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be higher in the newborn than in the adult but was signifi- 
cantly so only at the last time interval. 

Comparison of the disposition of digitoxin in newborn 
and adult rats is depicted in Fig. 3. Digitoxin disappeared 
at a similar slow rate from the plasma of both groups. How- 
ever, the liver of the newborn contained a significantly lower 
amount of digitoxin than that of the adult at all time inter- 
vals The lower amount of digitoxin in the liver of the new- 
born was due both to the smaller liver and to the lower con- 
centration ofglycoside in the liver. However. the liver of the 
newborn was able to concentrate the digoxin over that in 
plasma but not to the extent observed in the adult liver. 

The disposition of digoxin in newborn and adult rabbits 
is shown in Fig. 4. The concentration of digoxin in the 
plasma or heart of the two groups was not significantly dif- 
ferent. The amount of digoxin in the liver was lower in the 
newborn than the adult at all time intervals. This was 
mainly due to the difference in the ability of the livers of the 
two groups to concentrate digosin. 

~orrespot~ding data obtained in the dog are shown in Fig. 
5. Digoxin disappeared from the plasma at similar rates in 
the two groups. The amount of digoxin in the liver was sig- 
nificantly less in the newborn dogs at the 2- and 40-min time 
interval. Since the newborn dogs had relatively larger livers 
(4.1 per cent of body wt) than the adult dogs (3.3 per cent 
of body wt), the concentration difference was even greater. 
Both groups of dogs were able to concentrate digoxin in 
their livers but the adult could do this to a greater extent. 
No significant difference in the heart digoxin concentration 
was detected. 

In conclusion, a decrease in the uptake of cardiac glyco- 
sides into the liver in newborn animals definitely is not 
limited to one cardiac glycoside (ouabain) or one species 
(rat). Although the largest difference was seen with ouabain 
in the newborn rat, differences existed with other glycosides 
and in other species as well. In newborn animals, the de- 
creased rate of removal of cardiac glycosides probably 
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results in a longer duration of their pharmacological action 
and may produce increased sensitivity to their toxic effects 
as well. 
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Transcortin levels in the blood of arthritic rats 

(Rrceiued 6 September 1974; accepted I? November 1974) 

Cortisol is extensively used in the treatment of rheumatoid 
arthritis and is also effective in controlling the polyarthritis 
in the adjuvant rat [I]. Most of the endogenous cortisol in 
circulating blood is protein-bound to transcortin and albu- 
min [2]. The binding between albumin and cortisol is weak 
(association constant IO’-lO’M_ ‘) and non-specific 121. In 
contrast, transcortin binds cortisol firmly (association con- 
stant IO’-108Mm’) and is relatively specific [Z]. Tradi- 
tionally transcortin bound cortisol was thought to be inac- 
tive, but recent evidence suggests that it may be active in 
some tissues [3}. 

The in~ammatory response in both rheumatoid arthri- 
tis [4] and adjuvant arthritis [S] affects protein biosynthesis 
itr ciw. In this communication we have examined the effect 
of inflammation on the levels of transcortin in the blood of 
adjuvant arthritic rats, 

E.uperirnemal. Arthritis was induced in Wistar strain male 
and female rats (150-200 g) by a method areviouslv descri- 
bed [S]. Human strains (c, DT and PN) bf tuber& bacilli 
were kindly supplied by the Ministry of Agriculture Veterin- 
ary Laboratories. Weybridge, Surrey. The adjuvant was in- 

troduced into the left hind foot-pad. The intensity of the in- 
duced inflammation was measured in both hind feet by im- 
mersing them separately to the hair line in a mercury bath 
connected to a pressure transducer linked to a Devices 
recorder. The initial measurements of foot volume were 
taken prior to injection of the adjuvant and subsequent 
measurements prior to collection of blood samples on the 
appropriate day. 

Blood was drawn from the aorta of anaethetised animals 
and the serum was dialysed for 24 hr against saline at 4” to 
remove free cortisol. Serum transcortin levels were deter- 
mined by the method of Milgrom f71. In this method, 0.5 ml - -_ 
serum was incubated at 37” for 15 mm with a large excess 
of C3H]cortisoI (1.9 uCi, 2.3 ~g) to disolace any endorenous 
cortisoi remaining in the bin&g sites. Two ml. of a dextran 
coated charcoal suspension (0.25g charcoal and 0.025g 
dextran in 100 ml Tris-HCI buffer, pH 7.4) was added and 
the mixture shaken vigorously at 4” at a constant speed. At 
various intervals portions were removed, and after centri- 
fuging to remove the charcoal. 0.2mI of the supernatant 
was added to 5ml of Bray’s reagent [S] and the radio- 
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Days after administration of 

adjuvant 

Fig. I. Increase in size of the left (O--O) and right 
(D---m) hind feet of female rats, and left (A-A) and 
right (v-v) hind feet of male rats, after the injection of 
mycobacterial adjuvant into the left hind feet. Increases in 
the sizes of hind feet of non-injected control animals are 
represented by dotted lines. Each result represents the mean 

of five animals and vertical lines indicate S.E.M. 

activity present determined in a liquid scintillation counting 
system(Beckman). In thisway the transcortin-boundcortisol 
was determined and hence the amount of transcortin was 
estimated. Total protein levels were determined by the 
Biuret method f9]. 

Results arid discussion. The initial inflammation at the site 
of injection subsided after 3-4 days as was found in our pre- 
vious work [IO] with this strain of rats and secondary in- 
flammation started to develop from the 5th day after injec- 
tion [IOJ (Fig. I). Measurements of inflammation of both 

0-0 

Days after admlnistrotion of 
adp.wnt 

Fig. 2. Variation of total serum protein levels of female 
(+a) and male (A-A) rats after injection of myco- 
bacteria1 adjuvant. Control levels of non-injected rats are 
represented by dotted lines. Each result represents the mean 

of five animals and vertical lines indicate S.E.M. 

Days after odmmistrotion of odjuvont 

Fig. 3. Variation of transcortin levels of female (C----O) 
and male (A-A) rats after injection of mycobacterial 
adjuvant. Control levels of non-injected rats are represented 
by dotted lines. Each result represents the mean of five ani- 

mals and vertical lines indicate S.E.M. 

hind feet were taken from the 5th to the 19th day inclusive, 
No significant differences in severity were observed between 
male and female rats. Total protein levels (Fig. 2) fell slightly 
5 days after the initial administration of adjuvant but rose 
sharply during the onset of secondary inflammation to 
reach maximum values, in excess of control values, 13 days 
after the initial injection. Again, no sex differences were 
observed. This rise may have reRected an increase in acute 
phase proteins which often accompany the onset inflamma- 
tion since by the 19th day the levels had fallen to below nor- 
mal. In contrast to the rise in total protein levels during the 
rapid onset of inflammation, the transcortin levels (Fig. 3) 
fell sharply in both male and female rats during this period. 
By the 19th day the transcortin levels had recovered slightly, 
but were still below normal. A sex difference in the transcor- 
tin levels of normal animals was observed, but this has pre- 
viously been reported [I 11. 

It is clear that during the phase when the onset of second- 
ary inflammation occurred the transcortin levels in the 
blood fell despite a slight rise in the total amount of protein 
present. Whether this inverse relationship of transcortin 
levels in blood with the development of inflammation has 
any physiological significance is open to question. One 
possible consequence of a fall in transcortin levels could be 
a fall in total cortisol levels with an increased rate of cortisol 
metabolism [2]. Per&fin has shown, however, that adju- 
vant arthritic rats develop hypertrophied adrenal glands 
and increased plasma corticosterone levels [ 121. 

It is of interest that the transcortin and total cortisol 
levels rise during the latter stages of human pregnancy [Z], 
a period when the symptoms of rheumatoid arthritis often 
regress [ 131. However, a relationship between inflammatory 
disease and the levels of endogenous cortisol in ‘free’ and in 
‘bound’ forms has still to be proven. 
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Decreased rat brain acetylcboline utilization after heroin and cross 
tolerance to I-methadone* 

(Received 31 July 1974; accepted 4 October 1974) 

It is well known that morphine and related narcotic analge- 
sics decrease acetylcholine (ACh) release from the peripheral 
and central nervous system [l-4]. In addition, brain ACh 
utilization and turnover are decreased [S, 61. ACh utiliza- 
tion is an indirect measure of ACh turnover, since the com- 
pound used to inhibit its synthesis does not have an imme- 
diate effect. When the synthesis of ACh is reduced by hemi- 
cholinium-3 (HC-3) or acetylseco HC-3, drugs can be given 
at various times in order to determine if ACh utilization has 
been altered. A drug that alters brain ACh to a level below 
or above that found with an ACh depletor alone is inter- 
preted to increase or decrease ACh utilization respectively. 
Narcotic analgesics, including I-methadone, antagonize 
brain ACh reduction produced by the ACh anti-synthesis 
agents like HC-3 and acetylseco HC-3 [S]. The present 
study summarizes results which indicate that acute 
administration of heroin causes a decrease in brain ACh uti- 
lization. Rapid partial cross tolerance to this action of her- 
oin can be demonstrated to I-methadone given twice daily 
for only 4 days. 

Male Holtzman rats, 2(f24 days old (6CGOg), were 
housed 1&13/cage. They were on a 7:OOa.m. to 12:OOp.m. 
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light and 12:OOp.m. to 7:OOa.m. dark cycle. They were 
given food and water ad lib. All drug doses were calculated 
as base. Two different treatments were used on various 
groups of animals. One group received 2.5 mg/kg of I-meth- 
adone i.p. for 2 days b.i.d., 12 hr apart and then 5 mg/kg for 
the remaining 2 days on the same dose schedule. The other 
group of rats was given 0.9% NaCl in a volume equivalent 
to those receiving I-methadone b.i.d. for 4 days. This dose 
schedule of I-methadone allowed the young rats to gain 
weight at the same rate as the 0.9% NaCl controls. About 
5-10 per cent of the animals given methadone died. On day 
5, the rats were given simultaneously heroin i.p. and 5 pg 
acetylseco HC-3 (0.25 pg/$) intraventricularly (ivt.) under 
diethyl ether anesthesia 30min prior to being guillotined. 
Acetylseco HC-3 is especially useful because it is a choline 
acetyltransferase inhibitor that causes significant decreases 
in brain ACh compatible with survival [7]. 

The brain minus the cerebellum was rapidly removed. 
weighed and homogenized in acetonitrile to which 
25 nmoles proprionylcholine (PCh) iodide had been added 
as internal standard. The samples were prepared for pyro- 
lysis gas chromatography (CC) by the method of Szilagyi er 
al. [g]. However, the CC conditions were slightly altered for 
convenience. Stainless steel columns, 8 ft in length, packed 
with Chromasorb W (HMDS) coated with 20°fA Carbowax 
6000, were used. Column temperature was 145’. flame ioni- 

Table 1. Effects of heroin on brain acetylcholine utilization in rats treated with 0.9:; NaCl or /-methadone 

Treatment 

0.9% NaCl I-Methadone 
Mean f SE. ACh Mean f S.E. ACh 

N (nmoles/g) N (nmoles/g) P value* 

Controls 

Acetylseco HC-3 (5 pg) 
Acetylseco HC-3 (5 ng) 

+ heroin (mg/kg) 
0.1 
0.32 
0.56 
1.0 
3.2 

10.0 

II 23.9 & 0.7 

9 1 I.1 * 0.5 < 0.00 1 

8 12.9 + 1.1 
9 15.6 + I.0 9 12.3 + 0.X <O.Ol 

10 17.9 * 0.8 
9 23.8 i 1.5 9 14.7 + 0.9 < 0.00 1 
9 17.1 + 1.2 9 18.4 + 1.1 NS 

13 15.1 i: 0.4 

* Group comparison “t” in which the effects of acetylseco HC-3 alone were compared to controls, or the 0.9% NaCI- 
and I-methadone-treated groups were compared. Heroin plus acetylseco HC-3 was given to rats treated 4 days with 0,9$/, 
NaCl or I-methadone. NS = not significant. 


