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Summary: Adequate stores and adequate tissue levels of vi tamin A are main- 
tained by a balance of tissue demands and dietary intake of the vitamin and are 
modified by many factors, including xenobiotics. It is well established that expo- 
sure to polyhalogenated aromatic hydrocarbons (PHAH) decreases hepatic content  
of vitamin A. Recent  findings indicate that hepatic depletion of vitamin A is 
accompanied by an increase in serum and renal vi tamin A content  and enhanced 
excretion of vitamin A metabolites in urine and feces. Examinat ion of tissue 
retinoid profiles reveals that PHAH exposure causes the generation of increased 
amounts of polar retinoids. It is very likely that PHAH affect enzymes crucial for 
regulation of vitamin A storage as well as enhance activities of specific enzymes in 
vitamin A metabolic pathway. 

Zusammens Ausreichende Vitamin-A-Speicher und -Gewebslevel wer- 
den durch ein Gleichgewicht yon Nachfrage der Gewebe nach Vitamin A und der 
Vitamin-A-Aufnahme durch die Nahrung aufrechterhalten und durch viele Fakto- 
ren beeinflu/3t. 

Es ist hinreichend bekannt, dab polyhalogenierte aromatische Kohlenwasser- 
stoffe (PHAH) die Vitamin-A-Speicher der Leber  erniedrigen. Neuere Untersu- 
chungen deuten darauf hin, da/3 die Erniedrigung der Vitamin-A-Leberspeicher 
von einem Anstieg des Vitamin-A-Gehaltes in Serum und Niere sowie yon einer 
erh6hten Abgabe von Vitamin-A-Metaboliten in Urin und F~izes begleitet sind. Die 
Untersuchung der Vitamin-A-Verteilung in verschiedenen Geweben zeigte, da6 die 
Zufuhr yon PHAH zu einem verstfirkten Auftreten polarer Vitamin-A-Metaboliten 
ftihrt. Es ist wahrscheinlich, dab die PHAH Enzyme beeinflussen, die entscheidend 
for die Regulation yon Vitamin-A-Speichern sowie der Aktivit&t yon f~ir den 
Vitamin-A-Stoffwechsel wichtigen Enzymen sind. 

Sch10.sseIwSrter: Vitamin A-Status; polyhalogenierte aromatische __Kohlenwasser- 
stoffe; Metabolismus; polare Retinoide 

Key words: vitamin A status; polyhalogenated aromatic hydrocarbons; metabo- 
lism; polar retinoids 
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I n t r o d u c t i o n  

Po lyha logena t ed  a romat i c  h y d r o c a r b o n s  (PHAH) are wide ly  u sed  in 
industr ia l ized countr ies .  Many  of  these  P H A H  are e i ther  toxic  or genera te  
toxic  der iva t ives  dur ing  m a n u f a c t u r i n g  opera t ions  or  pyrolysis .  A m o n g  
the  m o s t  toxic  is 2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD); however ,  
the  e n o r m o u s  p roduc t i on  and  global  industr ia l  use  of  po lych lo r ina ted  
b ipheny l s  (PCBs) (world p roduc t ion  91 mil l ion kg  in 1970), p lace  t h e m  
a m o n g  the  ma jo r  env i ronmen ta l  po l lu tan ts  (15). Concern  over  xenob io t i cs  
and  the i r  de le ter ious  effects  on heal th  is wor ldwide  because  of  cons t an t  
pub l ic  e x p o s u r e  to these  chemica l s  (15). A classic e x a m p l e  is the  acciden-  
tal in t roduc t ion  of  p o l y b r o m i n a t e d  b ipheny l s  (PBBs) into the  food cha in  
of  Michigan res idents  in 1973 (14, 42). Other  d o c u m e n t e d  sources  of  
e x p o s u r e  inc lude  the  a t m o s p h e r i c  t r anspor t  of  PCBs,  ch lor ina ted  diben-  
zofurans  and  dioxins  (11), and  the recur r ing  acc identa l  publ ic  e x p o s u r e  to 
P H A H  (26). 

The  sus ta ined  ple io t ropic  r e sponses  tha t  resul t  f rom P H A H  e x p o s u r e  
inc lude  increased  acit ivi tes of  m i x e d  funct ion  oxidases  and  of ur id ine  
d i p h o s p h a t e  g lucuronosy l  t ransferases  (12, 17, 28, 29, 31). These  effects  are 
t h o u g h t  to be  l inked to the  b ind ing  of P H A H  to specif ic  cytosol ic  recep-  
tors  and  to the  in terac t ion  of  the  r e c e p t o r - P H A H  c o m p l e x  wi th  the  nuc-  
leus (31). The  clinical s y n d r o m e  assoc ia ted  wi th  P H A H  e x p o s u r e  is well  
charac te r ized  and  inc ludes  skin  lesions,  we igh t  loss, nausea,  and  hepat ic ,  
in tes t inal  and  ne rvous  disorders  (1, 2, 24, 25, 30). S o m e  of  the  les ions 
r e s e m b l e  those  of  v i t amin  A def ic iency (20, 21, 25, 37, 38, 40) and  have  led 
to inquir ies  into the  effect  of  P H A H  on v i t amin  A nutr i t ional  status.  

Vi tamin  A is s tored p r imar i ly  in the  liver. Adequa t e  s tores  of  v i t amin  A 
in the  l iver  and  an adequa te  s upp l y  of  v i t amin  A to t i ssues  is m a i n t a i n e d  
b y  a ba lance  be twee n  t issue d e m a n d s  and  die tary  in take  of  the  v i tamin;  
the  ba lance  m a y  be  modi f ied  by  m a n y  factors,  inc luding  xenobio t ics .  
Admin i s t r a t ion  of  cer ta in  xenobio t ics  resul ts  in dec reased  hepa t ic  con ten t  
of  v i t amin  A. Agents  k n o w n  to cause  this effect  inc lude  po lych lo r ina ted  
b ipheny l s  (PCBs) (18, 21, 23, 32-39, 41) and  p o l y b r o m i n a t e d  b ipheny l s  
(PBBs)  (1, 6). Admin i s t r a t ion  of  v i t amin  A concur ren t ly  wi th  xenob io t i c s  
par t ia l ly  p reven t s  the  s y m p t o m s  (20). Clearly, n u m e r o u s  s tudies  desc r ibe  
the  a b n o r m a l l y  low hepat ic  v i t amin  A levels associa ted  wi th  P H A H  tox- 
icosis, however ,  little is k n o w n  abou t  the  mechan i sm(s )  unde r ly ing  this  
in terre la t ionship.  

We have  inves t iga ted  the  effect  of  P H A H  on v i t amin  A m e t a b o l i s m  
us ing  3-H-labeled ret inoids,  and  found  tha t  a single non- le thal  dose  of  3,3', 
4,4', 5 , 5 ' - h e x a b r o m o b i p h e n y l  (HBB) causes  a two-fold e n h a n c e m e n t  in the  
me tabo l i c  ou tpu t  of  deg raded  v i t amin  A in ur ine  and  feces of  rats  (8). 
S imi lar  effects  were  obse rved  us ing  TCDD (18, 19). The  poten t ia l  effect  of  
H B B  on abso rp t ion  of  v i t amin  A was  exc luded  by  the  e x p e r i m e n t a l  des ign  
in the  above  s tudies  (8) and  by  the  f inding of N a r b o n n e  tha t  polychlo-  
r ina ted  b ipheny l s  do not  affect  v i t amin  A abso rp t ion  (27). S u b s e q u e n t  
s tudies  wi th  chronic  doses  of  H B B  or 3 ,4 ,5 ,3 ' ,4 ' ,5 ' -hexachlorobiphenyl  
(HCB) have  conf i rmed  the above  f indings (5, 22). The  chronic  admin is t ra -  
t ion of  H B B  caused  a severe  (20-fold) decrease  in hepa t ic  re t inol  and  
re t inyl  es ters  bu t  caused  a 6-7-fold increase  of  re t inol  and  ret inyl  es ters  in 



M. H. Zi le  et al., Al terat ions in v i tamin A me tabo l i sm  95 

the  k idneys  (22) and  a 2-fold increase  in s e r u m  ret inol  (23). These  altera- 
t ions are also obse rved  wi th  T C D D  and HCB (5, 18, 33). 

The  avai lable  ev idence  clearly indicates  tha t  P H A H  signif icant ly  al ter  
v i t amin  A me tabo l i sm,  pe rhaps  by  an effect  on the  activit ies of  e n z y m e s  
invo lved  in regula t ion  of  v i t amin  A storage.  An e x a m i n a t i o n  of  hepat ic  
acyl-CoA-ret inol  acy l t ransferase  (ARAT) and  re t inyl  pa lmi ta t e  hydro lase  
(RPH) revealed  a 50 % and 63 % reduct ion,  respect ively ,  in the  activit ies of  
these  enzymes  in H B B  t rea ted  rats  (22). S tudies  wi th  admin i s t e r ed  3-H- 
labeled-re t inyl  ace ta te  fu r the r  con f i rmed  an increased  (2-fold) u r inary  and  
fecal  excre t ion  of  rad ioac t ive  v i t am i n  A degrada t ion  p roduc t s  f rom newly  
admin i s t e r ed  v i t amin  A in H B B  in tox ica ted  an imals  (22), sugges t ing  an 
e n h a n c e m e n t  b y  H B B  of v i t am i n  A ca tabol ism.  

To obta in  addi t ional  insights  into the  P H A H - v i t a m i n  A re la t ionship,  we  
e x a m i n e d  the  a l terat ions in liver, se rum,  and  ex t r ahepa t i c  p rocess ing  of a 
phys io logica l  fo rm of  v i t amin  A fol lowing an e x p o s u r e  to HCB (5). Vit- 
amin  A was  admin i s t e r ed  in t r avenous ly  as the  3-H-ret inol-ret inol  b ind ing  
pro te in  (RBP)- t rans thyre t in  (TTR) complex .  The  f indings  f rom these  
s tudies  d e m o n s t r a t e  tha t  as a resul t  of  H C B  t rea tment ,  there  was  e i ther  a 
dec reased  hepa t ic  p a r e n c h y m a l  cell u p t a k e  of  recyc led  re t ino l -RBP or an 
e n h a n c e d  t ransfer  of  re t inol  to se rum.  The  relat ive a m o u n t  of  hepat ic  
radioact iv i ty  associa ted  wi th  polar  re t inoid  me tabo l i t e s  was  increased  in 
these  animals ,  sugges t ing  increased  degrada t ion  of  v i t amin  A; this was  
ref lec ted  in an enhanced  excre t ion  of  radiolabel  in the  ur ine  and  feces of  
HCB t rea ted  rats  (5). 

Vitamin A metabolite  profiles in tissues of  rats exposed to HBB 

In  order  to gain fur ther  unde r s t and i ng  of  the  effect  of  P H A H  on specif ic  
v i t amin  A metabo l ic  pa thways ,  we  e x a m i n e d  the  ret inoid me tabo l i t e  
prof i les  in t i ssues  of  rats  t rea ted  wi th  a single non-anorec t ic  dose  of  H B B  
and c o m p a r e d  t h e m  to un t rea ted  controls .  The  resul ts  of  these  s tudies  are 
r epor t ed  here. The  expe r imen ta l  m o d e l  used  was  the  rat  wi th  3-H-labeled 
v i t a m i n  A equi l ibra ted  b o d y  v i t am i n  A pools,  as descr ibed  in our  earl ier  
p a p e r  (8). 

Weanl ing ma le  Sp rague -Dawley  rats were  deple ted  of  v i t amin  A to a 
weigh t  p la teau  s tage of  g rowth  and  then  rep le ted  with  20 ~tg of  3-H-labeled 
re t inyl  ace ta te /day  for 14 days,  at wh ich  t ime  the  body  v i t amin  A is k n o w n  
to be equi l ibra ted  (8), as ev idenced  by  the  excre t ion  of  a cons tan t  a m o u n t  
of  radiolabel  in ur ine  and  feces. Twen ty - fou r  hours  af ter  the  last  dose  of  
re t inyl  ace ta te  the an imals  were  weigh t  m a t c h e d  and  one  g roup  of  t h e m  
was  g iven  oral ly a s ingle non-anorec t ic  dose  of H B B  (2 mg /kg  b o d y  
weight);  control  g roup  rece ived  the vehicle  (corn oil). The  an imals  were  
sacrif iced in pairs  f rom each  g roup  at dif ferent  t imes  thereaf ter .  The i r  
t i ssues  were  rapidly  r emoved ,  r insed wi th  saline, weighed,  h o m o g e n i z e d  
in p r e sence  of an t iox idan ts  and  lyophil ized.  The  dried t i ssues  were  
ex t rac ted  wi th  m e t h a n o l  and  hexane ,  conta in ing an t iox idan ts  and  in ternal  
s tandards ,  as descr ibed  earl ier  (9, 10). Ret inoids  were  sepa ra ted  and  
charac ter ized  b y  c o - c h r o m a t o g r a p h y  wi th  authent ic  re t inoids  us ing  h igh  
p res su re  l iquid c h r o m a t o g r a p h y  (HPLC) and  quant i t a ted  by  UV and  the  
de te rmina t ion  of  radioact iv i ty  (10). The  fol lowing au then t ic  re t inoids  were  
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Fig. 1. Separation of vitamin a metaboli tes by HPLC. Representat ive HPLC profiles 
of retinoids in liver (A), k idney (B), and small intestinal  mucosa (C) of vi tamin A 
adequate  rats. HPLC was on a C-18 reversed phase column. Step gradient  elution 
was with methanol]water (75:25), methanol/water  (80:20), methanol/-water (88:12) 
and methanol/chloroform (83:17). Elution posit ions of authentic ret inoids are indi- 
cated, as follows: (1) 4-oxoretinoic acid, (2) retinoyl glucuronide, (3) 13-de- 
methylret inoic  acid, (4) 13-cis-retinoic acid, (5) all-trans-retinoic acid, (6) 13-cis- 
ethylret inamide,  (7) 13-cis-retinol, (8) all-trans-retinol, (9) retinyl linoleate, (10) all- 
t rans-retinyl  palmitate,  (11) all-trans-retinyl stearate; VP, very polar metaboli tes;  
SF, solvent front. Detection was by HPLC-UV and radioactivity.  

g i f t s  f r o m  H o f f m a n n - L a  R o c h e ,  N u t l e y ,  N J:  a l l - t r a n s - r e t i n o l ,  a l l - t r ans -  
r e t i n y l  ace t a t e ,  a l l - t r a n s - r e t i n y l  p a l m i t a t e ,  a l l - t r ans -  a n d  13-c i s - r e t ino ic  
ac id s ,  4 - o x o - r e t i n o i c  ac id ,  a l l - t r a n s - 5 , 6 - e p o x y r e t i n o i c  a c i d  a n d  3 - H - r e t i n y l  
a c e t a t e ;  13-c i s -e thy l  r e t i n a m i d e  w a s  a gi f t  f r o m  t h e  N a t i o n a l  C a n c e r  In s t i -  
tu t e ;  1 3 - d e m e t h y l r e t i n o i c  a c i d  w a s  a gi f t  f r o m  Dr.  W. L a m b e r t ,  a n d  H B B  
w a s  a g i f t  f r o m  Dr. S. Aus t .  R e t i n o y l  g l u c u r o n i d e  w a s  g e n e r a t e d  in  v ivo  as  
d e s c r i b e d  p r e v i o u s l y  (43). 

F i g u r e  1 i l l u s t r a t e s  r e p r e s e n t a t i v e  H P L C  p r o f i l e s  o f  r e t i n o i d s  in  l iver ,  
k i d n e y  a n d  s m a l l  i n t e s t i n a l  m u c o s a  f r o m  n o r m a l  v i t a m i n  A a d e q u a t e  ra t s .  
A l t h o u g h  t h e  r e l a t i v e  a m o u n t s  o f  t h e  i n d i v i d u a l  v i t a m i n  A c o m p o u n d s  
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Fig. 2. Effec t  of I IBB e x p o s u r e  on the a m o u n t  and d i s t r ibu t ion  of v i tamin  A 
metabo l i t e s  in t issues .  Re t ino ids  were  quan t i t a t ed  by H P L C - U V  and radioact ivi ty  
in liver (A, B), k idneys  (C, D), and small  intest inal  muco s a  {E, F) in control  and t l B B  
t rea ted  rats 48 h af ter  the  admin i s t r a t ion  of  HBB. Solid bars. controls ;  h a t ch ed  bars, 
HBB- t rea ted ;  n - 2. Dupl ica te  analyses  were  p e r f o r m e d  for each  t issue.  Values 
r e p r e s e n t  m e a n s  for two animals ;  p _< 0.15, c x e p t  for very polar p ~ 0.005. ROH 
retinol;  R es ter  = re t inyl  ester;  RCOOH = ret inoic  acid; t{G = ret inoyl  g lucuronide ;  
V polar  = very polar. 

v a r i e d  a m o n g  t h e  d i f f e r e n t  t i s s u e s ,  t h e  s a m e  k i n d s  o f  r e t i n o i d s  w e r e  
p r e s e n t  in  all  t i s s u e s  e x a m i n e d ;  t h i s  w a s  a l s o  t h e  c a s e  w i t h  t i s s u e s  f r o m  
H B B  t r e a t e d  r a t s  ( n o t  s h o w n ) .  
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The  effect  of  H B B  on the  a m o u n t  and  d is t r ibut ion  of  v i t amin  A 
metabo l i t e s  in the  different  t issues is shown  in Fig. 2. Two days  af ter  a 
single non-anorec t ic  dose  of  H B B  there  was a s ignif icant  (30 %) dec rease  in 
l iver  re t inyl  es ter  pools  (Fig. 2A), while  the  c o m p a r t m e n t s  con ta in ing  polar  
ret inoids,  such  as  ret inoic acid and  polar  metabol i tes ,  were  grea t ly  
en la rged  (Fig. 2B). The  k idney  r e s p o n d e d  to H B B  t r e a t m e n t  by  an 
increased  accumula t ion  of  ret inol  and  ret inyl  es ters  (Fig. 2C), in genera l  
a g r e e m e n t  wi th  earlier observa t ions  (5, 18, 22, 23). In  addi t ion,  there  we re  
increased  a m o u n t s  of  ret inoic acid and  m o r e  polar  me tabo l i t e s  in the  
k idneys  of H B B  t rea ted  rats as c o m p a r e d  to controls  (Fig. 2D). 

The  effect  of  H B B  on v i t amin  A m e t a b o l i s m  in a ta rge t  t issue, the  smal l  
in tes t inal  epi the l ium,  is i l lustrated in Fig. 2E and  F. S ince  these  an imals  
had  not  rece ived  v i t amin  A in the  diet  for two days,  the  me tabo l i c  
activit ies associa ted  with  abso rp t ion  and  de l ivery  of  v i t amin  A to circula- 
t ion are not  expec t ed  to be  evident .  The  re t inoids  in this t i ssue are 
e n d o g e n o u s  v i t amin  A c o m p o u n d s ,  s imilar  to those  r epor t ed  earl ier  (9) 
and  are m o s t  l ikely associa ted  wi th  the  epi thel ial  m a i n t e n a n c e  aspec ts  of  
v i t amin  A function.  The  relat ive a m o u n t s  of  smal l  intes t inal  m u c o s a l  
re t inoids  were  shif ted towards  polar  metabo l i t e s  b y  H B B  t r ea tmen t ,  
resul t ing  in an increased  a c c u m u l a t i o n  of  re t inoic  acid, re t inoyl  
g lucuron ide  and very  polar  re t inoid  metabo l i t e s  (Fig. 2F). Changes  in 
v i t amin  A metabo l i t e  pa t t e rns  in t issues and  an enhanced  u r ina ry  and  
fecal excre t ion  of  radioact ive  v i t amin  A metabo l i t e s  were  ev iden t  as ear ly  
as 12 and  14 h af ter  H B B  t r e a t m e n t  (not shown).  

Discussion 

Our  e x p e r i m e n t s  wi th  H B B  expos ed  rats conf i rm a genera l  t rend:  a shif t  
of  v i t amin  A m e t a b o l i s m  towards  the  m o r e  polar  fo rms  of  v i t a m i n  A, such  
as ret inoic  acid, its oxida t ion  and  con juga t ion  p roduc t s  and  addi t ional ly ,  
m o r e  polar  metabol i tes .  We hypo thes i ze  tha t  this pa t t e rn  is indica t ive  of  an  
e n h a n c e m e n t  by  H B B  of  v i t amin  A catabol ic  pa thways ,  m o s t  l ikely 
involv ing  c y t o c h r o m e  P-450 m o n o o x y g e n a s e  s y s t ems  as well  as ur id ine  
d i p h o s p h o g l u c u r o n o s y l  t ransferase  (UDPGT),  famil ies  of  e n z y m e s  k n o w n  
to be  induced  by  P H A H  (17, 28, 29). 

The  poss ibi l i ty  of  TCDD- induced  aryl  h y d r o c a r b o n  h y d r o x y l a s e  (AHH) 
be ing  respons ib le  for the low hepat ic  v i t amin  A levels has been  exp lo red  
b y  others  (6, 39). B r o u w e r  et  al. (6) f rom studies  on 3,4,3',4'-tetra- 
ch lo rob ipheny l  (TCB) toxic i ty  in C57BL/Rij and  DBA/2 mice,  conc luded  
tha t  A H H  and re la ted enzymes  are not  d i rect ly  invo lved  in the  r educ t ion  of  
l iver  re t inoid  concen t ra t ion  in these  strains of  mice.  However ,  these  con- 
c lus ions  are res t r ic ted  to the par t icular  s t ra ins  of  mice  used  and  the  effects  
of  TCB, wh ich  are different  f rom TCDD (6, 7, 32). 

We have  tes ted  this hypothes i s  us ing  2,3,7,8- tetrachlorodibenzo-p-dioxin 
(TCDD), s ince it is a P H A H  mode l  c o m p o u n d  used  for mechan i s t i c  s tudies  
(31). The  admin i s t r a t ion  of a single non-anorec t ic  dose  (10 ~g/kg b o d y  
weight)  of  T C D D  caused  a 25 % decrease  in hepat ic  v i t amin  A, a 10-fold 
increase  in renal  v i t amin  A and  2.5-fold increase  in s e r u m  retinol.  Our  
p re l imina ry  w o r k  wi th  hepat ic  and  renal  m i c r o s o m e s  in c y t o c h r o m e  P-450 
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med ia t ed  react ions  indicates  an e n h a n c e m e n t  b y  T C D D  of  the  ox ida t ion  
of re t inoic  acid to 4-hydroxy-  and  4-oxo-ret inoic acids in l iver and  k i d n e y  
(3). 

T h u n b e r g  et al (36, 39) could  not  d e m o n s t r a t e  a corre la t ion  b e t w e e n  
T C D D  induced  U D P G T  act ivi ty  towards  p -n i t ropheno l  (PNP)  as subs t r a t e  
and  the  reduc t ion  of  hepa t ic  v i t amin  A s tores  in the  rat. However ,  the  
i sozyme  involved  in ret inoic acid g lucuron ida t ion  is not  l ikely to be  the  
s a m e  i sozyme  tha t  catalyzes P N P  glucuronidat ion .  This  m a y  expla in  the  
obse rva t ion  tha t  in the  G u n n  ra t  T C D D  induces  v i t amin  A dep le t ion  even  
t h o u g h  this rat  lacks  the PNP-spec i f i c  U D P G T  (36). 

In  our  s tudies  wi th  a s ingle dose  of  TCDD,  m e a s u r e m e n t s  of  l iver  and  
k i d n e y  m i c r o s o m a l  U D P G T  d e m o n s t r a t e d  tha t  the  e n z y m e  act ivi t ies  
t oward  al l- trans-ret inoic acid were  increased  3.7- and  2.7-fold, respect ive ly ,  
10 days  fol lowing e x p o s u r e  to TCDD (4). I t  is thus  ve ry  l ikely tha t  T C D D  
induces  a separa te  i sozyme of  U D P G T  family,  invo lved  in ret inoic  acid 
g lucuronidat ion .  

Normal ly ,  re t inoyl  g lucuron ide  represen t s  only  abou t  10 % of  the  bi l iary 
re t inoids  (16, 43, 44); h o w e v e r  an increased  U D P G T  act ivi ty  as the  resul t  of  
TCDD admin i s t r a t ion  m a y  accelera te  the  loss of  v i t amin  A due  to 
e n h a n c e d  g lucuron ida t ion  of  re t inoic  acid and  s u b s e q u e n t  excre t ion  of  
the  con juga te  in bile. Our  p re l imina ry  w o r k  d e m o n s t r a t e s  an increased  
a m o u n t  of  re t inoyl  g lucuron ide  in the  bile af ter  P H A H  t r e a t m e n t  (unpub-  
lished). 

Our  s tudies  s t rongly  sugges t  that  the  obse rved  shift  t owa rds  polar  
v i t am in  A metabo l i t e s  and  the  e n h a n c e m e n t  of  v i t amin  A m e t a b o l i s m  by  
re t inoid  specif ic  c y t o c h r o m e  P-450 and U D P G T  e n z y m e  s y s t e m s  m a y  be  
s ignif icant  factors  in the  hepat ic  deple t ion  of  v i t amin  A and  the  increased  
excre t ion  of  v i t amin  A degrada t ion  p roduc t s  fol lowing P H A H  exposure .  
Other  m e c h a n i s m s  con t r ibu t ing  to the  a l tered  v i t amin  A h o m e o s t a s i s  
inc lude  the  obse rved  decrease  in the  activit ies of  hepat ic  acylCoA-re t inol  
acy l t ransferase  and  ret inol  pa lmi ta te  hydro lase  (RPH) in chronica l ly  H B B  
t rea ted  rats  (22). These  enzymes  are invo lved  in the  d y n a m i c  ba l ance  
b e t w e e n  ester i f icat ion of ret inol  for s torage  p u r p o s e s  and  hydro lys i s  o f  the  
re t inyl  es ters  to p rov ide  free ret inol  for b ind ing  to R B P  and the  subse-  
quen t  re lease  into circulation.  Hepa t i c  R P H  act iv i ty  was  also found  to be  
dep re s sed  b y  TCB (32), bu t  this t e t rach lor ina ted  b ipheny l  has  effects  on  
v i t amin  A homeos ta s i s  tha t  differ  f rom those  o fTCDD,  H B B  and  the  o ther  
hexaha logena t ed  congeners .  

Conclusion 

We conc lude  tha t  specif ic P H A H  enhanced  e n z y m e  act ivi t ies  cause  an  
acce le ra ted  m e t a b o l i s m  of v i t amin  A c o m p o u n d s  at v i t amin  A s torage  
sites and  at v i t amin  A ta rge t  sites, these  events  p rov id ing  a signal  for 
hepat ic  mobi l iza t ion  of  v i t amin  A, ref lec ted  in an increased  s e r u m  ret inol  
concen t ra t ion  and  a deple t ion  of  l iver  v i t amin  A stores. Also af fec ted  are  
the  e n z y m e s  involved  in regula t ion  of  v i t amin  A s torage  in l iver  and  
kidney.  Al though  the  specif ic mechan i s t i c  events  r e m a i n  to be  e luc idated ,  
it is ve ry  l ikely tha t  a l tered activit ies of  enzym es  assoc ia ted  wi th  v i t a m i n  A 
homeos t a s i s  accoun t  in great  par t  for the  v i t am in  A dep le ted  nut r i t ional  
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s t a tus  of  the  P H A H  e x p o s e d  an ima l .  H u m a n s  c o n t i n u a l l y  e x p o s e d  to 
e n v i r o n m e n t a l  p o l l u t a n t s  a n d  a c c u m u l a t i n g  cr i t ica l  leve ls  of  po lyha lo -  
g e n a t e d  a r o m a t i c  h y d r o c a r b o n s  wil l  be  at  a r i sk  for m a r g i n a l  v i t a m i n  A 
s ta tus ,  a c o n d i t i o n  tha t  m a y  p r e d i s p o s e  t he se  p o p u l a t i o n s  to a h i g h e r  
i n c i d e n c e  of i n f ec t ious  d i seases  a n d  cancer .  
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