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Stabilization of Aqueous Solutions of the I n s e c t  

Chemosterilant m-Xylohydroquinone ( m - X H O )  

by Vitamin C 

SAI~VAL'S f inding* t h a t  m-xy lohydroqu inone  (m-XHQ) 
is a m a m m a l i a n  oral  con t r acep t ive  formed the  basis of 
numerous  papers  released b y  this a u t h o r  and  his co- 
Workers f rom 1949 unt i l  t he  p resen t  t i m e  s. T h e  an t i -  
fer t i l i ty  effect  of  m - X H Q  in the  c o m m o n  l abo ra to ry  
rodents  is a r a t h e r  cont rovers ia l  issue 3, since mos t  workers  
have  been unable  to  conf i rm i t ;  nevertheless ,  the  com- 
pound has  been  g iven  widespread  clinical t es t ing  as a 
con t racep t ive  wi th  Ind i an  w o m e n  4,~. I t s  r e la t ive ly  low 
m a m m a l i a n  toxicity4,e,7 led to  its examina t i on  as an 
insect chemosteri lantS-*0.  W h e n  fed to adul t  houseflies, 
we found i t  to  be  a r a the r  eff icient  ov ipos i t ion- inhib i tor  
for t he  female  9, and  chemos te r i l an t  for t he  male  house-  
flyll,l~ 
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Dur ing  these  s tudies a serious d r awback  of  m - X H Q  as 
regards its po ten t i a l  use as an  insect  chemos te r i l an t  was 
noticed, namely ,  i ts  proneness  to ox ida t ion-on  s torage  in 
the  solid s ta te  and its even  m u c h  more  rapid  decomposi-  
t ion (oxidation) in aqueous  solutions u ;  e.g. 0.15 % aqueous  
Solutions, which  are  in i t ia l ly  colourless, assume wi th in  a 
few minu tes  a yellow, t h e n  a brown-red,  and f inal ly  a 
deep wine-red colour. Wi th in  a few days  the  solut ion then  
turns  t h rough  var ious  shades of b rown  to  a f inal  ye l low xs. 
These colour  changes  are  accompan ied  b y  the  deve lop-  
m e n t  of a charac ter i s t ic  smel l  and the  pa r t i a l  to  to t a l  
inac t iva t ion  of the  compound  as an  insect  s ter i lant  n. I n  
order to  preserve  i t s  chemos te r i l an t  a c t i v i t y  in solutions 
fed to houseflies, m - X H Q  had  to  be dissolved in mi lk  
(1 pa r t  mi lk  powder  in 8 par ts  water) ,  which stabil izes 
i tu .  The  ins tab i l i ty  of aqueous  solutions p reven ted  the  
tes t ing  and po ten t i a l  appl ica t ion  of m - X H Q  agains t  mos t  
insects o the r  t h a n  the  housefly.  

Since ox ida t ion  in t h e  a l imen t a ry  cana l  seems to  be  
one of the  probIems encounte red  wi th  m - X H Q  as an  oral  
raaramal ian  cont racept ive ,  SANYAL and GHOSH 4 admin-  
is tered the  subs tance  wi th  5%, by  weight ,  of sod ium 
hydrosulphi te ,  the  reduc ing  agen t  t h e y  used dur ing  the  
p repara t ion  of m - X H Q  from m-xyloquinone .  This  pro-  
Cedure was also followed by  THIERSCH ~; however ,  he  was 
not  able  to  ob ta in  wi th  i t  o ther  t h a n  nega t ive  biological  
results  in r ep roduc t ion  s tudies  w i th  t he  female  rat .  
SANYAL v e r y  recen t ly  (personal communica t ion ,  1956) 
still  advised  us to  e m p l o y  th is  a d j u v a n t ,  b u t  we  also 
found t h a t  t he  add i t ion  of 5% the  weigh t  of m-xy lohydro -  
quinone of  sodium hydrosu lph i t e  to  an  aqueous  solut ion 
of the  compound  had  l i t t le  effect  on i ts  decompos i t ion  n.  
On the  o ther  hand,  i t  was now recognized t h a t  dissolving 
d ry  m - X H Q  in aqueous  solutions of t he  a n t i o x i d a n t  
L-ascorbic acid (v i tamin  C) 14 stabil izes the  c o m p o u n d  
n~ost effect ively,  lack of colour  of the  solut ion be ing  t aken  
as a f i rs t  indica t ion  t h a t  no decompos i t ion  had  set  in. 
Whi le  0 .5% m - X H Q  in w a t e r  is e f fec t ive ly  p ro tec t ed  for 
a few days  b y  a concen t ra t ion  of as low as 0.05% v i t a m i n  
C, 0.15% m - X H Q ,  which we ~ed in our  expe r imen ta l  
a r r angemen t  for 3 days  to  ma le  houseflies, requires  a t  
least  0 ,2% v i t a m i n  C to p ro tec t  i t  for  such a l eng th  of 

t ime ;  0.3% v i t a m i n  C was  effect ive  for 4-6 days,  while 
0.5% gave  p ro tec t ion  for more  t h a n  a week. 

Vi tamin-C-s tabi l ized  solutions of m - X H Q  were there-  
upon  tes ted  biologically,  employ ing  a procedure  n which 
was, briefly, as follows: 50 freshly emerged  housef ly  

The effect on egg fertility of feeding housefly males for 3 days with 
different solutions of m-xylohydroquinone (m-XHQ) before mating 

them to virgin females 

c~c~ fed for 3 days During 14 days % Average % Average 
prior to mating after mating egg egg 

fertility fertility, 
Average Volume of corrected a 
longevity eggs laid 
of ~ by 50 ~? 
(days) (ml) 

Milk (control) 11.6 4.0 84.3 

0.2% vitamin 12.8 4.25 84.8 
C in HsO 

0.15% m-XHQ dis- 12.8 4.4 81.1 96.2 b 
solved in HsO only 

0.15% m-XHQ dis- 13.1 4.0 2.6 3.1 
solved in milk 

0.15~ m-XHQ dis- 12.7 4.1 2.3 2.7 
solved in HsO con- 
taining 0.2% vitamin C 

a Corrected for control sterility according to a slight transformation 
of Abbot's formula n. b Values obtained in other runs for 0.15% 
m-XHQ in water only were 85.0%, 56.6%, 84.5% and 45.6%. 
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n K. R. S. ASCHEE and N. AVDAT, Int. Pest Control 8 (6), 16 (1966). 
is K. R. S. ASCHER and N. AVVAT, Int. Pest Control 9 (2), 8 (1957). 
xs It  is assumed that this is the final oxidation product 2,6-dimethyl 

benzoquinone (m-xyloquinone) - according to R. G. R. BACON 
and D. J. MunRo, J. chem. Soc. 1960, 1339 yellow needles of m.p. 
71-72 °C. 

*4 This is considered the safest procedure, though dlssohdng r~-XH~ 
and vitamin C simultaneously in water gave about the same 
results, judging from colour changes. Adding the vitamin C half 
an hour after dissolution of m-XHQ could not cancel a yellow 
colour change. 



680 Speeialia EXI'~RII~aTIA 23]8 

ma le s  were  fed for  3 d a y s  w i t h  t h e  t e s t  so lu t ions  a n d  were  
t h e n  m a t e d  to  t h e  s a m e  n u m b e r  of u n t r e a t e d  v i rg in  
females  of t h e  s ame  age k e p t  in  cages  w i t h  u n t r e a t e d  m i l k  
a n d  sugar .  Eggs  were  col lec ted  daffy  a n d  m e a s u r e d  
vo lume t r i ca l ly ,  a n d  h a t c h i n g  of eggs was  checked  on  a t  
l eas t  6 occas ions  u p  to  t h e  age of 14 days  of t h e  females ;  
t h e  e x p e r i m e n t s  were  c o n d u c t e d  a t  27 °C. Some  repre -  
s e n t a t i v e  resul ts ,  w h i c h  cou ld  be  con f i rmed  in  seve ra l  
rep l ica t ions ,  a re  g i v e n  in  t h e  Table .  T h e  re su l t s  i n d i c a t e  
t h a t  whi le  m - X H Q  disso lved  in  w a t e r  was  i n a c t i v e  as a 
c h e m o s t e r i l a n t ,  m - X H Q  w i t h  v i t a m i n  C in  aqueous  solu- 
t i on  was  as a c t i v e  as w h e n  d isso lved  in milk.  Since, as 
m e n t i o n e d  above ,  t h e  c o m p o u n d  de t e r io r a t e s  also on  d r y  
s torage,  some  f u r t h e r  e x p e r i m e n t s  were  u n d e r t a k e n  w i t h  
s t r o n g l y  ox id ized  samples  of a l r e a d y  lilac co lour  (m.p.  
127-128 ° i n s t ead  of 150°C of t h e  pu re  subs t ance ,  w h i c h  
is whi te ) .  Such  decomposed  s am p l e s  were  n e a r l y  i n a c t i v e  
w h e n  t e s t e d  d isso lved  in  mi lk  a t  0 . 1 5 % ,  b u t  w h e n  dis- 
so lved  a t  t h e  s ame  c o n c e n t r a t i o n  in  w a t e r  c o n t a i n i n g  
0 .3% v i t a m i n  C w i t h  f o r m a t i o n  of a colour less  so lu t ion ,  
t h e y  were  r e d u c e d  a n d  r e a s o n a b l y  if n o t  c o m p l e t e l y  re-  
a c t i v a t e d  (average  co r rec ted  egg fer t i l i ty ,  12.5%).  

W e  are  u n a b l e  to  s ay  w h e t h e r  th i s  s t a b i l i z a t i o n  :~ 
would  i m p r o v e  t h e  a n t i f e r t i l i t y  effect  of m - X H Q  in  
m a m m a l s ,  w h i c h  a p p e a r s  to  be  ' u n d r a m a t i c  a n d  some-  
w h a t  d i f f icu l t  to  d e m o n s t r a t e '  xe, b u t  p e r h a p s  endocr ino lo-  
gis ts  m i g h t  f ind  i t  w o r t h w h i l e  to  r e t e s t  m - X H Q  m i x e d  
w i t h  severa l  t i m e s  i t s  w e i g h t  of v i t a m i n  C, in  r a t s  :~,ls. 

Zusammen/assung. Nachweis ,  dass  s ich m - X y l o h y d r o -  
c h i n o n  ( m - X H Q ;  2, 6 - D i m e t h y l h y d r o c h i n o n )  in  wgssr iger  

L 6 s u n g  ze r se t z t  u n d  so se ine  W i r k u n g  als  I n s e k t e n -  
C h e m o s t e r i l a n t  ver l ie r t .  Auf l6sung  de r  S u b s t a n z  in 
V i t a m i n  C e n t h a l t e n d e n  w/issr igen L 6 s u n g e n  v e r h i n d e r t  
den  Vorgang .  

K.  R. S. ASCHER a n d  N. AVDAT 

Department o/ Toxicology, The Volcani Institute o/ 
Agricultural Research, Rehovot (Israel), 
14th February 1967, 

I~ According to S. N. SANVAL and S. S. GUHA SIRCAR, Med. Int. 
27, 53 (1963) the oral contraceptive m-XHQ tablets dispensed by 
the Indian Government Health Centres contain 'some citric acid 
used as antioxidant preservative'. We found that  when m-XHQ was 
dissolved at a concentration of 0.15% in aqueous solutions of 
0.075%, 0.15%, 0.2% or 0.3% citric acid, the solutions turned 
yellow nearly immediately and developed a strong smell. Within 
1 day the yellow eolour had become very intense. It  was concluded 
that citric acid is unable to prevent the oxidation of m-XHQ in 
aqueous solutions, Little protection was afforded to m-XHQ in 
water by various mono- and disacchafides. Even a saturated 
(13:7) sucrose solution in water could not prevent the rapid 
oxidation of m-XHQ dissolved in it, but the protective effect of 
vitamin C was prolonged when a saturated sucrose solution was 
used as the vehicle. 

le H. JacKsoN, Pharmae. Rev. II, 135 (1959). 
iv We wish to thank Dr. S. N. SANVAL, Calcutta, for numerous 

samples of m-xylohydroquinone. 
Is Contribution from The National and University Institute of 
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N a c h w e i s  y o n  n - B u t y l a m i n  in ~ p f e l n  

~3ber das  V o r k o m m e n  y o n  w as s e r dam pf f l i i ch t i gen  pr i -  
m~iren A m i n e n  in Apfe l f r i i ch t en  b e r i c h t e t e n  HILKEN- 
BXUMER et  al. 1. Bei  den  Apfe l so r t en  ~¢Cox's Orange>>, 
,Ontario,> u n d  <¢Jonatham> k o n n t e n  Athy l - ,  I soamyl -  u n d  
H e x y l a m i n  nachgewie s en  werden .  

Bei  e igenen  V e r s u c h e n  f iber  die Biogenese  y o n  fl i ich- 
t igen  A m i n e n  k o n n t e n  w i t  das  V o r k o m m e n  y o n  A t h y l -  
u n d  H e x y l a m i n  bes t i i t igen  2. I s o a m y l a m i n  dagegen  liess 
s ich n i c h t  m i t  S iche rhe i t  ident i f iz ieren .  N u t  in Einze l -  
fal len,  bei  den  Apfe l so r t en  ~Cox's O r a n g e ,  u n d  ~¢Golden 
Del ic ious , ,  k o n n t e  n e b e n  sehr  ge r ingen  M e n g e n  y o n  ver-  
m u t l i c h  P r o p y l a m i n  u n d  e inem h 6 h e r e n  H o m o l o g e n  des  
H e x y l a m i n s  c h r o m a t o g r a p h i s c h  eine n i n h y d r i n p o s i t i v e  
S u b s t a n z  in S p u r e n  nachgewiesen  werden ,  d e r e n  R f - W e r t  
m i t  d e m  y o n  I s o a m y l a m i n  i i b e r e i n s t i m m t e .  E i n e  s ichere  
I den t i f i z i e rung  w a r  wegen  de r  ge r ingen  M e n g e n  n i c h t  
m6gl ich .  A u s s e r d e m  f a n d e n  wi r  ein zun~ichst  u n b e k a n n t e s  
Aznin, das  bei  de r  p a p i e r c h r o m a t o g r a p h i s c h e n  Aufa rbe i -  
t u n g  ( T r e n n u n g  a n  N a - A c e t a t  - v o r b e h a n d e l t e m  P a p i e r ;  
F l i e s smi t t e l  : n - B u t a n o l - W a s s e r - E i s e s s i g  50 : 49 :1  (A) 
bzw.  5 0 : 4 0 : 1 0  (B)) S e inen  geringfi igig a b e t  k o n s t a n t  
h 6 h e r e n  R f - W e r t  als I s o b u t y l a m i n  aufwies  u n d  in a l len 
E i g e n s c h a f t e n  m i t  n - B u t y l a m i n  i i b e r e i n s t i m m t e .  Zur  
s icheren  Iden t i f i z i e rung  w u r d e  das  A m i n  im Verg le ich  zu 
d e n  B u t y l a m i n e n  m i k r o k r i s t a l l o g r a p h i s c h  n a c h  de r  y o n  
KLmN u n d  STmNER e n t w i c k e l t e n  M e t h o d e  m i t  2,4-  
D i n i t r o - ~ - n a p h t h o l  (DNN) u n t e r s u c h t  8-6: N a c h  c h r o m a t o -  
g r aph i sche r  T r e n n u n g  im F l i e s s m i t t e l s y s t e m  A w u r d e  die  
in t e ress i e rende  Zone,  die ca. 10 -20 / zg  A m i n  en th i e l t ,  aus  

Chromatographische und mikrokristallographische Daten der Butyl- 
amine im Vergleich zu dem Amin aus Apfeln 

Amin Rf-Werte 

A B 

DNN-Verbindungen 

Schmelzbereieh a Kristallform 

Isobutylamin 0,60 0,72 155°-159 °C Rhomben, pris- 
matische Platten, 
Tafeln 

n-Butylamin 0,66 0,76 147°-153 °C Oft gekrfimmte, 
lange Nadeln 

a Apfelamin,, 0,65 0,76 147°-152 °C Wie n-Butylamin 

a Die Schmelzpunkte variieren auch unter gleiehen Bedingungen bei 
mehreren Einzelbestimmungen fiber einige Grade. Die aufgeffihrten 
Schmelzbereiche ergaben sich auf Grund yon je 8 Einzelbestimmun- 
gen. Verwendete Apparatur zur Schmelzpunktbestimmung: Mikro- 
skopheiztiseh 350 (Leitz). 
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