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Formation of Histamine in Transplants f r o m  a 

Rat Mammary Carcinoma 

A high rate of histamine formation has been recognized 
as part  of various types of normal rapid tissue growth x. 
The rat  embryo, during a certain phase of growth, ex- 
hibits a high histamine forming capacity (HFC) as a result 
of activation of histidine decarboxylase ~,3. Embryonic 
growth can be arrested by enzyme inhibition 4. In repara- 
t ively growing tissues of healing skin wounds, the HFC 
was 50-60 times the level in control skinL The rate of 
Wound healing in rats, as measured by the tensile strength 
of the wound, could be retarded or enhanced by measures 
which depressed or elevated the HFC s. The rate of 
collagen formation in healing skin wounds could be in- 
creased by elevating the HFC s. Extracellular histamine 
derived from injected ' long-acting-histamine'  (histamine 
dipicrate) had no effect on the rate of healing or collagen 
formation e. The histamine content  of these tissues with 
a high HFC was very low, and mast cells were largely 
absent. In  man the histidine decarboxylase act ivi ty  is 
higher in blood containing immature myeloic cells, 
capable of mitosis, than  in blood where these ceils are few 
or absent L 

Once the relationship between histidine decarboxylase 
and normal rapid tissue growth was recognized, i t  ap- 
peared likely tha t  a similar association would be found 
also in malignant growths, Accordingly, in rats bearing a 
subcutaneously implanted hepatoma, a high rate of 
histamine formation was found which fell to normal 
on removal  of the tumour;  the histidine-decarboxylase 
act ivi ty  was high in homogenates of hepatoma .tissue 
and low in normal rat  liver s. 

The object of the present s tudy was to determine the 
HFC of a ra t  cancer tissue in vitro by a sensitive method 
permit t ing the use of low, physiological concentrations of 
histidine. The tumour  tissue was obtained from female 
albino rats bearing subcutaneous transplants of the 
Walker rat  mammary  carcinoma 256. Portions of 1 g of 
minced cancer tissue, after suspension in 3 ml of 0.1 M 
phosphate buffer of pH 7.3, were incubated with 40 izg 
14C-histidine for 3 h at 37°C under nitrogen. The amount  
of 14C-histamine formed during the incubation was 
determined by isotope dilution with histamine dihydro- 
chloride as carrier according to SCHA'eER, by the standard 
procedures as described in detailL The cancer tissue 
produced histamine a t  considerable rates. In  4 deter- 
minations on 4 separate turnouts respectively 0.094, 
0.096, 0.139, and 0.154 vg 14C'histamine (in terms of the 

base) was formed per g tissue in 3 h. The histidine 
decarboxylase act ivi ty  of the tumour  tissue was con- 
siderably increased by the addition of pyridoxal-5- 
phosphate. In normal ra t  mammary  tissue, excised from 
pregnant  rats 20-21 days after mating, the rate of 
histamine formation was too low to permit  exact  deter- 
minations. The histamine content  of the malignant and 
normal mammary  tissue was very low, in the range of 
2 ~g/g (base). 1V[astcells were not found in the tumour  
tissue investigated. A similar discrepancy between high 
HFC and low histamine content  is characteristic of 
embryonic and granulation tissue where the high HFC is 
non-mast cell in nature. 

The present observations are in line with reports from 
this insti tute which suggest that  rapidly formed intra- 
cellular histamine actively and locally promotes certain 
types of tissue growth. 

Zusammenfassung. Tumorgewebe von Rat ten  mit  sub- 
cutan transplantiertem Walker-Milchdriisencarcinom 256 
produzierte 14C-Histamin mit  betrRchtlicher Geschwindig- 
keit  bei Inkubat ion des Krebsgewebes mit  14C-Histidin. 
Zusatz von Pyridoxal-5-phosphat aktivierte die Histidin- 
decarboxylase des Krebsgewebes. In normalem Milch- 
driisengewebe lag die Histaminbildung ausserhalb des 
Messbereichs. Der Histamingehalt  des Krebsgewebes war 
sehr niedrig und Mastzellen wurden keine gefunden. Der 
Histaminmetabolismus des Careinoms 256 ist demjenigen 
im Rat tenembryo und im Granulationsgewebe heilender 
Hautwunden ~hnlich. 

R. H~KANSSON 

Institute o] Physiology, University o[ Lund (Sweden), March 
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I n  vitro Uncoupling of Oxidative Phosphorylation 
in Normal Liver Mitochondria by Serum of Sar- 

coma-Bearing Rats 

In previous reports (~-NTANNI l), an uncoupling of oxidative 
phosphorytation was observed in liver and kidney mito- 
chondria of sarcoma-bearing rats. Treatment  in vivo with, 
and addition in vitro of, extracts of cortical or of necrotic 
central parts of this tumour  cause in liver mitochondria of 
normal animals an evident uncoupling of phosphorylations 
from. oxidations, greater in the first case than in the 
second. In the case of kidney mitochondria, t rea tment  
with the two kinds of extracts does not  modify oxidative 
phosphorylation. I t  would therefore seem tha t  a substance 
(or several substances) forming the soluble phase of 
cortical zone neoplastic cells is ~ble to act on mitochondria 

containing enzymes of oxidative phosphorylation, pro- 
ducing an uncoupling of phosphorylation from oxidation. 
Work by many authors has demonstrated tha t  neoplastic 
tissues give out  substances which pass into the circulation 
(SHERMAN et al.*); FUKUOKA and NAKAHARA3 have 
shown a thermostable protein in the serum of sarcoma- 
bearing animals. Other authors demonstrated inhibitive 
actions on many enzymatic activities by turnout-elabo- 
rated substances (ELLIOT 4, DIANZANI 5, EMMELOT and 
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Bos6) ;  ROSE 7 obse rved  t h a t  the  se rum of sa rcoma-  
bear ing  an imals  has  a p icnot ic  a c t i v i t y  on H e L a  cells. In  
t he  s e rum a h y p o a l b u m i n a e m i a  was  found  in t u m o u r -  
bear ing  an imal s  (MIMER et  al. s), w i t h  an increase of ~%- 
and  t -g lobu l ins  (CLAVSEN e t  aI. 9). M a n y  inves t iga to r s  ob-  
se rved  an  increase in p l a sma  mucopro te ins  be longing  to  
the  c%-globulins (SEIBERT et  al.*°). MILLER and  BERN- 
FELD 11 d e m o n s t r a t e d  an anomalous  p ro te in  in t he  p l a sma  
of Call  mice w i t h  s p o n t a n e o u s  sarcoma.  The  p r e s e n t  in-  
ves t iga t ion  was  u n d e r t a k e n  to  asce r ta in  w h e t h e r  t he  
subs t ance  (or subs tances)  responsible  for t he  uncoupl ing  
of ox ida t ive  phospho ry l a t i on  in Gal l ie ra -sarcoma-bear ing  
r a t s  was  p r e s e n t  also in the i r  serum.  

This  inves t iga t ion  was  m a d e  on Gall iera sa rcoma-  
bear ing  albino ra ts .  This  is a s p o n t a n e o u s  tu rnou t  of ra ts ,  
i so la ted  in 1920 and  p rese rved  b y  regular  t r an sp l an t a t i on .  
The sa rcoma  appear s  to  cons is t  of a growing cor t ica l  zone 
and  of  a cen t ra l  zone,  in which  necrosis  p h e n o m e n a  are  
p r e d o m i n a n t .  Microscopical ly,  it  appea r s  to  be a poly-  
m o r p h a  cell s a rcoma  (NOVELLI l*). Fo r  the  p r epa ra t i on  of 
s e rum we used no rma l  ra t s  and  t u m o u r - b e a r i n g  rats ,  25 
d a y s  a f t e r  graf t ing.  The  an imals  were  bled to  d e a t h  and  
t h e  b lood was  col lected in steri le t e s t  tubes ,  t h e  s e rum was  
used  wi th in  24 h.  L ive r  m i t o c h o n d r i a  were isolated,  as 
p rev ious ly  descr ibed (NANNI1), f rom norma l  a lbino ra ts ,  
weighing 150-170 g, fed on a s t a n d a r d  diet .  Oxida t ive  
p h o s p h o r y l a t i o n  was d e t e r m i n e d  using 0.01 M K - g l u t a m a t e  
as subs t r a t e .  O~ u p t a k e  was  measu red  manomet r i ca l ly ,  
us ing W a r b u r g  flasks equ ipped  wi th  one  s ide-arm,  w i th  
air  as gas phase ,  a t  25°C. Ino rgan ic  o r t h o p h o s p h a t e  
p h o s p h o r u s  was  d e t e r m i n e d  by  the  m e t h o d  of FISKE and  
SUBBAROW 1~. An a m o u n t  of l iver m i t o c h o n d r i a  corre-  
spond ing  to  200 m g  of  f resh  t i ssue  (about  1.5 m g  N) pe r  
W a r b u r g  flask, was used.  W h e n  se rum ac t i v i t y  was  
tes ted ,  0.2 ml  no rma l  serum,  as control ,  or 0.2 ml s e rum 
f rom sa rcoma-bea r ing  ra ts ,  were added  to  each  flask. 
ATPase  ac t iv i ty  was  d e t e r m i n e d  in normal  se rum a n d  also 
in  s e r u m  of  t u rnou t -bea r ing  animals ,  according  to  t he  
m e t h o d  of DUnols  and  POTTER 14. Ni t rogen  es t ima t ions  
were m a d e  b y  the  usual  m ic roKje ldha l  t echn ique .  The 
s t a n d a r d  dev ia t ion  and  S t u d e n t ' s  %' t e s t  be ing ca lcula ted  
for each  average.  

Table  I shows the  d a t a  concern ing  the  behav iou r  of 
ox ida t ive  phospho ry l a t i on  in t h ree  d i f fe ren t  series of ex- 
p e r i m e n t s :  in no rma l  l iver mi tochondr i a ,  t he  effect  of the  
add i t i on  in  vitro of n o r m a l  r a t  s e r u m  or  of s e r u m  f rom 
sa rcoma-bea r ing  ra t s  to  no rma l  l iver  mi tochondr i a .  I n  t he  
f i rs t  two  series of expe r imen t s ,  m a d e  as controls ,  ox ida t ive  
p h o s p h o r y l a t i o n  was found  to  be normal .  In  inves t iga t ions  
m a d e  w i t h  add i t i on  of sa rcoma-bea r ing  r a t  serum,  the re  is 
an  ev iden t  uncoup l ing  of p h o s p h o r y l a t i o n s  f rom oxida-  
t ions  in  no rm a l  l iver  mi tochondr ia .  Also in th is  case, as in 
p rev ious  inves t iga t ions  (NANNI1), t he  decrease  in phos-  
phory la t ions  is accompan ied  by  a decrease in ox ida t ions ;  
th is  decrease does n o t  run  paral le l  to  t h a t  of p h o s p h o r y -  
lat ions,  the re fore  t he  P : O  ra t ios  are impa i red .  A m o n g  t h e  
possible  reasons  for th is  behav iour ,  t h e  p resence  in t h e  
s e rum of t u m 0 u r - b e a r i n g  ra t s  of a t y p e  of A T P a s e  
ac t iv i ty ,  wh ich  would des t roy  A T P  as soon as i t  is formed,  
has  been  considered.  A decrease  of A T P a s e  has  been  
r epo r t ed  f rom m a n y  au tho r s  (ALLARD e t  at. IS) in hepa-  
t omas ;  according  to  others ,  on the  con t ra ry ,  it  is n o r m a l  
(POTTER and  LIEBLI~). Se rum f rom sa rcoma-bea r ing  ra t s  
was  the re fore  e x a m i n e d :  ATPase  ac t iv i ty  was found  to  be 
v e r y  sl ight ,  lower  even  t h a n  the  m i n i m u m  ac t iv i ty  which  
is found  in no rm a l  se rum (Table II). I t  is there fore  
possible  t h a t  se rum f rom sa rcoma-bea r ing  ra t s  con ta ins  a 
subs t ance  or several  subs tances  which  are able to  p roduce  
an  uncoup l ing  of ox ida t ive  p h o s p h o r y l a t i o n  in an imal  

Tab. I. Influence of addition in vitro of normal rat serum or of 
serum from sarcoma-bearing rats on oxidative phosphorylation of 

normal liver mitoehondria 

Addition Number ~ atoms Pi p. atoms O, P:O 
of ex- 
periments 

None 7 
Normal rat 
sermn 7 
Sarcoma bear- 
ing rat seruni 7 

11.84 ~:: t.17 4.32 :~ 0.56 2.74 =[= 0.17 

9.53 4- 1.27 3.50 4- 0.39 2.73 4- 0.31 

5.30 :~ 1.35 3.26 ~ 0.43 1.63 -b 0.43 a 

(4- standard deviation; the values whose difference from the normal 
is statistically significant (P <~ 0.O 1) are indicated with a) 

Tab. II. ATPase activity in normal rat serum and in sarcoma-bear- 
ing rat serum. (The values are given as ~g of P liberated in 15 min/mg 

of N, at 38°C, pH 7.4.) 

Number of Activity mg N/ml 
experiments 

Normal rat serum 3 1.801 12,280 
Sarcoma bearing rat serum 3 1.0~7 10.094 

organs .  This  uncoup l ing  agent ,  accord ing  to  p rev ious  
repor t s ,  m i g h t  der ive  f rom neoplas t ic  t i ssue  m e t a b o l i s m  
and  would  have  the  same effect  in vivo and  in  vitro. The  
observed  uncoupl ing  seems to  be due  to  a g rea te r  decrease  
of p h o s p h o ry l a t i o n s  t h a n  of ox ida t ions ,  w i th  a c o n s e q u e n t  
a l t e ra t ion  of P :  O rat ios .  I t  m a y  be  t h o u g h t  t h a t  neoplas t ic  
cell c o m p o n e n t s ,  t h r o u g h  the  b lood ci rcula t ion,  ac t  on 
mi tochondr i a l  m e m b r a n e  permeabi l i ty ,  t h e r e b y  d amag i n g  
the  n o rma l  ac t ion  of mi tochondr i a l  en zy mes  in t he  var ious  
organs  of t u m o u r - b e a r i n g  animals .  W e  c a n n o t  a t  p r e sen t  
specify  t h e  m o d e  of ac t ion  of neoplas t ic  t issue on ox ida t ive  
p h o s p h o r y l a t i o n ;  i t  is possible  t h a t  it  ac ts  e i the r  b y  
releasing m i t o c h r o m e  f rom m i t o c h o n d r i a  (PULLMAN et 
al. x,, POLLS e t  al. is, SACKTOR e t  al. 1,, LEHNINGER et  al. 20, 
LAVDAHN 2~), or  in some o t h e r  way .  F u r t h e r  work  on  these  
p ro b l ems  is in progress .  
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Riassunto. Gli a u t o r i  h a n n a  e s a m i n a t o  l ' i n f luenza  
e s e r c i t a t a  in vitro da  p a r l e  del  siero di r a t t i  p o r t a t o r i  di  
s a r c o m a  Gal l ie ra  sul la  fosfor i lazione o s s i d a t i v a  in mi to -  
condr i  di  l ega to  no rma le .  Dagl i  e s pe r i m en t i  e f f e t t u a t i  
r i su l t a  che  il siero di  p o r t a t o r e  di t u m o r e  d e t e r m i n a  dis- 
a c c o p p i a m e n t o  del le  fosfor i lazioni  dal le  oss idaz ioni  nei  
m i t o c o n d r i  di fega to  no rma le .  Gli au tor i ,  in  r i f e r i m en t o  a 

p r e c e d e n t i  r icerche,  d i s c u t o n o  le p r o b a b i l i  cause  di ques to  
f e n o m e n o  d o v u t o  ad  u n a  s o s t a n z a  o sos tanze  l ibe ra tes i  da l  
t e s su to  neoplas t ico .  

G. NANNI a n d  A. CASU 

Istituto di Patologia generale, Universit5 di Genova (Italy), 
Nlay 23, 1961. 

Some Components of Adaptive Values of Hetero- 
zygous Drosophila willistoni from Irradiated 

Natural Populations 

The  a d a p t i v e  va lue  (w) is t h e  i n t e g r a t i v e  r e su l t  of v e r y  
n u m e r o u s  a n d  complex  biological  p rope r t i e s  c o n t r i b u t i n g  
t o w a r d  t h e  g e n o t y p e s '  r e l a t i ve  ab i l i t y  to  p e r p e t u a t e  t h e m -  
selves t h r o u g h o u t  t h e  genera t ions .  

I n  th i s  work  we a t t e m p t  to  m e a s u r e  some 0f t he  m o s t  
i m p o r t a n t  c o m p o n e n t s  of t he  a d a p t i v e  va lues  of i r rad i -  
a t e d  D. willistoni. W i l d  ind iv idua l s  h a v e  b e e n  s tud ied  
f rom a s a m p l e  t a k e n  d i r ec t ly  f rom a n  i so la ted  wood,  
Caped  A, which ,  in  t h e  course  of a yea r ,  r ece ived  a b o u t  
420000  ( 7 0 0 0 0 x  6F1) d e s c e n d e n t s  of s ix i r r a d i a t e d  
samples  (3 t i m e s  10000 r + 3 t imes  5000 r) b y  Coba l t  60 
source  of ? - r ad i a t i on .  As n o n - i r r a d i a t e d  cont ro l ,  we used  
a n o t h e r  i so la ted  n a t u r a l  p o p u l a t i o n  of t he  s ame  region  
(E ldorado ,  Rio  G r a n d e  do  Sul, Brasi l )  1,2. 

W e  s tud ied  t h e  p e r c e n t a g e  of h a t c h e d  eggs acco rd ing  to  
da i ly  ovopos i t ion ,  t h e  viability as t he  t o t a l  n u m b e r  of off- 
sp r ing  f rom single couples  in  r a n d o m i s e d  cu l tu re  v ia l s  a as 
t r ue  r e p r o d u c t i v e  p o t e n t i a l s  of t h e i r  g e n o t y p e s ;  a n d  
t he  s t e r i l i t y  as t h e  m e a n  f requencies  of s ter i le  m a t i n g s  3. 
These  p a r a m e t e r s  of f i tness  were  s t ud i ed  w i t h i n  a se t  of 
specif ied e n v i r o n m e n t a l  cond i t ions ,  of t e m p e r a t u r e ,  food 
s u p p l y  4 a n d  t e c h n i c a l  detai ls .  

T h e  m o s t  s ign i f i can t  r e su l t s  c an  be  br ie f ly  descr ibed  as 
follows : 

Percentage o/hatched eggs was d e t e r m i n e d  b y  c o u n t i n g  
t h e  da i ly  ov ipos i t i on  of i n s e m i n a t e d  females  f ive d a y s  old, 
f rom the  s i x t h  to  t h e  t e n t h  day ,  in  all  samples .  T h e  eggs 
were  m a i n t a i n e d  a t  25 ~ I °C  a t  95 t o  100% of h u m i d i t y .  
The  c o u n t s  of h a t c h e d .  ( empty)  eggs a n d  t he  c o n f i r m a t i o n  
c o u n t  of l a r v a e  were m a d e  48 h a f t e r  ov ipos i t ion .  

The  f i rs t  s a m p l e  e x a m i n e d ,  N4R1, was  t a k e n  f rom 
Caped  A one  m o n t h  (25 gene ra t ions )  a f t e r  f in i sh ing  a 
pe r iod  of e igh t  m o n t h s  d u r i n g  w h i c h  four  releases of 
70000 F 1 of i r r a d i a t e d  flies ( respec t ive ly  1 0 +  1 0 +  1 0 +  5 
K r  = 35 Kr)  were  made .  I n  c o m p a r i s o n  w i t h  t h e  con t ro l  
v a l u e  (85.95 4- 1.98), t h e  p e r c e n t a g e  of h a t c h e d  eggs de-  
c reased  s ign i f i can t ly  (see Figure) .  Two more  re leases  of 
70 000 F 1 i r r a d i a t e d  flies (5 + 5 Kr)  were  m a d e  d u r i n g  t h e  
n e x t  four  m o n t h s .  The  las t  i r r a d i a t e d  p o p u l a t i o n  released,  
6R  x, ana ly sed  also e x h i b i t e d  a v e r y  low p e r c e n t a g e  of 
h a t c h e d  eggs (Figure) .  T he  increase  s h o w n  a f t e r  a b o u t  
3 m o n t h s  (7.5 genera t ions )  b y  t he  N 6 R  is m o s t  s ign i f ican t ,  
however ,  in  t h e  3 N 6 R  sample  (3 m o n t h s  la ter) ,  a signifi-  
c a n t  th ree - fo ld  increase  occur red  (Figure) .  E v e n  t h i s  in-  
crease  d id  n o t  r e s to re  t h e  level  of t h e  n a t u r a l  n o n -  
i r r a d i a t e d  con t ro l  popu l a t i on .  

A t o t a l  of 3280 eggs were  e x a m i n e d  in  these  tes ts .  
Viability was m e a s u r e d  b y  t h e  m e a n  n u m b e r  of off- 

sp r ing  p r o d u c e d  b y  fer t i le  s imple  pa i r s  of flies 3. Con t ro l  
a n d  i r r a d i a t e d  n a t u r a l  popu la t i ons ,  a n d  t h e  las t  l a b o r a t o r y  
i r r a d i a t e d  s a m p l e  re leased,  were r u n  in  f ive s i m u l t a n e o u s  
series of e x p e r i m e n t s  : 

(6R~ < Con t ro l  A), (N6R 1 < Con t ro l  E~), (2N6R~ < 
Con t ro l  E2), (3N6R 1 = Cont ro l  E~) (6N6R 1 = Con t ro l  E,)  

Jr irradiations last irradiation 
~ulation released population released 
nthe wood in the wood 

60.82 +-~.96 

irradiation 
31.38-%51 6 35.01±~.ss each interval 

25generalions 
19.0 .e~ per month t 

u Conlrol N4R NfiR 3NOR 

natural populalion sarnples 

% of hatched eggs of Drosophila willistoni control and irradiated 
natural populations. 

as  c an  b e  seen in  t h e  Table .  The  v e r y  s ign i f i can t  decrease  
of v i a b i l i t y  of t he  6 R 1 ( - 1 7 % )  was  fol lowed b y  t h e  
i r r a d i a t e d  n a t u r a l  p o p u l a t i o n  s a m p l e s  (N6Ri -21% ; 2N6R 1 
- - 1 6 % )  u n t i l  t h e  r e c u p e r a t i o n  a t t a i n e d  b y  t he  3 N 6 R  1 
6 m o n t h s  (15 genera t ions)  a f t e r  t he  las t  re lease;  a n d  t h i s  
was  f u r t h e r  conf i rmed  b y  t he  6 N 6 R  1 14 m o n t h s  (approxi -  
m a t e l y  35 genera t ions)  a f t e r  t h e  6R release.  

A t o t a l  of 36854 a m o n g  t he  e x p e r i m e n t a l ,  a n d  24183 
i nd iv idua l s  in  t he  con t ro l  cu l tures ,  ha s  been  couniced. 

The sterility def ined as t h e  n u m b e r  of s imple  pa i r s  of 
flies t h a t  do no t  p roduce  of fspr ing  3 gave  the  i n t e r e s t i ng  
i n f o r m a t i o n  t h a t  in  n a t u r a l  p o p u l a t i o n  t h e y  are  el imi- 
n a t e d  as e q u i v a l e n t  of d o m i n a n t  le thals .  On ly  t h e  F 1 of 
t h e  6R showed  a s ign i f i can t ly  h i g h e r  p e r c e n t a g e  t h a n  
37 .6%.  All s amp le s  f rom n a t u r e  are  a r o u n d  a m e a n  va lue  
of 3 .5% steri le  pairs .  

Some  i r r a d i a t e d  e x p e r i m e n t a l  p o p u l a t i o n  of D. melano- 
gaster i nc reased  t h e i r  f i tness  in  c o m p a r i s o n  w i t h  n o n -  
i r r a d i a t e d  3 w h i c h  seems to  be  d e p e n d e n t  on  p o p u l a t i o n  
size a n d  t he  a d v a n t a g e  of i nduced  m u t a n t s  in  he t e ro -  
zygous  cond i t ion .  The  i r r a d i a t e d  n a t u r a l  p o p u l a t i o n s  of 
D. ananassae nea r  t he  a t o m i c  b o m b e d  Marsha l l  I s l ands  5,6 
showed  a n  e x t r e m e  depress ion  in some bio logica l  p rop-  
ert ies.  The  flies h e a v i l y  i r r a d i a t e d  b y  d i rec t  a n d  fa l lou t  
r a d i a t i o n s  f rom a t o m i c  tes ts ,  especia l ly  in  M a r c h  1954 
(Bikin i  is lands) ,  s h o w e d  a g r ea t e r  load  of de le te r ious  
m u t a n t s  a n d  low f i tness  va lues ,  expressed  in egg deve lop-  
m e n t ,  in  c o m p a r i s o n  w i t h  m u c h  less i r r a d i a t e d  n a t u r a l  
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