
Graying of Hair in Rats Fed a 
Ration Deficient in 1,ysine 

As early as 1914, Osborne and hfendel 
demonstrated the essential nature of ly- 
~ i n efor the gmwth of rats that were fed 
a diet containing rein 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 ( I) . This result has hcen corifirrncd 
further by the rtudies of Rose (2) in 
which purified rations with mixtures of 
amino acids to simulate the com~osition 
of protein were supplied to rats. Smuts 
~t al. (3) have also verified that lysine 
deficiency inhibit9 the body as \veil ar 
the hair growth, but found no difference 
in the cystine content of the hair of nor- 
mal and lyrine-deficirnt rat?. 

In  turkey poults, a deficiency of lysine 
has been shown to cause dcpigtnrntation 
of feathcrs ( 4 ) ; t h i ~inlplics an intrrfer- 
ence in the synthesis of melanin. I t  is of 
interest to find ~ h e t h e r  lysine deficiency 
has any effect on the grayinq of hair in 
a mammal such as the rat. 

In the earlicr studies, albino rats were 

Fig. 1. Rats fed Iysine-deficient and sup- 
plemented diets. Note the lighter coat 
color of thc deficient rat on the right. 
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used for detcrniininq lysine reqnirrrnents 
and any graying tendencies w,ould have 
been very difficult to notice. For this 
reason, black rats of the Long-Evans 
strain which re maintained in the ani- 
mal husbandry department at the Ur~i- 
versity of California, Davis, were used. 

Five black male rats, weaned at about 
21 days of agc (not necessarily litter 
mates) were dividcd into two groups, 
A and 13 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 pcrcent protein), 25.0 g; soybean 
oil, 5.0 g; HhfV salt mix, 4.0 g; vita-
min mix (Vohra and Kratzer, 5), 2.0 g; 
rholine chloridc (25 percent 1,  0.8 g; Dr -
tryptophan, 0.12 g; DL-methionine, 0.1 
g; dry vitamin A (10,000 units/g), 0.1 
g; dry vitamin D, j1,500 units/q), 0.1 
g; dry vitatnin F: (44 units/g), 0.1 g; 
biotin, 0.02 mg; and vitan~in B,,, 9.001 
~ n g .  The rats were weighed two ti~ncs a 
week and were found to gain an average 
of 0.8 percent of their body weiqht per 
day. After 25 days, the control p u p  tZ 
w,u fed a yesame-basal diet (Vohra and 
Kratzer, 5) which was slightly deficirnt 
In Iysirlr and which has caused a depig- 
tnrntation in titrhey poult feathers. 
Group 8 was given the sesame-basal diet 
supplemented with 1.1 percent or.-lysrne, 
~ h i c hhas proved to be adequate in pre- 
venting the depiqmentation of potlit 
feathers. .Again, the feed and water were 
supplied ad libitum. '1 portion of the 
back of each rat was stlaved to facilitatv 
notin? tht- change in color of the gtow- 
inq hair. 

The  sesame-basal diet produced 
growth of 3.5 percent dally gkn, which 
tva.; much n ~ o r c  rapid than that pro-
duced by the gluten-basal ration, al-
rhough tt was 1101 optirri?l. The  addition 
of 1.1 pcrcent of DL-lysine improved the 
growth of the rats to 4.1 percent daily 
gain. 

'T'he most notici~nble difference in the 
tw1o groups was in the color and texture 
of the hair coats (Fig. 1 ) .  Thc coats of 
the ly\irle-d~ficient rats were very much 
l i ~ h t e r  in color and Irncr in texture than 
the dark black and coarse hair coats of 
the ly~mr-suppleniented rats. I'his ex-

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

From these experiments it may be con- 
cluded that lysinc plays some role in the 
synthesis of melanin in the hair of rats 
as hell as in the feathers of turkey poults. 
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Spontaneous Rewarming of the 
Hypothermic Curarized Dog 

That striated muscle p l ~ y s  a leading 
role in the rt.gul,ition of body tetnpera- 
ture is a widely accepted conccpt. It is 
not certain, I~owever, that this is the only 
source of heat production which is ac- 
iivelv regulated in the p~ocess of main- 
taining r~orrnal body tcmpcratures or 
whether there are other heat-producing 
rncchanisrns that are ~ u b j e r t  to thenno- 
static control. 

hfany years ago it was postulated that 
either shivering or chemical regulation 
or both were involved in maintaining 
normal temperature levrls in a cold en- 
vironment ( I  ) .  The term chr?nic.nl r e p -
lation was ne\er madc clear hut \\*as in- 
tended to represent 3 rtrc in mcrabol~\n~ 
due neither to muscular activity nor to 
il~creaseci muscular teniion ( 2j . Cherni-
caI aeents or calorigenic horn~ones01 

both were considered pohslblv reipon- 
~ible. The findings of in( rraased owygcn 
consumption and succinowidasc 'tctivity 
in liver tissue after chrori~c exposure of 
rats to cold have brrn prescritcd ~ 3 \  .I 

direc t dernonqtration o f  mt reasrd mi. 
tabolism of visceral tissue. Ttrr metha- 
xiisms of thew incrcabes were nor made 
clear ( 3 ) .  

DuBois ( $ )  belicvtd i t  qu~t rpoq~:t)le 
that iruperceptible tcnrinq of niu.;~lt~s 
could account for all so-cnllcd "( hcmi-
t a1 regulation"; Bin ton and I i~onk ( 3 )  
and Sellers ef al. (6)  demonstrated that 
there \\as ~ncreaied uruscular rensiori and 
clecrric a~t ivi tv  with resultant intrea.icci 
oxygen ton~tln~pion bt'fore \hivc~inq be- 
came overt. Following acute exposure to 
cold of dogs anesthetized with thiopen- 
tone, R o s ~  and Werner ( 7  'I br l ic~ed  that 
thev observed an initial spc7ntaneous re- 



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. 

Oe con- 
Temp. O2con- sumption Oe con- 

Dog
weight 

(kg) 

Control 
temp. 
( " C )  

when Rate Lowest sumption 
removed of temp. at 

from cooling recorded control 
bath ("C/min) ( " C )  temp. 
( " C )  (cc/min) 

at 
lowest 
temp. 
% of 

control 

Rate sumption 
at 30°C 

warm'ng % of 
30"C control 

( oC/hr) ( % )  
( % )  

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

Before After
Item curare curare 

Mean BP, mm-Hg 137 54 
HR, beats/min 148 110 

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 folloiving 
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- 
lastiny anesthesia was obtained initially 
by giving 35 mg/kg of sodium pentothal 
intravenously. The trachea and appro-
priate blood vessels were cannulated, and 
the th~eshold stin~ulus of a motor nerve 
was determincd. 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 folloved by 1.8 LD of d-tubo- 
curarine everv hour until the dog. hias " 
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 ( l o ) ,  time was allowed (ap- 
proximately 1 hour) for the blood pres- 
sure to rise to normal before the dog was 

Out of Lowest 
Before bath temp. 

cold (28.g°C (25.2"C 300C 
av. ) av. ) 

129 116 108 125 
138 87 67 99 

cooled. Each dog was placed in an ice and 
water bath (O°C) up to the neck and 
maintained there until the rectal tem-
perature reached approximately 2g°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  24OC. 

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 ( I 1) . 
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 
34OC, five dogs to 31' to 3Z°C, and two 
dogs to 3O0C. 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 rewarmirig wit11 
neither anesthetic de~ression 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 curarizcd, 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 ~roduced  in nluscle 
may stimulate liver metabolism during 
hypothermia, as it does during normo-
thermia (14).  I t  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) .  
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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 uninoculated 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 (1). 
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 

Fig. 1. Photomicrograph of colonies of 
pleuropneumonialike organisms from hu
man conjunctival cell culture, (x 75) 

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 (1). The strains isolated 
from the HeLa cell cultures and from 
the subline of conjunctival cells were 
found to be sensitive to 4 [ig oxytetra-
cycline per milliliter and 256 [ig 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-

culture 

HeLal 
HeLa 2 
HeLa 3 
HeLa 4 

HeLa 5 

Conjunctival 

like 
or

gan
isms 

+ 
+ 
+ 
0 

0 

+ 

oouru 

JH* 
JH* 
JH* 
JH* 

CL 

JH 

nance 

Routinef by A 
Routine by B 
Routine by C 
Frozen Oc

tober 1955 
Obtained 

May 1956 
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. 
f HeLa cells: 40-percent human serum, 60-percent 
Hank's saline, penicillin 100 units/ml, streptomy
cin 100 M-g/ml. 
% Conjunctival cells: 10-percent human serum, 90-
percent Eagle's medium, penicillin 100 units/ml, 
streptomycin 100 jig/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. 
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