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11. DISCUSSION OF RESEARCH COMPLETED UNDER NASA GRANT NGR 14-005-050 

The g ran t  was i n  e f f e c t  from Ju ly  1, 1965 through June 30, 1968. Three 
main l i n e s  of r e sea rch  were followed: f i r s t ,  methods; second, t h e  physico-  
chemical p r o p e r t i e s  of human eccr ine  sweat;  and t h i r d ,  some phys io log ica l  
a s p e c t s  of t h e  human ecc r ine  sweat gland. 

Five u s e f u l  methods were developed. F i r s t ,  a v e r s a t i l e  and s imple 
system f o r  c o l l e c t i n g ,  s t o r i n g  and ana lyz ing  expired a i r  u t i l i z e s  bags made 
of me ta l l i zed  polyethylene.  These a r e  impermeable t o  CO f o r  a t  l e a s t  12 
hnur s  a t  2 5 0 ~ .   he a i r  i s  draw3 thrzugh 3 p a r m a g n e t i c  6 
conduc t iv i ty  CO meter i n  tandem. 
t h e  t h r e e  f r a c t i o n s  of s u l f u r  i n  ur ine  and sweat by turb id imet ry  has been 
developed from t h e  r e l a t i o n :  

meter 2nd a t h e r n a l  
Second, a r e l i a b l e  syszem f o r  ana lyz ing  2 

T o t a l  S = Inorganic  S +Ac id  hydro lysable  S + Neutra l  S. 

Thi rd ,  a l l  s t e p s  i n  t h e  e s t i m a t i o n  of n i t rogen  by n e s s l e r i z a t i o n  have been 
s c r u t i n i z e d ,  and a comprehensive, s e n s i t i v e  system f o r  t o t a l  N ,  urea N and 
ammonia N developed. Fourth,  one Fortran program i s  now usable  f o r  c a l c u l a -  
t i n g  t h e  metabol ic  mixture  (proteizl, f a t ,  carbohydrate ,  energy produced, and 
metabol ic  water )  from t h e  t h r e e  primary measurements u r i n a r y  N ,  0 consumed 
and CO produced. Another i s  a v a i l a b l e  f o r  c a l c u l a t i n g  t h e  water  balance 
e i t h e r  by t h e  balance equat ion  ( f l u i d  i n  minus f l u i d  ou t )  o r  t h e  P e t e r s -  
Passmore equat ion  (water balance a func t ion  of  s o l i d s  and gases  i n  and o u t ) .  
F i n a l l y ,  a volumeter t o  measure t h e  volume of t h e  human body by a i r  d i s p l a c e -  
ment has  been developed. It i s  based on the  gas law: PV = nRT. A gas  t i g h t  
chamber of known volume i s  used. A known volume of a i r  i s  i n j e c t e d  and changes 
i n  p r e s s u r e  and temperature  read of€  both when t h e  s u b j e c t  i s  i n  the  chamber 
and when t h e  chamber i s  empty. The volume of t h e  body can  then  be  c a l c u l a t e d .  
It i s  no t  necessary  t o  measure t h e  r e s i d u a l  volume of t h e  lung. Body weight 
i s  known, and the  d e n s i t y  i s  ca lcu la ted  from t h e  formula: Densi ty  = Volume/ 
Wei@t. The body f a t  can then be  ca l cu la t ed  from t h e  Pace-Rathbun formula.  
A K counter  i s  used f o r  es t imat ing  t o t a l  body potassium and t h e  l e a n  body 
mass. Thus t h e  major body compartments can be c a l c u l a t e d  from t h e  formula: 
T o t a l  Body Mass = Water + Fat + Dry Lean Body Mass. 

2 
2 

Three publ ished s t u d i e s  were made on t h e  physico-chemical p r o p e r t i e s  of 
sweat .  F i r s t ,  t h e  v i s c o s i t y  of sweat i s  temperature  r e l a t e d .  It decreases  
w i t h  increased  temperature ,  A t  about 27°C t h e r e  i s  a d i s c o n t i n u i t y ,  sugges t ing  
a polymer iza t ion  system. Second, sweat i s  a n  ordered ac id-base  system. I n  
t h e  a c i d  range,  ammonia becomes important;  i n  t h e  a l k a l i n e  range, b icarbonate .  
Amino a c i d s  may p lay  bu f fe r  r o l e s  a t  a l l  a c i d i t i e s .  
ke to  a c i d s  a r e  p r e s e n t  i n  apprec iab le  amounts; l a c t a t e ,  though p resen t  i n  
h i g h  concen t r a t ions  i s  no t  i n  i t s  buffer  range.  Third,  t he  sum of  the s o l u t e s  
a s  measured by t h e  t o t a l  d ry  s o l i d s  i s  g r e a t e r  than  t h e  sum of  t h e  c o n s t i -  
t u e n t s  Nay K, NH3, Ca, Mg, ch lo r ide ,  l a c t a t e  and urea.  To account f o r  this 
"unknown so lu t e"  t h e r e  must be p re sen t  a subs tance  (or  subs tances)  n o t  o r d i n a r i l y  
recognized  o r  measured. It appears t o  be i n  t h e  r e s i d u a l  n i t r o g e n  f r a c t i o n  
( t o t a l  N minus urea N minus ammonia M). Amino a c i d s  account f o r  a t  l e a s t  p a r t  
of i t ,  but  no t  a l l .  

Nei ther  phosphate nor 
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Two aspec t s  of t h e  physiology of e c c r i n e  sweat ing were s tud ied .  F i r s t ,  
c o r r e l a t i o n s  were made between t h e  r a t e  of sweat ing and t h e  concen t r a t ion  of 
t he  va r ious  c o n s t i t u e n t s .  A s  judged by i t s  f r e e z i n g  p o i n t  e c c r i n e  sweat i s  
almost always hypotonic t o  blood plasma. Never the less ,  wi th  r e s p e c t  t o  t h e  
ind iv idua l  s o l u t e s ,  t h e r e  i s  a wide d i s p a r i t y .  Some Pike calcium, magnesium, 
sodium and c h l o r i d e  a r e  hypotonic;  o the r s  l i k e  l a c t a t e  and ammonia a r e  s t r o n g l y  
hyper tonic ;  some, l i k e  urea and potassium a r e  almost i s o t o n i c ;  and some, l i k e  
ketone bodies ,  c r e a t i n i n e  and phosphate, are  p resen t  i n  plasma but  ha rd ly  a t  
a l l  i n  sweat.  With increased  r a t e  of sweat ing some, l i k e  sodium and c h l o r i d e ,  
i n c r e a s e  i n  concen t r a t ion ;  o t h e r s ,  l i k e  u rea ,  magnesium and calcium decrease ;  
and o t h e r s ,  l i k e  potassium and l a c t a t e  show l i t t l e  o r  no change. No p resen t  
model f i t s  a l l  of t he  changes known t o  occur .  Second, s t u d i e s  were made of 
t h e  e f f e c t s  of d a i l y  cho l ine rg ic  s t imu la t ion  a t  a s i n g l e  a rea  of s k i n  i n  t h e  
forearm, When i n j e c t e d  d a i l y  mecholyl caused a " t r a i n i n g  e f f e c t " ,  i . e .  an  
increased r a t e  of sweating f o r  a given dose.  By c o n t r a s t ,  when d a i l y  i o n t o -  
p h e r e s i s  was used t o  d e l i v e r  t he  drug t o  t h e  s i t e ,  mecholyl and p i l o c a r p i n e  
both showed a diminut ion i n  t h e  r a t e  of sweat ing,  i . e .  t h e  r eve r se  of 
1 1  t r a in ing" .  I n  t h e  ion tophe res i s  experiments,  a diminished r a t e  of sweat ing 
was accompanied by a paradoxica l  increase  i n  t h e  concen t r a t ion  of sodium, 

These i n v e s t i g a t i o n s  have p r a c t i c a l  a p p l i c a t i o n s  i n  s i t u a t i o n s  when man 
i s  workin? i n  confined spaces .  The a s t r o n a u t  i n  a small  c losed  e c o l o g i c a l  
system i s  an example. There a r e  three  groups of p re sen t  o r  p o t e n t i a l  p r a c t i c a l  
a p p l i c a t i o n s .  F i r s t ,  r ap id  r e l i a b l e  methods a r e  a v a i l a b l e  f o r  e s t ima t ing  t o t a l  
n i t r o g e n ,  u rea ,  ammonia, t o t a l  s u l f u r ,  inorganic  s u l f a t e ,  ac id  hydro lysable  
s u l f a t e  and n e u t r a l  s u l f u r .  These a r e  important  metabol ic  products  found i n  
sweat ,  u r i n e  o r  both.  The c o l l e c t i n g ,  s to rage  and a n a l y s i s  of expi red  a i r  
f o r  8 and CO have been g r e a t l y  improved. Metabolic c a l c u l a t i o n s  have been 
a c c e l e r a t e d  by means of computer programs. A pneumatic body volumeter s i m p l i -  
f i e s  t h e  process  of measuring o r  c a l c u l a t i n g  body volume, body f a t  and l e a n  
body mass. These change wi th  n u t r i t i o n a l  s t r e s s .  Second, much has been 
learned  about t h e  physico-chemical p r o p e r t i e s  of sweat and the  s o l u t e s  t h e r e i n .  
Under some cond i t ions  of phys i ca l  work and thermal stress,  t h e  s k i n  i s  f a r  
more important  t han  t h e  kidney i n  the body's  economy of water ,  minera ls  and 
n i t r o g e n  compounds. F i n a l l y ,  a s t a r t  has  been made on e l u c i d a t i n g  some of 
t h e  phys io log ica l  c o n t r o l  systems r e l a t e d  t o  the  r a t e  of sweating. Thus i t  
may become p o s s i b l e  t o  manipulate  and guide t h e  a c t i v i t y  of t h e  l a r g e s t  organ 
i n  t h e  body, t h e  s k i n ,  toward maximum s u r v i v a l  p o t e n t i a l .  

2 2 
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MATING RESPONSES L)P HALES AND w e s  AT REST IN u r n  m s .  
deLky Johnson.. 8.  A .  H e r t i n ,  D a v i d  G l f f o d *  and F. S e r a m t .  I t .  
3epartrnent of Physiology a n d  B lophys ic r ,  and P h y a i c a l  Knviromwrt U t ,  
UnivPraity of !l?i~sis, L':bu.a, Zllinoia. 

D i f f e r e n c e  i n  swrst r a t e s  between u n  and yoyp l e  not ai#nificmt 
i n  d ry  h e a t ,  w h i l e  in huaLd h e a t  the d i f f e r m c a  i a ' a i p l f i c r n c  
(?(oritnoto s u b m i t t e d  to J .  A p p l .  P h p i o l . ) .  Bran .ad Sargmt 
(Arch. Environ. H e a l t h ,  g:442, 1965) have roportod tht i n  h u i d  b a t  
females  d e v e l o p  h i d r o m e l o r i s  ( d e c r e w n t  in r a t e  of L h e d l y  ioduced  
awes t ing )  more r e a d l l y  and t o  a g r e a t e r  extest t h .  do MAW. Ye bnn 
extended  t h e s e  obee rva r lona  by i u r a i n g  four u l e  . n d  four f-le uo- 
acc l ima ted  e u b j e c t a  i n  t h e  b a t h ,  after tha tulmim of k r t Q  a&. 
Lng response between the acxcs. p a r t i c u l a r l y  (e) t b r d m l d  .kin t-r- 
.cure f o r  swea t ing  a t  r e s t :  u l e r  av. 35.6.C (r-0 33.1-31.9). fmmm1.e 
BV.  36.4 ( r a n g e  36.0-36.8); (b)  t o t a l  aw8etin# for  tw Lur a). .uru 
a t  0.6.C above t h r e s h o l d :  u l c a  166 # h Z ,  f r r S a #  133 8 
time c o u r a e  of h i d r o l c i o r i a :  u l e a  lac hr  o n e t  1x1 r/  A , hr lu m a t  
59 g l d .  female* 79 and 62 g/m2 r a a p a c t i v e l y .  
t a t i v e  aex d i f f e r e n c a a  i n  h i d r o u i w i a  at. m#t l l b l y  r e l e t d  to 
aenaitivity t o  t h e  e f f e c t  of akln uetneaa .  thare d l f f e r a x a r  kin# 
g r e a t e a t  i n  t h e  s a t u r a t e d  conditions of t h e  ba th .  Supported in p a r t  
b y  Grant GB-4374 from the N a t i o n a l  Science lowada t ion .  

( J .  Appl. P h y a i o l .  g : 6 4 7 ,  1961). D i f f 8 r m c e r  wore 0-d #mat- 

ad (c) 

The t-1 md quanti- 

Fed. P r o c .  26:445 March-April r- 1967 
ELECTiQLYTE VhLUEs IN SVEAT DUPlNC TRAINIHG WITH ACEWL-8- 
XETXTLQIOLINE. Becky 8 .  Johneon.* Aurella 'I. Gincauaku.. 
and b b o r t  0 .  Lloyd,* 1. Sargent If. Vniv. of I l l . .  UrbBma, 
I l l .  

K. J .  Collina (1963) demonstratad t r a ln inp  of tho weat 
s lmb  r i t h  latradelral lnjeetloru oi a c e t ~ 1 - 8 - m e t b ~ ~ c h o ~ i n o .  
In our u p a d o n t  h i s  obaervat iom were confirmed. 
and 5 vman a e r v e d  u volunteer aubjecta. 2 i n t r ademe1  
i n j e c t l o o .  of acetyl-&methylcholine (100 uglO.5 m 1  of  
* d i n e  each) were p i v e n  a t  a aelccted a i t e  on t he  f o r e a m  
fo r  e i t h e r  10 or 18 co(uecut1ve daya Sweet s a p l o a  war* 
co l l ec t ed  on pre-uei~hed f i l t e r  papera i n  an J d n u  c.p.da 
flx8d to the  fortam. Analyaea were Dada for a o d i u  and 
chlor ide ion.. mere v Y  a mrrked increaae in Naat rate. 
aweat a o d l u .  and aweat chlor ide.  50th e l e c t r o l y t e  COD- 
cen t r a t ion  m d  m e a t  rate increased f o r  t he  f i N t  10 to  12 
d.7. Md then l ev r l ed  o f f  a t  m elevated vduo  which v u  
u l n t r l n a d  t h r o y h  t h e  18th day. Sweat rate i n c r u a e d  a 
WUD value of 602. e o d i u .  1201. 4 chlor ldo,  2702. lo 
aax differences w e r e  obaerved. Tho roponae of aecrine 
aueat  g l u &  t o  t h i a  audoriflc d t w  w u  d i f f o r a a t  f r m  that 
to tmpera tu re .  f o r  in acclimation the a l e c t r o l y t a  wncentrr 
t ion  of awaat dacllzma rathor than i n c r e u u .  (Supportad 

5 men 

g z z :  f : ~  ~ C C  SZ:%G;: S i i t i i i r  iuuodmtiom.; 



I V .  PROCEDURES FOR ESTIMATING INORGANIC,  HYDROLYZABLE AND TOTAL SULFUR 

PRINCIPLE 

++ Inorganic  s u l f a t e  forms a p r e c i p i t a t e  wi th  Ba , and i s  measured t u r -  
b i d i m e t r i c a l l y .  
by ac id  and h e a t .  
i n  an atmosphere of pure 0 2 .  
fo l lowing  equat ions :  

Acid hydro lysable  s u l f a t e  i s  converted t o  inorganic  s u l f a t e  
Neut ra l  s u l f u r  i s  converted t o  s u l f u r i c  ac id  by ox ida t ion  

The var ious f r a c t i o n s  a r e  c a l c u l a t e d  from t h e  

To ta l  S = Inorganic  S + Hydrolysable S + Neutra l  S 

Hydrolysable S = S a f t e r  hydro lys is  - Inorganic  S 

Neut ra l  S = S a f t e r  ox ida t ion  - S a f t e r  hydro lys i s  

1. Inorganic  S u l f a t e  i n  Urine 

A .  Reference: F. Berghind and B. Serbo, Turb id imet r ic  Analysis  of 
Inorganic  S u l f a t e  i n  Serum, Plasma and Urine,  Scand. J .  C l i n .  and Lab. 
I n v e s t .  12: 147-153, 1960. 
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B .  Procedure : 

1. 

2.  

3 .  

4 .  

5 .  

6 .  

7. 

8. 

9. 

10. 

Prepare Na2S04 s tandards wi th  concen t r a t ions  of 0 .1  t o  0 .4  mM/L. 
(NH4)2S04 s tandards  can a l s o  be used.  

Prepared u r i n e  by d i l u t i n g  i t  t o  g ive  a concen t r a t ion  i n  the  
c u v e t t e  of approx. 0.2 mM/L SO4. Lowest c u v e t t e  conc. i s  about 
0 .1  mM/L. (Usuallv 1:25 for urine already d i l i i t P r l  t n  . i rn l !mjn>. 

P i p e t t e  2 m l  a l i q u o t  of u r i n e ,  H20 ( f o r  water  blank) and Na2SO4 
s t anda rds  ( 0 . 1  LO 0.4 mM/L) i n t o  p l a s t i c  tubes .  

Add 0 . 1  m l  of  10 HC1. Mix w e l l  by f l i c k i n g  tube  f i n g e r s .  
(F ina l  ac id  conc. i n  cuvet te  should be approx. 0.2 - N H C 1 . )  

Add 1 .9  m l  H20 (2.0 m l  can be added in s t ead )  t o  each tube .  
w e l l  a s  i n  s t e p  4. 

Mix 

Add 1 .0  m l  barium g e l a t i n e  reagent  (BGR) t o  each tube.  

A u r i n e  b lank  must a l s o  be prepared by fo l lowing  t h e  above 
procedures  except  i n  s t ep  6 ,  1.0 m l  H20 i s  added i n  p l a c e  of 
1 . 0  m l  BGR. 

Cap each tube  and mix by i n v e r t i n g  each t en  times. 

Allow tubes t o  s tand  a t  room temperature  f o r  a minimum of 15 
minutes ,  but  no longer than 30 minutes.  

Uncap tubes ,  p l ace  i n  spectrophotometr ic  c u v e t t e s  and read each 
a g a i n s t  d i s t i l l e d  water a t  2 o r  360 mu. 
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11. Obtain mD360 by s u b s t r a c t i n g  water blank OD from OD of s t anda rds ,  
u r i n e ,  e t c .  

12. Further  c o r r e c t  u r i n e  mD360 by s u b s t r a c t i n g  u r i n e  blank OD from 
AOD obtained i n  811. 

13. P l o t  s tandard nOD360 vs. s tandard conc. of Na2S04 t o  o b t a i n  s tandard 
curves.  

14. Using AOD360 f o r  u r i n e ,  o b t a i n  SO4 conc. from t h e  s t anda rd  curve.  

15. Obtain o r i g i n a l  conc, of s u l f a t e  i n  u r i n e  by mul t ip ly ing  t h i s  c o w  
t r a t i o n  by d i l u t i o n  f a c t o r  ( u s u a l l y  1:25 d i l u t i o n  of 3 ml/min. 
u r i n e )  . 

C. P recau t ions :  

1. Method i s  pH dependent, t h e r e f o r e  the  0.1 m l  of 10 N HC1 must be 
F u r t h e r ,  t h i s  must be mixed d e l i v e r e d  a s  c a r e f u l l y  a s  p o s s i b l e .  

w e l l  immediately a f t e r  each a d d i t i o n  of HC1.  

2. Use volumetr ic  p i p e t t e s  i n  each i n s t a n c e ,  i f  p o s s i b l e .  Note t h e  
0 .1  m l  10 E HC1 'is added using a blow out  p i p e t t e .  

3. The t u r b i d i t y  developed i s  time and temperature dependent a s  w e l l  
a s  pH dependent. Therefore each of t h e s e  must be c o n t r o l l e d .  
A s  long as  t h e  room i s  a i r  condi t ioned a t  about 75"F, i ncuba t ion  
can be accomplished by a l lowing  prepared tubes t o  s t and  i n  t h e  
rack.  
1 hour. It i s  recommended t h a t  30  m i m i t e s  he roi i t inely i r c ~ r l .  

The minimum time i s  15 minutes and t h e  maximum i s  probably 

4 .  Urine has c o l o r  which absorbes a t  360 mu, t h e r e f o r e ,  a blank f o r  
each new u r i n e  specimen must be prepared by r e p l a c i n g  1 ml BGR 
wi th  H20. 

5 .  S t o r e  a l l  r eagen t s  i n  r e f r i g e r a t o r .  

D. Reagents: 

1. Na2S04 Standards:  (MN = 142.05) 

Stock Soln.  = 10 mM/L = 1.4205 gm/L 

Working S o l n o =  0.1 mM/L 1 m l  of 10 mM/L d i l u t e d  t o  100 m l  
0.2 mM/L 2 m l  of 10 mM/L d i l u t e d  t o  100 m l  
0.3 mMh 3 m l  of 10 mM/L d i l u t e d  t o  100 m l  
0.4 mM/L 4 m l  of 10 mM/L d i l u t e d  t o  100 m l  

a .  2 gm g e l a t i n e  ( B  & A ,  from A l l i e d  Chemical, U. S. P. Powder, 

b. 0.2 gm thynol  (Merck) 
code 1797) 



c .  add a & b above t o  400 ml H20 
d.  h e a t  i n  H20 b a t h  and s t i r  u n t i l  d i s so lved  
e.  cool  t o  room temperature and f i l t e r  through #42 whatman paper 
f .  add 4 gm BaC12 0 2H20 c' r a p i d  s t i r i n g  
g. s t o r e  i n  r e f r i g e r a t o r .  

3.  10 E HC1 

a .  
b. Take 830 m l  1 2  N d i l u t e  t o  1000 m l  t o  g ive  10 N HC1. 

conc. HC1 = 1 2 N  = 440 gm/L 
- - 

E. C h a r a c t e r i s t i c s  of t he  Methnd: 

1. S e n s i t i v i t y :  concen t r a t ion  = 0.04 mM/L 
Absolute amt. = 19.2 u gm So4 

2. Reproduc ib i l i t y :  S.D. = 0.14 mM/L 
C.V. = 2.57% 

3. Recovery of added Na2S04 = 100.6%, i.e. - mM/L x 100 = 100.6% 0.178 

4. Water Blank OD360 = 0.045 t o  0.060 

5 .  Standard OD360 0 .1  mM/L = 0.125 mu 
0.3 mM/L = 0.260 mD 
0.4 mM/L = 0.320 mu 

6 .  Urine (1:25 d i l )  OD360 = 0.230 mu 

Evdrfi1TrCzhle c i ~ l f n r  (~~r \rm~ni(n s~~c-P,z~ ~~~~~y~ 52 yr iz -  ' - -  

A. Reference: no r e f e r e n c e  used s p e c i f i c a l l y  f o r  t h i s  p a r t  of t h e  method. 
Assay same a s  f o r  inorganic  s u l f a t e  p a r t .  

B. Procedure: 

1, Prepare u r i n e  a s  g i v e n  i n  1 B 2 .  

2 .  P i p e t t e  2 m l  a l i q u o t  of u r i n e ,  H20, one Na SO4 Standard (0.2 mM/L) 
and one indoxyl s u l f a t e  s t anda rd  (0.2 mM/L? i n t o  p l a s t i c  t ubes .  

3.  Add 0.1 r n l  10 H C l  t o  each tube,  mix w e l l  by f l i c k i n g  each tube 
wi th  t h e  f i n g e r s .  (Need H C l  c0nc. '2 0.5 E) 

4. Cap each tube and mix w e l l  by i n v e r t i n g  t e n  times. 

5. P l ace  tubes i n  wire rack i n t o  water  bath set  a t  95OC (8OOC may 
a i s 0  be used j .  

6. Allow t o  incuba te  f o r  2 hours minimium. 

7 .  A f t e r  2 hour s ,  remove tubes from water  bath and al low tubes t o  coo l  
t o  room temperature.  



8. 

9 .  

10. 

11. 

12. 

During th i s  t i m e  t h e  Na2S04 s t anda rds  and u r i n e  samples f o r  
e s t ima t ing  inorganic  s u l f a t e  can be prepared up t o  s t e p  #4. 

Once hydrolyzed tubes have cooled t o  room temperature ,  proceed 
wi th  p repa ra t ion  of t u b e s  a s  ou t l i ned  f o r  inorganic  s u l f a t e  
s t a r t i n g  wi th  s t e p  #5. 

The indoxyl  s u l f a t e  s tandard ,  i f  run,  r e q u i r e s  a c o r r e c t i o n  f o r  
c o l o r .  Therefore ,  d u p l i c a t e  tubes must be prepared,  one f o r  
t u r b i d i t y  and the o ther  f o r  c o l o r  development. 
i s  prepared a s  f o r  a ur ine  blank.  That i s ,  t h e  1 m l  BGR i s  
rep laced  wi th  1 m l  water.  

The tube  f o r  c o l o r  

The cloD360 f o r  u r i n e  i s  obtained by s u b s t r a c t i n g  t h e  OD360 f o r  t h e  
water blank. 
by f i r s t  c o r r e c t i n g  the OD f o r  t h e  indoxyl  co lo r  b lank  by s u b s t r a c t i n g  
t h e  water  blank from i t ,  and then,  s u b s t r a c t i n g  t h i s  f o r  
t h e  c o l o r  blank from t h e  OD360 of t h e  indoxyl s u l f a t e  s tandard .  

The e t h e r e a l  s u l f a t e  i n  u r i n e  i s  obtained by s u b s t r a c t i n g  t h e  
es t imated  inorganic  s u l f a t e  va lue  from t h a t  va lue  es t imated  a f t e r  
hydrolyzing t h e  u r i n e  sanple .  This  d i f f e r e n c e  i s  t h e  es t imated  
e t h e r e a l  SO4 f r a c t i o n .  . * *  (Hydrolyzable SO4) = ( e t h e r e a l  SO4). 

The AOD360 f o r  indoxyl  s u l f a t e  s tandard  i s  obtained 

C.  Precaut ions :  

1. The hydro lys i s  of  e s t e r i f i e d  s u l f u r  i n  u r i n e  r e q u i r e s  both hea t  
and an  a c i d  s o l u t i o n .  

2. The temperature  needed f o r  hydro lys i s  i s  between 80 and 95OC. 

3. The d u r a t i o n  f o r  incubat ion  i s  a minimum of  2 hours .  Note t h a t  up 
t o  4 hours  d id  not  change the e s t ima t ion  of e t h e r e a l  s u l f u r  i n  
u r i n e  

4.  The HC1 concen t r a t ion  i n  t h e  c u v e t t e  f o r  hydro lys i s  should be 
approx. 0.5 Ne Using 0.1 m l  of 10  HC1 i n  2 . 1  m l  t o t a l  volume 
g ives  Concentrat ion of HC1 of 0.48 N. 
M20 and 1 m l  BGR. 

A f t e r  d e l i v e r i n g  1.9 m l  
The concen t r a t ion  i s  approx. 0.2 - N HC1 ( f i n a l ) .  

5. I f  a h igh  f i n a l  concen t r a t ion  i s  used, t h e  absorbancy i s  reduced. 
Therefore ,  0.2N HC1 appears t o  be  t h e  max. conc. f o r  hydro lys i s  of 
e t h e r e a l  s u l f u r  w i th  t h i s  method. 

D. Reagents: 

1. Na2S04 Standards ( see  inorganic  method) 

2. BGR (see inorganic  method) 

3.  10N HC1 (see inorganic  method) 



4.  Indoxyl S u l f a t e  (K s a l t )  M. W .  = 251.30 gm/mole 

Stock S o h .  = 10 mM/L = 2.513 gm/L 

Working Soln. = 0.1 mM/L 

a s  (SO4) 0.2 mM/L 
0.3 mM/L 

0.4 mM/L 

1 m l  d i l u t e d  t o  100 m l  c H 0 

2 m l  d i l u t e d  t o  100 ml c' H20 

3 m l  d i l u t e d  t o  100 ml c' H20 

4 ml d i l u t e d  t o  100 m l  c' H20 
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E. C h a r a c t e r i s t i c s  of Method: 

1. S e n s i t i v i t y :  Concentrat ion i n  c u v e t t e  = 0.04 ~ M / L  
Absolute amount = 19.2 ~1 gm SO4 

2. Reproducib i l i ty :  S.D. = f 0.056 mM/L 
C.V. = 7.5% 

3 .  Recovery of indoxyl 
S u l f a t e  added t o  u r ine  = 25.5 - 106.6% 

x = 101.1% 

3 .  T o t a l  Su l fu r  ( Inorganic  + Etherea l  + Neutra l  S u l f u r )  i n  Urine 

A. Reference: 

1. A l i s i n o ,  J. F., The Determination of Su l fu r  i n  Organic Compounds, 
Microchem. J. z(1): 83-90, 1958. 

2. A n a l y t i c a l  Chemistry 33: 11, 1961. 

E. Apparatus:  

1. Oxygen f l a s k  i n f r a r e d  i g n i t e r ,  Thomas-Ogg Model 6471-B. 

2. Thomas-Ogg Combustion Flask,  Model 6471-P10 
a .  ground g l a s s  s topper  (6471-R25) 
b. plat inum sample c a r r i e r  (6471-410) 
c .  sample wapper, black paper (6471-425) 
d .  f l a s k  clamp 

3 .  Commerical tank  of loo"/, oxygen 

C. Procedure: 

1. 0.1 t o  0.2 ml undiluted u r i n e  ( t o  g ive  f i n a l  conc. i n  t e s t  tube  
of approx. 0.2 mM/L) is  added t o  t h e  b l ack  paper wi th  a 0 .1  o r  
0.2 m l  blow-out p i p e t t e .  

2. The b l ack  paper i s  folded and hung on a d ry ing  r ack  be fo re  sample 
i s  p i p e t t e d  onto  it .  

3. The sample i s  allowed t o  dry  (0.1 ml sample u s u a l l y  d r i e s  i n  about 
1 hour)  i n  dry ing  box which i s  covered. 

1 



4 .  I n t o  a Schoneger combustion f l a s k  i s  p i p e t t e d  10 m l  H20 (blow-out 
p i p e t t e )  and 0.5 m l  1:4 d i l u t i n g  30% H202. 

t h e ' b a s k e t  a t t ached  t o  t h e  hook of t h e  ground g l a s s  s toppe r .  
5. The sample i s  fo lded ,  placed i n t o  t h e  plat inum w i r e  basket  and 

6. The ground g l a s s  s topper  j o i n t  i s  l u b r i c a t e d  w i t h  g lyce r ine .  The 
g l y c e r i n e  a c t s  a s  a s e a l e r  t o  prevent  t h e  l o s e  of t h e  gascous SO2 
and SO formed a f t e r  combustion. A s e a l e r  must be used. L u b r i s e a l  
was found t o  work a s  wel l .  3 

7. The s toppe r  i s  then  put i n t c  p l a c e  and m t a t e d  so t h a t  one 
g l y c e r i n e  i s  spread about t h e  j o i n t  uniformly. 

8. Next, t h e  f l a s k  i s  gased a few seconds w i t h  pure oxygen, t he  
s toppe r  i s  r ep laced  quickly and secured w i t h  t h e  f l a s k  clamp 
which i s  screwed t i g h t l y  i n  p l ace .  

9. The prepared f l a s k  i s  then placed on t h e  p l a t fo rm i n  a up - r igh t  
p o s i t i o n  i n  t h e  oxygen i g n i t e r .  

10. The door i s  c losed  and t h e  hood s h i e l d  i s  lowered. 

11. The i n f r a r e d  
f l a s k  can be 
l i g h t .  

12. The I R  l i g h t  
wick and no t  

lamp i s  then turned on f o r  a s h o r t  t i m e  so  t h a t  t h e  
moved t o  a l i g n  t h e  b l ack  paper wick wi th  t h e  i n f r a r e d  

should be so  a l igned  t h a t  i t  h i t s  t h e  black paper 
t h e  platinum c a r r i e r .  

13. The I R  lamp i s  then  turned on u n t i l  t h e  sample begins t o  burn.  

14. Allow t h e  sample t o  combust completely be fo re  removing t h e  f l a s k  
from t h e  i g n i t e r .  

15. Remove t h e  f l a s k  and gentely i n v e r t  and r o t a t e  t h e  f l a s k  
r e p e a t e d l y  u n t i l  t h e  i n t e r n a l  wal l s  of t h e  f l a s k  and t h e  s toppe r  
s t e m  a r e  completely washed. 

16. Allow f l a s k s  t o  s t and  f o r  approx, 1 hour (A minimum s t and ing  t i m e  
of 30 minutes may be adequate).  The r e p e a t  s t e p  1/15. 

17. With a volumetr ic  p i p e t t e ,  remove 2 m l  a l i q u o t  and p l a c e  i n t o  
p l a s t i c  tubes and cap f o r  l a t t e r  a n a l y s i s  of i no rgan ic  s u l f a t e .  

18. Duplicate  samples of u r ine  should be r u n  along wi th  a blank. 
blank i s  2 m l  of t he  combusted s o l u t i o n  w i t h  a l l  r e a g e n t s  except  
1.0 m l  r e p l a c e s  t h e  1 m l  of BGR) . 

(The 

19. The samples a t  t h i s  point  a r e  s t a b l e  f o r  a t  l e a s t  24 hours i f  
s t o r e d  i n  t h e  r e f r i g e r a t o r .  



20. The samples a r e  then  prepared f u r t h e r  f o r  a n a l y s i s  of inorganic  
s u l f a t e  s t a r t i n g  w i t h  s t e p  1B4. 

21. The AOD360 f o r  u r i n e  i s  obtained by s u b s t r a c t i n 4  OD360 f o r  water 
and u r i n e  blank from the OD360 f o r  u r ine .  

22. The conc. of s u l f a t e  i s  obtained from t h e  Na2S04 s tandard  curve 
which i s  a p l o t  of AOD360 vs .  Na2S04. 

by mul t ip ly ing  t h i s  value by t h e  d i l u t i o n  f a c t o r .  
23. The a c t u a l  concen t r a t ion  of t o t a l  s u l f a t e  i n  u r i n e  i s  obtained 

0 , 1  m l  sample i n m  10.5 ml t c t a ?  vo?i;me = 105 
e * e  (Cuvette conc. SO4) x 105 = o r i g i n a l  t o t a l  SO conc. 4 

24. The n e u t r a l  s u l f a t e  i n  u r i n e  i s  obtained by: 
(Total  s u l f a t e )  - (hydrolyzable  s u l f a t e )  = ( n e u t r a l  s u l f a t e )  

c 

D. Precaut ions :  

1. The d i l u t e  H202 s o l u t i o n  must be prepared f r e s h  d a i l y ,  because 
i t  r e a d i l y  decomposes and r e s u l t s  i n  an  under e s t ima t ion  of 
inorganic  s u l f a t e .  

2 .  The j o i n t  between t h e  combustion f l a s k  and t h e  g l a s s  s topper  
must be sea led  wi th  g lyce r ine  o r  l u b r i s c a l  and f u r t h e r  s ea l ed  
by secur ing  t h e  s topper  t o  t h e  f l a s k  wi th  t h e  f l a s k  clamp. 

3. The f l a s k  must be  thoroughly r insed  wi th  t h e  s o l u t i o n  immediately 
a f t e r  combustion i s  completed and a g a i n  one hour l a t e r  ( j u s t  be fo re  
t h e  2 -1 - l i ; ~ = z t  i c  ZCKV:C~>~ T S i z  I: Z C C C ~ S G Y ~  k c ~ z c  ;f ~ G G C G G Z  

s u l f u r  condenses on the i n t e r n a l  su r f aces  of  t h e  f l a s k .  I f  
t h i s  washing procedure i s  not  followed an underest imate  of s u l f u r  
w i l l  r e s u l t .  

4. A s tandard  n e u t r a l  s u l f u r  sample should a l s o  be analyzed d a i l y  
t o  check t h e  accuracy of t h e  method. 
of 27.39 mM/L cysteine-HC1 ( d r i e d )  onto f i l t e r  paper and proceed 
a s  ou t l ined  above. This s tandard  a l s o  r e q u i r e s  a blank ( i . e . ,  
BGR rep laced  w i t h  H20). 

There i s  a p o s s i b i l i t y  t h a t  t h e  combustion could be explos ive ,  
r e s u l t i n g  i n  breaking the  f l a s k .  Therefore ,  t h e  combustion 
procedure should be accomplished under a hood wi th  t h e  hood s h i e l d  
between the  i n v e s t i g a t o r  and t h e  i g n i t e r .  

Therefore ,  p i p e t t e  0 .1  m l  

5. 

6.  The f l a s k  s toppe r  and plat inum c a r r i e r  should be  thoroughly 
washed wi th  top  water ,  demineral ized water  and d i s t i l l e d  water ,  
i n  t h a t  o r d e r .  

E. Reagents: 

1. Na SO s tandard  (see inorganic  s u l f u r  method) 2 4  
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2.  BGR 
3. l O N H C l  
4. H 0 (k4 d i l  30%) 

5. Cysteine - HC1 seandard 
25 ml 30"1. H O2 d i l u t e d  t o  100 m l  w i th  H20 

M.W, (d r i ed )  = 157.63 

looom' = 27.3856 mM/L 1 mmole 
L X 

215.84mg 
50 m l  157.63 mg 

conc. i n  f l a s k  = 27.39 mM/L x o'lml = 0.26082 mM/L 

F. C h a r a c t e r i s t i c s  of T o t a l  Sulfur  Method: 

1. S e n s i t i v i t y  E= concen t r a t ion  i n  c u v e t t e  = 0.04 mM/L 
a b s o l u t e  amount i n  c u v e t t e  = 19.2 Wg SO4 

2. Reproduc ib i l i t y  = S.D. = 5 0.45 mM/L 
C.V. = 1.9% 

3. Recovery of added 
indoxyl s u l f a t e  i n  u r i n e  = 104.OX 
indoxyl s u l f a t e  i n  H 0 = 105.7% 
cysteine-HC1 i n  u r ine  = 103.8% 

L-cyst ine i n  H20 = 96.8% 
Composite (indoxyl s u l f a t e  

2 

cysteine-HC1 i n  H20 = 101.1% 

cysteine-HC1) soln i n  H20 = 100.1% 

4 .  S u l f u r  Analysis  i n  Human Sweat 

A .  Inorganic  s u l f a t e  

The average ino rgan ic  s u l f a t e  i n  2 1  samples from 6 young men i s  
0.117 5 0.076 (range = 0.043-A325). 
s i t i v i t y  f o r  t he  method i s  about 0.04 w moles/ml of SO 
can be used f o r  t h e  e s t ima t ion  of i no rgan ic  s u l f a t e  without  f i r s t  
concen t r a t ing  i t .  However, sweat a s  c o l l e c t e d  from t h e  s k i n  has 
cons ide rab le  t u r b i d i t y ,  and t h e r e f o r e ,  i t  must be f i r s t  f i l t e r e d  t o  
remove t h e  t u r b i d i t y .  This can b e s t  be accomplished by us ing  t h e  
Swinny F i l t e r  Holder (No. xx30 01200) wi th  t h e  m i l l i p o r e  f i l t e r  
(No VCMP - 01300) a t t ached  t o  a s u i t a b l e  s i zed  sy r inge .  

Since t h e  lower l i m i t  of sen-  
raw sweat 4 '  

1. The sweat i s  prepared f o r  e s t i m a t i o n  of i no rgan ic  s u l f a t e  and acid 
hydrolyzable  s u l f a t e  i n  t h e  same manner a s  u r i n e ,  

2. However, a s  noted above i t  must be f i r s t  f i l t e r e d  wi th  a m i l l i p o r e  
system t o  remove t h e  t u r b i d i t y .  

3. For p r e p a r a t i o n  s t a r t  with s t e p  413 of t h e  ino rgan ic  s u l f a t e  i n  
u r i n e  procedure.  



4. It is recommended that the standard Na SO concentrations used 2 4  for the calibration curve be as follows. 
0.05 mM/L 
0.10 mM/L 
0.15 mM/L 
0.20 mM/L 

5. Precautions 

a. The same precaution outlined for urine also apply for sweat. 

b. In addition, sweat has turbidity ar?d must  be filtered befcre 
it can be analyzed. 

C. Total Sulfur 

1. Under the conditions used for the est;of lot .S in urine, approx. 
2 + mM S04/L must be in the solution. 

2. Since sweat SO normally is not that concentrated, it needs to be 4 concentrated for it can be analyzed for total .S. 

3. Sweat must be concentrated from 10 to 50 times. This can be 
accomplished by lyopholyzation or by low heat drying in an oven 
overnight. 

4. 0.2 ml of conc. sweat is added to black filter paper and dried at 
90°C for 1 hour. Note: water is held more strongly by sweat. 
Therefore, the heating conditions must be stronger in order to 
assure complete drying of the sample placed on the paper. 
Otherwise the paper will not combust completely. 

5. After combustion, take 4 ml aliquot instead of 2 ml. 

6. Add 0.1 ml 10 - N HC1 and 1 ml BGR. 

7. Proceed as outlined for the inorganic sulfate method. 

8. Characteristics 

a. sensitivity 0.04 mM/L or 192 in cuvette 

b. reproducibility SD = 0.016 mM/L C.V. = 5.6% 

c.  recovery: indoxyl SO4 = 103.6% 
L-cysteine = 96.4% 

9. Precaution 

a. sweat must be concentrated 

b. sweat must be completely dried on paper for complete combustion 



V. CHOLINERGIC T R A I N I N G  OR DENERVATED SWEAT GLANDS 

The l i t e r a t u r e  p e r t a i n i n g  t o  t h i s  r e s e a r c h  d e a l s  w i th  two main problems: 
1) a c c l i m a t i z a t i o n  and t r a i n i n g  and t h e  i o n i c  composition of sweat produced 
du r ing  t h e s e  p rocesses ,  and 2)  t h e  responses of denervated sweat glands t o  
c h o l i n e r g i c  s t imula t i o n .  

c During t h e  course of a c c l i m a t i z a t i o n  t h e  volume of sweat produced i n  
response t o  a s tandard l e v e l  of hea t  s t imu lus  i n c r e a s e s  (Robinson and Robinson, 
1954). 

found t h a t  repeated d a i l y  h e a t i n g  of only a p o r t i o n  of t h e  body i n c r e a s e s  
the  sweating response of t h e  heated a r e a .  

This  change occurs  not  only i n  response t o  t o t a l  body h e a t  exposure,  
b u t  can a l s o  be b r n ~ g h t  3bout by I w s l i z e d  hea t  stimuli. Fox e t  a ? .  (1S62) 

The observed changes could r e s u l t  from e i t p e r  of two phenomena, 
sweat gland could produce more sweat, o r  a g r e a t e r  number of sweat glands 
could become a c t i v e .  Data taken during a c c l i m a t i z a t i o n  experiments i n d i c a t e  
t h a t  t he  number of a c t i v e  sweat glands remains c o n s t a n t ,  thus each gland 
must s e c r e t e  a g r e a t e r  volume of sweat (Sargent et g .  1965). 

Each 

Seve ra l  f a c t o r s  could a c t  t o  produce t h e  observed changes i n  t h e  a c t i v i t y  
of t h e  sweat glands.  Changes i n  the s e n s i t i v i t y  of t h e  c e n t r a l  nervous system 
t o  thermoregulatory s t i m u l i  may be a f a c t o r .  Experimental evidence i n d i c a t e s  
t h a t  t h e r e  i s  a quicker  onse t  of sweating a t  lower body temperatures a f t e r  
a c c l i m a t i z a t i o n  (Fox e t  a l .  1963). These changes account f o r  only p a r t  of 
t h e  p rocess  of a c c l i m a t i z a t i o n ,  however. 

A second p o s s i b l e  f a c t o r  i n  the sweat response i s  l o c a l  s k i n  temperature .  
It  has a l r e a d y  been noted t h a t  l oca l i zed  h e a t  produces t r a i n i n g  of t h e  sweat 
glands.  The r e l a t i v e  c o n t r i b u t i o n s  of s k i n  temperature  and sweat gland 
a c t i v i t y  have been e l u c i d a t e d  i n  f u r t h e r  experiments.  Fox e t  a l .  (1964) 
i n h i b i t e d  sweating i n  one arm by l o c a l  coo l ing  while  t h e  remainder of t h e  
body was exposed t o  h e a t .  The uncooled arm and t o t a l  body sweat r a t e s  r o s e  
by 425% and 1307'7 r e s p e c t i v e l y .  The sweat r a t e  of t he  cooled arm d id  not  
i n c r e a s e .  It t h e r e f o r e  appears  t h a t  t h e  inc reased  sweat r a t e  a s s o c i a t e d  wi th  
a c c l i m a t i z a t i o n  i s  dependent on t h e  inc reased  s e c r e t o r y  a c t i v i t y  du r ing  accl ima-  
t i z a  t i o n .  

I n  o r d e r  t o  e l i m i n a t e  t h e  f a c t o r  of low s k i n  temperature of t he  previous 
experiment,  Brebner and Kerslake (1962) i n h i b i t e d  sweating c e n t r a l l y  by 
d i r e c t  cool ing.  Sub jec t s  were immersed t o  t h e  w a i s t  i n  water a t  10°C. The 
o r a l  temperature  was e l eva ted  t o  37.6" by h e a t i n g  t h e  t runk  wi th  h e a t  lamps 
f o r  110 minutes on t e n  consecut ive days. I r r a d i a t i o n  i n  warm baths  produced 
p r o f u s e  sweat ing wh i l e  i t  d id  not  i n  cold ba ths .  The mean s k i n  temperature  
was s i m i l a r  i n  both s i t u a t i o n s .  The forearm sweat r a t e  increased only s l i g h t l y  
i n  t h e  cold b a t h  exposures .  
subs t a n t  i a  1 l y  . 

I n  t h e  warm b a t h  t h e  forearm sweat r a t e  i nc reased  

The response of sweat glands to  d i r e c t  r epea ted  p e r i p h e r a l  s t imu lus  under 
c o o l  c o n d i t i o n s  was s tud ied  using intradermal  i n j e c t i o n s  of acetyl-p-methylchol ine 
(Mecholyl) s u f f i c i e n t  t o  maintain sweating f o r  two hours.  An enhancement 



comparable t o  t h a t  i n  h e a t  a c c l i m a t i z a t i o n  was brought about by t h i s  d i r e c t  
s t i m u l a t i o n  of t h e  glands without  any r i se  i n  co re  temperature ( C o l l i n s ,  1963). 

I n  experiments t h a t  extended those of C o l l i n s  w e  continued t r a i n i n g  beyond 
t h e  t e n  day per iod t h a t  he used. We found t h a t  t h e  sweat r a t e  dncseased~ u n t i l  
t h e  f o u r t e e n t h  or f i f t e e n t h  day a f t e r  which i t  plateaued a t  an e l eva ted  l e v e l .  

In summary, t h e  changes i n  the q u a n t i t y  of sweat produced i n  response t o  
a thermal s t imu lus  a r e  appa ren t ly  dependent on inc reased  a c t i v i t y  of t h e  
sweat gland and a r e  due t o  a l o c a l  t r a i n i n g  phenomenon. 

A s  the. volume of sweat produced per wit time c h m g e s ,  t h e  composition 
of t h e  sweat i s  a l s o  a l t e r e d ,  Two types of phenomena, s h o r t  term and long 
term changes, have been observed. 

A s  t h e  sweat r a t e  increased during a c t i v e  sweating the  c h l o r i d e  con- 
c e n t r a t i o n  of t h e  sweat i n c r e a s e s  (Kawahata, 1950). S i m i l a r l y  t h e  concen t r a t ion  
of sodium a l s o  rises wi th  inc reas ing  sweat r a t e  (Schwartz and ThaysenI,  1956). 
These changes occur i n  a ma t t e r  of seconds o r  hours and a r e  s h o r t  terms i n  
c o n t r a s t  t o  t h e  changes accompanying a c c l i m a t i z a t i o n .  

Reports on t h e  long term changes i n  sweat sodium and c h l o r i d e  l e v e l s  a r e  
confused. This  i s  due i n  p a r t  t o  such v a r i a b l e s  a s  dehydra t ion , ,  hormonal 
changes, s a l t  d e p l e t i o n ,  and r e c t a l  and s k i n  temperature which have been 
handled d i f f e r e n t l y  o r  t o t a l l y  neglected i n  v a r i o u s  s t u d i e s .  In t h i s  work 
a t t empt s  w i l l  be made t o  c o n t r o l  these f a c t o r s  o r  a t  l e a s t  t ake  them i n t o  
account  

Johnson e t  a l .  (1944) gave evidence t h a t  dehydrat ion tends t o  i n c r e a s e  
t h e  s a l t  c o n c e n t r a t i o n  of sweat. 
t h a t  t h e  sweat Concentrat ion of men who had gone without  water f o r  18 hours  
b e f o r e  aweat experiments was n o t  d i f f e r e n t  from t h a t  of men who were l i b e r a l l y  
prehydrated.  Robinson and Robinson (1954) r epor t ed  t h a t  long term changes 
a s s o c i a t e d  w i t h  a c c l i m a t i z a t i o n  r e s u l t  i n  a d e c l i n e  i n  both sodium and c h l o r i d e  
c o n c e n t r a t i o n s .  This change was brought about a s  a r e s u l t  of t o t a l  body exposure 
t o  h e a t ,  so  any number of f a c t o r s  could have produced t h e  observed r e s u l t s .  

In  c o n t r a s t ,  AhOman e t  a l .  (1953) r epor t ed  

We measured t h e  sodium and c h l o r i d e  concen t r a t ions  i n  sweat produced 
d u r i n g  t r a i n i n g  and found t h a t  a s  sweat r a t e  i n c r e a s e s ,  t h e  sodium and c h l o r i d e  
c o n c e n t r a t i o n s  a l s o  i n c r e a s e .  Once i s o t o n i c i t y  i s  approached both sweat r a t e  
and i o n i c  c o n c e n t r a t i o n  ceased t o  inc rease  and p l a t eaued  a t  t h e  e l eva ted  
l e v e l .  Thus inc reased  a c i t i v t y  alone w i l l  not r e s u l t  i n  t h e  product ion of 
a more d i l u t e  sweat. The p o s s i b i l i t y  remains t h a t  t h e r e  a r e  temperature 
dependent l o c a l  changes i n  t h e  s w e a t  gland t h a t  do r e s u l t  i n  decreased sodium 
and c h l o r i d e  concen t r a t ions  

Cannon (1939) noted t h a t  when the  a f f e r e n t  neurons t o  a t a r g e t  t i s s u e  
a r e  destroyed "an inc reased  i r r i t a b i l i t y  t o  chemicai agents  deveiops in t h e  
i s o l a t e d  s t r u c t u r e  of s t r u c t u r e s " .  This has s i n c e  been known a s  Cannon's Law. 
S e v e r a l  au tho r s  have r epor t ed  t h a t  the sweat gland i s  an except ion t o  t h i s  law. 
Janowitz  and Grossman (1951) observed t h e  r e a c t i o n  of denervated sweat glands 
t o  parasympathomimetic drugs a s  e a r l y  a s  30 hours a f t e r  denervat ion.  The 
l o c a l  sweating induced by intracutaneous i n j e c t i o n s  of p i l o c a r p i n e ,  physostigmine, 



prost igmine,  and A Ch was noted t o  disappear i n  from 30 hours t o  7 days a f t e r  
sympathectomy. The sweat glands did respond t o  r a d i a n t  h e a t ,  but  t h e  amount 
of hea t  necessary a l s o  caused l o c a l  erythema and b l i s t e r i n g .  S i m i l a r l y ,  
Shel ley and Florence (1960) r epor t ed  t h a t  i n t r ade rma l  i n j e c t i o n s  of p i l o c a r p i n e  
and A Ch had no e f f e c t  on t h e  sympathectomized a r e a s .  
t h e s e  f i n d i n g s ,  however. Lewis and Landis (1929) r epor t ed  t h a t  i n  one case  
1 / 7  g r a i n  of p i l o c a r p i n e  n i t r a t e  given subcutaneously produced f r e e  s a l i v a t i o n  
and "very l i t t l e "  sweating on t h e  15th day fol lowing sympathectomy. 
case  1/5 g r a i n  of p i l o c a r p i n e  n i t r a t e  given subcutaneously on the  21st day 
produced prof se sweat ing over the e n t i r e  body. 

E a r l i e r  r p r t s  c o n t r a d i c t  

I n  ano the r  

Y 
Wilson (1935) r epor t ed  t h a t  "TI? man pilocarpine zszy c a w e  sweating cn 

t h e  f a c e  a f t e r  degene ra t ion  of a l l  types of nerves  i n  t h i s  area".  

Guttman (1939) a l s o  r epor t ed  t h a t  "sweat s e c r e t i o n  induced by p i l o c a r p i n e  
was n o t i c a b l e  on t h e  denervated s i d e ,  e s p e c i a l l y  i n  t h e  f a c e  but i t  was 
diminished".  The experiment was c a r r i e d  ou t  f o u r  weeks a f t e r  ganglionectomy. 
I n  s e v e r a l  o t h e r  cases  i n  which t h e  p i l o c a r p i n e  test was performed two t o  
fou r  weeks a f t e r  t h e  o p e r a t i o n  t h e  s u b j e c t  showed "hypohydrosis of t h e  
denervated s i d e  . . ., al though t h e  sweat s e c r e t i o n  began f i r s t  i n  t h i s  area".  

Some of t h e  d i s c r e p a n c i e s  i n  the d a t a  r epor t ed  i n  t h e  l i t e r a t u r e  may be 

I 
due t o  t h e  techniques used. The same method i s  g e n e r a l l y  used t o  determine 
a r e a s  of denervat ion.  To ta l  body heat s t imu lus  i s  u s u a l l y  used and t h e  a r e a s  
t h a t  sweat a r e  made v i s i b l e  by t h e  method of Silverman and Powell (1945) o r  a 
s i m i l a r  method. It i s  u n l i k e l y  t h a t  t h e  d i s c r e p a n c i e s  a r e  due t o  i n c o r r e c t l y  
i d e n t i f y i n g  denervated a r e a s .  

The dosage of drug used may be the  source of d i f f e r e n c e s .  L e w i s  and 
Landis (1929) n o t e  t h a t  "It seems probably t h a t  when p i l o c a r p i n e  has been 
r e p o r t e d  a s  f a i l i n g  t o  produce sweating i n  a n  a r e a  deprived of i t s  sympathetic 
nerve supply,  t h a t  such sweating a s  has occurPed on t h e  remainder of t h e  body 
may a c t u a l l y  have been induced r e f l e x l y ,  o r  t h a t ,  w i t h  a dose of p i l o c a r p i n e  
n o t  wholly adequate,  t he  p r e e x i s t i n g  tone  of t h e  nerves t o  t h e  sweat glands 
on t h e  innervated s i d e  has s u f f i c e d  t o  t i p  t h e  balance and thus b r i n g  t h e  
glands on t h i s  s i d e  t o  v i s i b l e  a c t i v i t y .  
c u s t o n  t o  apply h e a t  and p i l o c a r p i n e  s imultaneously i s '  t o  be noted". 

I n  t h i s  connkefion a f r equen t  c l i n i c a l  

A s  f o r  t h e  more r e c e n t  work of Janowitz and Grossman (1951) and She l l ey  
and Florence (1960), t h e  comparatively small  dose of drug used may have been 
t o o  low t o  s t i m u l a t e  t h e  denervated glands.  I n  each c a s e  where sweat ing i n  
denervated a r e a s  was r e p o r t e d ,  1 / 7  to 1 / 5  g r a i n s  o r  .0092 t o  .013 grams of 
p i l o c a r p i n e  was i n j e c t e d  subcutaneously. I n  c o n t r a s t ,  only 0.1 cc  of 1 : l O O O  
p i l o c a r p i n e  w a s  i n j e c t e d  by Janowitz and Grossman. She l l ey  and Florence (1960) 
i n j e c t e d  1% p i l o c a r p i n e  intradermally.  No volume was given, but 1 / 2  c c  i s  a 
f a i r l y  l a r g e  in t r ade rma l  dose.  

- Ln t h e  c a t  paw, Burn (1922)  found t h a t  f o u r  t o  s i x  weeks a f t e r  dene rva t ion  
t h e r e  t;las a diminished response t o  an i n j e c t i o n  of 0.5 mgm of p i l o c a r p i n e .  
However, t h e  denervated a r e a s  would respond t o  l a r g e r  doses.  I f  s i m i l a r  changes 
i n  s e n s i t i v i t y  occur i n  man, a l a r g e  dose of p i l o c a r p i n e  may be r equ i r ed  t o  
e l i c i t  a response.  Thus t h e  quest ion of t h e  a b i l i t y  of denervated sweat glands 
t o  respond t o  c h o l i n e r g i c  drugs remains open. 



An i n t e r e s t i n g  p o s s i b i l i t y  i s  t h a t  t he  s e n s i t i v i t y  of sweat glands t o  
c h o l i n e r g i c  s t i m u l i  may depend on the  p r i o r  s t imu lus  l e v e l .  
d a i l y  s t i m u l a t i o n  might i n c r e a s e  the s e n s i t i v i t y  of denervated sweat glands 
t o  c h o l i n e r g i c  drugs.  I n  previous t r a i n i n g  experiments t h e  glands have 
s t a r t e d  a t  some "normal" l e v e l  of s e n s i t i v i t y  and t h e i r  s e n s i t i v i t y  has inc reased .  
Poss ib ly  t r a i n i n g  could begin a t  zero func t ion ,  o r  g r e a t l y  reduced s e n s i t i v i t y ,  
and i n c r e a s e  from t h e r e .  This problem w i l l  be i n v e s t i g a t e d .  

I f  so ,  r epea ted  

The o b j e c t i v e s  of t h i s  research w i l l  be a s  fol lows:  

1. To determine t h e  response of denervated sweat glands t o  a s i n g l e  dose 
of p i l o c a r p i n e ,  

2. To determine whether p i l o c a r p i n e  w i l l  cause t r a i n i n g  when app l i ed  
r e p e a t e d l y  f o r  s e v e r a l  days. 

3 .  To observe t h e  responses of denervated sweat glands t o  repeated c h o l i n e r g i c  
s t i m u l a t i o n .  

4 .  To observe t h e  t i m e  course of t r a i n i n g  by p i l o c a r p i n e  and/or methacholine.  

I n  a l l  of t he  experiments a c o n s i s t e n t  procedure must be followed i n  t h e  
p r e p a r a t i o n  of t h e  s k i n  p r i o r  t o  c o l l e c t i o n s .  

Although t h i s  problem has recieved l i t t l e  a t t e n t i o n  by many workers, i t  
i s  of g r e a t  importance. Since t h e  s k i n  can b e  a source of contamination of 
sweat samples, i t  i s  g e n e r a l l y  cleansed p r i o r  t o  c o l l e c t i o n .  However, t h e  
method of c l e a n s i n g  i s  no t  c l e a r l y  de f ined .  I f  t h e  s k i n  i s  scrubbed, t h i s  
w i l l  r e s u l t  i n  some l o c a l  trauma and erythema. D i f f e r e n t  soaps ,  e s p e c i a l l y  
medicated ones,  c o n t a i n  substances t h a t  may have d i f f e r e n t  e f f e c t s  on the  
sweat glands.  The e f f e c t s  of t h e s e  substances h a v e  never been evaluated.  

The water  vapor p r e s s u r e  of the a i r  above t h e  s k i n  may a l s o  r e s u l t  i n  
a l t e r a t i o n s  of sweat r a t e  and/or composition. Beown and Sargent  (1965) 
showed t h a t  i n  a humid environment a d e c l i n e  i n  sweat ing occurs .  This has  
been termed hidromeiosis .  I n  another s tudy us ing  ho t  ba ths  t h i s  phenomenon 
was a l s o  demonstrated (Johnson -- e t  a l .  1966). Although Segar e t  a l .  (1965) 
found t h a t  high water vapor p re s su re  under a water-proof patch did not a l t e r  
t h e  sweat c o l l e c t e d  t h i s  f a c t o r  may be of importance when l a r g e r  a r e a s  a r e  
involved 

I n  a d d i t i o n  t o  t h e  t r ea tmen t  of t h e  sk in ,  o t h e r  f a c t o r s  must be con t ro l ed  
d u r i n g  c o l l e c t i o n  pe r iods .  The s t a t e  of hydra t ion ,  s a l t  i n t a k e ,  and metabolism 
w i l l  be s t anda rd ized .  

The technique of i on tophores i s  has been s u f f i c i n e t l y  developed so t h a t  
p i l o c a r p i n e  can be adminis tered by t h i s  method. A second problem i n  s u b j e c t s  
t h a t  a r e  only p a r t i a l l y  sympathectomized is t o  map ou t  the a r e a s  t h a t  a r e  
denervated.  This i s  done wi th  t h e  technique of Silverman and Powell (1945). 
A t i n c t u r e  of f e r r i c  c h l o r i d e  i n  e thanol  i s  app l i ed  t o  t h e  s k i n  and allowed 
t o  d r y .  
sweat t h e  t a n n i c  ac id  r e a c t s  w i t h  the f e r r i c  c h l o r i d e  t o  form a b l ack  s t a i n  
t h a t  s h a r p l y  o u t l i n e s  a r e a s  of sweating a c t i v i t y .  

Tannic ac id  powder i s  appl ied t o  t h e  d ry  a r e a .  Upon c o n t a c t  w i th  
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Once t h e  a r e a s  t h a t  a r e  denervated have been i d e n t i f i e d ,  t h e  sweating 
response of a denervated a r e a  t o  p i l o c a r p i n e  w i l l  be s t u d i e d .  A normally 
innervated a r e a  w i l l  be used a s  a con t ro l .  
f i l t e r  papers i n  a sweat capsule .  

Sweat samples w i l l  be c o l l e c t e d  on 

The second group of experiments w i l l  determine whether repeated d a i l y  
s t i m u l a t i o n  wi th  p i l o c a r p i n e  r e s u l t s  i n  t r a i n i n g .  
only on a c t i v i t y  of t h e  sweat glands,  a s  C o l l i n s  proposes (1963), t hen  one 
would expect  p i l o c a r p i n e  t o  promote t r a i n i n g .  
f o r  a c e t y l c h o l i n e  o r  i t s  d e r i v a t i v e s ,  however. 

I f  t r a i n i n g  i s  dependent 

The response could be s p e c i f i c  

I f  t r a i n i n g  can be accomplished wi th  p i l o c a r p i n e ,  t h i s  drug w i l l  be 
app l i ed  by ion tophores i s  and used to  a t tempt  t r a i n i n g  of denervated sweat 
glands.  A s  befo re ,  normally innervated a r e a s  w i l l  s e r v e  a s  c o n t r o l s .  

Previous f ind ings  a r e  c o n s i s t e n t  w i th  t h e  hypothesis  t h a t  t h e  response 
o f  a sweat gland t o  a s tandard dose of s t imulus i s  dependent on t h e  previous 
s t imu lus  l e v e l .  Thus when a small  area of s k i n  i s  s t imu la t ed  l o c a l l y  by a 
drug o r  h e a t ,  t h i s  s t i m u l a t i o n  is  added t o  t h e  normal "background" l e v e l  from 
t h e  c e n t r a l  nervous system. The sweating response t o  a s tandard dose of drug 
subsequent ly  adminis tered w i l l  be g r e a t e r  than i t  would have been p r i o r  t o  
t h e  t r a i n i n g .  This a b i l i t y  t o  i n c r e a s e  sweat p roduc t ion  does seem t o  have an  
upper l i m i t .  I n  previous experiments t h e r e  has been a p l a t e a u i n g  of sweat 
r a t e  once i s o t o n i c  sweat i s  produced (Johnson et g .  1967). 

The ques t ion  that now a r i s e s  i s  whether denervated sweat glands w i l l  
resume product ion when once a g a i n  exposed t o  a c h o l i n e r g i c  s t imu lus .  
t r a i n i n g  begin a t  a l e v e l  of zero func t ion  a s  w e l l  a s  from some normal s t a t e ?  
I n  o r d e r  t o  answer t h i s  ques t ion  t r a i n i n g  of denervated a r e a s  wi th  repeated 
a p p l i c a t i o n s  of a c h o l i n e r g i c  drug w i l l  be a t tempted.  I f  p i l o c a r p i n e  i s  found 
t o  be s u i t a b l e  f o r  t h i s  purpose,  i t  w i l l  be used., I f  t h i s  i s  no t  t h e  case ,  
methacholine,  which has been shown t o  evoke t r a i n i n g ,  w i l l  be  used. This  would 
p r e s e n t  a problem i n  t h e  a d m i n i s t r a t i o n  of t h e  drug. P rev ious ly  in t r ade rma l  
i n j e c t i o n s  have been used, but  t h i s  method has s e v e r a l  drawbacks. One of 
t h e s e  i s  a focus of high drug concen t r a t ion  i n  t h e  a rea  of t h e  wheal and a 
g r a d i e n t  of dec reas ing  concen t r a t ion  f u r t h e r  from t h e  i n j e c t i o n  s i te .  A 
second problem is t h e  repeated trauma t o  t h e  s k i n  i n  t h e  a r e a  of t h e  i n j e c t i o n  
s i t e .  Poss ib ly  methacholine could be introduced by ion tophores i s ,  bu t  t h e r e  
a r e  few r e f e r e n c e s  t o  t h i s  i n  t h e  l i t e r a t u r e  and f u r t h e r  s tudy of t h i s  method 
would be necessary.  

' 

Can 

I n  h i s  t r a i n i n g  s t u d i e s ,  Co l l in s  (1963) found t h a t  two hours of a c t i v e  
swea t ing  d a i l y  were s u f f i c i e n t  t o  b r ing  about t r a i n i n g .  This per iod of t i m e  
h a s  been used i n  our t r a i n i n g  experiments. It i s  p o s s i b l e  t h a t  t h e  r a t e  of 
t r a i n i n g  could be increased e i t h e r  by i n c r e a s i n g  t h e  l e n g t h  of t h e  d a i l y  
p e r i o d  of a c t i v e  sweat ing,  o r  by s t i m u l a t i n g  more f r e q u e n t l y  than once a day. 
We p l a n  t o  extend t h e  per iod of s t imulat ior t  t o  t h r e e  hours d a i l y  i n  one series 
of exper iments.  I n  a~iiother we w i l l  s t i t n u h i e  Cor t w o  hours twice d a i l y .  
C l e a r l y  t h e  t i m e  requirements f o r  these s t u d i e s  pose a problem when human 
s u b j e c t s  are used. 
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