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DAMSTRA-ENTINGH, T., D. ENTINGH, J. E. WILSON AND E. GLASSMAN. Environmental stimulation and fucose 
incorporation into brain and liver glycoproteins. PHARMAC. BIOCHEM. BEHAV. 2(1) 73 -78 ,  1974. - Changes were 
observed in the amount of radioactive fucose incorporated into glycoproteins of brain and liver when mice were exposed to 
different environments. Mice were injected subcutaneously with 3H-L-fucose, placed in a small chamber with an 
electrifiable grid floor for 15 min, and killed 1 min later. Exposure to the apparatus without shocks increased the levels of 
incorporation in both brain and liver compared to mice placed in individual cages after the injection. Increasing amounts of 
footshock reduced the level of incorporation. Five to 40 sec of footshock resulted in incorporation levels inversely 
proportional to the number of shocks. 
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MANY lines of  ev idence  suggest t ha t  g l y c o p r o t e i n  mole-  
cules on  the  surfaces of  cells m ay  par t i c ipa te  in t he  es tab-  
l i shment  and  m a i n t e n a n c e  of  cell-to-cell  con t ac t  [ 4 , 6 ] .  
While mos t  of  the  ev idence  is based o n  s tudies  of  non-  
n e u r o n a l  t issues,  h i s t ochemica l  s tudies  ind ica te  t ha t  
g lycopro te ins  are local ized on  n e u r o n a l  cell surfaces,  and  
are a ma jo r  c o m p o n e n t  of  the  s t ruc tu res  of  t he  synap t ic  
cleft  [3, 17, 19] .  It is thus  t e m p t i n g  to specula te  t h a t  
changes  in m e m b r a n e  g l ycop r o t e i n  s t ruc tu res  migh t  change  
the  f u n c t i o n a l  c o n n e c t i v i t y  of  n e u r o n s  a l lowing new pa th-  
ways or n e t w o r k s  to be  fo rmed ,  and thus  be i n t i m a t e l y  
involved in neurob io log ica l  events  t ha t  m ed i a t e  the  s torage,  
conso l ida t ion ,  and  ret r ieval  of exper ien t ia l  i n f o r m a t i o n  
[ 1 ,2] .  Since re la t ively  rapid changes  in the  glycoside  por-  
t ions  of  these  molecu les  seem to  occur  w i t h o u t  m a j o r  alter- 
a t ions  in the  p ro t e in  b a c k b o n e  s t ruc tu re  [ 1 1 ] ,  synap t i c  
connec t i v i t y  might  be a l tered w i t h o u t  any  gross d i s r u p t i o n  
of  m e m b r a n e  s t ruc ture .  Bogoch  [2]  has r epo r t ed  altera- 
t ions  in g lycop ro t e i n  m e t a b o l i s m  in p igeon bra ins  fo l lowing 
ope ran t  c o n d i t i o n i n g ;  however ,  Hol ian  et al. [8] failed to  
de tec t  changes  in the  a m o u n t  of  C'  4_glucosamine inco rpor -  
ated in to  g lycopro te ins  of  con t r o l  ra ts  and rats  t ra ined  on  a 
one  tr ial  passive avo idance  task.  

Previous  e x p e r i m e n t s  ( E n t i n g h  and  D am s t r a - E n t i ngh ,  in 
p r epa ra t i on )  have suggested tha t  foo t - shock  avo idance  
t ra in ing  al ters  the  m e t a b o l i s m  of  ur id ine  d i p h o s p h a t e  sugars 

in mouse  brain.  Since nuc leos ide  d i p h o s p h a t e  sugars are 
involved as cofac to rs  for  g lycop ro t e in  synthes is ,  we have 
s tudied  the  effects  of  avoidance  t ra in ing  on  the  incorpora-  
t ion  of  rad ioac t ive  fucose  i n to  b ra in  and liver g lycopro te ins .  
Fucose  is a useful  p recurso r  for  s tudy ing  g lycop ro t e in  
m e t a b o l i s m  and synthes is ,  since th is  sugar is no t  a signifi- 
cant  c o m p o n e n t  of  glycol ipids  or  m u c o p o l y s a c c h a r i d e s  
[ 1 6 , 2 0 ] ,  and  is no t  readi ly  me tabo l i zed  to o t h e r  sugars 
[ 5 , 1 0 ] .  Also, since fucose  occupies  a t e rmina l  pos i t ion  on  
c a r b o h y d r a t e  chains  [ 7 ] ,  it is possible t h a t  rapid,  reversible 
mod i f i ca t ions  of  g lycopro te ins  as a resul t  of behaviora l  
s t imu la t i on  may  be  de tec ted .  

METHOD 

Animals 

Male, C 5 7 B L / 6 J  mice  ( J ackson  Lab) ,  seven to eight  
weeks  old were used. They  were housed  six to  a cage, 7 - 1 4  
days  be fo re  use, at  25°C wi th  food and wa te r  available ad 
lib. 

Apparatus 

The appa ra tu s  was an a u t o m a t e d  vers ion of  a j u m p u p  
one-way  active avo idance  b o x  [ 14] .  The  t ra in ing  side of  the  
appa ra tu s  had  a shelf  on  one  wall  to  wh ich  the  m o u s e  could 
j u m p  to  escape or  avoid f o o t s h o c k  (0.3 ma) .  The  yoked  
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Foundation (GB35634X), and the Ciba-Geigy Corporation. 
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side had  no  shelf.  A d o o r  buzze r  (89 dB SPL) served as the  
cond i t i ona l  s t imulus  (CS). 

Infections 

Each  m o u s e  was i m m ob i l i z ed  b y  hand  and  in jec ted  sub- 
cu t aneous ly  in the  back  of  the  neck  w i th  50 to 100 uC of  
L-fucose- 1-H 3 (1.8-2.8 C i / m m o l e ,  Amersham/Sea r l e ) .  

Behavioral Treatments 

Quiet mice  were in jec ted ,  placed in indiv idual  cages and  
exposed  to  the  o rd ina ry  l a b o r a t o r y  e n v i r o n m e n t  for  20 
min,  and  t h e n  decap i t a t ed .  

Non-quiet mice were in jec ted  as above,  sub jec ted  4 ra in  
la ter  to  the  behav io ra l  t r e a t m e n t s  descr ibed  be low for  15 
min,  and  decap i t a t ed  1 m i n  later.  

Trained mice  were placed on  the  grid f loor  of  the  j u m p  
box  for  5 sec at the  s tar t  of  the  session. The  CS was tu rned  
on, and  3 sec later  the  f o o t s h o c k  was t u r n e d  on. When  the  
mouse  j u m p e d  to  the  shelf,  or a f te r  20 sec of  f o o t s h o c k ,  all 
s t imul i  were t e r m i n a t e d  and a 20 sec in te r t r i a l  in terval  was 
begun.  The  m o u s e  was pushed  f rom the  shelf  by  a p i s ton  at 
the  s tar t  of  each trial.  Each  m o u s e  received a b o u t  33 train-  
ing trials dur ing  the  session. 

Yoked mice  were k e p t  in the  yoked  c o m p a r t m e n t  of  the  
appara tus ,  whi le  a naive mouse  was be ing  t ra ined .  The  
yoked  mouse  was exposed  to  the  same s t imul i  as its t ra ined  
par tner ,  bu t  no  shelf  was available for  escaping foo t shock .  

Classically conditioned mice were placed in the  yoked  
side of  the  appara tus .  For  each  trial,  t he  CS was t u r n e d  on  
and 3 sec la ter  the  mouse  received 2 sec o f  inescapable  
f o o t s h o c k  (0.3 ma).  F i f t een  trials at 53 sec intervals  were 
given dur ing  the  15 rain  session. 

Shocked mice received a prese t  n u m b e r  (5, 10, 20 or  40)  
of  inescapable  f o o t s h o c k s  (0.3 ma,  1 sec dura t ion) .  
Delivery of  shocks  began  60 sec af te r  the  m o u s e  was p laced 
in the  appara tus .  In tervals  b e t w e e n  successive shocks  varied 
r a n d o m l y  f rom 1 5 - 2 5  sec, w i th  a m e a n  in terval  of  20 sec. 

Apparatus-exposed mice were placed in the  yoked  side 
of the  same appa ra tus  in wh ich  mice  had jus t  previous ly  
been  shocked ,  and  left  und i s tu rbed .  

Urine-exposed mice  were placed in a clean cage con ta in -  
ing paper  towels  we t t ed  w i th  u r ine  released by  shocked  
animals.  

Handled mice were t r ans fe r red  to  a clean cage in the  
same room tha t  housed  the  appara tus .  Af t e r  15 min  t hey  
were r emoved  f rom this  cage, placed in a new cage, and 1 
min  la ter  decap i t a t ed .  

General Biochemical Procedures 

Each  m o u s e  bra in ,  minus  o l f ac to ry  bulbs ,  was removed ,  
r insed in ice-cold 0.9% saline,  and  h o m o g e n i z e d  w i th  12 
s t rokes  in a Teflon-glass h o m o g e n i z e r  in 4 or  5 ml  ice cold 
0.1 N NaOH or 0.05 M sod ium bora te ,  pH 9.0. The  t ime  
f rom d e c a p i t a t i o n  to h o m o g e n i z a t i o n  was one  minu te .  In 
some e x p e r i m e n t s  1 0 0 - 1 8 0  mg of  the  r ight  lobe  of  the  
liver was r emoved  f rom each mouse ,  weighed,  and homoge-  
nized as above.  

F r o m  each h o m o g e n a t e  samples  were p repa red  in tripli- 
cate as fol lows:  

F o r  es t imates  of  t o t a l  r ad ioac t iv i ty  (T-samples)  in the  
b ra in  and  liver, 0.1 or  0.2 ml  of  h o m o g e n a t e  was p ipe t t ed  
in to  a sc in t i l l a t ion  vial con ta in ing  10 ml  of  sc in t i l la t ion  
fluid:  T r i t on  X-100:  wa te r  ( 2 0 0 : 1 0 0 : 2 1 ) a n d  capped.  The  

sc in t i l l a t ion  fluid con t a ined  4.0 g of 2 ,5 -d ipheny loxazo le  and 
0.1 g of  1,4-bis-[2-(4 m e t h y l - 5 - p h e n y l o x a z o l y l ) ] - b e n z e n e  
per  l i ter  of  to luene .  Note  these  a l iquots  are undr ied  and  
con t a in  t r i t i a ted  water .  

Fo r  es t imates  of  to ta l  rad ioac t iv i ty  exclusive of t r i t i a ted  
wa te r  (dried,  unwashed ,  D samples) ,  0.1 or 0.2 ml of  ho-  
m o g e n a t e  was p ipe t t ed  in to  a sc in t i l la t ion  vial, and dried 
for  2 hr  at 100°C to remove  t r i t i a ted  water .  0.8 ml of  
Soluene  (Packard ,  t issue solubi l izer)  was added and the  vials 
capped.  

Fo r  es t imates  of  the  to ta l  rad ioac t iv i ty  in the  washed 
TCA-insoluble  (g lycopro te in )  f r ac t ion  (W samples) ,  0.1 or 
0.2 ml of  h o m o g e n a t e  was spo t t ed  o n t o  a fi l ter paper  disc 
(Wha tman ,  3MM, 2.3 cm)  m o u n t e d  on  a s t ra ight  pin [ 1 3 ] .  
The  discs were dried at  r o o m  t e m p e r a t u r e  for 1 hr  and 
placed in ice-cold 5% t r i ch lo roace t i c  acid (TCA). Discs f rom 
bra in  and liver were washed separately .  A b o u t  2 hours  later,  
all discs, a long wi th  several b l ank  discs, were placed in 500 
to 1000 ml of  5% TCA for  30 minu t e s  and t hen  hea ted  for  
15 min  at 90°C. They  were  t h e n  washed th ree  t imes  in ice 
cold 5% TCA for 20 min  each, twice  in 95% e thano l - e the r  
(1 :1 )  for  20 rain at 40°C,  and once  in e the r  at r oom tem- 
pe ra tu re  for  20 min.  The  discs were placed in sc in t i l la t ion  
vials, 0.1 ml  of  Soluene  was added and the  vials capped.  

To insure  adequa te  so lub i l iza t ion  of  macromolecu les ,  
vials con ta in ing  D or W samples  were h e a t e d  at 50°C for  8 
hr  and a l lowed to sit at r oom t e m p e r a t u r e  for  at least  36 hr. 
Ten ml of  sc in t i l la t ion  fluid was added to each vial. All 
samples  were c o u n t e d  on  a Packard 3375  Scin t i l la t ion  
Spec t rome te r ,  and rad ioac t iv i ty  coun t s  were conver t ed  to 
d i s in tegra t ions  per  m i n u t e  ( d p m )  using ex te rna l  s tandards .  

The resul ts  were expressed in t e rms  of  relat ive radio- 
act ivi ty  where  the  rad ioac t iv i ty  in the  TCA-insoluble  

dpm W 
RR = 

dpm D - dpm W 

mater ia l  on  the  paper  discs is divided b y  t h a t  in the  TCA- 
soluble  mate r ia l  in the  unwashed  D samples  f rom the  same 
t issue (see Discussion).  

Fo r  compar i sons  of  means ,  t- tests  for  unpa i red  samples  
were used. 

RESULTS 

In the  first set of  expe r imen t s ,  the  a m o u n t  of  3 H-fucose 
i nco rpo ra t ed  in to  acid- insoluble  subs tances  in bra ins  and 
livers of  quie t  mice and mice t ra ined on  a j u m p - u p  active 
avoidance  task  was s tudied.  As s h o w n  in Table i ,  an in- 
crease in the  levels of  i n c o r p o r a t i o n  expressed as RR in 
t ra ined  mice  occur red ,  bu t  this  increase  was qui te  variable.  
An analysis  of  these  results  suggested t ha t  the  seconds  of  
shock the  t ra ined  mice  received migh t  be affect ing the  
a m o u n t  of  fucose  i nco rpo ra t ed  in to  g lycopro te ins .  This 
idea is suppo r t ed  by  da ta  showing  a s ignif icant ly  decreased 
RR in the  bra ins  and livers of classically cond i t i oned  mice  
(Table  2). These  results  and those  f rom the  t ra in ing  experi-  
m e n t s  in Table 1 ind ica te  tha t  f o o t s h o c k  reduces  3 H-fucose 
i n c o r p o r a t i o n  in to  brain  g lycopro te in .  

Figure 1 shows the  resul ts  of  an e x p e r i m e n t  designed to 
measure  d i rec t ly  the  in f luence  of  the  appara tus  and the  
a m o u n t  of  f o o t s h o c k  on  the  level of fucose inco rpo ra t ion .  
As pred ic ted ,  increasing a m o u n t s  of  f o o t s h o c k  resul ted  in 
decreased levels of  i nco rpo ra t i on .  The  da ta  in Fig. 1 resolv- 
ed mos t  of  the  incons is tenc ies  seen in the  previous  experi-  
m e n t s  w i th  t ra ined  mice.  When  the  curve of  Fig. 1 was used 
to pred ic t  the  pe rcen tage  changes  in RR on the  basis of  
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T A B L E  1 

THE EFFECT OF AVOIDANCE TRAINING ON THE INCORPORATION OF 3H_FUCOSE INTO BRAIN 

Avg. Sec % Change in RR 
Exp. Treatment N Shock dpm D dpm W RR Relative to Quiet 

A Trained 6 5.9 3,793± 502 537± 61 0.165+-0.014 +100" 

Quiet 6 - 2,929+- 493 222± 31 0.082+_0.011 

B Trained 6 10.2 6,175 +_ 1,570 404 ± 56 0.070 ± 0.005 + 35* 

Quiet 6 - 5,301 ± 982 262 ± 68 0.052 ± 0.006 

C Trained 6 14.3 3,577 ± 455 265 + 33 0.080 ± 0.012 + 4 

Quiet 6 - 3,398± 443 2 4 3 ± 3 3  0 .077±0.011  

Results are the means ± standard deviations. DPM are for 0.1 ml aliquots of 4 ml total homogenate. 
Mice were injected and treated as described in the Methods. dpm W 
Radioactivity was determined in D and W as described in the Methods. RR = 
*p<0.05, two-tailed dpm D - dpm W 

T A B L E  2 

THE EFFECT OF CLASSICAL CONDITIONING ON THE INCORPORATION OF aH-FUCOSE INTO BRAIN AND LIVER 

Treatment 

dpm D % Change in RR 
N dpm T dpm D dpm W dpm T RR Relative to Quiet 

Quiet 

Classically 
Conditioned 

BRAIN 

6 4,475 ± 641 3,142 ± 443 243 ± 33 0.702 ± 0.007 0.085 ± 0.013 

6 4,682 ± 552 3,330 +- 390 229 ± 24 0.712 ± 0.016 0.072 ± 0.005 -1 5 .0 "  

(30 sec total shock) 

LIVER 

Quiet 6 36,430 ± 11,360 2,688 ± 1,020 0.078 ± 0.007 

Classically 
Conditioned 6 40,420 ± 14,660 2,185 -+ 307 0.056 ± 0.006 

(30 sec total shock) 

-28 .0  t 

Results are the means ± standard deviations. DPM are for 0.1 ml aliquots of 4 ml total homogenate. 
Mice were injected and treated as described in the Methods. Radioactivity was determined in D and W as described in the Methods. 

dpm W 
RR = 

dpm D - dpm W 
*p<0.05, two-tailed 
tp<0 .001 ,  two-tailed 
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FIG. l. The effects of exposure to the apparatus and subsequent 
footshock on RR of brain and liver. Results are means (N=5 or 6) +- 
standard error of the mean. Mice were injected, placed in the ap- 
paratus, and shocked as described in the Methods. Twenty minutes 
after the injection, they were sacrificed, and dpm W and dpm D 

determined as described in the Methods. 

to t a l  seconds  of  f o o t s h o c k  received on  the  average b y  train-  
ed mice,  the  l inear  co r re l a t ion  coef f ic ien t  b e t w e e n  the  
observed and  p red ic ted  changes  was 0.92.  

Figure 1 also revealed a to ta l ly  u n e x p e c t e d  p h e n o m e -  
non.  Signif icant  increases  in the  i n c o r p o r a t i o n  of  fucose  
in to  b ra in  and liver g lycopro te ins  occur red  in mice  t ha t  
were exposed  to  the  appara tus ,  bu t  never  given foo t shock .  
This p h e n o m e n o n  has been  conf i rmed  m a n y  t imes.  It ap- 
pears t h a t  the  increased i n c o r p o r a t i o n  observed in these  
e x p e r i m e n t s  m a y  be  due to the  exposu re  of  the  an imals  to  
cer ta in  sensory  s t imul i  p resent  in the  appara tus .  It may  also 
be due,  in par t ,  to  the  add i t iona l  hand l ing  of  these  animals.  
Table  3 shows tha t  a small  nons ign i f i can t  increase  occurs  in 
the  R R  of  b ra in  and  liver of  hand led  mice.  A s ignif icant  
increase is observed in the  RR of  b ra in  and liver of  urine- 
exposed  mice,  bu t  th is  increase  is smaller  t h a n  t h a t  observ-  
ed in appa ra tus -exposed  mice.  

DISCUSSION 

The  usual  way to  measure  the  i n c o r p o r a t i o n  of  a radio- 
act ive p recursor  in to  a molecu le  is to  d e t e r m i n e  the  specific 
ac t iv i ty  ( d p m / m o l e s )  of  b o t h  p recurso r  and produc t .  This  
correc ts  for  var iabi l i ty  due  to  in jec t ions ,  p recurso r  up take ,  
and recovery  of p roduc t .  Using s t andard  m e t h o d s ,  we have 

not  been  able to  assay free fucose or g lycopro te ins  quant i -  
ta t ively  in a single mouse  brain.  In add i t i on  such m e t h o d s  
do no t  lend themse lves  well  to behaviora l  s tudies where  
m a n y  animals  mus t  be  examined .  Thus  we have used a 
s implif ied m e t h o d  to o b t a i n  es t imates  of  relative radioact iv-  
i ty  (RR) .  

Con t ro l  expe r imen t s  (Dams t r a -En t i ngh  et  al., manusc r ip t  
in p r e p a r a t i o n )  have con f i rmed  repor t s  [16 ,20]  tha t  for  at 
least  1 hr  a f te r  a s u b c u t a n e o u s  in jec t ion  of  3 H-fucose,  over 
90% of  the  dried acid-soluble  rad ioac t iv i ty  (dpm D-dpm W), 
and 90% of  the  acid- insoluble  rad ioac t iv i ty  (dpm W) remains  
in fucose. In add i t ion ,  90% of  the  acid- insoluble  rad ioac t iv i ty  
(dpm W) was solubi l ized by  pronase  and recovered  as glyco- 
pept ides .  Thus,  d p m  D and d p m  W measure  the  rad ioac t iv i ty  
in to t a l  and  b o u n d  fucose  respect ively.  DPM T indicates  the  
rad ioac t iv i ty  in t r i t i a ted  wa te r  + d p m  D. As shown  in Table  
2, d p m  D / d p m  T, the  p r o p o r t i o n  of  d p m  no t  in t r i t i a ted  
wa te r  is a b o u t  70% regardless of  the  behaviora l  t r e a t m e n t s  
of  the  mice.  Therefore ,  since D/T is cons tan t ,  no  change 
would  be  seen in the  present  da ta  if T were used ins tead  of  
D in the  calculat ions.  Since mos t  labora tor ies  t h o r o u g h l y  
dry  samples  to  r emove  t r i t ia ted  water ,  d p m  D was used here  
as an es t imate  of  t o t a l  r ad ioac t iv i ty  in free and b o u n d  
fucose,  and  d p m  D-dpm W as the  poo l  co r rec t ion  factor .  

Thus  R R  is a reasonable  measure  of the  i n c o r p o r a t i o n  of 
fucose i n to  g lycopro te ins .  But  this  measure  can be affected 
by  changes  in the  ra te  of  del ivery and u p t a k e  of  precursor ,  
by  pool  changes  and c o m p a r t m e n t a l i z a t i o n  p h e n o m e n a ,  
and  by  the  ra te  of  ca tabo l i sm of  g lycoprote ins .  Fu r the r  
research  is necessary  to clarify the  mechan i sms  involved 
here.  Conceivably ,  an increase in the  specific act ivi ty  of  the  
p recursor  poo l  could occur  early in the  pulse such tha t  the  
end po in t  m e a s u r e m e n t  would  no t  provide  an adequa te  cor- 
rec t ion .  Increased d p m  in free fucose were observed in st im- 
u la ted  mice (Table  1), bu t  the  increases of  d p m  in 
b o u n d  fucose  in g lycopro te ins  were even greater.  

When  in t ra-crania l  in jec t ions  of 3 H-fucose were given, 
there  were no  s ignif icant  d i f ferences  b e t w e e n  quie t  mice  
and appara tus -exposed  mice in the RR of  bra ins  or livers 
(unpub l i shed  observat ions) .  This indica tes  tha t  the  observed 
i n c o r p o r a t i o n  changes  are d e p e n d e n t  u p o n  a relat ively un- 
d i s tu rbed  bra in  state,  or  t ha t  the  d i f ferences  seen af te r  sub- 
cu t aneous  in jec t ions  are due to changes  in precursor  up- 
take  in the  b lood  or  brain.  

The  changes  observed in R R  of  bra in  and liver appear  to  
be  re la ted to cer ta in  types  of  sensory  input ,  r a the r  t han  to 
i n s t r u m e n t a l  learning.  The  exact  na tu re  of  this  sensory in- 
pu t  is unclear .  One exp l ana t i on  of  the  data  is tha t  mild 
stress, such as exposure  to  the  appara tus  elevates the  RR, 
whereas  increasing a m o u n t s  of  stress (10-40 sec of  foot-  
shock)  r educe  the  3 H-fucose i n c o r p o r a t i o n  (see [ 15]) .  
However ,  a n u m b e r  of  d is t inc t  p h e n o m e n a  m a y  be respons- 
ible for  the  increased and decreased i n c o r p o r a t i o n  levels. 
O l fac to ry  cues may  be  par t ia l ly  respons ib le  for  the  increas- 
ed R R  in the  appara tus -exposed  mice. 

Bogoch  [2]  has  observed a marked  increase of 14C- 
glucose i n c o r p o r a t i o n  in to  the  b ra in  muco ids  of  pigeons 
dur ing the  first 1 0 - 2 0  min  of  ope ran t  condi t ion ing .  How- 
ever, Hol ian  e t  al. [8] found  no s ignif icant  d i f ferences  in 
the  a m o u n t  of  14C-glucosamine  inco rpora t ed  in to  the  
g lycopro te ins  of  con t ro l  rats  and rats  t ra ined  on  a one trial  
passive avoidance  task.  They  in jec ted  ~4 C-glucosamine 15 
rain pr ior  to  the  t ra in ing  exper ience ,  and sacrificed the  rats 
1 hr  or 24 hr  later.  We have found  (unpub l i shed  da ta )  tha t  
mice in jec ted  w i th  3H-fucose jus t  pr ior  to  15 min  of  j u m p -  
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TABLE 3 

T H E  E F F E C T S  O F  V A R I O U S  B E H A V I O R A L  T R E A T M E N T S  O N  T H E  I N C O R P O R A T I O N  O F  
3 H - - F U C O S E  I N T O  B R A I N  A N D  L I V E R  
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% Change in RR 
Treatment N dpm D dpm W RR Relative to Quiet 

BRAIN 

Quiet 6 4,665 ± 1,000 202 ± 42 0.046 ± 0.005 - 

Apparatus 
Exposed 6 5,355± 1,475 360± 119 0.072±0.005 +56.05 

Urine 
Exposed 6 5,001 ± 832 277 ± 59 0.059 + 0.009 +28.0* 

Handled 6 4,746 ± 816 237 ± 59 0.053 ± 0.006 +16.0 

LIVER 

Quiet 6 41,446 ± 7,635 2,006 ± 384 0.051 ± 0.005 

Apparatus 
Exposed 6 51,930 ± 19,190 3,671 • 1,065 0.079 + 0.011 +54.05 

Urine 
Exposed 6 45,409 ± 18,588 2,739 ± 2,058 0.061 ± 0.024 +20.0 

Handled 6 48,492 ± 18,724 2,475 ± 1,106 0.054 ÷ 0.004 + 6.0 

Results are the means • standard deviations. DPM are for 0.1 ml aliquots of 4 ml total homogenate. 
Mice were injected and treated as described in the Methods. Radioactivity was determined in 

various homogenate fractions as described in the Methods. 
dpm W 

RR = 
dpm D - dpm W 

• p<0.05, two-tailed 
~-p<0.01, two-tailed 
z~p<0.001, two-tailed 

up active avoidance training, and sacrificed 165 min later 
showed no d i f fe rences  f rom the  RR of  brains of  quiet  mice. 
Fu r the r  t ime course studies are in progress,  but  it appears  
tha t  the maximal  ef fec ts  occur  when  the  animals are killed 
very soon after  the  comple t i on  of  s t imulat ion.  

T h e  d e c r e a s e d  i n c o r p o r a t i o n  fol lowing mo d e ra t e  
amoun t s  o f  f oo t shock  is unique in our  l abora tory  to  fucose,  
It does  no t  occur  wi th  the  incorpora t ion  of  ur idine in to  
RNA [21 ] ,  phospha te  into nuclear  p ro te ins  [12] ,  or amino  
acids in to  pro te ins  [18] .  As a ma t t e r  of fact, Rees [18] has 
shown  a small increased inco rpo ra t ion  of  3 H-lysine in to  
brain and liver p ro te ins  of  mice and rats subjected to 20 sec 
of  foo tshock .  Brogan (unpubl i shed  data)  found  no change 
in the  incorpora t ion  of  3 H-lysine into brains of  mice  given 
foo t shock  during the i so tope  pulse. Irwin [9 ] ,  however ,  
found  a decrease in the  specific radioact ivi ty  of  non- 
glycolipid brain ca rbohydra t e  24 hrs af ter  an intra-cranial  
in ject ion of  C' 4_glucosamine as a result  of  behavioral  st im- 
ulat ion.  Thus d i f ferent  b iochemica l  changes fol lowing envi- 
r onmen ta l  s t imula t ion  are dissimilar with respect  to t iming 
parameters  and the  specific exper ient ia l  input .  

It is conceivable that  wi th  the present  m e t h o d s  the data 
are due to changes in b lood  g lycoprote ins ,  cerebral  b lood  
flow, or precursor  up take  p h e n o m e n a  instead of  changes in 
brain g lycoprote ins .  Fu r the r  expe r imen t s  tha t  examine  the  
under ly ing  physiological  and b iochemica l  mechan i sms  re- 
sponsible  for these changes are in progress,  but  par t icular  
features  of  these changes suggest that  certain aspects  of  the 
b iochemica l  mechan i sms  involved may be diff icult  to eluci- 
date.  (1) Since the concen t ra t ion  of  free fucose in the brain 
is small, accurate  measurements  of  the specific radioact ivi ty 
of  fucose in the brain are diff icult .  (2) The failure to  de tec t  
stat ist ically significant metabol ic  changes after  intracranial  
in jec t ions  of  3 H-fucose makes the use of a per ipheral  route  
o f - i n j e c t i o n  necessary.  Peripheral  inject ions,  during the 
br ief  i nco rpo ra t ion  per iods  used here,  deliver only l imited 
amo u n t s  of  radioact ive fucose to the  brain,  making exten-  
sive subcellular  f rac t iona t ion  studies diff icult .  Peripheral 
in ject ions  also render  the in jec ted  3H-fucose sensitive to 
possible changes in b lood  circulat ion and to  altered metabo-  
lism by per ipheral  organs, thus giving rise to a complex  
kinet ic  s i tuat ion,  and to the  possibil i ty that  the pr imary 
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origin of  the  observed  effects  is in a t issue o t h e r  t h a n  brain.  
(3)  Small a m o u n t s  of  b l o o d  are t r a p p e d  in the  b ra in  t issue 
at  the  t ime  of  sacrifice. The  relat ive c o n t r i b u t i o n s  to  the  
measu red  rad ioac t iv i ty  in u n b o u n d  fucose  f rom the  b lood  

and  the  bra in  may  be  di f f icul t  to  dis t inguish.  Never theless  a 
more  deta i led  cha rac t e r i za t ion  of these p h e n o m e n a  shou ld  
give valuable  insight  in to  the  na tu re  of  the b iochemica l  
responses  of  the  organism to e n v i r o n m e n t a l  s t imuli .  
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