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ture of incomplete and infectious virus re- 
mains to be studied. 

Sunzmary. HeLa cells infected with herpes 
simplex virus produced more organic acids 
than uninfected control cultures when glucose 
was the principal substrate. The organic acids 
which accumulated in growth fluids were sepa- 
rated by celite chromatography and further 
identified by ascending paper chromatogra- 
phy. Infected cells grown with cortisone 
formed as much lactic acid as infected cells 
grown in absence of cortisone. but in addition. 
the former cells produced large amounts of 
acetate, pyruvate and another compound ten- 
tatively identified as succinate. Glucose utili- 
zation was stimulated by virus and cortisone 
in the HeLa cell system resulting in accumu- 
lation of Krebs cycle intermediates. Concom- 
itant with marked acid production definite 
cytopathogenicity and marked increases in 
virus titers occurred in the virus-infected cul- 
tures. It may be concluded that the herpes 
virus-cortisone association alters carbohy- 
drate metabolism of HeLa cells in a striking 
pattern. 
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Effect of 1- (3-Hydroxyphenyl) 2-Methylaminoethanol (Phenylephrine) 
and 1- (3-Hydroxyphenyl) 2- Aminoethanol (Norphenylephrine) on 

Intestinal Motility. (24778) 

NONA KLAPPROTII (Introduced by W. B. Youmans) 
Dept .  of Physiology, University of Wisconsin Medical School, Madison, Wis. 

Norphenylephrine (differing from phenyle- 
phrine in that it has a hydrogen atom instead 
of a methyl group on the nitrogen atom) has 
not been fully investigated with regard to its 
effects on smooth muscle of the type which is 
inhibited by epinephrine. Kuschinsky and 
Oberdisse ( 1 ) reported that norphenylephrine 
has an inhibitory action on rat uterus with a 
potency 1/10 that of epinephrine, and Boyd 
( 2 )  reported that norphenylephrine has an ex- 
citatory action on rabbit uterus. According to 
Lands ( 3 )  norphenylephrine is inactive as it 

bronchodilator. As an inhibitor of the peri- 
staltic reflex in the guinea pig ileum phenyle- 
~ ~ h r i n e  and norphenylephrine were found to be 
I ’5000 and 1/6000 as potent, respectively, as 
epinephrine, while they were 1/10 and 1/50 
as potent as epinephrine in causing inhibition 
of the “pendular movements” in the isolated 
rabbit ileum(4). In the present study a com- 
parison is made between the rabbit intestine- 
inhibiting actions of phenylephrine and nor- 
phenylephrine; and differences in potency of 
these compounds are found to be much less 
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than those reported Iby McDougal and West 
(4) - 

Methods. Studies of relative potency of 1- 
phenylephrine, dl-phenylephrine, and dl-nor- 
phenylephrine were performed on isolated 
strips of rabbit jejunum. The rabbit was 
killed by injection of air intravenously. Strips 
of jejunum were removed and rinsed 4 times 
in Locke's solution which was oxygenated and 
maintained at  a temperature of 37°C. Seg- 
ments 2-3 cm long were removed and sus- 
pended in a muscle bath containing 49 ml of 
oxygenated Locke's solution held at a tem- 
perature of 37°C I+ 0.5". The strips were at- 
tached to writing levers which recorded the 
muscle excursions on a kymograph drum. 
Conditions were the same for each test solu- 
tion. Approximately 10-15 minutes were al- 
lowed for the strip to show relatively constant 
tonus and motility. A test solution of one ml 
was pipetted into the muscle bath and the 
effects recorded. Immediately following this 
the bath was drained and 49 ml of fresh 
Locke's solution was replaced. The next test 
solution was not introduced until contractions 
of the isolated muscle had returned to normal. 
All intestinal strips were studied on the same 
day that they were removed from the animal. 
The effect on isolated rabbit intestine of a 
test dilution of 1-epinephrine, usually one part 

in 20 million or one part in 10 million, was de- 
termined. Following this a series of dilutions 
of 1-phenylephrine, dl-phenylephrine, and dl- 
norphenylephrine were tested to determine 
which would duplicate the inhibitory effect of 
the test dilution of 1-epinephrine. Epinephrine 
was introduced either before or after each test 
dilution in all cases. Similar technics were 
used in comparing the potency of dl-norphe- 
nylephrine and dl-phenylephrine. In  the as- 
say comparing dl-norphenylephrine and dl- 
phenylephrine identical concentrations of 
stock solutions (1 .O mg/ml) were used. Test 
solutions were of the range of 0.0002 mg/ml 
to 0.0012 mg/ml for both drugs. All dilutions 
described above include correction for a 50 
ml dilution factor since the volume of the bath 
was 49 ml. The dl-form of phenylephrine was 
used rather than the 1-form, since the I-form 
of norphenylephrine could not be obtained. 
None of the stock solutions of the drugs were 
kept for more than one day. 

Results. Both phenylephrine and norphe- 
nylephrine when given in adequate amounts 
had effects on the isolated rabbit intestine 
similar to the effects of 1-epinephrine. There 
occurred a decrease in tonus and reduction in 
amplitude of or cessation of rhythmic con- 
tractions with hyperactivity sometimes follow- 
ing the inhibition. 

TABLE I. Comparison of the Relative Potency of L-Phenylephrine, DL-Phenylephrine and DL- 
Norphenylephrine with That of L-Epinephrine. Number of times the dose of 1-phenylephrine, 
dl-pheiiylephrine and dl-norphenylephrine must be increased beyond that of a test dose of 1- 
epinephrine in order to duplicate degree of inhibition of intestinal motility produced by 1-epi- 
nephrine. Reciprocal of m y  figure in the table indicates potency of that compound as compared 

with that of 1-epinephrine. 

Segment l-epi- I-phenyl- dl-phenyl- dl-norphenyl- 
Rabbit No. iiephrine ophrine ephrine ephrine 

A I 
B 1 
C 1 

2 
1) 1 

2 
E 1 

2 
F 1 

2 
G 1 

2 
H 1 

') Y 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5-6,&5 
4-5,5-6 

8-12 
1.0-14 

22-24 
20-24 

8-10,lO-12 
8-10,12-14 

12-16 
12-14 
10-14 
8-14 

20-24 
18--24 

8-14 8--.24 Rang(! 
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1.  ( ’om pasison o j  uctions of l-phcn!lcphrinc, 
cil-phcn?ilr’phsinc cind cil-)iol.phrn?ili’phsinl, 
zuith !zitinn of I-cpincphrino. In 2 rabbits the 
action of I-phenylephrine was cunipared with 
I-epinephrine. In 4 assa>.s it was found to  
be I 4 to 1 6 as potent. This is within the 
range previously reported by Aumann and 
Youmans(5). In tests of the effects of dl- 
phenylephrine on 2 segments from one rabbit 
it was found to be 1 43 to I 14 as potent :is 
1-epinephrine. This is in accord with the well 
known fact that the dextro forms of phenyle- 
thylamine derivatives are relatively impotent. 
so that if the racemic form is used the potency 
of the solution is approximately 1/2 that of the 
potency of the levo form. The actions of t l l -  

norphenylephrine were compared with those 
of 1-epinephrine in duplicate tests on segments 
from 5 rabbits. In  Fig. 1 a typical record 01)- 
tained during this study is illustrated. The 
figure shows what was considered to be equal 
effects. The results are shown in Table I 

(rabbits L) through H inclusive). It can be 
seen that dl-norphenylephrine is from l /S  to 
1 ’24 as potent as 1-epinephrine. 

11. Direct comparison of action of dl-nor- 
phcn>il(>phrine with that of dl-phenylephrine. 
The actions of dl-norphenylephrine were com- 
pared with those of dl-phenylephrine in a to- 
tal of 14 assays on 2 segments from each of 4 
rabbits. A typical record obtained during 
this study is illustrated in Fig. 2.  The results 
of these assays are presented in Table 11. It 
was found that a dose of dl-norphenylephrine 
must be increased 2 to  2.6 times beyond that 
of a test dose of dl-phenylephrine in order to 
duplicate degree of inhibition of intestinal mo- 
tility produced by dl-phenylephrine. Thus, 
demethylation of the compound dl-phenyle- 
phrine reduces its potency as an inhibitor of 
intestinal motility to about 1/2 to 2/5 that 
of its original potency. Relative potency of 
the 2 compounds apparently can be estab- 
lished somewhat more closely by comparing 



them with each other than by comparing them 
with epinephrine as a common standard. The 
results of both methods indicate that the per 
cent loss of intestine-inhibitory potency of 
phenylephrine which results from demethyla- 
tion is of the same order as that observed 
when the methyl group is removed from epine- 
phrine ( 5 ) . Thus removal of the methyl 
group has the same effect on intestine-inhibi- 
tory potency whether the para OH group is 
present as in the case of epinephrine or absent 
as in the case of phenylephrine, and the 
amount of loss of potency is slight relative to 
the effect of removing any of the hydroxyl 
groups. 

( I )  The effects of dl-phenyle- 
phrine and dl-norphenylephrine on motility 
of isolated strips of rabbit intestine were 

Sumnzary. 

studied. C‘omparisons of their actions were 
made with the action of I-epinephrine and with 
each other to obtain relative potency of these 
phenylethylamine derivatives as inhibitors of 
intestinal smooth muscle. ( 2 )  The potency of 
dl-norphenylephrine as an inhiibtor of iso- 
lated rabbit intestine is approximately one- 
half that of dl-phenylephrine. . 
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The role of Complement (C’) in the 
mechanism of immune hemolysis has received 
a great deal of study. Yet, relatively little 
attention has been devoted to the other par- 
ticipant of immune hemolysis, namely the sen- 
sitized cell. Recent studies by Talmage and 
co-workers ( 1 ) have afforded some insight as 
to the role played by the sensitizing antibody 
in immune hemolysis. We observed ( 2 )  strik- 
ing differences in amount of C’ required to 
produce comparable lysis in various hemolytic 
systems, sensitizing the cells with optimal 
amounts of hemolysins and using the identical 
C.’. Further: the number of hemolytic units 
required for optimal sensitization also differed 
from one system to another. These findings 
were characteristic of the particular system 
and were apparently reflections of differences 
in immunological properties of the sensitized 
cell. It therefore seemed feasible to use such 
information in characterization of immune he- 
molytic systems. The practical aspects of the 
concept of optimal sensitization in immune 
hemolysis were presented by Osler . S trauss 

and Mayer ( 3 ) .  Determination of amount of 
hemolysin required for optimal sensitization 
was used for selecting suitable hemoly sins and 
determining amount of hemolysin which 
should be used for sensitization. By refining 
the original method it was possible to obtain 
a more exact determination of this value. It 
was found that amount of antibody required 
for optimal sensitization did not necessarily 
represent maximal amount of antibody capa- 
ble of combining with the cells. Therefore, it 
was also possible to obtain 3 value for maxi- 
mal sensitization, based upon hemolytic ab- 
sorptive capacity of the cell. In  the present 
communication we determined values for op- 
timal and maximal sensitization in each of 4 
hemolytic systems and have shown the rela- 
tionship of these values to C’ activity. M a -  
terials and methods were essentially the same 
as previously described ( 2 ) .  Certain modifica- 
tions and additional procedures are given be- 
low: Complement. Lyophilized guinea pig C’ 
(Sharpe and Dohme) was reconstituted and 
absorbed once with washed and packed hu- 


