
been purified approximately 300 fold 

by absorption and elution from diethyl- 
aminoethyl (DEAE) cellulose (12) 
followed by precipitation with 55-per- 
cent saturation of ammonium sulfate 
at 0?C. Moreover, when DEAE cel? 
lulose is developed with a linear NaCl 

gradient, the corresponding variant and 
normal LDH isozymes are eluted at 
similar points. The mobility of normal 
and variant LDH isozymes from crude 

hemolyzates is identical in the sys? 
tem (75) of varying starch-gel poros- 
ity. Such behavior suggests that the 
molecular weight of normal and variant 

isozymes is grossly similar (14). The 

enzymic activity of variant LDH from 
crude hemolyzate approximates that ob? 
served in normal American and Ni- 

gerian Negroes. 
The only blood relative available for 

testing, a paternal uncle, has a normal 
LDH pattern. Whatever the origin of 
the observed LDH variation, it is un- 
common (75) since no variant LDH 

patterns were observed among hemo? 

lyzates obtained from approximately 50 
white subjects, 300 American Negroes, 
100 Papuans (16), and 200 Nigerians. 

Fritz and Jacobson (17) examined 
mouse tissue extracts and observed five 
LDH-5 components, four LDH-4 com? 

ponents, three LDH-3 components, two 
LDH-2 components, and one LDH-1 

component in gels prepared with 
0.005M /?-mercaptoethanol. These au? 
thors suggest that this concentration 
of /?-mercaptoethanol removes bound 
NAD from a portion of A subunits 
but not from B subunits. These ob? 
servations provide a pattern exactly 
opposite to that in the Nigerian LDH 
variant. Moreover, the human variant 
LDH pattern is unaltered in gels con? 

taining /3-mercaptoethanol in amounts 

ranging from 0.005 to 0.1M. The vari? 
ant LDH pattern is also unaltered by 
electrophoresis under conditions where 
the gel and cathodic chamber contain 
10~3M NAD. Accordingly, we do not 
believe that the variant pattern is pro? 
duced by the mechanism of differential 

binding of NAD. 
The variant electrophoretic pattern 

can be most easily interpreted as reflect? 

ing a mutant allele at the genetic locus 

producing the LDH B subunit. The 
observed physical and enzymatic simi- 
larities between normal and variant 

LDH-1, that is, B subunit tetramers, 
support this interpretation. If the mu? 
tant product is designated /?, and the 
normal product B, then a heterozygote 
at this locus should exhibit the combi? 
nations shown in the third column of 
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Table 1. Such combinations will pro? 
duce the pattern observed in Fig. 1 

provided it is assumed that fi is more 

electro-positive than B. Furthermore, 
if the mutant fi and the normal B gene 
products are produced in equal quan- 
tity and thereafter randomly associate 
as tetramers, then LDH-1 of the hetero- 

zygote should contain B4, B3fii, B2/?2, 
Bi/?3, and fi* in the binomial proportions 
1:4:6:4:1. The proportions observed 

during enzyme development on starch 

gels roughly fit this ratio. Unfortunately 
diffusion of the localizing formazan dye 
prohibits satisfactory illustration. Such 

diffusion, close proximity of compo- 
nents, and the nonlinear relationship 
between dye intensity and enzyme con? 
centration prevent exact spectrophoto- 
metric analysis. The expected fit is 
more evident among the other variant 

isozymes. By inspection, variant LDH- 
2 contains proportions which agree with 
a predicted 1:3:3:1. The components 
of variant LDH-3 and LDH-4 approxi- 
mate the predicted ratios 1:2:1 and 1:1 

respectively. LDH-5, if it were detect? 

able, would be expected to be single 
and indistinguishable from the normal. 

The variant LDH electrophoretic 
pattern is therefore consistent with the 

hypothesis that individual LDH iso? 

zymes are tetramers of two different 
subunits. The lack of demonstrable in- 
heritance of the variant LDH neces- 

sarily limits this interpretation. A re? 
cent parallel to our observations is 
Markert's demonstration (18) that 

LDH-2, LDH-3, and LDH-4 can be 

generated in vitro by dissociation and 

subsequent reassociation of a mixture 

containing equal amounts of LDH-1 
and LDH-5. In the reassociated mix? 
ture LDH-1, -2, -3, -4, and -5 occur in 

proportions 1:4:6:4:1. This is the 
same type of event which we believe 
has naturally occurred in vivo and pro? 
duced five LDH-1 components from a 
mixture of mutant and normal B sub? 
units (19). 

Note added in proof: C. R. Shaw 
and E. Barto have described (20) in- 
herited variation of LDH in Peromy- 
scus which closely parallels the variant 
described here. Our interpretations are 

thereby corroborated. 
Samuel H. Boyer 

David C. Fainer 

Department of Medicine, 
Johns Hopkins Hospital and 

University School of Medicine, 
Baltimore 5, Maryland 

E. J. Watson-Williams* 

University College Hospital, 
Ibadan, Nigeria 
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Sweating: Its Rapid Response 

to Muscular Work 

Abstract. Marked increases in sweat? 
ing rate occurred whhin 1.5 seconds 
after the initiation of muscular activity 
in a warm room. This increase did not 
seem dependent upon thermal stimuli, 
but was related to the work rate, and 
the ambient temperature, or the sweat? 
ing rate during the pre-exercise petiod. 

Although many studies have been 
devoted to the regulation of sweat pro? 
duction in the working human, no 

completely satisfactory explanation has 
evolved. Part of the reason for this 

may be that little attention has been 
given to reflex mechanisms which 
could be involved, especially in the 
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initial activation of the sweat secretory 
meehanism. Nielsen (1) has reported 
that men working in a cool environ? 
ment began sweating, as indicated by 
weight loss, prior to any detectable 

changes in skin and rectal temperatures. 
Robinson (2) found a fair correlation 
of sweating rate with skin temperature, 
but this correlation was altered by a 

change in work rate. In contrast, the 

independence of the sweating rate and 
skin temperature has been emphasized 
by Benzinger (3). It is his conclusion 
that sweat secretion, in general, is gov- 
erned almost entirely by the thermal 
state of the hypothalamus, which is 

accurately reflected by the measurable 
"intracranial" or tympanic membrane 

temperature. However, others have not 
seen this precise relationship in condi? 
tions of both work and rest (4). 

Some of the above studies (3) have 
been done under steady-state condi? 
tions. This is an unsatisfactory ap? 
proach, as marked changes in sweating 
in the working man occur prior to the 
attainment of such a state. In other 
studies (1, 2) the sweating rate has 
been measured by loss of body weight, 

a method which is too slow and not 
sensitive enough to determine small and 

rapid changes of sweat production. The 

development of a satisfactory method 
for recording continuously the rapid 
changes in sweating rate has opened 
the way to study the nature of sweat? 

ing under non-steady-state conditions. 
In this report we show that, under 

appropriate conditions, increases in the 

sweating rate of a working man may 
be due to a nervous mechanism, reflex 
or otherwise, not necessarily initiated 

by changes in skin or hypothalamic 
temperatures. 

The sweating rate was continuously 
recorded by the method of resistance 

hygrometry (5). Air of preset absolute 

humidity was passed over two areas 
in enclosed cups covering 7 cm2 of 
skin. Effluent air was led past sensitive 
elements that decrease resistance with 
an increase in relative humidity. These 
resistance changes were continuously 
recorded on a 1120 visicorder (Hon? 
eywell). The instrument was calibrated 

by comparing the recorded deflection 
with the weight loss of small, water- 
filled capsules in conditions very sim- 

ilar to those of the experiment. The 
time lag required for an increase in 

humidity in the skin cup to be sensed 
at the remote elements was 2.0 sec? 
onds. 

Figure 1 is a tracing of a record, 
which reads from right to left, from an 

experiment performed at an ambient 

temperature of 37.5?C. The control 

periods, consisting of 1 hour of rest, 
were characterized by cyclic sweating 
activity at the rate of 8 to 10 per 
minute, which is in close agreement 
with the observations of others (6). 
The coincidence of the cycles in the 
two different regions is indicative of 
central nervous system mediation. 

In Fig. 1 it may be noted that within 
5 seconds after the start of exercise 
a definite increase in rate of sweating 
occurred. After correction for the 2- 
second time lag of the recording sys? 
tem, the actual delay for the increase 
in the sweating rate was approximately 
3 seconds. Upon the initiation of very 
heavy muscular work, consisting of ped- 
aling a bicycle ergometer at a maximal 

rate, the sweat production increased 
after a 3.5-second delay, as shown in 

50 40 30 
TIME SECONDS 

Fig. 1. Continuous recording of sweat production and rectal, tympanic, and skin temperatures, during rest and three different loads 
of physical work in a warm environment (37.5?C). The graph reads from right to left; zero time indicates the start of the work. 
One-mintue records of the control periods obtained at a slower recording speed are shown on the right-hand side of the graph. 
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Fig. 2. Correcting for the instrument 

time lag gives an actual delay of only 
1.5 seconds required for augmentation 
of sweat production. In all eight ex? 

periments performed on four subects, 
a definite increase was found between 
1 and 2 seconds after the start of ex- 
ercise at this rate and under these 
thermal conditions. The simultaneous 
increase in sweat production in both 
the resting forearm and working leg 
suggests that the response is mediated 

through the central nervous system. 
Skin temperatures were recorded 

from 11 points with rapid responding, 
uncovered, 27-gauge copper-constantan 
thermocouples. The sweating augmen? 
tation occurred before a detectable in? 

crease in the calculated mean weighted 
skin temperature and before any in? 
crease in skin temperatures at single 
points. In many experiments skin tem? 

peratures actually decreased early in 

exercise, probably from shifts of blood 
flow and evaporate cooling. As Figs. 
1 and 2 show, the response also pre- 
ceded any detectable changes in tym- 
panic membrane and rectal tempera? 
ture. These were consistent findings in 
all experiments. 

The change in delay time, as shown 
in Fig. 3, gives an indication of one 
condition necessary for the response. 
At 30?C the subject was not sweating 
in the pre-exercise period and a greater 
delay for the increase of sweat produc? 
tion was seen at the onset of a work 
rate of 1000 kg meters per minute. In 
six experiments at 30?C the time lag 
ranged between 30 and 80 seconds. 

Again, sweating occurred prior to de? 
tectable increases in body temperature. 

The sweating increase early in work 

appeared to be related to the work rate 
and the ambient temperature, or, more 

importantly, the pre-exercise sweating 
rate. The experiments indicate that the 

response cannot be caused by a tem? 

perature increase at the hypothalamus. 
The fact that the "intracranial" tem? 

perature remained constant is not, in 
itself, conclusive, as hypothalamic tem? 

perature could have increased inde- 

pendently. However, the 1- to 2-sec- 
ond time delay is not long enough, in 
view of measured circulation times, for 
the warmed blood of the active areas 
to reach the brain. Similar reasoning 
can also preclude any contribution by 
blood-borne substances. 

There is a possibility that heat pro? 
duced in exercise could activate thermal 
detectors either in the working muscles 
or in contact with the venous drainage 
from these muscles. Robinson and his 

16 AUGUST 1963 

Fig. 2. Increase of sweating with the initiation of extremely hard muscular work at 
37.5?C. 

co-workers (7, 8) have presented strong 
evidence for this mechanism. The tem? 

perature of active muscles increased as 
much as 1.5?C within one minute after 
the start of work. The venous drain? 

age from active muscles showed transi? 
ent temperature decreases with the 
initiation of work in cooler ambient 
conditions. The venous drainage tem? 

perature increased in the first minute 
in warmer ambient temperatures and 
the sweating rate appeared correlated 
to the temperature of the venous blood. 
Actual existence of venous or muscle 
detectors, and whether or not they are 
sensitive enough to respond to the heat 

produced in less than two cycles of the 

ergometer, remain to be tested. 
Reflexes originating from mechano- 

receptors in muscles and joints could 

conceivably participate in the sweating 
increase as well as in respiratory stimu? 
lation. Robinson (7), however, has 
shown that vigorous passive exercise 
of a man's arms and legs does not 

stimulate sweating out of proportion to 
the metabolic changes occurring with 
the passive exercise. 

Another mechanism must be con? 
sidered in view of the rather short 

response time. The possibility exists that 
an irradiation of descending motor im- 

pulses to centers involved in sweating 
could produce the activation. Torreli 
and Brandi (9) have recently reviewed 
the older evidence and have presented 
a strong case for the participation of 
such a mechanism in the initial res- 

piratory responses in exercise. Rushmer 
et al. (10) have emphasized the role of 
the central nervous and autonomic sys? 
tems in cardiovascular control in ex? 

ercise, although little is known about 
the afferent limb of the response sys? 
tem. While such a mechanism has not 
been described for sweating responses, 
it would be consistent with our data. 
The evidence suggests that such a 
mechanism may play an important part 
in the augmentation of sweating early 

Fig. 3. Sweat production during work in a cool environment. Note fhe delayed onset 
of sweating. MWST represents the mean weighted skin temperature calculated from 
11 points. 
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in exercise. As work continues the 

sweating rate may then be controlled 

by thermal factors, such as increased 
core or hypothalamic temperatures. In 
cooler environments the same nervous 
stimuli may be present, but inefTective 
because of inhibition by the cooler 

temperature (77). 
W. van Beaumont 

Robert W. Bullard 

Department of Anatomy 
and Physiology, Indiana 

University, Bloomington 
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Cerebrally Active Small Moiety 

from "Taraxein-like" Blood Fractions 

Abstract. A charged, amphoteric, 
small moiety has been separated from 
a "taraxein-like" blood fraction by elec? 

trodialysis through ion exchange mem- 
branes. Cerebral bioassay shows that 
the activity of the blood extract is con- 
tained in the charged small moiety so 

that, as the activity in the charged com? 

partment rises during electrodialysis, 
the activity in the feeding (extract) 
compartment falls. 

In a test of the properties of taraxein 

(7, 2), the serum fraction reported to 
be capable of disturbing mental func? 

tion, we thought it particularly appro? 
priate and relevant to employ a cere? 
bral bioassay. Therefore, we made use 
of the cerebral effect which we Had 
found in inhibiting cerebral synaptic 
transmission in the cat brain under light 
pentobarbital anesthesia (3). We mea? 
sured this action and found it to be 

qualitatively indentical to the action of 
serotonin (Fig. 1) and to the action of 
the exogenous psychotogen LSD-25 
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and, like these, its action could be 
attenuated or prevented by a tranquil- 
lizer, such as chlorpromazine. 

We had, therefore, developed a bio- 

assay system which (i) is specific for 
the kind of cerebral action we believe 
to be of prime importance in mental 
disturbance (4), and (ii) is sufficiently 
sensitive so that a blood sample of 
30 ml suffices and there is no need 
to pool the blood from different sub? 

jects. We have obtained similar results 
with the Heath and Leach (I, 5) ex- 
traction (ionic adjustment or salting 
out) procedures, both long and short, 
and with the curtain electrophoresis 
separation method of Frohman and 
Gottlieb et al. (6). The albumin and 

globulin fractions, which are separated 
by all these procedures, are active 
cerebral synaptic inhibitors, the al? 
bumin fraction being the more potent 
(see Fig. 1). 

In our bioassay, arterial (intraca- 
rotid) injection close to the brain pro? 
duces inhibition of synaptic transmis? 
sion in a minute or less, as indicated 

by the reduction of evoked postsynap- 
tic potentials. How the polypetide 
molecules of taraxein, still of rela? 

tively large sizes, can traverse the blood- 
brain barrier in such a short time is 
difficult to envisage. On this basis we 

pointed out in 1959 that "the molecu? 
lar size of the active constituent is 
small enough to traverse the blood- 
brain barrier rapidly (in seconds), but 
too large to pass through an ultrafilter" 
and "suggested that small molecules 
adsorbed to the protein fractions are 
released to act" (2). Independent sup? 
port came from the report of Bergen 
et al. (7), that taraxein, dialyzed 
through a collodion membrane against 
a similarly prepared but inactive ex? 

tract, appeared in the previously inac? 
tive compartment. 

It occurred to us that separation by 
dialysis might serve as a method of col? 

lecting and identifying the small moiety 
adsorbed to the protein fraction, if a 

charged electrode were substituted for 
the protein in the collecting compart? 
ment. We accomplished this by the 
use of a five-chambered electrodialysis 
cell or Wood cell (8), in which the 
cathode and anode compartments are 

separated by selective, ion-exchange 
membranes arranged to pass anions 
and cations from the center into their 

respective compartments, but not into 
the electrode chambers. Flowing water 
washes out the small salt molecules that 

may enter the electrode chambers. 
We first experimented with a model 

SEROTONIN 10pG/KG | ALBUMIN 0.8m! 

MAXIMUM 
EFFECT 

200 uV I 0ffl| 
lOO'V 

Fig. 1. Inhibition of cerebral synaptic 
transmission by serum fractions in an in- 
tercortical (transcallosal) system. Poten? 
tials were evoked in the cerebral cortex 
of the cat by electrical stimulation of the 
contralateral cortex at 2-second intervals. 
Injections were made in the ipsilateral 
common carotid artery. 

made of a mixture of albumin and 

serotonin. We obtained the expected 

separation, the serotonin accumulat- 

ing in the cathode compartment where 

the cerebral bioassay showed an ac? 

tivity, while activity in the center or 

feed compartment decreased during 
the 30-minute period of electrodialysis 
at 90 volts. Evidently, it is possible to 

electrodialyze serotonin in this way 
without appreciable loss of activity. 

Proceeding to the "taraxein-like" 

material itself, we started with the al? 

bumin, which in our assay system is 

the more active of the two fractions 

and is also the more readily solu- 

bilized. In cats in which the sensitivity 
was such that 10 to 20 ^g of serotonin 

produced an approximately 50-percent 
inhibition of cerebral synaptic trans? 

mission, bioassay indicated successful 

electrodialysis in ten out of ten trials 

with the activity appearing each time in 

the cathode compartment. Essentially 
similar results were obtained when the 

pH of the center compartment ranged 

ACTIVE MOLECULE 

LARGE moiety 

Membrona ImpgrmtoblB 

ADSORBED SMALL M0IET1ES 
{Membrane Permeobt*) 

ELECTRODIALYSATES 

Q) I Synaptic 
/->. \ Inhlbitor 

y\ \ 

CATHODE ANODE 

Fig. 2. A scheme to explain the appear? 
ance of activity in both the cathode and 
anode compartments of the electrodialysis 
cell. The electrodialyzates are charged 
moieties. Typical of those that are poten? 
tially available are RNH2H+, RCOO", and 
<?OH". 
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