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Table II. Turbidimetric assay of hyaluronidase activity in extracts of mucus glands and testes of the drone 

855 

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). 
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Total arginine and free arginine in human neoplastic blood sera 

EXPERIENTIA 30/8 

Group studies Total arginine Free arginine Peptide bound arginine 
(btM/1 of serum) (btM/I of sermn) (p.M/1 of serum) 

Neoplastic serum 143.9 4. 14.6 78.8 4- 12.9 65.1 ~ 

Control serum 82.7 :[_ 12.7 80.8 4- 11.2 lack or trace b 

Calculated from total and free arginine, b In most chromatograms the colour spots on arginine were not obtained. 

a lbumin  or incorpora ted  in to  the  f ibr in  clot. In  t he  in- 
ves t iga t ions  p resen ted  here, the  low molecular  subs tances  
in the  se rum of persons  suffering f rom neoplasma,  giving 
a n inhyd r in  reaction,  were ana lyzed  chromatograph ica l ly  
in order  to find specific pep t ides  rich in arginine. 

Malerial and methods. 15 sera f rom person  suffer ing 
f rom neoplasms  and  10 control  sera were analyzed.  
Among  the  cases of mal ignancies ,  there  were 5 lung neo- 
plasms,  7 gas t ro in tes t ina l  cancers  and  3 neoplasms of the  
rec tum.  The sera were deprote in ized  wi th  me thano l  and 
ace tone  (2 : 1), d egreased wi th  chloroform and concen t ra t ed  
by  evapora t ion .  The to ta l  arginine con ten t  was then  
de t e rmined  by  the  Sakaguchi  m e t h o d  4. The mater ia l  was 
analyzed by  means  of ascending pape r  c h r o m a t o g r a p h y  
in the  following sys tem:  butanol ,  acetic acid, water ,  in a 
ra t io  of 4 :1 :1 .  The spots  cor responding  to free arginine 
were Muted and  the i r  arginine con ten t  was de te rmined  by  
the  same method~.  

The pep t ide  spots  were Muted wi th  water ,  hydrol ized  in 
6 N HC1 and  separa ted  chromatograph ica l ly  in the  above- 
men t ioned  sys tem.  In  addi t ion ,  the  s ta in ing t es t  for 
arginine was pe r fo rmed  on the  paper.  

Results and discussion. The to ta l  arginine con ten t  of the  
sera f rom persons  suffering f rom neoplasms  was found to  
be 143.9 b~M/1, t h a t  of the  hea l thy  persons  82.7 btM/1. The 
con ten t  of free arginine in bo th  inves t iga ted  groups was 
the  same:  78.8 b~M/1 and  80 btM/1. The to ta l  increase of 
arginine in the  neoplas t ic  sera was 74% and  consisted 
only of p e p t i d e - b o n n d  arginine (Table). 

The compos i t ion  of the  free amino acids in the  serum of 
persons  wi th  neoplasms  is ident ical  wi th  t h a t  of the  serum 
of hea l thy  persons  (Figure 1), excep t  for s l ight  differences 

4 R. FARBISZEWSKI, K. WOROWSKI and W. RZECZYCKI, Chem. Anal. 
77, 133 (1972). 
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Fig. 1. The spots of amino acids and peptides of the control and 
neoplasms sera. X and Y, samples spots; C, control sera; N, neo- 
plastic sets; Xx and Xe, peptides spots. 
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Fig. 2. The spots of amino acids after hydrolysis of X 1 and X~ 
xic peptides. X2C spots of amin acids from control sera; X1N X~N spots of 

amino acids from neoplastic sera. 
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in the  i n t ens i ty  of the  n inhydr in -pos i t i ve ly  s ta ined spots.  
The pep t ides  occurr ing in b o t h  types  of sera have  a dif- 
fe rent  aminoacid  composi t ion .  The pep t ides  des igna ted  X~ 
are charac te r ized  by  the  presence  of basic amino  acids, 
and  in the  neoplas t ic  sera by  an addi t iona l  con ten t  of 
arginine and  val ine (Figure 2). The X 2 pep t ides  f rom the  
contro l  sera con ta ined  leu, val, met ,  phen  amino  acids. 
The X 2 pep t ides  f rom neoplas t ic  sera conta ined  aspar t ic  
acid in add i t ion  to the  o ther  amino  acids. 

The inves t iga t ions  showed t h a t  in the  to ta l  arginine 
con ten t  of the  sera f rom persons  wi th  neoplasms  is com- 
pr ised of free L-arginine in an a m o u n t  cor responding  to  
t h a t  of the  sera f rom hea l thy  persons  and a p e p t i d e - b o u n d  
arginine which  was no t  found  in the  control  sera. In  neo- 
plast ic  diseases, therefore ,  pep t ides  charac ter ized  by  the  
presence  of the  amino  acid arginine appear  in the  blood 
serum. ~KARZYNSKI and  SARNECKA-KELLER 5 were the  
f i rs t  to  suggest  t h a t  in cer ta in  pa thologica l  condit ions,  
for example  mal ignancy,  and  in t issue damaged  by  radia-  
t ion, c o m p o u n d s  no t  found in hea l thy  person ' s  sera m a y  
be found  in the  sera of such pa t ien ts .  HA~aERST~r and  
SANDELL ~ in inves t iga t ions  on sera f rom leukaemia  
pa t i en t s ,  i solated a pep t ide  wi th  an amino  acid con ten t  
s imilar  to t h a t  found  in our invest igat ions ,  which  always 
conta ined  arginine and  besides serine and methionine .  

I t  is in te res t ing  to  note  t ha t ,  in all t he  sera f rom the  
pa t i en t s  wi th  neoplasms,  no m a t t e r  w h a t  t he  local izat ion 
of the  tumor ,  and ident ical  amino acid compos i t ion  was 

found  in the  X1N pept ides .  I t  is suggested t h a t  these 
pep t ides  m a y  have  or ig inated f rom d is in tegra ted  t u m o r  
basic proteins.  Such prote ins  in h u m a n  t issue tumors  7 
and in an exper imen ta l  by  induced  Guerin tunlor  in 
ratsS has been found  recent ly .  

I t  is t h o u g h t  tha t ,  under  the  influence of specific in t ra-  
cellular proteases  and endopept idases ,  t he  pro te ins  are 
degraded  into pept ides .  As a result  of d i s tu rbances  in the  
pe rmeab i l i t y  of the  cell membranes ,  the  p ro te in  degrada-  
t ion  p roduc t s  m a y  escape into the  extracel lu lar  spaces and 
thus  into the  blood s t ream.  

Zusammenfassung. Nachweis  von  argininre ichen Pept i -  
den in menschl ichen  Seren mi t  neop lasmat i schen  t i r a n k -  
hei ten.  
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Inhibi tory  Effects of N i t r o sosa r c o s ine  on Mouse  Liver Mixed  Function Oxidase  Activity 

Po ten t i a l  h u m a n  hazards  f rom env i ronmen ta l  exposure  
to d ia lky ln i t rosamines  have  become a m a t t e r  of ma jor  
concernS, 2 T h a t  humans  are sensi t ive to t he  toxic  effects  
of n i t rosamines  is shown by  observa t ions  t h a t  h u m a n  
liver conta ins  enzymes  which  can ac t iva te  d ime thy ln i t ro -  
samine  a. Ni t rosamines  are r a the r  inert ,  chemical ly,  and  
der ive  biological ac t ion f rom enzymat i c  ac t iva t ion  to  
ca rbon ium ions 4. The organ d i s t r ibu t ion  of enzymes  
which  ac t iva te  n i t rosamines  general ly  de te rmines  the  
organot rop ic  act ion of t he  var ious  n i t rosamines  5. 

Ni t rososarcos ine  induces cancer  of esophagus  in ra t s  ~ 
and  squamous  cell ca rc inoma of the  nose in mice  7. The 
7-day oral LDs0 in mice is 3.15 g/kg wi th  l i t t le  not iceable  
his tological  changes.  Therefore,  since the re  is no acute  
l iver  pa thology,  i t  seems unl ikely t h a t  enzymes  necessary  
to  ac t iva te  n i t rososarcosine  would be p resen t  in mouse  
liver. 

I t  is the  purpose  of the  p resen t  commun ica t i o n  to  
r epor t  b iochemica l  effects of n i t rososarcosine  on mouse  
l iver-namely,  inh ib i t ion  of microsomal  enzyme act iv i ty .  
The signif icance of th is  p h e n o m e n o n  is t h a t  i t  is one of the  

only  biological effects of a d iaky ln i t rosamine  unassocia ted  
wi th  ap p a ren t  enzymat i c  act ivat ion.  

Male Swiss albino mice  (ICR/dub) were used in all 
s t u d i e s  Animals  were housed  in shoebox t y p e  cages wi th  
cons t an t  access to Pur ina  Chow and  water .  Mice were 
killed by  cervical dis locat ion and mouse  l iver microsomal  
enzyme func t ion  was assessed by  q u a n t i t a t i n g  aminopy-  
r ine demethy lase  and  ani l ine !~ydroxylase ac t iv i ty .  Micro- 
somal  suspensions were p repa red  as descr ibed previously  s. 
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4 W. LIJINSKY, J. Loo and A. E. Ross, Nature, Lond. 278, 1174 
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Table I. Dose response of mouse liver aminopyrine demethylase and aniline hydroxylase activity to nitrososarcosine 

Treatment No. of animals Aminopyrine demethylase activity ~ Aniline hydroxylase activity ~ 

(Mean • S.E.) (Mean 4- S.E.) • 10 

Control 10 3.75 4- 0.39 7.81 4- 0.09 
Nitrososarcosine (250 mg/kg) 10 2.74 4- 0.32 b 6.42 • 0.03 
Nitrososarcosine (500 mg/kg) 10 1.89 4- 0.24 ~ 5.30 4- 0.06" 
Nitrososarcoaine (1000 mg/kg) 10 1.52 4- 0.10 ~ 2.98 -4- 0.03 c 

Expressed as mMoles of product per g liver per 10 rain. b Statistically different from controls at p < 0.052 o Statistically different from 
controls at # < 0.01. Groups of mice were treated with nitrososarcosine, p.o., and sacrificed 3 h later. 


