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For non-random mating populations (such as those with 
inbreeding) it may be shown that w could decrease under 
selection even for one locus. Then, Fisher's fundamental 
theorem does not apply to the discrete-generation model. 
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PHYSIOLOGY 

Evidence for a Non-Plasma Source of Urea 
in Sweat 

THE ratio of the concentration of urea in tho sweat to 
that in the plasma (sjp) is known to be greater than unity. 
Schwartz1 attributed this gradient to back diffusion of 
water boc~_tuse he ~ound that raising the plasma urea 
concentratiOn had httlc effect on the sfp ratio for urea. 
Be~ent e":idence2

•
3 suggests that (a) sjp for urea is not 

entrroly mdependent of plasma urea concentration· 
(b) sfp for urea is independent of sfp osmolality in man and 
the cat (for example, the sfp urea is greater than I in 
tho hyporosmotic ~:>weat obtained from the hairless foot
pad of tho cat); (o) compound!=! related to urea by virtuo 
of siJ?i.lar vohu:te~ of distribution (ethanol, antipyrine, 
creatmmo) or srmrl~r molecular configuration (thiourea, 
~nethylur~a, acetamide) all behave differently from urea 
m sweat II~ that none of those compounds is present in 
sweat at hrghor concentrations than in plasma. 

Because of those arguments it was concluded that factors 
U:Pa_rt from back diffusion of water play a part in ostab
lrsh~ng tho urea gra_dient in sweat. The present study was 
desrgned to dctcrmmo whether plasma is tho sole source of 
urea in sweat. 

An isotope dilution study was psrformed on cats and 
human volunteers. :~0 to 50 flC. of urea labelled with 
carbon-14 was administered orally to tho human volun
teers, all of whom received oral neornycin as an intestinal 
antiseptic. The cats received 50 to 100 fLC. of the isotope 
mtravenously. Two to three hours after administration 
of the isotope sweat was eollected as previously described'. 
A thermal stimulus was used to produce sweat in tho 
human subjects. 

The labelled urea was analysed by a modification of the 
technique of Walser4 as follows: portions of plasma or 
sweat were placed in a modified Warburg incuhntion 
vessel, acidified with 0·1 nOI"mal hydrochloric acid and 
shaken for 5 min, following whieh tho mixture was neutral
ized with 0·1 normal sodium hydroxide. After the vessel 
was chilled in iee, 1 mi. of buffered urease was added and 
the stopper (from which was suspflndcd a polyethylene 
well contu,iuing 0· 2 ml. hyamine) was inserted. Tho 
reaction mixture was shaken in a 37° water bath for 30 
min, and l 0 per cent sulphuric acid was then injeoted into 
the reaction mixture through the stopper. After the 
flask had boen shaken at room temperature for 1 h the 
centre well was placed in a toluene liquid scintillation 
mixture and counted. Efficiency was determined using 
toluene labelled with carbon-14 as an internal standard. 
Unlabelled urea was determined as previously desCI·ibed 2

• 

Table 1 compares tho sweat to plasma concentration 
ratios of labelled urea and total urea in four men and 
eight cats. In all experiments but one the sfp for labelled 
urea was less than the sfp for total urea. Tho moan 
ajp for htbelled urea was 1·08 in man and 1·03 in the cat 
values similar to the sfp for methylurea (1·06) and acet: 
amide (1·04) in the cata. 
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Fig. 1. A _riot of the urea specific activity raLios between sweat and 
plasma agamst tt:e sweat to IJlasma urea concentration ratio. 0 Man· 
X. cat. (Abbre--:~ations: sjS, pjl', specific activity of urea in sweat and 

plasma respectively; sjp, sweat to plasma urea concentration railu.) 

Fig. 1 shows the ratio of the specific activity of sweat 
to that of plasma plotted against tho ratio of urea con
centration between sweat and plasma for each experi
ment. In both man and the cat there is dilution of the 
labelled urea, the magnitude of which appears to be related 
to the sfp for urea. (In five of the eight cats lacrimal fluid 
wa~ ~ollected and an.alysed. The mean ratio of specific 
untrvrty botween lacrrmal fluid and plasma was 0·99. In 
throe of the four human subjects, urine was collected 
du~ing the sweating period and the mean specific activity 
ratiO was found to be 1·06, similar to Walser's4 finding of 
1·10.) 

Table 1. RATIO~ OF CONCENTRATIONS OF UREA LABELLED WITH OARDON-14 
AND TOTAT, UREA BETWEEN SWEAT AND PT.ASMA (sjp) TN SAMPLBS FROM 

CATS AND HUMAN BEINGS 

Cat s/p for labelled urcl\ sjp for total urea 
I 1·03 1·23 
2 1·06 0·96 
:; 1·05 1·38 
4 1·02 1·30 
r, 0·98 1-18 
fi 1·02 1·15 
7 1·05 1·49 
8 0·99 1·03 

l\Iean 1·03 1·24 
l\Ian 
.T..J. 1·0] 1·20 
c.n. 1·12 1·31 
M.A. 1-12 1-19 
O.ll. 1-10 2·20 

Mean l ·08 1·43 

Because tho labelled urea in sweat was diluted by un
labelled urea, these studies suggest that a fraction of the 
ure~ in sw:e~t is d~rived, from sources other than plasma 
or mt.crstJt,Jal fimd. I< urthermoro, booause this non
plasma source accounts for that urea in sweat in excess 
of the _Pla~rna urea concentration it would appear that 
back d1ffuswn of water plays a minor part in establishing 
the urea concentration in sweat. 

Those studies do not indicate the non-plasma source 
of urea. 'l'wo possibilities include synthosis of urea hy 
some segment of t.hc sweat gland or a pool of urea in the 
skin (perhaps the cornified epidermis) which is immiscible 
with the circulating labelled urea, but which may be 
partially miscible with the sweat. 
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