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was b locked  b y  a t rop ine  b u t  no t  b y  m e t h y l a t r o p i l l e  t h u s  
exc lud ing  i n v o l v e m e n t  of ex t r ace reb ra l  m e c h a n i s m s  on 
t he  s t r i a t a l  D A  release.  T he  v iew t h a t  D A  n e u r o n s  receive  
an  exc i t a to ry  chol inergic  inf luence  is f u r t h e r  suppo r t ed  
b y  t he  f indings  t h a t  an t i - ace ty lcho l ine  agen ts  decrease  t he  
D A  t u r n o v e r  a n d  c o u n t e r a c t  t h e  e n h a n c e d  l i be ra t ion  of 
t he  a m i n e  caused  b y  neuro lep t i c  drugs  ~4, ~5. Conversely,  
chol inergic  neu rons  in t h e  s t r i a t u m  receive a n  i n h i b i t o r y  
dopamine rg i c  i n p u t :  in fact ,  i m p a i r m e n t  of D A  t r ans -  
miss ion  b y  neuro lep t i c  d rugs  resu l t s  in  an  increased  o u t p u t  
of ace ty lcho l ine  in to  t i le pe r fusa t e  of t he  ca t  c a u d a t e  
nuc leus  and  th i s  effect  is p r e v e n t e d  or reversed  b y  
dopamine rg i c  agen t s  such  as L-dopa or a p o m o r p h i n e  ~6 

The  resul t s  o b t a i n e d  w i t h  o x o t r e m o r i n e  t o g e t h e r  w i t h  
t he  f ind ings  Oil ace ty lcho l ine  release i nd ica t e  a func t iona l  
i n t e r c o n n e c t i o n  b e t w e e n  chol inergie  and  dopamine rg ic  
neu rons  in t h e  e x t r a p y r a m i d a l  sys tem,  wh ich  m i g h t  me- 
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d ia te  r ap id  feed-back  m e c h a n i s m s  m o d u l a t i n g  the  a c t i v i t y  
of these  neurons1% For  ins tance ,  t he  e n h a n c e d  D A  
t u r n o v e r  caused  b y  neuro lep t i c  d rugs  m a y  resu l t  no t  on ly  
f rom b lockade  of p r e s y n a p t i c  D A  receptors  ~7 b u t  also 
f rom d i s inh ib i t i on  of a chol inergic  sys tem wh ich  ac t i va t e s  
t he  dopamine rg i c  neurons .  

I n  conclusion,  t he  p r e sen t  resu l t s  show t h a t  t he  effect  
of drugs  on  t he  release of pg  q u a n t i t i e s  of endogenous  D A  
and  N A  f rom discre te  b r a i n  areas  can  be  d i rec t ly  inves-  
t i g a t e d  us ing  t i le  push-puU c a n n u l a  pe r fus ion  t echn ique .  
The  o u t p u t  of ca t echo lamines  f rom var ious  b r a i n  regions  
can  also be m e a s u r e d  in t he  u n r e s t r a i n e d  u n a n a e s t h e t i z e d  
ca t  b y  means  of chron ica l ly  i m p l a n t e d  push -pu l l  c annu lae  
(in p repa ra t ion ) ,  as p rev ious ly  descr ibed  for  ace ty lcho l ine  
release 19. 

Zusammen/assung. H i r n r e g i o n e n  der  gaUamin- immo-  
b i l i s ie r ten  K a t z e  wurde  mi t t e l s  <,push-pulI~-Kantilen 
pe r fund ie r t .  Die im P e r f u s a t  f re igese tz ten  endogenen  
K a t e c h o l a m i n e  w u r d e n  r a d i o e n z y m a t i s c h  gemessen.  
Chlorpromaz in ,  D - A m p h e t a m i n  oder  O x o t r e m o r i n  (i.v.) 
e r h 6 h t e n  den  <~output~ yon  D o p a m i n  aus  d e m  Nucleus  
c a u d a t u s  u n d  C h l o r p r o m a z i n  zus~Ltzlich den jen igen  yon  
h y p o t h a l a m i s c h e m  N o r a d r e n a l i n  d u t c h  ve rsch iedene  
Mechan i smen .  
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Increase  i n  F ~ 1 7 6  C o n s u m p t i o n  and Growth  after 

In an  earl ier  s tudy ,  we observed  an  increase  in a p p e t i t e  
in a p a t i e n t  w i t h  m e d u l l a r y  c a r c i n o m a  of t he  t h y r o i d  
u p o n  t r e a t m e n t  w i t h  t he  d i am i ne  oxidase  (DAn ,  h is t -  
aminase)  inh ib i to r ,  a m i n o g u a n i d i n e  1- D A n  is p roduced  
in large a m o u n t s  b y  th i s  t m n o r  l-a, a n d  a m i n o g u a n i d i n e  
was a d m i n i s t e r e d  to see if i n h i b i t i o n  of D A n  inf luenced  
t u m o r  growth .  D u r i n g  t r e a t m e n t ,  t he  p a t i e n t  n o t e d  a n  
increase  in her  appe t i t e ,  she a te  well, he r  we igh t  increased,  
a l t h o u g h  no regress ion of t u m o r  was n o t e d  I. On t he  
basis  of th i s  obse rva t ion ,  f u r t h e r  s tudies  were u n d e r t a k e n  
in r a t s  to  see if a m i n o g u a n i d i n e  h a d  a specific effect  on  
appe t i t e .  In  add i t ion ,  t he  d i s t r i b u t i o n  of th i s  d rug  a n d  i ts  
effect  on  d i amine  oxidase  ac t i v i t y  in  var ious  t issues was 
s tudied.  

Methods and materials. The  p a t i e n t s  inc luded  2 sub jec t s  
w i t h  wide ly  d i s s em i na t ed  m e d u l l a r y  c a r c i n o m a  of t he  
t h y r o i d  who were chron ica l ly  ill. The  f i rs t  was  a 19-year- 
old wh i t e  female.  She received t h e  cy to to~ ic  agents ,  
C y t o x a n  a n d  Vincr is t ine .  She was s u b s e q u e n t l y  t r e a t e d  
w i t h  aminoguan id ine ,  30 r ag / day  (3 • 10 rag), for a pe r iod  
of 5 m o n t h s  a n d  t h e n  for 2 m o n t h s .  T h e r a p y  was discon- 
t i n u e d  2 weeks before  he r  dea th .  The  second pa t i en t ,  a 
45-year-old  male ,  was  a d m i t t e d  to  N I H  in all a l m o s t  
m o r i b u n d  condi t ion .  He  received aminoguan id ine ,  30 m g  
daily,  b u t  d ied  17 days  a f te r  admiss ion  to N I H  whi le  sti l l  
on  t h e  drug.  The  h i s t o r y  of these  p a t i e n t s  has  been  de- 
scr ibed in  de ta i l  e lsewhere as P a t i e n t  i and  83. 

Fo r  t he  a n i m a l  s tudies ,  male  Sp rague -Dawley  r a t s  
(Zivic Miller, Inc. ,  Al!ison Pa rk ,  Pa. ,  ave rage  weight ,  
80 g) were housed,  ind iv idua l ly ,  in m e t a l  cages a n d  were 
g iven  w a t e r  a n d  powdered  P u r i n a  Chow ad  l i b i t um.  
Food  was suppl ied  in s ta inless  steel  dishes  w i t h  concave  
lids h a v i n g  a n  ape r tu r e  oI 3.4 cm d i a m e t e r  to  p r e v e n t  
spillage. R o o m  l igh t ing  (12 h on, 12 h off) a n d  t e m p e r a t u r e  

T r e a t m e n t  with  A m i n o g u a n i d i n e  

(23-25~ were control led .  A m i n o g u a n i d i n e  sul fa te  was 
a d m i n i s t e r e d  oral ly b y  s t o m a c h  t u b e  in doses of 10 or 50 
m g / k g  da i ly  in dis t i l led  water .  Cont ro l  an ima l s  received 
w a t e r  alone. M e a s u r e m e n t  of food c o n s u m p t i o n  and  b o d y  
weigh t  were m a d e  daily.  

A t  the  end  of each  expe r imen t ,  t he  an ima l s  were kil led 
b y  decap i t a t ion .  Tissues were r insed  br ie f ly  in water ,  
b l o t t e d  a n d  frozen on  d ry  ice for s torage  a t  - -20~ 
A m i n o g u a n i d i n e  was assayed  b y  r eac t ion  w i t h  p -n i t ro -  
b e n z a l d e h y d e  as descr ibed  b y  BXAVEN et  al. 5. D i a m i n e  
oxidase  a c t i v i t y  was measu red  b y  the  p rocedure  of 
BEAVEN a n d  JACOBSEN ~. This  p rocedure  measu res  t h e  
release of t r i t i a t e d  w a t e r  f rom side cha in  labeled  /~-gH- 
h i s t a m i n e  u p o n  d e a m i n a t i o n .  

A m i n o g u a n i d i n e  sulfa te  and  p - n i t r o b e n z a l d e h y d e  were 
p u r c h a s e d  f rom E a s t m a n  K o d a k  Company ,  Roches te r ,  
N.Y. ; /~-gH-histamine was p r epa red  f rom/5-gH-L-his t id ine  
as descr ibed previously~.  
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Table I. Effect of aminoguanidine on food consumption and weight gain of rats 
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Group n Total food consumption (g) Total increase in body weight (g) 

Before On Before On 
Treatment Treatment 

Increase in body weight 
as % of food consumed 

Before On 
Treatment 

Experiment I 
Control (vehicle) 6 79 i 7 471 4. 13 61 • 10 135 4- 7 
10 mg/kg 5 78 4. 5 507 4- 17 69 4- 8 148 4- 10 
50 mg/kg 6 81 4- 3 514 4- 12~ 66 4- 6 143 • 6 

Experiment II 
Control (vehicle) 11 79 4. 4 805 4- 21 49 • 4 233 4. 9 
10 mg/kg 11 79 4. 6 840 • 19 46 • 4 255 4. 10 
50 mg/kg 10 76 4. 4 886 4. 29 ~ 49 4. 3 261 -4- 11~ 

m 

m 

29 
29 
28 

49 29 
58 30 
65 29 

Values are mean • SEM. ~Significant difference (p 0.05) from control values. Period before and period of treatment was 8 and 18 days, 
respectively for Experiment I and 5 and 34 days for Experiment II. The data show the food consumed and increase in weight before and 
during treatment with vehicle or aminoguanidine. 

Results.  During  t r e a t m e n t  w i th  Cy toxan  ' a n d  Vin- 
cristine,  the  weight  of P a t i e n t  1 decl ined f rom 50 to  30 kg 
(Figure). W i t h i n  a week of t r e a t m e n t  on aminoguanid ine ,  
t he  p a t i e n t  r epor ted  an u n e x p e c t e d  i m p r o v e m e n t  in 
appe t i t e .  She no ted  a par t i cu la r  c rav ing  for cakes and  
c innamon  buns.  Dur ing  th is  per iod  her  weigh t  increased 
by  3.3 kg (Figure). Radiological  e x a m i n a t i o n  ind ica ted  
t h a t  t u m o r  had  spread  in to  lung and  bone 2, and  amino-  
guand ine  t h e r a p y  was d iscont inued.  She again lost weight  
and,  despi te  a brief  per iod  of t r e a t m e n t ,  she con t inued  to 
lose weight  unt i l  her  d e a t h  in the  a u t u m n  of 1970 (Figure). 
The second pa t i en t  was a d m i t t e d  while in t he  t e rmina l  

51 BODY WEIGHT IN PATIENT WITH METASTATIC 
MEDULLARY CARCINOMA OF THE THYROID 
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Reversal of decline in body weight in Patient 1 during aminoguanidine 
therapy. The patient received aminoguanidine, 30 mg t.i.d, orally, 
as described in text during the periods indicated. The patient died in 
mid-September with widely disseminated tumor. 

phase  of his disease. He showed no response  to t r e a t m e n t  
wi th  aminoguanid ine ,  and  the  died wi th in  2 weeks. The 
effect  of aminoguan id ine  on the  h i s t aminase  ac t iv i ty  in 
t issues of these  p a t i en t s  has been  descr ibed 3. No toxic  or 
side effects of t he  drug  were observed.  In  addi t ion  to  these,  
we received a r epor t  (HILL, personal  communica t ion)  oi a 
p a t i e n t  wi th  medul la ry  ca rc inoma whose appe t i t e  
increased while receiving aminoguan id ine  7. The phys ic ian  
was no t  aware  of our observa t ions  a t  t h a t  t ime.  W e  have  
no t  conduc ted  fu r the r  expe r imen t s  in h u m a n  subjects .  

In  two s tudies  in rats,  food consumpt ion  and  g rowth  
were increased af ter  t r e a t m e n t  w i th  10 and 50 mg/kg  of 
aminoguan id ine  (Table I). These increases were s ta t i s t ica l ly  
s ignif icant  only  wi th  the  50 mg/kg  dose of drug. Increased  
food consumpt ion  (1 to 2 g/day) was a p p a r e n t  af ter  
abou t  8 days  and  pers i s ted  th roughout ,  t he  course of 
t r e a t m e n t .  At  au topsy ,  t he  organs showed no gross 
pathological  abnormal i t ies .  There  were increases in the  
weights  of hear t ,  l iver and  per ineal  fat ,  bu t  no t  when  
calcula ted in t e rms  of pe rcen t  of b o d y  weight  (Table II).  
Aminoguan id ine  levels were high in kidney,  in tes t ine ,  
sa l ivary  gland,  l iver and  t h y m u s  and  m o d e r a t e l y  h igh  in 
serum. None was de tec tab le  in brain.  H i s t aminase  
ac t iv i ty  was reduced  in all t issues af ter  aminoguanidine .  
The reduc t ion  was mos t  marked  in t issues which  normal ly  
had  high ac t iv i ty  (Table II).  

Discussion.  Rela t ive ly  few compounds  are avai lable 
t h a t  s t imula te  appe t i t e  and increase weight .  Androgenic  
steroids,  such as me t h y l t e s t o s t e ro n e  8-10, have  been used. 
These have  obvious  d rawbacks  because  of undes i rable  
side effects in women  and chi ldren and  repress ion of 
endogenous  t e s tos te rone  p roduc t ion  in adul t  males.  The 
an t i se ro ton in  compound ,  cyprohep tad iene ,  p roduces  

7 C. S. HILL, JR., M. L. I~ANEZ and N. A. SAMAA•, Medicine 52, 141 
(1973). 

8 K. KNOWLTON, A. T. KENYON, I. SANDIFORD, G. LOTWlN and 
R. FICKER, J. clin. Endoer. Metab. 2, 671 18, 1043 (1942). 

9 j .  S. BRADSHA'~V, W. E. ABBOTT and S. LEVEY, Am. J.  Surg. 99, 
600 (1960). 

10 A. E. FRUEHAN and T. H. FRAWLEY, J. Am. med. Ass. 784, 527 
(1963). 
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Table II. Effect of aminoguanidine treatment on tissue weight, anfinoguanidine and histaminase levels 

EXPERIENTIA 31/5 

Tissue Tissue weight 

Control Aminoguanidine (g) Increase (%) 

Heart 1.13 4- 0.05 (0.31)~ 1.22 4- 0.1 (0.29) + 8 
Liver 12.8 4- 0.6 (3.31) 13.7 :J: 0.4 (3.3) + 7 
Fat (perineal) 3.22 ~: 0.2 (0.83) 3.35 4- 0.2 (0.82) + 4 
Whole Body 233 4- 9 261 -I: 11 +12.1 b 

Tissue Histaminase activity (units/g) Aminoguanidine levels ([xg/g) 

Control Aminoguanidine Decrease (%) Control Aminoguanidine 

Thymus 274 • 7 12 4- 3 --96 b -- 16.5-4- 2.5 
Intestine 672 4- 132 45 -1- 16 --93b -- 50 -r 2 
Adrenals (2) 61 -l- 13 20 -4- 3 --67 b - -  - -  

Kidneys ( 2 )  8.6 4- 0.7 6.3 4- 1.2 --27 b - -  71 4- 18 
Liver 9.0 4- 0.7 6.6 4- 0.7 --27 b -- 21 4- 2 
Salivary gland . . . .  31 4- 2 
Brain 0 . 0  0 . 0  - -  - -  > i 

Serum -- -- -- 8.5 4- 3 

*Values are means 2~: SEM. Values in parentheses indicate data as percent of body weight. ~ Significant difference at p 0.05 level. Tissues 
were from the control and 50 mg]kg aminoguanidine-treated groups of rats in Experiment II. 

s ignif icant  increase of appe t i t e  in chi ldren ~-t~ and  in 
chronical ly  underwe igh t  adul ts  1~-16, and th is  effect  has  
been  conf i rmed in clinical t r ials  ~7, is. A n u m b e r  of ant i-  
depressan t  drugs,  no t ab ly  ami t r ip ty l ine  t9 have  also been  
observed to increase appe t i t e  and weight .  The average 
gain in weight  w i th  these  drugs was 2.5 to  5 kg and subjects  
no ted  par t i cu la r ly  a craving for c a rbohydra t e  foods. 

The p resen t  resul ts  suggest  t h a t  ano the r  t y p e  of 
compound ,  aminoguanidine ,  m a y  have  similar effects in 
humans .  However ,  because the  effect  of tumor ,  cy to tox ic  
drugs and  psychological  factors  could no t  be assessed, 
fu r the r  s tudies  were done in rats,  where  it was possible to 
use large num ber s  of animals,  s t anda rd  exper imenta l  
condit ions,  and dai ly moni tor ing  of body  weight ,  daily 
food consumpt ion .  

n A. F. LAVE~STEIN, E. P. DACANEY, L. LASAGNA and T. E. VAN 
METRE, J. Am. reed. Ass. 780, 912 (1962). 

is S. S. BERGEN, J~., Am. J. Dis. Child. 708, 270 (1964). 
is A. DRASK, J .  ELLIOTT, H. LANGS, A. F. LAVENSTEIN and R. E.  

COOKE, Clln. Pharmac. Ther. 7, 340 (1966). 
aa S. VALIENTE, G. BAHAMONTES and A. TORO, Bol. Hosp. S. Juan, 

Santiago 7,4, 342 (1967). 
15 F. FRANClNI, J.  C. SANTANA and J. KITROSEN, Orientacidn Mdd. 

795, 126 (1968). 
is p. MAINGUET, Practitioner 208, 797 (1972). 
17 R. E. NOBLE, J. Am. reed. Ass. 209, 2054 (1969). 
lS j .  N. STILL, G. W. LIDDLE and W. W. LACY, Metabolism 79, 192 

(1970). 
19 E. S. PAYKEL, P. S. MUELTER and P. M. DE LA VERGNE, Br. J. 

Psychiat. 723, 501 (1973). 
SO W. B. SEVERS, J.  W. GORDON, M. A. BEAVEN and S. JACOBSEN, 

Pharmacology 3, 201 (1970). 
21 G. A. ALLES, J.  Pharm. exp. Ther. 28, 251 (1926). 
es A preliminary account of these observations was presented at the 

FASEB Meeting, Altantic City, April 1971; Fedn. Proc. 30, 233 
(1971). 

Increased  food consumpt ion  and  weight  gain were 
ev iden t  in 2 separa te  exper iments .  A b o u t  30% of the  
food consumed was conver ted  to  b o d y  t issue in b o t h  the  
contro l  and t r e a t ed  ra ts ,  and  th is  increase appeared  to be 
general ly d i s t r ibu ted  in body  t issue r a the r  t h a n  in 
increased fa t  deposi t ion.  Aminoguan id ine  accumula ted  in 
k idney  and o ther  t issues b u t  no t  in bra in  as has been 
observed in earlier s tudies  5. As in h u m a n s  2, the  drug 
inh ib i ted  DAO ac t iv i ty  in various tissues, especially in 
those  t issues which normal ly  conta ined  high levels o f  this  
enzyme.  

The mechan i sm for the  increase in food consumpt ion  is 
unknown.  The inabi l i ty  to  de tec t  aminoguan id ine  in bra in  
suggests  t h a t  e i ther  the  drug  is capable  of ac t ing  cent ra l ly  
in t race  a m o u n t s  or t h a t  it  acts per iphera l ly  in some 
manner .  Ear l ier  s tudies  have  shown t h a t  aminoguanid ine  
po ten t i a t e s  ganglionic t ransmiss ion  and enhances  saliva- 
t ion and  gastr ic  secre t ion due to cholinergic s t imula-  
t ion 20. W h e t h e r  th is  is a possible  mechan i sm of t he  
increased appe t i t e  p roduc t ion  requires  fu r ther  s tudy.  
Aminoguan id ine  is a known der iva t iz ing  reagent  for 
sugars, and an o t h e r  possible mechan i sm is t h rough  
reduc t ion  in blood or t issue glucose. I t  was, in fact,  t e s ted  
for th is  purpose  50 years  ago as a possible an t id iabe t ic  
agent ,  bu t  it  had  no ap p a ren t  effect  21. 

Zusammen/assung. Nach  B'ehandlung mi t  dem Diamin-  
oxidase  (DAO)-Hemmer  Aminoguan id in  wurden  Appe t i t -  
zunahme,  v e r m e h r t e  N a h r u n g s a u f n a h m e  und  Gewichts-  
zunahme  sowohl bei  e inem K r e b s p a t i e n t e n  als s u c h  bei 
R a t t e n  beobach te t ,  wobei  der  Mechanismus  des Ef fek tes  
unklar  blieb. Die Anre icherung  der  Droge sowie die 
H e m m u n g  der DAO in den Geweben wurde  gemessen.  
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