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IMURA, K., S. KAMATA, S. HATA, A. OKADA, T. WATANABE AND H. WADA. EJ~,cts ofdietat3' histidine and 
methionine loading,, in rats with a portacaval shunt. PHARMACOL BIOCHEM BEHAV 24(5) 1323-1328, 1986.--To eluci- 
date disturbances of brain amine metabolism in hepatic coma, the effects of dietary histidine and methionine loading on the 
brain levels of amino acids and transmitter amines and on behavior were examined in rats with a portacaval shunt (PCS 
rats). Surgical construction of a portacaval shunt exaggerated the increase in brain histamine caused by dietary histidine 
loading 4 weeks after operation. Although the marked increase in the brain level of methionine itself did not affect on the 
brain levels of catecholamines, serotonin, and histamine, brain level of 5-HIAA was decreased in PCS rats on methionine- 
enriched diet. Diminished spontaneous activity was observed in PCS rats on either diet, which could not be related to the 
disturbance of brain amine metabolism caused by excess hislidine and methionine. These results indicated that histamine 
was involved in the derangement of brain amine metabolism in PCS rats. and that direct effect of dietary methionine 
loading on the brain levels of transmitter amines was not observed in PCS rats. The etiological relation of these substances 
to hepatic coma should be further investigated. 
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I M P A I R E D  amine  m e t a b o l i s m  has  been  sugges ted  to be in- 
vo lved  in the pa thogenes i s  of  hepat ic  c o m a  [1, 4, 7, 8, 12]. 
I nc r ea sed  brain  levels  of  t r yp t ophan ,  s e ro ton in  and  
5 -hydroxy indo le  acet ic  acid (5-H1AA),  and  ty ros ine  and oc- 
t opamine  have  been  o b s e r v e d  in rats  with  a por t acava l  shunt  
(PCS rats),  a model  o f  l iver fai lure [1,3]. The  infus ion of  
special ly  fo rmula ted  amino  acid mix ture  con ta in ing  large 
a m o u n t s  of  b r a n c h e d - c h a i n  amino  acids has  been  s h o w n  to 
cause  no rma l i za t ion  of  the  p lasma  amino  acid pa t t e rn  and 
s imul t aneous ly  to res tore  c o n s c i o u s n e s s  in pa t i en t s  with  
hepa t ic  c o m a  [9,24]. A l though  infusion of  g lucose  and  
b r a n c h e d - c h a i n  amino  acids has  been  repor ted  to normal ize  
bra in  con t en t  of  t r y p t o p h a n ,  pheny la lan ine ,  and  ty ros ine  in 
PCS rats  [19], little is k n o w n  abou t  the  m e c h a n i s m  of  ac t ion  
of  b r a n c h e d - c h a i n  amino  acids and the re la t ionsh ip  b e t w e e n  
hepa t ic  c o m a  and  d i s t u r b a n c e s  of  amine  me tabo l i sm.  

Prev ious ly ,  we repor ted  that  surgical c o n s t r u c t i o n  of  a 
po r t acava l  shunt  in rats  caused  an  increase  in b ra in  amino  
acids,  including g lu tamine ,  me th ion ine ,  cy s t a th ion ine ,  
pheny la l an ine ,  ty ros ine ,  t r y p t o p h a n  and  his t id ine ,  and  tha t  
d ie ta ry  amino  acids great ly  af fected the bra in  levels  of  aro- 
mat ic  amino  acids in PCS rats  tha t  are p r ecu r so r s  of  neuro-  
t r ansmi t t e r s  [13]. Die ta ry  ove r load ing  of  pheny la l an ine ,  
ty ros ine ,  and t r yp tophan ,  respec t ive ly ,  failed to induce  
c o m a t o s e  s ta te  in PCS rats  t hough  it p rovoked  cons ide rab le  

ABBREVIATIONS 

PCS portacaval shunt 
dopamine 3,4-dihydroxyphenylethylamine 

or DA 
NA noradrenaline 
5-HT 5-hydroxytryptamine or serotonin 
5-HIAA 5-hydroxyindole acetic acid 
HA histamine 
OD ordinary diet 
His-R histidine-enriched diet 
Met-R methionine-enriched diet 

a l t e ra t ions  of  brain levels of  ca t echo lamines ,  se ro ton in ,  and  
t race  a m i n e s  [14]. These  resul t s  sugges ted  tha t  the in terac-  
t ion of  these  amines  and aminerg ic  n e u r o n  may not  play a 
key role in inducing  hepa t ic  coma.  As a con t i nua t i on  of  these  
s tudies ;  we tes ted  the effects  of  d ie ta ry  his t id ine  and  
m e t h i o n i n e  loading on  the  bra in  levels  of  amino  acids and  
t r a n s m i t t e r  amines  and  on b e h a v i o r  in PCS rats.  

METHOD 

Sur~,ical Procedures 

Adul t ,  male  Wis ta r  ra ts  weighing  abou t  400 g were  used.  

~Requests for reprints should be addressed to Shinkichi Kamata, M.D., Department of Pediatric Surgery, Osaka University Medical School, 
1-I-50 Fukushima, Fukushima-ku, Osaka 553, Japan. 
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T A B L E  1 

AMINO ACID COMPOSITIONS OF RAT DIETS 

OD His-R Met-R 

Asp 2.26 2.00 2.00 
Glu 4.00 0.50 0.50 
Pro 1.33 1.00 1.00 
Gly 1.32 1.00 1.00 
Ala 1.34 2.00 2.00 
Ser 1.08 2.00 2.00 
Thr 0.94 0.50 0.50 
Cys 0.30 - -  - -  
Met 0.28 0.20 5.20 
Val 1.19 0.70 0.70 
Leu 1.93 0.90 0.90 
lle 0.97 0.50 0.50 
Phe 1.06 1.00 1.00 
Tyr 0.57 - -  - -  
Trp 0.15 0.20 0.20 
His 0.57 5.50 0.50 
Lys 1.47 1.00 1.00 
Arg 1.52 1.00 1.00 

Total 20.00 20.00 20.00 

Values are given as grams per 100 g of diet. 

T A B L E  2 

FOOD INTAKE AND CHANGE OF BODY WEIGHT 

OD His-R Met-R 

Sham PCS Sham PCS Sham PCS 
(8) (5) (9) (7) (9) (8) 

Foodlntake a 17.3 _+ 2.6 15.2 +_ 2.2 16.0 +_ 3.1 14.8 +_ 0.5 9.2 +_ 1.0§ 9.1 +_ 0.8§ 

Change of Body 
Weight h 

Week 1 - 8  +_ 18 -36 +_ 25* -39  +_ 12§ -41 +_ 16§ -67 +_ 16§ -74 +_ 25§ 
Week2-4 18 _ l0 5 ± 37 - 6  ± 35 1 +- 11 -36 _+ 17§ -66 +_ 24*§# 

Numbers of animals are shown in parentheses under the operations. "Results are given as means+_ S.D. in grams per day. hResults are 
given as means +_ S.D. in grams. *p<0.05, tp<0.01: Significant difference from the value for sham-operated rats on the same diet. 
$p<0.05, §p<0.01: Significant difference from the value for sham-operated rats on OD. ¶p<0.05, #p<0.01: Significant difference from 
the value for PCS rats on OD. 

An end- to-s ide  por tacaval  anas tomos i s  was  made  by the su- 
ture t echnique  under  anes thes ia  with in t raper i toneal  injec- 
t ion o f  ketamine [13]. Pos topera t ive ly ,  PCS rats and 
we igh t -ma tched  sham-ope ra t ed  cont ro ls  ( laparo tomy only) 
were  housed  in groups  with lighting be tween  8:00 and 20:00, 
and were  given specially p repared  diets  and wa te r  ad lib for 4 
weeks .  Then they were  decap i ta ted  be tween  10:00 and 12:00. 
Blood was  col lected from the neck,  and the brain was 
quickly r emoved  and weighed.  These  materials  were  s tored 
at - 8 0 ° C  until use. 

Preparation of Diets 

Diets  wi th  3 different  amino acid compos i t ions ,  ordinary 
diet (OD), h is t id ine-enr iched diet  (His-R),  and methionine-  

enr iched  diet (Met-R), were  prepared  (Table 1). The indi- 
ca ted  amino acids were  b lended  thoroughly into a mixture of  
corn  s tarch (60%), c~-starch (10%), p o w d e red  filter paper  
(8%), salad oil (6%), mineral  salt (7%), granulated sugar (6%), 
and vi tamins (2%). 

Activity Study 

An animex D.S .E .  activity meter  with a sensit ivi ty of  25 
/zA and tuning set o f  40 ~ A  was  used. In week  4 after opera-  
tion, each  rat was t ransfer red  to a plastic cage in an adjacent  
m e a s u r e m e n t - r o o m  and kept  in the activity mete r  for 24 hr to 
allow it to become  accl imat ized.  Then  activity was measured  
for a 24 hr period,  and the number  of  counts  per  hr was 
r ecorded .  
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T A B L E 3  

PLASMA AMINO ACIDS IN SHAM-OPERATED AND PCS RATS 4 WEEKS AFTER OPERATION 

OD His-R Met-R 

Sham PCS Sham PCS Sham PCS 
(8) (5) (9) (7) (9) (7) 

Phe 77 ± 10 123 ± 38* 67 ± 20 122 ± 35t~ 69 ± 14 120 ± 47t§ 
Tyr 99 ± 24 122 ± 29 66 ± 21 81 ± 28# 77 ± 15 80 ± 32# 
His 72 ± 13 122 ± 39* 1607 + 692§ 3951 ± 1422t§# 116 ± 37 141 ± 21 
Met 64 ± 15 73 ± 31 55 ± 12 54 ± 12 1998 ± 1006§ 1784 ± 495§# 
Val 197 ± 36 171 ± 54 153 ± 58 169 ± 31 101 ± 32§ 97 ± 49§ 
Leu 153 ± 25 134 ± 41 107 ± 26§ 98 ± 19§ 64 ± 15§ 52 ± 38§# 
lie 92 ± 17 80 ± 29 64±  15§ 58 ± 14§ 37 ± 9§ 44 ± 31§¶ 

Values are shown as means ± S.D. in nmoles/ml. Other explanations are as for Table 2. 

T A B L E  4 

BRAIN AMINO ACIDS IN SHAM-OPERATED AND PCS RATS 4 WEEKS AFTER OPERATION 

OD His-R Met-R 
Sham PCS Sham PCS Sham PCS 

(8) (5) (9) (7) (9) (8) 

Phe 63 ± 10 170 ± 45t 76 ± 16 126 ± 26t§# 69 ± 13 I l l  ± 26t§# 
Tyr 69 ± 13 187 ± 20t 77 ± 22 111 ± 38~# 59 ± 16 105 ± 34t~# 
His 89 ± 19 203 ± 36t 2097 ± 1303§ 4855 ± 1466t§# 124 ± 365 187 ± 72§ 
Met 43 ± 15 71 ± 51 47 ± 32 51 ± 20 1114 ± 402§ 1302 ± 420§# 
Val 66 ± 12 65 ± 21 79 ± 19 61 ± 12 40 ± 7§ 33 ± 10§# 
Leu 70 ± 15 87 ± 12 68 ± 14 67 ± 19 55 ± II 70 ± 49 
lie 36 ± 5 31 ± 3 31 ± 12 30 ± 9 22 ± 6§ 22 + 3§ 

Figures are shown as means ± S.D. in nmoles/g wet weight. Other explanations are as for Table 2. 

Biochemical Determinations 

Plasma and brain amino acids in depro te in ized  samples  
were  analyzed with a Hitachi  amino acid ana lyzer  (Model  
835). Noradrena l ine ,  dopamine ,  sero tonin ,  and 5-HIAA 
were  de te rmined  s imul taneously  as descr ibed  previously  
[13]. Briefly, 3% perchlor ic  acid ext rac ts  o f  brain were  
ch roma tog raphed  sequent ia l ly  on co lumns  of  Amber l i te  
CG-50 and a Sephadex  G-10, and the amine f ract ions  were  
each  analyzed;  noradrenal ine  and dopamine  were  measured  
by the e thy lened iamine  condensa t ion  me thod  [23], and 
se ro ton in  and 5-HIAA by the acidic o -ph tha la ldehyde  
me thod  [18]. Brain h is tamine  was  separa ted  by Dowex-50 
and measured  by the alkaline o -ph tha la ldehyde  me thod  of  
Shore  et al. [32] as modif ied by Yamatodani  et al. [39,40]. 

Statistical Analysis 

Statistical analysis  o f  data  was  pe r fo rmed  by use of  an 
A N O V A  and N e w m a n  Keuls  multiple compar i son  test .  

RESULTS 

Food Intake and Change of Body Weight 

The amounts  of  food intake were  similar in sham- 
opera ted  and PCS rats,  but the intake o f  Met -R were  less 

than those  o f  the o the r  two diets  (Table 2). Sham-opera ted  
rats on OD lost weight  during the first week  after  opera t ion  
and then gained weight  (Table 2). PCS rats on OD lost more  
weight  than sham-ope ra t ed  rats in the first week  after  opera-  
tion. Both groups  of  rats lost more  weight  on His-R and 
Met-R than sham-opera ted  rats on OD during this period.  
Both groups of  rats on Met-R subsequent ly  cont inued  to lose 
weight .  Weight  loss was  grea ter  in PCS rats than that in 
sham-opera ted  rats on Met-R in the last 3 weeks .  

Plasma Levels of Amino Acids 

Compar i son  with the p lasma levels o f  amino acids in 
sham-opera ted  rats on OD revealed an increase  in the levels 
o f  phenyla lanine  and hist idine in PCS rats on OD (Table 3). 
A marked  increase in the p lasma level o f  hist idine and a mild 
reduct ion  in the levels o f  leucine and isoleucine were  ob- 
se rved  in sham-ope ra t ed  rats on His-R compared  to those in 
sham-opera ted  rats on OD. PCS rats on His-R also showed 
an increase  in the levels o f  phenyla lanine  and hist idine com- 
pared to those  in sham-opera ted  rats on His-R. A marked 
increase  in the level o f  meth ionine  and a decrease  in the 
levels o f  b ranched-cha in  amino acids were  noted  in sham- 
opera ted  rats on Met-R.  PCS rats on Met-R s h o w ed  an in- 
c rease  in the level o f  phenyla lanine  c o m p a r e d  to that in 
sham-opera ted  rats on Met-R.  
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T A B L E  5 

BRAIN TRANSMITTER AMINES AND METABOLITE IN SHAM-OPERATED AND PCS RATS 4 WEEKS AFTER OPERATION 

OD His-R Met-R 
Sham PCS Sham PCS Sham PCS 

(8) (5) (9) (7) (9) 18) 

NA 1.95 _+ 0.13 1.79 _+ 0.30 1.87 + 0.22 2.04 + 0.36 1.91 + 0.25 1.70 _+ 0.25 
DA 4.11 _+ 0.34 4.13 -+ 0.50 4.70_+ 0.71 4.61 + 1.01 4.24 _+ 0.62 3.83 + 0.53 
5-HT 1.85 -+ 0.16 1.72 -+ 0.31 1.64 + 0.36 1.58 + 0.38 1.63 _+ 0.34 1.58 + 0.25 
5-HIAA 1.35 _+ 0.25 2.66 _+ 0.73t 1.60 + 0.35 2.03 + 0.56~1 1.79 _+ 0.54 1.86 _+ 0.534! 
HA 0.334 _+ 0.088 0.752 -+ 0.318 2.49 + 0.78§ 3.06 -+ 0.84*§# 0.406 + 0.206 0.674 _+ 0.137 

Figures are shown as means + S.D. in nmoles/g wet weight. Other explanations are as for Table 2. 
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FIG. 1. Spontaneous activity in sham-operated and PCS rats in week 
4 after operation. Numbers of animals are shown in parentheses 
under the operations. Results are given as means-+S.D, of counts 
per hour. **p<0.01: Significant difference from the value for sham- 
operated rats on OD. 

Brain Levels o f  Amino Acids 

C o m p a r i s o n  wi th  the  bra in  levels  o f  amino  acids in 
s h a m - o p e r a t e d  rats  on  OD revea led  an  inc rease  in the  levels  
o f  pheny la l an ine ,  ty ros ine ,  and  his t id ine  in PCS ra ts  on  OD 
(Table  4). A m a r k e d  increase  in the level  of  h is t id ine  was  
o b s e r v e d  in s h a m - o p e r a t e d  rats  on  His-R.  PCS rats  on His-R 
also s h o w e d  an  inc rease  in the  levels  of  th ree  a romat i c  amino  
acids  c o m p a r e d  to t hose  in s h a m - o p e r a t e d  rats  on  His-R.  A 
m a r k e d  increase  in the  level  of  m e t h i o n i n e  was no t ed  in 
s h a m - o p e r a t e d  ra ts  on  Me t -R  along wi th  a mild inc rease  in 
the  bra in  level  of  h is t id ine  and  a dec rea se  in the levels  of  
b r a n c h e d - c h a i n  amino  acids.  PCS rats  on  Me t -R  showed  an 
inc rease  in the  levels  of  pheny la l an ine  and  ty ros ine  com- 
pa red  to those  in s h a m - o p e r a t e d  rats  on  Met-R.  

Brain Levels o f  Transmitter Amines 

C o m p a r i s o n  wi th  the  bra in  levels  of  t r a n s m i t t e r  amines  in 
s h a m - o p e r a t e d  rats  on  OD revea led  an  inc rease  in the  level 
of  5 - H I A A  in PCS rats  on  OD (Table  5). A m a r k e d  increase  
in the  level  of  h i s t amine  was  o b s e r v e d  in s h a m - o p e r a t e d  rats  
on  His-R c o m p a r e d  to t hose  in s h a m - o p e r a t e d  rats  on OD. 
PCS rats  on  His -R s h o w e d  a fu r the r  inc rease  in the  level of  
h i s t amine .  No  s ignif icant  d i f fe rence  was o b s e r v e d  b e t w e e n  
the  bra in  levels  of  t r a n s m i t t e r  amines  in s h a m - o p e r a t e d  rats  
on  O D  and  bo th  g roups  o f  ra ts  on  Met-R.  PCS ra ts  on  Met -R 
and  His -R s h o w e d  a dec rea se  in the  level of  5 - H I A A  com- 
pared  to those  in PCS rats  on OD. 

Spontaneous Activities and Behavior 

W h e n  mon i to r ed  with an An imex  act ivi ty  meter ,  average  
s p o n t a n e o u s  act iv i t ies  in the dark  cycle  were  lower  for PCS 
rats  on  all diets  than  for  sham-ope ra t ed  rats  on OD (Fig. 1). 
S h a m - o p e r a t e d  rats  on  Met -R diet also showed  dec reased  
ave rage  s p o n t a n e o u s  act iv i ty  in the  dark  cycle.  All animals  
su rv ived  the e x p e r i m e n t  and  showed  no obvious  
e n c e p h a l o p a t h i c  signs.  

D I S C U S S I O N  

E x c e s s  m e t h i o n i n e  has  been  repor ted  to have  toxic ef- 
fects  on  m e t a b o l i s m  in the  l iver  of  expe r imen t a l  an imals  in- 
c luding rats  [10]. Klain et al. [16] repor ted  that  adminis t ra-  
t ion o f  a 15% casein  diet  s u p p l e m e n t e d  with 4.0% DL- 
m e t h i o n i n e  to rats  resul ted  in a marked  reduc t ion  in food 
in take  and  weight  loss t oge the r  wi th  a m a r k e d  increase  in 
u r inary  exc re t ion  of  a n u m b e r  of  amino  acids,  indicat ing se- 
vere  d i so rde r  of  n i t rogen metabo l i sm.  Cons i s t en t  with  these  
o b s e r v a t i o n s ,  we o b s e r v e d  the dec rea sed  food intake and the 
m a r k e d  weight  loss in s h a m - o p e r a t e d  and PCS rats  on Met-R 
con ta in ing  5% L-me th ion ine  (Tables  1 and  2). 

In spite of  the d e c r e a s e d  food intake,  a m a r k e d  increase  in 
the  p l a sma  and  brain  levels of  his t idine and me th ion ine  was  
o b s e r v e d  in ra ts  on His-R and Met-R,  respec t ive ly  (Tables  3 
and  4). These  ra ts  also s h o w e d  a dec rea se  in the  p lasma 
levels  of  b r a n c h e d - c h a i n  amino  acids (Table  3), which  may 
be caused  by small  a m o u n t s  of  b r a n c h e d - c h a i n  amino  acids  
in bo th  diets  (Table 1). In addi t ion ,  n i t rogen ca t abo l i sm seen 
in ra ts  on Met -R may be a n o t h e r  r eason  for  a dec rea se  in the 
p l a s m a  and  brain  levels  of  b r a n c h e d - c h a i n  amino  acids ,  for 
increased metabol i sm of  b ranched-cha in  amino acids has  been 
sugges ted  in pro te in-ca lor ie  malnu t r i t ion  [28]. A l though  a 
dec rea se  in the p lasma levels  of  b r a n c h e d - c h a i n  amino  acids 
may increase  an en t r ance  of  h is t id ine  and m e t h i o n i n e  into 
bra in ,  wh ich  has  been  repor ted  to compe te  with b r anched -  
cha in  amino  acids [26], a marked  increase  in the  brain  levels 
of  his t idine and  me th ion ine  (Table  4) may be due to d ie tary  
ove r load ing  of  his t idine and  meth ion ine .  

Bra in  levels  of  a romat i c  amino acids ,  such  as 
pheny la l an ine ,  ty ros ine ,  and  his t idine,  were  e leva ted  in PCS 
rats  on  all diets  (Table 4). In addi t ion  of  e l eva ted  p lasma 
levels  (Table  3), an inc reased  e n t r a n c e  of  a romat i c  amino  
acids into brain  has  been  repor ted  [12]. Bra in  levels  of  cate-  
c h o l a m i n e s  and se ro ton in  were  not  s ignif icant ly affected by 
the d ie tary  over load ing  o f h i s t i d i n e  and  meth ion ine ,  though  a 
mild dec rease  in the  brain  level of  5 -HIAA was o b s e r v e d  in 
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PCS rats on His-R and Met-R compared  to that in PCS rats 
on OD (Table 5). 

Brain level of  histamine was increased according to an 
increase in the brain level of  histidine (Tables 4 and 5). Di- 
etary over loading of  histidine brought  about  a marked in- 
crease  in the brain level of  histamine as previously  reported 
[2, 17, 30, 35]. Surgical creat ion of  por tacaval  shunt resulted 
in the further  increase in the brain levels o f  histidine and 
histamine.  Although protein malnutri t ion has also been re- 
ported to cause an elevat ion in the brain levels  of  histidine 
and histamine [5], only a mild e levat ion in the brain level o f  
histidine was observed  in sham-opera ted  rats on Met-R pre- 
senting nitrogen catabolism. 

It is difficult to detect  encephalopathic  signs in PCS rats 
by usual observat ion.  Howeve r ,  a variety of  behavioral  al- 
terat ions have been reported,  including diminished spon- 
taneous  activity,  decreased  responses  to electr ic  shock,  and 
decreased startle responses  to both tactile and auditory 
stimuli [36,37]. To detect  behavioral  abnormali t ies ,  we 
measured  spontaneous  act ivi ty,  which decreased  in PCS rats 
on OD (Fig. 1). Al though Martin et  al. [20,21] reported that 
no major  al terat ion in behavioral  parameters  was observed  in 
PCS rats manifest ing increased tu rnover  of  brain serotonin,  
our  previous  work [ 14] revealed that diminished spontaneous  
act ivi ty in PCS rats was restored by the administrat ion of  
phenylalanine- ,  tyrosine-,  and branched-chain amino acids- 
enr iched diet, suggesting that this abnormali ty  may be inti- 
mately related to the increased tu rnover  of  brain serotonin.  
No decrease  in spontaneous  activity in sham-opera ted  rats 
on His-R (Fig. 1) suggests that the increased level of  brain 
histamine may have no effect  on the spontaneous  activity.  
Diminished spontaneous  act ivi ty in PCS rats on His-R (Fig. 
I) may be rather due to the increased turnover  of  serotonin,  
which was suggested by the mild increase in the brain level 
of  5 -HIAA (Table 5). The diminished spontaneous  activity in 
rats on Met-R (Fig. 1) may suggest a specific action of  
methionine toxicity on locomotor  activity.  Howeve r ,  the 
possible effect o f  severe  malnutri t ion should also be consid-  
ered as a possible explanat ion in these rats. 

Brain histamine has been suggested as a possible neuro- 
t ransmit ter  in mammals  [11, 31, 34]. Recent ly ,  the his- 
taminergic neuron system was demonst ra ted  in rat brain by 
f luorescent  immunohis tochemis t ry  using ant ibody raised 

against L-histidine decarboxylase  [38]. Al though several  
kinds of  brain neuro t ransmi t te r  amines have been suggested 
to be involved  in the pathogenesis  of  hepatic coma,  little 
at tention has been paid to histamine.  Plasma level o f  his- 
tidine has been repor ted  to be raised in patients with hepatic 
c o m a  due to chronic l iver  dysfunct ion and acute  l iver failure 
[9,25]. The increased levels  of  brain histidine and histamine 
in PCS rats (Tables 4 and 5) revealed the invo lvement  of  
histamine in the der rangement  of  brain amine metabol ism in 
severe  l iver dysfunct ion.  H o w e v e r ,  even  a marked increase 
in brain histamine did not bring about  diminished locomotor  
act ivi ty and al terat ions in the brain levels  of  ca techolamine  
and serotonin.  Adminis t ra t ion of  cimetidine,  an H2 
antagonist ,  has frequent ly been observed  to induce 
encephalopa thy  in patients with severe  l iver  dysfunct ion 
[15]. This observa t ion  suggests that the increased activity of  
histaminergic neuron might act protect ive  to hepatic coma. 
Increased brain histamine has also been observed  in uremic 
rats [29] and prote in-malnour ished rats [6], and it has been 
suggested to be associated with the abnormal  behaviors ,  
such as water  consumpt ion ,  cont inuous avoidance ,  self- 
st imulation,  and thermal regulation [5]. Fur ther  invest igation 
is needed to clarify the specific etiological  significance of  
brain histamine in hepatic c o m a  and other  disorders.  

Methionine has also been suspected of  inducing hepatic 
coma.  Oral administrat ion o f  methionine induced hepatic 
c o m a  in patients with l iver cirrhosis [27] and brought about  a 
comatose  state in dogs with a por tacaval  shunt in the pres- 
ence of  e levated ammonia  level [22]. In addition, the toxic 
effects  of  methionine have been proposed  to be mediated 
through mercaptans  [20,41], ATP  deplet ion [ 10[, and taurine 
[33]. Howeve r ,  the role of  methionine in hepatic  coma is still 
controvers ia l ,  and effect of  methionine on brain amine me- 
tabolism has not been clear.  Present study revealed no signif- 
icant effect  of  methionine on brain levels  of  t ransmit ter  
amines,  and that spontaneous  activity was decreased  in rats 
on Met-R. Rosen et  al. [28] reported that nitrogen catabolism 
may increase brain levels of  tyrosine and oc topamine  in PCS 
rats. However ,  only a mild increase in the brain level o f  
tyrosine was seen in PCS rats on Met-R (Table 4), which also 
showed malnutri t ion (Table 2). These  results require further 
invest igat ion on the etiological  role of  methionine in inducing 
hepatic coma. 
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