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Fig. 1. Deta i l  a u t o r a d i o g r a m  of a mouse  4 days  a f t e r  i.v. in jec t ion  of 
2,21,4,51-tetraehlorobiphenyl-X~C. Note  the  s t r o n g  u p t a k e  of rad io-  
activity in the bronchi (white spots). The concentration in the body 
fat is considerably lower. 

t ime,  a def in i te  loca l iza t ion  of l a b e l w a s  obse rved  also in 
t he  fe ta l  b ronchi .  I n  c o n t r a s t  to  the  2, 21, 4, 51- te t rachloro - 
biphenyl-l~C, t he  u n s u b s t i t u t e d  biphenylA*C was d i s t r ib -  
u t e d  v e r y  even ly  t h r o u g h o u t  the  lung  (Figure 2), w i t h  no 
t e n d e n c y  t owards  c o n c e n t r a t i o n  in specific s t ruc tu res .  

The  p r e sen t  resu l t s  show t h a t  t he  ab i l i t y  to  a c c u m u l a t e  
in  t he  b ronch i  is n o t  p r i m a r i l y  b o u n d  to the  b i p h e n y l  
nuc leus  itself, b u t  appea r s  a t  ch l o r i na t i on  of t he  molecule.  
T h e y  also f u r t h e r  s u p p o r t  t he  op in ion  t h a t  specific 
s t r u c t u r a l  r e q u i r e m e n t s  exis t  - t he  fu l l f i l lment  of which  
ind ica tes  subs t ances  w i t h  a h igh  a f f in i ty  for t h e  b r o n c h i a l  
t issue.  T h u s  i t  was  possible  to  p red ic t  t he  p u l m o n a r y  
b e h a v i o r  of 2, 21 ,4 ,51- te t rach lorob iphenyl  in mice. The  
Tab le  classifies some PCBs accord ing  to t h e i r  p u l m o n a r y  
d i s t r i b u t i o n  pic tures ,  a n d  i l lus t ra tes  the  differences in 
t he  chlor ine  posi t ions .  I t  is, however ,  possible  t h a t  in-  
ves t iga t ions  in to  t he  m e c h a n i s m  of a c c u m u l a t i o n  will 
give f u r t h e r  i n f o r m a t i o n  a b o u t  t he  cr i t ica l  f ea tu res  in t he  
s u b s t i t u t i o n  p a t t e r n  of t he  b ipheny ls .  

A n  i m p o r t a n t  ques t ion  in th i s  respec t  is w h e t h e r  t he  
r a d i o a c t i v i t y  in  t he  b r o n c h i a l  mucosa  r ep resen t s  m e t a b -  
olized or u n c h a n g e d  PCB,  or bo th .  I t  has  been  dem-  
o n s t r a t e d  t h a t  i n t e r m e d i a t e s  to  h a l o g e n a t e d  benzenes  
(e.g. ch lorobenzene)  c o v a l e n t l y  b i n d  to t he  b r o n c h i a l  
ep i the l ium,  where  t h e y  cause  t i ssue  necros is  15. A s imi la r  

Fig.  2. De ta i l  a u t o r a d i o g r a m  of a mouse  4 h a f t e r  i.v. in jec t ion  of 
b iphenylA4C.  T h e r e  is no si te  of a c c u m u l a t i o n  in  the  lung .  The  
a c t i v i t y  in the  bIood is h igh.  

m e c h a n i s m  of b ind ing  m a y  be i nvo lved  for t he  PCBs.  
A n o t h e r  poss ib i l i ty  is t h a t  t he  b ronch i a l  c o n c e n t r a t i o n  
of r a d i o a c t i v i t y  reflects  a specific excre t ion  p a t h w a y  for 
ce r t a in  P C B - s t r u c t u r e s  or t he i r  me t abo l i t e s  in t he  lung.  

The  biological  s ignif icance of these  obse rva t i ons  is a t  
p r e s e n t  u n k n o w n .  Few inves t i ga t i ons  h a v e  been  r epo r t ed  
concern ing  chronic  effects of s t r u c t u r a l l y  def ined PCBs  
in l a b o r a t o r y  animals ,  and  p u l m o n a r y  lesions h a v e  so far  
no t  been  observed .  I t  was r ecen t l y  shown  t h a t  t he  u p t a k e  
of 2, 21, 4, 41, 5, 51-hexachlorobiphenyl- l~C in mice b ronch i  
was  a l m o s t  comple t e ly  b locked  w h e n  t he  mice  were pre-  
t r e a t e d  w i t h  a large dose of t he  un labe l l ed  i somer  3. This  
m a y  ind ica te  t h a t  a possible  adve r se  effect  will n o t  follow 
a s imple  dose-response  re la t ionsh ip ,  a n d  the re fo re  n o t  
easi ly be  p r o v o k e d  in sho r t  t e r m  h igh  dose expe r imen t s .  
Obv ious ly  more  a t t e n t i o n  shou ld  be  pa id  to  t h e  la te  
effects of def ined PCBs  in t he  d i f fe ren t  species. I t  is 
n o t a b l e  t h a t  2, 21, 4, 41, 5, 51-hexach lorob iphenyl  is a m a j o r  
P C B - c o m p o n e n t  in h u m a n  fa t  as well  as in  t he  f a t  of 
f i shea t ing  b i rds  and  seals 16. 

is W. D. REID, 1~. F. ILETT, J. ),{. GLICK and G. I{RISHNA, Am. Rev. 
respir .  Dis. 107, 539 (1973). 

16 G. JENSEN a n d  G. SUNDSTR(JM, AMBIO 3, 70 (1974). 

T h e r m o r e g u l a t o r y  Effects  of H i s t a m i n e  

t3. Cox,  M. D. GREEN and  P. LOMAX 1 

Department o/ Pharmacology, School o] Medicine and The Brain Research Institute, University o/ Cali/ornia, Los 
Angeles (Cali/ornia 90024, USA), 18 November 7975. 

I n  r e c e n t  years  t he re  has  been  cons iderab le  neu roche -  n e u r o n a l  sys t em on wh ich  a neurophys io log ica l  response  
mica l  evidence,  inc lud ing  regional  d i s t r ibu t ion ,  cel lular  to  h i s t a m i n e  can  be  d e m o n s t r a t e d  2. Thus ,  in t he  r a t  
loca l iza t ion  a n d  t he  presence  of s y n t h e t i c  enzymes ,  to  i n j ec t ion  of h i s t a m i n e  d i rec t ly  in to  t he  ros t r a l  h y p o t h a l a -  
impl i ca te  h i s t a m i n e  as a p u t a t i v e  c e n t r a l n e u r o t r a n s m i t t e r ,  mus  causes  a fall  in  b o d y  t e m p e r a t u r e  w h i c h  can  be  
Cen t r a l  t h e r m o r e g u l a t o r y  m e c h a n i s m s  c o n s t i t u t e  one  p r e v e n t e d  by  sys t emic  a d m i n i s t r a t i o n  of h i s t a m i n e  H 1- 
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Table I. The effect of McN-A-1293 injected into the lateral ventricle 
on histidine induced hypothermia in animals pretreated with Ro4- 
4602 (30 mg.kg -~ i.p.) 30 rain earlier 

Drug (dose) No. of )fean fall 
animals in body temperature 

(oc • sg?~) 

0.9% NaC1 (1 ?tit.vent.) 8 
+ 0.9% NaC1 (1 ml.kg 1 i.p.) 

Histidine (800 mg.kg -1 i.p.) 8 

IVIcN-A-1293 (40 ~g i.vent.) 6 
+ 0.9% NaC1 (1 mhkg 1 i.p.) 

McN-A-1293 (40 [xg i.vent.) 6 
+ histidine (800 mg.kg -I i.p.) 

0.2 ~ 0.13 

1.3 ~ 0.16 ~ 

0.2 4- 0.09 

0.5:1- 0.20 b 

Significantly different from saline control, bSignificantly different 
from histidine alone, p < 0,05 (1Nlann Whitney U-test). 

Table II. The effect of M~cN-A-1293 injected into the third ventricle 
on heat exposure after histidine loading of rats pretreated with 
Ro4-4602 (30 Ing.kg -I i.p.) 

Drug (dose) No. of Time of exposure 
animals to heat lamp 

(min :~ SBM) 

0.9% NaC1 (1 ml.kg -1 i.p.) 6 

Histidine (800 mg.kg -1 i.p.) 6 

IVfeN-A-1293 (40 [xg i.vent.) 5 
-]- 0.9% NaCl (1 ml.kg -1 i.p.) 

MeN-A-1293 (40 [xgi.vent.) 6 
+ histidine (800 mg.kg -1 i.p.) 

5.8 • 0.96 

10.5 ~_ 0.84~ 

5.7 =~ 0.49 

6.5 ~ 0.68 b 

�9 Significantly different from saline control, b Significantly different 
from histidine alone, p < 0.01 (~ann Whitney U-test). 

r ecep tor  an tagon i s t s  such as pyr i lamine  3. H i s t amine  m u s t  
be in jec ted  in t rac ran ia l ly  in such s tudies  since it does no t  
readi ly  pene t r a t e  the  b lood-bra in  barrier .  

An a l t e rna t ive  app roach  to the  s t u d y  of the  cent ra l  
effects  of h i s t amine  has  been  to  increase bra in  levels by  
sys temic  in jec t ion  of h igh doses of its immed ia t e  precursor  
his t id ine .  Whole  bra in  h i s t amine  levels can be increased 
50~200% b y  th is  manoeuvre4,  ~. Such his t id ine  loading 
will lower core t e m p e r a t u r e  in the  r a t  and  the  response  
can be blocked b y  pr ior  i n t r aven t r i cu la r  in jec t ion  of 
h i s t amine  He-receptor  an tagonis t s ,  such as bu r imamide  6. 

These expe r imen ta l  da t a  indicate  t h a t  there  are b o t h  
H 1- and  He-receptors  for h i s t amine  in t he  cent ra l  t he rmo -  
regula tory  pa thways .  Studies  in the  ra t  7 and the  ca t  s 
have  suggested t h a t  the  Hi - recep to r s  are s i tua ted  in t he  
ros t ra l  h y p o t h a l a m i c  t h e r m o r e g u l a t o r y  centers  and  the i r  
ac t iva t ion  by  in t racrania l  in jec t ion  of h i s t amine  resul ts  
in a lowering of the  set  level of t he  t h e r m o s t a t .  On the  
o the r  hand ,  H2-receptor  s t imula t ion  ac t iva tes  hea t  loss 
mechan i sms  (peripheral  vasodi la t ion  and  increased hea t  
loss) in the  r a t  7, 9. 

T h a t  t he  t h e r m o r e g u l a t o r y  effect  of h is t id ine  loading 
is indeed the  resul t  of the  induced  rise in bra in  h is tamine ,  
and  no t  due to o the r  nonspecif ic  ac t ions  of the  precursor ,  
is ind ica ted  b y  the  s t u d y  of GREEN et al. ~~ This  p rob lem 
has  now been pursued  one s tep  fu r the r  using an inh ib i to r  
of h is t id ine  decarboxylase ,  which  is t he  enzyme  involved  

in the  convers ion of h is t id ine  to h i s t amine  in the  bra in  11. 
Taylor  e t  al. le have  repor ted  t h a t  4- imidazolyl-3-amino-2-  
b u t a n o n e  (McN-A-1293), a l though  s o m e w h a t  less p o t e n t  
t h a n  o the r  L-aromatic amino-ac id  decarboxylase  in- 
hibi tors ,  is more  specific for h is t id ine  decarboxylase .  

Groups  of ra t s  (female Sprague-Dawley  weighing 180- 
200 g) were p repa red  wi th  chronical ly  imp lan ted  (at least  
10 d) guides allowing inject ions  to  be made  into the  lef t  
la teral  ventr ic le .  8 of these  animals  were tes ted ,  in r a n d o m  
order  on a l te rna te  days,  wi th  0.9% NaC1 (1 ~xl i. vent . ) ,  
L-histidine HC1 (800 mg. kg -1 i.p.) and MeN-A-1293 
(40 ~g i. vent .)  (supplied by  McNeil Laborator ies)  
30 min  af ter  p r e t r e a t m e n t  w i th  Ro4-4602 (30 mg. kg -~ 
i.p.) (I{o4-4602 is an inhib i tor  of h is t id ine  decarboxylase  
which  does no t  pene t r a t e  the  b lood-bra in  barr ier  and  so 
minimizes  the  convers ion of h is t id ine  to h i s t amine  outs ide  
the  cent ra l  ne rvous  system).  As seen in Table  I h is t id ine  
loading resul ted  in a s ignif icant  fall in b o d y  t empera tu re .  
I n t r aven t r i cu l a r  in ject ion of McN-A-1293 had  no sig- 
ni/icant effect  on core t e m p e r a t u r e  by  itself b u t  pre-  
v en t ed  the  fall af ter  his t idine.  

The rmoregu la to ry  behav ior  was neasured  using the  
m e t h o d  descr ibed in detai l  elsewhere ~s. Briefly, the  animals  
were exposed  to a hea t  lamp under  s t anda rd i zed  condi t ions  
and the  t ime  before the  an imal  moved  away  was recorded.  
A group of 6 animals  wi th  in t racerebra l  in ject ion guides 
was t e s t ed  over  a 10 d per iod:  Ro4-4602 was in jec ted  at  
08.00 h;  a t  08.30 h one of the  drug  combina t ions  l is ted in 
Table I I  was admin i s t e red ;  60 min  la ter  behaviora l  
t e s t ing  was s ta r ted .  His t id ine  alone s igni f icant ly  in- 
creased the  per iod of hea t  exposure,  compared  to  NaC1 
controls .  McN-A-1293 in jec ted  into the  ventr ic les  did no t  
effect  exposure  t ime  in NaC1 controls  and  abol ished the  
increased hea t  exposure  induced  by  his t id ine  loading 
(Table II).  The significance of the  increased hea t  exposure  
af ter  h is t id ine  can be summar ized  as follows: If  a com- 
pound  lowers b o d y  t e m p e r a t u r e  b y  ac t iva t ing  h e a t  loss 
mechanisms ,  whi ls t  leaving the  t h e r m o r e g u l a t o r y  centers  
in tact ,  behaviora l  mechan i sms  will ref lexly come into  p lay  
so as to  coun te rac t  the  failing t empera tu re .  Thus,  t he  
an i ma l  remains  under  t he  h e a t  t amp long enough for the  
b o d y  t e m p e r a t u r e  to r e tu rn  to the  set  level - as was 
conf i rmed by  b o d y  t e m p e r a t u r e  m e a s u r e m e n t s  t aken  
immed ia t e ly  pr ior  to, and  following, hea t  e x p o s u r e .  On 

1 This research was supported by a grant from the Office of Naval 
Research and by USPHS fellowships to B. C. and M. D. G. 

2 p. LO•AX and M. D. GREEN, in Temperature Regulation and Drug 
Action (Eds. P. LOMAX, E. SCH6NBAUI~{ and J. JACOB; Xarger, 
Basel 1975). 

3 •. ]~. BREZENOFF and P. LOMAX, Experientia 26, 51 (1970). 
4 j,-C. SCHWARTZ, C. LAMPART and C. RosE, J. Neuroehem. 79, 

801 (1972). 
5 K. IV[. TAYLOR and S. H. SNYDER, J. Neurochem. 79, 341 (1972). 

M. D. GREE~, B. Cox and P. LOMAX, J. Neurosci. Res., in press. 
T p. LOMAX, M. D. GREEN and B. Cox, Abstr. Vlth Inti Congr. 

Pharmacol. Helsinki (1975), p. 98. 
s W. G. CLARK and H. R. CUMBY, Pharmacologist 17, 256 (1975). 
9 B. Cox, 1Vf. D. GREE~, W. CHESAREK and P. LOMAX, J. thermal 

Biol., in press. 
10 ~/~. D.  ORI~I~N, ~V~. L.  SiIvloN and P. LOMAX, Life Set. 16, 1293 

(1975). 
11 R. W. SHAYER and .'M~. A. REILLY, J.  Neuroehem. 77, 1649 (1970). 
1s R. J. TAYLOR, F. J. LEINWEBER and G; A. BRAUN, Biochem. 

Pharmac. 22, 2299 (1973). 
is B. Cox, M. D. GREEN and P. LOMAX, Pharmae. Biochem. Behav., 

in press. 



500 Specialia EXPERIENTIA 32/4 

t h e  o t h e r  hand ,  if t he  d r u g  ac ts  to  lower t he  se t  t e m p e r -  
a t u r e  t he  a n i m a l  will avo id  t he  h e a t  l a m p  so as to  'a l low'  
t he  b o d y  t e m p e r a t u r e  to  fall  to  t he  new level~3. 

A l t h o u g h  facil i t ies for t he  m e a s u r e m e n t  of regional  
b r a i n  h i s t a m i n e  t u r n o v e r  were n o t  ava i l ab le  a t  the  t i m e  
of t he  p r e sen t  expe r imen t s ,  s ince McN-A-1293 has  no  
effect  a lone  b u t  reduces  b o t h  t he  fall  in b o d y  t e m p e r a t u r e  

and  t he  assoc ia ted  t h e r m o r e g u l a t o r y  b e h a v i o r  a f t e r  
h i s t id ine  loading,  i t  is r easonab le  to  ascr ibe  these  pheno-  
m e n a  to  t he  on ly  k n o w n  effect  of t he  c o m p o u n d  - inh ib i -  
t i on  of h i s t id ine  deca rboxy lase .  Thus ,  t h e  d a t a  conf i rm 
prev ious  impress ions  7 t h a t  t he  h y p o t h e r m i c  effects  of 
h i s t id ine  load ing  is t he  r e su l t  of increased  b r a i n  h i s t a m i n -  
ergic a c t i v i t y  in t h e  e f fe ren t  h e a t  loss p a t h w a y s .  

DDT: The Degradation of Ring-Labeled laC-DDT to ~4CO2 in the Rat 

M. B. ABou-DoNIA I and D. B. MENZEL 

Departments o/Physiology and Pharmacology and of Medicine, Duke University Medical Center, Durham (North Carolina 
27710, USA), 20 October 7975. 

Summary. Ring  fission of p, p ' - D D T  was s tud ied  in t he  r a t  fol lowing a single oral  dose of 0.74 m g / k g  (1.04 ~Ci) of uni -  
fo rmly  r ing- labe led  14C-DDT. E x p i r e d  a i r  was  passed  t h r o u g h  a so lu t ion  of e t h a n o l a m i n e - e t h y l e n e  glycol m o n o m e t h y l  
e the r  (1 : 2) to  t r a p  ~4CO2. A t o t a l  of 1.6% of t he  r a d i o a c t i v i t y  a d m i n i s t e r e d  was recovered  in t h e  exp i red  air  col lected 
con t i nua l l y  for  10 days,  i n d i c a t i n g  t h a t  whi le  d e g r a d a t i o n  of t he  p h e n y l  m o i e t y  is n o t  a m a j o r  rou te  pf  p,p'-DDT 
m e t a b o l i s m  ill t h e  ra t ,  i t  is equa l  to  t he  u r i n a r y  excre t ion .  Never the less ,  these  resul t s  r ep re sen t  t he  m o s t  rad ica l  change  
accompl i shed  in v ivo  of a res idua l  insect ic ide ye t  r epo r t ed  in m a m m a l s .  

Inc reased  a t t e n t i o n  has  been  d r a w n  to  t he  ecological 
s ignif icance of p , p ' - D D T  2. Th i s  growing  concern  is 
genera l ly  a t t r i b u t e d  to  t h e  s t a b i l i t y  and  ti le s u b s e q u e n t  
pers i s tence  of D D T - t y p e  c o m p o u n d s  especial ly  D D E  in 
t h e  e n v i r o n m e n t  3, 4. Because  of t he  a c c u m u l a t i o n  of p, p ' -  
D D T  a n d  i ts  me t abo l i t e s  in  t h e  animals ,  t he  p a t h w a y s  of 
excre t ion  are  i m p o r t a n t  to  t h e  a s sessment  of h a z a r d  since 
exc re t ion  is a m a j o r  m e a n s  of p r o t e c t i o n  aga ins t  accumula -  
t i on  a n d  toxic i ty .  I t  is surpr iz ing,  however ,  t h a t  despi te  
t h e  v e r y  h i g h  ra t e s  of usage of p, p ' - D D T  over  the  pa s t  
45 years ,  knowledge  of i ts  d e g r a d a t i o n  p a t h w a y s  in 
biological  a n d  nonbio log ica l  sys t ems  is incomplete .  Meta-  
bol ic  s tud ies  of p,p'-DDT h a v e  been  concerned  a l m o s t  
en t i r e ly  w i t h  t h e  loss of on ly  1 o u t  of t h e  14 c a r b o n  a t o m s  
of t he  molecule  5. This  is exempl i f ied  b y  s tud ies  showing  
t he  convers ion  of p, p ' - D D T  to  D B P  in r a t s  6 a n d  bac t e r i a  ~ 
a n d  to D B P ,  D B H  a n d  D D M  in chicks s. The  c leavage  of 
one  of t he  p h e n y l  r ings  of D D M  to  yield p - ch lo ropheny l  
a ce t a t e  b y  Hydrogenomonas has  been  es tab l i shed  ~176 
The  purpose  of t he  p r e s en t  s t u d y  is to  d e t e r m i n e  w h e t h e r  
t h e  r a t  is also capab le  of deg rad ing  ti le p h e n y l  r ing  of the  
p , p ' - D D T .  
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following a single oral dose of ring-labeled ~4C-DDT. 

Materials and methods. WHite ma le  r a t s  (Cheek & 
Jones ,  Hous ton ,  Texas) ,  weighing  a p p r o x i m a t e l y  250 g, 
were p laced  in  i n d i v i d u a l  Cary  a n i m a l  cages (Glass 
Instruments, Inc., Pasadena ,  California) .  The  Cary  a n i m a l  
cage, des igned  especial ly  for s tudies  of exp i red  14CO~ 
c o n t a i n e d  coarse  a n d  f ine mesh  screens to  s epa ra t e  fecal 
m a t e r i a l  f rom ur ine  wh ich  was col lected in a s epa ra t e  
flask. The  exp i red  a i r  was  d r a w n  ou t  t h r o u g h  th i s  f lask 
b y  use of a w a t e r  aspi ra tor .  The  a n i m a l s  were a l lowed to  
a d j u s t  to  t h e i r  e n v i r o n m e n t  for 1 week  subsequen t ly ,  
each  of 12 ra t s  was fed a single 0.74 m g / k g  dose (1.04 ~Ci) 
of 14C-DDT (specific a c t i v i t y  of 5 mCi /mmole ,  New E n -  
g l and  Nuclear)  in a ge la t in  capsule.  14C-DDT h a d  radio-  
chemica l  p u r i t y  of more  t l l an  99.5%. 4 s im i l a r  r a t s  were 
no t  fed p , p ' - D D T  a n d  se rved  as controls .  The  an ima l s  
were r e t u r n e d  to t h e i r  cages and  g iven  free access to  food 
and  water .  ~4CO2 was t r a p p e d  in a so lu t ion  of e thano l -  
a m i n e - e t h y l e n e  glycol m o n o m e t h y l  e t h e r  (1 : 2 v/v) .  
~4C-radioact ivi ty was m e a s u r e d  b y  a B e c k m a n  model  
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2 Abbreviations : 1,1,1-triehloro-2,2-bis(p-chloropbenyl)ethane,(p, p'- 
DDT); 1,1-diehloro-2,2-bis(p-chlorophenyl)ethane, (p,p'-DDD) ; 
1,1-dichloro-2, 2-bis(p-chlorophenyl)ethylene, (DDE) ; 1-cbloro-2,2- 
bis(p-chloropbenyI)ethylene, (DDMU); 1-chloro-2,2-bis(p-chloro- 
phenyl)ethane, (DDMS) ; unsym-bis(p-chlorophenyl)-ethylene, 
(DDNU); 2,2-bis(p-ehlorophenyl)ethanol, (DDOH); bis(p-chloro- 
phenyi)acetie acid, (DDA); bis(p-ehlorophenyl)methane, (DDM); 
4, 4'-diehlorobenzophenone, (DBP); and bis(p-chlorophenyl)meth- 
anol, (DBH). 
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