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Table 2. Tissue weights, tissue protein contents and lysozyme levels
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Serum Spleen Kidney
Dietary Protein Lysozyme Total Protein Lysozyme Total Protein Lysozyme
treatment content (units/ tissue wt content (units/ tissue wt. content (units/
{mg/ml} mg protein)  {g) (mg/g) mg protein) (g} (mgfg) mg protein)
5 ppm Iron 74.2 4 3.1 0.34 4+ 0.03 0.38 4 0.05 112.1 4 10.4  4.83 4+ 0.63 0.75 4+ 0.02 76.1 + 1.1 42.85 + 2.34
300 ppm Iron  91.3 4 7.3 0.30 4002 0.36 4 0.03 1375479 5254 0.33 0.97 4 0.03 83.2 4 3.7 31.65 + 1.36
) NS NS p < 0.005 NS NS p < 0.001 NS p < 0.001

Data are expressed as means + SE of 7 animals. NS, not significant.

The hitherto unreported effect of iron-deficiency on in-
creasing the level of lysozyme activity in the kidney is
clearly documented in this study. However, the exact bio-
logtcal significance of these findings is unknown at this
time. It has been established that the kidney plays an
important role in the regulation of plasma lysozyme levels.
This regulation is believed to occur by way of the lyso-
zyme protein becoming entrapped in the proximal tubules
and degraded there?’. The increased levels of lysozyme
observed in the kidneys of iron-deficient rats may, then,
reflect a homeostatic mechanism to maintain normal
serum levels. Perhaps, the iron-deficient animal is pro-
ducing more lysozyme which is being degraded in the
kidney. The resulting pattern of serum and spleen lyso-
zyme levels is therefore the same in iron-deficient and
control animals. One possible explanation may be that the

iron-deficient organism, with a lower immunological ca-
pacity?, requires more lysozyme for its antibacterial
functions. The increased kidney levels may be a reflection
of a greater lysozyme turnover required for this anti-
bacterial role.

Generally, the interrelationships between nutritional sta-
tus and lysozyme action merits further study. The effect
of iron-deficiency tissue lysozyme levels is particularly
pertinent since iron deficiency anemia is a common nu-
trition problem 1,

20 T. Maack and D. Sigulem, in: Lysozyme, p. 321. Ed. E.F.
Osserman, R. F. Canfield, S. Beychok, Academic Press, New
York 1974.

M. Sussman, in: Iron in Biochemistry and Medicine, p. 649.
Ed. A. Jacobs and M. Worwood. Academic Press, New York
1974.
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Large regional and strain differences in rat brain sialic acid and 2-deoxyribose

R. L. Engen and W. R. Klemm

Department of Anatomy, Pharmacology and Physiology, College of Vetevinary Medicine, Iowa State University, Ames
(Towa 50070), and Department of Biology, Texas A and M University, College Station (Texas 77843, USA), 4 July 1977

Summary. Sialic acid, a very polar component of glycolipids and glycoproteins that is exposed on membrane surfaces,
was observed in rat brain to vary in the descending order: forebrain, midbrain, cerebsllum and medulla. Levels of 2-
deoxyribose were also differentially distributed, with about 3.5 times as much in the cerebellum and nearly equal
amounts elsewhere. Similar results were obtained with another genetic strain, but clear quantitative differences were

evident for both chemicals.

Both lipid-bound (gangliosidic) and protein-bound sialic
acid have been known to be associated with cell mem-
branes,2, with a significant amount occurring on mito-
chondrial membranes3. SA’s highly reactive polar charac-
teristic of the carboxyl group and its exposed position
on the membrane surface make it a possible reaction site
(receptor) for cationic groups of many drugs and hor-
mones?, Since much of the research has dealt with the
total brain SA-analyses, it seemed necessary to study
the SA-distribution in different areas of the brain. If
SA-differences occurred, such data could have relevance
in focusing the search for potential mechanisms of action
of certain psychoactive drugs and neurohormones.
Methods. Rats were killed by decapitation, and the brains
were removed and cut into 4 sections within 2 min; the
sections were then frozen in liquid nitrogen. The sections
were identified as: 1. forebrain (cut was immediately
behind optic chiasma and extended through the hippo-
campus); 2. midbrain (caudal border of inferior colliculi);
3. medulla; 4. cerebellum.

Rat brains were obtained from young adultrats (250-300g)
of both sexes from different litters. An initial set of
experiments was performed on 6 rats of the Wistar strain,
and replication experiments were performed on 6 Sprague-
Dawley rats.

Tissue content of total sialic acid was determined by a
continuous-flow colorimetric method?, which basically
combined the 2 established procedures, by Warren® and
by Delmotte?, with a 2-channel Auto Analyzer. In this

1 J. R, Wherrett and H. Mcllwain, Biochem. J. 84, 232 (1962).

2 E.G. Brunngraber, H. Dekirmenjian and B. D. Brown, Biochem.
J. 703, 73 (1967).

3 L. Warren, in: Biological Roles of Sialic Acid, p. 103. Ed. A.
Rosenberg and C.-L. Schengrund. Plenum, New York 1976.

4  A. Rosenberg and C.-L. Schengrund, Biological Roles of Sialic
Acid, Plenum, New York 1976.

5 R, L. Engen, A. Anderson and L. L. Rouze, Clin. Chem. 20,
1125 (1974).

6 L. Warren, J. biol. Chem. 234, 1971 (1959).

7  P. Delmotte, Z. klin. Chem. klin. Biochem. 7, 46 (1968).
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analysis, 2-deoxyribose interferes with the color reaction,
but calculations were corrected by exploiting the dif-
ferences in the characteristic absorption maxima for
sialic acid and 2-deoxyribose (DR) (530 and 550 nm,
respectively). Samples of mixed standards and of brain
were prepared as hydrolysates as described by both Warren
and Delmotte. Sialic acid standards of 20, 40, 80 and
100 mg/l and DR-standards of 1, 2, 4 and 8 mg/l were
prepared in trichloracetic acid (50 gm/l of physiological
saline). Mixed standards were prepared by mixing equal
volumes of SA- and DR-standards. Brain samples were
prepared by mixing 0.2 g of sonified or homogenized
brain in 9.8 ml in 59, trichloroacetic acid solution. All
standards and tissue samples were hydrolyzed in glass-
stoppered centrifuge tubes for 1 h at 80°C.

Results. Marked regional concentration differences for
both compounds were noted. For SA, high levels were
found in the forebrain and midbrain, with less in the
cerebellum, and still less in the medulla {means and SEs
shown in figure 1). This qualitative difference in regional
distribution was replicated in another strain of rats;
differences among brain regions were statistically signifi-
cant for both strains (Wistar: F = 60.88, p < 0.01;
Sprague-Dawley- F = 145.27, p < 0.01). Moreover, clear
quantitative differences between the 2 strains were
evident for each brain region (p << 0.01, t-test).

A different pattern of regional difference was evident for
DR, which was about 3.5fold more concentrated in the
cerebellum than in other brain regions (figure 2). This
observation was replicated in the 2nd strain of rats, and
differences among brain regions were again statistically
significant (Wistar: F = 117.47, p <C 0.01; Sprague-Daw-
ley: F = 908.86 p < 0.01). Significant differences between

Sialic acid
br Owistar
umole/g [ Sprague -Dawley
5.
+
4 L
3.
2.
‘1 b
Forebrain ~ Midbrain Cerebellum  Medulla

Fig. 1. Regional and strain differences in siaiic acid.

2-Deoxyribose

08 g wistar
umole/g | £ Sprague -Dawley

0.6f
04+
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Forebrain Midbrain Cerebellum Medulla

Fig. 2. Regional and strain differences in 2-deoxyribose.
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the 2 strains were evident for the medulla and midbrain
and, in an opposite direction, for the cerebellum (p < 0.01,
t-test).

Discusston. Our whole-brain SA-values, 3.75 pmoles/g
(averaged over the 4 brain sections), compare well with
the values of 3.34 and 3.41 umoles/g that were reported
in previous studies of whole-brain SA in Wistar rats$?.
The early belief was that SA is associated only with
membranes of neurons and that distribution would
therefore parallel the distribution of grey and white
matter. However, substantial amounts of lipid-bound SA
do occur in the myelin of white matter10-15,

The amount of protein-bound SA in glia is probably
even more substantiall®. Thus, despite the quantitative
discrepancies in the literature, it seems safe to conclude
that our data do not simply reflect the distribution of
grey and white matter. For that matter it is not obvious
what the relative distribution of grey and white matter
is in the 4 brain sections which we used.

The regional and potential genetic differences that we
observed in total SA should stimulate subsequent research
on differences in the various protein- and lipid-bound
species of SA. Analysis of more restricted anatomical
structures is also called for.

Previous reports are not directly comparable to this
present research. For example, one of the more relevant
studies® focused only on the SA of glycoprotein origin,
dealt with only 2 specimens, and analyzed only selected
portions of bovine brain. Another study!” focused on
only the lipid-soluble fraction of SA, with selected
samples taken from 3 human brains at necropsy. One
study of lipid-bound SA found a range of differences
among the various brain nuclei examined of almost
15fold 5. The areas chosen did not correspond with the
ones which we used, but the highest levels of lipid-
bound SA were in the forebrain (frontal cortex, caudate
nucleus, motor cortex). Several nuclei in the brainstem
had the lowest levels. Lipid-bound SA normally accounts
for about 2/, of the total SA in rat brain!$, and it will
be necessary to establish whether the regional and strain
differences in total SA reported here are attributable
mainly to protein- or lipid-bound SA.

While it is not clear what functions are subserved by SA,
sialocompounds have all the attributes of receptors,
specifically: a) SA is a strongly negatively charged,
exposed terminal group that projects out from the lipid
or protein moiety that is anchored in the cell membrane,
b) there is a wide variety of SA-species, both protein
and lipid, which provides a rich diversity of conforma-
tional forms needed for steric specificities, and ¢) there

8 A.L.Misra, R. B. Pontani and $. J. Mule, Res. Commun. Chem.
Path. Pharm. 9, 383 (1974).

9  E. G. Brunngraber, B. D. Brown and V. A. Aguilar, J. Neuro-
chem. 76, 1059 (1969).

10 N. F. Avrova, E. Yu. Chenykaeva and E. L. Obukhova, J. Neu-
rochem. 20, 997 (1973).

11 T. Abe and W. T. Norton, J. Neurochem. 23, 1025 (1974).

12 A. Hamberger and L. Svennerholm, J. Neurochem. 78, 1821
(1971).

13 M. T. Vanier, M. Holm, R. Ohman and L. Svennerholm, J. Neu-
rochem. 78, 581 (1971).

14 N. H. Bass, M. G. Netsky and E. Young, Neurology 79, 258
(1969).

15 R. Landolt, H. H. Hess and C. Thalheimer, J. Neurochem. 73,
1441 (1966).

16 H. Dekirmenjian, E. G. Brunngraber, N. Lemkey- Johnston and
L. M. H. Larramendi, Exp. Brain Res. 8, 97 (1969).

17 K. Suzuki, J. Neurochem. 72, 969 (1965).

18 C. Di Benedetta, E. G. Brunngraber, G. Whitney, A. D. Brown
and A. Aro, Archs Biochem. Biophys. 737, 404 (1969).
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are vast numbers of SA-residues present in the nervous
system, estimated at 101! per cell!®. Good evidence for
receptor action of sialocompounds has been presented for
such bacterial toxins as tetanus and botulinum?2® and
for lactins, viruses, mycoplasma, some hormones, and
antibodies 2*. SA may also be involved in cationic binding
of calcium, with an associated influence on neurotrans-
mitter release and uptake?2,

Since DR a major constituent of DNA, the elevated
DR-level in cerebellum would suggest a corresponding
concentration of DNA in the cerebellum. The cerebellum
contains exceptionally large amounts of DNA in the rat,
rabbit and cat, with the amount exceeding that in the
cerebral cortex by a ratio of more than 6 to 123, This large
amount is attributed to the extreme cell density of the
cerebellar granular layer. Our research on rats is to our
knowledge the first demonstration of genetic differences
in brain SA and DR; such differences for SA confirm
the speculation many years ago2? that SA should be
readily affected by genetic variables because gangliosides
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have a high degree of individual character, including the
number of SA-residues. In subsequent research, we have
replicated the differential distribution of both SA and DR
in Wistar rats?5. Moreover, the steady state concentration
of both substances seems to be highly responsive to
experimental variables; we have demonstrated significant
effects of age and/or experience, and effects of both
acute and chronic administration of ethanol?s.

19 J. A.Lowden and L. S. Wolfe, Can. J. Biochem. 42, 1703 (1964).

20 L. L. Simpson and M. M. Rapport, J. Neurochem. 78, 1751
(1971).

21 R.W. Jeanloz and J. F. Codington, in: Biological Roles of Sialic
Acid, p. 201. Ed. A. Rosenberg and C.-L. Schengrund. Plenum,
New York 1976.

22 G. A. Langer, J. S. Frank, L. M. Nudd and K. Seraydarian,
Science 793, 1013 (1976).

23 R. L. Friede, Topographic Brain Chemistry. Academic Press,
New York 1966.

24 S. Bogoch, Biochem. J. 68, 319 {1958).

25 W.R. Klemm and R. L. Engen, Neurosci. Abstr. 3, 442 {(1977).

Thermoregulatory effects on the sheep of intracerebroventricular injections of L-glutamic acid

J. Bligh, A. Silver, M. Bacon and C. A. Smith?

Agricultural Reseaych Council Institute of Animal Physiology, Babvaham, Cambridge CB2 4 AT (Eungland),

8 September 1977

Summary. L-glutamic acid injected in doses of 200~1000 nmoles - kg—! into the cerebral ventricles of sheep had dose-
dependent thermoregulatory effects: an increase in heat production and/or a decrease in respiratory frequency, and
a rise in rectal temperature. A dose of 800 nmoles - kg~! had effects comparable with those of a similar injection of

3 nmoles - kg—1 carbamylcholine.

When some of the putative transmitter substances are
injected into a lateral cerebral ventricle of the unan-
aesthetized sheep through a previously implanted ven-
tricular cannula, they cause distinct and quite regular
patterns of change in the thermoregulatory effectors with
resultant changes in rectal temperature (Tre) as summa-
rized in the 1st 4 columns of the table 2-%. These apparently
orderly changes in effector activities have been inter-
preted as evidence that these substances, although applied
in a rather gross and diffuse way, each act at particular
points at the central nervous interface between the
afferent paths from thermosensors and the efferent paths
to thermoregulatory effectors.

Other possible transmitter substances tested in our labo-
ratory at an early stage in this continuing study were:

Thermoregulatory changes induced by ICV injections of drugs

histamine, L-glutamic acid, taurine, glycine and y-amino-
butyric acid. At dose levels of up to 200 nmoles - kg—*
these substances were not found to cause thermoregula-
tory effects when injected into a lateral cerebral ventricle
at 0 and 40°C ambient temperature (T.)3 In other
species, however, some of these substances have been
found to elicit thermoregulatory effects or, at least, to
cause changes in body temperature when applied cen-
trallyé?. The differences between the doses of 5-HT,
CCh, NA and DA (table} which were required to elicit
thermoregulatory effects could relate to differences in
the rate and extent of diffusion into brain tissue from
the ventricles, and differences in the accessibility of the
target synapses, as well as to differences in receptor
densities. We could, therefore, have missed the thermo-

Responses Drugs and doses
5-HT NA

40 nmoles - kg

100 nmoles - kgt

DA CCh
200 nmoles - kg™! 3 nmoles + kg™t

Glut
800 nmoles + kgt

Panting (at high Ta) 4
* Ear skin temperature 4
Shivering (at low Ta) N
Rectal temperature (Tre) N

T

T e
e
e

5-HT, 5-hydroxytryptamine; NA, noradrenaline; DA, dopamine; CCh, carbamylcholine {carbachol); Glut, L-glutamic acid; T,, ambient
temperature; %, increase; | , decrease; * indicates state of peripheral vasomotor tone; ** ICV NA or DA causes a rise in Tre at high Ta
and a fall in Tre at low Ta.



