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Table 2. Tissue weights, tissue protein contents and lysozyme levels 

EXPERIENTIA 34/3 

Serum Spleen 
Dietary Protein Lysozyme Total Protein 
treatment content (units/ tissue wt content 

(mg/ml) mg protein) (g) (mg/gl 

Kidney 
Lysozyme Total Protein Lysozyme 
(units/ tissue wt. content (units/ 
mg protein) (g) (mg/g) mg protein) 

5 ppm Iron 74.2 :t= 3.1 0.34 :i: 0.03 0.38 -4- 0.05 112.1 :t: 10.4 

300 ppm Iron 91.3 -1- 7.3 0.30 • 0.02 0.36 :t= 0.03 137.5 ~: 7.9 
NS NS p < 0.005 NS 

4.83 • 0.63 0.75 ~: 0.02 76.1 + 1.1 42.85 + 2.34 

5.25 • 0.33 0.97 4- 0.03 83.2 :t= 3.7 31.65 -4- 1.36 
NS p < 0.001 NS p < 0.001 

Data are expressed as means -1- SE of 7 animals. NS, not significant. 

The h i the r to  un repor t ed  effect  of i ron-def ic iency on in- 
creasing the  level of lysozyme ac t iv i ty  in the  k idney  is 
clearly d o c u m e n t e d  in th is  s tudy .  However ,  the  exac t  bio- 
logical significance of these  f indings is unknown  a t  th is  
t ime.  I t  has  been es tabl ished t h a t  the k idney  plays  an 
i m p o r t a n t  role in the  regula t ion of p la sma  lysozyme levels. 
This regula t ion is bel ieved to occur by  way  of the  lyso- 
zyme pro te in  becoming  en t r apped  in the  p rox imal  tubules  
and degraded  there  ~~ The increased levels of lysozyme 
observed  in the  k idneys  of i ron-def ic ient  ra t s  may,  then,  
reflect  a homeos ta t i c  mechan i sm to ma in ta in  normal  
se rum levels. Perhaps ,  the  i ron-def ic ient  an imal  is pro-  
ducing more  lysozyme which is being degraded  in the  
k i d n e y .  The resul t ing pa t t e rn  of serum and  spleen lyso- 
zyme levels is therefore  the  same in i ron-def ic ient  and 
contro l  animals .  One possible exp lana t ion  m a y  be t h a t  the  

i ron-def ic ient  organism,  w i th  a lower immunologica l  ca- 
pac i ty  21, requires  more  lysozyme for its an t ibac ter ia l  
funct ions.  The increased k idney  levels m a y  be a reflection 
of a grea te r  lysozyme t u r n o v e r  required for th is  an t i -  
bacter ia l  role. 
Generally,  the  in te r re la t ionships  be tween  nut r i t iona l  s ta-  
tus  and lysozyme act ion mer i t s  fu r the r  s tudy.  The effect  
of i ron-def ic iency t issue lysozyme levels is par t icu lar ly  
pe r t i nen t  since iron def iciency anemia  is a common  nu-  
t r i t ion  p rob lem al. 

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

21 M. Sussman, in: Iron in Biochemistry and Medicine, p. 649. 
Ed. A. Jaeobs and M. Worwood. Academic Press, New York 
1974. 
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Summary. Sialic acid, a very  polar  c o m p o n e n t  of glycolipids and  g lycoprote ins  t h a t  is exposed on m e m b r a n e  surfaces, 
was observed  in ra t  bra in  to v a r y  in the  descending  order :  forebrain,  midbra in ,  cerebel lum and medulla.  Levels of 2- 
deoxyr ibose  were also di f ferent ia l ly  d i s t r ibu ted ,  wi th  abou t  3.5 t imes  as much  in the  cerebel lum and near ly  equal  
am oun t s  elsewhere. Similar results  were ob ta ined  wi th  ano the r  genetic s t rain,  b u t  clear quan t i t a t i ve  differences were 
ev iden t  for b o t h  chemicals.  

Bo th  l ip id-bound (gangliosidic) and p ro t e in -bound  sialic 
acid have  been known to be associated wi th  cell mem-  
branes1,  2, wi th  a s ignif icant  a m o u n t  occurr ing on mito-  
chondr ia l  m e m b r a n e s  s. SA's  h ighly  react ive  polar  charac-  
ter is t ic  of the  ca rboxyl  group and its exposed  posi t ion 
on the  m e m b r a n e  surface make  it a possible react ion site 
(receptor) for cat ionic groups of m a n y  drugs  and hor-  
mones  4. Since m u c h  of the  research has  dea l t  wi th  the  
to ta l  b ra in  SA-analyses,  it  seemed necessary  to s t u d y  
the  SA-dis t r ibut ion  in d i f ferent  areas of the  brain.  If 
SA-differences occurred,  such da t a  could have  relevance 
in focusing the  search for po ten t i a l  mechan i sms  of ac t ion 
of cer ta in  psychoac t ive  drugs  and neurohormones .  
Methods. Rat s  were killed by  decapi ta t ion ,  and  the  bra ins  
were r emoved  and cut  into 4 sect ions wi th in  2 min;  the  
sect ions were then  frozen in l iquid ni t rogen,  The sect ions 
were ident i f ied  as: 1. forebrain  (cut was immed ia t e ly  
bek ind  opt ic  ch iasma and ex t ended  t h r o u g h  the  h ippo-  
campus)  ; 2. midbra in  (caudal border  of inferior  colliculi) ; 
3. medul la ;  4. cerebellum. 

R a t  brains  were ob ta ined  I rom young adul t  ra t s  (250-300 g) 
of b o t h  sexes f rom di f ferent  l i t ters.  An init ial  set  of 
expe r imen t s  was pe r fo rmed  on 6 ra ts  of the  Wis ta r  strain,  
and repl icat ion exper imen t s  were pe r fo rmed  on 6 Sprague-  
Dawley  rats.  
Tissue co n t en t  of to ta l  sialic acid was de te rmined  by  a 
cont inuous-f low colorimetr ic  me t h o d  5, which basically 
combined  the  2 es tabl ished procedures ,  by  War ren  ~ and  
by  Delmot te% wi th  a 2-channel  Auto  Analyzer .  In th is  

1 J. R, Wherrett and H. Mcllwain, Biochem. J. 8d, 232 (1962). 
2 E.G. Brunngraber, H. Dekirmenjian and B. D. Brown, Bioehem. 

J. 103, 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 Sialie 

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-deoxyr ibose  in ter feres  w i t h  t he  color reac t ion ,  
b u t  ca lcu la t ions  were cor rec ted  b y  exp lo i t ing  the  dif- 
f e rences  in t he  cha rac t e r i s t i c  a b s o r p t i o n  m a x i m a  for 
sialic acid and  2-deoxyr ibose  (DR) (530 a n d  550 nm,  
respect ively) .  Samples  of mixed  s t a n d a r d s  and  of b r a in  
were p r epa red  as hyd r o l y s a t e s  as descr ibed  b y  b o t h  W a r r e n  
a n d  De lmot te .  Sialic acid s t a n d a r d s  of 20, 40, 80 and  
100 mg/1 a n d  D R - s t a n d a r d s  of 1, 2, 4 a n d  8 mg/1 were 
p r e p a r e d  in t r i ch lo race t i c  acid (50 gm/1 of phys io logica l  
saline).  Mixed s t a n d a r d s  were p r e p a r e d  b y  mix ing  equa l  
vo lumes  of SA- and  D R - s t a n d a r d s .  B r a i n  samples  were 
p r e p a r e d  b y  mix ing  0.2 g of sonif ied or hom ogen i zed  
b r a i n  in 9.8 m l  in 5% t r i ch lo roace t i c  acid solut ion.  All 
s t a n d a r d s  and  t i ssue  samples  were hyd ro lyzed  in glass- 
s t oppe red  cen t r i fuge  t ubes  for 1 h a t  80~ 
Results. Marked  regional  c o n c e n t r a t i o n  differences  for 
b o t h  c o m p o u n d s  were noted .  Fo r  SA, h igh  levels were 
found  in the  fo rebra in  and  m i d b r a i n ,  w i th  less in t he  
cerebel lum,  a n d  still  less in the  m edu l l a  (means  a n d  SEs  
shown in f igure 1). This  qua l i t a t i ve  difference in regional  
d i s t r i bu t i on  was rep l ica ted  in a n o t h e r  s t r a i n  of r a t s ;  
differences a m o n g  b ra in  regions were s t a t i s t i ca l ly  signifi- 
c a n t  for b o t h  s t r a ins  (Wis ta r :  F = 60.88, p < 0.01; 
Sprague-Dawley-  F = 145.27, p < 0.01). Moreover ,  c lear  
q u a n t i t a t i v e  differences be t w een  the  2 s t r a in s  were 
e v i d e n t  for each  b r a i n  region (p < 0.01, t - tes t ) .  
A d i f fe ren t  p a t t e r n  of regional  di f ference was ev i den t  for 
DR,  which  was a b o u t  3.5fold more  c o n c e n t r a t e d  in t he  
ce rebe l lum t h a n  in o the r  b ra in  regions (figure 2). This  
obse rva t ion  was rep l ica ted  in the  2nd s t r a i n  of ra ts ,  and  
differences a m o n g  b r a i n  regions were aga in  s t a t i s t i ca l ly  
s ign i f ican t  (Wis ta r :  F --  117.47, p < 0.01; Sp rague -Daw-  
ley: F = 908.86 p < 0.01). S ign i f ican t  differences be tween  
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Fig. 1. Regional and strain differences in sialic acid. 
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Fig. 2. Regional and strain differences in 2-deoxyribose. 

t he  2 s t r a ins  were e v i d e n t  for t he  medu l l a  a n d  m i d b r a i n  
and,  in a n  oppos i te  d i rect ion,  for t he  ce rebe l lum (p < 0.01, 
t - tes t ) .  
Discussion. Our  who le -b ra in  SA-values,  3.75 ~moles /g  
(averaged over  t he  4 b r a i n  sections),  c o m p a r e  well w i t h  
the  values  of 3.34 a n d  3.41 ~moles /g  t h a t  were r epo r t ed  
in p rev ious  s tud ies  of who le -b ra in  SA in W i s t a r  r a t s  s,9. 
The  ear ly  bel ief  was t h a t  SA is assoc ia ted  on ly  w i t h  
m e m b r a n e s  of neu rons  and  t h a t  d i s t r i b u t i o n  would  
therefore  para l le l  t he  d i s t r i b u t i o n  of g rey  a n d  whi t e  
m a t t e r .  However ,  s u b s t a n t i a l  a m o u n t s  of l i p id -bound  SA 
do Occur in t he  mye l in  of wh i t e  m a t t e r  1~ 
The  a m o u n t  of p r o t e i n - b o u n d  SA in glia is p r o b a b l y  
even  more  s u b s t a n t i a l  16. Thus ,  desp i te  t he  q u a n t i t a t i v e  
d iscrepancies  in the  l i t e ra tu re ,  i t  seems safe to  conc lude  
t h a t  our  d a t a  do no t  s imp ly  reflect  the  d i s t r i b u t i o n  of 
grey a n d  whi t e  m a t t e r .  Fo r  t h a t  m a t t e r  i t  is no t  obv ious  
w h a t  t he  re la t ive  d i s t r i b u t i o n  of grey and  wh i t e  m a t t e r  
is in the  4 b r a i n  sec t ions  which  we used. 
The  regional  and  p o t e n t i a l  genet ic  differences  t h a t  we 
obse rved  in t o t a l  SA should  s t imu la t e  s u b s e q u e n t  research  
on  differences  in the  var ious  p ro t e in -  and  l i p id -bound  
species of SA. Ana lys i s  of more  res t r i c ted  a n a t o m i c a l  
s t ruc tu re s  is also cal led for. 
P rev ious  r epor t s  are no t  d i rec t ly  c o m p a r a b l e  to  th i s  
p re sen t  research.  For  example ,  one of the  more  r e l e v a n t  
s tudies  ~ focused on ly  on  the  SA of g lycopro te in  origin,  
dea l t  w i th  on ly  2 specimens,  and  ana lyzed  on ly  selected 
por t ions  of b o v i n e  bra in .  A n o t h e r  s t u d y  17 focused on  
on ly  the  I ipid-solubIe f rac t ion  of SA, w i t h  selected 
samples  t a k e n  f rom 3 h u m a n  b ra ins  a t  necropsy .  One 
s t u d y  of l i p id -bound  SA found  a range  of d i f ferences  
a m o n g  the  var ious  b r a i n  nuclei  e x a m i n e d  of a l m o s t  
15fold15. The  areas  chosen  did no t  cor respond  w i t h  the  
ones which  we used, b u t  the  h ighes t  levels of l ipid-  
b o u n d  SA were in the  fo rebra in  ( f ronta l  cor tex,  c a u d a t e  
nucleus,  m o t o r  cortex) .  Several  nuclei  in the  b r a i n s t e m  
had  the  lowest  levels. L ip id -bound  SA n o r m a l l y  accoun t s  
for a b o u t  2/a of the  t o t a l  SA in r a t  b r a in  TM, and  it  will 
be necessary  to e s t ab l i sh  w h e t h e r  the  regional  and  s t r a in  
differences  in t o t a l  SA repor ted  here  are a t t r i b u t a b l e  
ma in ly  to p ro t e in -  or l ip id -bound  SA. 
Whi le  i t  is no t  c lear  w h a t  func t ions  are subse rved  b y  SA, 
s i a locompounds  h a v e  all t he  a t t r i b u t e s  of receptors ,  
specif ical ly:  a) SA is a s t rong ly  nega t ive ly  charged ,  
exposed t e r m i n a l  g roup  t h a t  p ro jec t s  ou t  f rom the  l ipid 
or p ro te in  mo ie ty  t h a t  is ancho red  in the  cell m e m b r a n e ,  
b) the re  is a wide v a r i e t y  of SA-species, b o t h  p ro t e in  
and  lipid, which  p rov ides  a r ich d ive r s i ty  of c o n f o r m a  
t iona l  forms needed  for s ter ic  specificities, and  c) t he re  

8 A.L. Misra, R. B. t)ontani and S. J. Mule, Res. Corninun. Chem. 
Path. Pharm. 9, 383 (1974). 

9 E.G.  Brunngraber, B. D. Brown and V. A. Aguilar, J. Neuro- 
chem. 16, 1059 (1969). 

10 N. I". 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. Neuroehem. 18, 1821 

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

roehern. 18, 581 (1971). 
14 N. H. Bass, M. G. Netsky and E. Young, Neurology t9, 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. Neurochern. 12, 969 (1965). 
18 C. Di Benedetta, E. G. Brunngraber, G. Whitney, A. D. Brown 

and A. Aro, Archs Bioehem. Biophys. 131,404 (1969). 
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are vas t  num ber s  of SA-residues p resen t  in the  nervous  
sys tem,  e s t ima ted  a t  10 11 per  cell1% Good evidence for 
receptor  ac t ion  of s i a locompounds  has been p resen ted  for 
such bacter ia l  tox ins  as t e t anus  and  bo tu l i num 2~ and  
for lactins,  viruses,  mycop lasma ,  some hormones ,  and  
ant ibodies  21. SA m a y  also be involved in cat ionic b inding  
of calcium, wi th  an associa ted  influence on neuro t rans -  
m i t t e r  release and  up take  ~. 
Since D R  a major  cons t i t uen t  of DNA, the  e leva ted  
DR-level  in cerebel lum would suggest  a cor responding  
concen t ra t ion  of D N A  in the  cerebel lum. The cerebel lum 
conta ins  except iona l ly  large a m o u n t s  of DNA in the  rat ,  
r abb i t  and cat,  w i th  the  a m o u n t  exceeding t h a t  in the  
cerebra l  cor tex  by  a ra t io  of more  t h a n  6 to 123. This large 
a m o u n t  is a t t r i b u t e d  to the  ex t r eme  cell dens i ty  of the  
cerebellar  g ranular  layer.  Our research  on ra ts  is to our  
knowledge the  f irs t  d e m o n s t r a t i o n  of genetic differences 
in brain  SA and  D R ;  such differences for SA conf i rm 
the  specula t ion  m a n y  years  ago ~4 t h a t  SA should be 
readi ly affected by  genet ic  var iables  because gangliosides 

have  a h igh degree of individual  character ,  including the  
n u m b e r  of SA-residues.  In  subsequen t  research,  we have  
repl ica ted  the  different ia l  d i s t r ibu t ion  of bo th  SA and D1R 
in "Wistar ra t s  25. Moreover,  the  s t eady  s ta te  concen t ra t ion  
of bo th  subs tances  seems to be h ighly  responsive  to  
expe r imen ta l  var iables  ; we have  d e m o n s t r a t e d  s ignif icant  
effects  of age and/or  experience,  and  effects  of b o t h  
acute  and chronic  admin i s t r a t ion  of e thanol  2~. 

19 J.A. Lowden and L. S. Wolfe, Can. J. Biochem. d2, 1703 (1964). 
20 L. L. Simpson and M. M. Rapport, J. Neurochem. 18, 1751 

(i971). 
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 193, 1013 (1976). 

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

24 S. Bogoeh, Biochem. J. 68, 319 (1958). 
25 W.R. Klelnln and R. L. Engen, Neurosci. Abstr. 3, 442 (1977). 
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Summary. L-glu tamic  acid in jec ted  in doses of 200-1000 nmoles  �9 kg 1 into the  cerebral  ventr ic les  of sheep had  dose-  
d e p e n d e n t  t he rm oregu l a to ry  effects :  an increase in hea t  p roduc t ion  and /o r  a decrease in resp i ra to ry  f r equency ,  and 
a rise in recta l  t empera tu re .  A dose of 800 nmoles  �9 kg -1 had  effects comparab le  w i th  those  of a similar in ject ion of 
3 nmoles  �9 kg -1 carbamylchol ine .  

W h e n  some of the  p u t a t i v e  t r a n s m i t t e r  subs tances  are 
in jec ted  in to  a la tera l  cerebra l  ventr ic le  of the  unan-  
aes the t ized  sheep t h r o u g h  a previous ly  implan ted  ven-  
t r icu lar  cannula ,  t h e y  cause d i s t inc t  and  qui te  regular  
p a t t e r n s  of change  in the  t he rmoregu la to ry  effectors wi th  
r e su l t an t  changes  in recta l  t e m p e r a t u r e  (Tre) as summa-  
rized in t he  1st 4 co lumns  of the  tab le  2-4. These a p p a r e n t l y  
order ly  changes  in ef fec tor  act ivi t ies  have  been in ter-  
p re ted  as evidence t h a t  these  subs tances ,  a l though  appl ied 
in a r a the r  gross and diffuse way,  each act  a t  par t i cu la r  
poin ts  a t  the  cen t ra l  ne rvous  in ter face  be tween  the  
af ferent  p a t h s  f rom the rmosensor s  and  the  ef ferent  p a t h s  
to t he rmoregu l a to ry  effectors.  
Other  possible t r a n s m i t t e r  subs tances  tes ted  in our labo- 
r a to ry  a t  an  ear ly  s tage  in th i s  con t inu ing  s t u d y  were:  

h i s tamine ,  L-g lu tamic  acid, taur ine,  glycine and  y-amino-  
bu tyr ic  acid. At  dose levels of up to 200 nmoles  �9 kg -1 
these  subs tances  vcere no t  found to cause the rmoregu la -  
t o ry  effects  when  in jec ted  in to  a la teral  cerebral  ventr ic le  
a t  0 and  40~ a m b i e n t  t e m p e r a t u r e  (Ta) S. In  o the r  
species, however ,  some of these  subs tances  have  been  
found to  elicit t he rmoregu la to ry  effects or, a t  least,  t o  
cause changes  in b o d y  t e m p e r a t u r e  when  appl ied  c e n -  
trally6, L The differences be tween  the  doses of 5-HT, 
CCh, NA and  DA (table) which  were required to  elicit 
t h e rmo reg u l a t o ry  effects  could relate  to differences in 
the  ra te  and  e x t e n t  of diffusion into brain  t issue f rom 
the  ventr icles ,  and differences in the  accessibi l i ty of t he  
t a rge t  synapses ,  as well as to differences in receptor  
densi t ies .  We  could, therefore ,  have  missed the  t h e r m o -  

Thermoregulatory changes induced by ICV injections of drugs 

Responses Drugs and doses 
5-HT NA DA CCh Glut 
40 nmoles �9 kg -1 100 nmoles �9 kg -1 200 nmoles �9 kg -1 3 nmoles �9 kg -1 800 nmoles �9 kg -1 

Panting (at high Ta) ~' ~ ~ ~ ~, 
* Ear skin temperature ~ ~ ~, ~. 
Shivering (at low T~) ,~ ~, 4 1" 
Rectal temperature (Tre) ~ ~ ** ~ ** ~ 

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


