
15.8. 1974 Specialia 853 

251_253 o, [~]~oo + 80o(CHC18). Yield, 0.03%. I R  in cm-~:  
3500, 3390 (OH);  1709, 1680 (C = 0); m/e 470 (M+). I t  
fo rmed  a n  ace ta te ,  m.p .  245-248 ~ P r e l i m i n a r y  s~udies 
showed  t h a t  t h i s  c o m p o u n d  was d i f fe rent  f rom wi th-  
afer in  A, t he  a n t i t u m o u r  l ac tone  i so la ted  prev ious ly .  The  
c o m p o u n d  has  been  iden t i f i ed  as 4 fl, 20a -d ihydroxy-1-  
oxo-Sfl, 6 f l e p o x y - w i t h a - 2 , 2 4 - d i e n o l i d e  (II) 5 b y  com- 
pa r i son  of phys ica l  c o n s t a n t s  i.e., romp,  specific ro ta t ion ,  
t h i n  l ayer  c h r o m a t o g r a p h y  (TLC) and  f ina l ly  b y  a super-  
imposab le  I R - s p e c t r u m  w i t h  t h a t  of a n  a u t h e n t i c  sample .  
C o m p o u n d  (II) showed  95% t u m o u r  i n h i b i t i o n  aga ins t  
S a r c o m a  180 in  mice  6 a n d  was ac t ive  aga i n s t  cells de r ived  
f rom h u m a n  ep ide rmoid  c a r c i n o m a  of t he  n a s o p h a r y n x  
(IKB), ED~0 1.0 ~zg/ml (NSC No. 156284). No o the r  s te ro ida l  
l ac tones  could be  i so la ted  f rom th i s  source. 
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The  p e t r o l e u m  e the r  e x t r a c t  of the  leaves  on c o l u m n  
c h r o m a t o g r a p h y  (Silica gel) y ie lded a c rys ta l l ine  ma te r i a l  
in t he  p e t r o l e u m  e the r -benzene  (1 : 1) e luate .  The  p roduc t ,  
on r epea t ed  c rys t a l l i za t ions  f rom ch lo ro fo rm-me thano l ,  
gave  colourless  crystals ,  C29H500 , m.p.  138~ ~ I R  in 
c m - l :  3440 (OH). I t  r e sponded  to  L i e b e r m a n n - B u r c h a r d  
t e s t  for a s terol  and  fo rmed  a c rys ta l l ine  ace ta te ,  CalH520~, 
m.p.  127-129 ~ [~]~0o -41 ~ (CHC13). I R  in cm -~ : 1740 (C = O) 
a n d  1250 (C-O, ace ta t e ) ;  m/e 456(M+). The  s terol  was 
iden t ica l  w i t h  /5-sitosterol in  all respects  b y  mmp. ,  TLC, 
a n d  supe r imposab l e  I R - s p e c t r a  w i t h  t h a t  of an  a u t h e n t i c  
sample .  

The  leaves  of W. somni/era, col lected f rom T a m i l  N a d u  
were examined .  Fol lowing  t he  same p rocedure  as above ,  a 
colourless  c rys ta l l ine  compound ,  C2sH~sO6, m.p.  241-243 ~ 
[e] n ~176 + 114 ~ (CHCla) has  been  isola ted as t he  m a j o r  
p roduc t ,  yield,  0.04% . I R  in cm-~:  3350 (OH);  1709, 
1685 ( C =  O);  m/e 470 (M+). I t  gave  a n  ace t a t e  de r iva t ive ,  
m.p.  201-202 ~ B y  compar i son  of t he  phys ica l  c o n s t a n t s  of 
t he  above  p r o d u c t  a n d  i ts  a ce t a t e  w i t h  those  of w i t h a f e r i n  
A and  i ts  ace ty l  de r iva t ive ,  t h e  m a j o r  p r o d u c t  has  been  

ident i f ied  as w i t h a f e r i n  A (I). All  t he  a b o v e  c o m p o u n d s  
gave  sa t i s f ac to ry  e l emen ta l  ana lys i s  resul ts .  The  TLC of 
t he  c rude  p r o d u c t  a f t e r  s e p a r a t i o n  of w i tha fe r in  A 
showed t he  presence  of o the r  m i n o r  c o n s t i t u e n t s  wh ich  
could no t  be  s epa ra t ed  b y  co lumn  c h r o m a t o g r a p h y  and 
crys ta l l i za t ion .  B y  p r e p a r a t i v e  t h i n  layer  c h r o m a t o g r a p h y  
on  silica Gel G in e t h y l a c e t a t e - b e n z e n e  (7: 3), t h e  fol lowign 
s te ro ida l  l ac tones  could be i so la ted  in t r ace  a m o u n t s :  1. 
27 -Deoxy-14-hydroxy  w i t h a f e r i n  A;  2. d i h y d r o w i t h a f e r i n  
A;  3. 4fl, 20e-d ihydroxy- l -oxo-5f l ,  6#-epoxy- wi tha-2 ,  
24-dienolide.  The  i d e n t i t y  of these  c o m p o u n d s  was es tab-  
l ished b y  d i rec t  compar i son  of t he  a u t h e n t i c  samples  b y  
romp.  a n d  TLC. #-Si tos tero l  has  also been  found  to  occur  
in T a m i l  N a d u  va r i e ty .  

I t  m a y  be  m e n t i o n e d  t h a t  t h e  p l a n t  occur r ing  in Tami l  
N a d u  con t a in s  p r e d o m i n e n t l y  w i tha fe r in  A (I) where  as in  
t he  "West Benga l  v a r i e t y  c o m p o u n d  (II)  is t h e  m a j o r  
a n t i t u m o u r  cons t i t uen t .  The  fo rmer  spec imen  of W. 
somni/era conforms  to c h e m o t y p e  I a n d  t h e  l a t t e r  to  
c h e m o t y p e  I I  8. TiLe p l a n t s  s tud ied  were ill t h e  same  
d e v e l o p m e n t a l  s ta te .  

Zusammen/assung. Nachweis ,  dass  s u c h  bei  der  indi -  
schen  Var ie tXt  von  Withania somni/era <~chemische 
Rassen~ m i t  un t e r sch ied l i che r  A n t i t u m o r a k t i v i t ~ t  in  
ve r sch i edenen  Gegenden  auf t r e t en ,  die jeweils  #-Si tos te ro l  
e n t h a l t e n .  
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H y a l u r o n i d a s e  in  the  M u c u s  A c c e s s o r y  G l a n d s  of the  D r o n e  (Apis mellifera) 
I n  a p rev ious  work  I, we r epo r t ed  on t he  p roper t i e s  of 

t he  h y a l u r o n i d a s e  ( hya l u r ona t e  g lycanohydro l a se  E.C. 
3.2.1.35) in  c rude  e x t r a c t s  of t he  t es tes  of t h e  drone.  I n  
c o m m o n  w i t h  t he  m a m m a l i a n  t e s t i cu la r  hya lu ron idase ,  
t h e  insec t  e n z y m e  was found  to  h a v e  t h e  capac i t y  of 
depo lymer iz ing  b o t h  hya lu ron ic  acid and  chondro i t i n -6 -  
su l fa te  a n d  to  c leave these  s u b s t r a t e s  a t  t he  hexo-  
samin id ic  bond.  Th e  effects of p H  were somewha t ,  and  
those  of t e m p e r a t u r e  def inet ly ,  d i f fe ren t  for t he  enzymes  
f rom the  2 sources. I n  in i t ia l  e x p e r i m e n t s  i t  came  to  our  
a t t e n t i o n  t h a t  e x t r a c t s  of t h e  m u c u s  accessory  g lands  of 
t he  r e p r o d u c t i v e  s y s t e m  of t he  d rone  also possessed 
h y a l u r o n i d a s e  ac t iv i ty .  T he  poss ib i l i ty  of c o n t a m i n a t i o n  

w i t h  ad jo in ing  t e s t i cu la r  t i ssue  was, na tu ra l ly ,  envisaged,  
b u t  h is to logical  e x a m i n a t i o n  of several  p r e p a r a t i o n s  of 
these  g lands  a n d  of t h e i r  l iquid  c o n t e n t  fai led to revea l  a n y  
such  t i ssue  or spe rmatozoa .  

The  presence  of h y a l u r o n i d a s e  in t he  insec t  accessory 
g lands  was cons idered  of i n t e r e s t  s ince such  an  a c t i v i t y  
has  no t  been  r epo r t ed  so far  in t h e  ma le  accessory organs,  
and  i t  m i g h t  be  connec ted  w i t h  t he  special  f ea tu res  of t he  
fe r t i l i za t ion  process  in  t he  bee, as will be  discussed later .  
The  p r e sen t  p a p e r  r epor t s  on  t he  h y a l u r o n i d a s e  in 

1 D. ALLALOUF, A. BER and J. ISHAY, Comp. Biochem. Physiol., 
in press. 
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Table I. Colorimetric assay of hyaIuronidase activity in extracts of mucus giands and testes of the drone 

EXPERIENTIA 30/8 

Hyaluronidase activity 

Hyaluronic acid Chondroitin-6- sulfate 
(N-acetylglucosamine [xmoles/mg protein) (N-acetylgalactosamine [xmoles/mg protein) 

.Time (min) 30 60 120 180 120 240 360 

Mucus glands 0.16 0.32 0.56 0.78 0 1.50 5.48 

Testes 0.03 0.04 0.08 0.12 0 0.18 0.96 

The assay system consisted of 0.2 ml 0.1 M phosphate-citrate buffer pH 5.0, 0.05 ml high speed homogenate supcrnatant and 0.05 ml sub- 
strate solution containing 300 [zg hyaluronic acid or chondroitin-6-sulfate. Incubation carried out at 37 ~ Colorimetric determination of 
the released N-aeetyl-hexosamine-reacting products was carried out according to REIsSlO et al. 4. 

ex t rac t s  of the  mucus  glands of the  drone (Apis melli/era) 
and on some of its p roper t ies  as compared  to those of the  
tes t icular  hya luronidase  f rom the  same insect.  

Materials and methods. Testes  and mucus  accessory 
glands were ob ta ined  from 7-10-day-old  drones, e i ther  
immobi l ized  in the  cold or which had  been s tored  frozen, 
by  incision th rough  the  a b d o m e n  and  removal  by  the  
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Fig. 1. Effect of pH on hyaiuronidase activity of mucus glands and 
testes extracts from the drone. Incubation 18 h at 37 ~ Activity was 
assayed as described in Table I and expressed as optical density 
units at 585 nm using a mierosample Gilford 300 speetrophotometer 
with a 10 mm light path. Protein contents in the samples: O, mucus 
glands, 47 [xg; @, testes, 187 [xg; . , hyaluronie acid; - -  -, chon- 
droitin-6-sulfate. 
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Fig. 2. Effect of incubation temperature on hyaluronidase activity 
ol mucus glands and testes extracts from the drone. Incubation 4 h 
at 37~ Activity was assayed with hyaluronie acid as substrate 
and expressed as optical density units at 585 rim. O, mucus glands; 
@, testes. 

use of fine scissors and  forceps under  magni fy ing  lens. 
All man ipu la t ions  were carried out  in the  cold and the  
collected p repara t ions  kep t  on ice. Pools  of homologous  
t issues were homogenized  in 0.1 M phospha t e - c i t r a t e  
buffer  p H  5.0 in a glass-teflon homogenizer  and the  
suspensions  ob ta ined  centr i fuged in a Spinco model  L 
u l t racent r i fuge  at  105,000 x g  for 1 h. Hya lu ron idase  was 
exclusively associated wi th  the  high speed supe rna tan t ,  
as the  prec ip i ta tes  failed to provide  any act iv i ty .  The 
same procedure  was used for the  p repa ra t ion  of ex t rac t s  
f rom seminal  vesicles and p ros t a t e  f rom an adul t  albino 
ra t  weighing 180 g. P ro te in  was de t e rmined  by  the  m e t h o d  
of LowRY et al. 2, using crys ta l l ine  bovine a lbumin  
(Nutr i t ional  Biochemicals  Co.) as s tandard .  

Assays of hyaluronidase .  1. Release of N-acetyl -  
hexosamine- reac t ing  products .  I ncuba t i on  was carried 
out  in the  presence  of hyaluronic  acid (Sigma) or chon- 
droi t in-6-sulfate ,  a gift  of Dr. J. CIFONELL~, Unive r s i ty  ol 
Chicago. The composi t ions  of digest ion mix tu res  and 
condi t ions  of assay, carr ied out  as descr ibed by  MALES 
and TURKINGTON a, are given in the  Tables and  Figures.  
N-ace ty lhexosamine  was de te rmined  according to  the  
me t h o d  of REISSIG et  al.4, using as s t anda rds  N-acetyI-  
glucosamine or N-ace ty lga lac tosamine  (Pfanstiehl) .  

2. Turb id imet r i c  assay. The procedure  of D I FERRA~TE 5 
consis t ing of the  m e a s u r e m e n t  of the  t u r b i d i t y  developing 
upon addi t ion  of c e t y l t r i m e t h y l a m m o n i u m  bromide  to  
the  diges t ion mix ture ,  was used. The fall in tu rb id i ty ,  
which is a measure  of the  ac t iv i ty  of the  enzyme in 
depolymer iz ing  hyaluronie  acid or chondroi t in-4-sul fa te  
(Cifonelli), was expressed as percentage  of the  t u r b i d i t y  
deve lopping  in a mix tu re  conta in ing  the  in tac t  subs t ra te .  

Results and discussion. In  co mmo n  wi th  the  tes t icu lar  
ext rac t ,  the  accessory glands ex t r ac t  was found act ive in 
depolymer iz ing  hyaluronic  acid, chondroi t in-4-sul fa te  
and chondroi t in-6-sulfa te .  Table I and II  p resen t  the  
progressive ac t iv i ty  w i th  t ime  of r ep resen ta t ive  ex t rac t s  
assayed by  the  colorime}ric and tu rb id ime t r i c  methods .  
I t  can be seen t h a t  the  accessory glands ex t rac t s  exhibi ted,  
on the  basis of protein ,  a cons iderably  h igher  ac t iv i ty  
t h a n  the  tes t icular  ext rac ts .  Paral lel  assays carried out  on 
ex t rac t s  f rom ra t  accessory organs  failed to  reveal  any  
hyaluronidase  ac t iv i ty  in seminal  vesicles and pros ta te .  

2 0 .  H. LOWRY, lx~. J.  ROSENBROUGH, A. L. FARR and R. J. RA•DAL, 
J .  biol. Chem. 193, 265 (1951). 

8 j .  L. MALES and R. W. TURKINGr J. biol. Chem. 245, 6329 
(1970). 
J. L. REISSlG, J. L. STI~OMI~OER and L. F. LELOIR, J. biol. Chem. 
217, 959 (1955). 

5 N .  DI FE:RRANTE, J. biol. Chem. 220, 303 (1956). 
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Table II. Turbidimetric assay of hyaluronidase activity in extracts of mucus glands and testes of the drone 
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Protein (,ag) Hyaluronidase activity (% fall in turbidity) 

Hyaluronie acid Chondroitin-4-sulfate 

Time (h) 1 2 3 8 1 2 3 8 22 

Mucus glands 47 0 10 31 80 " 2 5 7 20 45 

Testes 187 0 0 14 37 6 6 6 13 28 

The assay system consisted of 0.5 ml high speed homogenate supernatant and 0.5 ml substrate solution containing 200 ~zg hyaluronic acid 
or chondroitin-4-sulfate in 0.1 M acetate buffer - 0.15 M NaC1 pH 5.0. After incubation at 37~ 2 ml of a 2.5% solution of cetyltrimetbyl- 
ammonium bromide in 0.5 M NaOH were added and the turbidity developing was recorded at 400 ran. The lall in turbidity is expressed as 
a percentage of the turbidity developing in the intact control substrate. 

E x p e r i m e n t s  consis t ing of the  examina t ion  of the  effects 
of p H  and  t e m p e r a t u r e  showed similar  character is t ics  of 
the  enzymes  of the  2 insect  sources. Thus, p H  profi les 
and op t ima  were ident ical  (4.5 wi th  b o t h  hyaluronic  acid 
and chondroi t in-6-su l fa te  as subst ra tes)  as were also the  
profiles of enzymat i c  act ivi t ies  in re la t ion to incuba t ion  
t e m p e r a t u r e s  (Figures 1 and  2). Of s ignif icance is the  
increase in ac t iv i ty  f rom 37 ~ to  56 ~ which is in con t ras t  
wi th  the  behav ior  of m a m m a I i a n  tes t icular  hyaluronidase .  
The latter is gradually inactivated in this range;. This 
observation led us to examine the stability to heating of 
the insect hyaluronidase. Such experiments showed that 
it was almost unaffected by heating for at least 3 h at 
50 ~ a temperature which promptly causes inactivation 
of mammalian testicular hyaluronidase i,,. Further work 
will be required in order to see whether this stability is a 
characteristic of the enzyme or is due to the presence of 
stabilizing factors in the crude extracts investigated. 

The identical behavior of the hyaluronidases of 
accessory glands and testes of the drone, with respect to 
the parameters examined, raises the question whether 
they have a common origin. It would be difficult to 
assume, however, that the testicular tissue or the sperma- 
tozoa are the sources, since the accessory glands exhibited 
a higher specific activity than the testes. 

Although it is generally supposed that in mammals the 
spermatozoal hyaluronidase is involved in the process of 
insemination, its precise role is still uncertain. The 
presence of hya luron idase  in the  mucus  accessory glands 
of the  drone  migh t  be associated wi th  the  special features  
of the  fer t i l iza t ion process  in the  bee. Thus,  when  drone 
and  queen bee meet ,  the  male, by  explosive con t rac t ion  
of the  abdomen,  ever ts  pa r t  of its r ep roduc t ive  sys tem 
including spe rma tozoa  and  mucus  into the  geni tal  t r ac t  
of the  bee. After  each ma t ing  (mult iple ma t i ng  is c o m m o n  
prac t ice  wi th  the  honey  bee) the  spe rma tozoa  are forced 
out  of t he  ov iduc ts  into t he  s p e r m a t h e c a  where  t hey  are 
s tored for very  long per iods  of t ime  (2 to  4 years).  This  

la t te r  process involves,  in an in terval  of no t  more  t h a n  
24 h af ter  mat ing ,  the  passage of spe rma tozoa  t h ro u gh  a 
very  na r row channel ,  the  spe rma theca l  duct ,  whose 
par t icu lar  s t ruc ture  pe rmi t s  control  by  the  q u e e n  of the  
discharge of only small  n u mb e r s  of spe rma tozoa  at  the  
t ime of the  discharge of eggsL Poss ib ly  because of t h e  
res is tance  encounte red  dur ing  the  flow t h ro u g h  the  
nar row duct,  only abou t  10% of the  supply  of spermato-  
zoa received by  the  queen reach the  spermatheca ,  the  
r emainder  being disposed off. The mechan i sm enabl ing 
the  en t ry  of a re la t ively  large n u m b e r  of spe rma tozoa  
into the  spe rma theca  is not  clear. We suppose t h a t  the  
mucus  of the  male accessory glands migh t  serve as the  
source of an enzyme capable of depolymer iz ing  the  
mucopolysacchar ides  of the  spe rma theca l  duct ,  thus  
faci l i ta t ing the  flow of the  spe rmatozoa  to  the i r  site of 
storage.  Fu r t h e r  expe r imen t s  are now in progress  to  tes t  
th is  hypothes is .  

Zusammen[assung. Es wird  in H o d e n  und akzessorischen 
Schleimdri isen der Drohne  das V o r k o m m e n  einer t lya lu -  
ronidaseaktivit~Lt nachgewiesen,  die d u t c h  die Spa l tung  
yon HyaluronsS.ure, Chondro i t in -4 -und-6 - su l fa t  charakte-  
r is ier t  ist  und eine bedeu tend  h6here Tempera tu r re s i s t enz  
im Gewebeex t rak t  als die verg le ichbaren  E n z y m e  aus 
S~ugergeweben zeigt. 
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A r g i n i n e - r i c h  L o w  M o l e c u l a r  Pept ides  in H u m a n  N e o p l a s t i c  S e r u m  

I t  has  p rev ious ly  been  found  tha t ,  in t he  se rum of 
pa t i en t s  wi th  ma l ignan t  neoplasms,  the  argilline con ten t  
of the  a lbumin  f rac t ion  is increased 1. These changes  have  
not  been  observed in pa thologica l  condi t ions  no t  due to 
n e o p l a s m s  bu t  wi th  an i n ( r e l s e d  t issue decomposi t ion2.  
An increase in arginine con ten t  has  also been observed in 
f ibr in  fo rmed dur ing the  c lo t t ing  of f ibr inogen wi th  
' t h r o m b i n  f rom persons  suffer ing f rom neop lasms  a. I t  
would therefore  seem t h a t  in cases of neoplas t ic  diseases,  

low molecular  subs tances  appear  in the  blood. These sub- 
s tances  are p robab ly  pept ides ,  e i ther  bound  by  serum 

I R. FARBISZEWSKI, 14. WOROXVSKI and W. RZECZYCKI, Neoplasma 
78, 179 (1971). 

2 R. FARBISZEWSK[, K. WOROWSKI and W. RZECZYCKI, Bull. 
Acad. pol. Se[., ser. set. Biol. 79, 543 {1973). 

3 R. FARBISZEWSKI, W. RZECZYCKI, K. ~VVoROWSKI and S. Geo- 
WlNSKI, Neop lasms  20, 203 {1973). 


