. (1), undqr various experimental
conditions. The authors have also shown that the plasma
samples form rats can be stored frozen for a period of up to

100 days witbout any appreciable variation in corticosterone

concentration (2).

Giick _ﬁ al. (3) have described a micromethod for
determination of cciticoétérone in 20 to 50 ul of plasma or
submiligram samples of adrenal tissue. The method is highly
sensktive and can detect corticosterone as lqy as 0.5 ng; but

the method requires special adapters for measurments of

fluorescence in 0.05 ml final acid solution (12).
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Since the fluorimetric methods for the corticosterone
estimation are highly sensitive, specific and more practical,
these are widely used for quantitative estimation of

corticosterone (2, 13 - 16).

From the studies described in Chapters II to VI, it is
clear that corticosterone treatments - acute dﬁd chronic - had
differential effects on lipid/phospholipid content and
composition and functional attributes of liver and brain
mitochondria. Theréfore it was of interest #o examine the
levels of corticoéterone in serum, tissues and subcellular

organelles. Results of these studies are summarized in this

Chapter.

MATERIALS AND METHODS

Chemicals

The details are as described in Chapter II.

Extraction of corticosterone from serum, liyar and brain

tissues and mitochondria

The extraction of corticosterone from the samples was
carried out according to the procedure described by Silber et
al. (1) with some moéifications. The volumes were
proportionately reduced to increase the sensitivity of

detection.
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In the initial experiments, the samples were first
treated with petroleum ether and then extracted with methylene
chloride (1). It was found that vigorous vortexing led to
formation of gel at the interface and recovery wag poor and
highly variable. The petroleum ether step in the procedure was
hence omitted. Instead, the proteins were first denatured
using TCA and then the samples were directly extracted with
methylene chloride. Other researchers have also used ths
direct extraction procedures employjng methylene chloride or
chloroform but without denaturing p%oteins (4,8,11,17). The
exact extraction procedureused for1corticosterope forw the

samples was as follows:

Firstly, 50‘p1 of serum sample or the sample of tissue
homogenate or mitochondria corresponding to about 500 ug
protein was taken to which 0.2 ml of 5% TCA (chilled, 0-4°C)
was added and the final aqueous volume was made up to 1.5 ml

with distilled water.

After keeping for 20 minutes (0*4‘C),.6.0 ml of methylene
chloride was added followed by vigorous vortexing for 2 to 3
minutes. The two liquid phases were allowed to separate and
the bottom layer was removed carefully with the help of a
syringe with a long needle attached to it and transferred into

a fresh tube.
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To this solvent extract, 1.0 ml of 0.1 N NaOH was addsd
and the tubes were vortexed vigorously for 15 seconds for
mixing. The top agqueous layer of alkali was immediately

removed completely and discarded.

Finally 3.0 ml of 30 N Hy804 was added and tubes were
vortexed vigorously for 1 to 3 minutes. The upper solvent
layer was removed and discarded. Fluorescence of
corticosterone in sulfuric acid was measured after 45 iminutes
incubation at room temperature (1,3). The fluoresce?ce was
found to be stable at least for 3 hours. The blanks cbntained
only distilled water whereas the standard tubes contained 50
to 1000 ng of corticosterone. All the tubes were processed in

a similar manner as descrided above for samples and the

fluorescence was read ag&inst the blanks.

This extraction procedure gives recovery of
corticosterone in the range of 80 to 100 % for serum and
tissue homogenates as well as mitochondria form liver and
brain. The recovery of corticosterone after methylene chloride
extraction was found to be independent of concentration. A

similar finding has also been reported by Wong et al. (8).

Fluorimetric estimation of corticosteronse

Corticosterone fluorescence in sulfaric acid wAS

determined in a Shimadzu RF-5000 spectrophotofluorimeter. The.
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excitation and emisssion wavelengths were determined form the
excitaion and emission spectra of authentic samples and were
found to be 472 nm and 523 nm respectively., Excitation and
emisaion bandwidths were sBet at 5 and 10 nm respectively.
standard grapp of corticosterone fluorescence was plotted
using the concentrations in the range of 50 to 1000 ng. It was
found that 1.0 ng of corticosterone gives the 0.45 units of

fluorescence.

RESULTS

Table 1 summarizes the results of corticosterone levels
in serum from animals of different age groups in conérol and
corticosterone treated rats. The results indicate thag in the
contrel animals the corticosterone.leveé was highest in the 7-
day group and decreased gradually till the adult stage. The
value decreased by a factor of 16 compared to the 7-day-old

rats,

Acute treatment with corticosterone resulted in
significant increase in the serum corﬁicoste%one levels in
amimals of all the Age groups. The extent of increase was
higher (2 to 3 fold) in young than in the adults (only 35 %
increase). On the other hand, chronic treatement resulted in
decreased serum levels from 20 to 80% in the different age

groupe except adults where no change was seeén.
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Effect of corticosterone treatment on levels of corticosterone

in rat serum during development.

Corticosterone content (pg/loo ml)

Age “
Control Acute Chronic
7 Days (10) 558 + 42 N.D N.D
14 Days (10) 384 + 55 844 + SOb 178 + 13b
21 Days (10) 147 + 07 ass + 20° 118 + 11°
35 Days (12) 63 + 06 172 + 17° " 27 & 03
Adults (12) 35 + 04 48 + 04° 36 + 04
Results are given as mean + SEM of number of independent

observations for each group as indicated in the parentheses.

8 < 0.05 and

bp ¢

controls.

N.D = not done.

0.001 compared to the corresponding
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Data on corticosterone content of the brain tissue as
influenced by corticosterone treatment’ are given in Table 2.
It is clear that in the controls, the cpntent was the highest
on day 21 but decreased by about 40% in the adults. Acute
treatment did not have any significant effect except in the
adults where the values increased by 28%. By contrast, chronic
treatment caused about 20 to 30 %'deérqase in corticosterone
content in 14- and 21-day groups, wheréas in 35-day-old and

adult animals there was about 25 to 50$1increase. {
RSS 1
When the corticosterone content of brain ﬂxssue was
expressed as ug /mg protein (Table 3)," a more or 1655 similar
picture was observed for the acute éfeatement group {(e.g.
compare Table 2). In case of 21—dqy-old animals, chronic
treatment caused 70% decrease in cortxcoaterone content. This

reduction could be attributed to significant (B2%) increase in

protein content of brain in this group’?Table 4).

<

Data on mitochondrial corticosteroﬁe content in the brain
as affected by the two corticosterone tgeatments are showﬁ in
Table 5. Upon acute treatment the horméﬁé content in the brain
mitochondria form 14- and 21-day-old ﬁhnimals increased by
about 40% while the adults showed about 60% decrease; the 35-
.day~old rats were not affected. Chfqhic treatment caused
significant (50 to 65% ) reduction in mitochondrial
corticosterone content in brain from 14— and 21-day-old rats,

but had no effect on 35-day-old and 9du1t animals.
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Table 2
Effect of corticosterone treatment on corticosterone content

of rat brain during development.

Corticosterone content (ug/g tissue)

Age

Control Acute Chronic
14 Days 350 + 11 360 + 05 283 + 12P
21 Days 470 + 10 475 + 12 340 + 15°
35 Days 391 + 28 401 + 18 495 + 26%
Adults 294 + 21 377 + 22° 443 + 21°

Results are given as mean + SEM of 8 independent observations

in each group.

% < 0.05 and bP’ < 0.001 compared to the corresponding

controls.
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Table 3
Effect of corticosterone treatment on corticosterone content

of rat brain during development.

Corticosterone content (ug/mg protein)

Age

Control Acute Chronic
14 Days 2.43 + 0.08 2.26 + 0.11 1.16 + 0.06°
21 Days 4.16 + 0.20 4.01 + 0.14 1.24 + 0.15°
35 Days 4.44 + 0.44 4.52 + 0.27 6.34 + 0.61°
Adults 2.60 + 0.03 3.85 + 0.22°  4.11 + 0.24°

Results are given as mean + SEM of 8 independent

observations in each group.

8p ¢ 0.05 and bP < 0.001 compared to the corresponding

controls.
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Table 4
Eftect of corticosterone treatment on protein content of rat

brain during development

Protein content (mg/g tissue)

Age -

Control Acute Chronic
14 Days 145 + 2.2 160 + 10.4 131 + 9.0
21 Days 114 + 5.3 117 + 8.4 207 + 10.4P
35 Days 90 + 3.4 90 + 6.2 98 + 5.6
Adults 113 + 4.6 98 + 2.4% 102 + 5.4

Results are given as mean + SEM of 8 independent

observations in each group.

b

% < 0.01 and P < 0.001 compared “to the corresponding

controls.
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Table 5
Effect of corticosterone treatment on corticosterone content

of rat brain mitochondria during development.

Corticosterone content (lg/mg protein)

Age

Control Acute Chronic
14 Days 0.58 + 0.02  0.83 + 0.03° 0.20 + 0.04°
21 Days 3.10 + 0.40 4.28 + 0.21° 1.50 + 0.13°
.35 Days 1,60 + 0.09 1.62 + 0.07 1.85 + 0.08
Adults 2.60 + 0.07 1.10 # 0.08° 2.50 + 0.09

i

Results are given as mean + SFM of 8 independent observations

in each group.

b

p ¢ 0.02 and °P < 0.002 and P < 0.001 compared to the

corresponding controls.
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The results on corticosterone content of liver are
summarized in Table 6. Acute treatment caused from 20 to 50 %
increase in 14- and 21-d;y~old animals but in case of the 35
day group about 15% decrease waé observed; the adults did not
show any siénificant change. chronic treatment caused 35%
increase in the 14-day-ocld animals, but rest all the age

groups showed significant (30 to 45% ) reducation.

When the data were expressed as corticosterone content,
ug/mg protein in liver, (Table 7)., acute treatment caused 25
to 80 % increase in 14-day-old and adult rats but in case of
35-day group the corticosterone content had decreased by about
50%. Chronic treatment had no effect on 14~ and 21-day-old
animals but the 35-day-old and adult’rats showed about 30 to
40 % reduction. The observed Qiffer;nces in the corticosterone
contents by two different ways of expressing the results was
due to alterations in the protein content of 1liver in

corticosterone treated rats (Table 8).

From the data in Table 9 it can be seen that. the acute
treatment had no effect on mitochondrial corticosterone
conteqt in all the age groups except about 50% increase in 14-
day—-old animals. On the other hand, chronic treatment caused
100 and 250% incfedse in corticosterone content of liver
mitochondria. form adulte and 14-day-old animals; in 21- and

35-day groups it remained uhaffected.



Table 6

250

Effect of corticosterone treatment on corticosterone content

of rat liver during development.

Corticosterone content (Pg/g tissue)

Age
Control Acute Chronic
14 Days 154 + 6.0 237 + 13.09 209 + 13.0°
21 Days 195 + 10.0 232 + 10.0% 136 + 17.0°
35 Days 105 + 3.4 87 + 4.8° 58 + 4.0%
Adults 94 + 4.0 98 + 7.0 50 + 3.0%
Results are given as mean + SEM of 8 independent observations

in each group.

b

® < 0.02 PP < 0.01; °P < 0.002 and %P < 0.001

the corresponding controls.

compared to
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Effect of corticosterone treatment on corticosterone content

of rat liver during development.

Corticosterone content ng/mg protein}

Age

Control Acute Chronic
14 Days 1.21 + 0.07 2.18 + 0.12°  1.16 + 0.06
21 Days 1.62 + 0.07 1.71 + 0.12 0.58 + 0.05
35 Days 1.06 + 0.05 0.56 + 0.03°  0.62 + 0.04°
Adults 0.66 + 0.03 0.82 + 0.05° 0.44 + 0.04°

Results are given as

in each group.

b

8 ¢ 0.02 and P

controls.

mean +

< 0.001

SFM of 8 independent observations

compared to the corresponding
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Table 8
Effect of corticosterone treatment on protein content

of rat liver during development.

Protein content (mg/yg tissue)

Age

Control Acute Chronic
14 Days 141 + 5 115 + 8° 169 + 112
21 Days 121 + 3 147 + 12 212 + 5°
35 Days 103 + 3 157 + 8° 94 + 5
Adults 182 + 11 123 + 17 114 + 7

{

Results are given as mean + SEM of 8 independent observations

in each group.

b

% ¢ 0.05; PP < 0.02 and °P < 0.001 compared to the

corresponding controls.
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Table 9
Effect of corticosterone treatment on corticosterone content

of rat liver mitochondria during development.

Corticosterone content {(ng/mg protein)

Age

Control Acute Chronic
14 Days 241 + 28 354 + 19 846 + 30°
21 Days 709 + 73 858 + 44 575 + 14
35 Days 578 + 66 419 11319 369 + 27
Adults 402 + 26 517 i%sa 823 + 71°

i
Results are given as mean + SEM of 8 independent observations

in each group.

b

8 < 0.01 and P < 0.001 compared to the corresponding

controls.
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DISCUSSION

The fluorimetric method for corticosterone estimation
described here is rapid, specific, highly sensitive and
economical. It could detect corticosterone contents in
subnanogram quantities. 50 uml1 of serum or 500 Hg of
tissue/mitochondrial protein provided sufficient materials for
the assay, and the method was linear upto 2000 ng of
corticosterone. In separate experiments, it was found that
cholesterol Lp to 10 ug and phospholipids (phosphatidylcholine
and phosphatidyl— ethanolamine) up to 100 mg concentration did
not show any fluorescence. Interference by other steroidal

compoﬁnds has already been reported to be negligible (1.,11).

Results of the pfesent studies héve shown the effect of
the two corticosterone treatments (acute and chronic) on the
serum levels and contents of corticosterone in brain and liver

tissues and ﬁitochondria during postnatal development of rats.

Young animals showed very high levels of serum
corticosterone, which decreased wiih advancement of age. In
contrast to‘this. Sapolsky and Meaney (18) have reported that
in early postnatal period, the adrenocortical response to
stress is greatly reduced (14, 19-27). Begining on about
postnatal day 2 and toptinuing iptb the second week of life,
rat pups failed to respond or resﬁonded weakly to a variety

of stressors that reliably elicit-a dramatic increase in
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corticosterone secretion in animals at other stages (18). This
period of adrenocortical gquiescence has been termed the
"gtress non—-responsive period" (SNRP)} and it is defined by the
relative inability of the adrenocorticgl axis to respond upon
exposure to stresé (20). The SNRP can be considered as a
protective -mechanism to avoid deleterious effects of
glucocorticoids on growth and development of the centrai
nervous system.

: From the data presented in this chapter on the serum
. cgrticosterone levels in rats during postnatal development, it
wottld seem that the young animals fail to reaspond to any
stressors during SNRP ﬁecausé the serum corticosterone 1levels
are already high. Interestingly. Schqpiro {28) has reported
that the half-life of corticosterone in the rat during first
week of -postnatal life is about 3 tigés higher than that in
the adults. This could explain the higher levels of serum
corticosterone in young pups reported here. The adult values
reported are in general agreément with the values reborted by
others (1,3.11). However, the values of plasma corticosterone
reported by Sapolsky and Meahey (18) are low even in adult
animals (15 pg/100 ml) than what are reported here (35 ug/100
ml}.

The acute corticosterone treatment caused significant
increase in the serum corticosterone levels. However, the

extent of increase was variable depending on the age of the
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animals. Similarly, Dickinson et al. (15) have also reported
that when rats were given acute treatment with corticosterone
(50 mg/Kg body weight), after 2 to 3 hours the plasma

corticosterone levels increased by about 3 fold.

In contrast to acute treatment, the chronic treatment
caused significant reduction in serum corticosterone levels in
animals of all the age groups except adults. The observed
decrease in serum corticosterone levels could be due to
increased distribgtion of corticosterone in the tissues or
because of incfeased metabelism %.e. éonjugation and

i

excretion.

It was interesting to note hére‘ﬁhat thé corticosterone
concentration in brain tissue as well as Aitochondria was
2 to 3 times higher compared to their liver counterparts in
control animals. This could be due to the fact that it is the
liver and not the brain, which is the major site for

conjugation and inactivation of corticosterone (29).

Acute treatment did not have much effect on
corticosterone content of brain but chronic treatment caused
sjgﬁificant alterations in age-specific mannef; The effects of
corticosterone treatments .on corticosterone content of brain
mitochondria were treatment specific. Acute treatment -caused
gignificant. increase whereas the chronic treatment decreased

significantly the corticosterone content of brain mitochondria
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from young animals. These observations may explain the age-
dependent and treatment-specific effects of corticosterone on
mitochondrial oxidative energy metabolism and lipid content/

composition of brain mitochondria (Chapter II and 1IV).

In the case of liver; the effects of corticosterone
treatments were quite different from those mentioned above for
the brain. Increased corticosterone content of livers from
corticosterone treated 14- and leéay—old animals seems to bg
due to the reduction in the prote%n content. In case of 35~
day—-old and adult rats, the obseréed significaqt decrease in
corticosterone  content could possibly be due to activation of
the -system for conjugation of corticosterone in liver upon
treatment with corticosterone. Corticosterone content of liver
mitochondria | in general remained unaltered upon acute
treatment; chronic treatment caused signﬁficant increase in
age-dependent  manner. This could possibly explain the
treatment-specific effects of glucocorticoid overlogd on
mitochondrial function and 1ipid/phos§holipi4 content and
composgition of mitochondrial membrane in liver {Chapter V ané'

VI).
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SUMMARY

Micromethod for fluorimetric estimation of
corticosterone in rat serum, tissues and mitochondria was
standardized. The method is sensitive, rapid, economical

and specific for corticosterone.

Serum corticosterone levels in control animais
were found to be highest in the 7-day-old rats and
decreased gradually with advancement of age. Also,the
corticosterone content of brain tissue as well as
mitochondria wa? 2 to 3 times higher than that of the

1

liver.

Acute treatment caused significant increase in
serum corticos&erone levels in animals of ail the age
groups:; the extent of inhncrease was higher in young
animals compared to adults. Upon chronic treatment serum
corticostbrone levels decreased significantly in young
animals; adult did not show any significant change.
Corticosterone content of the brain tissue remained more
or less unaltered by acute treatment. Chronic treatment
caused significant alterations in age—-dependent manner,
In .young animalsg acute trentment. inrease and chronic
treaément decreased significaut{y the corticosterone

contentqof brain mitochondria.
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Upon acute treatment young animals showed
significant increase in corticosterone content of liver
tissue Dbut adults did not show any change. On the other
hand, chronic treatment decreased significantly the liver
corticosterone content in animals of all the age groups
except the 14-day-old rats. Some of these changes were
due to alterations in protein content of 1liver from
corticosterone treated rats. Acute treatment had no
effect on ¢itochondria1 corticosterone content of liver
exceaept in l4-day-group. Chronic treatment caused
significant increase in mitochondrial corticosterone
content in 14-day-old and adults; animals of 21- and 35-

day groups remained unaffected.



