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L y s o z y m e  l e v e l s  in  t i s s u e s  o f  i r o n - d e f i c i e n t  r a t s  1 
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Summary. R a t s  were fed e i ther  d ie ts  suf f ic ient  (300 ppm)  or insu f f i c i en t  (5 ppm)  in iron for 10 weeks.  T h e  i ron-def ic ien t  
a n i m a l s  h a d  lowered h e m o g l o b i n  and  h e m a t o c r i t  levels  a nd  h ighe r  levels  of k i d n e y  l y s o z y m e  a c t i v i t y  t h a n  did con t ro l  
an ima l s .  There  were no s ign i f i can t  changes  in s e r u m  a nd  spleen  l y s o z y m e  a c t i v i t y  levels. 

L y s o z y m e  is a bac te r io ly t i c  e n z y m e  d iscovered  by  Sir A. 
F l e m i n g  in 19223 . Since t h a t  t ime  it  h a s  been  s h o w n  to  
be wide ly  d i s t r i b u t ed  in v e r t e b r a t e  t i s sues  4, 5 and  i ts  levels 
to be modif ied  in a wide r ange  of pa tho log ica l  cond i t ions  6-8 
a n d  n u t r i t i o n a l  s t a t e s  9-11. D u r i n g  an  i n v e s t i g a t i o n  of iron 
n u t r i t u r e  in r a t s  it was  of i n t e r e s t  to m o n i t o r  t i s sue  lyso- 
zym e  levels in i ron-def ic ient  a n d  cont ro l  an ima l s .  
Materials and methods. In  these  s tud ies  albino,  female ,  
Sprague  Dawley  r a t s  we igh ing  an  ave rage  of 68 g, were 
used.  T h e y  were fed, ad l ib i tum,  e i ther  an  i ron-def ic ient  
diet  (5 p p m  iron) or an  i ron-suf f ic ien t  diet  (300 p p m  iron) 
and  glass-dis t i l led wa te r  for 6 weeks,  t h e n  meal - fed  d ie t s  
du r in g  12.00-13.00 h da i ly  for 4 weeks.  The  diet  com-  
pos i t ion  has  been descr ibed  p rev ious ly  12. Af ter  t he  10 
weeks on the  d ie t s  t h e y  were fed, f a s ted  for 1 h a nd  
ch lo roform anaes the t i zed .  Sera  were collected by  cardiac  
p u n c t u r e ,  sp leens  and  k i d n e y s  were r e m o v e d  in t he  cold 
and  f rozen un t i l  ana lyzed .  For  ana lys is ,  300-400 m g  of 
the  r igh t  k id n ey  and  100 200 m g  of spleen were h o m o -  
genized in 5 ml  (spleen) or 10 ml  (kidney) of cold 0.066 M 
p o t a s s i u m  p h o s p h a t e  buffer ,  p H  6.24, and  cen t r i fuged  a t  
100,000 • g for 1 h a t  2 ~ Af te r  cen t r i fuga t ion ,  the  super -  
n a t a n t  f luids were a s s a y e d  for l y sozyme  a c t i v i t y  by  
m o n i t o r i n g  the  lysis of cell walls  of Micrococcus lyso- 
deikt icus ,  c rys ta l l ine  egg whi t e  l y s o z y m e  se rv ing  as a 
s t a n d a r d  la. L y s o z y m e  ra te  was  expressed  as 

~ A  450/rain 
units/ing protein = 

0.001 •  protein/reaction mixture" 

Se ru m  was  used d i rec t ly  for ana lys i s  in our  a s s ay  s y s t e m .  
P ro t e in  was  a s s a y e d  us ing  b iu re t  r e agen t  ~4 w i th  bov ine  
s e r u m  a l b u m i n  as s t a n d a r d .  For  spleen and  k idney ,  pro- 
te in  was  expressed  as a b lo t -d ry  weight  of t i ssue.  H e m o -  
globin was  d e t e r m i n e d  by  t he  m e t h o d  of Crosby  15 a nd  
m i c r o - h e m a t o c r i t s  as descr ibed  by  W i n t h r o b e  ~6. S ta t i s t i -  
cal s ignif icance b e tween  m e a n s  was  de t ec t ed  b y  S t u d e n t ' s  
t - t e s t s  17. 
Results. B o d y  weights ,  hemoglob in ,  and  h e m a t o c r i t  levels 
of the  a n i m a l s  a f t e r  10 weeks  on t he  e x p e r i m e n t a l  d ie ts  
are s h o w n  in t ab le  1. The  r a t s  fed 5 -ppm iron weighed  
s ign i f ican t ly  less t h a n  t hose  fed t he  control  300-ppm iron 
diet.  I ron-def ic iency  anemia ,  cha rac te r i zed  by  s ign i f i can t ly  
lowered h em o g lo b in  and  h e m a t o c r i t  levels, was  found  in 
the  g roup  fed 5 -p pm iron. 

Table 1. Body weights, hemoglobin, and hematocrit levels in rats 
after 10 weeks on experimental diets 

Dietary treatment Body weight Hemoglobin Hematocrit 
(g) (g/dl) (%) 

5 ppm Iron 184 i ) 7.1 ! 0.4 32.7 • 0.6 

300 ppm Iron 220 i 10 16.9 ~= 0.3 51.8 i 0.8 
p < 0.01 p < 0.001 p < 0.001 

The data are expressed as means i SE of 8 animals. 

T i s sue  weights ,  p ro t e in  c on t e n t ,  a n d  l y s o z y m e  levels are 
g iven  in tab le  2. In  b o t h  i ron-def ic ien t  a nd  cont ro l  ani -  
m a l s  l y s o z y m e  a c t i v i t y  was  found  to  be h i g h e s t  in k idney ,  
sp leen  was  i n t e r m e d i a t e  in ac t iv i ty ,  a nd  s e r u m  was  t he  
lowest .  The  i ron-def ic ient  r a t s  h a d  sera  w i th  p ro te in  and  
l y s o z y m e  ac t iv i t ies  wh ich  were n o t  s ign i f i can t ly  d i f fe ren t  
f r om controls .  No s ign i f i can t  d i f ferences  were found  in the  
t o t a l  p ro te in  or l y s o z y m e  a c t i v i t y  of sp leens  f rom iron-  
def ic ien t  a n d  cont ro l  an ima l s .  The  i ron-def ic ien t  r a t s  were  
obse rve d  to h a v e  en la rged  sp leens  w i th  no a p p a r e n t  effect  
on p ro t e in  or l y soz yme  con ten t s .  In  k idney ,  i ron-def ic ien t  
r a t s  h a d  s ign i f i can t ly  h ighe r  levels  of l y s o z y m e  a c t i v i t y  
t h a n  did  con t ro l  a n i m a l s  (p < 0.001). Th i s  increase  in lyso- 
z y m e  a c t i v i t y  in i ron-def ic iency  was  a c c o m p a n i e d  b y  a 
decrease  in to t a l  k i d n e y  w e igh t  a nd  no s ign i f i can t  differ-  
ence in p ro te in  c o n t e n t  of t he  k idney .  
Discussion. Despi te  i n t ens ive  i n v e s t i g a t i o n  over  the  years ,  
t he  biological  f unc t i ons  of l y s o z y m e  in m a m m a l i a n  t i ssues ,  
as ide  f rom a p robab le  a n t i ba c t e r i a l  role, h a v e  no t  ye t  been  
es tab l i shed .  The  wide d i s t r i bu t i on  of t he  e n z y m e  h a s  led 
to severa l  h y p o t h e s e s  for roles o the r  t h a n  a n t i ba c t e r i a l  
ones  18, 19. E n z y m a t i c  a nd  n o n e n z y m a t i c  ac t ions  on poly-  
sacchar ides ,  g lycopro te ins ,  p e p t i d o g l y c a n s  is, a nd  glyco- 
l ipids 19 h a v e  been proposed .  A genera l  role in the  regula-  
t ion  of m e m b r a n e - d e p e n d e n t  cell f u n c t i o n  ha s  also been 
sugge s t e d  19. Stil l  o the r  f unc t i ons  d e p e n d e n t  on the  
ca t ionic  p roper t i es  of the  p ro t e in  h a v e  been  proposed .  
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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). 


