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lungszeiten und damit gleichzeitig drei unterschiedliche 
Gesamtdosen angewendet, um die Abt6tung, wenn auch 
nur mit wenigen Punkten, fair jede Intensit~it kurven- 
mRssig zu ermitteln. Es wurde dabei so verfahren, dass 
jeweils bei den verschiedenen IntensitAten dureh ent- 
sprechende Verl/ingerung der Bestrahlungszeit gleiche 
Gesamtdosen resultierten (Intensitiit • Zei t -konstant ) .  
Die diesbeztiglichen Verhiiltnisse sind in dem beigefiigten 
Bestrahlungsschema wiedergegeben. 

Bestrahlungsschema 

Intensitfit 

1 
1/10 
1/5o 

Erg cm-Ssec - I  

4.10 4 
4. i0 a 

0,8.10' 

Bestrahlungszeiten 

30" 1' 2' 
5' I0' 20' 

25' 50' 100' 

In der beigefiigten Abbildung sind die Ergebnisse 
dieser Versuche kurvenm~ssig daxgestellt, wobei jeder 
Punkt  der Kurve den Mittelwert aus durchschnittlich 
15 Einzelbestimmungen darstellt. Man ersieht, dass der 
photodynamische Wirkungsgrad, gemessen an der Ab- 
t6tung der Hefezellen, bei konstanter Benzpyren-Kon- 
zentration und einer Strahlendosis yon 48 - 10 s Erg bei 
der Intensit~t 1 ungefi~hr 6-gmal so gross ist wie bei der 
IntensitAt 1/10 und 1/50. In  dem yon uns untersuchten 
Intensit/itsbereich ist also eine deutliche Abh~tngigkeit 
der photodynamischen Wirkung des Benzpyrens yon 
der IntensitAt des UV.-Lichtes vorhanden, indem mit 
abnehmender IntensitAt die Wirkung konstanter Strah- 
lendosen ziemlich steil abf/illt. 

A. GRAFFI, I. GRAFFI 1, H. KRIEGEL, 
F. WINDISCH und P. SCHWENSOW 

Institut /~r Medizin und Biologie, Deutsche Akademie 
der Wissenscha/ten, Berlin, den 74. September 1953. 

Summary 

(I) The relation between photodynamic effect and 
intensity of ultra-violet radiation was investigated by 
means of the lethal-curve of yeast cells treated with 
benzpyrene as photosensibilizer. 

(2) If  the dosis of radiation ist kept constant, the 
resulting photodynamic effect decreases rapidly with 
diminishing intensity. 

1 Teilergebnisse der Dissertation. 

T h e  C o m p o s i t i o n  of Tobacco  S m o k e  ~ 

The report by GRAHAM, WYNDER, and CRONINGER t 
tha t  tobacco smoke condensate has produced tumors in 
a large percentage of the mice on whom it was painted, 
ESSENBERG'S work on the effects of tobacco smoke in- 
halation s , and the recent statistical studies on the re- 
lationship between smoking and the incidence of lung 

x This work was supported by a grant from the Damon Runyon 
Memorial Fund for Cancer Research. 

2 E. A. GRAHAM, E. L. WV~DEZ, and A. B. CRONISGeR, Science 
1t6, 521 (1952). - E. L. WYNDER, private communication. 

3 j .  M, ESSI'~I~BERG, Science 116, 561 (195~). 

cancer in humans t have rearoused interest in the chemi-  
cal nature of tobacco smoke. 

Communications in the literature note the occurrence 
in this smoke of a large number of chemical individuals 
and groups; these reports have been reviewed and are 
briefly summarized here. The diversity of methods and 
interests of the various inveet~ators limits the/r d a m  
as a reliable source of information on the chemical com- 
ponents of tobacco smoke. Thus, there has been no 
uniformity in the type of smoking machine used by 
workers in this field, nor in the values chosen for such 
parameters as the frequency of puffing, the duration of 
the puff, the volume of the puff, and the moisture 
content of the tobacco; we deem it probable, however, 
that  the variation in the composition of the smoke re- 
sulting from this lack of st&ndardira~tion has been qua.nti- 
tative in nature rather than qualitative. 

Of more importance is the fact tha t  collection of the 
smoke, in virtually all published work, seems to have 
been incomplete; the collection traius have been de- 
signed to retain vapors rather than aerosols. A second 
major point of uncertainty is tha t  the several investi- 
gators have employed different varieties and blends of 
tobacco, cured in divers waye, and smoked in the form 
of cigarets, cigars, and pipe tobacco, This variation in 
the nature of the material smoked may have resulted in 
the presence or absence of & part/culax component in & 
" ta r"  (as reported by WSNUSCK I to he true of certain 
of the alkaloids), but  here, too, the apparently minor 
qualitative differences between various tobaccos would 
indicate tha t  almost all of the compounds demonstrated 
to be present in the smoke from any one source exist in 
most tobacco smokes. 

The smoke from tobaccos which have been impreg- 
nated with considerable quantities of additives will, of 
course, contain these foreign materials or their decom- 
position products. 

In the accompanying table we have summarized the 
qualitative data of previous invostigatore. For the rea- 
sons cited above, as well as the frequent absence of such 
data, we have not included quantitat ive information 
here. A single question mark following the name of a 
compound indicates that  we do not cons/der the evidence 
cited in the literature to be definitive proof of the 
identity of the compound. The superscript "at" identifies 
those materials which have been t ~ t e d  for carc/nogenic 
activityÁ; unless otherwise indlcsted these compounds 
are reported to be non-carcinogenic. 

A. I, KOSAg 

D e p a r t ~  o~ l ~ h t ~ i a l  Medicinl, New York Uni- 
versity, Post-Graduate Medical ,5¢1~o1, New Yowk, 2~. Y. ,  
SepUmbcv 19. 19$3. 

Z~ammnta$~ 
Die Literatur fiber die ventchiedenen Bestaadteile des 

Tabakrauchs/st  kr l t l~h gesichtet worden, und die lure. 
zerogene E igen~ht f t  einselner Verbindungen wurde an.  
geftthrt. 

t E,g. E. L. WvNesa, Arch. Ind. Hyg. Occupational Med. 8, 918 
O9~t). 

| A.WzNuSCll, DeC T ~  (Gelst, Bl~tle~, 1989), pp. 75-?9, 
I J.L.HAmTwzLL, Ssr~y o / ~  WM~ H ~  B~,  T a ~  

/or C¢~isofmk AcK~ity, Federal Security Agency, Public Health 
Service, Bethesda, Md., ~htd eclit/ota (19M). 

See Table on page 70. 
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Class Compound Reference f 

aldehydes 

ketones 

acids 

alcohols 

alkaloids 

formaldehyde a 
acetaldehyde a 
bu ty ra ldehyde  
aerolein a ? 
benzaldehyde a 
furfural  ?s 
diethyl ketone 
dipropyl  ketone 
dipalmityl  ketone ? 
biacetyl  
"h ighe r "  ketones ? 
formic acid 
acetic acid a 
butyr ic  acid s 
valeric acid 
caproic acid 
seven and eight  carbon 
al iphatic acids ? 
succinic acid ? 
fumar ic  acid ?s 
citric acid ? 
benzoic acid s 
phenolic acids ? 
methanol  s 
glycerola, b 
diethylene glycola,b 
e thylene glycola,b 
phenol  ? 
" p h e n o l s "  ? 
pyrocatechol  
nicotineS, e 
pyr idyl  ethyl  ketone 
myosmine  
nicotyr ine  
c¢-socratine 
fl-socratine 
7-socrat ine 
obelin 
lohi tam 
anodmin  
la thraein  
poikiline 
g u d h a m  

7 , 8 , 9  
8, 10 
8 
9 
8 
11, 12 
8 
8 
13 
14, 15 
8 
8, 16 
8, 12, 16 
8, 17, 18 
8 
8 

8 
12,19 
12 
12 
8,11 
12 
7 , 9 , 1 1 , 1 2 , 2 0 , 2 1  
22 
22 
23 
11,24 
9 ,18 
11,25 
g 

5,11 
5 ,11 ,26 ,27  
5,11 
5 ,26 ,27 ,28  
5,27 
5,27 
5, 27 
5,27 
5,27 
5, 27 
55 
60 

a Tested for carcinogenic activity; see text. 
b These alcohols are not derived from the tobacco itself but are 

compounds added as humectants. 
c It  has been reported that at least part of the nicotine is present 

in the smoke in the form of salts of organic acids I. 
d These polynuclear hydrocarbons were identified (only some 

incomplete spectral data were cited) in a material obtained by the 
destructive distillation, rather than the smoking, of tobacco. The 
work is open to question inasmuch as other investigatbrs who have 
specifically sought for evidence of the polynuclear aromatics in 
tobacco smoke 2 have been unable to find any. Benzopyrene is, of 
course, carcinogenic s. 

e The arsenic is probably present as AszO 3 4. Arsenic is a carcino- 
gen a. 

f Relatively few references to papers published before 1918 have 
been included since the early work in this field has been well sum- 
marized by KISSL1NG 5. 

g The references to these compounds are too numerous to cite. 

1 A. WENUSCH, Pharm. Zbl. 76, 297 (1935); Z. Untersuch. Le- 
bensmitt. 74, 43 (1937). 

O. SCHORCH and A. WlNTERSTEIN, Z. Krebsforschung 42, 76 
(1935). - E.A.  COOPER, F .W.M.  LAMB, E. SANDERS, and E.L.  
HIRST, J. Hyg. 32, 293 (1932). - Dr. L. T. EBV, private com- 
munication. 

a j.L.HARTWELL, Survey o] Compounds Which Have Been Tested 
[or Carcinogenic Activity, Federal Security Agency, Public Health 
Service, Bethesda, Md., 2nd edition (1951). 

Class Compound Reference f 

o the rn i t rogen  
compounds  

h y d r o c a r b o n s  

miscellaneous 

inorganic 
compounds  

pyrrole ?a 
"pyr ro le s"  ? 
"N-me thy l -  

pyroll idines" ? 
pyridine a 

"picoline'" ? 
" lu t id ine"  ? 
"coll idine" ? 
"pyr id ine  bases"  ? 
me thy lamine  ? 
"chlorophyl l  
degradat ion p roduc t s "  
"ur ic  acids" ? 

hen t r i acon tane  ? 

acetylene 
" u n s a t u r a t e d  
h y d r o c a r b o n s "  
azulene 
phenan th rene  ?a,a 
an thracene  ?a,d 
benzopyrene  ?a,a 
"condensed  
a romat ics"  ?a 

levoglucosan 
(1, 6-anhydro-fl-  
D-glucopyranose) 
" p h y t o s t e r o l "  ? 
C10H140 (a furan ?) 
" re s ins"  ? 
" res in  acids" ? 
a m m o n i a  
carbon dioxide 
carbon monoxide 

hydrogen  sulfide a 

hydrogen  cyanide a 

thiocyanic acid ? 
oxygen  
arsenica,e 
"cyan ides"  ? 
" n i t r a t e s "  ? 
"ace ta t e s"  ?a 
"chlor ides"  ? 

12 ,18 ,24 ,29 ,30  
11,31 

11,12 
9 ,12 ,24 ,25 ,29 ,  
32,33 
9,11 
9,11 
9,11 
9 ,18 ,30 ,34 ,35  
18,30 

12,36 
36 

12 ,13 ,17 ,25 ,36 ,  
37 
38 

38 
24 
12 
12 
39 

12 

11,40 
13,53 
13 
11,41 
11,36 
g 

12 ,17 ,18 ,38 ,42  
12 ,17 ,18 ,21 ,25 ,  
38 ,43 ,44 ,45  
9 ,11 ,18 ,21 ,25 ,  
38 ,46 ,47  
11 ,18 ,25 ,30 ,46 ,  
48 
11 
42 
9 , 4 9 , 5 7 , 5 8 , 5 9  
9 
9,12 
12 
12 

4 C. R. GRoss and O. A. NELSON, Amer. J. Pub. Health 24, 36 
(1934). 

5 R. KISSLING, ttandbuch der Tabakkunde, 3rd ed. (Paul Parey, 
Berlin 1919), p. 397. 

6 j .  L. HARTWELL, Survey o[ Compounds Which Have Been Tested 
/or Carcinogenic Activity, Federal Security Agency, Public Health 
Service, Bethesda, Md., 2nd edition (1951). 

7 C. NEUBERG and B. OTTENSTEIN, Biochem. Z. 188, 217 (1927). 
s C. NEUBERG and J. BURKARD, Bioehem. Z. 243, 472 (1931). 
9 W. D. MCNALLY, Amer. J. Cancer 16, 1502 (1932). 

10 B. PFYL, Z. Untersuch. Lebensmitt. 66, 510 (1933). 
n A. WENUSCH, 0sterreich. Chem. Z. 42, 226 (1939). 
12 A.H. ROFFO, Bol. Inst. reed. exptl. Estud. Cancer 15,349 (1939). 
la O. SCHORCH and A. WINTERSTEIN, Z. Krebsforschung 42, 76 

(1935). 
14 H. SCHMALFUSS, Tabak 3, 19 (1939). 
x5 H. SCHMALFUSS, Chem. Abstracts 45, 1303 (1951). 
le j .  A. BRADFORD, E. S. HARLOW, and H. R. HANMER, Ind. Eng. 

Chem. g9, 45 (1937). 
17 W. C. ZEISE, Ann. Chemic 47, 212 (1843). 
is H. T•OMS, Chem. Z. 28, 1 (1904). 
is A. WENuscn, Pharm. Zbl. 76, 297 (1935). 
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20 C. NEUBERG and M. KOBEL, Biochem. Z, 206, 240 (19~9). 
21 I.TRAUBE and K. SKUMBURDIS, Z. angew. Chem. ~ ,  881 (1951). 
22 j .  C. FORBES and H. B. HAAG, Ind. Eng. Chem. 30, 717 (1938). 
~3 G. RE]~, Pharmazie ~, 110 (1949). 
2~ S. I~EDA, Sci. Papers Inst. phys. chem. Res. (Tokyo) ~ ,  80, 

194 (1947). 
25 R. KISSLING, Handbuch der Tabakkunde, 3rd ed. (Paul Parey, 

Berlin 1919), p. 397. 
26 A. WESUSCH and R. SCHOLLER, Chem. Abstracts 2P, 6359 

0935). 
~7 A. WESUSCH and R. SCm~LLER, Fachl. Mitteil. ~terr.  Tabak- 

Regie 1, 11 (1935). 
s8 A. WESUSCH and R. SC~6LL~R, Fachl. Mitteil. ~terr.  Tabak- 

Regie 1, 5 (1934). 
s~ M. D. ~ CAMPOS, Chem. Abstracts ~9, 5395 (1945). 
ao A. W. KOPER~SA, Biochem. Z. ~19, 258 (1930). 
al F. FROMM, 0sterr. Chem. Z. ~0, 434 (1937). 
as A. SCHAARSCHmDr, H. HOF~EmR, and P. Now~r, Chem. Z. 

56, 911 (1932). 
aa C.O. JEI~SEN and D.E.HxLEY, J. Agr. Research $I, 9,67 (1935). 
a4 E. PRE~SS, Pharm. Zentralhalle r?, 437 (1936). 
35 M. PYATNITSKII and S. KASHZRXI% Chem. Abstracts $~, 5579 

(193s). 
38 A. WENUSCH, Z. Untersuch. Lebensmitt, 7~, 189 (1987). 
a7 A. WE~USCH, Biochem. Z. 273, 178 (1934). 
as j .B.  FISHEL and J. F. Hxsxll~s, Ind. Eng. Chem. ~1, 1874 (1949). 
as A. H. Ro~Fo, Z. Krebsforsch. ~ ,  588 (1989). 
~0 A. WEsuscn, Fachl. MitteiL ~sterr.Tabak-Regie, June ¢, (1938b 
4t A. WE~USCH, Z. Untersuch. Lebensmitt. ~ ,  81 (1995). 
42 A. W~USCH and R. SCHOLLER, Z. Untersuch. Lebensmitt. 75, 

346 (1938). 
4a O. EHRISMANN and G. ABEL, Chem. Abstracts 28, 4535 (1984). 
~a H. TSUMURA, Chem. Abstracts ~2, 1867 (1938). 
45 J. G. DE VOOGD and A. VAS DER L~SDES, Chem.Abstraets 8~, 

218 (1940). 
as A. VOGEL and C. REISCHAUER, Dingl. polyt. J. 1#$, 231 (1853). 
97 A. WENUSCH, Z. Untersuch. Lebensmitt. 70, 201 (1935). 
~a E. WASER and M. SrXnLx, Z. Untersueh. Lebensmttt. #L 9,80 

(1934). 
~a C. R. G~oss and O. A. N~so~,  Amer. J. Pub. Health 2~, 86 

(1934). 
~o A. WENUSCH, Z. Untersuch. Lebensmitt, 7#, 43 (1937). 
aa E. A. COOPER, F. W. M. LAMB, E. SANDERS, and E. L. Hmsv, 

J. Hyg. 32, 293 (1932). 
52 Dr. L T. EBV, private communication. 
5a A.H. ROFFO, BoL Inst. Med. cxptl. Estud. Cancer 10, 431 (1942). 
~4 A. W'~susc~, Der Tabakrauch (Geist, Bremen, 1939). 
~ A. WESUSCa and R. SCn6LLSR, Fachl. Mitteil. ~terr.  Tabak- 

Regie 1 (1936), cited in E. SpXTH and F. KUI*yRgB, "Tobacco 
alkaloids" in Forlschrttte der Ckemie organi$cker N~t~rsto//¢, Sol. 
(J. Springer, Wien, 1939). 

~ L. MARmS, The Pyridine Alk4Joids in R. H. F. MA~s~a and 
H. L. HOLMES, The Alkaloids, Vol. I (Academic Press, New York, 
1950), p. 254. 

n~ M. D. THOMAS and T. R. COLLmR, J. Ind. Hyg. Toxicol. $~', ~01 
(1945). 

*s M. E. DAFF and E. L. KEm~AWAY, Brit. J. Cancer #, 173 (1950). 
59 M. ]~. DAFF, R. DOLL, and E. L. KE~NAWAY, Brit. J. Cancer 

5, I (1951). 
e0 R. SCHbLLEE, Fachl. Mitt. ~sterr. Tabak-Regie J (1986). 

fac tor  w i th  se ro ton in  is q u e s t i o n e d  also b y  Q u x c x  t a n d  
S~xt~xmm i. W i t h  t h e  i n t e n t i o n  of  s o l v i n g  t h e  p r o b l e m ,  
we p repa red  p la te le ts ,  free of  p l a s m a  a n d  o t h e r  b lood  
e lements ,  b y  m e a n s  of  f r ac t i ona l  centr i fugal /ORS in  a 
re f r igera ted  cent r i fuge .  F r o m  e t h a n o l  e x t r a c t s  of  p la-  
te le ts ,  o b t a i n e d  f rom r a b b i t  a n d  s h e e p  b lood,  i t  h a s  b e e n  
possible t o  s epa ra t e  b y  c h r o m a t o g r a p h i c  p r o c e d u r e  a 
f ract ion,  which  w i th  EXRLICX'S r e a g e n t  g ives  t h e  s a m e  
color  as  se ro ton ln ,  a n d  wh ich  w i t h  d i a z o t t z e d  s u l p h a n f l i c  
acid deve lops  a p i n k  color  n o t  c h a n g i n g  to  o r a n g e  follow- 
ing exposure to hydrochloric acid vapors, We used 
WHATMAN paper n ° 1, employing as a solvent a mixture 
of ethanol, water and chloroform, in the tat/o 80: 20: 50. 
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Fig. I .-Extract ol 0.0~ cm e Of fresh platelets of rabbit. Eluato of 
the pape~ sect/on giving violet color with Bxm.icx' |  nmgeat: ultra. 
violet absorptio~ spectrum in water at pH 7.$ (--~_-!~- line) and pH 19 

(dotted lJas). 

T h e  e lua t e  of t lu s  sec t ion  of  t h e  c h r o m a t o g r a p h i c  s t r i p  
gives in n e u t r a l  w a t e r  a n  u l t r av /o l e t  a b s o r p t i o n  s p e c t r u m  
ident ica l  w i th  t h a t  o!  R a P r o a T ' s  s e ro ton in ,  Fo l l owing  
a lka l in iza t ion ,  t h e  s p e c t r u m  unde rgoes  t h e  tmme ch t mg es  

T h e  V a s o c o n s t r i c t o r  F a c t o r  o f  P l a t e l e t s  

RAND a n d  REID x, s t u d y i n g  t h e  source  of RAPPOR'r'S 
s e r o t o n i n  s, o b t a i n e d  ac t ive  p r e p a r a t i o n s  on ly  in cases 
in w h i c h  t h e  s e r u m  was m a d e  f rom whole blood or  
p l a t e l e t  r i ch  p l a sma .  On t he  basis  of these  resul t s  t h e y  
conc lude  t h a t  " t h e  a p p e a r e n c e  of I~APPORT*S se ro ton in  
in s e r u m  d e p e n d s  o n  t h e  p resence  of t h e  l igh te r  e l emen t s  
of t he  b lood  ( p r o b a b l y  p la te le ts )  a t  t he  t ime  of c lo t t ing" .  
The  poss ib le  i d e n t i f i c a t i o n  of t he  p la t e l e t  vasocons t r i c to r  

1 M. RAND and G. REID, Nature 1~8, 385 (1951). 
2 M. RAPPORT, J. Biol. Chem. 180, 961 (1949). 

F/g. 2.-Extract of 0.006 ~n e of h'eeh phLtelet8 of rabbit, gluate of 
the Imper u c t l m  giving violet colom with ENma¢~'s t u p a t :  
{,) a~UVIty oa /Rotated ~ t ~  ant .tmtm~tKl la 10 cms of 
T~mox's  eolut/oa; {6) activity on leolatsd rat  uterus |tmlmaded in 

10o~ |  of T,raong's ~iutioa. 

a A.QmcK, T/w C o , , ~ ,  o! B/o~  ~ H ~ , A n n m d  P~v. 
Physiol. I~60. 

s M. STtrxmm, Am~, J. Med. l~, 64 (19t~}. 


