PHENYLALANINE ON Toxicity or DCVC

and B globulins, at least 3 proteins of slow
mobility, which migrate electrophoretically
with the y-globulins. Formation of y-globu-
lin and Be-macroglobulin, the major known
immune globulins in other species(9), could
not be shown. The relationship, if any ex-
ists, of the 3 unidentified proteins of gamma
mobility to immunity has not been deter-
mined. Orlans et al.(10) have demonstrated,
in chicken serum, 2 proteins of gamma mobil-
ity which may contain antibody, but the pre-
cipitation patterns produced in immunoelec-
trophoresis by their antisera differ from those
described here, and cannot, therefore, be
readily compared. The inability of neonatal
chickens to form antibody(11) and the re-
sults of transfer experiments(12,13) indicate
that these animals and embryos lack immune
mechanisms present in the adult. The find-
ing that embryos and neonatal chicks do not
synthesize the major identified immune glob-
ulins is consistent with such experimental re-
sults, and is additional evidence that all of
the y-globulin found in neonatal sera is ob-
tained from the mother vie the yolk. The
presence of proteins of slow mobility, other
than vy-globulin, is of importance in evalua-
tion of observations in free electrophoresis
concerning the vy-globulin content of sera
from germfree chickens(13). These prelimi-
nary findings also suggest that the prealbu-
min present in sera of laying hens(1) and of
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embryos is obtained by the embryos, from the
yolk.
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1. Heim, W. G., Schechtman, A. M., J. Biol. Chem.,
1954, v209, 241,

2. Marshall, M. E., Deutsch, H. F., ibid., 1950,
v185, 155.

3. Moore, D. H, Shen, S. C, Alexander, C. S,
Proc. Soc. Exp. Bior. aNp MEp., 1945, v58, 307.

4. Nace, G. W., J. Exp. Zool.,, 1953, v122, 423.

5. Hochwald, G. M., Thorbecke, G. J., Asofsky,
R. M., J. Exp. Med., 1961, v114, 459.

6. Scheidegger, J. J., Internat. Arch. Allergy, 1955,
v7, 103.

7. Banovitz, J., Wolfe, H. R., J. Immunol., 1958,
v82, 489,

8. Makinedan, T., Gengozian, N., Canning, R. E,,
ibid., 1960, v85, 439.

9. Heremans, J. F., Clin. Chim. Acta, 1939, v4, 639.

10. Orlans, E., Rose, M. E., Marrack, J. R., Im-
munology, 1961, v4, 262.

11. Sterzl, J., Troka, A., Nature, 1957, v179, 918.

12. Simonsen, M., Acte Path. Microbiol. Scand.,
1957, v40, 480.

13. Trnka, Z., Riha, T., Nature, 1959, v183, 946.

14. Thorbecke, G. J., Gordon, H. A.,, Worstmann,
B. S., Wagner, M., Reyniers, J. A., J. Infect. Dis.,
1957, v101, 237.

Received July 24, 1962.

PSEBM, 1962, vill.

Effect of Phenylalanine on Toxicity of S-(Dichlorovinyl)-L-Cysteine in the

Rat and the Calf.*

(27835)

M. O. Scrurrzg, R. F. DErg, N. S. Mizu~o, D. D. Joer anp J. H. SAUTTER
Department of Agricultural Biochemistry, Institute of Agriculture and Division of Pathology and
Parasitology, College of Veterinary Medicine, University of Minnesota, St. Paul

It is well documented that S-(1,2-dichloro-
vinyl)-L-cysteine (DCVC)(1) is very toxic
for the bovine specie and for E. coli B. In
the former it induces fatal aplastic anemia(2)
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while in the latter it causes inhibited and ab-
normal, filamentous growth(3). In contrast,
the rat is much more resistant to the toxic
effects of this compound.! When DCVC
(about 10-20 mg/kg) is injected daily into
voung rats over prolonged periods, it can pro-
duce inhibition and arrest of growth, kidney

1 Unpublished observations,
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TABLE I. Effect of DL-Phenylalanine on Toxicity of DCVC in the Rat.

Treatment

Wt inerement, g
Ist 10 days 2nd 10 days

Group 1st 10 days L.P.; thereafter, none (injected) (not inj) Died
1 DCVC only, 26 mg/kg/day 8.7 3.9 0/14
2 DCVC + DL-Phe* simultaneous 10.7 35.1 1/14
3 DCVC, 1 hr later DL-Phe* 8.9 11.5 1/14
4 Deve,2 . ” DL-Phe? -8 143 2/14

* Mole ratio DL-Phe/DCV(C = 80,

damage and death, although no blood dys-
crasia is observed. Inasmuch as the effects of
DCVC in E. coli B can be prevented by L-
phenylalanine(3), but not by the D-isomer,
it was of interest to determine whether this
amino acid could also alter the toxicity of
DCVC in the rat and the calf.

Materials and methods. Work with rats.
Weanling male rats from a hooded strain of
our colony, weighing about 50 g, were allotted
randomly to the various experimental groups
each comprising at least 10 rats. They were
housed in lots of 2-3 in wire mesh cages and
fed an adequate stock diet of natural products.
The volume of the various solutions which
were injected intraperitoneally, daily or for
the stated periods, was based on daily body
weight. DCVC (M.P. 160°C with decompo-
sition) was synthesized in this laboratory(2)
and dissolved either in 0.99 aqueous, sterile
NaCl solution or in the appropriate sterile
solution of phenylalanine (Phe) isomers.t De-
pending on the solubility of these the total
volume injected intraperitoneally into the rats
ranged from 0.05 to 0.10 ml (the latter for
the DL-mixture) per g body weight. The
same relative volume of DCVC or NaCl solu-
tion was injected into the control groups. The
mole ratio Phe/DCVC was 80:1.

Work with calves. Female Holstein calves,
weighing about 45 kg were purchased in the
open market, housed in pens with clean shav-
ings and fed cow’s whole milk and good qual-
ity alfalfa hay. They had access to mineral-
ized salt. Before the experiments began the
calves were observed and conditioned for
about 2 weeks until their blood counts were
stable. Blood was drawn daily from a jugular
vein. Two technics were used to study the

{ Purchased from Mann Research Laboratories,
New York,

effect of Phe on DCVC toxicity. In the first
procedure 2 calves were injected intravenously
on consecutive days with a sterile (Selas fil-
ter) isotonic solution which provided 202 mg
of L-Phe per kg body weight. On the second
day, after administration of L-Phe, each calf
was also injected, intravenously, with 3.3 mg
of DCVC per kg body weight in 3 divided
portions, 4 hr apart in sterile 0.9% NaCl.
The mole ratio of L-Phe/DCVC was 80 to 1.
In the second procedure 2 calves were in-
jected intravenously for 10 consecutive days
with a sterile aqueous solution of a mixture
(made fresh, daily) of 0.20 mg DCVC and
12.2 mg L-Phe per kg body weight per day,
the mole ratio L-Phe/DCVC also being 80 to
1. Daily blood counts and clinical examina-
tions were used to evaluate the effects of the
treatments. Control calves were treated with
DCVC or L-Phe respectively, the latter being
well tolerated. The 9 control calves which re-
ceived a dose of 3.3 mg DCVC in 3 divided
portions per kg body weight in one day, and
the 6 calves which were injected with 0.20 mg
DCVC per kg body weight daily, for 10
days, were also used in conjunction with other
experiments.

Results and discussion. With rats. The
data in Fig. 1 show that DCVC, when ad-
ministered daily, can severely depress and
arrest the growth of young rats. This effect
was largely overcome by simultaneous admin-
istration of L-Phe in a mole ratio of 80:1,
but not when L-Phe was given 8 hours after
DCVC. The D-isomer of Phe was also ef-
fective in this respect, as shown in Fig. 2,
which also demonstrates that the preventive
effect of L-Phe becomes smaller the longer
the interval between its administration and
that of DCVC. Moreover, the rat can resume
rapid growth soon after treatment with DCVC
has been discontinued, provided the dosage
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FIG. 1. Effects of 1.-Phe on toxicity of DCVC in
rats. Daily I.P. injections of DCVC and/or L-Phe,
‘When both compounds were inj into the same ani-
mal they were administered either simultaneously
at 8 A.M. or 8 hr apart, as shown. Control animals
were treated with the same volumes of 0.9% NaCl
solution or of L-Phe solution. t represents death
of an animal. 10 rats/group. Mole ratio of T.-Phe/
DCVC administered was 80:1,
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was not too high or the treatment too pro-
longed. In this respect much individual var-
iation was encountered. When rats were
treated with a higher dosage of DCVC for 10
days, they were affected so that growth was
resumed only after a delay and slowly, some
individuals, in fact, losing weight and dying
after treatment had ceased. As shown in Fig.
3, under these conditions L-Phe also dimin-
ished the effects of DCVC if it was admin-
istered without delay. Such treatment with
Phe not only reduced the growth inhibition
but also greatly decreased the residual effects
of DCVC which manifest themselves in per-
sistent inhibition of growth (Table I).

Compared with DCVC, its sulfoxide,? pre-
pared from L-DCVC by treatment with per-
formic acid, was much less toxic, 20 mg per
kg per day injected I.P. daily for 28 days
producing only slight growth inhibition and
no apparent kidney damage.

The effects of Phe on DCVC toxicity in rats
have only a partial counterpart in those ob-
served in E. coli B. While both isomers are
effective in the rat, the D-isomer is ineffective
in E. coli B(3). Until the mechanisms of the
effects of DCVC or of the resistance thereto by
various species are better understood, no valid
explanation can be given of the manner in
which Phe exerts its protective effects. Re-
cent work in these laboratories has disclosed
that in rats(4), E. coli Bt and in the calf(5)
as well, DCVC undergoes rapid metabolic
changes with the formation of several differ-
ent products(4,5,1). Some of these reactions
may be susceptible to interference by one or
both isomers of Phe, a suggestion which is
underlined by the fact that, for greatest ef-
fectiveness, Phe must be administered to the
rat simultaneously with DCVC. Using C1*-
labeled Phe and S®-labeled DCVC(4) we
have failed to find evidence for interaction of

FIG. 2. Effeets of Phe-isomers on toxicity of
DCVC in rats. Daily injections of all compounds
were made for 12 consecutive days only. See legend
to Fig. 1

FIG. 3. Effects of L-Phe on toxicity of DCVC,
Daily injections of all compounds were made for
10 consecutive days only. Time schedule of injeec-
tions and proportion of rats dying, as shown with
each line. No deaths oceurred before 12th day.
See legend to Fig. 1.
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TABLE 1I. Effeet of L-Phenylalanine on Toxieity of DCVC in the Calf.

—~———Treatment ——-—
Calf No. mg/kg/day Days Effects
2265 L-Phe 202 2 None
2266 7 202 2 ”
2320 L-Phe 202 2 Aplastic anemia, died 28th day
DCVC 3.3 2nd
2367 L-Phe 202 2 Tdem
DCVe 3.3 2nd
2546 I-Phe 122 10 Aplastic anemia, died 26th day
DCVC .20
2547 L-Phe 122 10 Scevere hematol. erisis 24th to 30th day. Gradual recovery,
DCVC 20
Nine DCvVe 3.3 1 Aplastic anemia, died 23rd to 33rd day
Six ? .20 10 2: Aplastic ancmia, died 28th, 29th day

4: Severe hematol. erisis,

Survived.

DCVC and L-Phe in vitro.$

With the calf. Contrary to the results with
the rat and with E. coli B no evidence was
obtained that L-Phe reduced the toxicity of
DCVC in the calf. The results are summa-
rized in Table II. All 9 calves that received
a dose of 3.3 mg DCVC per kg body weight
for one day only, developed the typical syn-
drome of aplastic anemia previously(2) de-
scribed and died after 23 to 33 days. Their
response with respect to time course of the
clinical manifestations, onset, nature, progress
and severity of the blood dyscrasia and time
of death was in no way different from that
observed in calves No. 2320 and 2367 which
were treated with DCVC and L-Phe. Simi-
larly no differentiation could be made in the
response of the calves treated for 10 days
with 0.20 mg DCVC per kg with or without
simultaneous administration of L-Phe. Of the
6 control calves 2 died after showing the
typical ante- and post-mortem evidence of
aplastic anemia; 4 others experienced a se-
vere hematologic crisis with thrombocyte
counts as low as 10,000 per mm?* and tem-
porary complete absence of neutrophils be-
tween the 24th and 27th day after which time
they made first a slow, then a more rapid
hematologic recovery, approaching normal
values about the 60th day. Calf 2547 which
received L-Phe together with DCVC showed
exactly the same response, with a severe
hematologic crisis, followed by recovery,

§ Dr. Nester Dickie and Mr. P. M. Anderson gave
valuable aid in this phase of the work.

whereas calf 2546 died on the 26th day. With
the amounts of Phe administered, no evidence
of toxic effects were observed in either the
calf or the rat. This is in accord with observa-
tions on rats reported by Goldstein(6).

We also injected, I.V., L-cysteine, in a mole
ratio of 300 to 1 into 2 calves treated with 3.3
mg DCVC per kg of body weight, as outlined
above. This treatment did not prevent the
development of fatal aplastic anemia or alter
the nature and course of the blood dyscrasia.

Summary. Both enantiomers of phenylala-
nine when injected intraperitoneally into rats
can greatly reduce the toxicity of S-(1,2-
dichlorovinyl)-L-cysteine. To be most effec-
tive the DCVC and Phe must be administered
simultaneously, a delay of one hour in injec-
tion of phenylalanine reducing its effectiveness
markedly. Administration of L-phenylalanine
to calves failed to reduce the toxic effects of
S-(dichlorovinyl)-L-cysteine and development
of fatal aplastic anemia.
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