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basis. The  osmot ic  pressure of all solutions was 300 
mosmol  ± 1°/o, the  p H  7.15. 

Results. E v e n  a sl ight  increase in t h e  po tass ium concen- 
t r a t i on  reduced the  pressure of t he  facial  ar ter ies  (vaso- 
di la ta t ion) .  A m a x i m u m  d i l a t a t ion  was reached wi th  
10 mmole / l  po tass ium chloride (average decrease in pres- 
sure of abou t  50 m m  Hg,  F igure  a). A fu r ther  increase in 
the  po tass ium concen t ra t ion  to  a b o u t  35 mmole/1 still  
p roduced  vasodi la ta t ion ,  b u t  t he  e x t e n t  of vasod i la ta t ion  
was d iminished wi th  increasing concentra t ions .  Concen- 
t ra t ions  of more  than  50 mmole/1 po tass ium chloride 
invar iab ly  led to  con t rac tu re  (Figure b). A decrease in the  
po tass ium concen t ra t ion  below the  normal  level  a lways 
increased the  pressure,  and the  increased pressure was 
ma in ta ined  for a long per iod of t ime  (observed up to 
60 min) (Figure c). 

Increase  in the  po tass ium concen t ra t ion  also induced 
vasodf la ta t ion  in t he  coronary  arteries (Figure d). B u t  
this  effect could be  elicited only wi th  h igher  concent ra t ions  
of po tass ium and the  ex ten t  of vasod i la ta t ion  was much  
smaller  compared  wi th  t h a t  of the  facial  a r te ry .  

Decrease in t he  po tass ium concen t ra t ion  and  a concen- 
t r a t i on  of more  t h a n  50 mmole/1 p roduced  vasoconstr ic-  
t ion in the  same way  as in t he  facial  ar tery ,  b u t  t h e  force 
of con t rac t ion  was m u c h  smal ler  in t he  coronary  a r te ry  
(Figure e). 

Discussion. There  seems l i t t le  doub t  t h a t  po tass ium 
ions p lay  an  essent ial  role in regula t ing  the  skeleta l  muscle 
blood flow dur ing muscu la r  exercise~-V,13, ~4. The  resul ts  
ob ta ined  on resis tance vessels in perfused l imb prepara-  
t ions were complemen ted  by  our  exper iments  on isolated 
arteries,  demons t r a t i ng  t h a t  po tass ium is able  to  influ- 
ence vascu la r  tone  f rom the  outs ide  of the  ar ter ies  or  f rom 
the  in ters t i t ia l  space. The  increase in t he  po tass ium con- 
cen t ra t ion  found in h u m a n  subjects  dur ing exercise de- 
creased the  pressure in our  exper iments  a t  an  average  of 
abou t  30 m m  Hg.  B u t  one can assume t h a t  the  local con- 
cen t ra t ion  of po ta s s ium in  t h e  in ters t i t ia l  fluid dur ing  
muscu la r  a c t i v i t y  reaches h igher  levels  t h a n  in the  
venous  blood 3. 

Pr inc ipa l ly  t he  same reac t ion  of vasodi la ta t ion ,  al- 
t hough  smaller,  could be observed in the  coronary  ar tery ,  

b u t  the  resul ts  of these exper iments  seem no t  to suppor t  
t he  hypothes is  t h a t  po tass ium plays  the  same essential  
role  in regula t ing  co ronary  blood flow as i t  does in skeletal  
muscle  blood flow. 

The  increase in pressure wi th  decreasing po ta s s ium 
concen t ra t ion  observed  in t he  faciat  and co ronary  a r t e ry  
m i g h t  be  par t i a l ly  compared  w i t h  t he  resul ts  ob ta ined  on 
Taenia coli15,1°, where  decreasing po tass ium concent ra -  
t ions decreased the  m e m b r a n e  po ten t ia l  and increased 
spike ac t iv i ty .  The  increase in pressure wi th  a po tass ium 
con ten t  of more  than  50 mmole/1 is p robab ly  due  to  a 
direct  depolar iz ing action. 

The  site of act ion of po tass ium on vascular  smooth  
muscle  as regards  vasod i la ta t ion  and vasocons t r ic t ion  
(low or zero potassium) has  not  been established.  Some 
evidence points  to a di rect  ac t ion  and i t  m igh t  be possible 
t h a t  there  exists a Ca++-K+-antagonism 4,~,~4,17. B u t  fur- 
the r  studies are  necessary to  inves t iga te  the  di f ferent  
po tass ium effects is. 

Zusammen]assung. Die vasodi la ta to r i sche  \ ¥ i r k u n g  der  
K+- Ionen  wird bei Appl ika t ion  yon aussen auf  Segmen te  
der  Art .  facialis des Rindes,  die in einer  feuchten  tZammer  
un t e r  D r u c k  gesc tz t  wurden,  nachgewiesen.  Die  Befunde  
werden  im Hinb l i ck  auf  die B e d e u t u n g  des Ka l iums  ftir 
die Durchb lu tungs regu la t ion  im Muskel  diskut ier t .  
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U p t a k e  o f  3 s S - S u l p h a t e  in D i m e t h y l b e n z a n t h r a c e n e  Painted  M o u s e  Skin  

Prev ious  s tudies using rad ioac t ive  sulphur,  35S, as a 
t racer  h a v e  shown t h a t  su lpha ted  compounds  exis t  
t h rou ghou t  t he  body,  being especial ly concen t ra t ed  in 
the  connec t ive  tissue. The  acid mucopolysacchar ides  of 
the  ground substance  of de rmal  connec t ive  t issue p lay  an  
i m p o r t a n t  role in t he  responses of the  dermis  to  in jury .  
Two  days  af ter  per i tonea l  inject ion,  p rac t i ca l ly  all  t he  
35S-sulphate is found in su lphomucopolysacchar ides  in 
va r ious  tissues, a m o n g  others  t h e  skin (BOSTR6M and 
GARDELLX). I n  ep idermal  carcinogenesis,  these substances  
have  been thorough ly  s tudied.  The  resul ts  of analyses  for 
mucopolysacchar ides  and  col lagen in the  skin of d ime thy l -  
benzan thracene  pa in ted  mice were described by  KETKAR 3. 
By  incorpora t ing  ~S- su lpha te  in skin connec t ive  tissue, 
i t  is possible to ob ta in  in format ion  abou t  the  metabol ic  
ac t iv i ty  of the  su lphomucopolysacchar ides .  The  a im of 
t he  p resen t  s tudy  was to inves t iga te  the  up take  of a~S- 
su lphate  in mouse  skin pa in ted  wi th  0.5% 9, 10-dimethyl-  

1, 2-benzanthracene  in benzene once a week for 4, 8 and 
12 weeks. 

Materials and methods. For ty  female  S T / E h  mice aged 
6 weeks and  weighing abou t  20 g each, were ma in ta ined  
on a l abo ra to ry  d ie t  w i th  free access to  water .  The  
animals  were  d iv ided  in to  3 expe r imen tM and  2 cont ro l  
g roups ,  so t h a t  ini t ia l  m e a n  b o d y  weights  were  as close 
as possible. Group  1 consis ted of 8 mice serv ing  as un- 
t r ea t ed  controls .  Group  2 : 8  animals  were  pa in ted  on the  
abdomina l  skin wi th  0.05 ml  th iophene-f ree  benzene  once 
a week for 6 weeks. Group  3, 4 and  5: 24 mice were  pa in ted  
on the  abdomina l  skin wi th  0.05 ml  of 0.5% 9,10-di- 
m e t h y l - l ,  2 -benzanthracene  in benzene once a week for 
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2 M. B. KETKAR, Experientia, in press (1968). 
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4, 8 and 12 weeks. Forty-eight  hours before sacrifice, 
each animal received 0.2 ml of the radioactive solution 
i.p. Carrier free zsS-sulphate in aqueous solution with an 
act ivi ty  of 10 mc/ml  was obtained from the Radio- 
chemical Centre, Amersham, England. Suitable volumes 
of 0.04% sodium sulphate were added to a final act ivi ty 
of 1 mc/ml. The mice were killed by ether anaesthesia. 
The skin was carefully dissected off the underlying tissue, 
fascia, and muscle. The fur was removed with an electric 
clipper and then with a sharp knife. From the painted 
area, rectangular skin samples of about 2 × 1 cm in size 
were removed and weighed immediately. Twenty to forty 
mg of dry, defatted skin was homogenized in 25 ml of 
0.5N NaOH. The uptake of 3"S-sulphate was recorded 
according to the procedure of MOLTKE ~ with modifications 
as suggested by MARCKMANN 4. After wet ashing of 2.5 ml 
of homogenate with fuming nitric acid in a sand bath, the 
radioactive sulphate was precipitated as BaSO 4. The 
radioact ivi ty of the samples was measured a t  infinite 
layer thickness with a Geiger-Mfiller tube, counting to a 
statistical error of 3%. The radioactivi ty was calculated 
in counts/min/10 mg of dried, defatted tissue, after 
correction for background activity, physical decay of the 
isotope and for variations in body weights of the mice. 
The results were statistically evaluated according to 
Student 's  t-test. 

Results. The experimental animals showed a loss in 
body weight as compared with controls. The benzene 
painted mice showed degranulation of mast  cells super- 
ficially while the untreated controls revealed no visible 
changes. The mice painted with carcinogen showed 
erytheIna, edema, epidermal hyperplasia and alopecia. 
The carcinogen painted groups developed papillomas after 
about 6 weeks of painting. Malignant tumours became 
evident after 9 weeks in 4 mice. 

I t  appears from the Table that  the uptake of 85S- 
sulphate is higher in benzene and carcinogen painted 
mouse skin than in the control mouse skin. The difference 
was significant in all the groups. This increase in uptake 
of 3"S-sulphate was most  pronounced in the 4 weeks 
dimethylbenzanthracene painted group, but  reduced 
gradually in the 8 and 12 week groups. 

Discussion~ BOSTROM 5 demonstrated tha t  the dermis 
is capable of taking up zsS-sulphate in smaller quantit ies 
than cartilage and bone, incorporating it  almost entirely 
into the chondroitin sulphuric acid of the ground sub- 
stance. A negligible proportion is found in inorganic 
s u l p h a t e  (BosTROM 6) or cystine (DzIEWIATKOWSKI ?). The 
turnover rate of the sulphomucopolysaccharide molecule 
is the same as tha t  of the sulphate group taken alone 
(SCHILLER 8 et ul.). Therefore the radioactivi ty is believed 

Uptake of ~SS-sulphate in DMBA painted and control skin of ST]Eh 
female mice 

to represent the synthesis of sulphonmcopolysaccharides 
(MARCKMANN 4), 

Since the initial reaction after topical paintings on the 
abdominal skin involves formation of inf lammatory 
tissue, it was anticipated that  the rate of mucopolysac- 
charide synthesis in the tissue would be enhanced. The 
increased water content, an elevation of hexosamine and 
uronic acid, together with the findings of metachromasia 
of the ground substance, and the increased uptake of 
35S-sulphate, suggest an accumulation of acid mucopoly- 
saccharides (KETKAR 2). 

The increased uptake of 3bS-sulphate by injured tissue 
indicates a stimulated synthesis of sulphomucopolysac- 
charides in granulation tissue (BERENSON and DALFERS 9). 
The alterations observed might  accordingly be inter- 
preted as a repair process elicited by injury to the skin. 
Traumatizing and chemically irritating action of a car-, 
cinogen elicits fibroplasia, elevated mucopolysaccharide 
content  and other healing reactions. This is characterized 
by high radioactive sulphate uptake, it being a part  of 
connective tissue response to injury. 

The production of acid mucopolysaccharides by mast 
cells has been the subject of considerable interest. In this 
study, considering the overwhelming accumulation of 
mast  cells of varying granularity in precancerous skin, it 
must  be considered highly probable that  sulphomucopoly- 
saccharides present in the mast  cells are responsible for 
the radioactive sulphate uptake. 

In papillomas ul t imately developed in a certain % of 
the animals, there was comparat ively high uptake of zsS- 
sulphate. These results are in agreement with the earlier 
studies by DANISHEFSKY et a l :  0. 

There are 2 possible mechanisms by which radioactive 
sulphate may be incorporated into tissue. One of these is 
an enzymatic transsulphation process involving the move- 
ment  of radioactive sulphate into sulphated compounds 
tha t  are already formed. The other mechanism involves 
the utilization of the injected radiosulphur in the syn- 
thesis of new sulphated compounds (DENKO and PRIEST 11). 
The findings are suggestive of changes in the mucopoly- 
saccharides of precancerous tissue. 

Zusammen/assung. Die Synthese yon Sulfomucopoly- 
sacchariden wurde durch den Einbau yon zBS-Sulfat in 
die Hau t  weiblicher M~use nach DMBA-Behandlung ver- 
folgt. Es wurde eine signifikante Steigerung der Aufnahme 
yon ~6S-Sulfat in den karzinogen behandelten;Tieren beob- 
ach t e t  
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Group 3sS-sulphate uptake 

Control (8) 85 ± 7 
Benzene (7) 158~ 4- 26 
Carcinogen 4 weeks (7) 495 ~ 4- 61 
Carcinogen 8 weeks (8) 338 b 4- 41 
Carcinogen 12 weeks (7) 336~ 4- 28 

Figures in brackets indicate the number of mice. Mean values and 
standard error of mean are indicated. Radioactivity is given in 
counts/rain/10 mg dry, fat-free tissue. Significantly different from 
controls at the ~ = 5% and b = 0.1% level of probability. 

3 E. MOLTKE, Acta endocr., Copenh. 25, 179 (1957). 
4 A. MARCKMANN, Proe. Soe. exp. Biol. Med. 119, 557 (1965). 
5 H. BOSTR6M, in Connective Tissue in Health and Disease (Ed. 

G. ASBoE-HANsEN; Ejnar Munksgaard Publication, Copenhagen, 
Denmark 1954). 

s H. BOSTRSM, Ark. Kemi. a, 43 (1953). 
7 D. D. DZlEWlATKOWSKI, J. biol. Chem. 207, 181 (1954). 
8 S. SCHILLER, M. B. MATHEWS, J. A. CIFONELLI and A. DORFMAN, 

J. biol. Chem. 218, 139 (1956). 
9 G .  S. BERENSON and E. R. DALFERES, Br. J. exp. Path. 41, 442 

(1960). 
10 L DANISHEFSKY~ ~. T. OPPENIIEIMER, ~L WILLUITE~ A. P. STOUT 

and M. M. FIStIMAN, Cancer Res. 19, 1234 (1959). 
n C. W. DENXO and R. E. PRIEST, J. Lab. elin. Med. 50, 107 (1957). 


