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FIG. 3. Effect  of n-oetanol upon  the viscosity and surface 
tension of 36% Teepol at  25 ~ C. ( 2 ) - - e s t i m a t e d  values. A is 
the concentrat ion corresponding to the first appearance  of 
liquid crystals, 

amined exper imental ly  in sufficient detail  to jus t i fy  
inclusion here. Wi th  sucrose monotallowate there 
was no viscosity min imum possibly due to the in- 
herent ly  high viscosity of aqueous solutions of sucrose 
monotallowate alone. The viscosity curve for  octanol 
shows a secondary max imum at the point  where liquid 
crystals appear ,  followed by a minimum, and then a 
large increase in viscosity to a maximum, with fu r the r  
additions. 

Discussion 
I t  has been shown tha t  water-soluble nonionic surf-  

aetants, s imilar  to their  water-insoluble counterparts ,  

fo rm liquid crystals  in aqueous solutions of sodium 
dodeeylbenzene sulfonate. However,  with essentially 
the same hydrophobic group, considerably higher 
molar  concentrations of the soluble additives were 
required for  the first appearance  of liquid crystals. 

The data  show that  the additions of nonionie polar  
compounds to solutions of sodium dodeeylbenzene sul- 
fonate result  in substantial  alterations in the proper-  
ties of these solutions. The changes observed provide 
background informat ion that  may  be helpful  in the 
formulat ion of liquid detergents. Speculations of a 
more fundamenta l  na ture  have not been presented, 
because of the complexities of these systems. There 
is insufficient knowledge of the micellar propert ies  in 
concentrated solutions of even the most simple sys- 
tems. When such information becomes available, these 
data may  provide greater  insight into the effect of 
nonionie polar  compounds on micellar propert ies  in 
concentrated solutions. 
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Passive Cutaneous Anaphylaxis in the Detection 
Antigens of Ricinus Communis (Castorbean). 

of Seed 

LAURENCE L. LAYTON, STEPHEN LEE, 1 BEATRICE T. DANTE, and FLOYD DEEDS, Western 
Regional Research Laboratory, Albany, California 

The phenomenon of passive cutaneous anaphylaxis in 
guinea pigs was shown to be applicable in the laboratory 
determination of residual antigenieity in fractionated and 
chemically treated castor-seed proteins. Six protein frac- 
tions obtained by paper-strip electrophoresis of castor- 
seed protein were shown to be antigenic. 

Castor-seed meal which had been cooked 20 minutes at 
100~ in Ca(OH)~ solution at p i t  12.4 was shown to retain 

1 Summer Student Appointee from University of California ~ed ica l  
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some of its original a.ntigenicity, while meal cooked for 32 
minutes under the same conditions of pH and temperature 
would not elicit the P.C.A. reaction in guinea pigs sensi- 
tized with rabbit antiserum to castor-seed protein. 

W 
, ]~EN BLOOD f rom an allergic human  is t rans-  

fused into a non-allergie human  the recipient  
f requent Iy  becomes temporar i ly  allergic to 

the ant igen responsible for  hypersensi t iv i ty  in the 
donor (1). I f  blood serum f rom the allergic indi- 
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vidual is injected into the skin of a non-allergic 
volunteer the skin of the recipient may become sensi- 
tized in the immediate area of the serum injection. 
These phenomena are referred to as "passive sensiti- 
zation." The passively sensitized skin sites will often 
exhibit an inflanlmatory reaction with wheal forma- 
tion when injected directly into the sensitized site 
with a minute quantity of the substanee(s) causing 
allergy in the serum donor (2). This particular direct 
locM application of the phenomenon of passive cutane- 
ous anaphylaxis (P.C.A.) is referred to as the "Praus- 
nitz-Kiistner" test, or the " P  K "  test. The P K test 
has been used extensively as a diagnostic aid in 
determining the identity of antigens responsible for 
allergies, and is especially useful in the Mlergies of 
infants and young or debilitated children. 

Layton and coworkers (3) have reported that serum 
from castor-allergic humans will sensitize the skin 
of the Philippine crab-eating monkey, Macaca irus, to 
castor-seed antigens. They have used P. K tests on 
passively sensitized monkeys along with direct skin 
testing on humans in an allergy screening program 
conducted upon employees of a eastor-oil producing 
factory. 

Ovary (4) has described the immunological and 
physiologicM phenomena associated with loom inter- 
actions between antigen and rabbit serum antibodies 
in the skin of guinea pigs. He suggests that a colloidal 
dye such as Evans Blue be injected intravenously 
along with the antigen in order to make easily visible 
the inflamed area resulting from the antigen-antibody 
reaction. The dye leakage into the extravascular 
spaces results from the increased permeability of the 
minute blood vessels in the infiammed area. In order 
for the dye leakage accompanying the P.C.A. reaction 
in guinea pigs to be visible, it is necessary that albino 
or predominantly white animals be used. (Spotted 
animals may be utilized provided their skins are un- 
pigmented in the areas to be used for the tests.) Mane 
and female guinea pigs react in the same way and to 
the same degree in the P.C.A. tests, hence no great 
effort usually is made to have equM sex distribution. 

In passive cutaneous anaphylaxis tests for homolo- 
gous autibody-antigen reaction in guinea pigs sensi- 
tized with rabbit antisera, an interval of three hours 
should be allowed to elapse after the antiserum injec- 
tions and before the challenging injection of antigen 
and dye is made. The 3 hour latency period allows 
time for necessary antibody attachment to the ceils 
and for the disappearance of the primary inflamma- 
tion due to the i~lsertion of the needle and the injec- 
tion of the serum. Sera should be diluted with iso- 
tonic saline solution in order that the primary inflam- 
matory reaction due to the serum itself shall have 
subsided within the period of 3 hours. Satisfactory 
dilutions foe rabbit sera are in the range of 1 :4  to 
1:100. The limit of dilution permissible will vary 
directly with the antibody content of the serum, and 
may be determined by empirical tests upon each sam- 
ple used. 

In this report we describe the application of the 
phenomenon of passive cutaneous anaphylaxis to the 
problem of detecting residual native protein anti- 
genicity in castor-seed proteins which have been sub- 
jected to chemical and physicochemical treatments. 

Experimental 
Crude Castor-Seed Protein. Crude castor-seed pro- 

tein was prepared from fat-free castor seed flour by 

a method which has been described in a previous 
paper (5). The crude castor protein, designated by 
code CB-1A-SRI, was water-soluble and free of the 
toxic albumin ricin. This protein was subjected to 
paper-strip eleetrophoresis (5) in phosphate buffer 
at pH 7.4 and ionic strength 0.051 for 24 hrs. at an 
ambient temperature of 20 ~ +__ 2~ Electric current 
flow was held constant at 10 ma; the potential differ- 
ence was 290 volts at the beginning of the run and 
190 volts after 24 hrs. operation. For  each strip the 
protein sample size was 1.0 rag. dissolved in 0.02 ml. 
of distilled water. The apparatus used was a Durrum 
hanging-strip eleetrophoresis cell. The electrophoreto- 
grams were stained with bromphenol blue dye and 
evaluated with a direct integrating densitometer. An 
electrophoretogram and the corresponding densitome- 
ter chart are shown in Figure 1. 
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St~ Width 11/2 ram. Strip 2 
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IOniC Strength 0.05~ 

i Ano othode 

4 

2 

0 
Bond NO. I Z 3 4 5 6 

:FIG. 1. Paper-strip eleetrophoretogram of castor-seed pro- 
tein, CB-1A S.R.I., and the corresponding densitometer chart. 
The arbitrarily numbered bands are those referred to in the 
text. 

The marked reproducibility of the band structure 
in the eleetrophoretograms indicated that correspond- 
ing bands in the different strips represented the same 
components of the protein mixture. The bands were 
arbitrarily numbered 1 to 6 from left to right (anode) 
to cathode) for ease of reference. Alternate strip 
electrophoretograms were stained, and the correspond- 
ing bands and areas were cut from the stained and 
unstained strips respectively. Bands with the same 
number designation were pooled for extraction of pro- 
tein and subsequent testing in sensitized animals. 
Preliminary testing showed thas the bromphenol blue 
stain did not interfere with the P.C.A. test, hence in 
subsequent runs all of the strips were stained for more 
precise isolation of the bands. 

On the densitometer chart in Figure 1, the height 
of the cmwe represents the concentration of protein- 
bmmd dye in the corresponding band of the strip- 
electrophoretogram shown. The areas under the curve 
represent the total quantity of dye bound by the pro- 
tein in the corresponding band. The total area under 
the curve represents the weight of dye-binding pro- 
tein in the sample, assuming that the components have 
the same dye binding capacity. (This is not always a 
valid assumption.) 
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Alkali-Cooked Castor Meal. Gardner  and coworkers 
(6) have shown tha t  alkaline cooking of castor meal 
will destroy the antigenic constituents. Spies and co- 
workers also have suggested that  C a ( 0 H ) 2  may  be a 
sat isfactory base for  alkaline inactivation of castor 
allergens (7). Alkali-cooked castor-seed meal was 
p repa red  f rom domestic commercial castor-seed meal 
which previously had been hexane extracted for  oil 
removal. The residual pomace, containing approxi-  
mate ly  2% fat,  was cooked at  100~ with four  
volumes of 8% Ca (OH)2  s lurry  at  p H  12.4. Samples 
were removed af ter  20' rain. and 32 min. They were 
adjusted to p H  6.8 with phosphoric acid. Af ter  low- 
speed eentrifugation,  the superna tan t  solution was 
decanted and evaporated in vacuo to give a 5-fold in- 
crease in concentrat ion;  each ml. of concentrate was 
the mater ia l  extracted f rom 1.25 g. of pomaee contain- 
ing 430 mg. of prote in  p r io r  to the cooking. I t  was 
determined that  1 to 2 ml. of the clear extract  concen- 
t ra tes  could be injected int ravenously  into 300-g. un- 
sensitized guinea pigs without  causing anaphylactoid 
reaction or any  other appa ren t  ill effect. 

Antisera to Castor-Seed Antigens. Anti-castor 
serum was p repared  f rom the blood of rabbits  which 
had been receiving int raper i toneal  injections of the 
crude castor-seed proteins over a 6-month period. 
Serum samples which had been stored frozen for  more 
than  a year  were found to be immunologically as ac- 
tive as f reshly  p repared  sera. Control serum was pre- 
pa red  f rom the blood of uninjected rabbits. 

Passive Sensitization of Guinea Pigs' Skin. Male 
and female albino guinea pigs weighing f rom 200 to 
300 g. were purchased in lots of 30 animals each. The 
abdominal  skin of each was freed of hair  so tha t  the 
skin itself was clearly visible. The abdomen was 
rinsed with 60 percent  ethanol and the damp skin 
marked  off with a red wax pencil into six rec tangular  
areas, three on each side of the mid-line. One site in 
each area  was injected with rabbi t  anti-castor sera or 
control sera approx imate ly  0.05 ml. of 1 : 1 0  dilution 
was injected into each site. Caution was exercised to 
p revent  the serum f rom being injected subcutane- 
ously; the immediate format ion of a burn-like blister 
of serum was considered sufficient evidence of intra-  
dermal injection. Usually two different sites were in- 
jected with each of two rabbi t  anti-castor sera and 
two sites with serum f rom a non-sensitized control 
rabbit .  F o r  p re l iminary  screening, animals were fre- 
quent ly injected with  five different ant iserum samples 
and only one control. When  only one ant iserum was 
being u s e d - - o f t e n - - t h r e e  nonadjacent  sites were in- 
jected with the ant i serum and the other three with 
control serum. 

Testing for Antigen by Passive Cutaneous Ana- 
phylaxis. Each skin-sensitized guinea pig  was bound, 
abdomen down, onto a small-animal operat ing table. 
The hair  was clipped f rom the foreleg jus t  above the 
wrist  where the cephalic vein can be detected under  
the skin. The skin was pinched and l i f ted by the index 
finger and thumb and cut in a v-shape with one snip 
of the scissors to expose the vein and its b i furcat ion 
over the radius. Ordinar i ly  1.0 ml. of isotonic saline 
containing 0.5% Evans  Blue dye and an appropr ia te  
amount  of the mater ia l  suspected to contain the castor 
antigens was injected int ravenously  with a tubercul in 
syringe and a No. 27 needle. A positive reaction for  
passive cutaneous anaphylaxis  was indicated within 
two to five minutes by  bluing of the skin around the 
site of ant iserum injection;  the sites injected with 

Fro .  2. P a s s i v e  c u t a n e o u s  a n a p h y l a x i s  i n  g u i n e a  p i g s .  P o s i -  
t i v e  r e a c t i o n  to  c a s t o r  s e e d - a n t i g e n  i n  t h e  s i t e s  s e n s i t i z e d  w i t h  
r a b b i t  a n t i - c a s t o r  s e r u m  is  s h o w n  b y  the  d a r k  spo t s .  N o  reac -  
t i o n  o c c u r r e d  in  s i t e s  i n j e c t e d  w i t h  con t ro l  s e r u m .  

the control serum did not turn  blue. The P.C.A. test  
was shown to be sufficiently sensitive for  the detection 
of 1.0 microgram of antigenic protein injected intra-  
venously. The sensit ivity of the test  can be extended 
to 0.1 microgram by microscopic examination of the 
site f rom the underside of the skin. 

Results 

Material  extracted fronl each band of the electro- 
phoretogranl  was tested in five passively sensitized 
guinea pigs in the mamler  described. Thi r ty  passively 
sensitized guinea pigs were used for  test ing the bands 
in this par t icular  group of electrophoretic runs, and 
it was found that  all six of the bands elicited cutane- 
ous anaphylaxis  in all the sites sensitized with anti- 
castor serum. 

Figure  2 is a photograph  of the actual  passive 
cutaneous anaphylaxis  test  in the sensitized skin of 
guinea pigs. Control sites which had been injected 
with serum from non sensitized rabbits  remained un- 
colored while sites sensitized with rabbi t  anti-castor 

TABLE I 

Local Passive Cutaneous Anaphylaxis Elicited by Cactor-Seed Antigens 
in Guinea P igs  a Sensitized by In t raeu taneous  Inject ions of 

Rabbit  Ant iserum to Castor-Seed Protein 

Pass ive  cutaneous 
Protein injected anaphylaxis 

Antigenic preparat ion tested (g rams)  in 
sansitized sites b, e 

Crude castor-seed protein 2 x 104  
CB-1ASI~I 

Electrophoretogram 2 x 104  
Band  No. 1 

2 x l O  -6 
Band No. 2 

l x l 0  ~ 
Band  No. 3 

1 x 10 -5 
Band No. 4. 

1 x 10 -5 
Band No. 5 

2 x 104  
Band No. 6 

l~r cooked at 100~ piPI 12.4 4.3 x 10 -1 
for 32 minutes as protein 

Meal cooked at 100~ p i t  12.4 4.3 x 10 -1 
for 20 minutes as protein 

Pgie blue 
15 mm diameter 

Pale blue 
15 mm diameter 

Deep blue 
15 mm diameter  

Deep blue 
20 mm diameter 

Deep blue 
20 mm diameter  

Pale blue 
20 mm diameter 

Deep blue 
20 mm diameter 

No color 
(none) 

Deep blue 
20 mm diameter 

a Animals not sacrificed : intact skins examined and photographed. 
b The depth of color is proportionM to the amounts both of antigen 

and of antibody injected (amount of dye held constant) .  The diameter  
of blue spot is a function of the amount  of antibody. 

r No color developed in sites injected with serum from non-sensitized 
rabbits.  
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seruni showed pronounced bluing due to the antigen- 
ant ibody reaction in the site. 

Ex t rac t  of castor meal which had been cooked for  
32 rain. a t  100~ with C a ( 0 H ) 2  sohltion at  p H  12.4 
elicited no passive cutaneous anaphylaxis.  The ab- 
sence of the P.C.A. test  in the sensitized sites indi- 
cated that  all of the antigenic proteins of the seed had 
been so changed by  the t rea tment  tha t  they had  lost 
their  original or nat ive antigenieity. This result  is 
consistent with previous knoMedge tha t  proteins are 
relat ively quickly hydrolyzed by heating with strong 
alkali. I t  is also well known that  alkaline hydrolysis 
of prote in  yields raeemie aminoaeid mixtures.  

The samples of castor-seed meal which had been 
cooked fo r  only 20 min. under  the same conditions of 
p H  and tempera ture  were found to contain antigenic 
mater ial  which gave a positive P.C.A. test with anti- 
castor serum. This result  may  indicate tha t  certain 
antigens had not yet  been at tacked dur ing 20 rain. or, 

more probably,  that  certain par t ia l ly  degraded castor- 
seed proteins re ta in  some of their  original specific 
antigenicity.  

The results obtained in the passive cutaneous ana- 
phylaxis  tests are presented in Table I. 
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Low Temperature Aminolysis of 
Catalyzed by Sodium Mcthoxide I 

Methyl Stcarate 

EDMUND F. JORDAN, JR. and WILLIAM S. PORT, Eastern Regional 
Research Laboratory, Philadelphia 18, Pennsylvania 

Aminolysis of methyl stearate by both prinmry and sec- 
ondary amine catalyzed by sodium methoxide was found to 
be rapid at 30~ under anhydrous conditions. With pri- 
mary amines under optimum conditions (mole ratio to 
ester: amine, 10; catalyst, 0.12), the mininmm reaction times 
necessary to obtain yields of amide over 90% were: n-butyl- 
amine, 30 rain. ; iso-butyl-, 1 hour; allyl-, 1.8 hr. ; benzyl-, 
3.2 hr.; see-butyl-, 16 hr.; ammonia (a heterogenous reae- 
tion requiring an optimmn triethylamine to ester ratio of 
2 ml./g, and a catalyst mole ratio of 0.20) 2 days. Sec- 
ondary amines reacted rapidly at 30~ (15 rain. to 24 hr. 
for a 90% yield of amide) when the nitrogen atom was 
joined into a saturated ring or held at least one methyl 
group, but very slowly even at 100~ when the substituent 
was dialkyl larger than methyl. Uneatalyzed, all reactions 
were extremely slow. 

PART I. PRIMARY AMINE A M I N O L Y S I S  

B 
ASIC CATALYSTS have been used both in prepara-  

t ive and in kinetic studies of the aminolysis of 
esters. A number  of p repara t ive  studies of the 

reaction of amines and esters, using sodium methox- 
ide as the catalyst,  showed rap id  conversion to amide 
at high reaction tempera tures  but, in general, slow 
conversion at  room tempera ture  (1,2,3,4,5,6,7,8). None 
of these reports  presented a s tudy  of opt imum reac- 
tion conditions. In  investigations of the kinetics of 
the anfinolysis of esters at low tempera tures  (9,10,11, 
12), a marked  increase in the ra te  of reaction by  alk- 

x Presented  in pa r t  at  the 1381h meeting of the American Chemical 
Society held in New York, N.Y., September 11-16 ,  1960, and  in p a r t  
ut  the  52rid meeting of the American  Oil Chemists'  Society held- in 
St. Louis, Missouri,  May 1-3 ,  1961.  

oxide ion has been shown, but  pract ical  p repara t ive  
conditions were not given. In  the absence of any tara-  
lyst, high reaction tempera tures  (150~176 were 
often necessary to convert  esters to amides rap id ly  
and the use of pressure equipment  with volatile am- 
ines was required (13,14,15,16,17,18,19,20). Studies 
relat ing the effect of s t ructure  and react ivi ty  of both 
amines and esters have also been made (14) prinei-  
pal ly by Day  and co-workers (21). Arnett ,  5iiller, 
and Day  (22) studied the effect of s t ructure  of various 
p r i m a r y  amines in reaction with methyl  acetate at 
25~ This repor t  revealed tha t  the react ivi ty  of the 
isomeric butylamines bracketed the react ivi ty  range of 
most of the amines studied. 

F r o m  the published results, it appeared  tha t  a gen- 
eral process could be developed for  the prepara t ion  of 
amides through alkoxide catalyzed aminolysis of esters 
at  a low tempera ture  by a careful  investigation of 
reaction conditions and by  observance of r igorously 
anhydrous  conditions to avoid catalyst  destruction. 
P a r t  I describes the results of a s tudy of the sodium 
methoxide catalyzed aminolysis of methyl  stearate by 
selected, s t ruc tura l ly  varied p r i m a r y  amines at 30~ 
P a r t  I I  reports  the results with secondary amines. 

The purposes of Pa r t  I are: (1) to repor t  the op- 
t imum conditions found for  the sodium methoxide 
catalyzed aminolysis of methyl  s tearate  by p r i m a r y  
alkylamines and to describe how these conditions were 
obtained;  (2) to demonstrate  that  these conditions are 
applicable to a wide var ie ty  of p r i m a r y  amines and 
esters, and (3) to t rea t  with three special eases. By  


