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ENTINGH, D. J. AND T. DAMSTRA. Effects of handling and etherization on incorporation of [3 H] lysine &to protein of 
mouse brain and liver. PHARMAC. BIOCIIEM. BEHAV. 5(2) 111 - 116, 1976. - A standardized handling experience of 20 
sec duration elevated the amount of radioactive lysine incorporated into brain total proteins during a 10 rain labeling 
period begun either 10 rain or 30 rain after the handling. Etberization for 20 sec produced similar metabolic changes. 
Incorporation of [~H] lysine into liver proteins was minimally affected by handling, while slightly altered by etherization. 
The metabolic changes detected in the brain after handling did not appear to be side-effects of changes in blood-borne 
radioactivity. The results indicate that laboratory stresses often thought to be of minor importance can have large effects 
on ordinary assays of protein metabolism in brain. 
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A P P R O X I M A T I O N S  of  rates of  p ro te in  synthes i s  have 
come to play increasingly i m p o r t a n t  roles in demons t r a -  
t ions  tha t  various chemical  agents  and e x p e r i m e n t a l  
man ipu l a t i ons  have effects  upon  the  biology of  cent ra l  
nervous  sys tem neurons .  One  such a p p r o x i m a t i o n ,  the  rate 
of i nco rpo ra t i on  of  radioact ive  amino  acids in to  bra in  
prote ins ,  has been  r epo r t ed  to be al tered by h o r m o n e s  
[ 19,21 l ,  spreading  depress ion  [ 3 ] ,  e lectr ical  s t imu la t ion  
[1 I ] ,  sensory s t imu la t ion  [ 2 , 1 8 ] ,  and behaviora l  t r a i n i n g '  
paradigms 110,181.  

Since so m a n y  d i f fe rent  t r e a t m e n t s  have been  repor ted  
to a l ter  the  i n c o r p o r a t i o n  of  amino  acids in to  brain  
prote ins ,  it is reasonable  to  hypo thes i ze  t ha t  at least some 
por t ion  of  all of  these changes  may  be induced  by a 
c o m m o n  or  nonspec i f ic  mechan i sm.  Indeed,  f rom be- 
havioral  s tudies  [2, 5, 6, 18] ,  it is clear tha t  m a n y  forms of  
e n v i r o n m e n t a l  s t imu la t ion  trigger br ief  episodes  of  a l tered 
pro te in  or a m i n o  acid me tabo l i sm in brain.  

Thus  it is i m p o r t a n t  to d e t e r m i n e  what  min imal  experi-  
menta l  m a n i p u l a t i o n s  might  trigger such effects.  We repor t  
here the  effects  of  two  ord inary  l abora to ry  procedures ,  
hand l ing  and e the r i za t ion ,  upon  the  rate of  i n c o r p o r a t i o n  
of [3t-I] lysine in to  brain  p ro te ins  in mice. 

METHOD 

Animals 

Male C57BI /6J  mice ( Jackson  Labora tor ies ) ,  7 to 8 wk 
old were individual ly  housed  for 3 days before  use. The  
t empe ra tu r e  of  the  an imal  room was 24 + I°C, and food 
and wate r  were always available. 

Behavioral Treatments 

All expe r imen t s  were conduc t ed  be tween  9 a.m. and 12 
a.m. to  min imize  d iurnal  var ia t ion  in plasma co r t i cos t e rone  
[ l ] .  

Each N o n h a n d l e d  mouse  was b rough t ,  in its h o m e  cage, 
into the  b iochemis t ry  l abora to ry  10 min before  it was 
injected wi th  [3HI  lysine. After  the in jec t ion  it was 
immedia te ly  r e tu rned  to its h o m e  cage and killed 5, 10, or 
20 min later. 

Each Handled  mouse  was b rough t  into  the  b iochemis t ry  
l abora to ry ,  l if ted from its cage by the  tail, and immedia t e ly  
placed in a 700 ml beaker.  The  f loor  of the  beaker  was 
covered to a d e p t h  of 1 cm by a b s o r b e n t  co t t on ,  over layed 
by 1 m m - m e s h  wire gauze. A plastic lid was placed on  the  
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beaker  while the mouse  was in it. Af ter  it had been in the  
beaker  for 20 sec, the mouse  was slid gent ly  back in to  its 
home  cage. Ei ther  10 or 30 rain later  the mouse  was 
injected wi th  [311] lysine, r e tu rned  immedia t e ly  to its 
home cage, and killed 5, I0,  or 20 rain later. 

Ether ized mice were t rea ted  ident ical ly  to Handled  mice, 
except  tha t  the a t m o s p h e r e  of  the  beaker  in which  they 
were placed was sa tura ted  wi th  e thy l  e ther  at room 
tempera ture .  

Injections 

Each mouse  was lifted from its cage by its tail, 
immobi l ized  in one hand ,  injected subcu t aneous ly  wi th  30 
u( ' i  of L [4,5-31t l  lysine m o n o h y d r o c h l o r i d e  (I uCihsl, 5.5 
Ci /mmole ,  Amersham/Sea r l e ) ,  and placed in its home  cage. 

Biochemical Methods 

Rate o.t incorporation o j  lysme. The m e t h o d  of  Rees et 
al. [18]  was used for brain and liver in all exper iments .  
Each mouse  was decap i ta ted  by guil lot ine.  The  brain,  minus  
o l fac tory  bulbs,  was quickly  removed,  rinsed in ice-cold 
saline and homogen ized  in 5 ml of ice-cold 0.05 M sodium 
borate .  A piece of  the right lobe of the  liver (100  to 200 nag 
wet weight)  was removed  f rom each mouse ,  weighed, rinsed 
in ice-cold saline, and homogen ized  in 5 ml of the same 
homogen iz ing  medium.  

For  es t imates  of  Total  radioact iv i ty  (less t r i t i a ted  water )  
0.2 ml of  h o m o g e n a t c  was p ipc t ted  into a sc in t i l la t ion  vial 
and dried. For  es t imates  of  Prote in  radioact iv i ty  (TCA- 
insoluble  f rac t ion)  0.2 ml of h o m o g e n a t e  was delivered to a 
2.3 cm filter paper  disc. The  discs were dried and washed 
successively with b lank  discs in 5% t r ich loroace t ic  acid 
(TCA),  3 t imes,  e ther :  ~)5% e thanol  (1 :1 )  at 40°C:  and 
twice in e ther .  The  discs were dried and placed in 
scint i l la t ion vials. 

One ml of Soluene-100 was added to each vial. Vials 
were hea ted  at 500(  ̀  for 8 hr, al lowed to s tand at room 
t empera tu re  for  at least 24 hr, and 10 ml of sc int i l la t ion 
fluid was added to each vial. Coun t s / r a in  were conver ted  to 
d i s in tegra t ions / ra in  (DPM) using ex te rna l  s tandard iza t ion .  
The median  value of 3 repl icates  was t aken  as the  DPM for 
each sample af ter  appropr ia te  blank DPM had been sub- 
tracted.  

' Io  correct  for variabi l i ty  in the amoun t  of radioact ive  
precursor  available for i nco rpo ra t i on  into pro te in ,  in- 
co rpora t ion  valucs were expressed as the average (over  
t ime) percentage  of total  radioact iv i ty  incorpora ted  into 
the " lCA-insoluble f ract ion per minu te :  

I n c o r p o r a t i o n = ( l ) P M p r o t e i  n × 100) / ( l )PMto ta  I x  nun).  

In one  expe r imen t  the anaount  of  p ro te in  ira bra in  
homogena t e s  was de t e rmined  by the m e t h o d  of Lowry et 
al. [151.  

Correction .lor radioactivity t?om blood entrapped in 
brain samples. In the last of the 3 expe r i m en t s  descr ibed 
here ( t ime-course  expe r imen t ) ,  a sub t rac t ivc  cor rec t ion  was 
made for  the presence ira the brain h o m o g e n a t c s  of 
radioact ive blood t r apped  in the brain  capillaries. Thc 
volume of blood t rapped  in decap i ta ted  brains  was mea- 
sured [7] and found to be 0 .017 +- 0 . 0 0 3 u l b l o o d / m g w e t  
brain in 5 n o n h a n d l e d  mice and 0.015 -' 0 .004  in 4 h, ,ndlcd 
mice. The c o n t a m i n a t i o n  was taken  to be 0 .016 in fu r the r  
ca lcula t ions  for b o t h  groups.  

Blood was taken  from the severed neck of each mouse  in 
the t ime-course  expe r imen t ,  and samples  of  5 ;,1 were 
spot ted  on paper  filter discs. Insoluble  and total  DPM in 
these samples  were measured  by the m e t h o d  described 
above for brain and liver samples.  Correc ted  DPM in brain 
tissue were expressed as: 

i )PMcor rcc t ed /mg  brain = l )PMhomogcna te . 'mg  brain 
0 . 0 1 6 x  l ) P M / u l b l o o d .  

Separate  cor rec t ions  were made for the insoluble  anti 
soluble l to ta l  insoluble)  b lood c o n t a m i n a t i o n ,  since the 
rate of i nco rpo ra t ion  of [3HI lysine was much  lower in 
blood than  in brain.  

No a t t emp t  was made to naake similar cor rec t ions  for 
b l o o d - c o n t a m i n a t i o n  of  liver samples.  

Statistics 

The stat ist ical  s ignif icance of d i f ferences  b e t w e e n  group 
means was assessed by two-tai led t tests, correc ted  for 
unequal  sample variances.  

RESULTS 

In the first expe r imen t ,  effects  of hand l ing  and e ther iza-  
t ion upon  the  rate of  i nco rpo ra t ion  (RI)  of  lysine into brain 
and liver p ro te ins  were examined  wi th  a delay of  e i the r  10 
or 30 min be tween  the man ipu l a t i on  of  the animal  and the 
in ject ion of  [3111 lysine I ' l 'able 1). The  inco rpo ra t ion  t ime 
was 10 rain. Both  e the r iza t ion  and handl ing  s ignif icant ly  
elevated the  Ri in brain,  a! bo th  10 and 30 rain delay. 
E ther iza t ion  had a s o m e w h a t  greater  effect  on RI in brain 
than did handl ing,  at bo th  delays. For  b o t h  e ther iza t ion  
and handl ing,  the  e levat ion of brain RI was greater  at the 
shor te r  delay be tween  man ipu la t i on  and inject ion.  

The  to ta l  radioact iv i ty  in brain was s ignif icant ly  de- 
pressed by handl ing  at 30 min delay, but  not  al tered by the 
o ther  3 manipula t ions .  

For  liver, RI was elevated slightly by c the r iza t ion ,  10 
rain delay, but  not  s ignif icant ly  changed by the o the r  3 
manipula t ions .  In every case, changes in R1 for liver were 
smaller than  those for brain.  Total  DPM/mg liver are not 
shown in Table  1 because liver samples were not  weighed in 
this exper imen t .  

The second expe r imen t  served as a repl icat ion of  the 
effects  of hand l ing  on RI of  bra in  and liver: wi th  10 rain 
handl ing- in jec t ion  delay and 10 rain i nco rpo ra t ion  time. We 
were pr imari ly  in teres ted in e l imina t ing  the  possibi l i ty  tha t  
all of  the changes  depic ted  in Table I for R! in brain could 
have been due to e r roneous  measures of  the RI ira 
nonhand led  mice. Liver samples  were weighed here. 

The results of the second expe r imen t  (Table  2) sub- 
s lan t ia ted  those of the first in all respects.  Nine m o n t h s  had 
elapsed, anti d i f ferent  workers  pe r fo rmed  the handl ing  and 
b iochemica l  processing in the 2 exper imen t s .  A slight 
increase in Total  DPM in brain was seen in b o t h  experi-  
ments.  RI was elevated by 22"~ in the second e x p e r i m e n t  
compared  to 27"{ in the first. 

In the liver, hand l ing  induced a 10% increase in total  
DPM (border l ine  signif icance) and a s ignif icam elevat ion of  
8% in inco rpora t ion  rate. 

The lhird expe r imen t  examined  the inf luence ot hand-  
ling on the t ime-course  of labeling ira blood,  liver, and brain.  
The purpose  was to de t e rmine  ~1) if the up take  of 131t] 
lysine into these tissues was wel l-behaved across t ime,  ~2) 
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Treatment 

Brain Liver 
Delay between Total DPM % qotal % Difference c~, Total cA Difference 
treatment and incorporated in rate of incorporated in rate of 
injection, min mg brain per min incorporation per min incorporation 

Nonhandled - -  434 0.94 [01 3.06 101 
+_ 18 ± 0.02 _+ 0.12 

Handled 10 443 1.19 ÷ 27* 3.21 -5  
± 48 ± 0.07 ± 0.(19 

Handled 30 378* 1.12 + 19" 2.82 - 8  
+_ 19 +_ 0.07 -'- 0.12 

Ether 10 426 1.33 +41- 3.51 - 15" 
_+. 37 ± t).08 ± 0.14 

Ether 30 408 1.20 +28- 3.07 0 
= 34 + 0.06 = 0.16 

Significance of difference from nonhandled group: *p<0.05: tp <0.01. 

T A B L E  2 

EFFECTS OF HANDI.ING ON [aH] I.YSINE DURING 10-MIN INCORPORATION PERIOD. ItANDLED 
MICE WERE INJECTED 10 MIN AFTER BEING HANDI,ED. MEAN ± SEM; 8 MICE PER GROUP 

Nonhandled Handled '2~ Difference 

A. Brain (DPM/mg wet tissue) 
Total DPM 445 _+ 6 459 +_ 12 -3  
Insoluble DPM 41 ± 1.1 53 _+ 2.6 +28§ 
Incorporation* 0.96 +_ 0.02 1.17 _~ 0.03 +22§ 

B. Brain (DPM/mg protein) 
Insoluble DPM 135 ± 4 169 +_ 8 ~-25J: 

C. Liver (DPM/mg wet tissue) 
Total DPM 615 ± 18 694 *_ 17 ~ 10 
Insoluble DPM 21)4 - 12 243 ± 9 +19t 
Incorporation* 3.32 = 0.09 3.57 _+ 0.07 - 8 ,  

*Incorporation = ~ of Total DPM incorporated into protein (insoluble) per min. 
+p<0.05: -p<0 .0 l :  §p<0.001. 

wh e th e r  the  e f fec t s  on R! in the  brain also occur red  in the  
blood,  and (3) the degree to which  the  RI changes  observed 
in brain might  be m o d u l a t e d  by the  radioact iv i ty  in the 
blood t rapped  in capillaries of  the brain at decap i ta t ion .  
The  delay be tween  hand l ing  and inject ion was again set at 
10 min.  l l and led  and n o n h a n d l e d  mice were killed at 5, 10, 
or 20 min  af ter  in ject ion.  

Th e  t ime course  of label ing in the  three  t issues,  s h o w n  in 
Figure 1, c o n f o r m e d  to our  general  expec t a t i ons .  Radio-  
act ivi ty in blood appears  to have peaked prior  to 5 rain, bu t  
these data  would also be cons i s t en t  with a peak be tween  5 
and 10 rain. At 5 rain, the c o n c e n t r a t i o n  o f  radioact ive 
lysinc is highest  in blood,  and lowest  in brain. Handl ing  
elevated total  DPM in blood ( p < 0 . 0 5  at all t ime po in t s )  and 
in liver tN.S. at all t imes) ,  bu t  depressed  total  DPM in brain 
( p < 0 . 0 5  only  at 20 mini .  

Handl ing  had no effect  on the rate of  i nco rpo ra t i on  of  
[311] lysine into p ro te ins  of  e i ther  b lood or liver, excep t  

for a small  s ignif icant  depress ion  of RI in b lood at 20 min.  
T h u s  it s eems  unl ikely tha t  b lood-borne  changes  can 
directly a c c oun t  for the increased Rl seen in the  brains of  
handled  mice (p< 0 .001  at all t ime poin ts ) .  

The  cor rec t ion  for radioact iv i ty  in b lood t rapped  in 
brain a m o u n t e d  to 4% or less of  tile insoluble  DPM in brain 
at all t ime points .  The  blood c o n t r i b u t i o n  to soluble DPM 
in brain was a bou t  13% at 5 min ,  7% at l 0  min,  and 4% at 
20 nfin. Thus ,  while insoluble  DPM in t rapped  blood had 
essential ly no effect  on hand l ing - induced  changes  in brain- 
insoluble-DPM at 5 and l 0  rain, the presence  of  t rapped  
soluble DPM f rom blood t ended  to sl ightly lower the 
apoaren t  m a g n i t u d e  of  changes  in Rl in brain in the  first 
two e xpe r ime n t s .  

There fo re ,  unde r  the present  c i r cums tances ,  the  radio- 
act ivi ty c on t r i bu t e d  to the brain h ( )mogena tes  by t rapped  
blood can be said to have only  minor  ef fec ts  on the  
p h e n o m e n o n  of  major  in teres t ,  and thus  p roduce  no 
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FIG. 1. Time course of effect of handling on incorporation of [~1t1 lysine into blood, liver, and brain. Brain data have been corrected for 
radioactivity due to cntrapped blood. Handled mice were injected 10 min after bcing handled. Mean +_ S.FM.; 5 mice per group. 

difficulties of interpretat ion here. 
The t ime-course data provided an oppor tun i ty  to cal- 

culate the rate of  incorporat ion of  131-11 lysine into protein 
using a variety of methods.  The data from brain were 
examined by 3 methods:  

Method 1 (Endpoint ) :  
For  a given time of sacrifice, ti, 

l(ti) = Insoluble ( t i ) /Total  (ti) x ti. 

This was identical to the method  used to generate the 
results shown in Tables I and 2, and Fig. 1. 

Method 2 (Integrated Pool): 

= Insoluble ( t i ) / f~  i Soluble dt. l(ti) 

This method  takes into account  the time course of  labeling 
of the soluble pool in brain, to find the average rate of  
incorporat ion of  soluble [3t l]  lysine between the t ime of  
injection and a particular t ime of sacrifice. 

Method 3 (Interval,  Integrated Pool): 

. . . .  ftt{ Soluble dt. I ( t i )= ( ln so lub l e  (ti) -- Insoluble (I1-1))/  -1 

This method finds the average rate of incorporat ion 
between 2 intervals of  saerificc, e.g., between 5 and 10 min. 
During the first interval, 0 to 5 rain, the result is identical 
to that from Method 2. 

Note  that under Method 1. Incorporat ion is calculated 
for individual animals, and then averaged, while for 
Methods 2 and 3, Incorporat ion is calculated from the 
average values of soluble DPM and insoluble DPM for 
groups of animals. Thus the latter 2 methods  do not lend 
themselves to accurate est imation of standard errors of  
measurement.  

Results of the 3 modes of calculation are given in Table 
3. All 3 incthods indicate that rate of labeling is highest 
during the earlier port ions of  the 20 rain labeling period;  
this trend is clcarcst under Method 3. This pattern of more 
rapid incorporat ion early in the pulse has been described 

before [13] and is usually a t t r ibuted to the labeling of 
proteins with haltlives on the orders of 5 to 10 rain. 

All methods  indicate that handling elevates incorpora- 
tion throughout  the labeling period by 40 to 50 per cent. 
The progressive decline of  this difference over  t ime 
(Method 3) suggests either that the longer-lived proteins arc 
relatively less effectcd,  or that the physiological change 
affects most proteins, but diminishes with time. 

None of  the measures studied were correlated signifi- 
cantly with t ime of  day. 

DISCUSSION 

The results show that brief handling or etherizat ion of 
mice elevates the propor t ion  of  [" HJ lysine accumulated in 
total brain proteins. 

(1) Is this a change m rate oJ protein sl'ntJtt'sis? This 
quest ion can not be answered unequivocal ly from these 
data. The approximat ion  used here, rate of incorporat ion of  
[~ HI lysine into brain protein,  will be elevatcd by increased 
protein synthesis, but also would bc increased by a 
depressed rate of  protein catabolism or by a reduct ion of 
the size of the free lysine pool at the sites of protein 
synthesis. The problem of empirically undetectablc  fluctua- 
tions in precursor specific activity is shared by all tracer 
studies of m vil,o protein metabolism [5,6] .  

The metabolic  disturbance,  whatever its nature, has 
several interesting characteristics. Its magnitude is fairly 
large, an increase of  31% averagcd across all mice studied 
with 10-rain pulses, started 10 rain after thc experience,  
and 41!7 after etherizat ion.  Several characteristics suggest 
changes in protein synthesis or degradation rates occurred. 
Total radioactivi ty found in brain tended to be unchanged 
shortly after handling (Table 1, 2), al though a real 
depression in total radioactivity might have occurred later 
(Table 1. "Handl ing-30 rain":  Fig. 1. "Bra in"L The 
time-course data (Fig. 1) indicate there wcrc no major 
temporal  irregularities in total radioactivity in any' of the 
tissues betwcen injection and 10 rain. Moreover, the 
calculation of  propor t ions  of  precursor radioactivity incor- 
porated into brain protein over time WIable 3"1 arc similar to 
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"FABLE 3 

INCORPORATION OF [:lHl LYSINE INTO BRAIN PROTEINS; COMPARISONS OF T H R E E  METHODS 
FOR C A L C U L A T I N G  INCORPORATION FROM DATA SHOWN IN FIG. 1. METHODS ARE DESCRIBED 

IN T E X T  

Time Incorporation x 100 % Difference 
(Min) Nonhandled Handled H/NH 

Method 1 (End Point): 
5 1.66 _+ 0.06 2.48 ~- 0.04 +50 

10 1.40 _ 0.06 1.98 = 0.09 +41 
20 1.21 _+ 0.04 1.82 -,- 0.09 +51 

Method 2 (Integrated Pool): 
5 3.60 5.67 + 58 

10 2.72 4.10 +51 
20 2.14 3.11 +45 

Method 3 (Interval, Integrated Pool): 
5 3.60 5.67 +58 

10 2.36 3.46 +46 
20 1.81 2.47 - 36 

those  repor ted  by o the r  au tho r s  [13] in suggesting tha t  a 
subs tant ia l  po r t i on  of  the  labeled p ro te in  has a half-life on 
the order  of  on ly  a few minutes .  It is clear the pa t t e rn  of  
me tabo l i sm of  the injected [3H] lysine has been al tered,  
but  we emphas ize  tha t  s imple b iochemica l  i n t e rp re t a t i ons  
of these data should  be avoided.  

/2) Are these effects specific to brain tissue? Both  
e the r i za t ion  and  hand l ing  induced modera t e ly  large changes  
in i n c o r p o r a t i o n  rate in brain.  In liver, e the r i za t ion  induced  
a smaller  change in liver at the 1 0 rain e the r i za t ion - in j ec t ion  
delay, but  no change  at the  30 min delay (Table  1). Liver 
changes  induced  by hand l ing  were small or absent  (Tables  
1,2, Fig. 3). Handl ing had no  effect  on i nco rpo ra t i on  of  
lysine in to  blood p ro t e ins  (Fig. 1). As expla ined  in 
RESULTS,  b lood  t rapped  in brain t issue in the  earlier 
e x p e r i m e n t s  t ended  to reduce  the  appa ren t  size of  the  
" b r a i n  e f f ec t "  of  handl ing.  On balance,  the data  s t rongly 
suggest a b iochemica l  change in the  vic ini ty  of  bra in  tissue. 
However,  these data  do not  d is t inguish be tween  neurons ,  
glia, or the b lood-bra in  in te r face  as pr imary  reactive loci. 

{3) What is the physiological trigger? These e x p e r i m e n t s  
were not  designed to answer  this ques t ion  direct ly.  Taking 
h in t s  f rom an earlier s tudy in our  l abora to ry  [18]  where  
more in tense  sensory s t imu la t ion  (e.g., 20 br ief  foo t shocks  
over 15 min)  e levated i nco rpo ra t i on  of  [3H] lysine in 
p ro te ins  of mos t  brain regions by abou t  15% and the  liver 
by 50 to 60%, it seems mos t  likely tha t  the  present  changes  
in i nco rpo ra t ion  are rapid responses  to some c i rcu la tory  
ho rmones .  Adrenal  co r t i cos te ro ids  seem not  to  be respon-  
sible for the  sequelae of  the more  in tense  s t imula t ion  [I 7[ .  
ACTII  ( a d r e n o c o r t i c o t r o p h i c  h o r m o n e )  and  MSH (melano-  
cy te - s t imula t ing  h o r m o n e )  are likely cand ida tes  for fu r the r  
s tudy,  since b o t h  h o r m o n e s  exhib i t  anabol ic  effects  on  
cerebral  p ro te ins  [ 1 9 ] ,  have been repor ted  to inf luence  
behav ior  at very low doses [4] and are elevated marked ly  in 
plasma by foo t shock  and to a lesser degree by "p s ychogen i c  
s t ress"  [14 ,20J .  Brief e the r i za t ion  is a p o t e n t  s t imulan t  of  
plasma ACTH and MSH levels [ 8 , 1 2 ] ,  and may affect  the  
p i tu i ta ry  by m e c h a n i s m s  d i f fe rent  f rom those  triggered by 
physical  t r auma [8 [ .  

If a c i rcu la tory  h o r m o n e  is involved, it is clear f rom 
compar ing  these data with  those of Rees et al. [18] tha t  

the brain reacts more  s t rongly to mild s t imula t ion  (hand-  
ling) while liver reacts  more  in tensely  to s t ronger  s t imula-  
t ion  ( foo t shock ,  loud sounds) .  

{4) What is the function of  such changes? Why the 
me tabo l i sm of  brain amino  acids or p ro te ins  should  react to  
stress is no t  clear. The func t iona l  roles in the biological  
e c o n o m y  of  bra in  cells or tissue are s imply not  u n d e r s t o o d  
for changes  such as these.  

Pevzner  [16] has suggested tha t  the rate of  cerebral  
RNA synthes is  is an inver ted-U func t ion  of  the  a m o u n t  of  
sensory input .  Previous results  suggest tha t  the  present  
changes may represent  the  early, mode ra t e - in t ens i t y ,  end of  
a similar func t ion  for brain p ro te in  synthesis ,  wi th  s t ronger  
and more  repe t i t ious  s t imula t ion  [18]  induc ing  smaller  
increases in synthesis ,  and in tense  exercise [22]  p roduc ing  
decreases in synthesis .  

The  behaviora l  or psychological  i m p o r t a n c e  of  this 
react ivi ty  is also uncer ta in .  While it is clear f rom the above 
discussion tha t  we find it heur is t ica l ly  useful  to  cons ider  
these events  as " r eac t i ons  to s t ress ,"  we are unab le  to 
suggest useful  direct  measures  of  the  in tens i ty  (as viewed by 
the mice)  of  the stressors s tudied.  We believe tha t  the 
s tandard ized  hand l ing  t r e a t m e n t  employed  here is a rela- 
tively weak stressor  compared  to many  of the t r e a t m e n t s  
rou t ine ly  applied to l abora to ry  rodents ,  it consis ted of one  
slow and br ief  lift by the tail, fol lowed by gentle  sliding 
from the ho ld ing  beaker.  The  modal  reac t ion  of  the mice to 
the tail-lift was a spinal f lexion tha t  d i rected the head and 
forepaws toward  the  tail, wi th  some flailing of all l imbs. 

Nonethe less ,  for fu ture  h y p o t h e s e s  and e x p e r i m e n t s  it is 
i m p o r t a n t  to no te  the following.  (A)  l l and l ing  can be an 
aversive s t imulus  to mice. (B) t t and l ing  is also a s o m e w h a t  
novel s t imulus  to  these mice, since it is likely tha t  they had 
not  been handled  by h u m a n s  more  than  10 t imes previously 
(main ly  at weekly intervals  to change the i r  bedding) .  
S t imulus  nove l ty  may have p o t e n t  in fo rma t ion - s to rage  
sequelae in mammal s  [5 ] .  Cer ta in  effects  of  sensory  
s t imula t ion  upon  brain and liver p ro te in  synthes is  [18]  and 
adrenal  cort ical  func t ion  [9] hab i t ua t e  to repeated stim- 
u la t ion :  o thers  do not .  (C) The  effect  of hand l ing  was 
de tec tab le  against  a basel ine of any similar effects  tha t  
might  have been induced  by the  more  vigorous and stressful  
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(all m i c e  s t r ugg l ed ,  m o s t  s q u e a l e d )  s t i m u l a t i o n  a s s o c i a t e d  
wi th  i n j e c t i o n s  o f  [3 HI lys ine .  T h e  d i f f e r e n t i a l  e f f ec t  m i g h t  
be d u e  to  an  i n t e r a c t i o n  b e t w e e n  t h e  t w o  m a n i p u l a t i o n s .  

{.% Implications for  prerious and fu ture  studies. T h e  
m c t h o d s  used  he re  were  h i g h l y  s imi la r  to  t h o s e  used  in 
m a n y  i n v e s t i g a t i o n s  o f  i n f l u e n c e s  o f  h o r m o n e s ,  d rugs ,  
s e n s o r y  i n p u t ,  and  b e h a v i o r a l  t r a i n i n g  u p o n  ce r eb ra l  p r o t e i n  
m e t a b o l i s m  [ 5 , 6 ] .  W i t h o u t  c i t i ng  a va r i e ty  o f  spec i f i c  
i n s t a n c e s ,  it is c lear  t h a t  t h e  c h a n g e s  s e e n  a f t e r  t h e  p r e s e n t  
s imp le  l a b o r a t o r y  m a n i p u l a t i o n s  are o f  t he  s a m e  o r d e r  o f  
m a g n i t u d e  as t h o s e  r e p o r t e d  for  m o r e  c o m p l i c a t e d  t r ea t -  
m e n t s .  

If t h e  p r e s e n t  f i n d i n g s  are f o u n d  to g e n e r a l i z e  a c ro s s  
m o u s e  s t r a ins ,  spec ies ,  sex ,  age,  e tc . ,  t h e n  g r ea t  care  will 
have  to be  t a k e n  in e q u a t i n g  t he  a m o u n t  o f  h a n d l i n g  or  
e t h e r i z a t i o n  app l i ed  to  v a r i o u s  e x p e r i m e n t a l  g r o u p s .  O f  
g r e a t e r  p r ac t i ca l  and  t h e o r e t i c a l  i m p o r t a n c e  is t h e  ve ry  real 
pos s ib i l i t y  t ha t  v a r i o u s  i n f l u e n c e s  u p o n  ce r eb ra l  a m i n o  acid 
and  p r o t e i n  m e t a b o l i s m  c o m b i n e  in n o n l i n e a r  f a s h i o n .  
T h u s ,  s t i m u l a t i o n  as t r ivial  as h a n d l i n g  m a y  p u s h  m e t a b o l i c  

ra tes  o r  m e a s u r e s  to  a ce i l ing  t ha t  o b s c u r e s  o r  reverses  
o t h e r w i s e  pos i t ive  i n f l u e n c e s  o f  a d d i t i o n a l  p h y s i o l o g i c a l  
i npu t .  " 'Tr iv ia l "  here  is u sed  o n l y  to i m p l y  t h a t  ex p e r i -  
m e n t a l  d e s i g n s  u s u a l l y  r equ i r e  s o m e  h a n d l i n g ,  and  if ce i l ing  
e f f ec t s  o c c u r ,  a s i m p l e  e q u a t i o n  o f  h a n d l i n g  b e t w e e n  g r o u p s  
m a y  lead to  i n s t a n c e s  o f  false  nega t ive  resu l t s .  

E x t r e m e  s p e c u l a t i o n  s u g g e s t s  t h a t  e f f e c t s  s imi l a r  to 
t h o s e  s een  here  m a y  have  i n t r o d u c e d  a p a r t i c u l a r  a r t i f a c t  
i n to  f u n d a m e n t a l  s t u d i e s  o f  basal  r a tes  o f  ce reb ra l  p r o t e i n  
s y n t h e s i s .  It is a c o m m o n  f i n d i n g  in s u c h  s t u d i e s  t h a t  the  
average  ra te  o f  i n c o r p o r a t i o n  o f  a m i n o  ac ids  i n to  b ra in  to t a l  
p r o t e i n s  t e n d s  to  d e c r e a s e  as t he  l e n g t h  o f  t he  i s o t o p e  pu l se  
inc reases ,  p a r t i c u l a r l y  ove r  t he  r ange  o f  5 to 60  min .  Th i s  
has  u s u a l l y  b e e n  i n t e r p r e t e d  as e v i d e n c e  t\)r a s u b s t a n t i a l  
f r a c t i o n  o f  b r a in  p r o t e i n s  h a v i n g  ha l f - l ives  on  the  o r d e r  o f  
t en s  o f  m i n u t e s .  G i v e n  t he  p r e s e n t  r e su l t s ,  it s e e m s  p o s s ib l e  
tha t  e l eva t ed  i n c o r p o r a t i o n  ea r ly  in a pu l s e  m i g h t  re f lec t  
s t r e s s - i n d u c e d  p h y s i o l o g i c a l  d e p a r t u r e s  f r o m  base l i n e  r a t e s  
o f  s y n t h e s i s .  
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