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Significant differences in neurotransmitter uptake at 08.00 h and 20.00 h

Neurotransmitter Region Uptake (as median tissue/medium ratio) Significance® (p)
08.00 h 20.00h

Male rats {z = 14)

DA Hypothalamus 17.6 15.8 < 0.05

DA Striatum 65.2 52.2 < 0.01

NA Hypothalamus 19.6 17.3 < 0.03

SHT Hippocampus 16.8 13.8 < 0.05

Ovariectomized female rats (n = 14)

DA Cortex 16.0 10.3 < 0.05

DA Striatum 62.5 52.5 < 0.01

DA Midbrain 14.5 13.0 < 0.05

Regions investigated: Cortex, hypothalamus, thalamus, midbrain, striatum, hippocampus, pons and medulla. » Wilcoxon test for paired values.

5HT and NA maxima are not simple effects of the external
temperature, although this is contributory. Seasonal
rhythms occur in many vertebrates primarily in relation
to endocrine functions. Such a seasonal adaptive capacity
might be expected to have an important selective
value which is retained even in laboratory animals kept
under controlled conditions.

Rhythmic phenomena in the metabolism of the mono-
amines may have far-reaching consequences. For ex-
ample, periodicity is a well-established characteristic of
manic-depressive illness, whether it be its cyclic nature,
whether the circadian mood changes often associated with

18 M. N. E. Harrr, Comp. gen. Pharmac. 3, 11 and 101 (1972).

W Symposium  Bel-Air II1 Genéve, 1967; Cycles biologiques et
psychiatrie (Masson, Paris 1968).

20 edical Research Council Brain Metabolism Unit. Lancet 7777,
573 (1972).

21 [ thank M. LiceTsTEINER and H. SCHNEIDER for their willingness
to work at odd hours of the day, and E. Hackmany, H. FEgr and
W. Kune for helpful discussions.

alterations of sleep-waking patterns and corticosteroid
rhythms, or the seasonal increase in depressions in
autumn and early spring?®. Metabolic rhythmicity of
the amines thought to be involved in the aetiology of
depression® may be one of the factors causing periods of
increased susceptibility.

Zusammenfassung. Eine signifikante hohere Neuro-
transmitter-Aufnahme um 08.00 h als um 20.00 h
wurde fiir Dopamin im Striatum und Hypothalamus,
Noradrenalin im Hypothalamus, und Serotonin im
Hippocampus von ménnlichen Ratten gefunden, aber
keine Veranderung der GABA-Aufnahme. Ahnliche
Unterschiede wurden fiir Dopamin im Cortex, Striatum
und Mittelhirn von ovarektomierten Ratten gefunden.
Ausserdem wurde eine gegenliufige jahresrhythmische
Veranderung der Dopamin- und Serotonin-Aufnahme im
Striatum beobachtet.

ANNA WIRZ- JUSTICE 2

Psychiatrische Univeysitatsklinik, Wilhelm-Klein-
Strasse 27, CH-4025 Basel (Switzevland), 14 May 1974.

Plasma Enzyme Activities in Rats with Diet-Induced Alterations in Liver Enzyme Activities®

A variety of intracellular enzymes can be found in
minute quantities in the blood2. The plasma level of an
enzyme clearly depends upon the rate of its loss from
tissues and the rate of its clearance from plasma. However,
a lack of specific information on this topic and the
variety of organs possessing a particular enzyme, make
it difficult to estimate the basic determinants of the
activity of an enzyme in the plasma.

Table 1. Diet composition (% by weight)

20P 45P
Casein 20.0 45.0
Sucrose 63.7 38.7
Corn 0il 10.0 10.0
Salts Mix 3.8 3.8
Vitamin Mix 2.5 2.5
Caloric density 4.11 calfg 4.11 calfg

Physical training leads to an increase in the resting
level of lactic dehydrogenase (LDH) in the plasma of
man3, and of glutamic-oxalacetic transaminase (GOT) in
the plasma, and skeletal and cardiac muscle of rats?.
The increased resting levels of plasma enzyme activity
following training could result possibly from either an
increase in the level of their activity in certain tissues, or
the repeated loss of tissue enzyme during the exercise
comprizing the physical training. This latter mechanism
seems unlikely since HUNTER and Cr1Tz® have found that
in man the elevation of plasma LDH occurring during
maximal exercise was eliminated by physical training.
This suggests then, that the amount of tissue activity of
an enzyme could be an important determinant of the
plasma activity of that enzyme.

1 This study was supported, in part, by a grant from the Medical
Research Council of Canada.

2 R. F. Suaw, C. M. Pearsox and S. R. CHowpHURY, Enzym. Biol.
Clin. 6, 10 (1966).

3 J. B. HuxteR and J. B. Critz, J. appl. Physiol. 37, 20 (1971).

4 J. A. Wacner and J. B. Crirz, Physiologist 73, 332 (1970).
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Table II. Body, liver, liver/body weight ratio, and haematocrit=

Specialia

ExPERIENTIA 30/11

Haematocrit (%)

Group Body weight (g) Liver weight (g) Liver/body weight ratio (%)
20P 2254-3 10.01 4 0.42 4.02 + 0.12 40.5 + 0.7
45 P 235 L2 e 9.08 4+ 0.33 4.29 4+ 0.17 41.4 4 0.9

@ Values are means + SEM b Significantly different (p << 0.05, # < 0.001).

ZIMMERMAN et al.® observed a good correlation between
the tissue and serum levels of GOT and glutamic-pyruvic
transaminase (GPT) in 6 species of vertebrates. In
particular the liver and serum activities appeared well
correlated. In view of the relatively large size of the liver,
its high rate of protein turnover, and its high level of
enzyme activity, it seemed a reasonable hypothesis that
the liver may be a principal source of several serum
enzymes.

To test this hypothesis, the plasma and liver activities
of 4 enzymes were assayed in 2 groups of rats fed on diets
of differing protein content and identical caloric density.
The activity of many liver enzymes is influenced to a
great extent by the amount of dietary protein, such that
several-fold differences in their activity may arise®.

The enzymes we chose to examine were: 1. GPT, found
predominantly in the liver but with some activity present
in the kidney, cardiac and skeletal muscle; 2. GOT, with
high activity in liver, cardiac muscle, skeletal muscle and
erythrocytes; 3. creatine phosphokinase (CPK), which is
found mainly in neural and muscular tissue, demonstrat-
ing very little activity in other tissues, and 4. LDH,
common in cardiac muscle, kidney, skeletal muscle, liver
and erythrocytes. )

Lxpevimental methods. Male rats of the Sprague
Dawley strain, initial weight 149 g, were randomly
assigned into 2 groups. After 1 week on a diet of standard
laboratory rat chow and water ad libitum, groups were
fed diets containing either 20 {20 P}, or 459%, (45 P) casein
(Table I) and allowed both diet and water ad libitum.

Two weeks later, animals were anaesthetized with
sodium pentobarbital (35 mg/kg). Blood (5-10 ml) was
obtained by intracardiac puncture, heparinized, centri-
fuged, and the separated plasma refrigerated at 4°C.
The haematocrit was determined. Any haemolyzed
samples were discarded.

The liver was quickly removed, weighed, and a small
portion (150-200 mg) homogenized (1:100 w/v) in cold
0.1 M phosphate buffer (pH 7.4), centrifuged at 10,000 g
for 10 min, and the supernate stored at 4°C for later
analysis.

Enzyme determinations were carried out on the plasma
and the liver supernate. CPK was assayed, within 2 h of
obtaining the samples, according to the method of
OLIvER'. All other enzymes were assayed within 48 h.
GOT and GPT were determined according to the methods
of KARMEN® and WroBLEWSKI and LADUE? respectively.
Total LDH was assayed following the method of BABsON
and PHILLIPS1O,

The enzyme activities of the plasma and liver were
expressed in IU/l plasma, and per gram of wet tissue
(IU/g), respectively. 8 plasma samples were obtained
from each group. All other determinations on each group
were made on 11 animals. Comparison between the means
of each group was made using the Student #-test.

Results and discussion. Rats fed the 45 P diet showed a
larger body weight gain (Table IT). The liver: body weight
ratio was the same for each group, thus changes in
enzyme activity per gram of liver reflected similar
changes in total liver enzyme activity as related to body
weight.

Plasma levels of GOT (PGOT) were higher in 45 P rats
(Table ITI). There was a corresponding difference in liver
activity with 45 P rats demonstrating 609, more activity
than 20 P. With the higher level of dietary protein,
significantly higher plasma levels of GPT (PGPT) were
observed (Table IIT). Compared with 20 P rats the liver
activities of GPT in 45 P rats were over 200%, greater.
There was a wide range of activity of LDH in the plasma
{PLDH) of both groups, with no significant difference
between groups (Table III). The liver LDH activity
was the same in both 45 P and 20 P rats. The PCPK

5 H. J. ZimMeERrMAN, C. A. DujovnE and R. LEvy, Comp. Biochem.
Physiol. 25, 1081 (1968).

8 R. T. ScuimMxke, J. biol. Chem. 237, 459 (1962).

? L. T. OLIvER, Biochem. J. 67, 116 (1955).

8 A. Karmen, J. clin. Invest. 34, 131 (1955).

® F. WroBLEWsK! and J. S. Lapug, Proc. Soc. exp. Biol. Med. 97,
569 (1956).

19 A. L. Bassox and G. E. PuiLiips, Clin. chim. Acta 72, 210 (1965).

Table IIT. GOT, GPT, LDH, and CPK activity in plasma (IU/1) and liver (IU/g)*

Plasma Liver

20P 45 P 20P 45 P
GOT 421+ 2.0 57.0 4- 5.8® 52,14+ 2.0 86.2 4 6.5v
GPT 1924+ 0.8 23.340.8» 108 + 9 262 4 20¢
LDH 66.0 + 7.2 346+ 7.1 258 + 22 209 + 18
CPK 105 418 110 +5 — —

= For superscripts see Table I1.
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activity was variable with no difference between 20 P and
45 P rats. No CPK activity could be demonstrated in the
liver.

The different dietary levels of protein resulted in
variations in the liver activities of LDH, GPT and GOT
similar to those described by ScHIMKES®. In animals on a
high protein diet, an increase in the activity of the liver
transaminases is part of a biochemical adaptation
associated with increased amino acid metabolism.
Likewise, the lower liver activity of LDH in these rats
probably coincides with a decrease in the utilization of
the glycolytic pathway.

Although the high protein diet induced much larger
increases in liver GPT than in liver GOT, the differences
in PGOT and PGPT were of opposite magnitude. This
might be due to the varying cellular locations of the
enzymes, or to their different plasma half lives.

There is a possibility that enzyme activities in other
tissues were modified by the amount of dietary protein.
However, it is likely that the higher levels of PGOT and
PGPT in the 45 P rats were related in part, to the higher
liver activities of these enzymes.

Eccreston and Krees!! have found 2 to 3-fold
differences between the liver activities of 3 glycolytic
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enzymes in 4 strains of rats (3 Wistar derived; 1 Sprague
Dawley) fed the same diet. Such apparent intrinsic
strain differences in enzyme activity, together with
variations induced by diet, could result in widely varying
activities of many enzymes in both the liver and plasma.
‘We feel, therefore, that considerable caution is warranted
in the comparison of data on plasma enzyme activities
obtained in different laboratories.

Zusammenfussung.‘ Die Korrelation von Leberenzymen
mit entsprechenden Plasmawerten wird diskutiert.

C. P. BoLteEr* and J. B. Cri7z®

Department of Physiology, The University of Western
Ontavio London 72 (Canada), 1 April 1974.

1. V. EcsLeEston and H. A. Kress, Biochem. J. 774, 877 (1969).

12 Present Address: Department of Physiology, Faculty of Medicine,
2075 Wesbrook Place, University of British Columbia, Vancouver,
B.C. V6T 1WS5, Canada.

18 Present Address: South Bend Center for Medical Education,
University of Notre Dame, Notre Dame, Indiana 46556, USA.

Decreased Synthesis of ‘Secreted’ Proteins in Chick Embryo Liver Cultures

Treated by Estradiol-17-

A decrease of-all normal serum components accompa-
nying a striking increase of liver-produced yolk proteins
takes place in the laying hen or in both sexes following
treatment with estrogenl. Since chick embryo liver
primary cultures are able to produce and secrete into
surrounding medium both serum proteins? and, after
estradiol-17-8 stimulation, a yolk protein, phosvitin3, we
have examined whether a similar effect can be observed
in vitro. We have therefore studied the synthesis of total
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‘secreted’ proteins by the estradiol-17-§ treated liver
cells after 42 h and 66 h in vitro i.e. during the period of
phosvitin synthesis induction®. 14-day-old chick embryo
liver cultures are performed as previously described?.
Test cultures are supplied with nutrient containing 500 ¥
of estradiol-17-f (Merck; 50 y/pl dissolved in propylene
glycol) for 18 h. Media are then replaced and 2 indepen-
dent sets of experiments are carried out. In the first
experiment both control and hormone treated cultures
are supplied with the nutrient containing 10 pCifculture
of r-{®H)leucine (New England Nuclear Corporation;
specific activity 38.58 Ci/mimole); in the second one with
the nutrient containing 1 wCijculture of r-(*C) serine
(New England Nuclear Corporation; specific activity
0.154 Ci/mmole). After collection and centrifugation
(50 £/10 min) culture media are precipitated by 10%
trichloroacetic acid, washed twice with 59, TCA, metha-
nol-ethylic ether (1/1, v/v) and ether. Precipitates are
then dissolved in about 1 ml of a protein solubilizer
(soluene, Packard Instrument Co. Inc.) and mixed with
10 ml of spectrafluor PPO-POPOP scintillation fluid

1 0. A. ScHJEIDE, in The Chemistry of Fats and Other Lipids (Eds.
R. T. Horman, W. O. LunpBErRG and T. MaLkix; Pergamon
Press, Oxford 1963), vol. 6, p. 251.

2 P. Carinci, P. Locct and M. A. Bopo, Proc. 3rd European
Anatomical Congress, Manchester 1973,

3 P. Carincr, P. Locer, M. A. Bopo and A. Caruso, Experientia
30, 88 (1974).

—
Effect of the administration of estradiol-17-§ on the incorporation
of 3H leucine (A} and 1C serine {B} into the total secreted proteins
in theliver eultures. Each point represents the mean of determinations
of 3 cultures; the vertical bars indicate the minimum and maximum
values observed. 0 represents the experimental starting point
(24 h after plating) dotted arrow the moment of estradiol-17-§ ad-
ministration and solid line the moment of hormone removal.



