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The A c tio n  o f  Lime S u sp en sio n s on S te e r  H ide l a i r .

AmoBg. th e  many problem s p r e se n te d  by th e  l im in g  p r o c e ss

th o se  co n cern in g  th e  k e r a t in o u s  p o r t io n s  o f  th e  h id e s  o r  sk in s

a re  o f  co n sid era b le  in t e r e s t  and im portance* The h a ir  s h a f t

and r o o t and th e  ep id erm is w ith  i t s  a s s o c ia t e d  t i s s u e s  eour-

p r is e  th e  bu lk  o f  such p o r t io n s .  Of th e s e ,  th e  h a ir  r o o t  and

th e  ep id erm is  are  d i r e c t ly  concerned  in  th e  u n h a ir in g  a c t io n

o c c u r r in g  d u rin g  l im in g , and s t u d ie s  o f  th e  c h em istry  o f  un-

h a ir in g  sh ou ld  p r o p e r ly  be made upon them . The d i f f i c u l t y  o f

o b ta in in g  th e s e  t i s s u e s  in  s u f f i c i e n t  q u a n tity  h a s ,  how ever,

fo r c e d  ex p er im en ters in t e r e s t e d  in  t h i s  q u e s t io n  to  u se  th e

h a ir  s h a f t  in  m ost o f  t h e i r  in v e s t ig a t io n s *  The r e s u l t s  o f

such s t u d ie s  are a t  much i n t e r e s t  and v a lu e ,  y e t  in  v iew  o f

d i f f e r e n c e s  in  co m p o sitio n  and p h y s ic a l  s t a t e  o f  th e  t i s s u e s

in  q u e s t io n , t h e ir  u n q u a lif ie d  a p p l ic a t io n  to  th e  b e h a v io r  o f

th e  ep id erm is and h a ir  r o o t  i s  h a r d ly  p e r m iss ib le *

M a rr io tt  and M e r r i l l  have e s p e c i a l ly  s tu d ie d  th e  a c t io n

©f th e  o rd in a ry  d e p ila to r y  s o lu t io n s  on h a ir .  H owever, th e

g r e a te r  p o r t io n s  o f  o f  t h e i r  work d e a ls  w ith  th e  a c t io n  o f

s u l f i d e s  and su lp h y d r a te s . The e f f e c t  o f  unsharpened ca lc iu m
( 1 )hydroxide suspensions on calf hair has been followed by Merrill

( 2 )
b^ means o f  n itr o g e n  d e te r m in a tio n s . M a rr io tt  h a s c o n s id e r e d

(1) H *B .M err ill and J .W .H em in g , J r . In d . Hng. Chem., 2 0 ,2 1 (1 9 2 8 )

(2 ) B .H * !a r r io t t ,  J #I.S*L *T .G *, 1 2 , 281 (1 9 2 8 ) ; I b ld ,  1 5 ,2 5 (1 9 5 1 )
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th e  sou rce  o f  the ammonia found  in  s im ila r  l iq u o r s .

A c h a r a c t e r i s t i c  c o n s t i tu e n t  o f  h a ir  i s  th e  su lp h u r con­

ta in in g  amino a c id  c y s t i n e .  T h is  amino a c id ,  e i t h e r  a lo n e  

o r ,  a s  Bergmann h a s  shown, more e a s i l y  when in  p e p tid e  com­

b in a t io n ,  l o s e s  v a ry in g  p r o p o r tio n s  o f  i t s  su lp h u r a s  su lp h id e  

under th e  a c t io n  o f  a l k f l i e s .  The d is u lp h id e  l in k a g e  o f  th e  

c y s t in e  m o leeu le  (HO0C.CH(M# ) .CH* .S .S .C H t .CHHH*COOH) i s  a ls o  

e a s i l y  reduced to  th e  su lp h y d ra te  f o m  (HOOC-GH(M* )GHaSH) o f  

c y s t e in e ,  a  p ro p er ty  shared  by c y s t i n e  p e p tid es*  The amino 

group o f  c y s t in e  and c y s t e in e  may be removed a s  araaonia under  

th e  a c t io n  o f  a l k a l i e s .  C y s t in e  a p p a re n tly  r e t a in s  t h i s  xmm 

s t a b i l i t y  tow ards a l k a l i e s  to  a g r e a te r  or  l e s s e r  d egree  in

i t s  co m b in a tio n s in  h a i r .a s ,  u s in g  th e  u s u a l i s o l a t i o n  p r o -
(3)

c ed u re , Hoffman ob served  a marked d e c re a se  in  th e  y i e l d  o f

c y s t in e  from  h a ir  p r e v io u s ly  tr e a te d  w ith  sodium  carb on ate
( 2 )

s o lu t io n ,  M a rr io tt  o b ta in e d  s im ila r  r e s u l t s  w ith  sodium  h y -
(4) (5 ) (6 )

d r o x ld e , w h ile  Bergmann, W. K u ster  and W. I r io n  and M a rr io tt

o b ser v e  l i k e  b eh a v io r  w ith  sodium s u l f id e  s o l u t io n s .

IThile su lp h id e s  have been r e p e a te d ly  found in  o ld  un­

sharpened lim e  l iq u o r s ,  y e t ,  a s  f a r  a s  we are  aw are, no quan­

t i t a t i v e  s t u d ie s  o f  th e  v a r io u s  su lphur c o n ta in in g  p ro d u cts  

form ed d u rin g  th e  normal l im in g  p e r io d  from th e  a c t io n  o f  un-

(3 ) W .F.Hoffman, J .B io l.C h em . 6 5 , 251—4 (1 9 2 5 ) .

(4 ) M.Bergmann and f .S t a t h e r ,  C o lleg iu m , 1 0 9 (1 9 2 5 ) . I b id .
249 (1 9 2 6 ) .

(5 ) W .Kuster and W. I r io n ,  J * p h y sio l.O h em ., 18 4 ,2 8 5  (1 9 2 9 ) .

(6 ) R .H .H a r r io tt , J .S .L .T .C .,  9 , 612 (1 9 2 5 ) .
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sharpened lim e  su sp e n s io n s  on h a ir  have been p u b lis h e d . Such 

a stu d y  would n o t o n ly  throw a d d it io n a l  l i g h t  on th e  b eh a v io r  

o f  th e  su lp h u r e o n ta in in g  c o n s t i t u e n t s  o f  th e  h a ir  d u rin g  

l im in g , b u t w ould a l s o  fu r n is h  a b a s is  fo r  th e  fu r th e r  stu d y  

o f  th e  a c t io n  o f  th e  v a r io u s  sh arp en ing  a g e n ts  u sed  in  th e  

beam h o u se .

E x p er im en ta l.

The e a se  o f  o x id a t io n  o f  th e  ex p ected  su lp h u r compounds 

demanded th e  com parison o f  two lim in g  c o n d it io n s  (a) exp osu re  

t o  a i r  and (b) a s  com p lete  e x c lu s io n  o f  a i r  a s  p o s s i b l e .  The 

l a t t e r  c o n d it io n  was o b ta in ed  by b o i l in g  th e  lim e  l iq u o r s  b e ­

fo r e  u s e ,  by "w ashing", th e  h a ir  to  be lim ed  in  a stream  o f  

n itr o g e n  g a s , and by c a r r y in g  o u t  the l im in g  in  an atm osphere  

o f  n i  tun gen  gas in  s e a le d  b o t t l e s .

Throughout th e  lim in g  p r o c e s s  th e  l iq u o r s  were a g i t a t e d  

tw ic e  d a i ly .  A t th e  end o f  th e  d e s ir e d  lim in g  p e r io d s  th e  

l iq u o r s  w ere f i l t e r e d  in t o  n itr o g e n  f i l l e d  f l a s k s  w h ile  b e in g  

p r o te c te d  from  th e  a c t io n  o f  atm osp heric  oxygen  by a stream  o f  

n itr o g e n  g a s .

The lim ed  h a ir  was th o ro u g h ly  .washed a s  q u ic k ly  a s  p o s s i ­

b le  w ith  u n b o iled  d i s t i l l e d  w ater b e fo r e  s u b j e c t in g  lit  to  th e  

d e s ir e d  a n a ly t i c a l  p roced u re .

M ethods o f  a n a ly s i s .

A . A n a ly s is  o f  th e  lim e  l iq u o r s .

1 .  T o ta l n it r o g e n .
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T o ta l n itr o g e n  v a lu e s  were o b ta in ed  on 25 e .c *  p o r t io n s  

o f  th e  f i l t e r e d  l iq u o r  by th e  K je ld a h l method*

2 . Ammonia n itr o g e n .

Ammonia was determ ined  by d i s t i l l a t i o n  under vacuum in ­

to  e x c e s s  a c id ,

3* T ota l su lphur*

A v o lu m e tr ic  procedure was em ployed. The v a r io u s  form s

o f  su lph ur w ere o x id iz e d  to  s u lp h a te , which was d eterm ined  by
( 7 )

an io d o m etr ic  procedure g iv e n  by K o lth o f f*

4* Sulphur p r e se n t  a s  su lp h id e  and su lp h y d r a te ,
(8 )

A procedure due to  K urtenacker and W ollack was used*

The su lp h id e  and su lp h y d ra te  su lphur was c a lc u la t e d  from th e  

d if f e r e n c e  in  io d in e  consum ption o f  th e  lim e  l iq u o r  b e fo r e  and 

a f t e r  trea tm en t w ith  Zneo* su sp e n s io n , which rem oves su lp h id e  

and su lp h y d ra te  a s  z in c  s u lp h id e .

B e s u it s  o b ta in ed  by t h i s  procedure were s a t i s f a c t o r i l y  

checked by d i s t i l l i n g  H *# from  th e  a c i d i f i e d  ZnCOs-ZnS p r e c i ­

p i t a t e  o b ta in ed  above in to  cadmium a c e t a t e  s o lu t io n  and d e te r ­

m in in g  th e  Sadmium su lp h id e  io d o m e tr ic a lly *

5 .  Sulphur p r e se n t  a s  s u lp h ite *

K urtenacker and W ollack 1s procedure was a g a in  u sed  here*  

The r e s u l t  was c a lc u la te d  from  th e  d i f f e r e n c e  in  io d in e  con­

sum ption o f  th e  l iq u o r ,  (p r e v io u s ly  fr e e d  o f  su lp h id e  and s u l -

(7 ) M. K o lt h o f f .  Y o lu m etrie  A n a ly s is ,  Y o l. I I ,  P r a c t ic a l
P r in c ip le s ,  p . 4 1 8 .

(8) A . K urtenacker and R. W ollack , Z. an org . a llg e m . chemu,
1 6 1 ,2 0 1  (1 9 2 7 );  G .A ., 2 1 ,1 9 4 1  (1 9 2 7 ) .
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p hydrate by th e  ZnOO. s u s p e n s io n ) , b e fo r e  and a f t e r  th e  ad­

d i t io n  o f  form ald eh yde, w hich form s an a ld e h y d e -s u lp h ite  com­

pound n o t  o x id iz e d  by io d in e ,

6 ,  Sulphur p r e s e n t  a s  p o ly s u lp h id e ,

The e s t im a t io n  was b ased  on a proced ure due to  E«
(9)

S ch u lek  which Bodnar and Gervay h are  found q u ite  s a t i s f a c t o r y .  

By add ing  th e  sam ple of l iq u o r  to  a b o i l in g  bori© a c id  s o lu ­

t io n  c o n ta in in g  sodium  cy a n id e  p o lysu lp h id ©  su lp h u r I s  con­

v e r te d  to  su lp h ocyan ate  which can then  be e s t im a te d  c o l o r i -  

m e t r ic a l ly  a f t e r  th e  a d d it io n  o f  f e r r i c  io n  a s  th e  red  f e r r i c  

su lp h o cy a n a te , th e  c o n v e rs io n  to  su lp h o cy a n a te  o f  th e  sm a ll 

amounts o f p o ly s u l f id e  su lph ur h ere  d e a l t  w ith  i s  n o t  a s  com­

p le t e  a s  o b ta in ed  by S chu lek  f o r  la r g e r  q u a n t i t i e s ,  th e  

p o ly su lp h id e  r e s u l t s  r ec o rd ed , w h ile  lo w , may s t i l l  be c o n s i ­

dered com p ara tive .

7 , Sulphur p r e se n t  a s  s u lp h a te .

Sulphur in  t h i s  form  was p r e c ip i t a t e d  from th e  a c i d i f i e d

l iq u o r  by th e  a d d it io n  o f  an a lc o h o l ie  s o lu t io n  o f  b e n z id in e .

The p r e c ip i t a t e  o f b e n z id in e  su lp h a te  was f i l t e r e d  o f f ,  washed

and t i t r a t e d  w ith  ,0 1  H NaOH in  th e  u su a l manner,

8* Sulphur p r e se n t  a s  c y s t e in e  and c y s t in e .
( 1 0 )

S u ll iv a n * s  method was u t i l i z e d ,  X 50 c , e .  p o r t io n  o f

(9) J . Bodnar and W. G ervay, Z .a n a l.O h em ., 7 1 ,4 4 6  (1 9 S 7 ).

(10) M. X. S u l l iv a n ,  P u b lic  H ea lth  B e p o r ts , S u p |lem en t Ho. .78.
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th e  lim e  l iq u o r  was prepared f o r  a n a ly s is  toy f r e e in g  from  s u l ­

ph ide and su lp h y d ra te  w ith  5 e . o .  ©f ZnCO* su sp en sion *  To a  

50 c . c .  p o r t io n  o f th e  su p ern a ten t l iq u id  (o b ta in e d  toy c e n t r i ­

f u g in g ) ,  a c i d i f i e d  w ith  1 I  HG1, 10 c * c . o f  1 N HC1 were added. 

The m ix tu re  was then  d i lu t e d  to  100 o * e* , and exam ined f o r  

c y s t e in e  and c y s t in e  toy S u lliv a n - 's  p ro ced u re . T h is  method 

u t i l i z e s  th e  red  e o lo r  d evelop ed  toy th e  in t e r a c t io n  o f  

B -nap thoquinone-p -sod ium  su lp h o n a te  and c y s t e in e  in  th e  p r e s ­

ence o f  sodium s u lp h it e  f o r  th e  c o lo  rime t r i e  d e te r m in a tio n  o f

c y s t e in e .  G y stin e  i s  determ ined  toy t h i s  method toy f i r s t  r e -
(11)

duoing i t  to  c y s t e in e  w ith  sodium c y a n id e . S u l l iv a n  h a s shown, 

th e  procedure t o  toe h ig h ly  s p e c i f i c .

9 .  Sulphur p r e se n t  a s  c y s t e in e  and e y s t in e  p e p t id e s .

A m ix tu re  o f  25 c . c .  o f  th e  l iq u o r  and 25 e . o .  o f  con ­

c e n tr a te d  HC1 was too iled  under a r e f lu x  fo r  10 h o u r s , no a t ­

tem pt toeing made to  ex c lu d e  atm osp heric  oxygen . The h y d r o l­

y s a t e ,  a f t e r  c o n c e n tr a tin g  to  10 -  15 c . c . ,  was mad© a lk a l in e  

to  torom ph en ol tolue toy th e  a d d it io n  o f  6 H HaGH, d i lu t e d  to  

50 c . c . ,  and exam ined f o r  e y s t in e  toy S u l l iv a n ' s  m ethod.

M ethods f o r  th e  a n a ly s is  o f  th e  lim ed  h a i r .

1 .  H y d r o ly s is .

The limed hair, after a thorough but rapid washing with 
d i s t i l l e d  w a te r , was p la e ed  in  a n itr o g e n  f i l l e d  f l a s k  and

(1 1 ) .  H. X. S u l l iv a n ,  Putolle H ea lth  R e p o r ts , 4 1 ,1 0 3 0  (1 9 2 6 ) .
I t o ld . . 4 4 ,1 4 2 1  (1 9 2 9 ) . I to id . , 4 4 ,1 5 9 9  
(1 9 2 9 ) .
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con n ected  (lay a ground g la s s  j o in t )  to  a n itr o g e n  f i l l e d  r e ­

f lu x  co n d en ser . With a  slow  stream  o f  n itr o g e n  gas p a s s in g  

through th e  app aratu s 50 e . c .  o f  f r e s h ly  b o i le d  20$ HG1 was 

in tro d u ced  in to  th e  f l a s k  through th e  to p  o f  th e  co n d en ser . 

H y d r o ly s is  was e f f e c t e d  by b o i l in g  th e  c o n te n ts  o f  th e  f l a s k  

fo r  te n  h o u rs . Hydrogen su lp h id e  g iv en  o f f  d u rin g  th e  hyd ro­

l y s i s  was c o l l e c t e d  in  a cadmium a c e ta te  s o lu t io n  which a ls o  

served  a s a s e a l  to  ex c lu d e  a tm osp h eric  oxygen from  th e  h yd ro­

l y s a t e .

The f i n a l  h y d r o ly sa te  was c o n c en tr a ted  to  S t  -  25 c . c . , 

c o o le d , and d i lu t e d  w ith  d i s t i l l e d  w ater  to  100 c . c .

2 .  T o ta l n itr o g e n .

A 10 c . c .  a l iq u o t  o f  th e  h y d r o ly sa te  was a n a ly se d  f o r  

t o t a l  n itr o g e n  by the. K j e l d a h l .

5 .  Ammonia n it r o g e n .

A 25 c . c .  a l iq u o t  o f  th e  h y d r o ly s a te  was added to  100 c .  

o .  o f  w ater  c o n ta in in g  an e x c e s s  o f  Ca(0H)« and th e  m ixtu re  

d i s t i l l e d ,  under vacuum, in to  e x c e s s  stan dard  a c id .

4 .  T o ta l su lp h u r .

T h is  was determ ined  in  a 10 e . c .  p o r t io n  o f  th e  h y d r o l­

y s a te  by th e  procedure m entioned  under th e  a n a ly s is  o f  th e  

l im e  l iq u o r s .

5 .  Sulphur g iv en  o f f  a s  hydrogen su lp h id e  du rin g  h y d r o ly s is .

The cadmium su lp h id e  form ed in  th e  cadmium a c e t a t e  s o l ­

u t io n  m entioned  above was determ ined  io d o m e tr lc a l ly .

6 .  Sulphur p r e se n t  a s  c y s t e in e  and c y s t i n e .
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(1S)
These v a lu e s  were o b ta in e d  by Okuda’ s p ro ced u re , which  

depends upon th e  o x id a t io n  o f  c y s t e in e  in  d i l u t e  h y d r o c h lo r ic  

a c id  s o lu t io n  c o n ta in in g  p otassiu m  io d id e  by th e  a d d it io n  o f  

stan d ard  p o tassiu m  lo d a te  s o lu t io n .  C y s t in e  i s  determ ined  by 

t h i s  procedure a f t e r  r e d u c tio n  to  e y s te in e  w ith  z in c  and h yd ro­

c h lo r ic  a c id .

B e s u l t s .

In  Table I  i s  record ed  th e  a n a ly t i c a l  r e s u l t s  f o r  lim e
o

l iq u o r s  o b ta in ed  by l im in g , a t  18  C .,  s i x  gram p o r t io n s  o f  h a ir  

in  500 o .o .  o f  sa tu r a te d  lim e  w ater  c o n ta in in g  1 .5  grams e x c e s s  

Ca(0H)s p er  10© c .c *  o f  so lu t io n #  The h a ir  u sed  in  t h i s  e x ­

perim ent had been c lip p e d  from  a f r e s h  s t e e r  h id e ,  washed and  

a i r  d r ie d . I t  had n o t been tr e a te d  w ith  f a t  so lv e n ts #  These  

lim e  l iq u o r s  were n o t  examined f o r  c y s t e in e  o r  c y s t i n e ,  nor  

was th e  lim ed  h a ir  an a lysed #  The n it r o g e n  g a s  used  in  t h i s  

experim ent was n o t  fr e e d  o f  th e  sm a ll amount o f  oxygen i t  con­

ta in ed #

To en a b le  read y com parison o f  th e  q u a n t i t i e s  o f  th e  v a r ­

io u s  form s o f  su lp h u r p r e s e n t ,  a l l  r e s u l t s  have been  ex p r essed  

a s  m illig r a m  atom s (one thou san dth  o f  a gram atom) p er  gram o f  

unlim ed h a ir #

The ir r e g u la r  v a r ia t io n  o f  th e  t o t a l  n itr o g e n  r e s u l t s  i s  

v e r y  marked# T h is  may p o s s ib ly  be due to  uneven f a t  d i s t r ib u -

(18) Y. Okuda, J .  S o l .  A gr. S o c . (Japan) No. 853 , 1 -3  (1 9 2 3 );
.§ ,  A . 1 8 , 2014 (1 9 2 4 ) .
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t i o n ,  a s  M a rr io tt  h a s  n o t ic e d  marked d i f f e r e n c e s  in  th e  n i t ­

rogen  c o n te n t  o f  sodium su lp h id e  s o lu t io n s  which had a c te d  

upon d egreased  and undegreased  go a t h a ir .  She ammonia r e ­

s u l t s  do n o t  show t h i s  i r r e g u la r i t y ,  hut in c r e a s e  w ith  th e  

tim e o f  lim in g  and w ith  no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  

two lim in g  c o n d it io n s  o f  exp osu re to  and e x e lu s io n  o f  a i r .

The e f f e c t  o f  th e s e  c o n d it io n s  i s  w e l l  dem onstrated  by  

th e  su lph ur d i s t r ib u t io n .  The low er  s t a t e s  o f  o x id a t io n  

(su lp h id e  p lu s  su lp h y d ra te  ana p o ly s u lp h ia e )  a re  much more 

abundant in  th o se  l iq u o r s  o b ta in ed  w ith  th e  e x c lu s io n  o f  a i r  

than in  th o se  t o  which atm osp h eric  oxygen h as had a c c e ss*  fh e  

r e v e r se  i s  found in  th e  c a se  o f  su lph ur p r e se n t  a s  su lp h a te*  

S u lp h ite  su lph ur h a r d ly  e x ce ed s  ex p er im en ta l e r r o r  a t  any t im e ,  

b u t runs h ig h e r  in  th o se  l iq u o r s  exposed to  a i r .

The t o t a l  su lp h u r co n ten t o f  th e  l iq u o r s  I n c r e a s e s  w ith  

th e  tim e o f  l im in g . The in c r e a s e  i s  q u ite  ra p id  d u r in g  th e  

f i r s t  two d a y s. E xcep t f o r  th e  one day lim in g  p e r io d , l e s s  

su lp h u r i s  determ ined  in  th e  unexposed l iq u o r s  th an  in  th o se  in  

c o n ta c t  w ith  a i r .  T h is  may r e f l e c t  a d i f f e r e n c e  in  th e  b e ­

hav ior  o f  h a ir  under th e  two lim in g  c o n d it io n s  em ployed, p o s­

s i b l y  e f f e c t e d  through th e  d i f f e r e n c e s  in  su lph ur d i s t r ib u t io n .

However, a t  th e  end o f  a normal l im in g  p e r io d  o f  f i v e  

d a y s , o n ly  abou t 40$  o f  th e  su lp h u r compounds in  th e  lim e  

l iq u o r  have been accou n ted  f o r .  At t h i s  tim e th e  lim e  l iq u o r  

h a s removed from h a ir  ap p rox im ate ly  20$ o f  i t s  su lp h u r .
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In  Table I I  i s  record ed  th e  changes o c c u r r in g  in  th e  s u l ­

phur d i s t r ib u t io n  o f  th e  8 day l iq u o r s ,  o b ta in ed  in  th e  above  

experim en t on a llo w in g  to  s ta n d , a f t e r  th e  rem oval o f  th e  h a ir ,  

under th e  n o ted  c o n d it io n s .  The l iq u o r  o b ta in ed  w ith  th e  ex ­

e lu s io n  o f  a i r  seem s t o  be q u ite  s t a b le  when k e p t  under th e s e  

c o n d it io n s ,  b u t , on exp osu re to  a i r ,  s u f f e r s  a  l o s s  o f  su lp h id e  

p lu s  su lp h y d ra te  and p o ly su lp h id e  su lph ur w ith  a g a in  in  th e  

s u lp h ite  and su lp h a te  form s. T h is i s  n a tu r a l ly  to  be e x p e c t­

ed , though i t  i s  in t e r e s t in g  to  n o te  th a t  t h i s  g a in  d oes n o t  

eq u a l th e  l o s s  o f  su lp h id e , su lp h y d ra te  and p o ly su lp h id e  ob­

se r v e d , a s  i s  se en  on comparing th e  summation o f  th e  v a r io u s  

form s o f  su lph ur d eterm in ed . T h is d i f f e r e n c e  may be due to  

the fo rm a tio n  o f  t h io s u l f a t e  o r  o th e r  su b sta n c e s  not d eterm in ­

ed in  th e  p r e s e n t  a n a ly s i s .

In  T ab les I I I ,  1 7  and 7  are  ga th ered  r e s u l t s  o f  a  s im i­

la r  experim ent perform ed on h a ir  © lipped from a D om estic  s t e e r  

h id e . T h is  h a ir  had been w ashed, a i r  d r ie d , e x tr a c te d  w ith  

f i v e  or s i x  p o r t io n s  o f  benzene a t  room tem p erature f o r  seven  

or e ig h t  days and f i n a l l y  a i r  d r ie d . Com plete f a t  e x tr a c t io n  

was p rob ab ly  n o t  o b ta in ed  by t h i s  tre a tm en t.

The n itr o g e n  g a s  u sed  to  ex c lu d e  atm osp h eric  oxygen  was
(IS )

fr e e d  o f  oxygen by b u b b lin g  through th r e e  Truog to w ers oon-
(14)

ta in in g  a lk a l in e  p y r o g a l lo l  (prepared a cco rd in g  to  Anderson) and

(15) T ruog, J .  In d . Eng. Ghem., 7 ,  1045 (1 9 1 5 ) .

(14) A nderson, J . In d . In g . Ghem., 8 ,  1 5 1 , 155 (1 9 1 6 )•
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Days
in

lim e s

. 8

Table IX.

P o s t  L im ing Changes in  S u lp h u r  d i s t r ib u t io n  o f  Lime L iq u o rs .

R e s u lt s  exp ressed  a s  m illig ra m  atoms o f  su lp h u r in  th e  l im e  l iq u o r  per gram o f  h a ir .

Limed in  
p r e sen ce  
o f

P o s t  L im ing  
c o n d i t io n s

S u lp h id e  
p lu s  sulp*  
h y d r a te  
su lp h u r

a .

P o ly ­
su lp h id e
su lphur

b .

S u lp h ite  S u lp h a te  Summation 
su lph ur su lp h u r

a+b+e+d

A ir Im m ediate a n a ly s is  
o f  l iq u o r .

A n a ly s is  o f  l iq u o r  
a f t e r  s ta n d in g  
ex p o sed  t o  a ir  
f o r  24 h o u r s .

• 009

.0 0 8

.0 2 0

>009

.0 0 9

>014 .0 8 4

.1 1 8

•110

N itro g en  Im m ediate a n a ly s is
o f  l iq u o r .

A n a ly s i s  o f l iq u o r  
a f t e r  s ta n d in g  
ex p o sed  to  a ir  
f o r  19 h o u r s .

A n a ly s is  o f  l iq u o r  
a f t e r  s ta n d in g  
p r o te c t e d  from a ir  
f o r  19  h o u r s .

.0 3 7

.0 0 6

.0 7 8

.0 0 5

• 068

.0 0 0

.0 2 4

>002

.0 1 7

.0 3 7

.0 1 1

.1 3 2

.1 1 6



-1 1 -

th en  over  h ea ted  copper g a u z e , a  procedure recommended by And-
(15) 

rew s.

The d e term in a tio n  o f  s u lp h it e  in  th e  lim e  l iq u o r s  was 

o m itte d , but c y s t e in e ,  c y s t in e  and t h e ir  p o ly p e p t id e s  were 

t e s t e d  f o r  by th e  m ethods d e sc r ib e d  p r e v io u s ly .  Sulphur p r e s ­

en t in  th e  l iq u o r  a s  su lp h id e  and su lp h y d ra te  was d eterm ined  

by d i s t i l l a t i o n  o f  t h e  ZnGO* -  ZnS p r e c i p i t a t e ,  a s  o u t l in e d  

ab ove, in s te a d  o f  by io d o m etr ic  t i t r a t i o n s .  The lim ed  h a ir  

from t h i s  experim en t was a ls o  examined by th e  proced ure g iv e n .

T ab le I I I  p r e s e n ts  th e  a n a ly s e s  o f  th e  f i n a l  lim e  l i q ­

u o r s . The t o t a l  and anmonia n itr o g e n  r e s u l t s  are s t i l l  p ro ­

b a b ly  q u e s t io n a b le ,  and, in  th e  ab sen ce  o f  a more extend ed  

s e r i e s  o f  d e te r m in a t io n s , w i l l  n o t r e c e iv e  s e r io u s  c o n s id e r a ­

t io n  h e r e .

The t o t a l  su lp h u r c o n te n t  and i t s  d i s t r ib u t io n  a g ree  

w ith  th a t  shown in  T able I .  The c u r in g  and p a r t ia l  d e f a t t in g  

undergone by th e  D om estic s t e e r  h id e  h a ir  h en ce d oes n o t  g r e a t ­

l y  in f lu e n c e  i t s  su lph ur l o s s e s  in  lim e  su sp e n s io n s .

In  no ca se  was c y s t e in e  o r  e y s t in e  fou n d , e i t h e r  a s  th e  

amino a c id  or in  p e p tid e  com b in a tion . As S u l l iv a n * s  t e s t  i s  

h ig h ly  s p e c i f i c  t h i s  f in d in g  d oes n o t  e x c lu d e  th e  p r e sen ce  o f  

o th e r  o r g a n ic  su lp h u r compounds. No su b sta n c es  in t e r f e r in g  

w ith  th e  S u l l iv a n  method were p r e s e n t  in  th e  a c id  h y d ro ly sed  

l im e  l iq u o r  a s wqs shown by th e  s a t i s f a c t o r y  d e ter m in a tio n  o f  

a known amount o f  added c y s t in e .

(15) 7 .  C. Andrews, J .  B io l ,  ©hem., 8 0 , 191 (1 9 2 8 ) .
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TEDi© H i .

A.etion o f  Ca(OH)» S u sp en sio n s a t  20 C .(6 8  F . ) on H a ir  from a Dome3 t i e  Cured

S t e e r  H id e♦

A n a ly s is  o f  f i n a l  Lime L iq u ors*

 __________M illig ra m  atom s i n  l iq u o r  per gram o f  un lim ed hair*_______________

Days Limed in T ota l Ammonia Su lph ide P o ly ­ S u lp h ate T o ta l C y s te in e C y stin e C y ste in e
Lim ing p r e se n se  

o f
N itrogen N itr o g e n p lu s  su lp -  

hyarate  
sulphur

su lp h id e
su lp h u r

su lph ur su lp h u r su lph ur su lph ur or e y s t i n e  
p o lyp ep ­
t id e  
su lph ur

4 A ir .251 .0 5 3 .002 .0 4 6 .2 5 4 none none none
4 Hi trogen .204 .0 5 2 9012 *• ,0 0 4 .2 3 0 none none none

5 A ir .247 .0 8 9 .004 ,0 1 2 .0 7 2 ,2 7 6 none none none
5 N itr o g e n .191 .0 7 1 .018 .0 7 7 .0 0 6 .2 4 1 none none none



T able 17 shows th e  r e s u l t s  o b ta in ed  ©n th e  h y d r o ly s a te s  

o f  th e  lim ed  and unllm ed h a ir .  The H*S g iv e n  o f f  d u rin g  

h y d r o ly s is  amounts to  o n ly  1$  o f  th e  t o t a l  su lp h u r p r e s e n t ,  

but i s  h ig h e r  f o r  lim ed  than f o r  unlim ed h a ir .  H air  lim ed  

in  th e  ab sen ce o f  a i r  y i e l d s  s l i g h t l y  more H#S than when lim ed  

in  i t s  p r e se n c e . These v a lu e s  may p o s s ib ly  r e f l e c t  d i f f e r e n t  

d e g r ee s  o f  ch em ical changes o c cu rr in g  in  th e  h a ir  under th e  

a c t io n  o f  th e  d i f f e r e n t  l im in g  c o n d it io n s .

The c y s t e in e  su lp h u r  d oes n o t  va ry  s i g n i f i c a n t l y  w ith  

th e  l im in g  c o n d it io n s  employed o r  from  th a t  found f o r  unlim ed  

h a ir .

The e y s t in e  a n a ly s is  c l e a r ly  r e f l e c t  th e  a c t io n  o f  th e  

lim e  su sp e n s io n . Only f i f t y  p e r ce n t o f  the c y s t in e  d eterm in ­

ed in  un lim ed h a ir  rem ains a f t e r  f o u r  or  f i v e  d a y s l im in g .  

E xam ination o f  th e  d a ta  show s, how ever, th a t  th e  e y s t in e  and  

c y s t e in e  d e te r m in a tio n s  accou n t f o r  o n ly  about 50$ o f  th e  

t o t a l  su lp h u r c o n te n t  o f th e  lim ed  h a ir .

T able 7  sum marizes th e  d a ta  p r e se n te d  in  T a b le s  I I I  and 

1 7 . The r eco v ery  o f  t o t a l  n itr o g e n  aid t o t a l  su lp h u r a s  

shown by t h e i r  corresp on d in g  sum mations i s  n o t  e n t i r e ly  s a t i s ­

f a c t o r y .  A maximum l o s s  o f 8$ of th e  n itr o g e n  and 12$  o f  th e  

su lp h u r ( ig n o r in g  th e  q u e s t io n a b le  v a lu e )  occu rred  d u rin g  th e  

m a n ip u la tio n s  r e q u ir e d . Only 50$ o f  th e  t o t a l  su lp h u r  o f  th e  

unlim ed h a ir  can be accou n ted  f o r  a f t e r  f i v e  d a y s l im in g , a t  

which tim e th e  rem ain ing c y s t in e  su lphur c o n s t i t u t e s  o n ly  35 

to  37$ o f  th e  t o t a l  su lp h u r  c o n te n t  o f  th e  unlim ed h a ir .
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A ct Io n  o f  Ca(OH)g S u sp en s io n s  a t  20°C . ( 6 8 ° f f . ) on H aig from a D om estio

Cured S te e r  H ide#

A n a ly s is  o f  Limed H air*

M illig r a m  atoms in  lim ed  h a ir  per gram o f  u n lim ed  hair*

D ays Limed in  
Lim ing p resen ce  

o f

T o ta l
N itro g en

Ammonia
N itro g en  

(farmed on 
a o ld
h y d r o ly s i  s }

t o t a l
su lphur

Su lph ur  
e v o lv e d  a s  
H#S d u rin g  th e  
a c id  h y d r o ly s is

C y s te in e
su lp h u r

C ystin e
su lphur

U nlim ed, un- 
h y d ro ly sed  h a ir 10*50 1 .3 6 0

U nllm ed, 
h y d ro ly sed  h a ir 10*07 .7 5 3 1 .0 4 2 .0 0 3 .0 7 2 .918

4  A ir
4 N itro g en

9*57
9 .8 3

.7 6 3
•846

.718
1 .107

(7) .0 0 5
.0 1 0

.0 6 3

.0 6 3
.584
.477

5 A ir
§ N itro g en

9*28
9*63

.7 3 3
.724

.987

.945
.0 0 7
.0 0 9

.0 6 6

.0 6 9
.439
•442
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giirnTnfl j»y ,
The a c t io n  o f  unsharpened lim e  su sp en s io n s  on s t e e r  h id e  

h a ir ,  w ith  p a r t ic u la r  r e fe r e n c e  to  th e  su lp h u r  compounds ob­

ta in e d , h as b een  s tu d ie d .

Exposure t o  o r  e x c lu s io n  o f  a tm osp heric  oxygen d u rin g  

l im in g  produces marked d i f f e r e n c e s  in  th e  s t a t e  o f  o x id a t io n  

o f  some o f th e  in o r g a n ic  su lp h u r compounds formed*

The d ata  o b ta in ed  shows no o th e r  marked d i f f e r e n c e s  due

to  th e s e  lim in g  c o n d it io n s*

The form ation  o f  p o ly su lp h id e  su lp h u r in  th e  ab sen ce  o f  

atm osp h eric  oxygen in d ic a t e s  th a t  some o th e r  su b sta n ce  p r e se n t  

i s  c a p a b le  o f  o x id iz in g  th e  su lp h id e s  fo im ed  d u rin g  l im in g .

No c y s t e in e  or  c y s t in e ,  e i t h e r  a s  amino a c id  o r  in  pep­

t id e  com b in a tion , i s  p r e se n t in  th e  l iq u o r s  exam ined.

The c y s t in e  c o n te n t  o f  th e  h a ir  i s  d ecrea sed  50$ by f i v e

days l im in g , th e  c y s t e in e  c o n te n t rem ains q u ite  c o n s ta n t .

Mueh o f  th e  su lp h u r rem ain ing  in  th e  lim ed  h a ir  i s  n o t  

p r e se n t a s  c y s t e in e  or  c y s t in e  compounds.
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