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(Sigma Chemical  Co.) (10 raM), Li  ca rbamoylphospha te  
(Sigma Chemical  Co.) (10 mN[), l iver  homogena te  and 
wate r  to a final vo lume  of 2.00 ml ;  f inal  pH,  8.1. Reac-  
t ions were run  at  38 ~ for 15 rain. The  ci trul l ine produced 
was de te rmined  spec t ropho tomet r i ca l ly  af ter  react ion 
wi th  d iace ty lmonox ime  by  the  me thod  of Archibald  10 as 
modif ied by  R a t n e r  il. The  un i t  of enzyme  ac t iv i ty  em- 
p loyed is 1.00 Fmole ci t rul l ine produced  per  rain. 
To de te rmine  dependence  of the  react ion on the  substra tes  
employed,  incubat ions  of homogena te  were carried out  
in the  comple te  sys tem and in the  comple te  sys tem minus  
ei ther  orni th ine  or ca rbamoylphospha te .  To rule ou t  the  
possibi l i ty  of ci trul l ine being produced  by  a non-enzymic  
ca rbamoyla t ion  of orni thine by  carbamoylphospha te ,  
boiled enzyme was also assayed in the  comple te  system. 
Results and discussion. Liver  of the  3 mar ine  m a m m a l s  
exhib i ted  high levels of the  enzyme:  Ba laenopte ra  bore-  
alis, 141 uni ts /g  l iver  wet  w t ;  Tursiops t runcatus ,  344 
uni t s /g  l iver  we t  w t ;  Zalophus californianus,  399 uni ts /g  
l iver  wet  wt.  These values  are typ ica l  of those found for 
l iver  of ter res t r ia l  m a m m a l s  2. As shown in the  table,  the  

react ion was s t rongly  dependen t  upon orni thine,  car- 
bamoy lphospha te  and undena tu red  (unboiled) enzyme.  
Since in the  presence of boiled enzyme less t h a n  4% of 
the  ac t iv i ty  of t h a t  of the  un t rea ted  enzyme was realized, 
the  possibi l i ty  t h a t  the  observed citrull ine produc t ion  
was due to s ignif icant  non-enzymic  ca rbamoyla t ion  re- 
actions is ruled out. 
These findings, coupled wi th  the  observat ions  (see above) 
on the  high percentage  of u r ina ry  urea-ni t rogen in mar ine  
mammal s  studied, suppor t  the  v iew t h a t  mar ine  mammals ,  
like thei r  ter res t r ia l  counterpar ts ,  synthesize urea  by  the  
orni th ine-urea  cycle. F u r t h e r  studies on the  o ther  enzymes  
of the  cycle are wa r r an t ed ,  however .  They  could pro.vide 
d a t a  on the  levels of these o ther  enzymes,  on the  rate-  
l imi t ing step of the  cycle and on compara t ive  proper t ies  
of the  enzymes  f rom mar ine  m a m m a l s  and o ther  ureotel ic  
ver tebra tes .  

10 R.M. Archibald, J. biol. Chem. 756, 121 (1945). 
11 S. Ratner, in: Methods in Enzymology, vol. 1, p. 356. Ed. S.P. 
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Summary. Pro tohemin  is excre ted  in biles of p r ima te  fetuses and p rema tu re  newborns.  I t  also was found in re la t ive ly  
large quant i t i es  in the  lower i leum and mesenter ic  lymph-nodes  of newborn  pr imates .  

Vi r tua l ly  all p igments  in normal  adul t  bile are open chain  
te t rapyrroles ,  p r edominan t l y  bilirubins.  Whi le  bile con- 
ta ins  small  amoun t s  of different  porphyr ins  3, meta l lo-  
porphyr ins  apparen t ly  have  no t  been demons t ra ted .  We  
observed a b rown p igmen t  in the  in tes t inal  mucosal  cells 
and lamina  propr ia  of newborn  monkey*  and in h u m a n  
fetuses weighing 200 g or more  (Blumenthal ,  Bergs t rom 
and Ruebner ,  unpublished).  In  the  older German  histo-  
pa tho logy  l i terature,  th is  p igment  had  been named  meco- 
n ium corpuscles, the  assumpt ion  being t h a t  i t  repre-  
sented absorbed meconium.  We  also observed this pig- 

meri t  in i leocecal l y m p h  nodes of newborn  monkeys ,  bo th  
grossly and histologically*. His tochemical ly ,  this p igment  
was no t  bil irubin.  Spec t ropho tomet r i c  studies of this pig- 
m e n t  in frozen sections of intes t inaI  mucosa l  cells and the  
lamina  propr ia  f rom a newborn  m o n k e y  (Blumenthal ,  
Bergs t rom and Ruebner ,  unpublished) had  an absorpt ion 
peak  a t  abou t  410 rim. In  pen tan-2-one-n-bu ty l  ace ta te  
(17:3, v/v)  ex t rac t s  of diazoreact ions  using e thyl  an- 
thrani la te ,  we observed a d iazo-negat ive  b rown p igment  
in all monkey  and human  newborn  meconiums.  The  Ri-  
va lue  of this  p igment  was 0.40 wi th  ch loroform-methanol -  
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Fig. 1. Electronic absorption spectrum of protoheme-pyridine hemo- 
chrome in water-pyridine-l.0 M KOH (4 : 1 : 0.5 v/v). 
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Fig. 2. Electronic absorption spectrum of reduced pigment ill water- 
pyridine-l.0 M KOH (4 : 1 : 0.5 v/v). 
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w a t e r  (65:35 : 3, b y  volume)  on  silica gel G p la t e s  5 (Merck, 
D a r m s t a d t ,  Fede ra l  R e p u b l i c  of G e r m a n y ) .  A p i g m e n t  
w i t h  chemica l  cha rac t e r i s t i c s  unl ike  b i l i rub in  a n d  re- 
s embl ing  our  p i g m e n t  (d iazo-negai ive)  w i t h  a b s o r p t i o n  
p e a k  a t  410 n m  has  been  isola ted f rom t h e  i n t e s t i n a l  wal l  
a n d  ur ine  of fe ta l  dogs and  m o n k e y  ur ine  a n d  bile6. 
The  presence  of a b r o w n i s h  p i g m e n t  in i n t e s t i n a l  mucosa l  
ceils, l a m i n a  p rop r i a  a n d  mesen te r i c  l y m p h  nodes  of new- 
b o r n  m o n k e y s  m a y  ind ica te  a b s o r p t i o n  of th i s  p i g m e n t  
f rom the  i n t e s t i na l  lumen .  T he  p r e s e n t  i n v e s t i g a t i o n  was 
u n d e r t a k e n  to isolate  a n d  iden l i fy  t he  b r o w n  p i g m e n t  
f rom h u m a n  a n d  m o n k e y  m e c o n i u m s  and  c o m p a r e  i t  w i t h  
t he  p i g m e n t s  in t h e  i n t e s t i n a l  m u c o s a  and  l y m p h  nodes  of 
n e w b o r n  monkeys .  Tile b r o w n  p i g m e n t  was  e x t r a c t e d  
f rom h u m a n  m e c o n i u m  w i t h  acidif ied p e n t a n - 2 - o n e - n -  
b u t y l  a ce t a t e  (17:3,  v /v) .  T h i n  layer  c h r o m a t o g r a p h y  on  
silica gel G glass p la tes  v a n d  p o l y a m i d e  mic ro l aye r  p la t e s  s 
(Analy t .  Tech.  Inc.)  was  used for t he  pu r i f i ca t i on  of t h e  
p igmen t .  The  e lec t ronic  s p e c t r u m  of t he  pur i f ied  p i g m e n t  
was  recorded  w i t h  a Cary  17 s p e c t r o p h o t o m e t e r .  Ab-  
so rp t ion  m a x i m a  and  m i n i m a  are g iven  w i t h  re la t ive  ab-  
so rp t ion  ca lcu la ted  as ba sed  on  a b a n d  a t  396 n m :  
~nlax 595 (0.11) a n d  396 (1.00), Xm~n 545 (0.10) a n d  300 n m  
(0.61). Th i s  s p e c t r u m  was cha rac t e r i s t i c  of a meta l lo -  
p o r p h y r i n  a n d  we a s s u m e d  i t  to  be  p r o b a b l y  a fer ropor-  
phy r in .  The  e lec t ronic  s pec t r a  of p y r i d i n e  complexes  of 
f e r r o p o r p h y r i n s  are cha rac t e r i s t i c  of t h e  va r ious  por-  
phyr insg ,  10. Therefore ,  t he  e lec t ronic  a b s o r p t i o n  spec- 
t r u m  of p r o t o h e m e - p y r i d i n e  h e m o c h r o m e  was c o m p a r e d  
w i t h  t h a t  of r educed  p i g m e n t  py r id ine  h e m o c h r o m e .  
S o d i u m  d i th ion i t e  was  used to  reduce  Fe ( I I I )  to  Fe( I I )  
i m m e d i a t e l y  p r io r  to  record ing  t he  s p e c t r u m  9 (figures 
1 a n d  2). The  abso r p t i ons  of b o t h  complexes  were cal- 
cu la ted ,  based  on  t he  418 n m  bands .  P r o t o h e m e p y r i d i n e  
h e m o c h r o m e  gave  t he  fol lowing s p e c t r u m :  ,~m~x 550 
(0.16), 532 (0.09), 447 (0.07) a n d  418 n m  (1.00), ,~min 537 
(0.06), 500 (0.06), 455 (0.07) a n d  384 n m  (0.19). R e d u c e d  
p i g m e n t - p y r i d i n e  h e m o c h r o m e  gave  t he  fol lowing spec- 
t r u m :  2max 550 (0.20), 523 (0.10), 477 (0.07) a n d  418 n m  
(1.00), ~Lmin 537 (0.06), 500 (0.05), 455 (0.05) a n d  384 n m  
(0.25). These  d a t a  s t r o n g l y  suggested  t h a t  • b r o w n  
p i g m e n t  was  p r o t o h e m i n .  
P a r a m a g n e t i c a l l y  sh i f t ed  p r o t o n  m a g n e t i c  r e sonance  
spec t ra  of p o r p h y r i n  i ron ( I I I )  cyan ide  complexes  are 
p a r t i c u l a r l y  useful  in t he  i den t i f i ca t ion  a n d  loca t ion  of t he  
p o r p h y r i n  f l -subst i tue l l t s  11, x2. Consequent ly ,  t h e  m e t h y l -  
a t ed  p i g m e n t  10 in a so lu t ion  of N a C N  in m e t h a n o l - d  ~, was  
sub j ec t ed  to  F T N M R  ana lys i s  on a 100 MH z  i n s t r u m e n t  
( J E O L  PS-100 H R  N M R  Spec t romete r ) .  T he  r e su l t i ng  
s p e c t r u m  was iden t ica l  w i t h  t h a t  o b t a i n e d  f rom a k n o w n  

sample  of Fe ( I I I )  p r o t o p o r p h y r i n - I X  d i m e t h y l e s t e r  di-  
cyan ide  (Dr G. N. L a  Mar  a n d  D. Viscio, unpub l i shed) ,  
b u t  di f fered s ign i f i can t ly  f rom spec t ra  o b t a i n e d  for a 
large  n u m b e r  of o the r  r e l a t ed  Fe ( I I I )  p o r p h y r i n  d i cyan ide  
complexes .  The  4 m e t h y l  g roups  showed  r e sonances  a t  
1658.2, 1620.1, 1425.8 and  1361.3 Hz  dowllf ield f rom 
i n t e r n a l  t e t r a m e t h y l s i l a n e .  
E x t r a c t s  of b r o w n  p i g m e n t  were p r e p a r e d  f rom the  fol- 
lowing:  ]3iles, m e c o n i u m s  a n d  f rom h u m a n  fe tuses  of 
10-11 weeks up  to 33 weeks, bi les  and  m e c o n i u m s  of pre-  
m a t u r e  babies ,  sma l l  i n t e s t ine  a n d  m e s e n t e r i c  l y m p h  
nodes  f rom h u m a n  a n d  m o n k e y  t e r m  newborns .  The  
b r o w n  p i g m e n t  f rom all  t hese  e x t r a c t s  was  s e p a r a t e d  on  
t ic  p la tes  us ing  d i f fe ren t  so lven t  sys tems .  R~-values of 
t he  b r o w n  p i g m e n t  f rom all these  sources  a n d  of com- 
merc ia l  b o v i n e  h e m i n  were:  0.04 in c h l o r o f o r m - e t h a n o l  
(94:6,  v /v) ,  0 .38-0.40 in c h l o r o f o r m - m e t h a n o l - w a t e r  
(65 : 35 : 3, b y  vol.), 0.54 in m e t h a n o l - g l y c i n e  buffer -  
pH2.7  (95 : 5, v /v)  a n d  0.77 in m e t h a n o l - a c e t i c  acid 
(95 : 5, v / v ) .  
W e  also found  p r o t o h e m i n  in t h e  sera  of p r i m a t e  fetuses.  
I t  occurs  in biles of n o r m a l  fe tuses  to  a b o u t  32 weeks.  
Th i s  suggests  t h a t  up  to t he  age of 32 weeks p r o t o h e m e  is 
exc re ted  u n c h a n g e d  b y  t h e  l iver  in to  t he  bi le  and  is ab-  
so rbed  b y  t he  smal l  i n t e s t i n a l  m u c o s a  in to  t he  b lood  
s l r e a m s  a n d  lympha t i c s .  

1 This work was supported by National Institute of Child Health 
and Human Development, grants 1RO1 HD 07331-02 and 
1F22 HD 00191201. 

2 To whom reprint requests should be sent. 
3 S. Eales, S. Afr. J. Lab. Clin. Med. 9, 151 (1963). 
4 B.H.  Ruebner, R. Kanayama, R. T. Bronson and S. Blumen- 

thai, Archs Path. 98, 396 (1974). 
5 S.G. BlumenthaI, R. M. Ikeda and B. H. Ruebner, Pediat. Res. 

70, 664 (1976). 
6 R.B. Bemstein, M. J. Novy, G. J. Piasecki, R. Lester and B. T. 

Jackson, J. Clin. Invest. 48, 1678 (1969). 
7 B.T. Jackson, R. Lester, J. M. Little and G. J. Piasecki, J. Physiol. 

233, 19 (1973). 
8 K . P . M .  Heirwegh, F. Compernolle, V. Desmet, J. Fevery, 

J .A .T .P .  Neuwissen, R. P. Van Roy and J. De Groote, l e t h .  
bioehem. Analysis 22, 205 {1974). 

9 J.-H. Fuhrhop and K. M. Smith, in: Laboratory Methods in 
Porphyrin arid Metalloporphyrin Research. Elsevier, Amster- 
dam, London, New York 1975. 

10 J. E. Falk, in: Porphyrins and Metalloporphyrins. Their 
General, Physical and Coordination, Chemistry and Laboratory 
Methods, p. 187. Elsevier, Amsterdam, London, New York 1964. 

11 K. Wiithrich, R. G. Shulman, B. J. Wyluda and W. S. Caughey, 
Proc. Nat. Aead. Sci. 62, 636 (1969). 

12 A.M. d'A. R. Gonsalves, Tetrahedron Lett. 1974, 3711. 

Induction of hyperlipidemia by human thyroid stimulating hormone immunization in rabbits 

L. S. S r i va s t ava ,  M. K a s h y a p ,  Gladys  Pe r i su t t i  a n d  Ch.-Y. C h e n l  

Metabolism Division and Lipid Research Division, Department o/ Medicine, University o/ Cincinnati Medical Center, 
Cincinnati (Ohio d5267, USA), 20 September 1976 

Summary. I n  our  s t u d y  we are able  to  d e m o n s t r a t e  t h a i  w i t h  T S H  boos te r  a n d  b leed ing  an ima l s  10-20 days  pos t  
i m m u n i z a t i o n ,  w h e n  r a b b i t s  h a v e  increased  in a n t i b o d y  t i le r ,  t h e r e  is a n  increase  in choles terol  and  t r ig lycer ide .  These  
f ind ings  are sugges t ive  t h a t  m o s t  p r o b a b l y  we are r ende r ing  these  r a b b i t s  h y p o t h y r o i d .  

D u r i n g  t h e  course  of i m m u n i z a t i o n  of r a b b i t s  w i t h  h u m a n  
t h y r o i d  s t i m u l a t i n g  h o r m o n e  (H-TSH)  to  p roduce  a T S H  
an t i se ra ,  we m e a s u r e d  t h e  choles te ro l  a n d  t r ig lycer ide  
levels a n d  found  t h e m  to  be e leva ted .  To d o c u m e n t  t he  
effects  of boos te r  in jec t ions  of r a b b i t  p l a s m a  l ipids  in  
relation to the titer of antibodies, we did a time course 
study. 

Materials and methods. 2 New Zea land  a lb ino  female  r ab -  
b i t s  weighing  a p p r o x i m a t e l y  2.5 kg  were housed  ill 
e n v i r o n m e n t a l l y  con t ro l led  a n i m a l  facil i t ies u n d e r  s t a n d -  
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