Table 1. Effect of age of the guinea pig on the
degree of contact skin reactivity to pentadecyl-
catechol. The quantity of this compound in
column 1 is the smallest amount that was
effective. The mean end points (in micrograms)
for the three age groups were: 2 mo, 1.1;
6 mo, 2.3; 2 to 3 yr, 2.7. Probabilities that mean
end points are identical were: 2 mo vs. 6 mo,
< 0.001; 2 mo vs. 2 to 3 yr, < 0.001; 6 mo
vs. 2 to 3 yr = 0.22.

Pentadecyl- ; . .
catechol- No. of guinea pigs
reacting

(ug) 2 mo 6 mo 2to3yr
0.5 3 0 0
1.0 16 1 1
2.0 4 6 5
N* 0 2 4

* Negative: animals that showed no reaction

at the 2-ug level. To calculate the mean end point
this value was assumed to be 4 ug.

from a common population, it was
found that the reactivity of the guinea
pigs in the older age groups was not
statistically different but that the ani-
mals of both these groups were sig-
nificantly less reactive than the 2-month-
old animals.

The antibody titers determined from
the tanned cell agglutination test are
presented in Table 2. The highest titers
were found in the sera of 2- and 6-
month-old animals, while the 2- to 3-
year-old animals gave the lowest titers.
Calculation revealed that the mean
titers of the two younger groups of ani-
mals were probably not different, but
that both are significantly different from
those of the 2- to 3-year-old animals.

Thus, guinea pigs that are 2 to 3
years old show a lower immunological
response to both delayed contact skin
sensitivity and to antibody production
than do 2-month-old guinea pigs. The
6-month-old animals appear to be tran-
sitional in reactivity and show a contact
sensitivity similar to that of 2- to 3-
year-old animals but give a serum anti-
body response similar to that of the
2-month-old animals.

Table 2. Effect of age of guinea pig on the titer
of antibovine y-globulin. Geometric mean titers
for the three age groups were: 2 mo, 50,200;
6 mo, 54,800; 2 to 3 yr, 24,100. Probabilities
that mean titers are identical (calculated from
log, of titer) were: 2 mo vs. 6 mo = 0.4; 2
mo vs. 2 to 3 yr, <0.001; 6 mo vs. 2 to 3 yr
= 0.01.

Maximum No. of guinea pigs
serum titer
X 103* 2 mo 6 mo 2to3'yr
8 0 0 0
16 3 2 3
32 6 2 5
64 10 2 1
128 4 2 0
256 0 1 0

* Titers are the reciprocal of the serum dilution.
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Other workers (/-7) have also ob-
served that old humans and old animals
respond to an immunologic stimulus,
but the limited data seem to show no
unanimity relative to the effect of ad-
vancing age. For example, Thomsen
(5) observed that the injection of horse
serum resulted in a reduced anaphylac-
tic sensitivity in old guinea pigs com-
pared with sensitivity in young adults,
and Baumgartner (6) found that rabbits
over 2 years of age produced a lower
agglutinin titer to Bacillus enteritidis
than 6- to 13-month-old animals. How-
ever, the response to typhoid vaccine in
humans did not differ in individuals
15 to 78 years of age (7), and the
antibody response in chickens (4) did
not seem to be affected by age. These
results may be due to the different
species, but it has been suggested (4)
that one of the most important vari-
ables is the genetic constitution. That
the genetic make-up of animals may, in
fact, markedly affect antibody response
is known (73).

In our study, the effects of environ-
ment, sex, and genetic constitution have
been largely eliminated and the age of
the animals, therefore, was the main
variable. Whether the results have gen-
eral application cannot be unequivocally
established. However, strain 13 guinea
pigs are immunologically competent and
have been used by others to study de-
layed hypersensitivity to tuberculin
(I14) and circulating antibody (I5).
P. R. B. McMaster found no difference
in the antibody response of strain 13
and Hartley guinea pigs to thyroglob-
ulin (I16). Furthermore, the degree of
sensitivity to pentadecylcatechol, as
measured by the minimal quantity in-
ducing a reaction on the skin, is approx-
imately the same in 2- to 4-month-old
Hartley strain guinea pigs (I/7) as in
the strain 13 animals reported here.

Little can be said about the reason
for the reduced response of old animals.
However, there is some evidence that
the antibody-producing tissue of old
animals does not function as effectively
as in younger animals (3). Further-
more, it was our impression that after
the injection of antigen in adjuvant, the
lymph nodes of the 2-month-old guinea
pigs showed a much greater enlarge-
ment than those of the 2- to 3-year-old
animals (I8). )

HaroLD BAER
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Growth-Regulating Chemicals
Persist in Plants: Qualitative Bioassay

Abstract. Scions from untreated to-
mato plants were grafted on plants
treated with 2,4-dichlorophenoxyacetic
acid by dipping one leaf in a solution
containing 1000 parts per million.
Subsequent malformations of the scion
shoot and leaves were used as criteria
of the presence of this chemical. The
chemical or a substance causing similar
symptoms persisted in the plant in
physiologically active amounts for ap-
proximately 60 days.

The literature concerning the length
of time for which 2,4-dichlorophenoxy-
acetic acid (2, 4-D) may exert morpho-
logical effects in plants is very extensive
(I). The bulk of the evidence indicates
that morphological irregularities or
distortions in response to the treatment
are usually all established within a few
days after the application of the chemi-
cal (2).

On the other hand, morphological
irregularities which are brought about
in buds may not become evident as
long as a year after the application (3).
Morphological irregularities in the
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young developing seeds likewise may
not appear until the next growing sea-
son when the seeds germinate (4).
Nevertheless, most of the evidence
at hand indicates that the irregularities
induced by this chemical agent have
been essentially established in these
tissues soon after the application.

Furthermore, 2,4-D and 2,4,5-tri-
chlorophenoxypropionic acid (2,4,5-TP)
are effective in preventing preharvest
drop of apples from 30 to 50 days (5).
In the citrus species, they provide effec-
tive control of abscission for as long
as 7 months (6). It is not clear whether
the growth regulators themselves per-
sist in the plants for this length of
time or whether the effects which they
induce carry on after the chemicals
are metabolized. These results suggest
that these and related chemicals may
persist in some plants for several
months. Dosage, method of application,
and growth rate may all affect per-
sistence in the plant. Possibly the
2,4-D is bound to a relatively insoluble
compound or compounds in the plant
and is not readily extractable by ordi-
nary chemical methods.

In our qualitative bioassay technique,
meristems from untreated plants are
introduced into the treated plant by
grafting. Tomato plants (Washington
Forcing variety) were used in most
of the work. The experiment was re-
peated on four different occasions with
from 4 to 10 plants per replication.
Plants, 6 to 8 weeks old, were treated
by dipping one leaf (fourth from base)
into a solution containing 1000 parts
of 2,4-D per million. The treated leaf
was excised -after 8 days. Buds or
short branches from untreated tomato
plants were then grafted to the treated
plants in the second internode above
the excised leaf. Grafting was done at
various intervals up to 90 days after
treatment. The new growth from buds
grafted up to 2 months after treatment
showed definite characteristic symptoms,
such as discoloration, excessive enlarge-
ment of veins, and shortening and
twisting of leaves (Fig. 1B). At the same
time intervals, buds were grafted from
untreated plants to untreated plants and
from treated plants to untreated plants
to make certain that aerial contamina-
tion was not taking place. Those buds
grafted from the untreated plants to
the untreated plants produced normal
growth without any characteristic mal-
formations throughout the experiment
(Fig. 14). Buds from treated plants
grafted to untreated plants produced
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Fig. 1. Growth of tomato scions on untreated stocks (4) and treated stocks (B), show-
ing symptoms typical of 2,4-D damage on the scion growing on the treated plant. The
scion was grafted 40 days after one leaf of the stock was dipped in a solution con-
taining 1000 parts of 2,4-D per million.

shoots with typical malformations. There
was an apparent transfer of 2,4-D from
the scion to the stock from those
grafts made within the first week from
treated to untreated plants as shown
by slight epinastic responses on the
stock. No such stimulus was apparent
from later grafts.

Inasmuch as the scions grafted on
the treated plants could receive the
deforming agent only from one source,
the stock, it is apparent that the chem-
ical persisted in the treated plants for
at least 60 days and probably longer.
From 80 to 90 days after the stock
plants were treated the new growth of
shoots on the stock plants was normal
in appearance. This suggests that the
abnormalities produced by new growth
in the treated plants was a good mea-
sure of the persistence of the chemical
in the plant.

The concentration used is not an
abnormally high dosage since it cor-
responds to applications which are
made for herbicide use in the field.
Also, in our experiments, it was applied
to only one leaf for a limited time. It
is, however, a greater amount than was
applied by some of the other workers,
which may help to explain the apparent
discrepancy of the results.

Malformations typical of those caused
by the applied chemical are taken as
presumptive evidence that the chemical
is present in an amount sufficient to

cause a growth response. On the other
hand, it is possible that the 2,4-D has
been changed to another compound
which causes similar symptoms. Never-
theless, our evidence points to a con-
tinuing effect from a single application
to one leaf.

This method is advantageous because
the plant makes the “analysis.” It
overcomes the difficulty of determining
whether the abnormalities in growth
after application were established prior
to the development of shoots. By in-
troducing a meristem from untreated
plants, we have established a bioassay
system intimately associated with the
internal metabolic processes of the
plant (7).
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