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the toxic effects of Sumithion as evinced by the impaired
energy metabolism and brain acetylcholinesterase measure-
ment.are a good general mdex of organophosphate poison-
ing of fish in the environment!*

1 I wish to express may gratitude to Dr K. Sasira Babu and Dr
J. Hemalatha for their valuable discussions and encourage-
ment.
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Zinc-deficiency and activities of urea cycle-related enzymes in rats

M. Rahmatullah, Louise Y.Y. Fong, J.S.K. Lee and T.R.C. Boyde
Department of Biochemistry, University of Hong Kong, Hong Kong (Hong Kong), 12 February 1980

Summary. In contrast to previous reports, an increase in glutamate dehydrogenase activity and no change in arginase
activity were observed in rats fed a zinc-deficient diet for 15 weeks. The discrepancies could be due to a difference in

degree and duration of zinc-deficiency.

Several investigations have indicated that defects in urea
cycle enzyme systems might be present in rats fed a zinc-
deficient diet. Excessive amounts of nitrogen, urea and uric
acid were found in urine of rats fed a zinc-deficient diet for
2-3 weeks accompanied by an increase in arginase activity?.
On the other hand, no change in arginase or glutamate
dehydrogenase activity was observed in pigs after 6 weeks
of a zinc-deficient diet®. Rabbani et al.* found that blood
urea nitrogen in zinc-deficient rat declined sharply and
significantly during the 4th week of the dietary regimen. It
appeared that duration of zinc-deficiency might affect
activities of these enzymes. This led us to measure the
levels of ornithine carbamoyltransferase (OCT), arginase,
glutamate dehydrogenase (GDH) and aspartate amino-
transferase (AAT) in rats fed a deficient diet for a pro-
longed period.

Materials and methods. Animals. Male, weanling rats (50-
55 g) of Sprague-Dawley strain obtained from the Animal
Laboratory Unit, University of Hong Kong were d1V1ded
randomly into 2 groups. They were housed in plastic cages’.
Experimental animals were fed ad libitum a zinc-deficient
diet® using EDTA-washed soybean protein as the protein
source. The zinc-deficient diet contained 5-6 ppm of zinc as
determined by atomic absorption spectroscopy. Controls
were pair-fed the same diet except that supplementary zinc
sulphate was given to provide a dietary zinc level of
100 ppm. Deionized water was supplied to both groups.
These animals were maintained for 15 weeks and were then
killed by cervical dislocation. Livers, kidneys and small
intestines (a 10-cm segment distal to the stomach) were
removed quickly. Activities of enzymes were determined in
tissues where they have maximum activities.

Determination of enzyme activities. OCT; Triethanolamine
buffer (0.27 M, pH 7.7) containing 2.5 mM ornithine and
5 mM carbamoylphosphate was used for assay of OCT
activity®. Arginase was assayed in arginine- glycme buffer
(pH 9.5) at 37°C following activation of tissue homoge-
nates for 10 min at 52°C7. Assays for AAT® and GDH’
were followed by measuring decrease of absorbance at

340 nm in a LKB 2086 Reaction Rate Analyzer (LKB
Instruments Ltd, Bromma, Sweden).

Results and discussion. After being fed a deficient diet for 2
weeks, the rats began to develop deficiency symptoms
characterized by growth retardation, hair loss, dermal
lesions and fissures at the mouth corners. Pair-fed controls
showed none of these signs. The 5-6 ppm of zinc in the
deficient diet permitted a chronic rather than acute (proba-
bly early) lethal deficiency. Before the animals were kilied,
serum zinc levels, determined by atomic absorption spec-
troscopy, were 0.27+0.07 and 0.954 0.06 pg/ml respective-
ly for zinc-deficient and control rats. This difference was
significant at the p < 0.001 level.

Results presented in the table showed that zinc-deficiency
had no effect on tissue weight and tissue protein content.
The level of intestinal OCT in zinc-deficient rats is not
significantly lower than that in the controls (p < 0.05). The
reason might be that the contribution of intestinal mucosa
to ammonia utilization in the animal as a whole is not
significant'®!!, On the other hand, zinc-deficient rats
showed significantly lower liver OCT and higher liver
GDH activities as compared to those in controls (p < 0.01
in both cases). These data lent support to the observation of
Rabbani et al.* that ammonia utilization was defective in
zinc-deficient rats and resulted in its elevation in the
plasma. These authors also noted a diminished hepatic
OCT activity but did not measure GDH. Though bovine
GDH has earlier been considered a zinc metalloenzyme'?,
Colman et al.’® showed that zinc was not an essential
constituent of the enzyme but functioned as an inhibitory
allosteric modifier. Therefore, it might be possible that
under prolonged and severe deficiency there would be less
free zinc available in the tissue for interaction with the
enzyme, and as a result, GDH activity would be increased.
The fact that other investigators observed no change in
hepatic GDH levels in their deficient animals®!* might be
due to a shorter and less severe deficiency. The same
argument could apply to our observation of no change in
hepatic arginase activity, while Hsu et al? reported an
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The effect of zinc-deficiency on activities of OCT, GDH, arginase and AAT

Enzyme Tissue Unit*/g fresh wt Unit*/mg protein
Pair-fed control Zn-deficient Pair-fed control ~ Zn-deficient
OCT Liver 210.13+16.80 12448+ 25.82%* 1.01+0.03 0.66+0.11**
Intestine 9.08+ 2.52 597+ 273 0.13+0.01 0.08£0.03
GDH Liver 139.41+22.60 231.50+ 29.61%* 0.71+£0.11 1.17+£0.17%%
Kidney 26.68+10.12 2859+ 691 0.24+0.08 0.25+£0.06
arginase Liver 572.93+45.75 52803411842 3.00+0.25 2.734+0.37
Intestine 39.53+13.73 3322+ 1455 0.60+0.10 0.49+0.20
AAT Liver 215.34+35.79 280.44+ 37.80 1.03+0.11 1.47+0.26
Kidney 9453+ 8.82 80.00+ 11.06 0.86+0.11 0.71+0.08

* Unit is expressed as pmole product liberated per min; ** significantly different from value for pair-fed control (p<0.01). The data is

presented as the mean + SD of at least 10 rats.

increased activity. These authors killed their rats after a 2-3
week dietary regimen and a recent report! indicated that
blood urea nitrogen started to decline sharply and signifi-
cantly at the 4th week. Obviously, further studies are
needed to ascertain the role of zinc in the urea cycle.

1 We wish to thank Professor P.M. Newberne for supplying the
plastic cages and ingredients for the zinc-deficient diet.
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Biochemical evidence for two types of noradrenaline storage particles in rabbit iris

W.P. De Potter! and F.H. De Smet

Heymans Institute of Pharmacology, University of Ghent Medical School, De Pintelaan 135, B-9000 Ghent (Belgium),
8 February 1980 '

Summary. Centrifugation techniques were used to determine the subcellular distribution of noradrenaline (NA) and
dopamine f-hydroxylase (DAH) in the rabbit iris. By application of isopycnic and differential gradient centrifugation
methods 2 types of NA vesicles could be demonstrated. Of the total particle bound NA about 70% is associated with light’

and about 30% with ‘heavy’ vesicles. For both types of vesicles the distribution of DFH reflected that of NA.

Since the original observation? that some of the NA in
homogenates of bovine splenic nerves is present in parti-
cles, there have been many subcellular fractionation studies
on this tissue as well as on other sympathetically innervated
tissues®> . Whereas the initial studies suggested the presence
of 1 type of NA storage vesicle, during the last decade
evidence has been presented that some of the adrenergical-
ly innervated tissues (as a source for adrenergic nerve
endings) contain 2 types of NA storage vesicles’ 0.

Usin; sucrose gradient centrifugation techniques, Roth
et al.’ showed, for the rat heart, 1 peak of NA accumulating
at 0.47 M sucrose whereas a 2nd peak of NA was present at
the interface of 1.0 M and 2.0 M sucrose. A bimodal
distribution of NA (1 peak at a density 1.130, the other at
1.178) has also been demonstrated for the dog spleen®’ as
well as for the cat spleen'®. These 2 populations of NA
vesicles have been defined as NA-1.130 and Na-1.178°, or
more generally, as ‘light’ and ‘heavy’ NA vesicles’.
Ultrastructural studies on adrenergic nerve terminals also
favour the existence of 2 populations of NA vesicles, since
they have shown that there are ‘small’ and ‘large’ dense
cored vesicles which are thought to correspond with the
biochemically demonstrated light and heavy vesicles re-
spectively°.

In contrast to these few biochemical studies on the rat heart
and dog and cat spleen, for which a bimodal distribution of
NA was clearly demonstrated, other gradient centrifugation
experiments on the same (rat heart) as well as on other

‘tissues such as e.g. rat submaxillary gland, rat vas deferens

and rat iris failed to reveal a bimodal distribution of NA*,
In the latter studies only 1 peak of NA (light NA vesicles)
was found, despite the electron microscopic observations
that the adrenergic nerve endings of such tissues contain, in
addition to small, also large dense cored vesicles!®!!. A
likely explanation for this apparent discrepancy could be
that the latter tissues contain also heavy NA vesicles but in
a relatively low proportion so that the peak of heavy NA
vesicles is masked in the usual isopycnic sucrose gradients.
In order to test this hypothesis the rabbit iris was studied
using different types of gradient centrifugation procedures.
This tissue had been shown to contain both small and large
dense cored vesicles'. Part of the results presented in this
paper appeared in a preliminary report®.

Materials and methods. Homogenization and differential
centrifugation. Rabbits of both sexes (1-1.5 kg) were killed

‘by an air embolism. The irises were dissected out and the

tissue was rinsed 3 times in ice-cold 0.25 M sucrose
(buffered with 5 mM Tris-HCI pH 7.3), chopped, suspend-



