Graying of Hair in Rats Fed a
Ration Deficient in Lysine

As early as 1914, Osborne and Mendel
demonstrated the essential nature of ly-
sine for the growth of rats that were fed
a diet containing zein as the sole source
of protein. The rats were maintained at
an almost constant body weight for 182
days, and they also showed no growth of
hair (). This result has been confirmed
further by the studies of Rose (2) in
which purified rations with mixtures of
amino acids to simulate the composition
of protein were supplied to rats. Smuts
et al. (3) have also verified that lysine
deficiency inhibits the body as well as
the hair growth, but found no difference
in the cystine content of the hair of nor-
mal and lysine-deficient rats.

In turkey poults, a deficiency of lysine
has been shown to cause depigmentation
of feathers (4); this implies an interfer-
ence in the synthesis of melanin. It is of
interest to find whether lysine deficiency
has any effect on the graying of hair in
a mammal such as the rat.

In the earlier studies, albino rats were

Fig. 1. Rats fed lysine-deficient and sup-
plemented diets. Note the lighter coat
color of the deficient rat on the right.
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used for determining lysine requirements
and any graying tendencies would have
been very difficult to notice. For this
reason, black rats of the Long-Evans
strain which are maintained in the ani-
mal husbandry department at the Uni-
versity of California, Davis, were used.

Five black male rats, weaned at about
21 days of age (not necessarily litter
mates) were divided into two groups,
A and B of 3 and 2 animals, respectively,
and were maintained on a gluten-basal
diet for a period of 25 days. Each 100
g of this ration contained the following
components: glucose, 62.6 g; gluten
(81 percent protein), 25.0 g; soybean
oil, 5.0 g; HMV salt mix, 4.0 g; vita-
min mix (Vohra and Kratzer, 5), 2.0 g;
choline chloride (25 percent), 0.8 g; pL-
tryptophan, 0.12 g; pr-methionine, 0.1
g; dry vitamin A (10,000 units/g), 0.1
g; dry vitamin D, (1,500 units/g), 0.1
g; dry vitamin E (44 units/g), 0.1 g;
biotin, 0.02 mg; and vitamin B,,, 0.001
mg. The rats were weighed two times a
week and were found to gain an average
of 0.8 percent of their body weight per
day. After 25 days, the control group A
was fed a sesame-basal diet (Vohra and
Kratzer, 5) which was slightly deficient
in lysine and which has caused a depig-
mentation in turkey poult feathers.
Group B was given the sesame-basal diet
supplemented with 1.1 percent pr-lysine,
which has proved to be adequate in pre-
venting . the depigmentation of poult
feathers. Again, the feed and water were
supplied ad libitum. A portion of the
back of each rat was shaved to facilitate
noting the change in color of the grow-
ing hair.

The sesame-basal diet produced
growth of 3.5 percent daily gain, which
was much more rapid than that pro-
duced by the gluten-basal ration, al-
though it was not optimal. The addition
of 1.1 percent of pr-lysine improved the
growth of the rats to 4.1 percent daily
gain.

The most noticeable difference in the
two groups was in the color and texture
of the hair coats (Fig. 1). The coats of
the lysine-deficient rats were very much
lighter in color and finer in texture than
the dark black and coarse hair coats of
the lysine-supplemented rats. This ex-

periment has been repeated three times,
and lysine deficiency has caused a gray-
ing of the hair each time.

From these experiments it may be con-
cluded that lysine plays some role in the
synthesis of melanin in the hair of rats
as well as in the feathers of turkey poults.

PranN VoHRA
F. H. KraTzer
Department of Poultry Husbandry,
University of California, Davis
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Spontaneous Rewarming of the
Hypothermic Curarized Dog

That striated muscle plays a leading
role in the regulation of body tempera-
ture is a widely accepted concept. It is
not certain, however, that this is the only
source of heat production which is ac-
tively regulated in the process of main-
taining normal body temperatures or
whether there are other heat-producing
mechanisms that are subject to thermo-
static control.

Many years ago it was postulated that
either shivering or chemical regulation
or both were involved in maintaining
normal temperature levels in a cold en-
vironment (I). The term chemical regu-
lation was never made clear but was in-
tended to represent a rise in metabolism
due neither to muscular activity nor to
increased muscular tension (2). Chemi-
cal agents or calorigenic hormones or
both were considered possibly respon-
sible. The findings of increased oxygen
consumption and succinoxidase activity
in liver tissue after chronic exposure of
rats to cold have been presented as a
direct demonstration of increased me-
tabolism of visceral tissue. The mecha-
nisms of these increases were not made
clear (3).

DuBois (4) believed it quite possible
that imperceptible tensing of muscles

.could account for all so-called “chemi-

cal regulation”; Burton and Bronk (5)
and Sellers et al. (6) demonstrated that
there was increased muscular tension and
electric activity with resultant increased
oxygen consumpion before shivering be-
came overt. Following acute exposure to
cold of dogs anesthetized with thiopen-
tone, Ross and Werner (7) believed that
they observed an initial spontaneous re-
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Table 1. Rates of cooling and rewarming, rectal temperatures, and oxygen consumption of
curarized dogs cooled in an ice and water bath. Averages are given below the short rules.

O: con-
Temp. O: con- sumption R O: con-
when Rate Lowest sumption  at at sumption
D.oi Control . 0 oved of temp. at lowest °fTe ai30°C
weklg t teomp. from cooling recorded control temp. warming. g ¢
(ke) G path  (°C/min) (°C)  temp. %of ©230°C control
(°Q) (cc/min) control (*C/hr) (%)
(%)

20.2 36.7 29.0 0.32
18.2 36.0 29.0 0.25
18.0 33.3 28.3 0.24
14.8 36.7 28.7 0.36
15.8 34.5 29.2 0.32
15.3 36.6 29.1 0.32
14.8 35.3 29.2 0.21
14.6 36.4 28.6 0.41
16.0 36.0 28.9 0.22

164 357 289  0.29

26.0 160 31 0.69 47
23.7 120 21 0.63 50

25.1 110 35 0.31 68
25.7 132 39 0.86 44
26.0 92 52 0.31 63

26.6 140 29 0.57 50
24.3 110 27 0.50 36
24.5 85 53 0.76 71
25.1 120 32 0.36 42

25.2 119 35

0.55 592

Table 2. Average values of mean arterial blood pressure and heart rate of nine curarized

hypothermic dogs.

Out of Lowest
Before After Before bath temp. o
Ttem curare curare cold (28.9°C (25.2°C 30°C
av.) av.)
Mean BP, mm-Hg 137 54 129 116 108 125
HR, beats/min 148 110 138 87 67 99

warming before shivering occurred or ar-
tificial rewarming was initiated.

The experiments reported here (8)
show that body temperature may be re-
stored to or toward normal following
acute exposure to cold without increased
striated muscle activity, and they sup-
port the hypothesis that heat-producing
mechanisms other than muscular activity
exist which regulate body temperature.

In order to insure complete inactivity
of striated muscle, all animals in our ex-
perimental series were heavily curarized
to the point of complete respiratory ar-
rest and were maintained at this level
throughout the experiments. The experi-
mental procedure was as follows. Short-
lasting anesthesia was obtained initially
by giving 35 mg /kg of sodium pentothal
intravenously. The trachea and appro-
priate blood vessels were cannulated, and
the threshold stimulus of a motor nerve
was determined. Ten LD of d-tubo-
curarine chloride (2 mg/kg) (9) was
then administered intravenously, and ar-
tificial respiration was instituted at once;
this was followed by 1.8 LD of d-tubo-
curarine every hour until the dog was
sacrificed. At various intervals curariza-
tion was verified by demonstrating the
inability of the stimulated motor nerve to
cause muscular contraction.

Since blood pressure falls following
curarization (I10), time was allowed (ap-
proximately 1 hour) for the blood pres-
sure to rise to normal before the dog was
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cooled. Each dog was placed in an ice and
water bath (0°C) up to the neck and
maintained there until the rectal tem-
perature reached approximately 29°C,
at which time the dog was removed,
dried, and wrapped loosely in a woolen
blanket to minimize heat loss. Animals
were observed until the rectal tempera-
ture had rewarmed to 30°C or above;
all experiments were conducted in a tem-
perature-controlled room at 24°C.
Artificial respiration was given by
means of a positive-negative phase pres-
sure pump, because use of the negative
phase has been shown to minimize the

depression of blood pressure suffered by:

artificially respired animals in states of
mild circulatory embarrassment (I1).
All animals were hyperventilated to re-
duce the tendency toward cardiac irregu-
larity observed in hypothermic animals
(12).

Table 1 summarizes data obtained
from nine hypothermic curarized dogs.
All dogs experienced a drop in rectal
temperature of about 4°C after removal
from the bath before spontaneous re-
warming began. This drop in tempera-
ture occurred over a period of approxi-
mately 55 minutes. Before sacrifice, one
dog rewarmed to 35.5°C, one dog to
34°C, five dogs to 31° to 32°C, and two
dogs to 30°C. The rate of rewarming,
however, was calculated for the time span
between the point of lowest temperature
and 30°C.

Table 2 shows that blood pressure was
well maintained in all experiments. Car-
diac irregularity in the form of a 2 to 1
block was observed as a transient phe-
nomenon at the lowest temperatures in
two experiments.

The data presented in this series dem-
onstrate spontaneous rewarming with
neither anesthetic depression nor in-
creased muscle activity superimposed.
To the best of our knowledge, this type
of rewarming has not been previously re-
ported in the literature. Since barbiturate
anesthesia is well known to cause marked
depression, it may be that the use of bar-
biturates has prevented others from ob-
serving the type of rewarming described
here. We postulate that a thermogenic
mechanism exists which is not operative
when an animal is depressed.

Although Davis and Mayer (13) pre-
sent evidence that in the rat there is a
fraction of thermogenesis not due to re-
flex striated muscle contraction, it should
be pointed out that the rats in their series
were only partially curarized, whereas
the dogs reported on here were com-
pletely curarized.

The increased metabolism of visceral
tissue measured by You and Sellers (3)
in cold-acclimatized rats might also
occur in hypothermic animals to raise
the body temperature. It is further pos-
sible that a factor produced in muscle
may stimulate liver metabolism during
hypothermia, as it does during normo-
thermia (I4). It seems unlikely that the
rewarming process we describe can be
attributed to the continuing release of
epinephrine, since the period during
which rewarming takes place is pro-
longed (about 9 hours from the lowest
temperature to 30°C) (15).

A. YvoNNE WERNER¥
Donarp Dawsont
EstaHER HARDENBERGH
Circulatory Studies Branch, Physiology
Division, Naval Medical Research
Institute, National Naval Medical
Center, Bethesda, Maryland
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Contamination of Human
Cell Cultures by
Pleuropneumonialike Organisms

In the course of a study to determine
the effect of pleuropneumonialike or-
ganisms of human and animal origin on
various types of cell cultures available in
the laboratories of the department of
microbiology, School of Hygiene and
Public Health, Johns Hopkins Univer-
sity, a human strain of pleuropneumonia-
like organisms was inoculated into tubes
of HeLa cells. After 48 hours of incuba-
tion the fluid medium was removed from
the inoculated and the uniroculated con-
trol HeLa cell cultures, and 0.1 ml of
each was planted onto plates of pan-
creatic digest agar, using the method
previously described for cultivation of
pleuropneumonialike  organisms (I).
Growth of typical colonies of pleuro-
pneumonialike organisms was noted on
all plates, including the plates inoculated
with the fluid from the control HeLa cell
culture. This finding was checked and
found to be reproducible.

Careful analysis of the experimental
design has since shown that the isolated
strain of pleuropneumonialike organisms
could not have been introduced at the
time at which the experiments were car-
ried out. Following this observation, two

. e %}}
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2

Fig. 1. Photomicrograph of colonies of
pleuropneumonialike organisms from hu-
man conjunctival cell culture. (X 75)
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other sublines of HeLa cell cultures
maintained in the same laboratory by
other workers, as well as a subline of
conjunctival cells maintained in this lab-
oratory, and a culture of HeLa cells
recently purchased from a commercial
laboratory were examined. The results
are summarized in Table 1. It was esti-
mated that there were 1000 to 5000
pleuropneumonialike organisms per mil-
liliter of culture fluid in the positive
HeLa cell cultures and 3000 to 10,000
organisms per milliliter in the human
conjunctival cell culture (Fig. 1). The
organisms from both sources grew well
in subculture in liquid as well as on solid
media. Growth in liquid media produced
no turbidity.

It appears that sometime between
October 1955 and April 1956 the main
sublines of cell cultures became con-
taminated with pleuropneumonialike or-
ganisms, probably through some com-
mon constituent of culture media. It is
of interest that for some time within
this period, focal necrotic areas and con-
siderable granulation of cells were fre-
quently manifest.

Contamination of a tissue culture with
an unknown agent later identified as
pleuropneumonialike organisms has been
encountered previously by other work-
ers (2). Pleuropneumonialike organisms
may easily escape detection or recogni-
tion unless they are specifically looked
for. Their colonies are microscopic. In
liquid media many strains, particularly
those of human origin, produce either
no turbidity or turbidity which is so slight
that it is not readily apparent to the naked
eye. They are filtrable microorganisms
(3) and, therefore, are not removed by
most routine filtration procedures used in
the preparation of tissue-culture media.
They survive freezing. Penicillin in con-
centrations customarily added to tissue-
culture media has no effect on them.
The effect of streptomycin of similar
levels is variable, depending on the sen-
sitivity of individual strains. The ma-
jority of strains of pleuropneumonialike
organisms isolated from various sources
are sensitive to antibiotics of the tetra-
cycline series (I). The strains isolated
from the HeLa cell cultures and from
the subline of conjunctival cells were
found to be sensitive to 4 mg oxytetra-
cycline per milliliter and 256 ug strepto-
mycin per milliliter.

Information regarding metabolic ac-
tivities and nutritional requirements
of members of the pleuropneumonia
group is still incomplete (4). Recently
a few data have become available re-
garding the effect of these organisms on
living tissues. Potential cell parasitism
and cell damage are suggested by the
demonstration of intracytoplasmic inclu-
sions due to pleuropneumonialike or-
ganisms (5) and by the abnormal ap-

Table 1. Data on cell cultures examined
for presence of pleuropneumonialike or-
ganisms (6).

Growth
of
pleuro-
pneu- .
Cell monia- Source Mainte-
culture like nance
or-
gan-
isms
HeLa 1 + JH* Routinet by A
HeLa 2 + JH* Routine by B
HeLa 3 + JH* Routine by C
HeLa 4 0 JH* Frozen Oc-
tober 1955
Hela 5 0 CL  Obtained
May 1956
Conjunctival + JH Routine}

* Strain originally obtained from CL (Commercial
Laboratory) in summer of 1955, maintained at the
department of microbiology, School of Hygiene and
Public Health, Johns Hopkins University.

4 HeLa cells: 40-percent human serum, 60-percent
Hank’s saline, penicillin 100 units/ml, streptomy-
cin 100 pg/ml.

} Conjunctival cells: 10-percent human serum, 90-
percent Eagle’s medium, penicillin 100 units/ml,
streptomycin 100 pg/ml.

pearance of the HeLa cell cultures ex-
amined by us. The undetected presence
of pleuropneumonialike organisms may,
therefore, invalidate or confuse observa-
tions made on presumably uncontami-
nated cultures.

The findings presented here indi-
cate that tissue cultures or the compo-
nents of tissue-culture media may be
contaminated with pleuropneumonialike
organisms and that this contamination
is not readily apparent. Routine or at
least frequent checks of the cultures and
media for these organisms should be con-
sidered. In addition, the incorporation of
a suitable level of one of the antibiotics
of the tetracycline series may aid in the
prevention of contamination by pleuro-
pneumonialike organisms,

LucitiLe B. RoBINsoN
Rute H. WICHELHAUSEN
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School of Hygiene and Public Health,
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Baltimore, Maryland

References and Notes

L. B. Robi , R. H. Wichelh , T. McP.

Brown, J. Lab. Clin. Med. 39, 290 (1952).

T. McP. Brown and J. C. Nunemaker, personal

communication.

P. P. Laidlaw and W. J. Elford, Proc. Roy.

Soc. London B120, 292 (1936).

Zinsser’s Textbook of Bacteriology (Appleton-

Century-Crofts, ed. 10, New York, 1952), p.

622; D. G. Edward, J. Gen. Microbiol. 4, 311

(1950); P. F. Smith, J. Bacteriol. 70, 552

(1955).

5. L. Hayflick ¢t al., Bacteriological Proceedings
(1956), p. 83; M. C. Shepard, ibid. (1956),

p. 83,

—

EE

1147



