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might be differentiated and evaluated. The 
jinpairtance of this is exemplified in other re- 
actions which are potentiated or activated by 
trypsin ( 10-1 5 ) .  

I t  is also worthy of note that heparin, which 
inhibits the Shwartzman Phenomenon ( 16) 
also inhibits action of trypsin and serum tryp- 
tase( 1 7 ) .  

1) Trypsin potentiates the ef- 
fect of skin preparatory substances in elicita- 
tion of the Shwartzman Phenomenon. 2 )  I n  
combination with trypsin, the skin reacts to a 
greater degree and with lower concefitrations 
of the preparatory factor. 
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Tissue Culture Bioautographic System." (25651 ) 

JOSEPH E. GKADY, WILLIAM L. LUMM~S AND CHARLES G. SMITII 
(Introduced by J. S. Evans) 

Resfarch Labs., The Upjohn Co., Kalawzazoo, Mich. 

A hioautographic system under agar has 
been developed for paper chromatographic 
analysis of cytotoxic agents in vitro. Applica- 
tions of paper chromatography and bioassay 
methods in fermentation beer analyses are 
described . 

AIateritrls clnd nitithods. I1:agle's K B  line of 

* This work supported by Cancer (:hernotherapy 
Sational Service Centcr, Nal. Canccr Inst., N.I.H. 

human epidermoid carcinoma cells was main- 
tained and harvested as reported previously 
( 1 ) . Cells grown in suspension culture pro- 
vide a more convenient inoculum than bottle 
cultures and studies of submerged growth will 
be reported rlsewhere. C'ell content of bottle 
cultures wis determinecl :ts protein concen- 
tration ( 2 ) : suspension culture populations 
were de t e r m ined by heniacy t om e t er count . 
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Two milligrams of cell protein (or approxi- 
mately 4 x 1CF cells) in 10 ml of Eagle’s me- 
dium(3) containing 10% calf serum were 
added to a flat-bottomed Petri dish. Plates 
were then incubated a t  37”C, 80-84c/c humid- 
i ty and S-10% c‘02 in air. Under these con- 
ditions. generation time was 18-24 hours. 
After 18 hours’ incubation, supernatant nic- 
diuni was decanted and cell sheet was overlaid 
with 7 in1 of Eagle’s medium containing \ T i t  a- 
inins and amino acids a t  dou1)le strength : ad- 
justed to pH 7 with SaH(’0,:; 10% calf W- 

rum:  0.1 Difco Bacto-Peptone and 0.7 ){ 
Kacto N o l h  agar (previously washed eshaus- 
lively with distilled water). KB cells under 
iqar  had a generation time of approsimatt.1~- 
40 hours in above medium. \\‘hen the agar 
had solidified, a section of developed paper- 
gram was laid on the surface and incubation 
was continued for 24 hours. U’hen construct- 
ing bioautograms it is convenient to divide the 
chromatograin froni origin to solvent front 
into five equal parts which then can easily fit 
across Petri dishes. After incubation agar 
and papergram were floated from the plates in  
kt stream of Earle‘s salts (niinus licarbonatc) . 
L-siially, washing the sheet is sufficient to re- 
move cells which have been injured bjr cj.to- 
toxic agents from the chromatogram. \\‘hen 
it is desirable to emphasize the zone of inhibi- 
tion, addition of 10 nil of 0.0125% trypsin in  
saline and 2 -3 minutes’ incubation a t  room 
temperature is sufficient to cause complete re- 
moval of areas of drug-iniured cells. siticc 
these have a diminished capacity to remain 
attached to glass and are, therefore, more sus- 
ceptible to tryptic action than are untreated 
cells. Experiments with streptovitacin A\ ( 4  ) 
have shown that the agar technic described 
above can also be used for disc-plate assaj.. 
Aqueous solutions of agent were pipetted on to 
13 mm discs which were incubated on the agar 
surface a t  37°C overnight. 
were removed a d  the cell sheet was treated 
;is described above before measuring zone size. 

Results. Chromatograms of known anti- 
tumor agents and fermentation beers were de- 
veloped in 6 solvent systems listed i n  ‘r“al)le I .  
l’apergram pat tcrns of actinoniycin I1 with 
K W  cells ant1 Ilnc.illus szihtilis a s  test orgiiii- 
isms are presented in Figs. 1 and 2 .  These 

Agar and di 

data show that actinomycin bioactivity is 
identical when measured in 2 assay systems. 
Successfd papergrams have also been ob- 
tained with mitomycin C, streptovitacin fam- 
ily. echinomycin family and fermentation li- 
quors containing unidentified cytotoxic agents. 
I ’a per g r a in s of some ferment a t  i on products 
show anti-KB activities while no antibacterial 
zones can be found. The  contrast between 
*btreated” and “untreated” areas must be 
great to allow quick and definite interpreta- 
tion of K B  hioautographs. This contrast was 
ohtsined by the use of a large inoculum as de- 
scribed. If desired, the contrast can be accen- 
tuated by fixing the cells with 10% formalin 
followed by Giemsa stain. Fig. 3 illustrates 
zones obtained with this procedure. 

It should be noted that no inhibition of 
cells under agar results from application of fil- 
ter paper per s ~ ,  as evidenced by the conflu- 
ency of cell sheet on each side of zone of in- 

@ 
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PI(;. 3 .  Photogmph of zoiie of i n l i i h i t i o n  olr- 
t;ii ned by KB bioantograyh p r o ~ ~ c l u r e .  

hibition. Thus, the sheet of paper placed on 
the agar plate shown in Fig. 3 measured ap- 
proximately 1 x 3 in., whereas the zone of 
inhibition occurred only where a specific in- 
hibitor was present. Each plate, therefore, 
serves in part as its own control. The tissue 
culture bioautogram system provides the only 
means available to identify unknown cyto- 
toxic agents present in beers and to determine 
with certainty which activity of a mixture has 
been removed during fractionation studies. 

Disc-plate assay procedure is shown in Fig. 
4 with streptovitacin A. As with chromato- 

s aa 
10 30 50 70 
ZONE DIAMETER, mm.(13 mm. d i s c )  

FI(+.  1. Effect of strcptovitacin A on K74 cells i n  
disc-p1a t r  nssnp proc.rt11ir.e. 

grams, a t  least 2 pg of strcptovitacin A per 
disc rcsril tctl in r:omplete ret-rioval of cells 
from the surface c:f the Petri dish giving a 
zone of at  least 18 mm ( 13 mm disc). Paper 
discs without agent (controls) did not injure 
KB cells under agar. If disc-plate assay 
method can be made as reproducible as tube- 
assay method( 1) , it will certainly replace the 
more laborious procedure (as has occurred 
with antibacterial and antifungal assays). 
The technic is most promising and is applica- 
ble to determination of chemicals and anti- 
biotics which diffuse in agar. The method is 
less sensitive than the tube assay however 
[ 2 pg per disc can be detected under agar 
whereas 0.01 p,g per ml can be detected in the 
tube assay( 1) 1 .  

Discussion. The tissue culture bioauto- 
graph system has been used in these labora- 
tories to identify cytotoxic activities in fer- 
mentation liquors. The  technic allows detec- 
tjoa of multicomponent cytotoxic activities, 
identification of components during purifica- 
tion procedures and recognition of iden tical 
activities in different beers. An experiment 
can be completed in 48 hours when the pro- 
cedure described here is usled. T f  the inocu- 
lum is doubled and agar and papergram are 
added 3-4 hours after inoculation an experi- 
ment can be completed in 24 hours. Disc- 
plate assays and agar papergram systems 
place screening for potential antitumor agents 
in the same category as searching for anti- 
bacterial or antifungal agents. 

Agar-cell systems for assay and chroma- 
tography have been described with Ehrlich as- 
cites carcinoma and HeLa cells( 5-9 j in which 
dye reduction was used to determine the cyto- 
toxic response. The procedures described 
here should give a more distinct endpoint cle- 
termination since dead and injured cells arc 
removed while uninhibited cells remain as a 
confluent sheet. Cells are grolwing through- 
out the period of contact with cytotoxic agents 
In the K B  method, whereas the dye reduction 
system consists primarily of resting cells. The 
KB system should be more sensitive with 
metabolic inhibitors which affect vital proces- 
ses necessary for growth, division and attach- 
ment to glass, since it is entirely feasible that 
cells in which protein, nueleic acid or energy 



metabolism is interrupted may be able to re- 
duce a dye h u t  unable to grow. Thus, the KiK 
sjystetn is different from those tlescril)cd l)rev- 

Su~/znznry. A tissue culture bioautograph 
system has been described which allows iden- 
tification of cytotoxic activities on paper 
chromatogranis. Cse of this procedure as a 
disc-plate assay was illustrated and its :ippli- 
cation in the screening and fractionation of 
beers with carcinolytic activities in nlifro was 
discussed. 
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and Aniitio Acids by Normal and 

A preliminary chromatographic survey in  
this laboratory of urinary constituents of nor- 
mal and muscular dystrophic strain 129 mice 
(1): disclosed the presence of a substance 
which showed a reaction with semicarbazide 
reagent on chromatograms. and which all- 
peared to be excreted in significantly larger 
quantities by dystrophic animals than b!. 
their littermate controls. The present report 
concerns identification of the unknown as (L- 

ketoglutdrate, further studies of excretion of 
this keto acid, and a simultaneous chroma- 
tographic investigation of amino acid and 
urea excretion. Amino acid excretion has been 
found altered or elevated in urines of other 
nnimals with various types of muscular dys- 
trophy( 2 - 7 ) .  

*Aided by a grant to  Dr. Kay Fink from Muscu- 
lar Dystrophy Assn. of ,4merica. 
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Obtained from Jackson Memorial ],ah., Bar H:ir- 
h r ,  Me. 

M&mds. Collection rrnd preservatioii n j  
2irin.c. During urine collection periods, mice 
were housed in beakers with glass arms fused 
to the sides a t  a downward angle to serve as 
food containers. Access to food (ground 
I’urina Chow) was given by means of holes in 
the sides of the beakers entering into the side 
arms. The  mice were supported by wide mesh 
wire screens beneath which were placed a t  
least 3 layers of glass beads pre-coated with 
thymol by immersion in a thymol-acetone so- 
lution followed by draining and drying. This 
arrangement tended to separate feces and 
scattered food from urine by allowing the lat- 
ter to flow to the bottom of the beaker leaving 
the other materials trapped on top of the 
beads. Littermate pairs of mice, one dystro- 
phic and one normal, were weighed and placed 
in the cages in the morning, and after 24 
hours feces were removed and urine was col- 
lected with several washings. The  combined 
washings were stirred, centrifuged, and super- 
natants were stored in glass vials a t  -10°C 
until analyzed. The  urines of 5 pairs of mice 
were collected over various time intervals and 
analyzed for a-ketoglutarate, urea and amino 


