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either allyl alcohol or bromobenzene, chemically reactive 
metabolites may produce hepatic necrosis by alkylating 
tissue macromoleculesi and the distribution of the binding 
and necrosis appears to be determined by the localization 
within the liver lobule of the enzymes which produce the 
toxic metabolites. These studies may be relevant to the 
mechanisms by which therapeutic agents occasionally 
produce liver necrosis and other tissue lesions in man. 

a2 I thank Mr. JOHN GEORGE, Miss KATHY LALUSH and Mrs. MARY 
ALICE LARSON for their expert technical assistance. 

Rdsumd. Ces recherches indiqnent que lu r6partition des 
16siGns n6crotiques produites chimiquement peut 6tre d6- 
termin4e par la localisation intrah6patique d'enzymes 
m6tabolisant les drogues, enzymes qui synth6tisent, duns 
les cellules off ils sont produits, les m6tabolites chimique- 
ment actifs capables d'alkylation des macromol6cnles. 
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P r o t e i n  S y n t h e s i s  S t i m u l a t i o n  i n  Ra t  L i v e r  b y  C h l o r o q u i n e  

Chloroquine ~, a powerful antimalarial drug, produces a 
large number of biological effects, which reveals a di- 
versity of activities. Evidence has been obtained that  CQ 
acts on several cell sites, by binding to RNA, DNA and 
proteins 2-4 and by inhibiting many hydrolytic and re- 
spiratory enzymes ~. As a consequence of its large spectrum 
of interactions, an inhibition on cell replication and macro- 
molecular biosynthesis has been reported in bacterial and 
tissue cultures6, L That  CQ behaves as a cytostatic agent 
has been confirmed in our experiments on Yoshidu ascite 
cells, but we have also observed that, soon after CQ in- 
jection into normal rats, the incorporation of amino acids 
into liver proteins is enhanced. 

In fact, 4 h after an i.p. injection of 30 mg/kg body wt. 
of CQ in male albino Wistar rats (weighing about 150 g) 
the in vivo incorporation of leucine 1~C into liver proteins 
increases about 40% compared with controls. This stimu- 
lation is also observed in the liver post-mitochondrial frac- 
tions tested in a ceil-free assay system. 

A close dose-response relationship is present in a con- 
centration range of 15-45 mg/kg body wt.; doses above 
60 mg give frequent rise to toxic accidents. In t ime ex- 
periments this stimulation is appreciated within 60 min 
after the injection of the drug; it reaches its maximum 
effect after 4 h; and thereafter it slightly decreases. 

In separate experiments we observed that  both cytosol 
and pH 5-fraction prepared from CQ-treated rats are not 
able to stimulate the amino acid incorporation in the in 
vitro assay. Polysomes, however, are shown to be more 
active than those of the controls when tested for their en- 
dogenous mRNA (Table I). Polyuridylic acid-directed 
polyphenylManine synthesis was found to be lower in 
polysomes from treated rats and the ratio of the incorpo- 
ration values in absence and in presence of artificial mes- 
senger demonstrates that  less endogenous mRNA-free 
sites are available in CQ-polysomes. These results also 
correspond to the zonal sedimentation profiles, which show 
a larger fraction of heavier aggregates in CQ-treated rat  
liver polysomes. 

1 Expressed as CQ was purchased from Wintrop Lab. 
2 K. H. MVENCH, Cold Spring Harb. Symp. quant. Biol. 51, 539 

(1966). 
a S. CO~EN and K. YIELDING, Arthritis Rhemn. 7, 302 (1964). 
4 F. S. PARKER and J. L. IRVIN, J. biol. Chem. 199, 897 (1952). 
5 R. FIDBICK and H. HEATH, Nature, Loud. 213, 628 (1967). 
6 G. L. LANCZ, L. C. McLAREN, C. G. JAMES and J. V. SCALETTI, Proc. 

Soc. exp. biol. Med. 136, 1289 {1971). 
? L. HOPKINSON and F. L. JACKSON, Nature, Loud. 202, 27 (1964). 

Table I. Incorporation of 14C phenylalanine into proteins by the postmitochondriai fractions and polysomes isolated from rat liver at various 
time intervals after a single i.p. injection of 30 mg/kg body wt. of CQ 

Postmitochondrial supernatant Polysomes 

Time after injection Counts per min Counts per min Incorporation ratio 
mg of proteins mg of RNA 

- -  po ly  U + po ly  U + poly  U 

-- poly U 

Control (h) 2,380 100 26,150 58,150 2.24 
1 2,860 120 68,200 83,400 1.23 
4 3,420 144 113,750 121,800 1.07 

18 3,160 134 98,600 114,300 1.16 
24 2,730 114 81,000 92,500 1.14 

The complete system contained in 1 ml: 
Tris-HC1 pH 7.6 50 Mmole; MgCI~ 5 ~zmole; KC1 25 {xmole; fl-mercaptoetbanol 5 ~xmole;ATP 1 ~xmole; GTP 0.4 ~zmole; phosphoenolpyruvate 
10 vmole; phosphoenolpyruvatekinase 10 ~g; aminoacids 1~C 6.10 -~ v.mole each; 1~C phenylalanine (457 mCi/mmole) 1,6 MCi; cell sap 530 ~xl; 
polysomes 10 O.D.; polyuridylic acid 1000 Mg. In the experiments performed with the postmitochondrial supernatant the cell sap was omitted 
and 650 ~1 of the supernatant were used (total proteins 3 mg). After incubation for 30 rain at 37~ aliquots were absorbed onto paper disks 
and processed according to MANS and NOVELL112. 
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Table II. In vivo incorporation of orotate in rat liver nuclear RNA Table III. Incorporation capacity of liver postmitoehondrial fraction 
following an i.p. injection of 30 mg/kg body wt. of CQ. of CQ-treated rats after a bilateral adrenalectomy �9 

Animal ~ Specific activity % Dose Time Incorporation 
dpm[lO0 mg RNA C O mg/kg body wt. (h after CQ-treatment) (% relative to 

adrenalectom- 
ized controls) 

Control (2) 133.300 • 8.700 b 100 

Treated (2) 129.750 • 12.250 b 97 
15 (4) 24 110 

30 (2) 4 1is 
100 ~zCi of orotate aH (17 Ci/mmole) was injected i,v. 4 h after drug. 
The animals were sacrified 20 min later. RNA was extracted from 
purified nuclei and the samples were processed for counting according 
FLOYD, OKAMURA and BuscH iK ~ Number of animals in parentheses. 
b :~ Mean deviation. 

~Adrenalectomy was performed 1 week prior to treatment. The in- 
corporating assay was carried out as described in Table I. Number of 
animals in parenthesis. 

This  s t i m u l a t i o n  c a n n o t  be  ascr ibed  to  t he  i n t e r a c t i o n  
of t he  d rug  w i t h  t he  p r o t e i n  syn thes i s  componen t s ,  be- 
cause  CQ, w h e n  i t  is added  to  a cell-free assay  sys tem,  pro-  
duces  a def in i te  inh ib i t ion .  

I n  order  to  explore  t he  poss ib i l i ty  t h a t  CQ med ia t e s  t he  
increase  of p ro t e in  syn thes i s  b y  increas ing  t he  r a t e  of 
m R N A  t r ansc r ip t i on ,  t h e  labe l l ing  of nuc lea r  R N A  was 
de t e rmined .  As shown  in Tab le  II ,  no  dif ference was ob- 
se rved  in t h e  a m o u n t  of t h e  i nco r po r a t ed  u r id ine  be t ween  
t h e  t r e a t e d  and  con t ro l  an imals .  Th i s  r e su l t  leads,  the re -  
fore, to  t h e  a s s u m p t i o n  t h a t  t h e  s t i m u l a t i o n  b y  CQ of pro-  
t e i n  b iosyn thes i s  in  r a t  l ive r  occurs  a t  t he  pos t - t r ansc r ip -  
t i o n a l  level.  

Severa l  e x p e r i m e n t a l  condi t ions ,  such  as drugs,  ioniz ing 
rad ia t ions ,  and  i r r i t a t i ve  s t imul i ,  are able  to  e n h a n c e  t he  
i nco rpo ra t i on  of amino  acids in to  r a t  l iver  pro te ins .  All  
these  condi t ions ,  however ,  ope ra te  in a n  ind i r ec t  way,  b y  
means  of a s t i m u l a t i o n  of t he  secre tory  a c t i v i t y  of t h e  ad-  
r ena l  cortex,  as d e m o n s t r a t e d  b y  t he  fa i lu re  of such effects 
in t h e  ad r ena l ec tomize d  animals .  

Drugs,  in  pa r t i cu la r ,  show a b iphas i c  effect. In i t i a l ly  
t h e y  p roduce  an  i n h i b i t i o n  owing to t he i r  tox ic i ty ,  a f ter -  
wards  t h e  l iver  p ro t e i n  b i o s yn t he s i s  increases  because  of 
t he  h ighe r  level  of g lucocor t icoid  h o r m o n e s  induced  b y  
drugs.  W i t h  CQ, however ,  t h i s  effect  appea r s  w i t h i n  30 ra in  
a f te r  t he  in jec t ion  and  i t  is no t  p receded  b y  a n  inh ib i t ion .  
W e  also obse rved  t h a t  t he  i n c o r p o r a t i n g  ab i l i t y  of t he  
p o s t m i t o c h o n d r i a l  s u p e r n a t a n t s  f rom ra t s  sub jec t ed  to a 
b i l a t e ra l  a d r e n a l e c t o m y  is n o t  depressed  w i t h i n  t he  f i rs t  
24 h a f t e r  CQ t r e a t m e n t  a n d  a s t i m u l a t i o n  is sti l l  appre -  
c ia ted  even  a t  lower dosage of t he  d rug  (Table  I I I ) .  On t he  
basis  of these  resu l t s  i t  is conce ivab le  t h a t  CQ or i ts  m e t a -  
boli te(s)  ac ts  d i rec t ly  on l iver  h e p a t o c y t e  r a t h e r  t h a n  pro-  
m o t i n g  a n  ind i r ec t  response  m e d i a t e d  b y  t h e  increase  of 
t h e  glucocort icoids.  

I t  has  been  shown  t h a t  CQ is select ively c o n c e n t r a t e d  
in to  t he  l iver  lysosomes s, 9 a n d  t h a t  i t s  presence  s tabi l izes  
t he  lysosomal  m e m b r a n e s  a n d  r e t a rds  the  release of t he  
enzymes  f rom the  lysosomes 1% W i t h  r ega rd  to t h e  effect  
of CQ on l iver  p ro t e in  b iosyn thes i s ,  i t  m u s t  be  recal led t h a t  
the  lysosome m a y  be  i nvo lved  in  t h e  r egu la t ion  of t h i s  

process  b y  con t ro l l ing  t he  release or t he  ac t iv i t i e s  of i t s  
nucleoly t ic  and  p ro teo ly t i c  enzymes ,  cond i t ion  t h a t  is re- 
ga rded  as a f fec t ing  t he  r a t e  of m R N A  degrada t ion .  Th i s  
ac t ion  on t he  p e r m e a b i l i t y  of t he  lysosomal  m e m b r a n e ,  
wh ich  has  been  d e m o n s t r a t e d  for  CQ as well  as for  t he  
glucocort icoid h o r m o n e s  n,  m a y  the re fore  p l ay  a role in 
t he  r egu la to ry  m e c h a n i s m  of p r o t e i n  b iosyn thes i s .  

Bes ide  th i s  p rope r ty ,  b o t h  CQ a n d  glucocor t icoids  dis- 
p l ay  some a n t i - i n f l a m m a t o r y  a n d  a n t i - r h e u m a t i c  act iv i -  
t ies  a n d  b o t h  are  able  to  s t imulaee  t he  p ro t e in  b io syn thes i s  
in  r a t  l iver.  W h i l e  t h i s  r e l a t i onsh ip  is conce ivab ly  fo r tu i t -  
tous,  t he  poss ib i l i ty  is sugges ted  t h a t  t h e i r  b iological  affi- 
ni t ies  are  t he  express ion  of a c o n v e r g e n t  ac t ion  upon  t h e  
same  ta rge t .  

Riassunto. L ' inocu laz ione  endope r i t onea l e  di Clorochina,  
a dosi comprese  t r a  15 e 45 m g / k g  di peso corporeo deter -  
m i n a  u n a  s t imolaz i0ne  precoce delle s in tes i  p ro te i che  nel  
l ega to  di  ra t to .  Ques ta  az ione n o n  6 co r re la t a  ad  u n  a u m e n -  
to  del la  s in tes i  di  RNA,  n6 a p p a r e  conseguen te  ad  u n a  
s t imolaz ione  cor t icosur rena l ica .  L ' e f fe t to  osse rva to  6 bre-  
v e m e ~ t e  discusso sul la  base  delle no te  in t e raz ion i  t r a  ]iso- 
somi  e Clorochina.  
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F a t e  of  I n t e r n a l  D o s e s  o f  D D T  

I t  h a s  b e e n  sugges t ed l - a  t h a t  t he  insec t  h a e m o l y m p h  
d o e s n ' t  p l a y  a s ign i f ican t  role in  t h e  t r a n s p o r t  of top ica l  
doses Of ch lo r ina t ed  h y d r o c a r b o n  insect ic ides  to  t h e i r  s i te  
of act ion.  The  p r e sen t  i n v e s t i g a t i o n  deals  w i t h  t h e  role of 
insec t  c i rcu la t ion  in t he  t r a n s p o r t  of in j ec ted  doses of DDT.  

W H O  suscept ib le  s t r a i n  of housefl ies  was  used. LCho a n d  
LCgo for males  a v e r a g i n g  16 m g  in we igh t  were 1 a n d  
2.5 b~g of t echn ica l  DDT,  respect ive ly .  2.5 btg of a m i x t u r e  
of C 1~ a n d  car r ie r  D D T  (ac t iv i ty  700 ~ 100 cps) in  0.1 [,1 
ace tone  were in jec ted  deep  i n to  t he  t h o r a x  be tween  t h e  


