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A bstrac t

NEONATAL MONOSODIUM GLUTAMATE: BEHAVIORAL CHARACTERIZATION

OF NOCICEPTIVE AND STRESS RESPONSE ALTERATIONS IN THE RAT

by

Diana B a d il lo  de M artinez 

A dviser: P ro fe sso r  Richard Bodnar

Neonatal a d m in is t r a t io n  o f  monosodiun g lu tam ate  (MSG) 

produces in  r a t s  n eu ro tox ic  degenera tion  o f  the  medial b a sa l  

hypothalamus (MBH), p a r t i c u l a r l y  th e  a rc u a te  nucleus and median 

eminence and d e p le te s  th e se  s t r u c tu r e s  o f  neu ropep tides  and 

n e u ro t r a n s m it te r s .  This t rea tm e n t  produces m u lt ip le  

neuroendocrine and behav io ra l d i s tu rb a n c e s ,  inc lud ing  

a t t e n u a t io n s  in  cold  w ater swim (CWS) and morphine a n a lg e s ia .

The f i r s t  experiment examined whether MSG-induced a l t e r a t i o n s  in  

s t r e s s  a n a lg e s ia  were accompanied by a l t e r a t i o n s  in  o th e r  s t r e s s  

responses . MSG r a t s  showed a t te n u a te d  a n a lg e s ia  and hypothermia 

fo llow ing  CWS, p o te n t ia te d  2-DG a n a lg e s ia  and reduced 2-DG 

hyperphagia. Locomotor a c t i v i t y  changes f a i l e d  to  account fo r  

response d i f f e r e n c e s  fo llow ing  e i t h e r  m an ip u la tio n . T h ere fo re ,  

i t  appears  t h a t  MSG trea tm e n t  a l t e r s  a number o f s t r e s s  responses 

and t h a t  i n t e r p r e t a t i o n  o f  the  a n a lg e s ic  a l t e r a t i o n s  in  term s o f 

a s p e c i f i c  r o le  f o r  the  c irc u m v e n tr ic u la r  system in c e r t a i n  

p a in - in h ib i to ry  systems should be considered  in  l i g h t  o f  the  

m u l t i - f a c e te d  e f f e c t s  o f  MSG. Since MSG trea tm e n t  d e s t ro y s  

be ta -en do rph in  c e l l s ,  bu t in c re a s e s  o p ia te  r e c e p to r s  and reduces 

morphine a n a lg e s ia  on th e  jimp t e s t ,  bu t in c re a s e s  morphine



a n a lg e s ia  on the  h o t - p l a t e ,  th e  second experim ent a ssessed  th e  

t e s t - s p e c i f i c  e f f e c t s  o f  MSG upon morphine a n a lg e s ic  and 

locomotor dose-response  curves as  w e ll  as changes in  a n a lg e s ia ,  

the rm oregu la tio n  and body weight folowing ch ro n ic  morphine 

t re a tm e n t .  T e s t - s p e c i f i c  and g e n d e r - s p e c i f ic  e f f e c t s  were 

observed in  MSG-treated r a t s  fo llow ing  acu te  morphine in j e c t i o n s .  

While male MSG anim als showed lcwered morphine a n a lg e s ia  on the  

jump t e s t  and in c reased  a n a lg e s ia  on th e  h o t - p la te  t e s t ,  th e  MSG 

females d isp lay ed  p o te n t ia te d  a n a lg e s ia  on both t e s t s  fo llow ing  

high morphine dose, but a t te n u a te d  h o t - p la t e  a n a lg e s ia  fo llow ing  

a low dose. Moreover, HMSG trea tm e n t  a l t e r e d  morphine to le ra n c e  

more on th e  jump t e s t ,  than  on th e  h o t - p la te  t e s t .  MSG a ls o  

d is ru p te d  o th e r  morphine coping behav io rs  s in c e  decreased  

hypertherm ia and in c re ased  weight l o s s  accompanied th e  

a l t e r a t i o n s  in  a n a lg e s ia  in  MSG-treated r a t s .  The th i r d  

experiment a sse ssed  th e  r e l a t i o n s h ip  between e a r ly  MSG-induced 

endocrine  imbalances and th e  development o f  n o c ic ep tiv e  

th re s h o ld s .  N ocicep tive  th re s h o ld s ,  body w eight and le n g th s  were 

measured a t  v a r io u s  c r i t i c a l  ages. MSG-treated r a t s  were 

s h o r t e r ,  weighed more and a f t e r  sexual m a tu r i ty ,  t h e i r  

n o c ic ep t iv e  th re sh o ld s  were t e s t - s p e c i f i c a l l y  a l t e r e d .  Long 

s tan d in g  MSG-induced hormonal changes a re  suggested t o  in f lu e n ce  

th ese  b asa l  n o c ic ep t iv e  e f f e c t s .
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of HMSG fem ales was g r e a te r  than  the  
v e h ic le  c o n tro l  on th e  second day o f  
th e  i n je c t io n  sequence a t  60 min, 
t h e i r  r a t e  o f d e c l in e  was f a s t e r .
As m ales, LMSG females d isp lay ed  a 
sm a lle r  a n a lg e s ic  response throughout 
th e  i n je c t i o n  sequence.



In t ro d u c t io n

A s t r e s s f u l  s t im u lu s  i s  g e n e ra l ly  d e f in ed  in  term s of the  

w e ll  in te g r a te d  autonomic and p h y s io lo g ic a l  responses i t  e l i c i t s .  

These inc lude  e le v a t io n s  in  l e v e l s  o f  plasma a d re n o c o r t ic o t ro p h ic  

hormone CACTH) and c o r t i c o s t e r o i d s ,  in c re a se d  r a t e  and s t r e n g th  

of th e  h e a r t  b e a t ,  c o n s t r i c t i o n  o f  th e  sp leen  to  r e l e a s e  red 

blood c e l l s  which c a r ry  in c re ased  oxygen, r e le a s e  o f glycogen 

from the l i v e r ,  deepened r e s p i r a t i o n  and d i l a t e d  b ronch i,  d i l a t e d  

p u p i ls ,  in c reased  c o a g u la t io n  o f  blood, and c o n s t r i c te d  c a p i l l a r y  

beds in  th e  sk in  (se e  rev iew s: Cannon, 1939; Gray, 1971;

S e ly e ,1 9 5 2 ) .  These responses a re  re g u la te d  by th e  adreno­

c o r t i c a l  p i t u i t a r y  system which i s  in  tu rn  modulated by te rm in a ls  

in  the  median eminence o f  the  m ed ia l-b a sa l  hypothalamus through 

the  hypothalamo-hypophyseal p o r ta l  blood system (Hodges, 1970; 

M uller, N is t ic o  and S capagn in i,  1977). S t r e s s f u l  s t im u l i  a re  

a l s o  de fined  in  term s o f  an o rg a n ism 's  p e rc e p t io n  of i t 3  

env iro rm en ta l c i r c u n s ta n c e s  (Gray, 1971; S ch ac te r  and S in ge r ,  

1962). One b e h av io ra l  ad jus tm ent fo l lo w in g  acu te  exposure t o  

s t r e s s  i s  a t r a n s i e n t  in c re a s e  in  pa in  th re s h o ld s  (se e  review: 

Bodnar, K elly , Brutus and Glusman, 1980). Given th e  i n t e g r a l  

re g u la to ry  r o le  in  m odulating s t r e s s  responses  o f  the  median 

eminence and i t s  a f f e r e n t  in p u ts  from the  m edial b a sa l  

hypothalamus (MBH), an i n i t i a l  study (Bodnar, Abrams, Zimmerman, 

K rieg e r ,  Nicholson and K izer ,  1980) found t h a t  neon ata l  

a d m in is t r a t io n  of monosodiun g lu tam ate  (MSG), which d e s t ro y s  MBH 

p e rik a ry a  (Olney, 1969), a t te n u a te d  a n a lg e s ia  fo llow ing  morphine
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and s t r e s s .  However, t h i s  non -invas iv e  procedure a l s o  produces a 

v a r ie ty  o f  o th e r  neu ro en d o crin o lo g ica l  and behav io ra l  

imbalances CKizer, Nemeroff and Youngblood, 1978). T h ere fo re ,  

the  purpose of th e  p re s e n t  proposal w i l l  be t o  analyze  w hether 

the  a t te n u a te d  a n a lg e s ic  e f f e c t s  fo l low ing  MSG p re tre a tm e n t  a re  

s e l e c t i v e ly  a l t e r i n g  i n t r i n s i c  pa in  i n h i b i t i o n  o r  a f f e c t in g  a 

cohort o f responses t h a t  a re  e l i c i t e d  fo llow ing  exposure to  

s t r e s s  o r o p ia t e s .  Before p roceeding , b r i e f  s e l e c t i v e  review s 

w i l l  be made o f  a) th e  hypo thalam o-hypophysia l-adrenal system , b) 

th e  KBH neura l system, c) th e  MSG syndrome and d) th e  

p h y s io lo g ic a l  s u b s t r a t e s  o f  s t r e s s  and morphine a n a lg e s ia .
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A. The Hypothalamo-Hypophysial-Adrenal System: Two system s, th e

sympatho-medullary and th e  a d r e n o - c o r t i c a l , m ediate  i n i t i a l  

p h y s io lo g ic a l  and au to nan ic  responses  d u ring  and fo llow ing  

exposure t o  s t r e s s .  While th e  sym pathetic  nervous system appears 

t o  be one mechanism by which ep in ep h rin e  r e l e a s e  i s  s t im u la te d  

from th e  ad ren a l  medulla (Gray, 1971), the  a d re n o - c o r t i c a l  s t r e s s  

reponse i s  dependent upon th e  a n t e r io r  lob e  of the  p i t u i t a r y  

which in  tu rn  i s  modulated by the  median eminence o f the  

hypothalamus (see  review : K rieger and L i o t t a ,  1979). The

hypothalam o-hypophysial p o r t a l  system c o n s t i t u t e s  th e  major 

connection  between th e  hypothalamus and a n t e r i o r  lobe of the  

p i t u i t a r y  through which r e le a s in g  f a c t o r s  a re  s e c re te d  (see  

review: H a r r is ,  1955) such as c o r t i c o t r o p in  r e le a s in g  f a c to r

(CRF), growth hormone r e l e a s in g  hormone, th y ro t ro p in  r e le a s in g  

hormone (TRH), l u t e i n i z in g  hormone r e l e a s in g  hormone (LHRH), and 

dopamine (M uller,  N is t ic o  and Scapagnin i, 1977). Since the  

median eminence c a p i l l a r y  system i s  in  c lo s e  r e l a t i o n  t o  th e  

h igh ly  permeable p e r i c a p i l l a r y  space (P a lk o v i t s ,  1982), t h i s  a re a  

i s  con s idered  t o  be f r e e  of a b lo o d - b r a in - b a r r i e r  (BBB) and i s  

thereby  s u s c e p t ib le  to  n eu ro to x ic  e f f e c t s  (Mezey and P a lk o v i t s ,  

1982; W eindl, 1973).

Release o f CRF (Vale, S p ie ss ,  R iv ie r ,  & R iv ie r ,  1981) from 

the  median eminence s t im u la te s  ACTH re le a s e  from the  a n t e r io r  

lobe  of th e  p i t u i t a r y  (S c h a l ly ,  and Arimura, 1977). ACTH 

s t im u la te s  g lu c o c o r t ic o id  r e le a s e  from th e  ad ren a l  which in  tu rn  

a c t s  upon a n te r io r  p i t u i t a r y  and median eminence re c e p to r s  t o



i n h i b i t  f u r t h e r  ACTH re le a s e  (long feedback loop: see  Rees,

1977). In a d d i t io n ,  a sh o r t - lo o p  feedback system appears  t o  

o r ig in a te  in  th e  a n t e r i o r  p i t u i t a r y  w ith  re c e p to r s  lo c a l i z e d  in  

th e  median eminence and o th e r  n eu ra l  s t r u c tu r e s  (M otta, P iva and 

M a r t in i ,  1970). Both long and s h o r t  feedback mechanisms appear 

to  r e g u la te  f u r t h e r  CRF r e le a s e  and th u s  a llow  f in e  ad ju s tm en ts  

in  subsequent ACTH s e c r e t io n .  Exposure to  s t r e s s f u l  s i t u a t i o n s  

such as n o is e ,  co ld  w ater  immersion, hypoglycemia, p a in ,  f e a r  or 

fe v e r  appear to  o v e rr id e  bo th  feedback systems and the reby  induce 

g r e a t e r  than  normal ACTH s e c r e t io n  (Rees, 1977). In c o n t r a s t ,  

long-term  a d m in is t r a t io n  o f  n a tu r a l  o r  s y n th e t i c  c o r t i c o s t e r o i d s  

( e . g . ,  c o r t iso l ,d ex a m e th aso n e ,  p red n isa lo n e )  can suppress  r e le a s e  

o f both CRF from th e  hypothalamus and ACTH from the a n te r io r  

p i t u i t a r y  and r e s u l t  u l t im a te ly  in  ad rena l  a trophy (Jones and 

H il lh o u se , 1976; Sampson, Winstone and Brooke, 1962). Yet, 

s u rg ic a l  s t r e s s  can s t i l l  induce ACTH r e le a s e  d e s p i te  i t s  p a i r in g  

w ith  e i t h e r  dexamethasone o r  c o r t i s o l ,  su g g es t in g  t h a t  

environm ental c i r c u n s ta n c e s  can s t ro n g ly  determ ine s t r e s s  

responses (E s tep , I s la n d ,  Ney and L id d le ,  1963).

B. The MBH Neural System: Though the  p re c i s e  source of

neu ro pep tides  in  th e  median eminence has n o t  been f u l ly  

determ ined, i t  r e c e iv e s  in p u t  from s o - c a l le d  p a r v i c e l l u l a r  

hypothalam ic n u c le i  ( s e e  rev iew s: P a lk o v i t s ,  1982; Rose and

Ganor^, 1980) which re p re s e n ts  th e  f i n a l  common pathway fo r  

neu ra l r e g u la t io n  o f  the  a n te r io r  p i t u i t a r y  (H a r r is ,  1955; Mezey
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and P a lk o v i t s ,  1982; M uller e t  a l . ,  1977; Renaud, 1978). These 

neurons a c t  t o  tran sd u ce  "n eu ra l"  i n to  "hormonal" in fo rm ation  

(M uller e t  a l . ,  1977; Renaud, 1978). P r o je c t io n s  from c e l l  

bodies in  th e  a rc u a te  nuc leus and ne ighboring  basa l hypothalamus 

te rm in a te  on p o r ta l  systems which a re  on th e  su r fa c e  zone of the  

median eminence (Blackwell and G uillem in , 1973; Moss, 1976; 

P a lk o v i ts ,  1982; Renaud, 1978; Vale, R iv ie r  and Brown, 1977). 

Moreover, th ese  MBH p e r ik a ry a  a re  the  s o le  source  of n e u ra l  ACTH, 

and be ta -endorph in  (Watson, Richard and Barcha3, 1978) and 

p ro je c t  t o  th e  p a r a v e n t r i c u la r  hypothalam ic nuc leus (Sawchenko, 

Swanson and Joseph, 1982), b rainstem  and lo c u s  c o e ru leu s  (Watson, 

A k il ,  S u ll iv an  and Barchas, 1977; Watson, e t  a l . ,  1978). In  

c o n t r a s t ,  r e l a t i v e l y  few MBH neurons p r o je c t  t o  th e  median 

eminence (Holzwarth and McBride, 1976; Renaud, 1976). While such 

hypothalam ic neurons may be in f lu en ced  by sh o r t - lo o p  and 

long-loop  feedback, they  a re  a ls o  in f lu en ced  by neu ra l  a f f e r e n t s  

(Rose and Ganong, 1980). Dopamine in  th e  e x te rn a l  and 

in te r n a l  la y e r s  o f th e  median eminence o r ig in a te s  from a rc u a te  

c e l l s  (M uller e t  a l . ,  1977). In c o n t r a s t ,  no rep inephrine  

o r ig in a te s  from m edullary c e l l s  which ascend through th e  v e n tr a l  

no rad renerg ic  bundle (C ue llo , Weiner and Ganong, 1973; C ue llo ,  

Shoemaker and Ganong, 1974; Olson and Fuxe, 1972). S e ro ton in  

c o n ta in in g  c e l l s  in  th e  b ra in  stem raphe n u c le i  a ls o  p r o je c t  to  

th e  v e n tra l  hypothalamus (U ngers ted t,  1971). While n o rad ren erg ic  

and se ro to n e rg ic  te rm in a l  a re  co n cen tra ted  in  th e  a rc u a te  

nuc leus, these  amines a r e  no t  lo c a l iz e d  in  a rc u a te  c e l l3



(H okfe lt ,  E lde , Fuxe, Johannson, L jungdahl, G o ld s te in ,  L u f t ,  

E fendic , N ilsson , T eren iu s ,  Ganten, J e f f c o a te ,  Rehfeld, Sa id , 

Pere2 de l a  Mora, P o ssan i, T ap ia , Teran, and P a la c io s ,  1978; 

P a lk o v i t s ,  Brownstein and K izer ,  1976). A ce ty lch o lin e  as 

measured by cho line  a c e ty l t r a n s f e r a s e  l e v e l s  i s  found in  the  

median eminence, as w e ll  as  the  a rc u a te ,  dorsom edial and 

p a ra v e n t r i c u la r  n u c le i  (Brownstein, Kobayashi, P a lk o v i ts  and 

Saavedra, 1975). As s u rg ic a l  i s o l a t i o n  of th e  MBH s i g n i f i c a n t l y  

reduces ch o lin e  a c e ty l t r a n s f e r a s e  a c t i v i t y  in  a l l  o f  th e se  c e l l  

groups but th e  median eminence, t h i s  su g g e s ts  an 

e x tra -hy po th a lam ic  source  of a c e ty lc h o l in e  in  th e  median eminence 

(Brownstein, P a lk o v i ts ,  Saavedra and K izer ,  1976). Examination 

o f  the  median eminence and su rround ing  MBH re v e a l  t h a t  th ese  

a re a s  c o n ta in  the  h ig h e s t  c o n c e n tra t io n s  o f  LHRH, TRH, 

s o m a to s ta t in ,  v a so p re s s in ,  oxy toc in , b e ta -endo rp h in  and ACTH in 

th e  b ra in  as w ell as s i g n i f i c a n t  amounts o f  a lpha-m elanocyte  

s t im u la t in g  hormone, n e u ro te n s in ,  enkepha lin , substance  P, 

v a so ac t iv e  i n t e s t i n a l  p o ly p ep tid e ,  c h o le c y s to k in in ,  m o t i l in  and 

bombesin (see  review: P a lk o v it3 ,  1982).
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C. The MSG Syndrome: The c l a s s i c  approach to  a s s e s s  th e

in f lu e n c e  of hypothalamic s t r u c tu r e s  in  th e  fu n c t io n  o f  the  

hypothalam o-hypophysial a d re n a l  a x is  i s  to  p lace  s p e c i f i c  l e s io n s  

and observe subsequent beh av io ra l  and p h y s io lo g ic a l  changes. 

However, e i t h e r  e l e c t r o l y t i c  l e s io n s  o r  c e n t r a l  i n j e c t i o n s  o f  

s p e c i f i c  neuro tox in3  in to  th e  median eminence or MBH can produce 

a n c i l l a r y  damage to  a d ja c e n t  and s u p e r io ra l ly - p la c e d  s t r u c t u r e s .  

Neonatal a d m in i s t r a t io n  o f  h igh doses o f  MSG (0 .5 -4  g /kg , SC) 

d e s t ro y s  th e  p e r ik a ry a  of th e  a rc u a te  nucleus (80-90%), median 

eminence (100%), r e t i n a  and o th e r  c i r c u m v e n tr ic u la r  organs in  

mice (Cohen, 1967; Dawson and Lorden, 1981; Olney, 1969;

T akasak i, 1978), r a t s  (Nemeroff, G rant, B i s s e t t e ,  E rv in , H a r re l l  

and Prange, 1977; Olney, 1978), guinea p ig s  (Olney, Ho, Fthee and 

G ubareff , 1973), ham sters (Lamperti and Blaha, 1976; T a f e l s k i ,  

1976), ch ick s  (S n ap ir ,  Robinzon and Perek, 1971) and rhesus  

monkeys (Olney and Sharpe, 1969; Olney, Sharpe and F e ig in ,  1972) 

Such damage presunably  occurs  because th e se  s t r u c tu r e s  la c k  the  

p ro te c t io n  o f  a w ell d e f in e d  b lo o d - b r a in - b a r r i e r  n e o n a ta l ly  

(Olney, 1978; Weindl, 1973). Indeed MSG's neu ro to x ic  e f f e c t s  

decrease  w ith  age (Olney, 1978), p resunably  because o f e i t h e r  

b lo o d - b r a in - b a r r i e r  m a tu ra t io n  or an in c re a sed  a b i l i t y  o f the  

l i v e r  to  m etabo lize  g lu tam ate  (K izer e t  a l . ,  1978; Olney and 

P r ic e ,  1978; T akasak i, 1978). That such neu ro to x ic  e f f e c t s  a re  

s p e c i f i c  in  th e  d iencephalon  i s  supported  by th e  o b se rv a t io n  t h a t  

neonata l t rea tm e n t  w ith  MSG in  mice in c reased  g lu tam ate  fo u r fo ld  

in  th e  a rc u a te  nuc leus and median eminence w ithou t concom itant



changes in  o th e r  d ie n c e p h a lic  a re a s  (Perez and Olney, 1972). MSG 

n e u ro to x ic i ty  occurs  w ith in  3 h a f t e r  i n j e c t i o n  and i s  

c h a ra c te r iz e d  by sw e ll in g  o f  th e  scmas and d e n d r i te s  o f  

ependymal, g l i a l ,  a rc u a te  and median eminence c e l l s ,  

i n t r a c e l l u l a r  edema, d isappearance  of th e  nu c leu s , c l  unping, and 

n e c ro s is  (Nemeroff, L ip ton  and K izer ,  1978; Olney, 1969; Olney, 

1978; T akasak i, 1978). Yet, g l i a l  c e l l s ,  axonal p r o je c t io n s  and 

blood v e s s e l s  a re  no t damaged i r r e v e r s i b l y ,  su g g es t in g  t h a t  

n e u ro to x ic i ty  i s  no t a t t r i b u t a b l e  t o  v a s c u la r  inadequacy 

(Nemeroff e t  a l . ,  1978; Olney and P r ic e ,  1978; T akasak i, 1978).

While th e  p re c is e  mechanisms subserv ing  MSG n e u ro to x ic i ty  

have not been f u l ly  c h a r a c te r iz e d ,  n eu ro tox ic  potency appears to  

p a r a l l e l  th e  n e u ro e x c i ta to ry  p o t e n t i a l s  o f  g lu tam ate  ( C u r t i s ,  

P h i l l i s  and Watkins, 1960; K izer  e t  a l . ,  1978; Shenozaki and 

Shibuya, 1976; W atkins, 1978). The changes in  membrane 

physiology i s  re c e p to r  mediated s in ce  l a b e l l e d  g lu tam ic  a c id  has 

been lo c a l i z e d  by au to rad iography  on d e n d r i t e s  and scma (K izer  e t  

a l . ,  1978; Olney, 1978). Glutamate induces long l a s t i n g  c e l l u l a r  

d e p o la r iz a t io n  and in c re a s e s  membrane p e rm e a b i l i ty  t o  sodiun  

(C u r t is  e t  a l . ,  1960; C u r t i s ,  Duggan, F e l ix ,  Johnston , Tabecis 

and W atkins, 1972; W atkins, 1978). E x c i ta to ry  amino a c id s  

in c re a se  i n t r a c e l l u l a r  sod iun  in guinea pig  b ra in  s l i c e s  

(Bradford  and Mcllwain, 1966) and d e p o la r iz e  lo c u s t  (Anwyl and 

Usheerwood, 197*0 and c r a y f i s h  muscles (Onodera and Takeuchi, 

1976) w ithout a l t e r i n g  p o ta s s iu n  (W atkins, 1978). Thus,



g lu tam ate-induced  in te r f e r e n c e  w ith  sodium conductance appears to  

i n t e r r u p t  m aintenance of normal c e l l u l a r  io n ic  and osmotic 

g r a d ie n ts ,  thereby  in c re a s in g  c e l l u l a r  energy ex p en d itu re s  t o  a 

p o in t  which may lead  t o  c e l l  dea th  (Olney, 1976; W atkins, 1976). 

Since 3 a l in e ,  sodiun g l u t a r a t e ,  s e r in e  o r g ly c in e  i n j e c t i o n s  f a i l  

t o  produce s im i la r  e f f e c t s ,  osmotic load  i t s e l f  does no t appear 

to  be a f a c t o r  (K izer e t  a l . ,  1978; Olney, 1969; Olney and Ho, 

1970; Olney, 1976). Moreover, n e u ro to x ic i ty  depends upon 

g lu tam ate  c o n ta c t  w ith  th e  o u te r  membrane of a neuron s in ce  

n e i th e r  in t r a n e u r a l  i n j e c t io n s  of g lu tam ate  in to  s p in a l  motor 

neurons nor a p p l ic a t io n  o f  g lu tam ate  on to  c e l l s  la c k in g  g lu tam ate  

r e c e p to r s  produce s im i la r  e f f e c t s  (Olney, 1978).

MSG-induced c e l l  l o s s  w i th in  the  a rc u a te  nucleus and median 

eminence appear to  produce d i s r u p t io n s  in  th e  feedback 

r e l a t i o n s h ip  o f the  hypothalam o-hypophysial a x is  r e s u l t i n g  in  

neuroendocrine and b ehav io ra l  a b n o rm a li t ie s  (Nemeroff, Konkol, 

B i s s e t t e ,  Youngblood, M artin , Brazeau, Rone, Prange, Breesee and 

K izer, 1977; Nemeroff e t  a l . ,  1978; Nemeroff, L am arten iere ,

Mason, Squibb, Hong, and Bondy, 1981; Olney, 1969). MSG-treated 

anim als e x h ib i t  o b e s i ty ,  t a i l  a u tc m u t i la t io n ,  sexual d y s fu n c tio n ,  

hypogonadism and s tu n te d  growth as  measured by a 10% red u c t io n  in  

l i n e a r  bone growth (Araujo and Mayer, 1973; Kanarek, Meyers,

Meade and Mayer, 1979; Nemeroff e t  a l . ,  1978c; Olney, 1969; Olney 

and P r i c e ,  1978; P iz z i  and B arnhart ,  1976; Redding, S c h a lly ,  

Arimura and Wakabayashi, 1971). Since MSG-treated anim als weigh
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s i g n i f i c a n t l y  l e s s  and a re  s i g n i f i c a n t l y  s h o r t e r  than c o n t r o l s ,  

but t h e i r  Lee Index, which measures c a rc a s s  f a t  a c c u n u la t io n ,  i s  

s i g n i f i c a n t l y  h ig h er  (Kanarek e t  a l . ,  1979).

Observed behav io ra l a b n o rm a li t ie s  o f  MSG-treated anim als 

sometimes appears  p a ra d o x ic a l ly  r e l a te d  to  t h e i r  p h y s io lo g ic a l  

d e f i c i t s .  Though obese, MSG-treated anim als have been found to  

be e i t h e r  hypophagic (Araujo and Mayer, 1973; Dawson and Lorden, 

1981; Kanarek e t  a l . ,  1979; Olney, 1969) o r  normophagic (Nemeroff 

e t  a l . ,  1978) and e i t h e r  hypod ipsic  (Dawson and Lorden, 1981) or 

h y p e rd ip s ic  (Kanarek e t  a l . ,  1979). Hypophagia has been l inked  

w ith  both h y p o a c t iv i ty  (Nemeroff e t  a l . ,  1978; Olney, 1978; P iz z i  

and B a rn h ar t ,  1976) and h y p e ra c t iv i ty  (A raujo and Mayer, 1973). 

However, both in g e s t iv e  and locomotor measures in  MSG-treated 

mice can vary as a fu n c t io n  o f  housing c o n d i t io n  (Dawson and 

Lorden, 1981). I n d iv id u a l ly  housed mice d is p la y  hypophagia and 

normal a c t i v i t y ,  w hile  group-housed mice were both hypophagic 

and hypo ac tiv e . Yet, both groups d isp lay ed  s i g n i f i c a n t  o b e s i ty  

and e x h ib i te d  inadequate  compensatory responses  t o  a h igh  f a t  

d i e t  (Dawson and Lorden, 1981; Kanarek e t  a l . ,  1979). These 

c o n f l i c t i n g  d a ta  have been ex p la ined  in  term s o f in h e re n t  

d e f i c i t s  in  r e g u la t io n  o f  energy in ta k e  an d /o r  metabolism 

(Kanarek e t  a l . ,  1979; Nemeroff e t  a l . ,  1977b),

MSG-treated anim als m an ife s t  o th e r  e n d o c r in o lo g ic a l  

a b n o rm a li t ie s  a s  w e l l .  The a n t e r io r  lobe  of th e  p i t u i t a r y  i s  

reduced by 70-75% in mice and by 36% in r a t s  (Clemens, Roush and
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S harr , 1977; Nemeroff e t  a l . ,  1977; Olney, 1969). Moreover, 

decreased  l e v e l s  o f  growth hormone, f o l l i c l e  s t im u la t in g  hormone, 

l u t e i n i z in g  hormone, t e s to s te r o n e  and s t r a d i o l  have been observed 

(Nagasawa, Yanai and Kikuyama, 1971*; Nemeroff e t  a l . ,  19B1 ; Olney 

and P r ic e ,  1978; Redding e t  a l . ,  1971). The s i z e ,  but n o t  the  

w eight of th e  a d re n a ls  i s  reduced (Dawson and Lorden, 1981; 

Nemeroff e t  a l . ,  1978; Olney, 1978) with hypertrophy of ad rena l 

co r tex  (Olney, 1969). MSG-treated an im als a ls o  d isp la y  abnormal 

e s t ro u s  c y c le s ,  i n f e r t i l i t y ,  hypogonadism and therm oregu la to ry  

d is tu rb a n c e s  (Clemens e t  a l . ,  1977; Nagasawa e t  a l . ,  1977; 

Nemeroff e t  a l . ,  1978; Nemeroff e t  a l . ,  1979; Redding e t  a l . ,  

1971). MSG-treated an im als show concom itant e le v a t io n s  in  serum 

p r o l a c t in  l e v e l s  (Clemens e t  a l . ,  1977; Nemeroff e t  a l . ,  1977) 

and decreased  dopamine l e v e l s  in  th e  a rc u a te  nuc leus, but no t  in  

median eminence f ib e r s  (Clemens e t  a l . ,  1977;

Conte-Devolx,Giraud, Castana , Boudouresque, Orlando, G i l l i o z  and 

O l iv e r ,  1981 ; Dawson and Lorden, 1981; Nemeroff e t  a l . ,  1977) as 

in d ic a te d  by h is to f lu o re s c e n c e ,  radioimmunoassay and 

immunocytochemical te c h n iq u e s .  D ep le tion  o f  b ra in  l e v e l s  of 

ch o lin e  a c e ty l t r a n s f e r a s e  (Conte-Devolx e t  a l . ,  1981; Nemeroff e t  

a l . ,  1978), m et-enkephalin  (Romagnano, C hafe l, P i lc h e r  and 

Joseph , 1982), ACTH and be ta -endo rp h in  (K riege r ,  L io t t a ,

Nicholsen and K izer , 1979) a re  a ls o  observed fo llow ing  n eon a ta l  

MSG tre a tm e n t .  Yet, plasma and p i t u i t a r y  ACTH i s  u n a ffe c te d  

fo llow ing  MSG (K rieger e t  a l . ,  1979) in normal or e th e r - s t r e s s e d  

r a t s  (Conte-Devox e t  a l . ,  1981), w hile  plasma b e ta -endorph in



l e v e l s  a r e  reduced fo llow ing  s t r e s s  and adrenalectom y 

(Conte-Devolx e t  a l . ,  1981). MSG trea tm e n t  does n o t  a l t e r  

neu ro pep tid es  and n e u r o t r a n a n i t t e r s  t r a v e r s in g  th e  a rc u a te  

nucleus s in c e  normal l e v e l s  o f LHRH, TRH, s e ro to n in ,  

no rep inephrine  and g lu tam ic  ac id  decarboxy lase  a re  abserved  in  

MSG anim als (Conte-Devolx e t  a l* ,  1981; Dawson and Lorden, 1981; 

K izer e t  a l . ,  1978; Nemeroff e t  a l . ,  1978).



D. S t r e s s  and Morphine Induced A nalgesia :  Research

in v e s t ig a t i n g  th e  s u b s t r a t e s  o f  s t im u la tio n -p ro d u ced  a n a lg e s ia  

and morphine m ic ro in je c t io n  a n a lg e s ia  (see  rev iew s: Mayer and

P r ic e ,  1976; Yaksh and Rudy, 1978), have suggested  th e  e x is te n c e  

o f an i n t r i n s i c  o p io id  p a in - in h ib i to r y  system s ince  bo th  a re  

a t te n u a te d  by naloxone (A k il ,  Mayer and L iebesk ind , 1976; 

O liv e ra s ,  Hosobuchi, Redjemi, Guilhaud and Besson, 1977), d isp la y  

synergy (Samanin and V a l z e l l i ,  1971), d i s p la y  to le r a n c e  and 

p a r t i a l  c r o s s - to le r a n c e  (Mayer and Hayes, 1975). One neu ra l 

pathway m ediating  both e f f e c t s  o r ig in a te s  in  th e  m edullary 

nucleus raphe a l a tu s ,  and p r o je c ts  t o  the  d o rsa l  horn o f  th e  

sp in a l  cord through  th e  d o r s o l a t e r a l  fu n ic u lu s  (Bausbaun, Marley, 

O'Keefe and C lanton , 1977; F ie ld s  and Bausbaun, 1978).

Assessment o f  exogenous s t im u l i  capab le  of a c t iv a t in g  t h i s  

proposed endogenous p a in - in h ib i to r y  systems led  to  th e  

o b se rv a t io n  t h a t  a cu te  exposure to  e i t h e r  in escap ab le  e l e c t r i c  

foo tshock  (IF S ), c e n t r i f u g a l  r o t a t io n  o r  h y p erto n ic  s a l i n e  

i n j e c t i o n s  in c re a sed  t a i l - f l i c k  l a t e n c i e s  (A k il ,  Madden, P a t r ic k  

and Barchas, 1976; Hayes, B ennett, Newlon and and Mayer, 1976; 

Hayes, B ennett, Newlon and Mayer, 1978; Rosecrans and Chance, 

1976). Subsequently , o th e r  s t r e s s o r s  such as cold  w ater  swims 

(CWS) (Bodnar, K elly  and Glusman, 1978), 2-deoxy-D -glucose (2-DG) 

in j e c t i o n s  (Bodnar, K elly , B ru tus, Mansour and Glusman, 1978), 

im m obilization  (Amir and Amit, 1978; B ha ttacha ry , Kreshary and 

S anyal, 1978), i n s u l in  i n j e c t i o n s  (Bodnar, K elly , Mansour and 

Glusman, 1979), food d e p r iv a t io n  (Bodnar, K e lly , Spiaggia  and



l b

Glusman, 1978c) and body pinch (O rn s te in  and Amir, 1981) a l s o  

induced a n a lg e s ia  on a v a r i e ty  of r e f l e x  and op eran t pain  t e s t s .  

However, s t r e s s  i s  n e i th e r  a s u f f i c i e n t ,  nor a necessary  

c o n d it io n  t o  induce a n a lg e s ia  s in c e  exposure t o  e i t h e r  e th e r  

vapors or h o r iz o n ta l  o s c i l l a t i o n  e le v a te s  plasma c o r t i c o s te r o n e  

l e v e l s  w ithou t inducing  a n a lg e s ia  (Hayes e t  a l . ,  1978b).

Param etric  c o n s id e ra t io n s  a re  im portan t in  a s se s s in g  th e  

s u b s t r a t e s  o f  a s t r e s s o r ' s  a n a lg e s ic  e f f e c t s .  For in s ta n c e ,  

t a i l - p i n c h  s t r e s s  in c re a s e s  w r i th in g  and h o t - p l a t e  th re s h o ld s  

(Levine, Wilcox, Grace and Morley, 1982), but dec rease s  jump 

th re s h o ld s  and t a i l -  f l i c k  l a t e n c i e s  (Simone and Bodnar, 1982). 

Moreover w hile  im m obiliza tion  over 2 h produces a n a lg e s ia  (Amir 

and Amit, 1978), in esca p ab le  ho ld ing  produces a t r a n s i e n t  

h y p e ra lg e s ia  (Vidal and Jacob, 1982). Yet, d i s s o c i a t i o n s  can be 

made between th e  a n a lg e s ic  and o th e r  responses  fo llow ing  s t r e s s :  

IFS a n a lg e s ia  i s  no t  accompanied by impairments in  motor 

behav io r ,  v o c a l iz a t io n ,  s t a r t l e  responses  and r ig h t in g  and 

co rnea l  r e f l e x e s  (Hayes e t  a l . ,  1978b; Lewis, Cannon and 

L iebesk ind , 1980). The s u b s t r a t e s  m ed ia ting  2-DG hyperphagia  

(Smith and E p s te in ,  1969; Smith and Foot, 1969) and 2-DG 

a n a lg e s ia  as w ell  as CWS a n a lg e s ia  and CWS hypothermia have a ls o  

been d i s s o c ia te d  from each o th e r  ( s e e :  Bodnar, Kramer, Simone,

K irchgessner and S c a l i s i ,  1983; Bodnar e t  a l . ,  197Bf, 1980b).
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I n i t i a l  biochem ical s tu d ie s  suggested  a r o l e  fo r  plasma 

o p io id s  in  s t r e s s - in d u c e d  a n a lg e s ia  s in ce  prolonged IFS exposure 

in c reased  plasma b e ta -endorph in  f i v e - f o ld  w ithou t a l t e r i n g  b ra in  

l e v e l s  of be ta -endo rp h in  and m et-enkephalin  ( F r a t t a ,  Yang, Hong, 

and C osta , 1977; R oss ie r  e t  a l . ,  1977). The r o le  of endogenous 

o p io id s  in  s t r e s s - in d u c e d  a n a lg e s ia  has a l s o  been a sse sse d  by the  

a b i l i t y  of o p ia te  a n ta g o n is t s  and morphine to le ra n c e  to  b lock  i t s  

e f f e c t s .  CWS a n a lg e s ia  appears t o  be nor>-opioid 3ince i t  i3  

n o n - s ig n i f ic a n t ly  a t te n u a te d  by high doses o f  naloxone (Bodnar, 

K elly , S p iag g ia ,  Ehrenberg, and Glusman, 1978) and f a i l s  to  

develop c ro s s  to le r a n c e  w ith  morphine a n a lg e s ia  (Bodnar, K e lly , 

S te in e r  and Glusman, 1978). 2-DG a n a lg e s ia  p ossesses  o p io id  

p ro p e r t i e s  in  terms of i t s  c ro s s - to le r a n c e  and s y n e r g i s t i c  

e f f e c t s  w ith  morphine, but appears  non-op io id  s in c e  naloxone 

f a i l s  to  re v e rse  i t s  e f f e c t s  (Bodnar e t  a l . ,  1979b; S p iag g ia ,  

Bodnar, K e lly ,  and Glusman, 1979). A nalgesia  induced by 

im m obilization  (Amir and Amir, 1978), t a i l  pinch (Levine e t  a l . ,  

1982), and body pinch (O rn s te in  and Amir, 1981) have a ls o  been 

p a r t i a l l y  blocked by moderate naloxone doses .

S tim ulus param eters a l s o  appear to  c r i t i c a l l y  determ ine  

o p io id  m ed ia tio n . While b r i e f  (3 min) con tinuous IFS a n a lg e s ia  

i s  no t reve rsed  by naloxone (10 mg/kg) nor c r o s s - t o l e r a n t  w ith  

morphine, prolonged (30 min) i n t e r m i t t e n t  (1 se c /5 se c )  IFS 

a n a lg e s ia  i s  reduced by both naloxone and ch ro n ic  morphine 

p re tre a tm e n t  (Lewis e t  a l . ,  1980; Lewis, Sherman and L iebesk ind ,



1981). Moreover, a n a lg e s ia  induced by e ig h ty ,  but no t tw enty , IFS 

was reve rsed  by n a ltrex o n e  (Crau, Hyson, M aier, Madden and 

Barchas, 1981). The a re a  of th e  body re c e iv in g  IFS i s  a l s o  

c r i t i c a l  s in c e  IFS d e l iv e re d  to  th e  f r o n t  paws, but no t t o  th e  

h ind paws induces a n a lg e s ia  t h a t  i s  r e v e r s ib l e  by naloxone and 

c ro s s  t o l e r a n t  w ith  morphine (Watkins and Mayer, 1982). Swim 

param eters such as tem p era tu re ,  d u ra t io n  and sw im -tes t i n t e r v a l  

can d i f f e r e n t i a l l y  a c t iv a t e  o p io id  mechanisms. While b a th s  o f  2 

and 8 C induced a n a lg e s ia  t h a t  was not naloxone r e v e r s ib l e ,  

o p ia te  antagonism blocked a n a lg e s ia  induced by a 15 C b a th  which 

could no t be a t t r i b u t a b l e  to  therm oregu la to ry  changes. Indeed 

evidence fo r  in d iv id u a l  d i f f e r e n c e s  wa3 observed s in c e  th e  

magnitude of a n a lg e s ia  was r e l a t e d  t o  the  p a r t i a l  e f f e c t iv e n e s s  

o f  naloxone to  rev e rse  i t s  e f f e c t s  (Bodnar and S ikorszky , 1983).

The hypothalam o-hypophysia l-adrenal a x is  a ls o  appears to  

modulate c e r t a i n  a n a lg e s ic  resp onses .  Hypophysect any a t t e n u a te s  

a n a lg e s ic  responses induced by p ro lo n g e d - in te rm it te n t  IFS 

(MacLennon, Drugan, Hyson, Maier, madden and Barchas, 1982; 

M illan , Przew locki, and Herz, 1980) im m obiliza tion  (Amir and 

Amit, 1979), acupuncture (Pomeranz, Chang, and Law, 1977), 

in s u l in  (Bodnar e t  a l . ,  1979c), and CWS (Bodnar, Glusman, B ru tus, 

Sp iaggia  and K elly , 1979a; Marek, Panocka and Hartman, 1982), 

w ith  the  a n te r io r  lobe a p p aren tly  e s s e n t i a l  in  both CWS and 

p ro lo n g e d - in te rm it te n t  IFS a n a lg e s ic  respo nses  (Glusman, Bodnar, 

K e lly ,  S i r i o ,  S te rn  and Zimmerman, 1979; Lewis e t  a l . ,  1980;
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MacLennon e t  a l . ,  1982). In c o n t r a s t ,  hypophysectany p o t e n t i a t e s  

a n a lg e s ia  induced by morphine (Bodnar e t  a l . ,  1979c; Holaday,

Law, Tseng, Loh and L i ,  1978), 2-DG (Bodnar e t  a l , ,  1979c) and 

e le c t ro c o n v u ls iv e  shock (Lewis, Cannon, Chudler and L iebesk ind , 

1981). Adrenalectany a ls o  e x e r t s  d i f f e r e n t i a l  e f f e c t s  upon 

a n a lg e s ic  p ro c e sse s .  While ad rena lec tan y  p o t e n t i a t e s  CWS 

(Glusman, Bodnar, Mansour and K elly , 1980; Marek e t  a l . ,  1982) 

and morphine a n a lg e s ia  (Holaday, Law, Loh and L i,  1979; Marek e t  

a l . ,  1982; Bodnar e t  a l . ,  1979c; Gebhart and M itc h e l l ,  1972) i t  

reduces prolonged i n t e r m i t t e n t  IFS a n a lg e s ia  (Lewis e t  a l . ,  1982; 

MacLennan e t  a l . ,  1982). Attempts have been made to  d i s s o c i a t e  

e f f e c t s  upon th e  a d re n o c o r t ic a l  and sympathomedullary system s. 

Dexamethasone p o te n t i a t e s  morphine a n a lg e s ia  ( S l a t e r ,  Lewis, 

Terman and L iebesk ind , 1982), y e t  reduces p r o lo n g e d - in te rm it te n t  

IFS (Lewis e t  a l . ,  1980; MacLennan e t  a l . ,  1982) and CWS 

a n a lg e s ia  (Marek e t  a l . ,  1982; Mousa, M i l le r  and C ouri, 1981).

In c o n t r a s t ,  c o r t i c o s te r o i d  s y n th e s is  i n h ib i t i o n  w ith  metyrapone, 

p o te n t i a t e s  CWS a n a lg e s ia  (Mousa e t  a l . ,  1981). On th e  o th e r  

hand, ad rena l dem edulla tion  reduces p ro lo n g e d - in te rm i t te n t  IFS 

a n a lg e s ia ,  y e t  f a i l s  to  a l t e r  th e  a n a lg e s ic  response to  morphine 

o r  CWS (Bodnar, S h a rp le s s ,  Kordower, Po tegal and B arr, 1982;

Lewis e t  a l . ,  1982). E n k ep h a lin - l ik e  su bs tan ces  r e le a s e d  from 

th e  ad rena l  medulla du ring  s t r e s s  appear t o  m ediate  th e  IFS 

a n a lg e s ic  response (Lewis e t  a l . ,  1982).



R ation a le

Damage to  th e  MBH a ls o  a l t e r s  a n a lg e s ic  p ro ce sse s  in  t h a t  

r a t s  t r e a te d  n e o n a ta l ly  w ith  MSG d is p la y  reduced a n a lg e s ic  

responses to  CWS and morphine (Bodnar e t  a l . ,  1980a) w hile  

rad io -freq u en cy  l e s io n s  p laced  in  th e  a rc u a te  nuc leus a t t e n u a te  

b r ie f -c o n t in u o u s  IFS a n a lg e s ia  (M illan , Gramsch, Przew locki, 

H olt and Herz, 1980a). These f in d in g s  su ggest t h a t  th e  MBH i s  

necessary  fo r  the  m edia tion  o f  both op io id  and non-opio id  

a n a lg e s ic  re sp o n ses .  In a la rg e  number of p rev ious  s tu d ie s  

i n v e s t ig a t in g  th e  a n a lg e s ic  responses fo llow ing  s t r e s s ,  i t  has 

been g e n e ra l ly  assumed t h a t  any m an ip u la tion  t h a t  in c re a s e s  or 

dec rease s  t h i s  a n a lg e s ic  response  i s  doing so  because the  

m an ipu la tion  i s  d i r e c t l y  a f f e c t in g  seme component of an i n t r i n s i c  

p a in -  in h ib i to ry  s y s t e .  Such an a ssu n p tio n  would be c o r r e c t  i f  

only the  a n a lg e s ic  response  t o  s t r e s s  and no o th e r  response  

e l i c i t e d  by a g iven  s t r e s s o r  would be a l t e r e d .  However, in most 

of ihese  s tu d ie s ,  only th e  a n a lg e s ic  response  was a sse ssed  so 

c r i t i c a l  e v a lu a t io n  o f whether a s p e c i f i c  response  o r a-number of 

responses fo llow ing  s t r e s s  a re  a f f e c te d  by a g iven  m an ipu la tion  

could not occur. T his  p o in t  i s  of c r i t i c a l  importance because 

th e  underly ing  a ssu n p tio n  fo r  making p a r t i c u l a r  m an ip u la tio n s  i s  

t h a t  they  a re  a f f e c t i n g  a hypothesized  p a in - in h ib i to r y  system.

As reviewed p re v io u s ly ,  a nunber of p a in - in h ib i to r y  systems have 

been hypo th es ized , so t h i s  i n d ic a t e s  t h a t  sy s tem atic  a n a ly s i s  of 

g iven m an ipu la tio ns  t h a t  a f f e c t  s t r e s s - in d u c e d  a n a lg e s ia  fo r



e f f e c t s  on o th e r  s t r e s s  responses  i s  complex, tim e-consuning  and 

open t o  a wide range o f  a l t e r n a t i v e  e x p la n a t io n s .  In t h i s  s tudy , 

an a ttem p t w i l l  be made to  determ ine whether MSG trea tm en t  w i l l  

a l t e r  a number o f responses fo llow ing  g iven  s t r e s s o r s  and 

fo llow ing  morphine. In  t h i s  reg a rd ,  th e  study  must be of 

n e c e s s i ty  da ta-bound, t h a t  i s ,  e x p lo ra t io n  in to  MSG e f f e c t s  on 

c e r t a i n  s t r e s s  and o p ia te  responses  w i l l  be examined f o r  th e  

f i r s t  t im e. This t a c t i c  w hile  p rov id ing  a g r e a t  d ea l  o f 

in fo rm ation  i n to  th e  s tu d ie d  param eters o f  MSG e f f e c t s ,  cannot 

provide th e  p re c is e  mechanisms o f  a c t io n  by which MSG e x e r t s  i t s  

e f f e c t s  upon p a r t i c u l a r  re sp o n ses .  So the  f i r s t  aim o f  t h i s  

study i s  to  provide in p u t  reg a rd in g  th e  r e l a t i v e  s p e c i f i c i t y  of 

a l t e r a t i o n s  in  a n a lg e s ic  e f f e c t s  fo llow ing  MSG and no t to  d e t a i l  

the  mechanisms by which such a l t e r a t i o n s  occu r .

T here fo re ,  i f  MSG i s  reducing  CWS a n a lg e s ia  because i t  i s  

d i r e c t l y  a l t e r i n g  a s p e c i f i c  p a in - in h ib i t o r y  system a c t iv a te d  by 

CWS, i t  would fo llow  t h a t  the  d e f i c i e n t  CWS a n a lg e s ic  response 

would no t n e c e s s a r i ly  be accompanied by a l t e r a t i o n s  in  CWS 

hypothermia and /o r  h y p o a c t iv i ty .  In c o n t r a s t ,  i f  th e  neon ata l  

MSG trea tm en t  i s  i n t e r f e r i n g  w ith  p ro cesses  in  a d d i t io n  to  

s p e c i f i c  p a in -  in h ib i to r y  mechanisms, then  CWS a n a lg e s ic  d e f i c i t s  

might be accompanied by covarying  d e f i c i t s  in  t h i s  a n im a l 's  

a d ap tiv e  therm oregu la to ry  and /o r  locomotor a c t i v i t y  re sp o n ses .  

S im i la r ly ,  changes in  th e  do se -response  r e l a t i o n s h i p  of 2-DG 

a n a lg e s ia  in  the  MSG t r e a te d  r a t  should n o t n e c e s s a r i ly  be



accompanied by 2-DG-induced changes in  in g e s t iv e  and /o r  locomotor 

p a t t e r n s  i f  MSG a l t e r a t i o n s  s p e c i f i c a l l y  a f f e c t  an endogenous 

pa in  i n h ib i to r y  system . A l te r n a t iv e ly ,  i f  MSG a l t e r s  p rocesses  

in  a d d i t io n  t o  s p e c i f i c  p a in - in h ib i to r y  mechanisms, d i s r u p t io n s  

in  a n a lg e s ic ,  in g e s t iv e  and /o r  locomotor responses  might occu r. 

T here fo re ,  t h i s  f i r s t  experim ent proposes t o  examine whether 

anim als exposed n e o n a ta l ly  t o  d i f f e r e n t  l e v e l s  o f  MSG d isp la y  

s im i la r  o r  d i s im i l a r  changes in  t h e i r  a n a lg e s ic ,  hypothermic and 

locomotor responses  fo l lo w in g  a 2 *C, 3 .5  min CWS and in  t h e i r  

a n a lg e s ic ,  hyperphagic and locomotor responses  fo llow ing  a dose 

range of 2-DG.

A d d i t io n a l ly ,  MSG trea tm e n t  d e s t ro y s  c e l l  bodies t h a t  c o n ta in  

e i t h e r  b e ta -endo rp h in , enkephalin  o r ACTH w ith in  th e  a rc u a te  

nuc leus (Bodnar e t  a l . ,  1980a; Conte-Devolx e t  a l ,  1981;

Romagnano e t  a l . ,  1982). I t  reduces morphine (10 mg/kg) 

a n a lg e s ia  as  measured by th e  junp t e s t  (Bodnar e t  a l . ,  1980a), 

y e t  in c re a s e s  morphine (1 mg/kg) a n a lg e s ia  as measured by th e  

h o t - p la t e  t e s t  (Simantov and Amir, 1983). T h e re fo re ,  th e  second 

aim o f  t h i s  study i s  t o  exp lo re  whether MSG e f f e c t s  upon o p ia te  

r e l a t e d  responses  a re  t e s t - s p e c i f i c .  Depending upon w hether MSG 

trea tm en t  a f f e c t s  e i t h e r  o p io id  p a in - in h ib i to r y  systems in  

p a r t i c u l a r  o r o p io id  p ro cesses  in  g e n e ra l ,  th e  expected changes 

in  o p ia te  a n a lg e s ia  may or may not be accompanied by a l t e r a t i o n s  

in  o th e r  responses such as locomotor a c t i v i t y .  T h ere fo re ,  the  

gender- s p e c i f i c  e f f e c t s  o f  v a rio u s  a cu te  morphine doses on two
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pain  t e s t s  and locomotor responses  w i l l  be a sse ssed  in  MSG 

t r e a te d  r a t s .  T h is  s tudy  w i l l  a l s o  a ttem p t t o  c h a r a c te r i z e  the  

development of to le r a n c e  m an ifes ted  by MSG-treated anim als 

fo llow ing  repea ted  i n j e c t i o n s  o f morphine. Indeed, i f  o p io id  

p ro cesses  in  g enera l  a re  a f f e c te d  then  th e  normal a n a lg e s ic  and 

hypertherm ic  re sp o n se s ,  as  w e ll  as th e  w eigh t lo s s  a s s o c ia te d  

w ith  ch ro n ic  morphine trea tm e n t  a re  expected t o  be concom itan tly  

a f f e c te d .  However, i f  p a in - in h ib i t i o n  in  p a r t i c u l a r  i s  a f f e c te d  

then  only a re d u c t io n  in  th e  a n a lg e s ic  response  would be 

a n t i c ip a te d .

A t h i r d  aim o f  t h i s  study i s  to  a s s e s s  th e  developmental and 

g e n d e r - s p e c i f ic  e f f e c t s  o f  MSG upon sensory  n o c ic ep tiv e  

p ro c e sse s .  Since gonadal hormones in f lu e n c e  CNS d i f f e r e n t i a t i o n  

w ith  regard  t o  a d u l t  sexual and o th e r  b e h av io ra l  p a t t e r n s  (Levine 

and M ullins , 1966; P f a f f  and McEwen, 1963), and s in c e  MSG induces 

m u l t ip le  endocrine im balances du ring  e a r ly  development (see  

review; K izer e t  a l . ,  1978), i t  i s  p o s s ib le  t h a t  th e  normal 

o rg a n iz a t io n  induced by gonadal and o th e r  hormones upon th e  CNS 

did  not occur. For in s ta n c e ,  a l t e r e d  a d r e n o -c o r t i c a l  a c t i v i t y  

e a r ly  in  l i f e  induces in c re ased  re sp o n s iv en e ss  to  s t r e s s  in  

adulthood (Levine, 1970). T h ere fo re ,  exam ination o f  n o c ic e p t iv e  

th re s h o ld s  and locom otor a c t i v i t y  during  v a r io u s  c r i t i c a l  p e r io d s  

(21, ^5 , 80 days o f  age) in  MSG-treated and c o n tro l  r a t s  would 

d is c e rn  whether s p e c i f i c  n o c ic e p t iv e  s e n s i t i v i t y  i s  a l t e r e d  and 

i f  th e  change i s  m an ifes ted  during  e a r ly  o r l a t e  development.
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Weight and body le n g th s  w i l l  a ls o  be measured a t  v a r io u s  c r i t i c a l  

ages.



General Methods

S u b je c ts :  Female a lb in o  Sprague-Dawley r a t s  were mated,

impregnated, and then  were housed in d iv id u a l ly  u n t i l  d e l iv e ry  of 

the  pup3. All pups remained w ith  the  dam u n t i l  weaning a t  21 

days. At 30 days o f  age, th e  pups wehe sep a ra ted  by sex and 

housed fo u r  to  a cage. At 45 days o f  age housing was reduced to  

two r a t s  per cage. There was ad l ib i tu m  access uo Purina r a t  

chow and w a te r .  Animals were m ain tained  on a 12 h l i g h t :  12 h

dark  cy c le  a t  ambient tem p era tu res  between 22-24°C.

Experimental Treatm ent: A ll pups w ith in  a given l i t t e r  were

randomly assigned  e i t h e r  th e  high dose regimen o f  MSG CHMSG), the  

low dose regimen o f  MSG (LMSG) or a c o n tro l  (SAL). HMSG anim als 

rece iv ed  a 2 mg/g dose o f  MSG (Sigma; 200 mg MSG/ml normal 

s a l in e /g  body w eight, SC) on the  second and fo u r th  p o s t - n a ta l  

days and a 4 mg/g dose of MSG (400 mg MSG/ml normal s a l i n e /  g 

body w eigh t, SC) on th e  s ix th ,  e ig h th  and te n th  p o s t - n a ta l  days. 

LMSG anim als rece ived  a 1 mg/g dose of MSG (100 mg MSG/ml normal 

s a l i n e /  g body w eight, SC) on th e  second and fo u r th  p o s t - n a ta l  

days, and a 2 mg/g dose o f  MSG (200 mg/ml normal s a l in e /g  body 

w eight, SC) on th e  s ix th ,  e ig h t  and te n th  p o s t - n a ta l  days. SAL 

anim als rece iv ed  normal s a l in e  i n j e c t i o n s  a t  equal volume (0.01 

ml/g body w eight, SC) on the  second, fo u r th ,  s i x t h ,  e ig h th  and 

te n th  p o s t - n a ta l  days.
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Flinch-Jump T e s t :  A m o d if ic a t io n  o f  the  procedure developed

by Evans (1961) was employed. E le c t r i c  shocks were d e l iv e re d  by 

a 60 Hz c o n s ta n t  c u r r e n t  shock g e n e ra to r  (BRS/LVE, B e l t s v i l l e ,

521S) and a g r id  scram bler  (Camden Instrum en ts  SG-903) through a 

30 cm by 24 cm f lo o r  composed o f  16 g r i d s .  In an ascending  

method o f  l im i t s  p rocedure , the  f l i n c h  th re sh o ld  was d e fin ed  in  

mA as the  low est i n t e n s i t y  t h a t  e l i c i t e d  a w ithdrawal o f  a s in g le  

paw from the  g r id s .  The jump th re s h o ld  was de fined  a s  th e  lowest 

of two con secu tiv e  i n t e n s i t i e s  t h a t  e l i c i t e d  sim ultaneous 

withdrawal of both hindpaws from the  g r id 3 .  Each t r i a l  began 

w ith  the  animal re c e iv in g  a 300 msec fo o t  shock a t  a c u r r e n t  

i n t e n s i t y  of 0.1 mA. Subsequent shocks occurred  a t  10 sec 

i n t e r v a l s  and were in c re ased  in  equal 0 .05  mA s te p s  u n t i l  both 

th re sh o ld s  were determ ined . A fte r  each t r i a l ,  the  c u r re n t  

i n t e n s i t y  was r e s e t  t o  0.1 mA f o r  th e  next t r i a l  u n t i l  s ix  t r i a l s  

were com pleted. Mean f l in c h  and jump th re s h o ld s  were determined 

fo r  each animal over fou r  days o f  b a se l in e  t e s t i n g .

Hot P la te  L a te n c ie s :  In  a m o d if ic a t io n  o f  th e  procedure

developed by Johannesson and Woods (1964), each animal was placed 

on th e  copper f lo o r  o f  a 28x26.5x26 cm chamber (IITC H o t-P la te  

A nalgesic Meter) with the  f l o o r  tem pera tu re  a d ju s te d  to  55°C (+

0 .3 °C ) .  The therm onocicep tive  th re s h o ld  was defined  as t h a t  

la te n c y  in  sec (L a fa y e t te  D ig i ta l  Timer: Model 54519-A) requ ired

to  e l i c i t  e i t h e r  a paw l i c k  or an escape response . Once a 

response was e l i c i t e d ,  the  d i g i t a l  t im er was a u to m a tic a lly



d e a c t iv a te d  and th e  r a t  removed from th e  chamber. I f  the  r a t  

f a i l e d  t o  em it an a p p ro p r ia te  response w ith in  12 se c ,  th e  t r i a l  

was a u to m a tic a lly  te rm ina ted  to  p reven t t i s s u e  damage. A s in g le  

t r i a l  was used fo r  any given experim en ta l s e s s io n .

A c t iv i ty  L evels : A c t iv i ty  l e v e l s  o f  a l l  anim als were

recorded in  a sec luded , so u n d - iso la te d  room which con ta ined  two 

a c t i v i t y  m onitors (Omicron Omni Tech: Model 41523) s e p a ra te d

from each o th e r  by a wooden p a r t i t i o n .  In a ty p ic a l  t e s t  

s e s s io n ,  a r a t  and th e  sawdust from i t s  home cage were 

t r a n s f e r r e d  to  a t e s t  cage which was p laced  on top  o f  the  

a c t i v i t y  m eter. A f te r  a 10 min a d a p ta t io n  p e r io d ,  the  r a t  

underwent a g iven experim enta l t rea tm e n t  and was re tu rn e d  to  the  

t e s t  cage . A fte r  a 2 min in t e r v a l  to  a llow  fo r  hand ling  e f f e c t s ,  

a c t i v i t y  l e v e l s  c o n s i s t in g  o f  h o r iz o n ta l  and v e r t i c a l  movements 

were recorded  in  fo u r  equal 30 min tim e blocks over 120 min.

Food and w ater were a v a i la b le  ad l ib i t u m . The s e n s i t i v i t y  o f the  

appara tu s  excluded sm all groaning  and chewing movements as w ell 

as such autonomic measures as h e a r t  r a t e  and r e s p i r a t i o n .

S t a t i s t i c a l  A na lysis :  S p l i t - p l o t  an a ly se s  of v a r ia n ce  were

performed on a l l  da ta  and a p p ro p r ia te  comparisons were used to  

rev e a l  d i f f e re n c e s  between means. In th e  cases  in  which the  

experim ental neonata l MSG regimen caused s i g n i f i c a n t  changes in  

b a se l in e  measures, th e  d a ta  were transform ed by c a l c u l a t i n g  

d i f f e r e n c e  sc o re s  to  p a r t i a l  out th e  b a se l in e  v a r ia n c e .  Analyses 

o f v a riance  were then performed on the  transform ed da ta  w ith
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a p p ro p r ia te  comparisons used t o  re v e a l  d i f f e r e n c e s  between the 

means. As th e  primary concern o f  th e  a c t i v i t y  le v e l  study  i s  t o  

a s s e s s  th e  r e l a t i v e  a c t i v i t y  l e v e l s  among th e  groups, a s p l i t  

p lo t  a n a ly s i s  o f  v a r ian ce  w i l l  be performed a t  each sampling tim e 

period  to  avoid confounding th e  d a ta  w ith  temporal r e l a t i o n s h i p s .

H is to logy : S e lec ted  an im als , p a ired  by age, gender and

c o n d i t io n ,  rece iv ed  an overdose o f  Nembutal (200 mg/ml normal 

s a l in e /k g  body w eight, IP) and were pe rfu sed  t r a n s c a r d i a c a l ly  

w ith  0.9% normal s a l in e  follow ed by 10% b u ffe re d  fo rm a lin .  The 

b ra in s  were removed, m aintained in  10% b u ffe re d  fo rm alin ,  

b locked, mounted and s ta in e d  w ith  c r e s y l  v i o l e t  fo r  v i s u a l i z a t i o n  

o f  c e l l  b o d ies .  The l o c a l i z a t io n  and e x te n t  o f the  n e c ro s is  

produced by the  MSG trea tm en t  was then  determ ined .



Experiment I

Cold Water Swim (CWS) A nalgesia :  Following th e  d e te rm in a tio n

o f  b a s e l in e  f l in ch -ju m p  th re s h o ld s  a t  80 days o f  age, each animal 

in  th e  HMSG, LMSG and SAL groups was exposed t o  a 3 .5  min swim in 

a 2°C ba th  w ith  f 1 inch -jim p  th re s h o ld s  determ ined 30 min l a t e r .  

The w ater  was deep enough to  fo rce  the  animal t o  swim to  preven t 

subm ersion. During th e  sw im -tes t  i n t e r v a l ,  each animal was 

housed in d iv id u a l ly  in  a p o ly e th y lene  cage l in e d  w ith  paper . CWS 

a n a lg e s ia  was a sse ssed  fo r  31 HMSG r a t s  (14 males, 17 fem ales) ,

36 LMSG r a t s  (17 males, 19 fem ales) and 27 SAL r a t s  (12 m ales, 15 

fe m a le s ) .

CWS Hypothermia: One week l a t e r ,  th e  co re  body tem pera tu res

of a l l  anim als were m onitored immediately p r io r  to  and then  0,

15, 30, 60 and 120 min fo llow ing  a 3 .5  min swim in a Z^C b a th .  

Rectal tem pera tu res  were recorded  by i n s e r t i n g  a probe (B ailey  

In s tru m en ts :  Model HPI) which was held  in  p lace  u n t i l  a s t a b le

read ing  ( 0 .1 “C) was ob ta ined  from a d i g i t a l  thermometer (B ailey  

In s tru m en ts :  Model BAT-8). A ll o f  the  above anim als e x c e p t ,  fo r

one SAL r a t  t h a t  d ied ,  were a ssessed  fo r  t h e i r  hypothermic 

r e a c t io n s .

2-deoxy-D -glucose (2-DG) A nalgesia : Two weeks fo llo w in g  the

d e te rm in a tio n  o f  CWS hypotherm ia, a l l  anim als rece ived  each o f
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f iv e  doses o f  2-DG (0 ,  50, 250, 450, 650 mg 2-DG (S igm a)/1 .5  ml 

s t e r i l e  w ater/kg  body w eight, IP) accord ing  to  an incom plete  

coun terbalanced  d e s ig n .  F linch-jum p th re s h o ld s  were a sse ssed  30 

min l a t e r  w ith  th e  t e s t e r  unaware o f  th e  i n j e c t i o n  c o n d i t io n .  A 

minimum o f  48 h e lapsed  between i n j e c t i o n s .

2-DG Hyperphagia: Three weeks fo llow ing  th e  2-DG a n a lg e s ia

paradigm, a l l  anim als rece iv ed  each o f  th r e e  doses o f  2-DG (0 , 

650, 1200 mg/1.5 ml s t e r i l e  w a te r /  kg body w eigh t, IP) accord ing  

to  an incom plete ly  coun te rba lanced  d es ig n . Each animal was 

housed in  a w ire  mesh cage and was allowed Ad 1ih i t im  access  to  

pre-weighed Purina r a t  chow p e l l e t s  and w ater  fo r  2 h p r i o r  to  

and 5 h fo llow ing  each i n j e c t i o n .  Food in ta k e  (+ 0.1 g) was 

determined a t  hourly  i n t e r v a l s  fo llow ing  each i n je c t io n  by 

weighing th e  remaining p e l l e t s  in  each a n im a l 's  cage . S p i l la g e  

was accounted fo r  and th e  experim enter was unaware of the  

i n je c t io n  c o n d i t io n .  A minimum of 48 h e lap ssed  between 

i n je c t i o n s .

CWS A c t iv i ty  L evels : S ep a ra te  groups of r a t s  were t r e a te d

n e o n a ta l ly  w ith e i t h e r  th e  HMSG (9 males; 5 fem a le s) ,  th e  LMSG (6 

males; 7 fem ales) or th e  SAL (11 m ales; 8 fem ales) regim ens. At 

100 days o f  age, a c t i v i t y  l e v e l s  o f  a l l  an im als were determ ined 

fo llow ing  e i t h e r  a 3*5 min swim in  a 2°C b a th  o r hand ling  (no 

swim). A one week i n t e r v a l  se p a ra ted  the  c o n d i t io n s  which were 

coun terbalanced  a c ro ss  an im als .



2-DG A c t iv i ty  L evels: Three weeks fo llow ing  th e  CWS

paradigm, th e  a c t i v i t y  l e v e l s  o f a l l  anim als were a sse ssed  

fo llow ing  each o f th r e e  doses o f  2-DG (0 ,  250, 650 mg 2-DG/1.5 ml 

s t e r i l e  w a te r /  kg body w eigh t, IP) accord ing  to  an incom plete ly  

counterbalanced  d es ig n .  A one week i n t e r v a l  e lap sed  between 

in j e c t i o n s ,  the  c o n d i t io n s  o f  which the  experim en ter  was unaware.
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R esu lts

CWS A nalgesia : F igure  1 summarizes th e  s i g n i f i c a n t

a l t e r a t i o n s  in  jump th re s h o ld s  between b a s e l in e  and CWS 

c o n d i t io n s  (F(1 ,88)=  631 .50 , p< .00 1 ) ,  among th e  th r e e  groups 

(F (2 ,88 ) = 2 6 .1 4 ,  p< .0 01 ) ,  between males and fem ales (F (1 ,88)=  

19.27, p< .001 ), and f o r  th e  i n t e r a c t io n  between groups and 

c o n d i t io n s  (F(2 ,88)=  2 1 .5 1 ,  p< .0 0 1 ) .  While CWS s i g n i f i c a n t l y  

e le v a te d  th e  junp th re sh o ld  o f  a l l  groups o f  both  genders above 

b a se l in e  l e v e l s ,  Dunnett comparisons rev e a le d  b a s e l in e  junp 

th re s h o ld s  were s i g n i f i c a n t l y  lower in  MSG-treated r a t s  o f  both 

sexes r e l a t i v e  to  th e  SAL group. T h ere fo re ,  a d i f f e r e n c e  score  

was c a lc u la te d  by s u b t r a c t in g  th e  b a se l in e  th re s h o ld s  from the  

CWS th re s h o ld s .  S ig n i f ic a n t  d i f f e r e n c e s  in  th e  magnitude o f  CWS 

a n a lg e s ia  was observed between groups (F (2 ,88)=  2 1 .94 , p< .0001), 

but no t  between males and fem ales (F (1 ,88)=  .0 1 ) .  The magnitude 

o f CWS a n a lg e s ia  was markedly sm a lle r  in  HMSG r a t s  of both 

genders r e l a t i v e  to  th e  SAL group w hile  the  magnitude of CWS 

a n a lg e s ia  in  LMSG r a t s  was s l i g h t l y ,  though s i g n i f i c a n t l y  

in c re a sed .

S ig n i f ic a n t  a l t e r a t i o n s  in  f l i n c h  th re s h o ld s  were observed 

between b a se l in e  and CWS c o n d it io n s  (F(1 ,88)=  16 .65 , p< .001), 

among th e  th re e  groups (F(1 ,88)=  6 .3 3 ,  p< .0 1 ) ,  and fo r  the  

i n te r a c t io n  between groups and c o n d i t io n s  (F (2 ,88) = 9 .1 0 ,  p< 

.0 0 1 ) .  While b a se l in e  f l in c h  th re sh o ld s  f a i l e d  to  d i f f e r  among



F igure  1. Decrease (+: Dunnett com parisons, p< .05) in
c o ld -w a te r  swim (CWS) a n a lg e s ia  in  r a t s  t r e a t e d  w ith  the  h igh 
monododium g lu tam ate  (HMSG) dose regimen, b u t  no t  th e  lew (LMSG) 
dose regimen as compared t o  s a l in e  (SAL) c o n t r o l s .  This e f f e c t  
was observed in  males and fem ales.
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groups o r  between g enders , CWS s i g n i f i c a n t l y  e le v a te d  f l in c h  

th re s h o ld s  in  a l l  g roups. Like th e  junp  th re s h o ld  d a ta ,  the  

magnitude of CWS a n a lg e s ia  was s i g n i f i c a n t l y  sm a lle r  in  HMSG ra t3  

a s  compared t o  th e  SAL group. In c o n t r a s t ,  CWS a n a lg e s ia  

e l i c i t e d  by th e  SAL and LMSG groups f a i l e d  t o  d i f f e r  frcm each 

o t h e r .

CWS Hypothermia: F igu re  2 d is p la y s  th e  s i g n i f i c a n t

a l t e r a t i o n s  in  core  body tem pera tu res  among groups (F(2,87)=  

30 .06 , p< .001 ), a c ro ss  th e  post-swim tim e course  (FC5«^35) = 

546 .25 , p< .0 0 1 ) ,  as  w e ll  as  fo r  th e  i n t e r a c t i o n s  between groups 

and gender CFO,87) = 3 .5 7 ,  p< .05) and between groups and tim e 

(F(10 ,435)=16.13 , p< .0 0 1 ) .  While pre-swim co re  body 

tem pera tu res  o f  th e  th r e e  groups f a i l e d  to  d i f f e r  frcm each 

o th e r ,  s i g n i f i c a n t  hypothermia was observed fo r  up to  60 min 

fo llow ing  CWS in  th e  SAL and HMSG groups and fo r  up t o  120 min in  

th e  LMSG group. The magnitude of CWS hypotherm ia was 

s i g n i f i c a n t l y  sm a lle r  in  HMSG r a t s  o f  both sexes r e l a t i v e  to  the  

SAL group a t  0 ,  15, 30 and 60 min fo llo w in g  th e  3wim. This 

e f f e c t  was dose-dependent s in c e  th e  LMSG group d isp lay ed  sm a lle r  

d i f f e re n c e s  which v a r ie d  a s  a fu n c t io n  of gender. While co re  

tem pera tu res  o f male r a t s  of the  LMSG and SAL groups f a i l e d  to  

d i f f e r  frcm each o th e r  0 and 15 min fo llow ing  CWS, th e  LMSG 

males d isp lay ed  g re a te r  hypothermia t h e r e a f t e r .  Moreover, while 

co re  tem pera tu res  o f  LMSG and SAL fem ales f a i l e d  t o  d i f f e r  from 

each o th e r  60 and 120 min a f t e r  CWS, th e  LMSG female r a t s  were



Figure  2 .  S ig n i f ic a n t  red u c t io n  (+: Dunnett comparison, p< .05)
in magnitude o f  CWS-induced hypothermia in  HMSG r a t s  o f  both 
se x es .  While th e  hypothermic response o f LMSG r a t s  s p o a ra d ic a l ly  
d iverged  (* s i g n i f i c a n t l y  lower, Dunnett comparison, p< .05) from 
t h a t  o f  SAL group, th e  magnitude o f t h e i r  response d i f f e r e d  l e s s  
from SAL than  t h a t  o f  HMSG,
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s i g n i f i c a n t l y  l e s s  hypothennic a t  0 , 15, and 30 min fo llow ing  

CWS. T here fo re ,  l i k e  CWS a n a lg e s ia ,  HMSG r a t s  d isp lay ed  a marked 

impairment in  t h e i r  hypothermic response  w h ile  LMSG r a t s  

e x h ib i te d  sm a lle r  e f f e c t s  on t h i s  measure.

CWS A c t iv i ty :  Table 1 i l l u s t r a t e s  th e  s i g n i f i c a n t  d e c rea se s

in  a c t i v i t y  l e v e l s  fo llo w in g  CWS as compared to  b a se l in e  

c o n d i t io n s  a t  30 (F (1 ,39) = 7 5 .6 3 ,  P< .00 1 ) ,  60 (F= 5 3 .8 2 , p<

.001), 90 (F= 2 7 .2 4 , p< .001). and 120 (F= 2 1 .1 2 ,  p< .001) min 

a f t e r  t re a tm e n t .  Gender f a i l e d  to  e x e r t  any s i g n i f i c a n t  e f f e c t ,  

th e re fo re  th e  da ta  o f both sexes were pooled fo r  purposes o f  

a n a ly se s .  A d i f f e r e n c e  sc o re  done to  p a r t i a l  out th e  i n i t i a l  

b a se l in e  h y p o a c t iv i ty  o f  th e  LMSG f a i l e d  t o  re v e a l  s i g n i f i c a n t  

d i f f e r e n c e s  among groups fo llow ing  th e  CWS (30: F(2 ,39)=  0 .9 6 ;

60: F= 1 .03; 90: F= 1 .36 ; 120 min: F= .0 5 ) .  Thus, w hile  MSG

trea tm e n t  a l t e r e d  th e  a n a lg e s ic  and hypothermic responses 

fo llow ing  CWS, i t  f a i l e d  to  s y s te m a t ic a l ly  change CWS-induced 

h y p o a c t iv i ty .

2-DG A nalgesia : T ab les  2 and 3 surenarize the  s i g n i f i c a n t

a l t e r a t i o n s  in  junp th re s h o ld s  a c ro ss  2-DG doses (F(5 ,435)=

90.93 , p< .00 1 ) ,  among th e  th re e  groups (F (2 ,87)=  15 .64 , p<

.001 ) ,  between males and fem ales (F (1 ,87)=31.97 , p< .001), and 

f o r  the  i n te r a c t io n s  between groups and doses (F (10 ,435)= 7 .11 , p<

.001) and groups and gender (F(5,435)=  3 -3 5 , p< .0 1 ) .  While junp 

th re s h o ld s  o f  HMSG r a t s  o f both sexes d isp lay e d  s i g n i f i c a n t l y



Table 1, A c t iv i t y  Leve ls  o f  HM.SG, LI-13G and SAL Rats Fo llow ing

Baseline (BL) and CWS Conditions

Post M an ipu la tio n  (min)

rouo1 30 60 90 120

BL CWS BL CVS 3L CWS BL CWS

X 1 7 62 .0 0 0 PO 2 4 7 9 .0 7 7 8 . 9 3 1 5 0 . 4 1 5 4 0 .0 3 5 2 6 . 6 21 28 .8

S EM 337 .3 7 1 . 5 L7 9 . 5 1 6 8 . 7 7 0 2 .0 285 .0 6 9 6 .O 39 8 .3

X 1372 .8* 330 .1 1964 .3* 8*89. 2 2 19 9 .5 * 1 3 32 .0 2451 .3* 15^3.^

SEM 3 1 4 .9 1 0 8 .5 39 0 . 1 2 1 1 .7 3 8 0 .0 3 2 . 7 37 8 .3 4 9 1 . 2

X 2029 .8 22 8 . 5 31^7 .3 4 8 7 . 4 3 6 5 9 . 4 1 0 0 7 . 4 4 0 4 9 . 9 1 4 81 .7

-EM 1 7 7 . 9 4 e . o 2 73 . 0 8 5 . 0 3 4 5 .8 18 1 .3 3 8 1 .6 2 5 2 . 4

ote: S ig n i f i c a n t ly  lower ( * )  than corresponding SAL va lues
(p < . 0 5 ,  Dunnett com parisons).



Table 2 . Jump Thresholds (mA) fo l lo w in g  2 -deoxy'-D-glucose in

MSG-treated and C o n tro l Male Rats .

2-DG Dose (mg/kg)

Group 0 50 250 450 650

HMSG X .39 .39 ,6o+ .65+ .74+

SEM ,02 .02 .03 .05 .03

LMSG X M -53+ M .56+ . 60*

SEM .03 .05 .02 .03 .03

SAL X .59 .61 .62 *6?+ .7^

SEM .05 .05 .03 .05 .07

+ S ig n i f ic a n t  d i f fe re n c e  (p < . 0 5 ,  Dunnett comparison) from corresponding  
v e h ic le  c o n d it io n .

CO



Table 3, Jump Thresholds (mA) fo l lo w in g  2-deoxy-D-glucose in  

MSG-treated and C o n tro l Female Rats,

2-DG Dose (mg/kg)

Group 0 50 250 4 50 650

HMSG X .29 .31 • 52+ .58* .66

SEM ,02 .02 .03 .03 .03

LMSG X .32 .39 ,43+ .46+ .58+

SEM .02 .02 .03 .03 .04

SAL X .41 .43 o
+ .6?+ .7 1 *

SEM .02 .02 .04 .06 .05

S ig n i f ic a n t  d i f fe r e n c e  ( p < . 0 5 ,  Dunnett comparison) from corresponding  
v e h ic le  c o n d it io n .
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g r e a te r  jtmp l e v e l s  fo llow ing  2-DG doses o f  250, 450 and 650 

mg/kg, th e  a n a lg e s ic  response of th e  LMSG and SAL groups v a r ie d  

as a fu n c t io n  o f  gender. 2-DG in c reased  jimp th re s h o ld s  o f LMSG 

and SAL fem ales fo llow ing  th e  250, 450 and 650 mg/kg d o se s .  In 

c o n t r a s t ,  2-DG a n a lg e s ia  was observed in  LMSG males fo l lo w in g  th e  

50, 450 and 650 mg/kg doses and in  SAL males fo llow ing  the  450 

and 650 mg/kg doses .

Since the  jump th re s h o ld s  o f  MSG-treated r a t s  were lower than 

th e  SAL group fo llow ing  th e  v e h ic le  i n j e c t i o n ,  a n a ly s i s  of 

d i f f e r e n c e  s c o re s  rev ea led  s i g n i f i c a n t  d i f f e r e n c e s  in  junp 

th re s h o ld s  a c ro s s  2-DG doses (F(3,240) = 3 7 .3 1 t P< .0 0 1 ) ,  among 

th e  th re e  groups (F(2 ,80)=  7 .5 2 ,  p< .0 0 1 ) ,  between m ales and

fem ales (F (1 ,80)=  5 .0 6 ,  p< .05) and fo r  th e  i n te r a c t io n  between 

groups and doses CF(6,240>=7.62, p< .00 1 ) .  F igure  3 in d ic a te s  

t h a t  th e  magnitude o f  2-DG a n a lg e s ia  observed in  m ales o f  the  

HMSG group was s i g n i f i c a n t l y  g r e a te r  than th e  SAL group fo llow ing  

th e  250, 450 and 650 mg/kg do ses .  In c o n t r a s t ,  males o f  th e  SAL 

and LMSG groups f a i l e d  to  d i f f e r  from each o th e r  in  th e  magnitude 

of 2-DG a n a lg e s ia .  Sm aller and l e s s  c o n s i s t e n t  e f f e c t  were 

observed fo r  fem ales o f  th e  th re e  groups in  t h a t  th e  magnitude of 

2-DG a n a lg e s ia  was s i g n i f i c a n t l y  g r e a te r  fo r  HMSG r a t s  fo llow ing  

th e  250 mg/kg dose and s i g n i f i c a n t l y  l e s s  f o r  LMSG r a t s  fo llow ing  

th e  450 mg/kg dose .



Figure  3 . P o te n t ia t io n  ( + : Dunnett comparison, p< .05) o f 
2-deoxy-D -glucose (2-DG) a n a lg e s ia  in  HMSG, bu t not LMSG r a t s  
r e l a t i v e  to  SAL c o n t r o l s .  The e f f e c t  was more marked in  male 
an im als .
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F lin ch  th re s h o ld s  were s i g n i f i c a n t l y  a l t e r e d  a c ro ss  2-DG 

doses (F(5,435)=  95 .84 , p< .001), among th e  th r e e  groups 

(F(2 ,87)=  1 8 .6 1 ) ,  p< .0 0 1 ) ,  between males and fem ales (F(1 ,87)=  

2 9 .6 7 , p< . 0 0 1 ) and fo r  th e  i n t e r a c t io n  between groups and doses 

(F(6 ,435)=  10 .71 , p< .0 0 1 ) .  While f l i n c h  th re s h o ld s  f a i l e d  to  

d i f f e r  among groups fo llow ing  th e  v e h ic le  i n j e c t i o n ,  2-DG 

s i g n i f i c a n t l y  in c reased  f l in c h  th re s h o ld s  in  HMSG r a t s  o f  both 

sexes fo llow ing  doses o f  250, 450 and 650 mg/kg and in  LMSG r a t s  

o f  both sexes fo llow ing  th e  450 and 650 mg/kg d o se s .  While SAL 

males e x h ib i te d  s i g n i f i c a n t  e le v a t io n s  in  f l in c h  th re s h o ld s  

fo llow ing  a l l  doses, SAL fem ales d isp lay e d  h ig her  th re s h o ld s  a t  

th e  450 and 650 mg/kg d o ses .  A l e s s  c o n s i s t e n t  p a t t e r n  was 

observed f o r  2-DG-induced changes in  f l i n c h  th re s h o ld s  than  fo r  

jump th re s h o ld s ,  e f f e c t s  which were gender s p e c i f i c .  The 

magnitude o f  2-DG induced changes in  f l i n c h  th re s h o ld s  observed 

in  HMSG males was s i g n i f i c a n t l y  l e s s  than  SAL males fo llo w in g  the  

50  mg/kg dose , y e t  s i g n i f i c a n t l y  g r e a te r  a f t e r  th e  2 5 0  and 650  

mg/kg doses .  In c o n t r a s t ,  LMSG males d isp lay ed  s i g n i f i c a n t l y  

lower f l in c h  th re s h o ld s  than  SAL r a t s  fo llow ing  2-DG doses o f 

250, 450 and 650 mg/kg. In tu r n ,  f l i n c h  th re s h o ld s  o f  HMSG 

females were s i g n i f i c a n t l y  l e s s  than  SAL fem ales a f t e r  th e  250 

and 650 mg/kg doses , bu t s i g n i f i c a n t l y  g r e a t e r  a f t e r  the  450 

mg/kg dose . Female LMSG r a t 3 a ls o  d isp lay e d  lcwer f l in c h  

th re s h o ld s  a t  250, 450 and 650 mg/kg. Thus, in  c o n t r a s t  to  

a t t e n u a t io n s  in  CWS a n a lg e s ia  observed in  HMSG r a t s ,  t h i s  

t r ea tm e n t  p o te n t ia te d  2-DG a n a lg e s ia .  The e f f e c t  was more
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c o n s is te n t ly  observed in  jump r a th e r  than f l in c h  th re sh o ld s  and 

was su b je c t  to  gender d i f f e r e n c e s .  Again, MSG dose played a 

c r i t i c a l  ro le  in  the  s t r e n g th  and d i r e c t io n  o f e f f e c t .

2-DG Hyperphagia: Tables 5 and 6 i l l u s t r a t e  the

s ig n i f ic a n t  changes in  food in ta k e  a c ro ss  i n je c t io n  co n d it io n s  

(F (2 ,142)= 9 .8 8 , p< .0 1 ) ,  among th e  th re e  groups (F(2,71) = 5 .45 , 

p< .0 1 ) ,  between males and females (F (1 ,7 D ?  21 .94 , p< .0 0 1 ) ,  

a cro ss  th e  post in je c t io n  tim e course (F(6 , 426)= 130.18, p<

.0 0 1 ) and fo r  the  in te r a c t io n s  between co n d it io n s  and gender 

(F(2,142)= 5 .6 1 ,  p< .001), between tim es and gender (F(6,426)= 

3 .05 , p< .01 ) , between c o n d it io n s  and time (F(12,852)= 2 .4 3 ,  p< 

.0 1 ) ,  and among co n d it io n s ,  group and time (F(24,852)= 1 .56 , p< 

.05 ) .  In take  o f  female r a t s  o f  th e  th re e  groups f a i l e d  to  d i f f e r  

s ig n i f i c a n t ly  f ran  each o th e r  fo llow ing a v e h ic le  in je c t io n ;  LMSG 

male r a t s  inges ted  s ig n i f i c a n t ly  le s s  food than  SAL male r a t s  

during the  l a s t  four hourly sampling periods and HMSG males 

ingested  l e s s  food than SAL during th e  l a s t  th re e  hourly sampling 

p e riod s . R e la tiv e  to  v e h ic le  in je c t io n ,  w hile  the  650 mg/kg dose 

o f 2-DG s ig n i f i c a n t ly  increased  food in take  in  SAL and LMSG males 

a t  each of the  hourly sampling p e riod s , in take  of HMSG males was 

s ig n i f i c a n t ly  increased  only during th e  t h i r d  and fo u r th  

p o s t - in je c t io n  hours. The 1200 mg/kg dose o f  2-DG s i g n i f i c a n t ly  

increased  in take  over the  l a s t  two hourly sampling periods  fo r  

SAL males, and over th e  f i n a l  th re e  hourly sampling periods  fo r  

LMSG males. In c o n t r a s t ,  HMSG males a te  s ig n i f i c a n t ly  l e s s  food
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T a b le  4 . Cummulative Food I n t a k e  (g) Follo' .v ing V e h i c le

Dose i n  I S O - t r e a t e d  and C o n t r o l  

male and Female Rats  

Group P o s t - I n j e c t i o n  (h )

k a l e  i 1 2 3 4 5

HkSG X 1 .7 8 2 .8 ? 3 .9 6
*

5 .21 6.2? '

SEM .28 .42 . 6 9 .76 1 .01

Li'-iS G X 1 .5 6 2 .4 4 * 3 .9 4 5 .2 3 " 6 .15 '

SEW .20 .2 4 .29 .41 .40

SAL X 1 .8 8 3 .5 1 5 -64 7 .1 9 8 .4 4

SEM • 36 . oc .82 .73 O ; 1 * *▼

Femalei

KMSG X 1 .7 4 3 . 1 2 4 .1 8 5 .4 8 6 . 3 9

SEM .23 .3 0 • 37 .51 . 63

LEVtSG X
a-

1 .21 2. 24 3 .3 4 4 .2 ? 5 .3 6

SEM .14 .2 4 .33 .40 .50

SAL X 1 . 5 2 2 .7 7 3 . 8 0 5 .1 1 6 .1 5

SEM .22 .36 .34 .47 .54

G o t e i  S i g n i f i c a n t l y l e s s  (*•) t h a n s a m e - s e x SAL c o n t r o l

group a t  same h o u r ly p e r io d (p < . 0 5 . D u n n e t t

c o m p a r is o n s ) .

-tf-
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T a b l e  5 , C u m m u la t iv e  Food  I n t a k e  ( g )  F o l l o w i n g  

6 5 0  m g /k g  2 - d e o x y - D - g l u c o s e  i n  M S G - t r e a t e d

and C o n t r o l Male and Female R a ts .

Group P o s t - I n j e c t i o n ( h )

M a le s 1 1 2 3 4 5

HMSG X 1 .5 1 3 .2 3 5 . 1 0 + 6 . 9 2 + 7 .8 0

SEM .24 .42 .6 2 .87 .80

LMSG X 2 . 1 2+ 3 . 9 3 + 5 . 4  5+ 6 . 82+ 7 .6 6 h

SEM .35 .53 . 6 9 .94 .92

SAL X 3 .14+ 6 . 1 4 + 8 . 5 6 + 1 0 .3 9 + 11 .23 h

Femalesi
SEM 1 . 0 6 1 . 3 6 1 .7 5 1 .5 6 1 .5 8

HMSG X

SEM
.9 2 *
.24

2 . 03 *

.25
3 . 3 ^

.3 7
4 . 3 9

.43
5 . 3 2

.49

LMSG X 1 .0 8 3 . 0 9 + 4 . 8 4 5 .6 4 + 6 . 3 6

SEM .21 .28 .3 5 .4 0 .39

SAL X 1 . 4 4 3 .3 3 5 .  0 l + 6 . 5 7 + 7 .4 5

SEM .28 .51 .5 5 .5 4 .52

N o te  1 S i g n i f i c a n t l y  g r e a t e r  ( + )  o r  l e s s  ( * )  t h a n
c o r r e s p o n d i n g  v a l u e s  (p  < . 0 5 ,  D u n n e t t  c o m p a r i s o n s ) .



T a b le  6 .  Cummulative Food I n t a k e  (g )  F o l lo w in g  

1200 mg/kg 2 -d e o x y -D -g lu c o s e  i n  M S G -t re a te d  

and C o n t r o l  Male  and Female R a ts .

Group P o s t - I n j e c t i o n  (h )

M ales  r 1 2 3 4 5

HMSG X . 61* 1 A 1** 3 . 4 8 5 - 0 7 6 . 6 6

SEM . 1 9 .28 . 5 3 . 8 4 1 . 0 3

LMSG X 1 . 4 8 3 - 2 3 4 . 9 4 * 6 . 72+ 8 . 23 '

SEM . 4 2 . 5 1 . 5 3 .61 . 6 3

SAL X 1 . 8 6 4 . 5 0 6 . 8 8 9 . 9 1 + 1 1 . 4 6 '

Fem ale s i

SEM A 9 . 9 0 1 . 3  0 1 . 7 4 1 . 6 2

HMSG X . 5 1 * 1 . 2 3 * 2 . 3 3 * 3 . 4 2 * 4 . 2 5

SEM . 12 .18 . 2 7 . 3 8 . 4 0

LMSG X . 67* 2 . 60 4 . 4 6 + 6 . 10* 7 . 1 ? '

SEM . 1 9 • 3 4 . 5 0 ,  60 .60

SAL X 1 . 1 6 2 . 2 7 4 . 2 9 6 . 88+ 8 . 1 4

SEM . 3 6 . 2 5 . 68 . 7 6 . 7 5

Note i S i g n i f i c a n t l y  g r e a t e r  ( + ) o r  le s s  ( * )  th a n
c o r re s p o n d in g  v a lu e s  ( p < | . 0 5 »  D u n n et t  compariso



fo llow ing  th e  1200 mg/kg 2-DG dose over th e  f i r s t  two sampling 

p e r io d s .  2-DG hyperphagia fo llow ing  th e  650 mg/kg dose was 

observed during  th e  th i r d  and fo u r th  sampling p e r io d s  in  SAL 

fem ales and du ring  th e  second and fo u r th  sampling p e r io d s  in  LMSG 

fem ales. By c o n t r a s t ,  HMSG fem ales e x h ib i te d  s i g n i f i c a n t  

hypophagia during  th e  f i r s t  and second sampling p e r io d s .

Following th e  1200 mg/kg dose , SAL fem ales d isp lay ed  s i g n i f i c a n t  

hyperphagia over th e  l a s t  two sampling p e r io d s .  While LMSG 

females d isp lay ed  an i n i t i a l  hypophagia du ring  th e  f i r s t  hour 

followed by hyperphagia d u rin g  th e  l a s t  th r e e  hours , HMSG fem ales 

d isp layed  s i g n i f i c a n t  hypophagia a c ro s s  a l l  sampling p e r io d s .

Since th e re  were s i g n i f i c a n t  d i f f e r e n c e s  in  in ta k e  fo llow ing  

th e  v e h ic le  i n j e c t io n  among groups, a n a ly s i s  o f  d i f f e r e n c e  sco res  

revea led  s i g n i f i c a n t  e f f e c t s  among doses (F ( l ,7 1 )=  6 .9 2 , p< .05, 

among th e  th re e  groups (F (2 ,71)=  6 .2 0 ,  p< .0 05 ) ,  between males 

and fem ales (F ( l ,7 1 )=  4 .7 6 ,  p< .0 5 ) ,  a c ro ss  th e  p o s t - i n j e c t i o n  

time course  (F(4,284)=  16 .79 , p< .0001) and fo r  th e  i n te r a c t io n  

between doses and tim es (F(4 ,284)=  4 .8 8 ,  p< .0 0 1 ) .  F igure  4 

in d ic a te s  t h a t  the  magnitude o f 2-DG hyperphagia in  HMSG males 

fo llow ing  both th e  6 5 0  and th e  1200  mg/kg doses was s i g n i f i c a n t l y  

l e s s  than  SAL males over the  f u l l  f iv e  hourly  sampling p e r io d .

In tu r n ,  th e  magnitude of 2DG hyperphagia in  LMSG males was 

s i g n i f i c a n t l y  l e s s  than  SAL males du rin g  th e  f i r s t ,  t h i r d ,  fo u r th  

and f i f t h  hours fo llow ing  th e  6 5 0  mg/kg dose and during  th e  l a s t  

two sampling p e r io d s  fo llow ing  th e  1200 mg/kg dose . The



Figure  4 .  S ig n i f ic a n t  decrease  (*: Dunnett comparison, p< .05)
in  2-DG hyperphagia fo llow ing  HMSG and LMSG tre a tm e n t .  While 
male HMSG r a t s  f a i l e d  t o  e x h ib i t  2-DG hyperphagia  fo llow ing  th e  
650 mg/kg 2-DG dose, s i g n i f i c a n t  hypophagia was observed in  HMSG 
males fo llow ing  th e  1200 mg/kg 2-DG dose and in  HMSG females 
fo llow ing  both 2-DG d oses .  (+: S ig n i f i c a n t ly  g r e a te r  
hyperphagia , Dunnett comparison, p< .0 5 ) .



Males

0  i* '" A ' 

-1

•2 -

4
3

-Females

q  —• 

-1

-2

X
1 2 3 4 5 [h]

SAL

1 * i i

2-DG mg/kg 
A -6 5 0
A -1200

1 1 1 , 1  

1 2 3 4 5 M
L M S G

1 2 3 4 5(h)
H M S G

o



51

magnitude of 2-DG hyperphagia  fo llow ing  th e  650 and th e  1200 

mg/kg doses was s i g n i f i c a n t l y  h ig her  in  SAL fem ales than  HMSG 

fem ales a c ro s s  a l l  sampling p e r io d s .  In t u r n ,  th e  SAL and LMSG 

fem ales f a i l e d  to  d i f f e r  from each o th e r  fo llow ing  th e  6 5 0  dose , 

but LMSG fem ales were s i g n i f i c a n t l y  more hyperphagic than  SAL 

fem ales du ring  th e  second and t h i r d  sampling period  a f t e r  th e  

1200 mg/kg dose . Thus, MSG trea tm e n t  a t te n u a te d  th e  hyperphagic 

response  t o  2-DG w hile  p o t e n t i a t in g  th e  a n a lg e s ic  response  to  

2-DG.

2-DG A c t iv i ty :  Table 7 i l l u s t r a t e s  s i g n i f i c a n t  e f f e c t s  were

observed a t  30 (F (2 ,78) = 6 .8 4 ,  p< .0 0 2 ) ,  60 (F= 9 .3 5 ,  p< .001 ) ,

90 (F= 3 .8 3 ,  p< .0 5 ) ,  bu t not a t  120 (F= .70) min a f t e r  

i n j e c t i o n .  S ig n i f ic a n t  d i f f e r e n c e s  among groups were observed 

only a t  90 (F= 3 .3 3 ,  p< .05) and 120 (F= 3 .2 8 ,  p< .05) min a f t e r  

i n j e c t i o n .  As gender f a i l e d  t o  e x e r t  any s i g n i f i c a n t  e f f e c t s ,  

the  d a ta  o f both sexes w ith in  each group were pooled fo r  purposes 

o f  a n a ly s i s .  While a l l  an im als became s i g n i f i c a n t l y  hypoactive  

fo llo w in g  th e  250 and 650 mg/kg dose of 2-DG a t  30, 60 and 90 

min, th e  magnitude o f the  h y p o a c t iv i ty  d id  no t d i f f e r  between the  

two doses a t  any of th e  th r e e  i n t e r v a l s .  A nalysis  o f d i f f e r e n c e  

sc o re s  done to  p a r t i a l  out s i g n i f i c a n t  d i f f e r e n c e s  in  b a se l in e  

a c t i v i t y  among groups f a i l e d  to  rev e a l  any s i g n i f i c a n t  

d i f f e r e n c e s  in  the  magnitude o f  2-DG h y p o a c t iv i ty  e l i c i t e d  by 

e i t h e r  2-DG dose among th e  SAL, HMSG or LMSG groups. Like the  

h y p o a c t iv i ty  induced by CWS, 2-DG-induced h y p o a c t iv i ty  f a i l e d  t o
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T a b l e  7 .  A c t i v i t y  L e v e ls  o f  HMSG, LMSG a n d  SAL R a t s  

F o l l o w i n g  V e h i c l e  a n d  2-DG C o n d i t i o n  

P o s t  . V a n i p u l a t i o n  ( r c i r . )

D ose ( m ^ /k g ) 30 60 90 120

V e h i c l e

h ls g  x 1 7 6 2 .0 2 6 7 9 .0 3 1 5 0 . 4 3 5 2 6 .6

SEA 3 3 7 .8 4 7 4 . 5 ? 0 2 .0 6 9 6 .O

LL3G x 1 3 7 2 . 8 * 1 9 6 4 .3 * 2 1 9 9 . 5 * 2 4 5 1 . 3 *

2j il i‘j 3 1 4 .9 3 9 0 .1 3 8 0 .0 3 7 3 . 3

SAL x 2 0 2 9 .3 3147*3 3 6 5 9 .4 4 0 4 9 .9

SSL 1 7 7 .9 2 7 2 .9 3 4 5 .8 3 8 1 .6

250

Hi-.SG x 1 3 3 1 .3 1 7 5 6 .5 1 9 3 7 .7 2 9 8 9 -5

SSI, 2 9 5 .6 27 4 .1 251 .2 2 5 9 .0

L5.SG x 1 0 0 4 .7 1194 . 2 1 7 3 7 .5 2 4 4 4 . 3

S ii'. 1 2 4 .5 1 5 7 .4 2 4 8 .6 3 8 7 .8

S AL 7 1 3 6 5 .3 1866  ,4 2 6 3 7 . 6 3 3 2 9 . 0

SEM 2 0 0 .9 2 0 0 , 9 2 5 7 .3 28? .9

■55C

FMS1 x 974 .  2 1 402 .1 1 7 9 3 .6 2388 .6

SEW 20-4.7 256 . 3 32 4 .6 4 2 0 .8

LMSG x 1 3 5 2 .7 1 3 5 4 . 7 2 3 9 c . 5 3 202 .8

SEM 2 5 7 .3 3 55-3 40;5. 5 I 1 f > i r * V

SAL Jf 1 3 0 5 .8 1 3 9 2 .9 2 8 0 2 .0 3 7 3 4 .7

SEM 1 8 2 . 8 3 1 7 .0 4 2 7 .8 532-1

' 5 i g n i  f  l c a n  i>l 
( p <  . 0 5 , j;;-:-.

y .1 ' Z  : L J 1
; tL c o m pa.

sr. c o r  r e  a-ana  In ■ SAL v a  L u e  s



be a f f e c te d  by MSG trea tm e n t  and thus  f a i l e d  to  covary w ith  the  

p o te n t ia te d  2-DG a n a lg e s ia  and a t te n u a te d  2-DG hyperphag ia .



D iscussion

F i r s t ,  th e  p re se n t  r e s u l t s  support p rev ious f in d in g s  t h a t  MSG 

t r e a te d  an im als d isp layed  such c h a r a c t e r i s t i c s  a s  t a i l  

a u t a n u t i l a t i o n ,  s tu n ted  growth, and in c re a sed  body f a t  

accum ulation  d e s p i te  lcw er a b so lu te  body weight and b asa l  

hypophagia (Olney, 1969; K izer , Nemeroff and Youngblood, 1978; 

Kanarek e t  a l . ,  1979; Dawson and Lorden, 1981; Poon and Cameron, 

1978). T his  experim ent a ls o  dem onstrated t h a t  MSG decreased  

b a se l in e  n o c ic ep tiv e  th re s h o ld s  on th e  junp t e s t  and a l t e r e d  

a n a lg e s ic  responses fo llow ing  two d i f f e r e n t  s t r e s s o r s .  The 

h y p e ra lg es ic  jump response  noted in  MSG-treated r a t s  p a r a l l e l s  

th e  decrease  in  t a i l - f l i c k  l a t e n c i e s  noted in  anim als w ith  

l e s io n s  p laced  in th e  a rc u a te  nucleus (M illan  e t  a l . ,  1980). The 

a n a lg e s ic  and hypothermic, but n o t  th e  hypoactive  responses 

fo llow ing  CWS were s i g n i f i c a n t l y  decreased  in  MSG t r e a te d  

an im als . In c o n t r a s t ,  MSG trea tm en t p o te n t ia te d  2-DG a n a lg e s ia ,  

reduced 2-DG hyperphagia and f a i l e d  to  a f f e c t  2-DG h y p o a c t iv i ty .

I t  appears t h a t  the  b eh av io ra l  d i s r u p t io n s  a s so c ia te d  w ith  

n eo na ta l  MSG trea tm en t  vary  as  a fu n c t io n  o f  MSG dose . The 

un derly ing  assum ptions of th e  p re se n t  study  in  employing more 

than  one dose was t h a t  th e  LMSG c o n d it io n  would produce uniform ly 

l e s s  damage to  m ed ia l-b asa l  hypothalamic s t r u c tu r e s  than  th e  HMSG 

c o n d it io n  and thereby  induce a sm a lle r  e f f e c t  r e l a t i v e  t o  th e  

HMSG group. Yet, in  a number o f  c ase s  t o  be d e ta i l e d  

sub seq uen tly ,  the  LMSG group d isp layed  in e x p l ic a b le  d ivergences



from th e  HMSG a c t io n s .  However, th e  magnitude o f  LMSG-induced 

changes in  behavior was in v a r ia b ly  l e s s  than  th e  l a r g e r  HMSG 

d i s r u p t io n .  Moreover, s in c e  those  s tu d ie s  d isp la y in g  the  

MSG-induced b e h a v io ra l ,  anatom ical and b iochem ical a l t e r a t i o n s  

t y p i c a l l y  used a dose comparable to  th e  HMSG c o n d i t io n  o f  t h i s  

study (Nemeroff e t  a l . ,  1981; Dawson and Lorden, 1981; K rieg e r  e t  

a l . ,  1979; Greely e t  a l . ,  1978; Simantov and Amir, 1983), the  

major p a r t  o f  th e  fo llo w in g  d is c u s s io n  w i l l  t h e r e f o re  a t tem p t to  

c o r r e l a t e  HMSG e f f e c t s  upon behavior w ith  th e  known HMSG e f f e c t s  

upon anatom ical and b iochem ical pathways.

MSG induced a l t e r a t i o n s  a ls o  v a r ie d  as a fu n c t io n  o f  gender. 

This may be due to  th e  number of m u lt ip le  sexual d y s fu n c t io n s  

e x h ib i te d  by MSG anim als c h a ra c te r iz e d  by d i s r u p t io n s  in  th e  

hypothalamo- hypophyseal-gonadal a x is ,  low l e v e l s  o f  gonadal 

s t e r o id s  and gonado trop in , hypogonadism (Nemeroff e t  a l . ,  1981) 

and subsequent impairments in  re p ro d u c t iv e  c a p a c i ty  (Bakke, 

Lawrence, Bennet, Robinson, and Bcwers, 1978; Olney, 1969; P iz z i ,  

B arnhart  and Fanslow, 1977). Most MSG s tu d i e s  have employed male 

anim als (Kanarek e t  a l . ,  1979; Nemeroff, B i s s e t t e ,  G reeley , 

Mailman, M artin , Brazeau, and K izer , 1978; K rieger e t  a l . ,  1979; 

Bodnar e t  a l . ,  1980), however, th ose  i n v e s t ig a t in g  both genders 

re v e a l  th a t  b iochem ical d i f f e r e n c e s  e x i s t  between g enders . 

P r o la c t in  l e v e l s  in  MSG-treated male3 , bu t no t fem ales , a re  

g r e a t e r  than c o n t r o l s  (Nemeroff e t  a l . ,  1976), ye t MSG-treated 

fem ales d isp la y  s i g n i f i c a n t l y  g r e a t e r  d e p le t io n s  in  dopamine and



norep ineph rine  (Dawson and Lorden, 1981; Conte-Devolx e t  a l . ,

1981), h igher c o r t i c o s te r o n e  l e v e l s  and lower ACTH and 

be ta -endo rph in  l e v e l s  (Conte-Devolx e t  a l . ,  1981) than  m ales . 

MSG-treated fem ales a l s o  g a in  g r e a t e r  p ro p o r t io n s  o f weight 

r e l a t i v e  to  c o n t ro l s ,  than  d id  MSG-treated males (Olney, 1969).

In th e  p re s e n t  s tudy , MSG-treated fem ales d isp lay ed  a sm a lle r  

a n a lg e s ic  and an absen t  hyperphagic response  fo llow ing  2-DG 

r e l a t i v e  to  MSG-treated m ales. Although i t  i s  no t  p o s s ib le  to  

i d e n t i f y  p re c is e ly  th e  s p e c i f i c  systems in  th e  MBH t h a t  determ ine 

such gender d i f f e r e n c e s ,  t h i s  study c l e a r l y  in d ic a te s  a number of 

behav io rs  wherein gender in f lu e n c e s  th e  MSG d i s ru p t io n  an d /o r  MSG 

d i s r u p t io n s  in f lu e n ce  th e  a lre a d y  p re s e n t  gender d i f f e r e n c e s .

HMSG r a t s  o f both sexes d isp lay ed  s i g n i f i c a n t  d e c rea se s  in  

CWS a n a lg e s ia  and CWS hypotherm ia. Given th e  known MSG 

n eu ro to x ic  e f f e c t  upon th e  a re a  of the  a rc u a te  nucleus and median 

eminence, which in c lu d es  the  d e p le t io n  o f  p rev io u s ly  d esc r ib ed  

n eu ro p ep tid es  and n e u ro t r a n s m i t te r s ,  t h i s  study a ttem pted  to  

a s se s s  sy s te m a t ic a l ly  th e  a n a lg e s ic ,  therm oregu la to ry  and 

locomotor a c t i v i t y  responses  in  MSG-treated anim als folowing CWS. 

As th e  MBH m odulates a v a r i e ty  of neuroendocrine fu n c t io n s  

through the  hypothalamo-hypophyseal system (Cohen, 1967; Olney, 

1 9 6 9 ) i t  might be expected t h a t  damage to  t h i s  a re a  would mimic 

th e  e f f e c t s  observed fo llo w in g  hypophysectomy i f  th e  hypothalamo- 

hypophyseal system s p e c i f i c a l l y  m odulates p a in - i n h ib i t i o n .  I t  

has been p rev io u s ly  dem onstrated t h a t  hypophysectomy (Bodnar e t



a l . ,  1979b), and MSG trea tm e n t  (Bodnar e t  a l . ,  1980) 

s i g n i f i c a n t l y  a t t e n u a te  CWS a n a lg e s ia .  F u r th e r ,  w hile  complete 

adrenalectomy p o t e n t i a t e s  CWS a n a lg e s ia  (Panaocka and Hartmann,

1982), ad rena l dem edulla tion  has no e f f e c t  (Bodnar e t  a l . ,  1982) 

su gges ting  a d re n o c o r t ic a l  m odulation o f  t h i s  resp onse . Moreover, 

s in c e  CWS a n a lg e s ia  does n o t  d isp la y  c ro s s - to le r a n c e  w ith  

morphine and i s  only rev e rsed  by high doses o f  naloxone (Bodnar, 

K elly , S te in e r  and Glusman, 1978; Bodnar, K e lly ,  S p iagg ia , 

Ehrenberg and Glusman, 1978), CWS appears  t o  e x e r t  i t s  e f f e c t s  

p r im a r i ly  through a non-op io id  component o f  the  

hypothalamo-hypophyseal a x is .  That th e  a n a lg e s ic  response  i s  due 

to  th e  s t r e s s f u l  consequences o f  th e  swim r a t h e r  than  t o  th e  

e f f e c t s  o f  w ater tem pera tu re  or th e  swim per se  i s  in d ic a te d  by 

th e  f in d in g s  t h a t  concom itant CWS hypothermia does no t  adap t 

fo llow ing  rep ea ted  CWS as does a n a lg e s ia  (Bodnar e t  a l . ,  1978), 

i s  not a t te n u a te d  fo llo w in g  hypophyaectcmy (Bodnar e t  a l . ,  1979), 

o r D -phenela lan ine  i n j e c t i o n s  (Bodnar e t  a l . ,  1980), Yet, 

a l t e r n a t i v e l y  o th e r  r e s u l t s  have shown t h a t  th e  a n a lg e s ic  

response fo llow ing  CWS can be reduced e i t h e r  by in c re a s in g  th e  

w ater tem pera tu re ,  d e c rea s in g  th e  swim d u ra t io n  o r  in c re a s in g  th e  

in t e r v a l  between th e  swim and th e  n o c ic e p t iv e  t e s t  (Bodnar and 

S ikorszky , 1983) and t h a t  p re tre a tm e n t  w ith  c lo n id in e ,  an 

a lp h a -n o ra d re n e rg ic  r e c e p to r  s t im u la n t ,  enhances both the  

a n a lg e s ic  and hypothermic response fo llow ing  CWS (Bodnar e t  a l . ,

1983) su g g es t in g  t h a t  th e  a n a lg e s ic  response  sometimes v a r i e s  as 

a fu n c t io n  o f  the  hypotherm ia. The reduced CWS a n a lg e s ic
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response o f th e  MSG animal m ir ro rs  a normal a n im a l 's  response  to  

e i t h e r  a swim a t  a h ig h e r  w a ter  tem pera tu re  (Bodnar e t  a l . ,  1979) 

o r a swim o f  s h o r te r  d u ra t io n  (Bodnar and S ikorszky , 1983). The 

mechanisms by which MSG-inmduced a l t e r a t i o n s  in  CWS hypothermia 

and a n a lg e s ia  occur cannot be d iscern ed  by th e  p re se n t  d a ta ,  only 

t h a t  c o -v a r ian c e  between th e  two s t r e s s  responses  a r e  p re s e n t .  

F u r th e r ,  g iven MSG damage t o  th e  c irc u m v e n tr ic u la r  system and to  

th e  MBH p a r t i c u l a r l y ,  i t  m ight be assumed t h a t  t h i s  s t r u c tu r e  may 

be i n t e g r a l l y  involved in  th e  m ed ia tion  of both respo nses .

Again, th e  p re s e n t  experim ent was no t designed to  ad d ress  t h i s  

q u e s t io n  and th e r e fo re  any d is c u s s io n  o f  th e  n a tu re  o f the  

covariance  would be s p e c u la t iv e ,  p a r t i c u l a r l y  in  terms of w hether 

both responses a re  mediated by th e  same system. The s im i la r  

hypoactive  response fo llo w in g  CVIS among th e  groups sug ges ts  t h a t  

MSG trea tm e n t  i s  no t  producing a g e n e ra l iz e d  a l t e r a t i o n  in  a l l  

respo nses .  T h ere fo re ,  t o  3t a t e  t h a t  MSG trea tm e n t  a l t e r s  an 

i n t r i n s i c  p a in - in h ib i to r y  system a c t iv a te d  by CWS would be 

prem ature . A l te r a t io n s  in  e i t h e r  i n t r i n s i c  systems o r  e x te rn a l  

coping behav io rs  ( e .g .  s h iv e r in g )  ahould be examined in  fu tu re  

experim ents .

When challenged  w ith  2-DG, HMSG r a t s  d isp lay ed  a p o te n t ia te d  

2-DG a n a lg e s ia  which s h i f t e d  th e  2-DG dose-response  curve 3uch 

t h a t  a lower 2 5 0  mg/kg dose produced a near-maximal a n a lg e s ic  

resp o n se . Male HMSG r a t s  d isp lay e d  l e s s  hyperphagia fo llow ing  

th e  650 mg/kg dose of 2-DG and e x h ib i te d  no change in  in tak e



fo llow ing  th e  1200 mg/kg dose . In c o n t r a s t ,  female HMSG r a t s  

d isp layed  s i g n i f i c a n t  hypophagia fo llow ing  th e  h ig h e r  2-DG dose . 

These in g e s t iv e  d e f i c i t s  p a r a l l e l  p rev ious  f in d in g s  t h a t  in d ic a te  

MSG-treated ro den ts  a re  hypophagic r e l a t i v e  to  c o n t r o l s  when 

placed  on a normal o r lo w -c a lo r ie  d i e t  and f a i l  to  compensate 

p roperly  to  food d e p r iv a t io n  o r  h ig h - f a t  d i e t  c h a l le n g e s  (Dawson 

and Lorden, 1981; Kanarek e t  a l . ,  1979). Again, the  changes in  

LMSG r a t s  were sm a lle r  and l e s s  c o n s i s t e n t  w ith  2-DG a n a lg e s ia  

minimally a f f e c te d  and th e  decrease  in  2-DG hyperphagia l e s s  

pronounced. The p re sen t  study found t h a t  the  2-DG responses 

d i s s o c ia t e d  from each o th e r  w ith  p o te n t ia te d  2-DG a n a lg e s ia  and 

reduced 2-DG hyperphagia noted in  MSG-treated r a t s .  The b e s t  

e x p la n a t io n  fo r  th e  p re se n t  r e s u l t s  appears  to  be t h a t  the  

MSG-treated r a t  i s  no t  p ro cess in g  th e  s t r e s s f u l  p ro p e r t i e s  o f  the  

g lu c o p r iv ic  s t im u lus  in  a normal manner. Yet, damage to  th e  MBH 

i s  not th e  only in s ta n c e  in  which 2-DG a n a lg e s ia  and hyperphagia 

d i s s o c i a t e .  P o te n t ia te d  2-DG a n a lg e s ia  and reduced hyperphagia 

a re  observed fo llow ing  hypophysectomy (Bodnar, 1979b) dopamine 

blockade (Bodnar and N ico te ra ,  1982; S t r i e k e r  and Zigmmond, 1974) 

and acu te  exposure to  fo o t  shock (Bodnar, Kramer, Simone, 

K irchgessner and S c a l i s i ,  1983). Moreover, 2-DG hyperphagia , but 

not a n a lg e s ia ,  i 3 decreased  fo llow ing  naloxone p re trea tm en t  

(Lowy, Meickel and Yim, 1980; Wayner e t  a l . ,  1971). F in a l ly ,

2-DG a n a lg e s ia ,  but not hyperphagia, i s  decreased  fo llow ing  p r io r  

rep ea ted  exposure to  e i t h e r  2-DG i t s e l f ,  morphine or CWS (Bodnar 

e t  a l . ,  1978a, 1983; Spiaggia  e t  a l . ,  1979). Moreover, in  no



s i t u a t i o n  have the  hyperphagic and a n a lg e s ic  response  v a r ie d  in  

th e  same d i r e c t i o n .  S im ila r  to  CWS, th e  2-DG e f f e c t s  can not be 

a t t r i b u t e d  to  concu rren t  changes in  locomotor a c t i v i t y .  Again, 

the  purpose o f t h i s  study was to  examine th e  e f f e c t s  o f  MSG 

trea tm en t  upon a v a r i e ty  o f  2-DG-induced re sp o n ses .  The n a tu re  

and /o r  mechanisms underly ing  th e  d i s s o c i a t i o n  between 2-DG 

a n a lg e s ia  and hyperphagia cannot be p re c is e ly  i d e n t i f i e d ,  bu t  as 

in  th e  case  of MSG-induced e f f e c t s  upon CWS a n a lg e s ia  and 

hypotherm ia, must aw ait  replacem ent s tu d ie s  in  which d e p le te d  or 

ab sen t t r a n s m i t t e r s  and /o r  p e p tid e s  a re  s y s te m a t ic a l ly  

adm in is te red  to  th e  MSG-treated r a t .

That CWS a n a lg e s ia  and 2-DG a n a lg e s ia  a re  a l t e r e d  

d i f f e r e n t i a l l y  by MSG trea tm e n t  p rov ides  f u r t h e r  evidence fo r  th e  

m u l t i p l i c i t y  o f  mechanisms in  coping responses  t o  s t r e s s .  The 

normal ad ap tiv e  responses m ediated through the  MBH do not appear 

to  be unid im ensional s in c e  damage to  t h i s  s t r u c tu r e  by neo nata l  

MSG-treatment f a i l s  to  a l t e r  a l l  responses in  th e  same d i r e c t io n  

and t o  th e  same e x te n t .  Although 2-DG sh a re s  common p r o p e r t i e s  

w ith  CWS such as f u l l  and r e c ip ro c a l  c ro s s - to le r a n c e  (Sp iagg ia  e t  

a l . ,  1979) and naloxone n o n - r e v e r s i b i l i t y  (Bodnar, Kelly and 

Glusman, 1979) they  appear to  possess  some d i f f e r e n t  

p h y s io lo g ic a l  s u b s t r a t e s  s in ce  2-DG a n a lg e s ia  p o ssesse s  some 

op io id  p r o p e r t i e s  in c lu d in g  morphine to le ra n c e  and synergy 

(Sp iagg ia  e t  a l . ,  1979)» and decreased  a n a lg e s ia  fo llow ing  

l e s io n s  placed in  th e  d o rsa l  raphe a rea  o f  th e  caudal



p e ria q u ed u c ta l  grey (B ru tu s ,  K elly , Glusman and Bodnar, 1979). 

T here fo re ,  th e  a ssu n p tio n  t h a t  a n a lg e s ic  response  a l t e r a t i o n s  

fo llow ing  s t r e s s  m an ip u la tion s  in  MSG-treated r a t s  a re  due to  

a l t e r a t i o n s  to  components o f  a s p e c i f i c  p a in - in h ib i t o r y  system 

mu3t  be i n te r p r e te d  w ith  c a u t io n  and q u a l i f i e d  by i t s  e f f e c t s  

upon o th e r  p ro cesses  t h a t  may in  tu rn  modulate or i n t e r a c t  w ith  

p a in - in h ib i to r y  systems.
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Morphine A nalgesia  and F linch -Jun p  T h resho lds :  Following th e

de te rm in a tio n  o f  b a s e l in e  f l in c h - ju n p  th re s h o ld s  a t  90  days o f  

age, a l l  anim als rece ived  each of fou r  doses o f  morphine (0 , 2 .5 ,  

5 , and 10 mg morphine/ ml b u ffe re d  s o lu t io n /  kg body w eight,

SC). T hresholds were a sse ssed  a t  30, 60 and 120 min a f t e r  each 

in j e c t i o n .  I n je c t io n  o rd e r  was determ ined acco rd ing  t o  an 

incom plete ly  coun terbalanced  d e s ig n .  The experim enter  conducting  

th e  t e s t s  was unaware of th e  i n j e c t i o n  c o n d i t io n s .  Morphine 

a n a lg e s ia  was a ssessed  f o r  17 SAL ( 6 m ales; 11 fem a le s ) ,  21 LMSG 

(7 m ales; 14 females) and 19 HMSG r a t s  (7 m ales; 12 fem ales) .

Morphine A nalgesia  and H o t-P la te  L a te n c ie s :  Two weeks l a t e r ,

th e  same morphine doses were adm in is te red  t o  determ ine t h e i r  

e f f e c t s  upon paw -lick  o r  junp-escape  l a t e n c i e s  3 0 , 60 and 120 min 

a f t e r  i n j e c t i o n .  As b e fo re ,  i n j e c t i o n  o rd e r  was determ ined 

accord ing  to  an incom plete ly  coun te rba lanced  design  and th e  

t e s t e r  was unaware of th e  experim enta l c o n d i t io n .  A minimum o f  

48 h e lapsed  between i n j e c t i o n s .

Morphine T o lerance: Three weeks l a t e r ,  b a se l in e  f l in ch -ju m p

th re s h o ld s  and h o t - p la t e  l a t e n c i e s  were determ ined on su c c e ss iv e  

days. B aseline  l e v e l s  were determ ined over th r e e  s e s s io n s  w ith  

th e  second and t h i r d  s e s s io n s  fo llow ing  th e  f i r 3 t  a f t e r  30  and 90  

min i n t e r v a l s .  Core body tem p era tu res  were a l s o  determ ined a f t e r



the  second no c icep tiv e  t e s t  se s s io n .  Following d e te rm ina tion s  of 

both b a se l in e  th re sh o ld s ,  each r a t  received  d a i ly  15 mg/ kg dose 

o f morphine (15 mg/ ml bu ffered  s o lu t io n /  kg body weight, SC) 

between 0900 and 1100 fo r  1M consecu tive  days. To a sse ss  th e  

p rog ress ive  e f f e c t s  o f ch ron ic  morphine in je c t io n  on n o c icep tio n , 

f l in c h - ju n p  th resh o ld s  were determined on th e  f i r s t ,  f i f t h ,  n in th  

and t h i r t e e n t h  in je c t io n  days, while h o t -p la te  l a t e n c i e s  were 

determined on the  second, s ix th ,  te n th ,  and fo u r tee n th  i n je c t io n  

days. All noc icep tive  measures were a sc e r ta in e d  30, 60 and 120 

min a f t e r  in je c t io n  w ith  core body tem pera tures measured 

immediately a f t e r  the  second n oc icep tive  t e s t .  In a d d it io n ,  each 

an im al 's  body weight was a sc e r ta in e d  immediately before  in je c t io n  

on the f i r s t ,  f i f t h ,  n in th  and fo u r tee n th  days. To a sse ss  

withdrawal e f f e c t s ,  th re e  se ss io n s  of f l in c h - ju n p  th re sh o ld s  and 

th re e  se ss io n s  of h o t -p la te  l a t e n c ie s  were c a r r ie d  out on the  

f i f t h ,  and s ix th  days a f t e r  the  l a s t  i n je c t io n  r e s p e c t iv e ly .

Body weights were determined immediately p r io r  to  the  f i r s t  

noc icep tive  t e s t  and core body tem peratures were measured a f t e r  

the  second no c icep tiv e  se s s io n .

Morphine A c t iv i ty  Levels: Separa te  groups of r a t s  were

t re a te d  n eonata lly  with e i t h e r  the  SAL (11 males; 8 fem ales) , the 

LMSG (6  males, 7 fem ales), or the HMSG (8  males, 5 females) 

regimens. At 100 days of age, a c t i v i t y  l e v e ls  of a l l  animals 

were assessed  follow ing each of th re e  doses o f morphine (0 , 2 .5  

and 10 mg morphine/ 1 ml buffered  s o lu t io n /  kg body weight, SC)



accord ing  to  an incom plete ly  coun te rba lanced  d es ig n .  A one week 

in t e r v a l  e lapsed  between i n j e c t i o n s  and th e  t e s t e r s  were unaware 

o f th e  i n j e c t i o n  c o n d i t io n s .



R esu lts

Morphine A nalgesia  and F linch -Junp  T hresho lds : Tables 8 , 9

and 10 d i s p la y  th e  s i g n i f i c a n t  changes in  th re s h o ld s  ac ro ss  

morphine doses (F(3,153)= 126.94, p< . 0 0 1 ) ,  between males and 

fem ales (F(1 ,51)=  17.96, p< .0 0 0 1 ) ,  among p o s t - i n j e c t i o n  t e s t  

tim es (F(2,102)=  19.88, p< .0001), as  w e ll  as f o r  th e  

i n t e r a c t i o n s  between groups and tim es (F(4 ,102)=  4 .7 6 ,  p< .0015), 

and doses and tim es (F(6 ,306)=  7 .5 1 ,  p< .0001). All th re e  groups 

o f  male r a t s  e x h ib i te d  a s i g n i f i c a n t  in c re a s e  in  jump th re s h o ld s  

over p r e - i n j e c t i o n  va lues  a t  30 min and 60 min fo llow ing  th e  2 .5  

mg morphine dose and a t  3 0 , 60 and 120 min fo llow ing  both th e  5 

and 10 mg/kg doses o f  morphine. In c o n t r a s t ,  junp th re s h o ld s  o f  

SAL female r a t s  were s i g n i f i c a n t l y  e le v a te d  over p r e - in j e c t io n  

v a lu es  a t  3 0 , 60 and 120 min fo llow ing  th e  5 and 1 0 , but no t  the  

2 .5  mg/kg morphine d o ses .  HMSG females e x h ib i te d  s i g n i f i c a n t  

a n a lg e s ia  a t  30  and 60 min fo llow ing  th e  5 mg/kg dose and a t  30, 

60 and 120 min fo llow ing  th e  10 mg/kg dose . LMSG females 

d isp lay ed  s i g n i f i c a n t  a n a lg e s ia  a t  each p o s t - i n je c t i o n  t e s t  

fo llow ing  each dose.

S ince the  jump th re s h o ld s  o f  MSG-treated r a t s  were 

s i g n i f i c a n t l y  lower than  th e  SAL group fo llow ing  th e  v e h ic le  

i n j e c t i o n ,  a n a ly s i s  o f  d i f f e re n c e  sco re  revea led  s i g n i f i c a n t  

d i f f e r e n c e s  a c ro ss  morphine doses (F(2,1Q2)= 104.24, p< .0001), 

among p o s t - i n j e c t i o n  t e s t  t im es (F(2 ,102)= 19 .49 , p< .0001), and 

f o r  the  i n t e r a c t io n s  between doses and tim es (F(4,204)=  2 0 .6 3 , p<
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Tab le  8 .  Jump T h re s h o ld s  (mA) 30 min F o l lo w in g  Morphine  

i n  M S G - t re a te d  and C o n t r o l  Male  

and Female R a ts .

Morphine Dose (m g /kg )Group 

M ales i

HMSG

LIvSG

SAL

F e m a l e s ( 

KKSG

LMSG

SAL

x

SEM

x
SEM

x

SEM

x

SEt'i

x

SEM

x

SEM

0

.43  1 

. 0 4 .  

. 4 9  1

. 03

.58

. 1 0

.42

.03

. 3 ? '

. 0 2

.43

.04

2 .5  

• 53+

. 0 2

■ 55+
.04

.63*

. 1 2

.4 3

.03

.4 9

.03

.4?

.03

5 . 0  

• 56+

.03

.6 4 +

.0 4

. 6 9 +

.08

.5 3+

. 02

.5 2 +

. 0 2

.5 3 +

.03

10.0

.7 0+

.0 4

.8 0 +

.06

. 9 4 +

.0 7

.7 0 +

.03

-69+

. 0 2

• 69+

.03

N o t e :  S i g n i f i c a n t l y  g r e a t e r  ( + )  th a n  c o r re s p o n d in g
v e h i c l e  c o n d i t i o n  (p < . 0 5 ,  D u n n e t t  c o m p a r is o n s ) .

Significantly less (':) than same-sex iAL control
value (p<,05, Dunnett comparisons).



Tab le  q . Jump T h r e s h o l d s  (mA) 60 min F o l lo w in g  M orphine 

i n  M S G - t r e a te d  and  C o n t r o l  Male 

and  Female R a t s .

M orphine  Dose (mg/kg)Group 

Males t 

HMSG

LMSG

S A L

Females t 

HMSG

LIviSG

S A L

x

SEM

X

SEM

x

SEM

x

SEM

x

SEM

x

SEM

0

. 4 5

. 0 2

.48

.Ok

.4 9

.08

.43

. 0 2

.37

.01

. 4 4

. 0 3

*
2 . 5

.5 2 +

.03

.5 4 +

.0 4

.63+

. 11

. 4 7

.03

,4 8 +

.03

.4 7 +

.03

5 - 0

.5 7 +

.02  

. . 62+  

. 02  

.6 9 +

.0 8

. 5 4 +

.02

. 5 2 +

.02

• 52+

.03

1 0 . 0

. 8 2 H

. 0 6

.82*1

. 0 ?

.8?'1

.0 4

•j
.73  

.03  

. 68h 

. 0 2  

• 65H 

.03

N ote i  S i g n i f i c a n t l y  g r e a t e r  {+) t h a n  c o r r e s p o n d i n g
v e h i c l e  c o n d i t i o n  ( p <  , 0 5 .  D u n n e t t  c o m a p a r i s o n s ) .

Significantly l e s s  ( * )  than same-sex SAL control
value ( p  <,.05. Dunnett comparisons).
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T a b le  10

Group  

K a le s i  

HKSG

L MSG

SAL

Fem ales i  

HMSG

LKSG

SAL

Jump Th res h o ld s  (rr.A) 120 min F o l lo w in g  Morphine  

i n  K S G - t re a ts d  and C o n t r o l  Male  

and Female R a t s .

M orphine  Dose (mg/kg)

x

SEM

x

SEM

x

SEM

x

SEM

x

SEM

x

SEM

0

.48*

.03

• 52 

.05  

.55  

. 0 ?

.44

. 0 2

.39

. 0 2

• *K5 

.04

2 . 5

.4?

.03

.5 4

.0 4

.58

.09

.43

. 0 2

. 4 4 h

.03

.4 8

.0 4

5 . 0

• 53+

.02

• 59+

.03

.6 9 +

.0 9

.48

. 0 2

.4 5 +

.01

.5 0 +

. 0 2

1 0 . 0  

.71+ 

.05  

.72+ 

.07  

. 79+ 

.03

. 66+

.04

.6o+

. 02

.63+

.03

N o te i  S i g n i f i c a n t l y  g r e a t e r  {+ )  th a n  co rre s p o n d in g
v e h i c l e  c o n d i t i o n  (p < . 0 5 ,  D u n n e t t  c o m p a r is o n s ) .

Significantly less (*>'.) than sarr.e-sex SAL control
value (p( .05. Dun: c-t' comparisons).
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.0 5 ) ,  and among doses , time and gender (F(U,204)= 2 .5 6 ,  p< .0 5 ) .  

F igure  5 shows t h a t  th e  magnitude o f  morphine a n a lg e s ia  of HMSG 

was s i g n i f i c a n t l y  sm a lle r  than  fo llow ing  SAL males 60 min 

fo llo w in g  th e  2 .5  mg/kg dose , 60 and 120 min fo llow ing  th e  5 

mg/kg dose and 30 min fo llow ing  th e  10 mg/kg dose of morphine. 

A l te r a t io n s  in  th e  a n a lg e s ic  response  o f LMSG males in  r e l a t i o n  

to  SAL males was l e s s  c o n s i s t e n t  w ith  s i g n i f i c a n t  r e d u c t io n s  

observed 60 min fo llow ing  th e  2 ,5  mg/kg dose , and a t  60 and 120 

min fo llow ing  th e  5 mg/kg dose and a p o te n t i a t io n  observed 30  min 

fo llow ing  th e  5 mg/kg dose . Marked gender d i f f e r e n c e s  were 

observed f o r  t h i s  o p ia te  re sp o n se . In c o n t r a s t  t o  th e  d im inu tion  

in  morphine a n a lg e s ia  seen in  male HMSG r a t s ,  HMSG fem ales 

d isp lay ed  s i g n i f i c a n t  in c re a s e s  in  morphine a n a lg e s ia  60 and 120  

min fo llow ing  th e  10 mg/kg dose . Moreover, LMSG fem ales showed 

s i g n i f i c a n t  in c re a s e s  in  morphine a n a lg e s ia  r e l a t i v e  to  SAL 

fem ales a t  30  and 60 min fo llow ing  th e  2 .5  and 5 mg/kg doses and 

a t  30, 60 and 120 min fo llow ing  th e  10 mg/kg do se . Thus, 

morphine a n a lg e s ia  i s  reduced by MSG trea tm e n t  in  male r a t s ,  ye t 

p o te n t ia te d  by MSG trea tm e n t  in  female r a t s  when th e  junp 

th re sh o ld  i s  employed as th e  n o c ic e p t iv e  m easure.

F lin ch  th re s h o ld s  were s i g n i f i c a n t l y  a l t e r e d  a c ro ss  morphine 

doses CFC3,153)= 17 .95 , p< .0 0 0 1 ) ,  and f o r  the  i n t e r a c t i o n s  

between groups and t e s t  tim e (F(4,102)= ^ .3 5 ,  p< .0 03 ) ,  between 

dose3 and t e s t  t im es (F(6,30t>)= 2 .5 6 ,  p< .0 5 ) ,  among groups, 

doses and t e s t  t im es (F(12,306)= 2 .6 2 ,  p< .005) and among groups,
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Figure  5 .  D i f f e r e n t i a l  a l t e r a t i o n s  ( g r e a te r  (+) or l e s s  than  (*) 
SAL, Dunnett comparison, p< .05) in  morphine a n a lg e s ia  on th e  
junp t e s t  was observed a f t e r  MSG t r e a tm e n t .  While HMSG males 
d isp lay ed  a t t e n u a t io n s  in  morphine a n a lg e s ia  ac ro ss  doses ,  female 
HMSG anim als e x h ib i te d  p o t e n t i a t io n s  in  morphine a n a lg e s ia  
fo llow ing  the  10 mg/kg dose . LMSG r a t s  d isp lay ed  a s im i la r  
p a t t e r n .
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gender, doses and t e s t  tim es (F(6,306)= 2 .8 3 ,  p< .0 5 ) .  F l in ch  

th re s h o ld s  were s i g n i f i c a n t l y  e le v a ted  over v e h ic le  only a f t e r  

the  10 mg/kg morphine dose f o r  HMSG males (60 min) and HMSG 

fem ales (120 m in). F l in ch  th re s h o ld s  were s i g n i f i c a n t l y  

in c reased  over v e h ic le  v a lu es  30 min fo llow ing  th e  2 .5  and 5 

mg/kg doses and 30 and 60 min fo llow ing  th e  10 mg/kg dose in  LMSG 

males and 30 and 60 min fo llow ing  th e  2 .5  and 10 mg/kg dose in  

LMSG fem ales . F l in c h  th re s h o ld s  were s i g n i f i c a n t l y  e le v a te d  over 

v e h ic le  va lues  a t  120 min fo llow ing  th e  2 .5  mg/kg dose in  SAL 

males and a t  30 and 60 min fo llow ing  th e  10 mg/kg dose in SAL 

males and fem ales.

Since f l in c h  th re s h o ld s  fo llow ing  v e h ic le  i n j e c t i o n s  were 

s i g n i f i c a n t l y  lower in  HMSG males, a d i f f e r e n c e  score  a n a ly s i s  

rev e a le d  a l t e r a t i o n s  a c ro ss  morphine doses (F(2,102)= 14 .20 , p< 

.0001), p o s t - i n je c t io n  t e s t  tim es (F(2 ,102)=  3 .8 1 ,  p< .0 3 ) ,  and 

f o r  th e  i n t e r a c t io n  among doses, time3 and groups (F(8,204)=

2 .6 6 ,  p< .0 1 ) .  The magnitude o f  the  f l i n c h  response in  HMSG 

males was s i g n i f i c a n t l y  lower than  t h a t  o f  SAL males 60 and 120

min a f t e r  th e  2 .5  mg do3e and 30 min a f t e r  the  10 mg/kg dose .

Yet, in  c o n tr a s t  i t  was s i g n i f i c a n t l y  g r e a te r  60 and 120 min 

a f t e r  the  5 mg/kg dose . LMSG male r a t s  e x h ib i te d  a g r e a t e r

response  than  SAL r a t s  30 min a f t e r  th e  2 .5  and 5 mg/kg dose and

a sm a lle r  response 30 min a f t e r  th e  10 mg/kg dose . In c o n t r a s t  

to  m ales, th e  magnitude o f th e  f l in c h  response o f th e  HMSG 

fem ales was s i g n i f i c a n t l y  g r e a te r  than t h e i r  SAL c o u n te rp a r t  a t
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60 and 120 min a f t e r  the  10 mg/kg dose , but lower 120 min a f t e r  

th e  2 .5  mg/kg dose . In  c o n t r a s t ,  th e  magnitude of a n a lg e s ia  in  

LMSG fem ales was g r e a te r  than  SAL fem ales a t  60 min a f t e r  th e  2 .5  

and 10 mg/kg dose . Again, f l in c h  responses showed l e s s  r e l i a b l e  

and c o n s i s t e n t  e f f e c t s  than  junp respon ses .

Morphine A nalgesia  and H o t-P la te  L a te n c ie s :  S ig n i f ic a n t

a l t e r a t i o n s  in  hot p la t e  l a t e n c i e s  were observed a c ro s s  morphine 

doses (F(3 ,147)=  28 .48 , p< .0001), among groups (F (2 ,49) = 2 0 .60 , 

p< ,0001), a c ro ss  t e s t  tim es (F (2 ,98)=  6 8 .30 , p< .0001), and fo r  

th e  i n te r a c t io n s  between groups and gender (F (2 ,49)=  3 .7 9 ,  p< 

.0 5 ) ,  doses and groups (F(6,147)= 5 .7 9 ,  p< .0001), tim es and 

groups (F(4 ,98)=  2 . 7 9 ( p< .0 3 ) ,  doses and tim es (F(6 ,294)=  7 .1 1 ,  

p< .0001), and among doses , t im es and gender (F(6,294)=3.63» p< 

.0 0 5 ) .  As observed in  Tables 11, 12 and 13 HMSG males d isp lay ed  

s i g n i f i c a n t l y  longer l a t e n c i e s  than  v e h ic le  30 min fo llow ing  th e  

5 mg/kg dose and a t  30 and 120 min fo llow ing  th e  10 mg/kg dose . 

L a ten c ies  o f  LMSG males were s i g n i f i c a n t l y  longer than  v e h ic le  a t  

30 and 60 min fo llow ing  th e  5 mg/kg dose and 60 min fo llow ing  th e  

10 mg/kg dose . L a ten c ies  o f  SAL males were s i g n i f i c a n t l y  longer 

than  v e h ic le  a t  30 min fo llow ing  th e  2 ,5  mg/kg dose and 30 and 60 

min fo llow ing  th e  10 mg/kg dose . Again gender played an 

im portant r o le  in  t h i s  response . S ig n i f ic a n t ly  s h o r t e r

l a t e n c i e s  were observed fo llow ing  th e  2 .5  mg/kg dose fo r  HMSG 

(120 min) and LMSG (60 min) fem ales, fo llow ing  th e  5 mg/kg dose 

fo r  HMSG (120 min) females and fo llow ing  th e  10 mg/kg dose fo r
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T ab le  11

Group

Hot P l a t e  L a t e n c i e s  (s e c )  30 min F o l lo w in g  

Morphine i n  K S G - t re a te d  and C o n t r o l  

Male and Female R a ts .

Morphine Dose (m g/kg)

1 0 . 0  

9.88  + 

1 . 0 4

5 . 6 0  

.70  

7 .1 5  + 

.91

1 0 . 2 3  +

.86 

5 .4 2  

. 62  

9 .00+ 
.71

D u n n e t t  c o m p a r is o n s ) .

M a le s i 0 2 . 5 5 . 0

HMSG X 6 .4 7 7 .6 3 8 . 6 5  +

SEM . 8 8 .9 2 1 . 1 6

LMSG X 4 . 4 4 4 . 5 2 7 .1 7  +

SEM .48 .46 I . 0 3

SAL X 4 . 0 0 5 . 6 4  + 5 . 0 2

SEM .53 . 61 . 4 0

F em a le s i

HMSG X 5 . 4 4 6 . 5 7 5 -1 1

SEM .8 4 .6 5 . 81

LMSG X 5 .4 2 4 . 5 7 5 .4 3

SEM .55 .50 .7 4

SAL X 4 .6 ? 5 - 5 2 5 . 0 5

SEM .3 0 . 61 ■ 50

N o te i  S i g n i f i c a n t l y  g r e a t e r  
c o r re s p o n d in g  v e h i c l e

( + )  o r  l e s s  ( * )  
c o n d i t i o n  (p  < .0



T a b le  1 2 ,  Hot P l a t e  L a t e n c ie s  ( s e c )  60 min Fo l lo v / in g

Morphine i n  i -S G - t r e a t e d  and C o n t r o l  

Kale and Female R a t s .

Group Morphine Dose (m g/kg)

M a le s i 0 2 . 5 5 . 0 1 0 . 0

HMSG X 6 .1 7 5 - 1 8 7 .7 1 1 0 . 8 9 +

SEM 1 . 2 0 .51 .73 1 . 1 1

LMSG X 4 .3 6 3 . 7 8 5 . 9 ^ + 6 .82+

SEM .44 • ^5 .8 7 1 .28

SAL X 2 .9 3 4 .  00 3 .64
+

7 .1 9

SEM .14 . 6 0 .28 1 .4 9

Females t

HMSG X 5 .3 0 5 . 6 9 6 . 1 2 9 *92 +

SEM • 5 ^ .32 .7 5 .85

LMSG X 5 .1 9 3 . 7 3 * 4 . 4 2 4 . 8 l

SEM -5^ .^5 .52 .68

SAL X *K33 4 . 5 5 3 . 6 2 7 . 3 2 +

SEM .39 .4 7 .38 .75

N o te i  S i g n i f i c a n t l y  g r e a t e r  
c o r re s p o n d in g  v e h i c l e

( + )  o r  l e s s  ( * )  
c o n d i t i o n  (p < .

than
05,



T a b le  13. Hot P l a t e  L a t e n c i e s  (s e c )  120 min F o l lo w in g

M orphine  i n  M S G -t re a te d  and C o n t r o l  

Male and Female R a ts .

Group M orphine Dose (m g/kg)

Males  t 0 2 . 5 5 . 0 1 0 . 0

HMSG ic 4 . 9 2 5 . 9 4 5 .81 1 0 .0 5 +

SEM .72 1 . 4 5 . 6 9 1 . 3 0

LMSG X 4 .5 1 4 . 2 5 3 .3 0 4 . 9 5

SEM .5 0 1 . 3 0 -31 .64

SAL X 3 . 1 9 2 . 7 6 2 .8 0 3 . 1 5 +

SEM .39 .31 .27 .52

Females t

HMSG X 5 .8 2 3 . 6 1 * 4 . 0 2 * 5 -31

SEM .78 .19 .5 2 .83

LMSG X 5 - 0 7 3 . 5 8 * 4 . 0 7 3 . 3 8 *

SEM .51 .4 0 .50 .45

SAL X 4 . 1 5 3 .6 3 3 .4 2 4 .7 9

SEM .56 .4 7 .36 .47

Note*  S i g n i f i c a n t l y  g r e a t e r  ( + )  o r  l e s s  ( * )  t h a n
c o r r e s p o n d i n g  v e h i c l e  c o n d i t i o n  ( p < . 0 5 »
D u n n e t t  c o m p a r i o s o n s ) .



LMSG (120 min) fem ales. A nalgesia  was noted fo r  SAL fem ales 30 

and 60 min fo llow ing  th e  10 mg/kg dose.

Since MSG lengthened l a t e n c i e s  fo llow ing  v e h ic le ,  a 

d i f fe re n c e  sco re  revea led  s i g n i f i c a n t  la te n c y  a l t e r a t i o n s  a c ro ss  

groups (F (2 ,4 9 ) r  5 .0 3 ,  p< .0 5 ) ,  a c ro ss  genders (F(1 ,49)=  5 .9 1 ,  p< 

.0 5 ) ,  a c ro ss  morphine doses (F(2 ,98)=  3 5 .38 , p< .0001), a c ro ss  

p o s t - i n je c t io n  t e s t  t im es (F(2 ,98)= 11 .64 , p< .0001) and f o r  the  

i n te r a c t io n  between doses and groups (F(4 ,98)=  6 .6 1 ,  p< .001) 

doses and tim es (F(4,196)=  3 .6 3 ,  p< .05) among doses, t im es and 

groups (F(8,196)= 2 .2 0 ,  p< .0 3 ) ,  and among do ses ,  t im es and 

groups (F(4,196)= 4 .5 8 ,  p< .002). As rev ea led  in  F igu re  6 ,  the  

magnitude of h o t - p la te  morphine a n a lg e s ia  in  HMSG m ales was 

s i g n i f i c a n t l y  a t te n u a te d  60 min fo llow ing  th e  2 .5  dose , but 

s i g n i f i c a n t l y  p o te n t ia te d  30 and 120 min fo llow ing  th e  5 mg/kg 

dose and a t  120 min fo llo w in g  th e  10 mg/kg dose . In c o n t r a s t ,  

LMSG males d isp lay ed  s i g n i f i c a n t l y  l e s s  morphine a n a lg e s ia  than  

SAL males a t  30 and 60 min fo llow ing  th e  2 .5  dose , and a t  30 and 

60 min fo llow ing  th e  10 mg/kg, but p o te n t ia te d  a n a lg e s ia  30 min 

fo llow ing  th e  5 mg/kg dose . Like HMSG m ales, HMSG fem ales 

d isp layed  a l t e r e d  l a t e n c i e s  as a fu n c t io n  o f  morphine dose: 

s i g n i f i c a n t  a t t e n u a t io n s  were observed 120 min fo llow ing  th e  2 .5  

mg/kg dose and 30 min fo llow ing  th e  5 mg/kg dose, w hile  

s i g n i f i c a n t  p o te n t i a t io n  occurred  60 min fo llow ing  th e  5 and 10 

mg/kg d o se s .  Again, l i k e  m ales, LMSG fem ales e x h ib i te d  

s i g n i f i c a n t l y  s h o r te r  l a t e n c i e s  than  SAL fem ales 30, 60, and 120



Figure  6 .  S ig n i f ic a n t  p o t e n t i a t io n  ( + : Dunnett comparison, p< 
.05) in  morphine a n a lg e s ia  on th e  h o t - p la t e  t e s t  was observed in  
HMSG anim als o f  both se x es .  Less c o n s i s t e n t  r e s u l t s  were 
observed fo r  the  LMSG group. ( S ig n i f ic a n t ly  l e s s  (*) Dunnett 
comparison, p< .0 5 ) .
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min fo llow ing  th e  2 .5  and 10 mg/kg morphine doses . In  summary, 

jump th re s h o ld s  and h o t - p la t e  l a t e n c i e s  d is p la y  dose-dependent 

a n a lg e s ia  fo llow ing  morphine, y e t  d i s s o c i a t e  in  term s of 

a l t e r a t i o n s  in  o p ia te  responses in  MSG-treated an im als .

Morphine Tolerance FI inch-Jump T hresho ld s :  Junp th re s h o ld s

were s i g n i f i c a n t l y  a l t e r e d  a c ro ss  morphine i n je c t io n  days 

(F(5,215)= 40 .30 , p< .0001), among groups (F(2 ,43)=  17 .95 , p< 

.0001), between m ales and fem ales (F (1 ,43)=  2 4 .49 , p< .0001), 

ac ro ss  p o s t - i n j e c t i o n  t e s t  tim es (F(2,86= 2 5 .7 1 ,  p< .0001) and 

fo r  the  i n te r a c t io n s  between days and groups (F(1Q,215)= 3 .5 4 ,  p< 

.00 1 ) ,  days and gender (F(5 ,215)=  3 .6 2 ,  p< .0 0 5 ) ,  days and t e s t  

tim es (F ( 10,430)= 3 .8 7 ,  p< .0001), and among days, t e s t  t im es

and groups (F(20,43)= 1 .6 6 ,  p< .0 5 ) .  T ab les  14, 15 and 16 show 

t h a t  junp th re s h o ld s  o f  HMSG males were s i g n i f i c a n t l y  g r e a t e r  

than  b a se l in e  over the  120 min t e s t  i n t e r v a l s  fo llow ing  th e  

f i r s t ,  f i f t h  and n in th  morphine i n j e c t i o n s ,  but no t fo llow ing  th e  

t h i r t e e n t h  morphine i n je c t i o n  or w ithd raw al. Junp th re s h o ld s  of 

LMSG males were s i g n i f i c a n t l y  g r e a te r  than  b a s e l in e  over th e  120 

min t e s t  i n t e r v a l s  up t o  th e  f i f t h  morphine in je c t i o n s  but not 

t h e r e a f t e r .  Junp th re s h o ld s  o f  SAL males were s i g n i f i c a n t l y  

g r e a te r  than  b a s e l in e  over th e  120 min t e s t  i n t e r v a l s  fo llow ing  

th e  f i r s t  and f i f t h  morphine i n j e c t i o n s ,  a t  60 and 120 min 

fo llow ing  th e  n in th  i n j e c t i o n ,  bu t no t t h e r e a f t e r .  Females show 

a s im i l a r ,  though not an id e n t i c a l  p a t t e r n .  Morphine a n a lg e s ia  

was observed in HMSG fem ales over th e  120 min t e s t  i n t e r v a l s
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T a b le  14, T h i r t y  L i n  Jump T h re s h o ld s  (mA) During; and 

A f t e r  Days o f  Morphine I n j e c t i o n  (15  m g/kg)  i n  

K S G - t r e a t e d  and C o n t r o l  K a le  and Female Rats  

Group Days

M a le s i PRE 1 5 9 13 Pos1

HMSG X
. # 

.4 9 . 70+ ,87+ . 5 9 * .49 .47

SEM . 01 . 0 6 .02 . 0 7 .05 .03

LMSG X
IP

. 4 4 . 57+ ,6 0 + .49 .43 .46

SEM .0 5 ,0 4 .04 .06 .03 .03

SAL X .5 5 ,8 6 + .6 3 + . 6 0 .55 . 60

Females 1

SEM .0? .07 . 03 . 0 7 .05 .07

HMSG X .4 0 • 50+ ,6 0 + ,4 ? + .47 .38

SEM .0 2 .03 .03 .02 .03 .02

LMSG 5c
X

. 3 5 ■ 52+ ,4 4 + . 4 i + • 37 .38

SEM .0 2 .03 .02 .0 4 .02 .02

SAL X .4 0 ,6 o + . 5 3 * . 6 0 +

+0• . 46

SEM .0 2 .0 4 .04 .03 .0 2 .04

N o te i  S i g n i f i c a n t l y  g r e a t e r  (+ )  th a n  c o r re s p o n d in g
v e h i c l e  c o n d i t i o n  ( p < .05 *  D u n n e t t  c o m p a r is o n s ) .

Significantly less than same-sex SAL control
value (p< .05, Dunnett comparisons).



T a b l e  15- S i x t y  F..in Jump T h r e s h o l d s  (mA) D u r i n g  a n d  

A f t e r  Days  o f  k o r p h i n e  I n j e c t i o n  (15  m g / k g )  i n  

L E G - t r e a t e d  a n d  C o n t r o l  I^a l e  a n d  F e m a l e  R a t s  

Gr oup  Days

S  1 IRE
*

1 C 9 1 3 Fos'

nl.S G X .4 4 . 79+ . 7 3 + . 6 6 * .50 .43

SEL .02 .05 .02 . 0 1 .02 .03

L. . 3  G X .45 • o 5 . 5 8 + .44 .47 .48

SEi, .04 .04 . 0 4 .07 .03 .03

SAL X .57 .  9 1 + .70+ . 5>9* • 59 .52

i le s  i

SEP. .0? .05 .03 . 0 ? .06 .07

klsg X .43 . 6 o + . 5 5 * .48 . 5 0 + .40

3 EL .03 .03 . 0 4 .03 . 05 .03

l :.jsg X
■ti-

.35 . 6 o + .4 7+ .4 7 + .36 .37

SEP .03 .02 .03 .06 .02 .02

SAL X ,7 0 + . 5 4 + . 6 7 * • 59+ .44

SEE .03 .03 .03 . 0 4 .03 .04

D o t e i  S i g n i f i c a n t l y  g r e a t e r  (+ )  t h a n  c o r r e s p o n d i n g
v e h i c l e  c o n d i t i o n  ( p < . 0 5 »  D u n n e t t  c o m p a r i s o n s ) .

Significantly less (*) than sare-sex SAL control
value (p<.05, Dunnett comparisons).
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T a b le  16 . One Hundred Twenty Min Junp Th resh o ld  (mA) 

D u r in g  and A f t e r  Days o f  Morphine I n j e c t i o n  (15  mg/kg)  

i n  K S G - t r e a te d  and C o n t r o l  Male and Female Rats  

Group Days

PRE 1 5 9 13 Posi

Wales t

HMSG x
■i?

.48 . 7 3 * . 83 * .6 5 + .5 6 .46

SEW . 01 .05 . 0 2 . 06 . 0 7 .05

Lr.SG X .4 9 * . 6 i + .68+ .47 .46 .53

SEW .03 .03 . 0 6 . 0 6 .03 .03

SAL x .63 . 9 3 * .78+ . 77+ . 6 2 .56

SEM .08 . 08 .07 .08 .05 .04

Females 1

HMSG x .4 6 .6 3 + .6 0 * . 6 0 * .50 .45

SEM . 03 .04 .03 .03 .04 .03

LMSG x .38  * . 57+ • 53+ .42 .42 .40

SEM .0 2 .04 .04 .04 .02 .02

SAL x .46 . 68+ .56+ . 75+ • 58+ .49

ss;.; .0 4 .04 .03 .04 .04 .03

N o te i  S i g n i f i c a n t l y  g r e a t e r  ( + )  than  c o r re s p o n d in g
v e h i c l e  c o n d i t i o n  (p < .0 5 .  D u n n e t t  c o m p a r is o n s ) .

Significantly less (-) than sar.e-sex SAL control
value ( p < .05i Dunnett comparisons).
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fo llow ing  th e  f i r s t  and f i f t h  i n j e c t i o n s ,  a t  30 and 120 min 

fo llow ing  th e  n in th  i n j e c t io n ,  a t  60 min fo llow ing  th e  t h i r t e e n t h  

in j e c t io n ,  but n o t  du ring  th e  f i f t h  day o f  morphine w ithd raw al. 

Morphine a n a lg e s ia  of th e  LMSG fem ales was observed a t  30 , 60 and 

120 min fo llow ing  th e  f i r s t ,  f i f t h  and n in th  i n j e c t i o n s ,  bu t  no t 

t h e r e a f t e r .  In c o n t r a s t ,  SAL fem ales d isp lay e d  a s i g n i f i c a n t l y  

g r e a te r  and prolonged a n a lg e s ic  response  30, 60 and 120 min o f  

day 1, 5 ,  9 and 13, but f a i l e d  to  d i f f e r  from b a se l in e  on th e  

f i f t h  day o f morphine w ithdraw al.

Since MSG trea tm e n t  s i g n i f i c a n t l y  lowered b a se l in e  

th re s h o ld s ,  a d i f f e r e n c e  sco re  a n a ly s i s  rev ea led  s i g n i f i c a n t  

e f f e c t s  a c ro s s  i n j e c t i o n  days (F(4,172)= 3 6 .11 , p< .0001) and fo r  

the  i n t e r a c t i o n s  between days and groups (F(8,172)= 3 .9 7 ,  P< 

.0005), days and gender (F(4 ,172)=  4 .2 7 ,  p< .005 ) ,  days and t e s t  

tim es (F(8,344)= 4 .9 8 ,  p< .0001), and among days, t e s t  t im es and 

groups (F(16,344)= 2 .1 7 ,  p< .0 1 ) .  F igure  7 shows th e  magnitude 

of morphine a n a lg e s ia  on th e  junp th re s h o ld  t e s t  in  HMSG r e l a t i v e  

to  SAL males v a r ie d  a c ro s s  th e  i n j e c t i o n  tim e course  w ith  

s i g n i f i c a n t  a t t e n u a t io n s  noted on th e  f i r s t  day (30 and 120 min), 

and s i g n i f i c a n t  p o te n t i a t io n s  on th e  f i f t h  (30, 60 and 120 m in), 

n in th  (60 m in), and t h i r t e e n t h  (120 min) days. Withdrawal (30 

min) junp th re s h o ld s  were s i g n i f i c a n t l y  lower in  HMSG r a t s .  In

c o n t r a s t ,  th e  magnitude o f morphine a n a lg e s ia  as measured by the

junp t e s t  in  LMSG, r e l a t i v e  to  SAL, males was s i g n i f i c a n t l y

sm a lle r  on th e  f i r s t  (30 ,60  and 120 m in), and n in th  (60 and 120

min), but g r e a te r  on th e  f i f t h  (30 min) days. F u r th e r ,
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Figure  7 .  A l te r a t io n s  ( s i g n i f i c a n t l y  l e s s  (*) o r  g r e a te r  (+ ) ,  
Dunnett comparison, p< .0 5 ) .  in  th e  development of morphine 
to le ra n c e  on th e  junp t e s t  fo llow ing  MSG tre a tm e n t .  While 
maximal morphine a n a lg e s ia  in HMSG anim als was delayed u n t i l  day 
5 , the  r a t e  of subsequent a n a lg e s ic  to le ra n c e  ac ro ss  th e  
i n je c t io n  sequence i s  s im i la r  among groups.
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withdrawal (60 and 120 min) junp th re s h o ld s  were s i g n i f i c a n t l y  

g r e a te r  in  LMSG m ales.

Again gender d i f f e r e n c e s  were ap p aren t  in  th e  r e s u l t s .

F igure  8 shows th e  magnitude in  morphine a n a lg e s ia  in  HMSG 

fem ales was s i g n i f i c a n t l y  lcwer than  SAL fem ales on th e  f i r s t  

(30, 60 and 120 m in), n in th  (30, 60 and 120 min) and t h i r t e e n t h  

(60 and 120 min) morphine i n je c t io n  days as w e ll  as  during  

w ithdrawal (30, 60 and 120 min), but g r e a t e r  on the  f i f t h  (30 

min) day. While morphine a n a lg e s ia  o f  LMSG fem ales f a i l e d  to  

d i f f e r  s i g n i f i c a n t l y  from SAL fem ales fo l lo w in g  th e  f i r s t  

i n j e c t i o n ,  i t  was s i g n i f i c a n t l y  g r e a t e r  on th e  f i f t h  day (120 

m in ) , y e t  s i g n i f i c a n t l y  l e s s  on th e  n in th  and t h i r t e e n t h  days 

(30 , 60 and 120 m in). A f te r  morphine w ithd raw al, responses  o f  

th e  two groups f a i l e d  to  d i f f e r .  Thus, MSG trea tm e n t  

s i g n i f i c a n t l y  a l t e r e d  th e  a n a lg e s ic  response  to  ch ro n ic  morphine 

on th e  jump t e s t  w ith  gender a l t e r i n g  th e  d i r e c t i o n  o f  r e s u l t s .

S ig n i f ic a n t  f l i n c h  th re s h o ld  a l t e r a t i o n s  were observed a c ro ss  

morphine i n je c t io n  days (F(5 ,215)=  5 .1 3 ,  p< .001), among groups 

(F (2 ,43)=  10.88,p< .0001), between males and fem ales (F (1 ,43)=  

14 .90 , p< .001) a c ro s s  p o s t - i n je c t i o n  t e s t  t im es (F (2 ,86)=  25 .95 , 

p< .0001), and fo r  th e  i n t e r a c t io n s  between groups and gender 

(F (2 ,43)=  3-36, p< .0 5 ) ,  days, and groups (F(10,215)= 2 .4 0 ,  p< 

.05) and among days, t e s t  t im es, and groups (F(10,430)= 4 .0 1 ,  p< 

.0001). F linch  th re s h o ld s  were s i g n i f i c a n t l y  in c reased  only on 

th e  f i f t h  i n j e c t i o n  day (30 and 120 min) f o r  HMSG males and were 

s i g n i f i c a n t l y  decreased  on th e  f i f t h  and t h i r t e e n t h  days (30 min)



Figure  8 . Unlike MSG-treated m ales, MSG-treated fem ales 
d isp lay ed  a l e s s  c o n s i s t e n t  p a t te r n  on th e  jump t e s t  a c ro ss  th e  
morphine i n je c t io n  sequence The magnitude o f  th e  i n i t i a l  
a n a lg e s ic  response o f HMSG fem ales was l e s s  than  t h e i r  
SA L-treated c o u n te rp a r t s .
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fo r  LMSG m ales. F l in c h  th re s h o ld s  o f  SAL males were g r e a t e r  than

b a se l in e  only on th e  f i r s t  day (60 m in), bu t were lower than

b a s e l in e  on th e  f i r s t  (30 m in), f i f t h  (30 and 60 min), n in th  (3 0  

and 60 min) and t h i r t e e n t h  ( 3 0 , 60 and 120 min) i n j e c t io n  days as 

w e ll  as du rin g  w ithdrawal (30 , 60 and 120 m in). N either LMSG, 

HMSG nor SAL fem ales d isp lay ed  a l t e r a t i o n s  in  f l i n c h  th re s h o ld s  

from b a s e l in e .  Since MSG trea tm en t  s i g n i f i c a n t l y  lowered 

b a se l in e  f l i n c h  th re s h o ld s ,  a d i f f e re n c e  sco re  a n a ly s i s  rev ea led  

s i g n i f i c a n t  a l t e r a t i o n s  a c ro ss  i n j e c t i o n  days (F(4 ,172)= 6 .0 4 ,  p< 

.0001), and fo r  the  i n t e r a c t io n s  between days and groups 

(F(8,172)= 2 .8 8 ,  p< .0 5 ) ,  days and gender (F(4 ,172)= 3 .1 5 ,  p< 

.0 5 ) ,  days and t e s t  t im es (F(8 ,344)=  3 .7 7 ,  p< .0005), and among 

days, t e s t  tim es and gender (F(8,344)=  4 .4 2 ,  pp< .0001). F linch  

th re s h o ld s  o f  HMSG males were o f s i g n i f i c a n t l y  g r e a te r  magnitude 

than  SAL males on th e  f i r s t  (30 min), f i f t h  and t h i r t e e n t h  (30 

min) days. F linch  th re s h o ld s  o f  LMSG males were o f  s i g n i f i c a n t l y  

lcwer magnitude only on th e  f i f t h  (30 min) day. F linch  

th re sh o ld s  o f  female HMSG and LMSG r a t s  f a i l e d  to  d i f f e r  from SAL

fem ales . Again, f l in c h  th re s h o ld s  d isp lay e d  l e s s  c o n s i s t e n t  and

l e s s  ro b u s t  e f f e c t s  th an  jump th re s h o ld s .

Morphine Tolerance Hot P la te  L a te n c ie s :  S ig n i f ic a n t

a l t e r a t i o n s  in  th e  ho t p la t e  l a t e n c i e s  were observed a c ro ss  

morphine i n j e c t io n  days (F(5,215)= 5 0 .28 , p< .0001), among groups 

(F (2 ,43)=  9 .3 0 ,  p< .0005), a c ro ss  p o s t - i n je c t i o n  t e s t  t im es 

(F(2 ,86)=  46 .97 , p< .0001), and fo r  th e  i n t e r a c t io n s  between



days and groups (F(5 ,215)= 2 .3 0 ,  p< .0 5 ) ,  days and t e s t  time3 

(FC10,430)=■ 3 .0 8 ,  p< .0 0 1 ) ,  and among days, t e s t  t im es  and groups 

(F (20 ,430)= 2 .4 2 ,  p< .0 0 1 ) .  Chronic a d m in is t r a t io n  of morphine 

e l i c i t e d  th e  expected p ro g re s s iv e  d e c l in e  in  a n a lg e s ic  

r e s p o n s iv i ty . Tables 17, 18 and 19 show l a t e n c i e s  o f  HMSG males 

were s i g n i f i c a n t l y  longer than  b a s e l in e  on the  second (30, 60 and 

120 m in), s i x th  (30 and 120 m in), t e n th  (30 min) and fo u r te e n th  

(30 and 60 min) days, bu t no t during  w ithd raw al. L a ten c ie s  o f  

LMSG males were s i g n i f i c a n t l y  longer on th e  second (30, 60 and 

120 min) and s i x t h  (30 min) days, y e t  s h o r te r  on the  te n th  and 

fo u r te e n th  (60 min) i n j e c t i o n  days as  w e ll  as during  w ithdraw al 

(60 m in). In tu r n ,  SAL males showed s i g n i f i c a n t  h o t - p la te  

a n a lg e s ia  on th e  second (30, 60 and 120 m in), s ix th  ( 30, 60, and 

120 m in), te n th  (30 and 60 min) and fo u r te e n th  (30, 60, 120 min) 

days, but were h y p e ra lg e s ic  during  w ithdrawal (60 m in). Female 

HMSG r a t s  d isp lay ed  h o t - p la t e  a n a lg e s ia  on th e  second (30 , 60 and 

120 min), s ix th  (30 and 60 m in), t e n th  (60 and 120 min) and 

fo u r te e n th  (30 and 60 min) days, and were a ls o  h y p e ra lg es ic  

du rin g  w ithdraw al. Like LMSG m ales, LMSG fem ales showed 

s i g n i f i c a n t  a n a lg e s ia  on th e  second day (30, 60 and 120 m in), 

followed by s i g n i f i c a n t  h y p e ra lg es ia  on th e  t e n th  day (60 m in). 

SAL female r a t s  d isp lay ed  s i g n i f i c a n t  a n a lg e s ia  on th e  second 

(30, 60 and 120 m in), s ix th  (30 and 60 min) and te n th  (60 min) 

days, bu t were h y p e ra lg es ic  du ring  w ithdraw al.
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T a b le  17 • T h i r t y  Min H o t - P l a t e  L a t e n c ie s  ( s e c )  D u r in g  

and A f t e r  Days o f  Morphine I n j e c t i o n  (15  m g/kg)  i n  

M S G -t re a te d  and C o n t r o l  Male and Female R a ts .

Group Days

PRE 2 6 10 14 Post

M ales t

HMSG X 4 . 1 0 1 0 . 24+ 7 . 1 2 + 8 ,6 6 + 7 .5 5 + 4 . 6 l

SEM .4? 1 .0 3 1 .4 7 1 .7 2 1 . 1 4 •  56

Ll'ui G X 4 . 4 5 6 . 5 6 + 6 . 3 4 + 3 .7 3 4 . 0 2 3 . 6 0

SEM .82 1 . 0 8 .76 .30 . 6 5 .43

SAL X 3 . 4 5 1 0 .6  2+ 7 . 5 1 * 5 . 4 6 + 8 . 30+ 3 .3 1

SEM .41 .93 1 .0 0 1 . 3 2 1 . 1 6 .46

F em a les i

HMSG X 5 .41 9 . 1 9 + 8 . 0 5 + 6 . 1 9 7 . 06+ 3 . 0 3 *

SEM .30 1 . 0 7 1 . 2 4 1 .0 1 .91 .4 7

LMSG X 4 .5 5 6 . 71+ 5 .6 9 4 . 7 6 3 . 6 2 5 .6 3

SEM .43 .6 2 .69 .3 2 .2 9 .79

SAL X 5-63 1 0 .2 ? + 8 . 4 7 + 6 .5 1 6 .8 8 3 . 3 4 *

SEM .70 .9 3 .7 7 . 6 5 1 . 3 0 .15

Hotei Significantly greater ( + ) or less (*) than
corresponding vehicle condition (p< .0 5,
Dunnett comparisons).
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T a b le  1& S i x t y  Min H o t - P l a t e  L a t e n c ie s  ( s e c )  D u r in g  

and A f t e r  DAys o f  Morphine I n j e c t i o n  (1 5  mg/kg)  i n  

M S G -t re a te d  and C o n t r o l  Male and Female R a ts .

Group Days

PRE 2 6 10 14 Post

Maie si

HMSG X 3 . 8 3 1 1 . 1 2+ 5 - 5 8 5 .5 3 7 . 05+ 2 .9 8

SEM 1 .02 .8 8 1 .9 4 1 .8 5 2 . 0 9 .03

LMSG X 4 . 9 6 8 . 0 2 + 4 . 7 8 2 . 8 3 * 3 . 5 3 *
i

3 .1 3
SEM .7 0 .9 9 .63 .31 .58 .3 7

SAL X 4 .  04 1 0 . 1 3 + 8 . 9 4 * 6 . 3 1 * 6 ,4 6 + 2 . 0 3 *

SEM .44 1 . 0 9 .98 1 .6 2 1 . 3 8 .15

Femalesi

HMSG X 4 .4 3 1 0 . 4 4 + 6 . 5 8 + 5 * 9 4 + 5 - 8  9+ 3 . 1 4

SEM .48 .8 0 .97 1 . 1 4 1 .0 3 .3 9

LMSG X 4 . 8 2 7 . 3 7 + 4 . 5 2
*

3 . 2 0 3 . 8 5 4 , 6 9

SEM . 6 4 .89 .41 .34 .5 7 . 69

SAL X 4 . 1 2 8 . 72+ 9 . 4 0 * 7 - 5 5 * 4 . 2 5 3 .5 4

SEM . 3 3 . 9 0 . 9 6 1 .2 6 .59 .53

Hote i  S i g n i f i c a n t l y  g r e a t e r  ( + )  o r  l e s s  ( * )  th a n  
c o r re s p o n d in g  v e h i c l e  c o n d i t i o n  ( p < ; . 0 5 , 
D u n n e t t  c o m p a r is o n s ) .



T a b le  19 .  One Hundred Twenty Min Hot F l a t s  L a t e n c ie s  (s e c )  

D u r in g  and A f t e r  Days o f  Morphine I n j e c t i o n  (15 n g /k g )  i n

M S G -t re a te d  and C o n t r o l Male an.d Ferr.ale R a t s ,

Group Days

PRE 2 /•O 10 14 _o , Post

M a le s i

HMSG x 3 . 6 2 1 0 .38+ 6 . 2 6 + 3-7S 5 . 6 0 2 . 8 1

SEM • 39 1 .62 .53 .53 1 .1 9 .22

LMSG x 3 -51 5 .  21+ 3 .4 3 2 .7 3 2 .2 4 3 .0 3

SEM . 6 2 .?4 .7 2 .3 2 .25 .44

SAL x 3 - 2 7 9 . 0 9 + 5 .C 5+ 4 .4 1 5 . 29+ 2 .4 3

SEM .53 1 .29 .65 .8 5 .55 . 24

Femalesi

HMSG x 4 . 4 0 7 . 66+ 3 .9 9 5 . 7 1 * 4 . 0 9 2 . 5 4 *

SEM .2? 1 . 0 9 .7 4 1 . 1 6 .60 .23

LVSG x 3 .6 0 4 . 9 4 + 4. 08 ? .55 2 . 9 2 4 . 3 6

SEM .38 .65 .4 ? .23 .35 .57

SAL x 4 . 4 9 7 . 26+ 4 . 7 7 4 . 6 3 3 . 3 3 3 . 8 7

SEM. .51 1 .31 .5 6 .55 .4 4 .46

Notei Significantly greater (+) or less (*) than
corresponding vehicle condition (p < .05,
Dunnett comparisons).



Since MSG trea tm en t  lowered b a s e l in e  l a t e n c i e s ,  a d i f f e r e n c e  

sco re  a n a ly s i s  revea led  s i g n i f i c a n t  a l t e r a t i o n s  among groups 

(F (2 ,43) = 6 ,4 5 ,  p< ,0 0 5 ) ,a c ro ss  i n j e c t i o n  days (F(4,172)= 5 4 .3 7 , 

p< .0001), a c ro ss  p o s t - i n je c t i o n  tim e i n t e r v a l s  (F (2 ,86) = 5 .8 4 ,  

p< .0 0 5 ) ,  and f o r  the  i n t e r a c t io n s  between days and groups 

(F(8 ,172)=  6 .1 0 ,  p< .0001), and among days, t im es and groups 

( F ( 16,344)= 2 .1 7 ,  p< .0 1 ) .  F igure  9 summarizes t h a t  the  

magnitude of th e  HMSG a n a lg e s ic  response in  males was 

s i g n i f i c a n t l y  g r e a te r  than  SAL on th e  seoond (120 min) and te n th  

day3 (30 min), y e t  a t te n u a te d  on th e  s ix th  day (60 m in). As 

shown in  F igure  10 th e  magnitude o f  th e  HMSG a n a lg e s ic  response  

in  fem ales was s i g n i f i c a n t l y  g r e a t e r  than SAL on th e  second (60 

m in), t e n th  (120 min) and fo u r te e n th  (120 min) days, ye t 

a t te n u a te d  on th e  second (30 min) and th e  s i x t h  and te n th  (60 

min) days. The magnitude o f  a n a lg e s ia  in  LMSG males and fem ales 

was s i g n i f i c a n t l y  s h o r t e r  than  th e  SAL on a l l  i n je c t io n  days. 

While a l l  th re e  male groups f a i l e d  to  d i f f e r  from each o th e r  

during  w ithdraw al, HMSG fem ales were s i g n i f i c a n t l y  more 

h y p e ra lg e s ic ,  and LMSG fem ales appeared a n a lg e s ic .  Thus, MSG 

trea tm e n t  a l t e r e d  h o t - p la t e  l a t e n c i e s  as  a fu n c t io n  o f  MSG dose 

and s ta g e  o f  morphine to le r a n c e .  Moreover, th e  a n a lg e s ic  

response a ls o  v a r ie d  accord ing  to  the  n o c ic e p t iv e  measure as  MSG 

trea tm e n t  decreased  a n a lg e s ia  in  HMSG fem ales on the  f l in c h - ju m p , 

but accord ing  to  s tag e  o f  to le ra n c e ,  b ip h a s ic a l ly  in c reased  

h o t - p la t e  l a t e n c i e s  in  HMSG r a t s .



Figure  9 .  HMSG males d isp lay e d  an e r r a t i c  and l e s s  c o n s i s t e n t  
development o f to le ra n c e  on th e  h o t - p l a t e  than on th e  jump t e s t .  
T heir  r a t e  of to le r a n c e  was g e n e ra l ly  s im i la r  to  t h a t  o f  v e h ic le .  
LMSG r a t s  in  tu r n ,  d i s p la y  a s i g n i f i c a n t l y  sm a lle r  a n a lg e s ic  
response throughout th e  i n je c t i o n  sequence.
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F igure  10, While the  a n a lg e s ic  response  of HMSG fem ales was 
g r e a t e r  than  th e  v e h ic le  c o n tro l  on th e  second day o f  th e  
i n je c t i o n  sequence a t  60 mint t h e i r  r a t e  o f d e c l in e  was f a s t e r .  
As m ales, LMSG fem ales d isp lay e d  a sm a lle r  a n a lg e s ic  response  
throughout th e  i n j e c t i o n  sequence.
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Morphine Hypertherm ia: S ig n i f ic a n t  a l t e r a t i o n s  in  core body

tem pera tu res  were observed a c ro s s  morphine i n je c t i o n  days 

(F (11,473)= 93 .49 , P< .00 01 ) ,  among groups (F(2 ,43)=  5 .2 0 ,  p< 

.0 1 ) ,  between m ales and fem ales (F (1 ,43)=  9 .6 7 ,  p< .005), and 

f o r  th e  i n t e r a c t i o n s  b e teen  days and groups (F(22,473)= 3 .5 5 ,  p< 

.0001), days and gender (FC11,473)= 3 .1 6 ,  p< .0005), and among 

days, groups and gender (F(22,473)=  2 ,1 0 ,  p< .0 0 1 ) .  Tables 20 

and 21 show t h a t  w hile  both  SAL and LMSG groups o f both genders 

d isp lay ed  s i g n i f i c a n t  hypertherm ia  th roughout th e  morphine 

in je c t io n  sequence, HMSG males d isp lay e d  s i g n i f i c a n t  hypertherm ia 

only on days 5 , 6 ,  9 and 13 and HMSG fem ales were hypertherm ic 

only on days 1, 5 ,  6 ,  9 , 10, 13 and 14. During w ithdraw al, male 

and female HMSG r a t s  a s  w e ll  as  LMSG male r a t s  d id no t d i f f e r  

s i g n i f i c a n t l y  from t h e i r  b a s e l in e  v a lu e s .  In c o n t r a s t ,  LMSG 

female r a t s  as w e ll  as  SAL males and fem ales d isp layed  

s i g n i f i c a n t  hypotherm ia. Since p re - t r e a tm e n t  co re  body 

tem pera tu res  o f  male HMSG r a t s  were s i g n i f i c a n t l y  h igher  than  SAL 

m ales, a d i f f e r e n c e  sco re  a n a ly s i s  revea led  s i g n i f i c a n t  

d i f f e r e n c e s  a c ro ss  morphine i n j e c t i o n  days (F(9 ,387)= 7 1 .7 8 , p< 

.0001) and fo r  th e  i n t e r a c t io n s  between days and groups 

(F (18 ,387)= 2 .9 8 ,  p< .0001), days and gender (F(9 ,387)=  3 .3 7 ,  p< 

.0005). The magnitude o f hypertherm ia in  HMSG male r a t s  was 

s i g n i f i c a n t l y  lcwer than  SAL males on a l l  but th e  t h i r t e e n t h  

in je c t io n  day w hile  th e  magnitude o f  hypothermia during  

w ithdrawal was s i g n i f i c a n t l y  l e s s  than  SAL m ales . In c o n t r a s t ,  

the  magnitude o f  hypertherm ia  in LMSG males was s i g n i f i c a n t l y
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L?.£G

SAL
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Table 20 • Body Core Temperature (C ' )  During and A f t e r  

Morphine I n j e c t i o n  (15 mg/kg) i n  lYSG-treated 

and C o n t ro l  Kale Rats  

Days

PRE 1 2 5 6 9 10 -13 14 Post 5 6

x 3 8 . 8  39.1 3 9 . 0  39-7^ 3 9 . 7+ 4 o . l + 3 9 . 6  4 0 .4+ 3 9 . 0  3 8 . 4  3 8 . 4

SEW .3  ,1 . 2  .4 .3 .3  . 5  .3  . 8  .1 .1

x 3 8 . 0  3 9 . 9+ 4 0 , 4+ 4 0 . 5+ 4 0 . 7+ 4 0 , 8+ 4 0 . 2+ 40 .4+ 4 0 . 6+ 3 7 . 9  3 7 . 5

SEM .1 .2 .2 .3 .1 .2 .3 .1 .3 .4 .2

x 38.3 3 9 . 6+ 3 9 . 8+ 4 0 . 3+ 3 9 . 7+ 4 0 . 5+ 3 9 . 9+ 4 0 , 2+ 3 9 . 6+ 3 7 .4 *  3 7 , 3*

SEM .5 . 2  .2  . 2  .3 .3 .3  . 2  .2 . 2  .3

S i g n i f i c a n t l y  g r e a t e r  (+) o r  l e s s  {*) th an  c o r re sp o n d in g  v a lu e s  
( p < .05» Dunnett  co m p ar iso n s ) .
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Table 21* Body Core Tem pera tu res  (C") During and A f t e r  

Morphine I n j e c t i o n  (15 mg/kg) i n  MSG-treated 

and C o n t ro l  Female Rats

Days

PRE 1 2 5 6 9 10 13 14 P o s t  5 6

x 3 8 . 9  3 9 . 4* 3 9 . 2  4 0 . 2+ 3 9 . 8+ 4 0 . 5+ 4 o . l + 4 o .4 + 4-0 . 2+ 39 .0  3 8 . 4

SEM .2 .2  .2 ,2  .2  .2 .2 .2  .3 .1 .3

x 39-1 4-0.2+ 4 0 . 3+ 4 0 . 5+ 4 0 . 4+ 4o .5+ 4 0 . 5+ 4 0 . 3+ 4 0 . 1+ 38 .5*  38.4*

SEM .2 .2 .2 .1 .1 .2 .1 .1 .2 .1 .1

x 39 ,1  4 0 . 2+ 4 0 . 0+ 4 0 . 0+ 4 0 .1 + 4 0 . 4+ 3 9 . ?+ 4 0 . 0+ 39.8* 38 .9  38 .3

SEA .1 .2 .1 .1 .1 .1 .1 .1 .2 .1 .1

S i g n i f i c a n t l y  g r e a t e r  (+) o r  l e s s  ( * )  th a n  co r r e sp o n d in g  v a lu e s  
(p<; .°5* Dunnett  co m p ar iso n s ) ,
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g r e a te r  than SAL males fo llow ing  a l l  morphine i n je c t io n s  and 

during  w ithdraw al. The magnitude of hypertherm ia  in  HMSG fem ales 

was s i g n i f i c a n t l y  sm a lle r  than  SAL fem ales on th e  f i r s t  two 

in je c t i o n  days, y e t  l a r g e r  on th e  f i f t h ,  t e n th ,  t h i r t e e n t h ,  

fo u r te e n th  and withdrawal days. Like LMSG m ales, the  

hypertherm ic response  of LMSG females was g r e a t e r  than  SAL 

fem ales on th e  second, f i f t h ,  s i x th ,  t e n th  and fo u r te e n th  days, 

y e t  LMSG fem ales were more hypothermic th an  SAL fem ales du ring  

w ithdraw al. Thus, gender and MSG dose d i f f e r e n t i a l l y  a l t e r e d  the  

hypertherm ic response  to  morphine.

Morphine W eights: Table  22 summarizes th e  s i g n i f i c a n t

a l t e r a t i o n s  in  body w eights observed a c ro s s  morphine in je c t i o n  

days (F(4,172)= 4 9 .62 , p< .0001), among groups (F(2 ,43)=  11.65, 

p< .0001), between males and fem ales (F (1 ,43)=  167.79, p< .0001), 

and f o r  the  i n t e r a c t i o n s  between days and groups (F(8,172)= 4 .5 7 , 

p< .0001), and among days, groups and gender (F(8 ,172)=  2 .6 2 ,  p< 

.0 1 ) .  The body w eights of th e  HMSG, LMSG and SAL males were 

s i g n i f i c a n t l y  lower than  p r e - in j e c t io n  v a lu es  on th e  f i f t h ,  n in th  

and t h i r t e e n t h  day o f  morphine trea tm en t and during  w ithdraw al. 

While both LMSG and HMSG fem ales d isp lay ed  s i g n i f i c a n t  w eight 

l o s s  on th e  n in th ,  and t h i r t e e n t h  i n je c t i o n  days as w ell  as 

w ithdraw al, SAL fem ales f a i l e d  to  d i f f e r  from p r e - in j e c t io n  

w e igh ts .
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T a b l «  2 2 .  Body W e ig h t  ( g )  d u r i n g  a n d  A f t e r  M o rp h in e  (15  m g /k g )  

I n j e c t i o n  i n  K S G - t r e a t e d  a n d  C o n t r o l  M a la  a n d  F e m a le  R a t s .

G ro u p  Days

PRE 5 9 13 P o s t  5

M a le s i

HMSG Sc 4 1 3 . 0 3 3 9 3 . 5 0 * 3 6 7 . 9 3 * 3 6 3 . 8 O* 3 7 0 . 6 7 '

SEM 4 6 . 8 9 3 3 . 5 3 3 0 . 5 8 2 7 . 8 6 2 3 . 5 7

LMSG 3t 4 4 l .4 5 4 1 7 . 9 5 * 4 0 5 . 52* 3 9 9 . 7 2 * 3 8 1 . 2 8

SEM 1 2 . 1 7 1 7 . 5 0 1 5 . 7 5 1 4 . 7 4 1 9 . 0 9

SAL X 4 8 2 . 7 3 4 6 9 . 5 3 * 4 5 0 . 8 3 * 4 4 4 . 5 5 * 4 6 4 . 7 2 '

SEM 1 1 . 3 4 1 1 . 9 7 1 1 . 6 0 1 2 . 0 0 1 1 . 6 9

F e m a l e s  t

HT-SG X 2 8 7 . 4 6 2 8 9 . 1 9 2 7 8 . 7 1 * 2 7 1 . 6 1 * 2 7 9 . 1 5

SEM 1 1 . 2 8 9 . 0 2 1 0 . 3 7 1 0 . 2 6 1 0 . 5 3

LMSG X 2 8 7 . 2 8 2 8 1 . 4 2 2 7 2 . 9 6 * 2 5 8 . 5 7 * 2 7 5 .3 1

SEM 1 0 . 0 3 8 . 3 1 7 . 0 0 5 . 8 3 7 . 5 0

SAL X 3 1 1 . 7 0 3 1 0 . 6 5 3 0 4 . 4 7 3 0 9 . 4 4 3 1 3 . 3 3

SEM 6 . 3 7 6 . 3 9 6 . 2 0 6 . 3 5 8 . 5 7

Note* Significantly leas (*) than corresponding pre-
morphine values (p <.05. Dunnatt comparisons).
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Since MSG anim als were s i g n i f i c a n t l y  l i g h t e r  b e fo re  the  

ch ron ic  morphine t re a tm e n t ,  a d i f f e r e n c e  sco re  a n a ly s i s  showed 

s i g n i f i c a n t  a l t e r a t i o n s  in  w eight a c ro ss  morphine i n je c t io n  days 

(F(3,129)= 2 6 .3 0 , p< .0001), among groups (F (2 ,43)=  3 .6 3 ,  P<

.0 5 ) ,  between genders (F (1 , 43)= 3 3 .37 , P< .0001), and f o r  th e  

i n t e r a c t i o n s  between days and groups (F(6 ,129)=  6 .8 0 ,  p< .0 0 1 ) ,  

days and gender (F(3 ,129)=  6 .7 9 ,  p< .0005) and among days, groups 

and gender (FC6,129)= 6 .0 4 ,  p< .0001). While th e  w eigh t l o s s  

observed in  HMSG males a f t e r  th e  n in th  i n j e c t i o n  day was of 

s i g n i f i c a n t l y  g r e a te r  magnitude than  th e  SAL m ales, LMSG males 

l o s t  more w eight on th e  f i f t h  i n j e c t i o n  day and during  

w ithdraw al. While HMSG fem ales l o s t  s i g n i f i c a n t l y  more w eight 

than  SAL fem ales a f t e r  th e  t h i r t e e n t h  i n j e c t i o n  day, LMSG fem ales 

l o s t  more than  SAL fem ales a f t e r  th e  f i f t h  i n j e c t io n  day. Thus 

gender, a s  w ell a s  MSG dose a l t e r e d  th e  m orphine-induced w eigh t 

lo s s .

Morphine A c t iv i ty :  Analyses o f  th e  sampling tim e i n t e r v a l s

revea led  changes in  a c t i v i t y  among doses a t  30 min (F (2 ,70)=  

17 .59 , p< .00 1 ) ,  60 (F= 2 7 .6 6 , p< .0001), 90 (FC26.36, p< .0001) 

and 120 (F= 2 7 .2 3 , p< .0001) min. As no gender e f f e c t s  were 

ob ta ined  a t  any o f  th e  fo u r  time i n t e r v a l s ,  th e  d a ta  of both 

3exes w ith in  a group were pooled fo r  purposes of a n a ly s i s .  A 

d i f f e r e n c e  sco re  was performed to  p a r t i a l  ou t the  i n i t i a l  

h y p o a c t iv i ty  o f  the  LMSG group and as  i l l u s t r a t e d  in  Table 23 no 

s i g n i f i c a n t  d i f f e re n c e  in  a c t i v i t y  l e v e l s  were observed a t  30



Table  23. A c t i v i t y  L e v e l s  o f  M..SG, LMSG a n d  SAL R a t s  

F o l l o w i n g  V e h i c l e  a nd  M o r p h i n e  C o n d i t i o n

D o s t  M a n i p u l a t i o n  ( m i n )

Dose  ( m g / k g ) 30 6 0 90 1 2 0

V e h i c l e

HMSG x 1 7 6  2 . 0 2 4 7 9 . 0 3 1 5 0 . 4 3 5 2 6 . 6

SEM 4 8 1 . 1 6 5 0 . 8 9 3 0 . 9 9 1 8 . 3

LMSG X 1372.8*- 1 9 6 4 . 3 * 2 1 9 9 . 5 * 2 4 5 1 . 3 *

SEM ^ 5 2 . 5 5 4 5 . 6 5 2 9 . 5 5 2 4 . 5

SAL x 2 0 2 9 . 8 3 1 ^ 7 . 3 3 6 5 3 . 6 4 04 9  . 9

SEM 2 6 2 . 4 4 0 4  . 4 5 0 6 . 3 5 6 9 . 4

2 . 5

HMSG x 9 8 9 .  2 1 9 8 9 . 5 2 9 9 7 . 0 4 1 3 8 . 6*

SEM 3 0 2 . 3 ^ 7 7 . 9 5 9 9 . 8 7 5 7 . 9

LMSG x 1 1 3 0 . 9 2 4 6 8 . 4 3 9 7 1 . 7 5 5 9 9 . 6

SEM 2 4 2 . 8 4 2 7 . 8 6 2 0 . 5 833.4-

SAL x 1 5 ^ 2 . 5 2 8 6 9 . 1 4 5 5 ^ . 7 6 6 1 7 . 0

SEM 3 9 2 . 8 446  . 0 6 9 0 . 8 9 8 6 . 0

1 0 . 0

HMSG x 6 7 0 . 2 9 6 5 . 6 1 2 2 4 . 6 1 7 0 3 . 2 *

SEM 2 1 6 . 4 6 5 0 . 8 3 5 8 . 8 5 3 5 . 3

LMSG x 5 1 0 . 1 3 6 3 . 7 1 4 3 8 . 4 2 5 2 8 . 5*

SEM 1 6 5 . 8 5 4 6 . 6 4 7 2 . 1 7 1 4 . 1

SAL x 7 1 6 . 9 1 1 1 4 . 0 3 6 5 3 . 6 2533  .6

SEM 1 4 0 . 4 2 4 7 . 3 4 0 4 .  2 6 2 3 . 9

b o t e  1 S i g n i f a r i t l y  l e s : 2 ( -‘i‘ ) o r  g r e a t e r  (+) t h a n  SAL
c o n t r o l v a l u e s  ( n <4*05.  Dunne t t  compa r i s e r s ) ,
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(F(2 ,39)=  2 .8 9 ,  p< .0 7 ) ,  60 (F=2.73, p< .0 8 ) ,  o r 90 (F= 3 .0 1 ,  

p<.06) min. At 120 (F-  4 .4 9 ,  p< .05) min th e  HMSG were l e s s  

a c t iv e  than  SAL a f t e r  both morphine doses, w hile  LMSG were more 

a c t iv e  than  SAL a f t e r  10 mg/kg morphine dose . Thus, w hile  MSG 

trea tm en t  a l t e r e d  a n a lg e s ia ,  th e rm o reg u la tio n  and w eight 

r e g u la t io n  fo llow ing  morphine, i t  d id  no t s i g n i f i c a n t l y  a f f e c t  

locomotor a c t i v i t y .
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D iscussion

As in  Experiment I ,  t h i s  experiment a l s o  confirmed neo nata l  

MSG trea tm en t  induced ty p ic a l  c h a r a c t e r i s t i c s  o f  t a i l  

a u ta n u t i l a t i o n ,  s tu n te d  growth and o b e s i ty  in  s p i t e  of lower 

a b so lu te  body weight (Dawson and Lorden, 1981; Kanarek e t  a l . ,

1979; Olney, 1969). Furtherm ore, t h i s  experim ent dem onstra ted 

t h a t  HMSG trea tm e n t  d i f f e r e n t i a l l y  a l t e r e d  basa l n o c ic ep t iv e  

th re sh o ld s  in  t h a t  i t  in c re ased  h o t - p la t e  l a t e n c i e s  and decreased  

f l in c h - j im p  th re s h o ld s .  A l te r a t io n s  in  morphine a n a lg e s ic  

dose-response  fu n c t io n s ,  a n a lg e s ic  to le r a n c e  development as  w e ll  

as  therm oregu la to ry  and body weight changes du ring  to le ra n c e  

development (Herz and B la s ig ,  1979; M artin and Papp) v a r ie d  as  

fu n c t io n s  o f  MSG dose, gender, and th e  a n a lg e s ic  t e s t .  In 

c o n t r a s t ,  d i f f e r e n c e s  in  a c t i v i t y  le v e l  among groups does no t 

appear to  account fo r  th e se  changes.

Again, i t  was assuned t h a t  th e  use of LMSG and HMSG dose 

c o n d it io n s  would provide a sy s tem atic  and p ro p o r t io n a l  index o f 

MBH t i s s u e  d e s t r u c t io n  and t h a t  th e  LMSG dose would produce 

s im i la r  though sm a lle r  e f f e c t s  r e l a t i v e  t o  th e  HMSG dose. Yet, 

in  se v e ra l  s i t u a t i o n s  the  LMSG c o n d it io n  a l t e r e d  morphine 

responses in  a d i f f e r e n t  manner from HMSG. These a p o s t e r io r i  

f in d in g s  p rec lude  sy s tem atic  anatom ical o r  biochemical a n a ly s i s  

t o  focus upon LMSG/HMSG d i f f e r e n c e s .  T here fo re , th e  fo llow ing  

d isc u ss io n  w i l l  focus upon HMSG-induced a l t e r a t i o n s  s ince  most
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of th e  prev ious anatom ical and biochemical d a ta  used t h i s  MSG 

dose regimen.

Gender was a lso  found to  c r i t i c a l l y  in f lu e n c e  th e  MSG-induced 

a l t e r a t i o n s  upon morphine re sp o n ses .  As d esc r ib ed  p rev io u s ly ,  

neonata l t rea tm en t  w ith  MSG d i f f e r e n t i a l l y  a f f e c t s  males and 

fem ales on se v e ra l  b iochem ical and p h y s ica l  measures 

(Conte-Devolx, 1981; Dawson and Lorden, 1981; Nemeroff e t  a l . ,  

1976; Olney, 1969). In t h i s  experim ent, MSG-treated fem ales 

d isp lay ed  a s i g n i f i c a n t l y  p o te n t ia te d  a n a lg e s ic  response 

fo llow ing  morphine on the  junp t e s t  r e l a t i v e  t o  t h e i r  c o n tro l  

group, w hile  morphine a n a lg e s ia  o f  MSG-treated males wa3 

s i g n i f i c a n t l y  sm a lle r  than  c o n t r o l s  on th e  junp t e s t .

Conversely, MSG-treated fem ales d isp lay ed  s i g n i f i c a n t l y  l e s s  

a n a lg e s ia  on th e  junp t e s t  throughout the  ch ron ic  morphine 

in je c t io n  sequence as compared t o  t h e i r  c o n tro l  group w hile  

HMSG-treated males showed p o te n t ia te d  morphine a n a lg e s ia  over the  

chron ic  i n j e c t i o n s .  Morphine-induced hypertherm ia  was 

s i g n i f i c a n t l y  g r e a te r  in  MSG-treated fem ales than  in  MSG-treated 

m ales w ith the  l a t t e r  d is p la y in g  s i g n i f i c a n t l y  l e s s  hypertherm ia 

than  t h e i r  c o n tro l  group.

Moreover, MSG induced a l t e r a t i o n s  t h a t  v a r ie d  as  a fu n c t io n  

o f  th e  n o c ic ep tiv e  t e s t  employed. While MSG trea tm en t lowered 

b a se l in e  junp th re s h o ld s ,  i t  in c reased  h o t - p l a t e  l a t e n c i e s .  Such 

e f f e c t s  were a ls o  ev iden t f o r  MSG-induced changes in  morphine 

a n a lg e s ia .  Bodnar and co-w orkers (1980) showed t h a t  MSG male
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r a t s  d isp lay ed  a t t e n u a t io n s  in  morphine a n a lg e s ia  as measured by 

th e  junp t e s t .  These e f f e c t s  were accompanied by d ec rease s  in  

ACTH and b e ta - l i p o t r o p in  im m unoreactiv ity  in  MBH and in  

p e r iaq u ed u c ta l  grey te rm in a ls .  In c o n t r a s t ,  Simantov and Amir 

(1983) dem onstrated p o te n t i a t io n s  in  morphine a n a lg e s ia  as 

measured by the  h o t - p la t e  t e s t ,  e f f e c t s  accompanied by 

p o te n t i a t io n s  in  o p ia te  r e c e p to r  d e n s i ty  in  th e  p e r ia q u ed u c ta l  

g ray . I t  would appear t h a t  th e  decrease  in  b e ta -endo rp h in  

te rm in a ls  in  the  m idbrain  i s  re sp o n s ib le  f o r  th e  u p - re g u la t io n  in  

o p ia te  r e c e p to r s  in  th e  m idbrain  (Simantov and Amir, 1983), but 

th e  p re sen t  study  c l e a r l y  e lu c id a t e s  th e  im portance of 

t e s t - s p e c i f i c i t y  in  a s s e s s in g  th e  dose- response r e l a t i o n s h i p  o f  

MSG e f f e c t s  a c ro ss  a morphine dose range. Male r a t s  t r e a t e d  w ith  

HMSG showed decreased  morphine a n a lg e s ia  on th e  junp t e s t  and 

in c re ased  morphine a n a lg e s ia  on th e  h o t - p la t e  t e s t  a c ro ss  doses, 

w ith  th e  most p o te n t  e f f e c t  observed a t  th e  5 and 10 mg/kg doses . 

In c o n t r a s t ,  female HMSG r a t s  d isp lay ed  a n a lg e s ic  p o t e n t i a t io n s  

on both  the  junp t e s t  and h o t - p l a t e  t e s t s  fo llow ing  th e  h ig h e r  

morphine doses and a t te n u a te d  morphine a n a lg e s ia  on th e  h o t - p la te  

t e s t  fo l low ing  th e  lew dose . Thus, i t  appears  t h a t  gender, 

morphine dose and n o c ic e p t iv e  t e s t  a re  a l l  c r i t i c a l  v a r ia b le s  in  

determ ining  changes in  morphine a n a lg e s ia  in  MSG-treated an im als .

Such v a r ia b le s  a l s o  in te r a c te d  d i f f e r e n t i a l l y  to  a f f e c t  

morphine to le ra n c e  re sp o n ses .  Control male r a t s  appeared to  be 

more a n a lg e s ic  i n i t i a l l y  on th e  j u n p - te s t  than  c o n tro l  females
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and subsequently  d isp lay ed  a sh a rp e r  d e c l in e  in  a n a lg e s ic  

magnitude over th e  ch ro n ic  morphine in j e c t i o n  sequence. In 

c o n t r a s t ,  MSG-treated males d isp lay ed  a sm a lle r  a n a lg e s ic  

response  than  c o n tro l  males a f t e r  the  f i r s t  i n j e c t i o n ,  bu t 

subsequently  e x h ib i te d  p o te n t ia te d  a n a lg e s ia  by the  f i f t h  

i n j e c t io n .  Although the  MSG-treated males show a de lay  in 

a n a lg e s ic  r e a c t io n  and in  th e  subsequent development of 

to le r a n c e ,  th e  r a t e  o f  d e c l in e  o f  a n a lg e s ia  over the  i n je c t io n  

sequence was s im i la r  to  t h a t  of c o n tro l  m ales. Like MSG-treated 

m ales, MSG-treated fem ales i n i t i a l l y  showed depressed  morphine 

a n a lg e s ia  r e l a t i v e  to  c o n tro l  fem ale. However, u n l ik e  t h e i r  male 

c o u n te rp a r ts  MSG-treated fem ales con tinued  t o  show a t te n u a te d  

a n a lg e s ic  responsiv en es  over th e  e n t i r e  ch ro n ic  i n j e c t io n  

sequence .

A s im i la r  p a t te r n  emerged w ith  the  h o t - p la t e  measure: males

d isp lay ed  a g r e a te r  a n a lg e s ic  e f f e c t  than  fem ales th roughou t the  

in je c t io n  sequence. Yet, a lthough  anim als o f  both genders 

d isp lay ed  a slower d e c l in e  o f a n a lg e s ia  th an  observed on th e  junp 

t e s t ,  the  d e c l in e  was f a s t e r  and more c o n s i s t e n t  in  fem ales than  

th e  e r r a t i c ,  i n c o n s is te n t  d e c l in e  in  a n a lg e s ia  e x h ib i te d  by 

m ales. HMSG trea tm en t  e x e r ted  a co n s id e rab ly  g r e a t e r  e f f e c t  upon 

chron ic  morphine e f f e c t s  when th e  junp t e s t ,  r a th e r  than  when th e  

h o t - p la te  t e s t  was used a s  th e  n o c ic e p t iv e  measure. While LMSG 

trea tm en t d isp lay e d  a r a t e  of a n a lg e s ic  d e c l in e  over the
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in je c t io n  sequence s im i la r  to  t h a t  of c o n tro ls  and HMSG r a t s ,  the  

magnitude o f  an a lg es ia  was s ig n i f i c a n t ly  sm aller  on both 

noc icep tive  measures.

Furthermore, o th e r  behaviors a l t e r e d  by chron ic  morphine 

in je c t io n s  were found to  be s ig n i f i c a n t ly  changed in  th e  HMSG 

group. In males, HMSG trea tm en t markedly reduced 

morphine-induced hypertherm ia w hile  LMSG trea tm en t s ig n i f i c a n t ly  

p o te n t ia te d  morphine hypertherm ia. Thus as w ith  changes in  CWS 

hypothermia, d i s ru p t io n s  in  therm oregu la tion  follow ing MSG are  

observed. Yet, the  p resen t  r e s u l t s  f a i l  to  covary d i r e c t l y  with 

observed a n a lg es ic  d is tu rb an c es  observed in  th e  MSG-treated males 

and fem ales. As w ith  therm oregu la tion , weight r e g u la t io n  was 

d is tu rb ed  a c ro ss  th e  in je c t io n  sequence and c r i t i c a l l y  in fluenced  

by gender v a r ia b le s .  While c o n tro l  males l o s t  s ig n i f i c a n t  

amounts o f weight over the  chronic  morphine in je c t io n  sequence, 

co n tro l  females remained l a rg e ly  unaffec ted  by t h i s  trea tm en t.

In c o n tr a s t ,  s ig n i f i c a n t  weight lo s s  fo llow ing chronic  morphine 

was observed in  MSG r a t s  o f both genders w ith  MSG-treated males 

d isp lay ing  g re a te r  weight lo s s  than c o n tro l  males fo llow ing 

morphine. Contrary to  r e p o r ts  t h a t  r e l a t e  a c t i v i t y  to  changes in  

body tem perature (Martin and Papp, 19d0), n e i th e r  the  excessive  

weight lo s s  o r therm oregulatory  a b e r ra t io n s  a re  accounted fo r  by 

d i f fe re n c e s  in  g ro ss  a c t i v i t y  l e v e l .  The s im i la r i ty  o f the  

potency o f the  an a lg es ia  among groups fo llow ing th e  i n i t i a l  

delayed peak an a lg es ia  observed in  MSG animals suggests  t h a t  the
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MBH system i s  not predom inantly  involved m edia ting  th e  to le ra n c e  

e f f e c t s  o f  morphine. Moreover, a lthough  th e  groups show s im i la r  

r a t e s  o f  to le r a n c e ,  th e re  i s  c l e a r  evidence o f d i s r u p t io n s  in  

o th e r  coping p ro ce sse s .  This f u r t h e r  suppports  r e p o r t s  o f  a 

d i s s o c ia t io n  between acu te  morphine a n a lg e s ia  and morphine 

to le ra n c e  (Bhargava, A f i f i  and Way, 1973; E lch isak  and Rosecrans, 

1979) as w ell  as  between morphine to le ra n c e  and coping behav io rs  

induced by morphine i n j e c t i o n s .  T here fo re ,  w hile  t h i s  study 

documents a number o f MSG-induced changes in  morphine b ehav io ra l  

responses both fo llow ing  acu te  o r ch ron ic  a d m in is t r a t io n ,  our 

knowledge o f  MSG-induced a l t e r a t i o n s  o f th e  endogenous o p io id  

system cannot coh es ive ly  d e sc r ib e  th e  r e s u l t s  under one simple 

parsimonious model.
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Experiment III

Developmental Measures: To a s se s s  p h y s ic a l  grcwth during

e a r ly  development, the  body w eights (0.1 g) and naso-ana l le n g th s  

(0 .5  cm) o f  47 SAL t r e a t e d ,  62 LMSG t r e a te d  and 39 HMSG t r e a te d  

r a t s  were measured on th e  second, fo u r th ,  s i x t h ,  e ig h th ,  t e n th  

and tw e n ty - f i r s t  day a f t e r  b i r t h .  As th e  r a t s  were not a ssessed  

f o r  gender u n t i l  a f t e r  day 21, th e  e a r l i e r  developmental in d ic e s  

w i l l  be s t a t i s t i c a l l y  analyzed on th e  b a s i s  o f  t rea tm e n t  group.

The body weight and naso -ana l  le n g th s  o f  th e se  same anim als were 

a ls o  a ssessed  a t  ages 30, 45, 60 and 80 days a f t e r  b i r t h .

However, a t  th e se  ages, they were grouped accord ing  to  gender and 

tre a tm e n t:  SAL (16 m ales, 23 fem a le s ) ,  LMSG (24 male, 35

fem ale), and HMSG (19 male, 21 fem ale).

Pain Threshold Measures: Beginning a t  45 and 80 days o f  age

re s p e c t iv e ly ,  four days o f  f l in c h - ju n p  th re s h o ld s  were ob ta ined  

f o r  each SAL (13 male, 15 fem ale), LMSG (17 male, 18 female) and 

HMSG (14 male, 17 female) an im al.

The m a jo r i ty  o f these  anim als were a ls o  t e s te d  f o r  h o t - p la te  

l a t e n c i e s  a t  th e  age of 21 , 50 and 90 days o f  age: SAL (6 male,

11 fem a le s ) ,  LMSG (7 male, 16 fem ale ) , and HMSG (7 male, 12 

fem ale ) .  In t h i s  paradigm, th e  tem perature  o f th e  f lo o r  was 

a d ju s te d  to  e i t h e r  45, 50 , o r 55 °C (+ 0 .3 * 0  • Each r a t  was 

exposed to  6 con secu tiv e  days o f  t e s t i n g  w ith  a 24 h i n te r v a l  

between each t r i a l .  A t r i a l  c o n s is te d  o f  one exposure to  one of



th e  tem pera tu re  s e t t i n g s  and each r a t  was exposed to  two t r i a l s  

a t  each tem p era tu re .  Temperatures were p re sen te d  in  an 

incom plete ly  coun terbalanced  o rd e r .  I f  an animal f a i l e d  to  emit 

an a p p ro p r ia te  response w ith in  180 sec , th e  t r i a l  was 

a u to m a tic a l ly  te rm ina ted  t o  p reven t t i s s u e  damage.

A c t iv i ty  Measures: A c t iv i ty  l e v e l s  o f SAL (10 males, 8

fem a le s ) ,  LMSG ( 6 males, 6 fem ales) and HMSG (8 males, 4 

fem ales) were recorded  a t  ages 45 and 90 days o f  age. In t h i s  

paradigm, two r a t s  t h a t  had been housed in  th e  3ame home cage and 

who were of the  same t rea tm e n t  group and sex , were t r a n s f e r r e d  to  

th e  t e s t  cage s e t  a top  th e  a c t i v i t y  m eter . A f te r  i n i t i a l  

a d a p ta t io n  period  (16 h) in  th e  d a rk , the  house l i g h t s  were 

turned on and a c t i v i t y  l e v e l s  were recorded  in  2 h b locks over an 

8 h p e r io d .  Then, a c t i v i t y  l e v e l s  were recorded  again  a t  th e  end 

o f  a 16 h dark  p e r io d .  A c t iv i ty  le v e l  assessm ents were p a ire d  

a c ro ss  neonata l trea tm en t  and gender.

Osmolarity E f fe c t s :  S ince MSG p o ssesse s  a h ig h e r  osm olarity  

than s a l i n e ,  a fo u r th  t rea tm e n t  group (HSAL 7 male, 13 female 

r a t s )  rece iv ed  SC in je c t i o n s  o f  hyperton ic  s a l in e  (2.37 M) as 

de sc r ib ed  p rev io u s ly .  As b e fo re ,  body w eights (0.1 g) and 

naso-ana l len g th s  (0 .5  cm) were determ ined on th e  second, fo u r th ,  

s i x th ,  e ig h th ,  t e n th  and tw e n ty - f i r s t  day a f t e r  b i r t h .  Again a t  

ages 30, 45, 60 and 80  days g e n d e r - s p e c i f ic  developmental 

measures were a s se sse d .  F Iinch -jim p  th re s h o ld s  were measured as 

before  a t  45 and 80 days o f age.
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R esu lts

Body Lengths: As summarized in  Table  24, s i g n i f i c a n t

d i f f e r e n c e s  in  body le n g th s  were observed among groups a t  30 

(F(3 ,175)=  19 .21 , p< .0001), 45 (F(3,187)=  30 .41 , p< .0001), 60 

( F ( 3 ,186)= 51 .37 , P< .0001), 80 (F(3 ,174)=  51 .82 , p< .0001) and 

100 CF(3,118)= 10 .66 , p< .0001) days o f  age and between genders 

a t  30 CF(1 ,175)= 8 .5 5 ,  p< .005 ) ,  45 CFC1,187)= 2 8 .7 5 , p< .0001), 

60 (F(1 ,186)=  112.79, P< .0001), 80 (F (1 ,1?4)=  211 .08 , p< .0001) 

and 100 (F(1,118)=  2 36 .3 2 , p< .0001) days o f  age. Both MSG 

groups of both sexes were s i g n i f i c a n t l y  s h o r t e r  than  t h e i r  SAL 

c o u n te rp a r t s  a t  30, 45, 60 and 80 days o f  age. At 100 days o f  

age, HMSG m ales , LMSG males and LMSG fem ales were s i g n i f i c a n t l y  

s h o r t e r  than  t h e i r  SAL c o u n te r p a r t s .  In c o n t r a s t ,  HSAL m ales, 

but no t fem ales were s i g n i f i c a n t l y  s h o r t e r  than  SAL r a t s  a t  30 

days o f  age. As th e  HSAL group developed, males (days 45, 80 and 

100) and fem ales (days 45, 60, 80 and 100) were s i g n i f i c a n t l y  

longer than  t h e i r  SAL c o u n te rp a r t s .

Body W eights: A3 summarized in  Tables 25 and 26, s i g n i f i c a n t

d i f f e re n c e s  in  body weight were observed among groups a t  10 

(F (3 ,241 )= 14.16, p< .0001), 21 (F(3 ,196)=  6 .2 6 ,  p< .0005, 30 

(F (3 ,211)= 2 4 .5 9 , P< .0001), 45 (F(3 ,203)=  50 .90 , p< .0001), 60 

CFO,205)= 88 .82 , p< .0001), 80 (F(3,210)=  5 9 .96 , p< .0001) and 

100 (F(3 ,173)=  43 .82 , p< .0001) days o f  age and between genders 

a t  45 (F (1 ,203)= 42 .58 , p< .0001), 60 (F(1 ,205)= 83.21 , p<

.0001), 80 (F (1 ,201)= 315.54 , p< .0001) and 100 (F(1 ,173)=
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T a b le  2 4 .  Length (cm) 0 Hj a Cl 1 t r e a t e d and C ontr o l  mali

and Female Rats Du r i n g  Development

Age (d a y s )

Group 30 45 60 80 100

M a l e »

KitSG x 13.6*4-* 1 6 . 3 1 * I 8 . 6 3 '* 2 0 . 5 0  ' 2 2 . 50 *

SEM .2 5 .27 .21 .24 -50

Li'S G x 13.**2 16.15"' 19.10'"" 2 1 .05" 2 2 . 85 "

SEM .23 .24 .25 .25 .17

SAL x 1 4 .8 7 18 .4 4 2 1 .0 4 2 2 .3 3 2 3 .2 4

SEM .1 7 .25 .25 .23 .23

HSAL x
*

1 4 .1 1 1 7 . 6 4 * 2 0 ,6 9 2 3 .2 1 * 2 4 . 0 3 *

SEM .31 .42 .24 .13 .11

Female %

HkSG x
*

1 2 .9 3 1 4 . 9 1 * 1 6 .7 3 * 1 8 .2 1 * 2 0 .1 7

SEM .19 . 2 6 .19 .22 .25

LL3G x 1 2 .7 9 * 1 5 . 5 2 * 1 7 .2 4 * 1 8 .7 8 * 1 9 .9 1 *

SEM .18 .22 .17 .12 . 1 6

SAL x 1 4 .2 0 1 6 .7 4 1 8 .7 6 19 .8 6 2 0 .4 2

SEM .21 .21 .20 .17 . 1 6

HSAL x i 4 . o o 1 6 .9 4  * 19*2? + 20 .9 6  + 21 .12  -

SEM .21 .19 .18 .12 .21

.■'otej Significantly less (--) or greater ( + ) than
same-sex SAL control (p<.0 5, Dur.r.stcor,.pari sons) .

I
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2 < W eights (g )  o f  MSG - “6 >-* £ a ted  and Sent:

a t  10 and 21 days o f  Age

«r .■se ( d a y s )

1 10 O ■*

HMSG X 1 7 .5 9 * 36 ,1^

SEM 1 .2 6

LMSG X 20 . 3 1 * ^0 .E7*

SEM .55 1 . 6 7

SAL X 2 2 . 5 6 4 E . 73

SEM . 6 5 1 . 3 2

HSAL X 1 9 .^ 0  * ^ 0 .7 3

SEM .87 1 .1 ^

N o t e i  S i g n i f i c a n t l y  l e a s  {* )  th a n  SAL c o n t r o l  v a l u e  
(p  < . 0 ^ ,  L u n n e t t  coir.oeri  s o n s  } .



119

TuLLn 26. Wei.; nr  (g ) o f  M SG -treated  and C u n t r o l  Rate

L u r in g  Levs lcpm snt

Ag e (d ays )

Croup 33 45 60 ec 100

Mule t

x *
7 3 .1 5 133-86"

-H.

1 5 9 . 4 7 1 2 6 3 .2 0
At

3 1 6 .3 2

SEM 2.01 6 ,1 0 8 . 3 4 1 0 .4 1 1 0 .0 9

LMS 0 x 7 2 .6 6 * 1 4 9 .9 3 *
*

2 2 9 .1 0
*

3 0 5 .4 0
a

3 7 1 .4 4

SEM 3 .3 5 4 . 6 2 5 .7 3 6 , 6 0 9.  2o

SAL X 9 5 *0 3 1 9 3 .9 3 2 8 3 ,9 6 3 7 1 .9 1 4 3 1 .4 6

SEM 3 . 2 4 4 .9 1 9 .51 6 . 0 5 9 .1 2

HSAL x 8 5 * 3 3 * 1 6 9 . 1 0 * 2 8 1 .04 3 5 3 . 1 3 * 4 2 7 . 5 1

SEM 3 *6 9 8 . 2 4 3 .1 7 1 0 . 6 0 4 .1 3

P en a le i

HMSG x 6 9 . 1 2 1 0 7 . 8 3 * 1 3 5 - 5 3 *
«-

2 0 4 .9 2
#

2 4 0 .7 2

SEM 2 .9 9 4 . 8 2 3 .1 3 5 . 1 6 5 .3 S

LMSG x 7 0 . 9 5 * 1 3 1 . 3 ? * 175-5? 2 1 1 .4 9
*

2 4 4 .2 5

SEM 2 . 6 l 3 .2 1 4 .1 2 4 . 7 6 4 .3 1

SAL x 9 1 .1 5 1 5 4 .3 4 207 .75 2 ^ 9 .0 0 2 8 8 .9 7

SEM 2 . 5 E 3 . 3 5 '1 £ * 3 .3 6 3 .1 1

HSAL x 3 l . 5 8  * 1 5 0 . 1 9 2 3 0 . 2 3  + 2 5 C . 18 2 7 9 .3 0

SEM 5-. 13 5 .1 4 3 . 2 2 6 . 1 5 5 . 3 9

Mol e ;  S i g n i f i c a n t l y  l e s s  ( J;) o r  g r e a t e r  ( + )  t h a n
same s e x  SAL c o n t r o l  v a l u e  ( p  < . C 5.  Dv . nne t t
v a l u e  .
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379.90, p< .0001) days o f  age. Both MSG groups of both sexes 

d isp lay ed  s i g n i f i c a n t l y  lower body w eights than  th e  SAL group a t  

days 10, 21, 30, 45, 60, 80 and 100 days. While th e  HSAL r a t s

o f  both sexes a ls o  weighed s i g n i f i c a n t l y  l e s s  than  SAL an im als a t  

days 10, 21 , and 30 days o f  age, they  weighed s i g n i f i c a n t l y  more 

than  HMSG r a t s  a t  th e se  ages .  Male HSAL r a t s  weighed 

s i g n i f i c a n t l y  l e s s  than  SAL males a t  days 45 and 80, w hile  HSAL 

fem ales weighed s i g n i f i c a n t l y  more than  SAL fem ales a t  60 days o f 

age. Furtherm ore, w hile  MSG r a t s  weighed l e s s  than  SAL r a t s  a t  

100 days o f  age, HSAL r a t s  f a i l e d  to  d i f f e r  frcm SAL r a t s .

F Iinch-Jim p T hresholds: As summarized in  Table 27, 

s i g n i f i c a n t  developmental changes in  jimp th re s h o ld s  were 

observed among groups (F(3,106)= 4 .0 8 ,  p< ,01), between m ales and 

fem ales (F(1,106)= 51 .50 , p< .0001), and f o r  th e  i n t e r a c t io n s  

between t e s t  age and groups CFC3f106)= 17 .23 , p< .0001) and t e s t  

age and gender ( FC1,106)= 9 .9 7 ,  p< .00 5 ) .  While HMSG male r a t s ,  

HMSG female r a t s  and LMSG female r a t s  d isp lay ed  s i g n i f i c a n t l y  

lower jimp th re s h o ld s  a t  80 days o f  age as compared to  45 days of 

age, HSAL r a t s  o f  both sex es ,  and SAL m ales d isp lay ed  

s i g n i f i c a n t l y  h igher junp th re s h o ld s  a t  80 days o f  age than  a t  45 

days o f  age. Junp th re s h o ld s  o f SAL and HMSG males f a i l e d  t o  

d i f f e r  frcm each o th e r  a t  45 days of age, w hile  th e  LMSG and HSAL 

males e x h ib i te d  s i g n i f i c a n t l y  lower jimp th re s h o ld s  than  th e  SAL 

m ales . In c o n t r a s t ,  HMSG and LMSG males d isp lay ed  s i g n i f i c a n t l y  

lower junp th re s h o ld s  a t  80 days o f  age than  e i t h e r  SAL o r  HSAL



1 i. 1

T ab le  2 7 .  Jump T h re s h o ld s  o f  45 an^ 20 day S S I - T r e a t e d

and C o n t r o l  R a ts

Age (d a y s )

Croup 45  30

M a l e !

KMSG

LMSG

SAL

HSAL

Femalei

H»EG

LMSG

SAL

HSAL

x

SEM

x

SSM

x

SEM

x

SEM

x

SEM

x

SEM

x

SEM

x

SEM

,48

,01
*

>43

. 02

,46

, 02
, * .40

. 0 2

.41

.02

.3 9

. 02

.4 0

. 0 2

.35

10

4 T

. 0 2
*

.43

. 0 2

.5 0

. 0 2

-50

. 0 1

•1
.33

. 01

.33

. 0 1

ill * “ x

. 0 2

.3 9

.11

Notei Significantly less (*) than SAL group of same sex
(p<f.05. Dunrett comparisons).
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m ales. Junp th re s h o ld s  o f  45 day o ld  HMSG, LMSG and SAL fem ales 

f a i l e d  to  d i f f e r  from each o th e r  w hile  HSAL th re s h o ld s  were 

c o n s i s t e n t ly  lower than  a l l  th r e e  groups. In c o n t r a s t  a t  80 days 

o f  age, HMSG and LMSG fem ales e x h ib i te d  s i g n i f i c a n t l y  lower jump 

th re s h o ld s  than  e i t h e r  SAL o r  HSAL fem ales which in  tu rn  f a i l e d  

to  d i f f e r  from each o th e r .

F lin ch  th re s h o ld s  were s i g n i f i c a n t l y  a l t e r e d  among groups 

(F(3,106)= 10 .70 , p< .0001), between males and fem ales (F(1 ,106) = 

12.61, p< .0 01 ) ,  between t e s t  ages (F(1 ,106)=  6 .3 5 ,  p< .05) and 

f o r  the  i n t e r a c t io n  between t e s t  age and groups (F(3,106)= 5 .0 4 ,  

p< .00 5 ) .  HMSG m ales, HMSG fem ales and LMSG fem ales d isp lay ed  

s i g n i f i c a n t l y  lower f l in c h  th re s h o ld s  a t  80 days o f  age than  a t  

45 days of age; a l l  o th e r  groups f a i l e d  t o  d i f f e r  a c ro s s  ages . 

F lin ch  th re s h o ld s  o f  HMSG males and fem ales, but not th o se  of 

HSAL or LMSG were s i g n i f i c a n t l y  h igher than  SAL r a t s .  Moreover, 

SAL th re s h o ld s  were a ls o  s i g n i f i c a n t l y  h igher  than  th e  HSAL r a t s .  

At 80 days o f  age, HMSG male and female th re s h o ld s  con tinued  to  

be h igher  than  HSAL. In  tu r n ,  th e  LMSG male d isp lay ed  g r e a t e r  

f l in c h  th re s h o ld s  than  HSAL males, w hile  th e  male and female LMSG 

f l in c h  th re sh o ld s  were sm a lle r  than  SAL. Furtherm ore, SAL male 

and female th re s h o ld s  were s i g n i f i c a n t l y  g r e a t e r  than  male and 

female HSAL.

H ot-P la te  L a ten c ie s :  As summarized in  Tables 28, 29 and 30

s i g n i f i c a n t  developmental changes in  h o t - p la t e  l a t e n c i e s  were
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T a b le  2 3 .  H o t - P l a t e  L a t e n c i e s  ( s e c )  a t  4$ " 0 21, 50 £nd

30 Day Old M S G -t r e a te d  and C o n t r o l  Rats

Age (d ays )

Group ■ 21 50 30

M a l e »

HMSG x  6 8 . 0 8 *  5 5 . 2 1 *  8 3 . 2 3 *

SEM 1 2 .? 3  1 0 .1 4  1 0 .4 8

LMSG x ? 6 .6 2  3 1 -91  5 6 .5 0

SEM 15.4-9 4 . 2 2  7 .8 ?

SAL x 8 7 .4 3  4 2 . 4 0  5 3 . 7 2

Female 1

SEM 1 7 . 6 4  1 2 . 6 6  6 . 1 6

HMSG x  9 7 . 0 4  7 9 . 1 5+  6 6 . 0 0 *

SEM 1 0 .7 2  1 4 .2 3  1 1 .1 0

LMSG x 8 2 . 6 8  5 0 .3 3  8 4 .3 2 +

SEM 8 . 7 4  7 .2 5  5 . 9 2

SAL x 8 7 . 1 5  4 3 .3 3  6 3 .8 2

SEM 1 3 -2 3  9 . 8 I  9 . 7 4

Note: Significantly less (*) or greater (+) than same
sex SAL control value (p<.05, Dunne it comparisons).



T^l'lc- 29 , H o t * M a t e  Lax-A-.cl os ' n e c ) a t  5 0 °C o f  21, 50 end 

80 Day Old MSG -treated and C o n tro l  Rato

Group 

W a le :

HM3 G x 

SEM 

LMSG x 

SEM

SAL

: al

SEM

F e r a le i

HMSG x 

SEM 

LMSG x

SEM

SEM

21

3 2 . 6 1

3 . 1 9

17 .63

2.3E

22.44

3 .0 9

23 .69  

1 .8 8  

2 2 , 2 6  

1 .7 0

2 4 .1 5

2 .36

Age (days)

50

2 7 . 8 4 "

2 .7 5  

19 .7 9  

1 .4 0  

1 4 .  ?o

1 .7 2

25.45 

1 -91 

23 .56  

2 . 1 7  

1 9 .9 2

1 .7 3

80

1 .57  

12. 29 

1 . 16  

1 3 .5 5  

2 . 6 1

23 .29

3 .0 5  

2 4 . 7 4

1 .73

2 2 . 5 0

1 . 0 6

Note* Significantly greater (+) than same sex SAL
control value (p<.G5, Dunnett comparisons).
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Tab le  30* K o t - F l a t e  L a t e n c ie s  (s e c ) a t  55 ' C  o f 21,  50 a:

80 Day Old ;._SG-treated and C o n t r o l Rats

Age (d ays )

Group 21 50 80

Male i

HNSG X 9 .0 4 7 .5 4 5 .5 3

SEM .81 .9 4 . 6 0

LMSG X 9 .8 7 4 . 9 4 3 .6 8

SEM 2 .0 8 .33 .54

SAL X 8 .0 9 4 .6 3 4 .7 6

SEM .70 .13 .4?

Female t

KMSG X 8 .7 5 6 .8 1 4 . 0 4

ss:.: .6 8 .40 .56

LMSG X 7 .21 7 .0 5 4 . 0 4

SEM .5^ .47 .23

SAL X 8 . 1 6 0 . 36 5 .2 5

SEM .81 .49 .34
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observed among groups (F (2 ,53)=  4 .3 6 ,  p < .0 5 ) ,  between male and 

female (F (1 ,5 3 )-  5 .2 5 ,  p < .0 5 ) ,  among t e s t  ages (F(2,10b) =

16.14, p < .0001), tem pera tu res  (F(2 ,106) = 354 .34 , p < .0001), 

and fo r  th e  i n te r a c t io n s  between tem pera tu re  and gender 

(F(2 ,106)=  3 .6 1 ,  p < .0 5 ) ,  and t e s t  age and tem pera tu re  

(F (4 ,212)= 14 .34 , p < .00 01 ) .  Dunnett comparisons rev ea led  no 

group-dependent o r  age-dependent a l t e r a t i o n s  in  h o t - p la te  

l a t e n c i e s  a t  p l a t e  tem pera tu res  o f  e i t h e r  55 aC o r  50 a C, excep t 

fo r  a t r a n s i t o r y  in c re a s e  in  l a t e n c i e s  e l i c i t e d  by th e  50 “ C 

stim ulus in  HMSG male r a t s  a t  50 days o f  age. At the  45 °C 

s t im u lu s ,  HMSG r a t s  o f  both genders e x h ib i te d  s i g n i f i c a n t l y  

longer l a t e n c i e s  th an  c o n t r o l s  a t  80 and 50 days o f  age. In  

c o n t r a s t ,  male HMSG r a t s  d isp lay ed  s i g n i f i c a n t l y  s h o r te r  

l a t e n c i e s  than  c o n tro l s  a t  21 days of age. F in a l ly ,  female LMSG 

r a t s  e x h ib i te d  s i g n i f i c a n t l y  lon ger  l a t e n c i e s  than  c o n t r o l s  a t  80 

days o f  age. The r e s u l t s  a t  th e  45 C tem p era tu re  (Table 28) 

should be in te r p r e te d  in  term s of age-dependent e f f e c t s .

T y p ic a l ly ,  in  th e  SAL c o n tro l  group, a V-3haped fu n c t io n  emerged 

w ith  s h o r te r  l a t e n c i e s  observed a t  50 day3 o f  age as  compared to  

e i t h e r  21 o r 80 days o f  age. T his  fu n c t io n  in  female HMSG r a t s  

was f l a t t e n e d  a c ro ss  ages, the  a g e - la te n c y  r e l a t i o n s h ip  in  male 

r a t s  was reversed  between th e  SAL and HMSG groups; t h a t  i s ,  the  

h ig h e s t  ob ta ined  la te n c y  fo r  HMSG anim als occurred  a t  80 days of 

age, w hile  th e  h ig h e s t  ob ta ined  la te n c y  fo r  SAL anim als occurred  

a t  21 days o f  age. I t  should be noted however, t h a t  a l l  of the  

above e f f e c t s  occu rrred  a t  a tem pera tu re  s e t t i n g  which i s
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t y p ic a l ly  considered  t o  be minimally a f f e c t i n g  primary 

n o c ic ep t iv e  a f f e r e n t s  (see  review: P rice  and Dubner, 1977).

A c t iv i ty :  S ig n i f ic a n t  d i f f e r e n c e s  in  a c t i v i t y  f a i l e d  to

occur among groups a t  th e  second (F(2 ,15) = .15 , p < .8 5 ) ,  fo u r th  

(F(2 ,15)=  .00 , p < .9 9 ) ,  s i x t h  (F (2 ,15)=  .3 3 , p< .7 2 ) ,  or e ig h th  

(F(2 ,15)=  .10 , p< .90) d iu rn a l  hours , nor a f t e r  s ix te e n  

(F(2 ,15)=  .68 , p< .52) hours of dark . At age 90 days d iu rn a l  

locomotor a c t i v i t y  was s i g n i f i c a n t l y  l e s s  than  a t  age 45 days in  

a l l  groups a f t e r  two hours (F(1 ,15)=  13 .27 , p< .00 5 ) ,  four hours 

(F (1 ,15)= 13 .05 , p< .0 05 ) ,  s ix -h o u rs  (F(1 ,15)=  13.45, p< .005 ), 

and e ig h t  hours (F(1 ,15)=  15 .54 , p< .0 0 5 ) .  S im i la r ly ,  n o c tu rn a l  

a c t i v i t y  was s i g n i f i c a n t l y  l e s s  a t  age 90 days than  a t  45 days 

( F ( 1,15) = 15 .46 , p< .005).



D iscussion

The p re se n t  f in d in g s  o f  s tu n t in g  and o b e s i ty  in  s p i t e  of 

lower body weight v e r i f i e s  th e  neu ro to x ic  e f f e c t s  o f  n eo na ta l  

trea tm en t  w ith  MSG rep o r te d  in  o th e r  s tu d ie s  (Olney, 1969; Dawson 

and Lorden, 1961; Kanarek e t  a l . ,  1979). This e f f e c t  was 

s p e c i f i c  to  MSG in  t h a t  an equim olar s o lu t io n  o f  s a l in e  a f f e c te d  

th e  developmental p a t te r n  d i f f e r e n t l y .  The anim als o f  th e  HSAL 

group were longer than  th o se  t r e a te d  w ith  e i t h e r  SAL o r  e i t h e r  

MSG dose . Although HSAL r a t s  weighed l e s s  than  v e h ic le - t r e a t e d  

anim als a t  e a r ly  p o in ts ,  t h i s  e f f e c t  was no t an enduring one. 

T h ere fo re ,  i t  appears t h a t  th e  e f f e c t s  noted in  MSG anim als a re  

due to  th e  neu ro tox ic  e f f e c t s  o f  MSG and no t n o n sp e c if ic  r e s u l t s  

o f  i n je c t io n s  o f  hyp e rto n ic  s o lu t io n s  w ith  subsequent changes in  

o sm o la r i ty .  Moreover, a s  in  experim ents  one and two, MSG induced 

changes in  basal n o c ic e p t iv e  th re s h o ld s  which were m an ifes t  a f t e r  

sexual m a tu r i ty .  Furtherm ore, as in  experim ent two, th ese  

changes were a fu n c t io n  of th e  pain  t e s t .  On the  jttnp t e s t ,  MSG 

induced h y p e ra lg e s ia ,  w hile  on th e  ho t p l a t e ,  the  

therm onocicep tive  response in  MSG-treated anim als was 

s i g n i f i c a n t l y  g r e a te r  than  fo r  the  v e h ic le  group.

Recent d a ta  suggest t h a t  du r ing  c r i t i c a l  p e rio d s  o f  

development, hormones, and gonadal hormones in  p a r t i c u l a r ,  

in f lu en ce  th e  CNS to  o rg an ize  and program a d u l t  neuroendocrine 

a c t i v i t y  t h a t  a re  l a t e r  r e a c t iv a te d  d u ring  sexual m atu ra tio n  (see  

reviews: H a r r is ,  1964; Levine, 1966). This o rg a n iz a t io n  i s  sa id
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to  include the  neuroendocrine a c t iv i t y  e l i c i t e d  under c o n d it io n s  

o f s t r e s s  (Levine, 1969). MSG-induced damage to  the  a rc u a te  

nucleus and median eminence, which d e p le te s  t h i s  a rea  of va rious  

n e u ro tra n sm it te rs  and neu ropep tides , i s  thought to  account fo r  

the  subsequent neuroendocrine and behav io ra l d e f i c i t s  t h a t  

comprise the  MSG syndrome (Olney, 1969; Nemeroff e t  a l . ,  1961). 

In view o f  the  in f lu e n ce s  t h a t  hormones e x e r t  on development, 

t h i s  study had assuned t h a t  any MSG-induced d is ru p t io n  o f the  

normal o rg an iza t io n  g e n e ra l ly  induced by gonadal and o th er  

hormones would occur e a r ly  in development. To t h i s  end, a 

lo n g itu d in a l  assessment of the  noc icep tive  th resh o ld s  in  MSG 

t r e a te d  animals examined whether l a t e r  hormonal changes 

in fluenced  basal n o c icep tive  a l t e r a t i o n s ,  or r a th e r ,  i f  such 

a l t e r a t i o n s  were the  r e s u l t  of long-s tand ing  i n s u l t s  caused by 

the  MSG-treatment e a r ly  in  development. MSG induced a 

hyperalge3ic  response on th e  junp t e s t  a f t e r  sexual m atu r ity ,  

while SAL and HSAL r a t s  e x h ib i ted  junp th re sh o ld s  t h a t  increased  

a f t e r  sexual m a tu r i ty .  Since MSG did  not a l t e r  junp th re sh o ld s  

before  m a tu r i ty ,  t h i s  suggests  t h a t  lo n g er-  s tand ing  hormonal 

changes may be re sp o n s ib le  fo r  t h i s  e f f e c t .  These r e s u l t s  a re  in 

agreement w ith  a temporary hypera lges ia  noted on the  t a i l - f l i c k  

t e s t  fo llow ing e l e c t r o l y t i c  l e s io n s  placed in  the  a rcu a te  nucleus 

(M illan , Gramsch, Przewlocki, H o ll t  and Herz, I960). However, 

changes in  basa l n oc icep tive  responses were t e s t  s p e c i f i c ,  s ince  

MSG animals d isp layed e lev a ted  therm onociceptive th re sh o ld s  on 

the  h o t -p la te  a f t e r  sexual m atu r i ty ,  an e f f e c t  opposite  to  the
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decreased  l a t e n c i e s  observed fo llow ing  sexual m a tu r ity  in 

v e h ic le - t r e a te d  r a t s .

That h o t - p la t e  l a t e n c i e s  only d i f f e r e d  in  MSG-treated r a t s  a t  

th e  45 °C, and no t a t  th e  h ig h e r  te m p era tu re s ,  sugg es ts  t h a t  t h i s  

a l t e r a t i o n  invo lves  more g en era l  som ato-sensory p ro cesses , r a th e r  

than  n o c ic e p t io n  s p e c i f i c a l l y  (Dubner and P r ic e ,  1977). Although 

Simantov and Amir (1903) rep o r te d  normal h o t - p la t e  l a t e n c i e s  in  

MSG-treated mice, t h i s  d isc repancy  may be accounted f o r  by the  

use o f  a d i f f e r e n t  sp e c ie s ,  age (60 days) o r  h o t - p la te  

tem pera tu re  (52<5C). However, as f o r  th e  jump t e s t ,  th e  change 

a f t e r  sexual m atu rity  su g g es ts  hypothalamo-hypophyseal hormonal 

in f lu e n ce s  may be c r i t i c a l  fo r  p roper development of sensory  

n o c ic e p t iv e  p ro ce sse s .  These e f f e c t s  a r e  no t accounted f o r  by 

d i f f e r e n c e s  in  lococnotor a c t i v i t y  as  MSG anim als d isp lay ed  a 

s i g n i f i c a n t  red u c t io n  in  a c t i v i t y  w ith age t h a t  was s im i la r  to  

t h a t  noted in  v e h ic le - t r e a t e d  r a t s .  Thus, w hile  th e  r e s u l t s  

p o in t  to  th e  r e l a t i v e  independence between sensory  m o d a l i t ie s ,  i t  

i s  im portan t to  note t h a t  MSG induces long term e f f e c t s  through 

p o s s ib le  hormonal changes, as w e ll  as  s h o r t  term e f f e c t s ,  

a t t r i b u t a b l e  to  th e  p r e e x i s t in g  n e u ro to x ic i ty .
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General D iscussion

These experim ents show t h a t  neonata l a d m in is t r a t io n  o f  high 

dose3 o f  MSG: 1) A l te r  a range of responses fo llow ing  CWS and

2-DG. MSG r a t s  showed a t te n u a te d  a n a lg e s ia  and hypothermia 

fo llow ing  CWS, p o te n t ia te d  2-DG a n a lg e s ia  and reduced 2-DG 

hyperphagia. 2) A l te r s  a range of o p ia te  mediated responses 

were a l t e r e d .  Following acu te  morphine i n j e c t i o n s ,  t e s t - s p e c i f i c  

and g e n d e r - sp e c i f ic  e f f e c t s  were observed in  MSG-treated r a t s .  

Male MSG-treated r a t s  showed lowered a n a lg e s ic  response on the  

junp t e s t ,  and in c re ased  a n a lg e s ia  on th e  h o t - p la te  t e s t ,  whereas 

female MSG-treated r a t s  d isp lay ed  p o te n t ia te d  a n a lg e s ia  on both 

t e s t s  a f t e r  a h igh dose, but a t te n u a te d  h o t - p la t e  a n a lg e s ia  

fo llow ing  a low dose . Moreover, HMSG a l t e r e d  morphine to le ra n c e  

on th e  junp t e s t  s i g n i f i c a n t l y  more than  on the  h o t - p la t e  and 

d is ru p te d  morphine coping responses: hypertherm ia  was decreased

and w eight lo s s  was in c re a se d .  3) A l te r  th e  normal p h y s ic a l  

development as  w e ll  as n o c ic e p t iv e  re sp o n ses .  While n o c ic ep tiv e  

th re s h o ld s  were t e 3 t - s p e c i f i c a l l y  a l t e r e d ,  th e se  changes were 

only ev id e n t  a f t e r  sexual m atu ra tion  suggesting  lo n g -s tan d in g  

hormonal e f f e c t s  o f  the  MSG induced n e u ro to x ic i ty .

These r e s u l t s  in d ic a te  t h a t  MSG-treatment a l t e r s  a number of 

s t r e s s  responses and t h a t  i n t e r p r e t a t i o n  o f  the  a n a lg es ic  

a l t e r a t i o n s  in  t e r n s  o f  a s p e c i f i c  r o le  fo r  th e  c irc u m v e n tr ic u la r  

system in p a in - in h ib i to r y  systems should be ev a lu a ted  in  l i g h t  of 

th e  m u lt i fa c e te d  e f f e c t s  o f  MSG. Given t h a t  MSG induces damage 

to  the  c irc u m v e n tr ic u la r  system and to  th e  MBH p a r t i c u l a r l y ,  i t



might be assuned t h a t  t h i s  s t r u c tu r e  may be i n t e g r a l l y  involved 

in  th e  m ed ia tion  o f  a v a r i e ty  o f  coping re sp o n ses .  While i t  i s  

a t  p re sen t  d i f f i c u l t  to  a sc r ib e  th e  m ed ia tion  o f  th e  a f f e c te d  

behav io rs  to  any o f  th e  p e p t id e s  or t r a n s m i t t e r  d i s r u p t io n s  

induced by MSG, th e  p re sen t  d a ta  p re s e n ts  an o p p o r tu n ity  to  

d i s t in g u i s h  among th e  m ed ia l-b asa l  hypothalamic su bs tan ces  and 

e lu c id a te  t h e i r  re s p e c t iv e  fu n c t io n a l  r o l e s .  T herefo re  in  fu tu re  

work one can s y s te m a t ic a l ly  and c e n t r a l l y  re p la c e  p e p tid e s  or a 

combination o f p e p tid e s  in  an e f f o r t  to  s e l e c t i v e ly  a s s e s s  th e  

behav io ra l  changes. T his  s t r a te g y  th e r e f o r e ,  pe rm its  

i n v e s t ig a t in g  w hether a given lo c a l iz e d  p ep tid e  system is  

i n te g r a l  fo r  a g iven fu n c t io n  r a th e r  than ana lyz ing  e f f e c t s  which 

d e p le te  th e  p ep tid e  system throughout th e  b ra in .  However, the  

p re se n t  study dem onstra tes  t h a t  such work should a ls o  tak e  in to  

account d i f f e r e n c e s  among gender, behav io rs  and t e s t  m easures. 

Since th e  beh av io ra l  d e f i c i t s  can be c l e a r ly  observed in  the  

MSG-treated r a t ,  replacem ent o f a given pep tide  or 

n e u ro t ra n s m it te r  can a llow  one to  observe whether a given 

impairment can be c o r re c te d .  This replacem ent s t r a te g y  i s  o f  

h e u r i s t i c  importance because i t  can sp e c ify  the  fu n c t io n a l  

involvement of p e p tid e s  and t r a n s m i t t e r s  in  an organism incapab le  

o f behaving norm ally .

In s tu d ie s  employing s t r e s s  as an independent v a r i a b le ,  i t  i s  

c r u c ia l  in  t h e i r  i n t e r p r e t a t i o n  o f r e s u l t s  to  recogn ize  t h a t  any 

change in  r e s p o n s iv i ty  in  terms o f  th e  dependent v a r ia b le  may



133

not only be a t t r i b u t a b l e  to  e f f e c t s  upon systems m ediating  th e  

dependent v a r i a b le ,  but a l t e r n a t i v e l y  to  e f f e c t s  upon o th e r  

systems t h a t  may impinge upon and /o r  modulate th e  consequences o f 

th e  s t r e s s f u l  s t im u lu s .
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