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Abstract-Hydrocortisone sodium succinate (S mg/kg i.p.) led to a larger absolute increase in hepatic tryp- 
tophan pyrrolase activity in younger (26. 46 and 66 days) than older (107 and 225 days) rats. Activity in 
control animals was lower in the older rats and there was no obvious correlation between percentage 
change and age. Responses of male and females were comparable, Consistent with previous findings brain 
5-hydroxytryptamine (5-HT) and S-hydroxyindolcacctic acid (S-HIAA) decreased 6 hr after hydrocorti- 
sone only at ages when a large absolute increase of pyrrolase activity occurred (2646 and 66 days). Brain 
5-HT and S-HIAA levels both before and after hydrocortisone were comparable in males and females. 
Immobilization led to pyrrolase induction and brain 5.HT changes in 66-day but not in 225&y old rats. 
Studies with different hydrocortisone preparations showed that the soluble succinate salt caused a 
more rapid increase of pyrrolase activity than the insoluble acetate salt or free base and a more 
marked brain 5-HT decrease. Results are discussed in relation to the suggested association between 
liver tryptophan pyrrotase activity and the subsequent changes in brain 5-HT and 5-HIAA. 

We have previously shown that the increased activity 
of the first enzyme on the kynurenine pathway of tryp- 

tophan metabolism. liver tryptophan pyrrolase (L- 

tryptophan, HIOz oxidoreductasc EC 1.11.14) after in- 
jection of hydrocortisone sodium succinate (5 mg/ 
kg i.p.) into adult male rats (150- 200 g) is followed by 
a decrease in the concentration of 5-hydroxytrypta- 
mine (5-HT) and its metabolite S-hydroxyindoleacetic 
acid (5-HIAA) in the brain [l, 21. These findings were 
confirmed [3] and Scapagnini. Preziosi and De 
Schaepdryver [4] observed similar 5-HT changes after 
injection of corticosterone or betamethasone although 
Benkert and Matussek [5) were unable to show the 
amine changes after hydrocortisone acetate. The de- 
crease in brain S-hydroxyindole content is suggested to 
be associated with the increase in hepatic pyrrolase 
activity, since inl~ibition of pyrralase prevents the 
brain amine changes [Z]. 

Since pyrrolase induction by tryptophan is oge- 
dependent [6,7] and oestrogens increase both pyrro- 
lase activity [8] and plasma levels of corticosteroids 
[9]_ the effect of hydrocortisone on pyrrolase induction 
and brain 5-llydroxyjndoles has heen cxamincd in 
male and female rats of different ages. The effect of im- 
mobiiization on rats of’ different ages has also been 
studied as this increases adrenocortical secretion r I O] 
and pyrrolase activity [I I. 121 and is followed by de- 
creased brain 5-HT concentrations [I 2, 131. 

METHODS 

Sprague-Dawley rats (Carworth-Europe, Alcon- 
bury, Huntingdon) were obtained at least 3 days before 
experimentation and kept in controlled conditions as 
described previously [ 121. Animals were always killed 
at the same time of day to avoid variation due to diur- 

nal changes of S-FIT [I41 and tryptophan pyrrolase 
[ 151. Immobilization procedures were as previously 
described [ 131. 

Rats of the following age ranges in days were used 
(approximate age used in text shown in brackets: 
26 _+ 2 (26); 46 + 2 (46); 66 -t_ 2 (66): 107 _+ 2 (107); 
225 + 15 (225). All rats were virgins except the 2X-day _ 
old animals which were ex-breeders. Body weights are 
shown in Table 1. 

Drugs were injected i.p. dissolved or suspended in 
saline. Doses of hydrocortisone sodium succinate 
(Solu-cortef, Upjohn. Crawley, Sussex) hydrocortisone 
acetate (Boots. Nottingham) and hydrocortisone (Bri- 
tish Drug Houses, Poole, Hants.) are quoted in terms 
of free base. 

Whole brain S-HI’ and 5-HIAA were determined by 
the method of Curzon and Green [ 161 and tryptophan 
pyrrolase activity by the method of Knox and Auer- 
bath I177 with the addition of 2 x lO_” M haematin 
to the reaction mixture 1181. pvrrolase activity is 
expressed in terms of units actlvlty/g liver (pmoles 
kynurenine formed/hr/g liver (dry wt)). 

Table I Body weights of Carworth-Europe CFY rats of dif- 
ferent ages 

Age (days) 
Body weights (g) 

Male Female 

26 80 + 8 (IX) 75 +_ 10(24) 
46 240 f lS(31) ix0 f 15(2x) 
66 364 * 20(31) 236 * 16(29) 

IO7 472 * 37 (28) 299 & 21(19) 
225 71x _+ 74(15) 396 _+ 26(1S) 

- 

Results given i_ I S.D. Number of animals on which 
determinations were made shown in brackets. Age ranges 
given in Methods. 
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RESl LTS 

.Effckt of d(ffknt hydrocortisonr prepumtiorzs on pyr- 
rokm actioit), arzd bruin 5-HT In our previous work 
hydrocortisone sodium succinate was used. However, 
Benkert and Matussek [S] found no 5-HT decrease 
after injection of hydrocortisone acetate. A preliminary 
comparison was therefore made of different hydrocor- 
tisone preparations. In this part of the study animals 
were obtained from Animal Suppliers Ltd. (London) as 
in our earlier studies [I. 21. These animals were male 
Sprague-Dawley (16G-200 g) and had a higher steady- 
state concentration of brain 5-HT than those used in 
the rest of this investigation. 

Hydrocortisone sodium succinatc is soluble in 
aqueous media. while the acetate salt, like hydrocorti- 
sone itself. is normally almost insoluble and is injected 
as a suspension. Presumably a consequence of this is 
that both the acetate and base are absorbed more 
slowly than the succinatc. Consistent with this is the 
finding that succinate caused a well defined peak of 
pyrrolase activity 3 hr after injection (Ref. 2; Table 2), 
whereas the increase in activity 3 hr after injection of 
the acetate or base was less pronounced and activity 
continued to rise over the next 2 hr (Table 2). 

These differences in the speed of pyrrolase induction 
may well explain the observed differences in 5-HT 
changes following injection of the succinate or acetate. 
Hydrocortisonc sodium succinatc causes a 5-NT de- 
crease 6 hr after injection which is still apparent at 8 hr 
(Ref. 1; Table 2). The acetate salt, on the other hand, 
led to a less pronounced. though statistically signifi- 
cant decrease at 6 hr and 8 hr (Table 2). It is probable 
also that variations in particle size of acetate prep- 
arations would affect the changes. The soluble suc- 
cinate salt was therefore used in all subsequent exper- 
iments. 

Intluctiorl of’tr_vptoph pJ~~ola.sc~ ill III& ad fi,rmde 

tuts qfr/jfllrrru ups. The increase in pyrrolase activity 
following injection of hydrocortisone (5 mg,/kg) as the 
sodium succinate was studied in both male and female 
rats of different ages. The results (Fig. I) show a 
marked age-dependence of pyrrolase induction. the 

Time, hr Time, hr 

Fig. I. Effect of hydrocortlsone sodium succinate on liver 
tryptophan pyrrolase activity in male and female rats of dif- 
ferent ages. Rats were injected with hydrocortisone sodium 
succinatc (5 mg/kg) and pyrrolase activity measured at vary- 
ing times after injection but always at the same time of day. 
Ordinate: Trhptophan pyrrolase activity expressed as 
ALMoles kynurenine formed per hr/g liver (dry wt). Abscissa: 
Time in hours after h!drocortisone injection. Results show 
mean k I.S.D. (bars) on a group of six animals. Shaded 
area: mean +_ I SD. on a group of saline-injected animals 
killed at same time of day. Closed symbols: males, open 
symbols: females. 26 day (VV) 46 day (00) 66 day (AA) 107 

day (UO) 225 day (+ 0). 

Table 2. Effect of various hydrocortisone preparations on rat liver pyrrolase and brain 5-hydroxytryptamine (5-HT) 
and S-hydroxyindoleacetic acid (5-HIAA) 

Time of observation (hr) 

Injected 
Saline 

Pyrrolase activit) rlrmolcs 
kynurenine formed!hr/g liver 

(dry wt)] 

3 5 

4.6 i 0.6 (4) 4.2 + l+)(5) 

Brain S-hydroxytryptaminc 
[llg 5-HT;g brain (wet wt)] 

6 8 

0.64 k PO3 (6) 0.65 + 0.01 (4) 

Hydrocortisone sodium 
succinate (5 mg,‘kg) 

Hydrocortisone 
acetate (5 mg/kg) 

Hydrocortisonc 
(5 mr/kg) 

22.4 * I’I (5)* I I.4 1 14(X) 0.46 _t PO2 (4)* 0.50 * 0.02 (4)* 

12.7 * 3.3 (X)t 39.x f 6.8 (6)* 0.54 + O,Ol (4)* 0.56 + 0.04 (9)* 

9.1 * I.9(3)‘r 20.8 & 6.9 (h)* N.D. N.D 

All drugs injected at zero time. Liver pyrrolase activity and brain S-HT concentrations measured at times after injection 
shown as %me of observation”. Animals used in this part of the study were obtained from Animal Suppliers, London. 
(See Results section.) 

Results cxpresscd as mean i I S.D. No. of animals on which observations were made shown in brackets. 
* Different from control P < 0~001. 
t Different from control P -C 001. 
N.D. Not Determined. 
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Table 3. Effect of hydrocortisonc on brain ~-~ydroxytr~~tami~e {5-HT) and S-hi-droryindolescetic acid (S-HIhAt in 
rats of different ages 

-~ 

5-hydroxytryptaminr S-hgdroxyindoleacetic acid 

Age [i~g 5-HIAA;g brain (wet wt)] 

(days) 

~,li;~ 3-HT:g brain (wet wt)] 
i ’ Hykmxti~~n~’ Saline Hychxxtisonc 

* DiKcrcnt from age mntched saline injected control P <c WOI _ 
Results exprcsscd :ts rncan _t I S.D. 

absolute increase being less in the 107. and 225-day old 
animals than in younger rats. As enzyme activity of 
older (107 and 225 days) s~~~in~-ill~~ct~~ control rats 

was also lower than that of the younger rats there 
was no obvious relationship between age and percent- 
age increase of activity. The responses of male and 
fcmalc rats were compLirable. Peak activity occurred 
between 3 and 4 hr at all ages studied. The ?6-day old 
animals (both male and female) were exceptional. as 
they showed a biphasic response with peaks at I! and 
4 hr fmafe) and 3 and 4 hr (female) after hydro~ortis~ne 
injection. 

@+Ct of’<iile oii rhc &iecl.se ($r-at hllill S-HTriitri s- 
IJIA.4 afier h!r/r-ociliti.so~t~, irljrcrion. No significant dif- 
fercnces were found between Shydroxyindole con- 
ccntrations or changes in male and female rats of the 
same age and the results hare therefore been com- 
bined. In agreement with earlier findings [I, 2], a sig- 
nificant fall in the concentration of brain S-NT and S- 
HIAA was seen in young rats (36,46 and 66 days) 6 hr 
after hydrocortisone (5 mg:kg). fn i07- and 2%day- 
old animals there was no decrease in 5-f-U or S-HIAA 
~on~entr~lti~~lis fotlowing hydrocortisone (Table 3). 

Previous studies of age-d~p~nd~n~e of pyrrohse in- 
duction have been mainly on substrate induction 
[h, 71. It was found that in l-month-old animals acti- 
vity increased f~ter, reached maximum activity earlier 
and declined more rapidly than in 3 ibmc~th rats. 

Such a rel:ttionship was not apparent in the present 

study after hydrocortisone. Instead. hydrocortisone in- 
duccd pyrrolase at similar times in all animals studied, 
but although it produced a large induction in young 
anim;ils the response in older (107 and 25 days) rats 
was either small or absent (Fig. 1). Gregerman [IS’] 
found similar induction changes following hydrocorti- 
sane to I?- and 24-month rats to these seen in the cur- 
rent study of 107- and 725-day animals but he did not 
study younger animals. AdeLman [2Oj has suggested 
that enzymit i~~~iL~~tiol1 may in some instances be a bio- 
chemical fLinction of ageing with inducibility decreas- 
ing as age increases. Our results arc consistent Gth 
this hypothesis. 

IZfl&t r)~il,lt,l~hiii-_trti~l? 91 66- trrln 215&i1(!~lrt finmle 
I’((fs 011 lircJr ,I \,rroltrsr uctirit 1’ trrld hill S-H T cow 
cmtxuiom. Immobilization caused increased pyrrolase 
activity and decreased brain 5-HT in young (1% 
200 gf male rats f I?. 131. As the pyrrolase and 5-M 
changes foilowing hydrocortisone were dependent on 
age. it was kof interest to inv~stig~tte the effect of age on 
these changes during immobilization. Five hours after 
the start of immobilization of 66-day-old female rats, 
there was a marked increase on pyrrolasc activity and 
dccreasc of brain S-HT. “‘Thu 225-day-old rats did not 
exhibit oithcr change (Table 4). 

Our ~11d~ngs show that the brain 5-HT decrease fot- 

lowing hydrocortisone injection occurs only in 
younger animals. This may be related to the finding 
that large increases of pyrrolase activity (measured irr 
vitro) were found only in younger animals. rZ relation- 
ship between liver pyrrolase and brain S-FIT changes 
is consistent with the finding that hydrocortisone pro- 
duces neither a pyrrolax increase nor S-HT decrease 
in the gerbil [21]. The decrease in brain S-HT in 

younger aI?in~~~s fo~lo~,~ng hydrocortis~~~~e is presum- 
ably a consequence of the decreased brain tryptoph~~n 
concentrations in these animals 121. X] which was not 
found in g,crbils r3 I], 

I~imob~lizatio~~ of h&day rats produced a pyrrolase 
increase and brain S-NT decrease similar to those pro- 
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viously reported [lo, 1 I]. However, in agreement with 
the findings with hydrocortisone, there was only a 
small pyrrolase rise and no brain S-HT decrease in 
22%day rats. 

Unlike Benkert and Matussek [S], we found a de- 
crease of 5-HT 6 hr after hydrocortisone acetate injec- 
tion. However, the decrease was smaller than that fol- 
lowing hydrocortisone sodium succinate. Possibly the 
rapid increase in pyrrolase activity following injection 
of the succinate salt leads to a more marked decrease 
of brain tryptophan, which is reflected in the greater 
decrease in brain 5-HT concentration. 

The results presented here, together with previous 
observations 12,211 add to the evidence that the in- 
crease in hepatic tryptophan pyrrolase following hyd- 
rocortisone injection is associated with a decrease of 
brain 5-HT and 5-HIAA. However, various factors in- 
fluence this association, such as age and the hydrocor- 
tisone salt injected. 

ilckno~/c,dg~/nrrlts-We gratefully acknowledge the care 
taken by Carworth-Europe in the supply of the rats at speci- 
fic ages. 
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