
The number of "takes" observed in 
control recipients indicates a certain ge- 
netic similarity between members of the 
Wistar strain employed (Table 1). How- 
ever, it is apparent that resistance to 
skin grafts is markedly diminished in 
pyridoxine-deficient recipients. The use 
of donor skin from pyridoxine-deficient 
animals results in a greater percentage of 
successful grafts than does that of donor 
skin from controls in corresponding 
groups of recipients (5). 

In the second series, consisting of three 
separate experiments with a total of 336 
rats, skin grafts were exchanged between 
members of the Wistar and Long-Evans 
strains after the animals had been main- 
tained for 3 weeks on the control diet 
furnishing 10 Mg of pyridoxine daily. The 
rats grew well on this regimen and did 
not manifest any of the symptoms char- 
acteristic of a pyridoxine deficiency. 
Donor skin was taken from the anterior 
abdominal wall and grafted to the back. 
Autografts were performed on both Wis- 
tar and Long-Evans rats. Immediately 
following the grafting procedures, each 
strain was divided into two groups. One 
continued to receive the control diet for 
5 to 6 weeks. Thereafter, survivors in this 
group were fed a commercial stock ra- 
tion (Purina chow). Another group re- 
ceived the pyridoxine-free diet and was 
treated with desoxypyridoxine. Animals 
of the Long-Evans strain were given daily 
injections of 250 or 500 utg of desoxy- 
pyridoxine for 10 days and were con- 
tinued on the pyridoxine-deficient diet 
for an additional 5 to 8 days. The Wistar 
rats were given similar daily injections 
of desoxypyridoxine during this period 
of 15 to 18 days. Typical symptoms of 
pyridoxine deficiency were evidenced in 
all desoxypyridoxine-treated rats. These 
pyridoxine-deficient animals were then 
fed the control diet for 3 to 5 weeks and 
the Purina chow ration for the remain- 
der of the experiment. Results obtained 
with both levels of desoxypyridoxine 
were similar and are summarized to- 
gether in Table 1. 

As in series 1, the skin grafts in pyri- 
doxine-deficient recipients of series 2 
were far more successful than those in 
control recipients. In contrast to series 1, 
many successful grafts in series 2 were 
subsequently rejected. This was particu- 
larly true for the pyridoxine-deficient 
Wistar rats, in whom the incidence of 
rejection following an initial "take" at 3 
weeks was exceedingly high. It should be 
noted that, at 3 weeks, the grafts of the 
pyridoxine-deficient Long-Evans rats 
were superior to those of the correspond- 
ing Wistar group. In further comparison 
with series 1, the absence of any mortal- 
ity, the lesser incidence of "takes" in con- 
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series 2 are noteworthy. This last obser- 
vation illustrates the superiority of full- 
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thickness abdominal skin over full-thick- 
ness dorsal skin as donor material. 

In summary, the survival time of skin 
homografts is increased markedly in py- 
ridoxine-deficient rats. Some grafts are 
still in excellent condition 5 to 6 months 
following grafting. It is possible that this 
effect may be related to an inhibition of 
the immune response to the antigens of 
the donor skin in this deficiency state. 
The specificity of this effect and its 
mechanism are under study (6). 
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Influence of L-Ascorbic Acid 

on the Colchicine Reaction 

Because of its relative specificity of 
cytologicaI effect, the colchicine reaction 
should provide valuable information re- 
garding the mechanism of mitosis (1). 
That the reaction has not done so to 
date is apparently due to the lack of 
knowledge concerning its mode of action 
in the cell (2, 3). One obvious approach 
to this problem is the careful study of 
substances which either suppress or en- 
hance the reaction. Many such substances 
are known, but the majority are either 
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moderately good antimitotic agents in 
themselves or must be used at very high 
dose levels (2). 

Ascorbic acid has been reported to in- 
hibit partially the effect of colchicine on 
tissue cultures of rabbit fibroblasts (4). 
Since L-ascorbic acid is a normal metabo- 
lite, reinvestigation of the reported antag- 
onism of this substance on the colchicine 
reaction appeared to be worth while (5). 
To do this, use was made of the Bowen- 
Wilson Pisum test (6). This test consists 
essentially of treating standard size (2.5 
to 3.5 cm) primary roots of young pea 
seedlings under standard conditions and 
examining their meristems for quantita- 
tive cytological changes in terms of fre- 
quency of diagnostic chromosome con- 
figurations relative to dose-time changes. 
Colchicine activity was measured by 
means of the colchicine index which was 
devised and studied for validity in our 
laboratory (7). This index is based on 
assigning values to specific chromosome 
configurations according to the severity 
of the colchicine effect represented by 
such configurations. Previous studies have 
shown that such an index changes 
smoothly with time and that the rate of 
change is dependent on dose. A given in- 
dex at a given time represents a specific 
colchicine potency. Modification of the 
colchicine reaction may therefore be 
measured by differences between control 
and treatment indices at given times. 

Table 1 summarizes our findings. Es- 
sentially, it was noted that treatment 
of colchicine for several hours with ascor- 
bic acid at pH 7, followed by adjust- 
ment of the pH of the mixture back to 
5.5 immediately prior to use, resulted in 
a lower index than that obtained in the 
colchicine control. While ascorbic acid 
has only a slight but measurable effect 
when it is used at one-half the molarity 
of the colchicine, it does have a much 
greater effect when its molarity is equal 
to that of colchicine (1.25 x 10-4). At 
twice the molarity of colchicine, ascorbic 
acid produced no significant change in 
effect over that produced by the equi- 
molar concentration. A mixture of col- 
chicine and ascorbic acid in a molarity 
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Table 1. Effects of L-ascorbic acid on the colchicine reaction. 

Colchicine Ascorbic pH Colchicine Enhance- 
Test mol. acid. mol. equiva- ment 
No. (x 10-4) (x 10-4) Initial ment lent (%) in time 

1 1.25 5.5 5.5 100 0 
2 1.25 0.63 7.0 5.5 94 - 30 
3 1.25 1.25 7.0 5.5 84 -69 
4 1.25 2.5 7.0 5.5 88 - 54 
5 1.25 2.5 6.0 5.5 94 - 32 
6 1.25 0.63 5.5 5.5 100 + 2 
7 1.25 1.25 5.5 5.5 101.5 + 22 
8 1.25 2.5 5.5 5.5 102 + 36 
9* 1.25 2.5 5.5 5.5 102 + 30 

* Roots were pretreated with ascorbic acid for 1 hour and then treated with colchicine. 
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ratio of 1:2 made up at pH 6, stored 
for several hours, and then adjusted to 
5.5 just before it was used had a small 
but measurable suppressing effect (about 
equal to the 1: 2 mixture at pH 7). 

Obviously both the molarity of the as- 
corbic acid and the pH of the mixture 
are important factors. The latter is borne 
out by the fact that treatment of root 
tips with mixtures of colchicine and as- 
corbic acid at pH 5.5 produces an en- 
hancement of the colchicine effect, the 
degree of which is dependent on the 
molarity of the ascorbic acid. Interest- 
ingly enough, pretreatment of root tips 
with ascorbic acid at two times the mo- 
larity of colchicine had virtually the same 
effect as combining the two compounds 
at pH 5.5 before use. While the latter 
might be considered to be an in vitro 
effect, the former must be an in vivo one. 

Obviously, before a compound is des- 
ignated as an enhancer or antagonist, the 
conditions of treatment must be stated. 
L-Ascorbic acid falls into both categories, 
depending, in part at least, on pH. How- 
ever, alkaline pH's which produce rapid 
hydrolysis of the lactone ring (8) render 
the ascorbic acid ineffective. The effect 
of L-ascorbic acid on the colchicine re- 
action is determined by three factors (i) 
the pH, (ii) the relative molarity, and 
(iii) the integrity of the ascorbic acid 
molecule. Exactly how these factors are 
related mathematically remains to be de- 
termined. 
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with Ethylenediamine 
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ethylenediamine (EDA) to form a fluo- 
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Reaction of Epinephrine 
with Ethylenediamine 

The condensation of epinephrine with 
ethylenediamine (EDA) to form a fluo- 
rescent product was first reported by 
Natelson, Lugovoy, and Pincus (1). 
Weil-Malherbe and Bone (2) adapted 
this reaction to the fluorimetric quanti- 
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Fig. 1. Absorption spectra of fluorescent 
derivatives in isobutanol. Curve 1 is the 
product from 0.8 IxM epinephrine, 1 x 10-2 
mole EDA, 1 x 10-3 mole EDA dihydro- 
chloride; curve 2 is the product from 0.8 
[tM epinephrine, 1 x 10- mole EDA, 
1 x 10-4 mole EDA dihydrochloride; curve 
3 is the product from 0.8 AM epinephrine, 
1 x 10-4 mole EDA, 1 x 10' mole EDA di- 
hydrochloride; curve 4 is the product from 
0.8 ,tM epinephrine, 1 x 10- mole EDA, 
1 x 10-' mole EDA dihydrochloride, heated 
at 70?. Spectra were obtained using a 
Beckman DK-2 recording spectrophotom- 
eter. 

tation of epinephrine and norepinephrine 
in blood. 

While considerable attention has been 
given to improving the method of Weil- 
Malherbe and Bone, little work has been 
reported on the mechanism of this re- 
action and the nature of the products 
formed. Burn and Field (3) reported the 
formation of two fluorescent derivatives 
from norepinephrine by heating at 50? 
to 70?C with 5 percent EDA for 1.5 to 
2 hours at pH 11. They obtained two 
fluorescent derivatives from epinephrine 
under similar conditions. 

A study of the reaction of various cate- 
chols with EDA is underway in our labo- 
ratory. As part of this study, the reaction 
of epinephrine with EDA was carried 
out under various conditions of tempera- 
ture, pH, and EDA concentration, and 
the products were examined by spec- 
trophotometric and chromatographic 
techniques. The absorption spectrum 
of the products obtained under the 
conditions established by Weil-Malherbe 
and Bone (2) is represented by curve 
1 of Fig. 1. The peaks at 400 and 
415 ma and the shoulder at 370 mt 
each represent a different fluorescent de- 
rivative as shown by chromatographic 
separation on filter paper (4) and by 
spectrophotometric measurement of the 
eluted products. The compound with 
Xmax. 370 m,u had an Rf value of 0.22 
and fluoresced blue-white; that with 
kmax. 400 mjt, Rf 0.35, fluoresced blue- 
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green; and the derivative with kmax. 415 
m,u, Rf 0.49, fluoresced yellow. 

Changes in EDA concentration af- 
fected the relative proportion of the fluo- 
rescent derivatives formed in this reac- 
tion. A stepwise reduction of the EDA 
concentration resulted in a gradual in- 
crease in the ratio of the absorbance at 
400 m[L to that at 415 m[t. Curve 2 of 
Fig. 1 represents the effect of a tenfold 
decrease in EDA concentration. A 100- 
fold decrease in EDA concentration re- 
sulted in lesser amounts of all three de- 
rivatives (curve 3, Fig. 1). The highest 
EDA concentration (curve 1, Fig. 1) 
gave a pH of 10.6. All other concentra- 
tions were adjusted to this pH with 
saturated trisodium phosphate solution. 

The effect of increased temperature is 
illustrated by curve 4 in Fig. 1. At 70?C 
a significantly greater amount of deriva- 
tive with Xmax. 370 m, was formed. Heat- 
ing for longer than 20 minutes at 50?, 
70?, or 100?C decreased the yield of all 
three derivatives. 

Maximum amounts of the blue-green 
and yellow fluorescent compounds were 
formed at pH 10.6, lower yields being 
obtained at pH 9.5 or 11.0. 

Weil-Malherbe and Bone furnished 
evidence that adrenochrome is an inter- 
mediate in this reaction (2). This fact 
has been verified in the present study. 
Adrenochrome and epinephrine yielded 
identical products with EDA as demon- 
strated by absorption spectra and paper 
chromatography. 

Bubbling oxygen through the reaction 
mixtures increased only slightly the yields 
of fluorescent material. In fact, substitu- 
tion of adrenochrome for epinephrine, in 
which case oxygen is not required (2), 
does not increase the yields of fluorescent 
compounds. This is contrary to the re- 
sults of Burn and Field (3) who reported 
that the oxygen dissolved in the solution 
was not sufficient for maximum yields of 
fluorescent material. 

Norepinephrine, in contrast to epi- 
nephrine, formed only two fluorescent 
derivatives under the same conditions; 
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