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values increased toward,  bu t  did not  exceed,  those  ob- 
served following in t raper i tonea l  injection.  In  the  case of 
Ca45-Sr ~÷ the var iabi l i ty  which accompanied  the  high 
values a t t a ined  suggested a high degree of uncer ta in ty .  

Discussion.--The results  shown in Table I indicate  t h a t  
in t raper i tonea l  inject ion of non- rad ioac t ive  calc ium has  
no percept ible  effect  on depos i t ion  of t racer  quan t i t i e s  of 
Ca 45 or Sr 89 in femur.  The value of 2-71% for Ca ~5 was no t  
s ta t is t ical ly  di f ferent  f rom the  2.85°,o ob ta ined  wi th  Sr s" 
in the presence of s table  calcium, a resul t  which  m a y  be 
related to the  chemical  s imi lar i ty  of these metals .  The 
very small t racer  a m o u n t  of Sr ~9 m a y  be readi ly  incorpo-  
ra ted  under  these expe r imen ta l  condi t ions  into bone con- 
cur rent ly  with,  and similarly to, the  normal  calcium up- 
take. 

In jec t ion  of ve ry  large a m o u n t s  of s table  s t r o n t i u m  did 
not  appa ren t ly  affect  the  overall  processes associa ted  wi th  
calcium up take  enough to be ref lected in any  a l te ra t ion  of 
the  amoun t s  of t racer  Ca 45 deposi ted .  This  is indicat ive  of 
a close regula t ion of bone calcium uptake .  Al though  Ca a5 
up take  was no t  inf luenced in th is  way,  f emur  s t r o n t i u m  
uptake  decreased following in jec t ion  of mass ive  doses of 
s table  s t ron t ium by  abou t  30°o f rom the  value ob ta ined  
wi th  carrier-free solutions.  This  reduc t ion  m a y  have  some 
analogy to isotopic di lut ion effects  where  Sr s9 m a y  
compete  wi th  s table  s t ron t i um in the  processes associa ted  
wi th  bone depos i t ion  of this  metal .  The resul ts  do no t  
preclude the  possibi l i ty  of s imilar  compe t i t ion  as be tween  
s table  calcium and  Ca 45 b u t  small  effects  p roduced  in th is  
way  m a y  have  been unde tec t ab l e  wi th in  the  l imits  of 
exper imenta l  error,  especial ly in cons idera t ion  of the  
recent  dem ons t r a t i on  a,5 t h a t  calcium s u p p l e m e n t a t i o n  of 
a diet  adequa te  in calc ium resul ts  in min imal  decreases  in 
bone deposi t ion of Ca 4s, even  over  e x t e n d e d  expe r imen ta l  
periods. 

The amoun t s  of Ca*5-Sr 89 depos i ted  in femur  following 
oral admin i s t r a t i on  appeared  to reflect  some reduced  
avai labi l i ty  of the  radioisotopes ,  for wi th  the  excep t ion  of 
the  Ca45-stable s t r o n t i u m  series, the  values of Table  I I  
were less t h a n  those  observed  af ter  in t r ape r i tonea l  in- 
jection. This excep t ion  which  a t t a ined  values  as grea t  or 
grea ter  t h a n  af ter  in t r ape r i tonea l  inject ion,  was also in 
accord wi th  the  general  t r end  of the  femur  radioisotope 
deposi t ion to increase wi th  increasing s table  metal .  

The posi t ive d e p e n d e n c y  of radio iso tope  depos i t ions  on 
amoun t  of s table  meta l  ()rally admin i s t e red  suggests  t h a t  
mixing and di lut ion wi th  in tes t inal  con ten t s  as well as 
excret ion may  have  had  some effects  to a l ter  the a m o u n t s  
of isotopic mix tu res  avai lable for gas t ro in tes t ina l  ab-  
sorpt ion.  

If  absorp t ion  of the  isotopic mix tu res  f rom the  gas t ro-  
in tes t inal  t r ac t  is re la ted  to  the i r  concen t r a t ion  g rad ien t  
across the  in tes t inal  barriers  as recen t  cons idera t ions  of 
absorp t ion  and m e m b r a n e  t rans fe r  suggest*,  dosage effects  
of s table calcium or s t ron t i um admin i s t e red  orally migh t  
also be reflected in absorp t ion  differences.  These factors  
may  account  indi rec t ly  to some ex t en t  for the  genera l ly  
lower, b u t  increasing posi t ive p ropor t iona l i ty  observed  
be tween oral dosage and femur  depos i t ion  of calc ium and  
s t ront ium.  Variabil i t ies in quant i t i es  of meta l s  absorbed  
from the  gas t ro in tes t ina l  t r a c t  would in effect  inf luence 
their  femur  deposi t ion more di rec t ly  t h a n  the  values  of 
to ta l  oral dosage of the  isotopic mixtures .  F u r t h e r  and  
more extens ive  s t u d y  would be required to es tabl ish  this  
possibility.  
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Z z~sammen/assung 
Nach e inmal iger  in t raper i tonea le r  Verabre ichung  yon 

s tab i lem Kalz ium oder  S t r o n t i u m  in Mengen bis zu 
3000 ~g/g K6rpe rgewich t  war  der  Bruchte i l  des gleich- 
zeitig ve rab re ich ten  Ca 45, das sich im R a t t e n s c h e n k e l  ab- 
lagerte,  unvef i tnder t .  U n t e r  dense lben  Umst~tnden ver- 
abreicht ,  ve rminde r t e  s tabi les  S t r o n t i u m  im Schenkel  ab- 
gelager tes  Sr s9 ein wenig, aber  s tabi les  Ka lz ium h a t t e  
keine solche Wi rkung  auf SrSL 

W~thrend sich die K o n z e n t r a t i o n  des Rad io i so tops  nach  
e inmal iger  peroraler  Verabre ichung  im en t s p r ech en d en  
Verh~tltnis zur Dosis des s tabi len  Ka lz ium-  oder  S t ron-  
t i umgeha l t s  ve rmehr t e ,  waren  im a l lgemeinen die Kon-  
zen t r a t i onen  im Schenkel  nach  e inmal iger  perora ler  Ver- 
ab re i chung  kleiner als nach  in t r ape r i tonea le r  Verabrei -  
chung.  

• Present Addre~ : Space Medicine Branch, Systems Management 
Office, Br)eiil~ Airplane Con/party, Seattle (Washington). 

F r u c t o s e  and F r u c t o l y s i s  in H u m a n  S e m e n  
D e t e r m i n e d  C h r o m a t o g r a p h i c a l l y  

The work  of DAVIS and  ~iACUNE 1, BIRNBERG, SHERBER, 
and  KURZOK 2, and  \rAISHWANAR3 has  shown t h a t  t he  ra te  
of f ructolysis  of h u m a n  s p e r m a t o z o a  can give an indicat ion 
of the i r  ac t iv i ty .  MANN 4 has shown t h a t  fructose is meta-  
bolised in bull semen incuba ted  in vitro and  t h a t  the  rate  
of f ructolysis  as assessed by  the  color imetr ic  e s t ima t ion  of 
d i sappear ing  fructose gives an accura te  measure  of the 
ac t iv i ty  of spermatozoa .  Most workers  have  employed  the 
color imetr ic  e s t ima t ion  of f ructose using the  resorcinol 
m e t h o d  as a s imple and  conven ien t  p rocedure  for the 
e s t ima t ion  of the  co n t en t  of f ructose  and  the  ra te  of 
f ructolysis  in semen.  However ,  ~IANN 5 has  po in ted  out 
tha t ,  unlike bull semen,  t h a t  of m a n  con ta ins  a large 
a m o u n t  of reduc ing  mater ia l  o the r  t h a n  fructose which 
can seriously in terfere  wi th  the  conven t iona l  m e t h o d s  of 
sugar  de te rmina t ions .  He has  fu r the r  po in t ed  out  t h a t  
these reducing subs tances  are no t  only p resen t  in fresh 
h u m a n  semen bu t  t h a t  the i r  c o n t e n t  increases dur ing 
incuba t ion  of semen in vitro. If however  f ructose could be 
sepa ra t ed  f rom o the r  reducing subs tances  occurr ing in 
h u m a n  semen  and  t h e n  e s t ima ted ,  such values  would be 
more  accura te .  W i t h  th is  view in mind,  an a t t e m p t  was 
made  to app ly  to semen a ch ro ma t o g rap h i c  p rocedure  for 
the  e s t ima t ion  of f ructose based in principle,  on the 
m e t h o d  of GIRl and  NIGAM 6 

A 1 °. o po tas s ium hydrox ide  solut ion was p repa red  in 95 °. o 
alcohol. The t r i pheny l  t e t r azo l ium chloride solut ion was pre- 
pa red  by  dissolving 2 g of the  subs tance  in 100 ml of butanol  
s a tu r a t ed  wi th  water .  Bo th  solut ions were kep t  in the  cold 
in b rown  bot t les .  The t e t razo l ium reagen t  (T.T.C.) was 

1 .'~I. E. DAVIS and W. W. MACUNE, Fert. Ster. l, 36 ° (1950). 
2 C. H. thRNBER(b 1). A. StlERBER, and R. L. KURZOK, Ainer. J. 

Obstetr. Gynecol. 68, 877 (195o). 
3 XVAISHIVANAR, Alller. J. Obstetr. Gynecol. 75, 139 (1958). 
4 T. MANN, Lancet 1948]I, 446. 
5 T. MANN, l'iochemzstry o/Semen (Methuen and Co. Ltd., London 

|954), p. 48. 
6 N. V. GIRI slid V. N. NIGAM, J. Indian Inst. Sci. 86, 49 (1954}. 
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p r epa red  b y  mix ing  these  two  solut ions in equal  pro-  
por t ions  j u s t  before  use. The actual  e s t ima t ion  of fructose 
in s emen  was  carr ied out  as follows. A circular  disk 18 cm 
in d iamete r ,  was cu t  f rom \ V h a t m a n  filter paper  No.1. A 
circle of 2 cm radius  was d r a w n  a t  the  cent re  of disk. Four  
equ id i s t an t  po in t s  were marked  along the  c i rcumference 
of the  circle. 10 ~1 of semen  was appl ied  a t  one of these 
points ,  and  va ry ing  a m o u n t s  of a s t anda rd  solution of 
f ructose (0.1%) were appl ied a t  the  remain ing  points.  The 
spots  were al lowed to d ry  in air. The c h r o m a t o g r a m  was 
run  in the  usual  way  by i r r igat ing wi th  bu tano l / ace tone /  
wa te r  (2 :7:1) .  Af te r  the  so lvent  had t ravel led a d is tance  
of a b o u t  8 cm f rom the  centre ,  the  paper  was dried a t  
room t e m p e r a t u r e  and  t r e a t ed  wi th  the T .T .C.  reagent  
by placing the  pape r  on a glass p la te  and app ly ing  the  
T .T .C .  r eagen t  wi th  a co t t on  appl icator .  The ch roma to -  
g ram was then  placed in an incuba to r  a t  37.5°C in a mois t  
a t m o s p h e r e  for 1 h dur ing  which t ime in tense  red bands  
appeared .  I t  was then  washed wi th  wa te r  and dried at  
room t empera tu r e .  The zones cor responding  to the  red 
bands  were cut  out  and  the  colour ex t r ac t ed  f rom t h e m  
with  10 ml  of 95 % alcohol. The in tens i ty  of the  colour was 
measured  by  means  of a K le t t -Sumine r son  color imetcr  
using a green filter. The q u a n t i t y  of f ructose was eva lua ted  
f rom the  readings  by  the  help  of a ca l ibra t ion curve  which  
was p repa red  as follows. Vary ing  a m o u n t s  of a 0 .1% 
s t a n d a r d  solut ion of fructose were spo t t ed  on the  \Vhat -  
man  No. 1 pape r  and  the  e x p e r i m e n t  was carr ied ou t  as 
descr ibed above.  \ \ ' h e n  the concen t ra t ions  of f ructose 
were p lo t t ed  aga ins t  the  opt ical  dens i ty  given by  the  
alcoholic ex t rac t ,  a s t ra igh t  line g raph  was ob ta ined  as 
shown in Figure 1. The fructose value of htzman semen  
would usual ly lie wi th in  the  range plot ted .  

Pu re  f ructose and the  seminal  sugars exh ib i ted  the  same 
Rf value.  This  was shown in an expe r imen t  where  t he  
paper  was spo t t ed  wi th  10 ~tl 0-1% fructose,  10 Ixl 0-1% 
fructose + 10 ~tl of semen,  and  10 bd of semen,  respec-  
t ively.  The c h r o m a t o g r a m  was  deve loped  as descr ibed  
above,  and  all th ree  colour  b a n d s  showed the  same Re 
value. 

S imul taneous  assays of f ructolysis  were carr ied out  by  
the c h r o m a t o g r a p h i c  m e t h o d  and  by  resorcinol me thod  of 
ROE ~. A sample  of semen was ob ta ined  from a hea l thy  

7 j .  H. Rot, J. biol. Chem. 107, 15 (193-1). 

F r u c t o s e  c~mtvllt of semen  i n c u b a t e d  a t  37"5 C d e t c r m i u c d  b y  the  
rcsorcinoi  l lwthod  a | td  I)V the  chromat(~gral )h ic  l l l0 thod 

Time in h 
after 

ejaculation 

0.5 h 
2-0 h 
3.5 h 
5.0 h 

POI'C('It t ;l~e 
motility 

50 
35 
211 
10 

|a, esor¢illol 
l lwthod  : 
F r u c t o s e  

( rag /100  ml  
SCIIIelI) 

675 
075 
760 
900 

Chr<m/atogra- 
phic method: 

I:I'IIC/oSe 
(rag/100 mI 

,qOIIIOll ) 

477 
367 
313 
272 

donor ,  i t  had  a p l I  of 8-2, a spe rm dens i ty  of 4S mil l ion/ml  
and  a mot i l i ty  of 50°o. It was incuba ted  a t  37.5"C. At  
in te rva l s  of 11/2 h, 10 ixl samples  were wi thd rawn  for 
d e t e r m i n a t i o n s  of fructose,  by the  ch roma tog raph ic  
m e t h o d  and  100 ~1 for the  resorcinol me thod .  The results  
are g iven in the  Table.  

;ks can  be seen f rom the  Table, f ructose values ca lcula ted  
b y  the  resorcinol  m e t h o d  t ended  to increase dur ing  the 
incuba t ion .  This  is in all p robab i l i ty  due to the increase in 
t he  c o n t e n t  of in te r fer ing  rednc ing  subs tance  aml does no t  
dep ic t  the  behav iou r  of t rue  fructose,  lCructose as such 
could no t  have  increased,  since i t  was being metabo l i sed  
b y  the  s p e r m a t o z o a  all t he  t ime  dur ing  incubat ion .  How-  
ever,  t he  f ruc tose  values  ob ta ined  by  the  c h r o m a t o g r a p h i c  
m e t h o d  decreased on incubat ion ,  as migh t  be expec ted .  

0-250 
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I 0.7,50 

.~ 0.I00 

"~0"050 

20 ~0 60 80 
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The resu[ts reported m thc present study suggest tha t  
for the  e s t ima t ion  of fructose in h u m a n  semen,  the  
c h r o m a t o g r a p h i c  m e t h o d  has cons iderable  a d v a n t a g e s  
over  the  conven t iona l  resorcinol  me thod .  
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Rdsumd 

Le fail  que  le f ructose d i spara i t  de  la semence  i ncub fe  
in  vitro est  utilis6 par  plusieurs  chercheurs  pour  d6 te rmine r  
l 'ac t iv i t6  m6tabol ique  des spermatozoa i res .  La  quan t i t6  
du fructose est  dos6e par  le R6sorcinol.  Ce dosage est  tr~s 
p ra t ique  pour  mesurer  la t eneu r  en f ructose  e t  la f ruc to-  
lyse darts le cas de la semence du B0euf. Mats, pu is -que  la 
semence humaine  con t i en t  d ' a n t r e s  p rodu i t s  aussi  rdduc- 
t ibles que  le fructose,  ce t t e  m6 thode  ne c o n v i e n t  pas  au 
spe rme  humain .  

Nous avons  essay6 de s6parer  le f ructose  de la semence  
humaine  par  la ch rom a tog raph i e  circulaire,  e t  de le doser  
ensui te  q u a n t i t a t i v e m e n t  en u t i l i san t  le t e t r azo l ium-  
chloride du t r iph~nyl .  Cet te  m6 thode  d o n n e  des  r~sul ta ts  
pr6cis pour  d6 te rminer  la t e n e u r  en f ruc tose  e t  la f ruc to-  
lyse darts la semence  humaine .  

Table 1 
Groups, of 16 male Sprague-Dawley rats each, were fed a riboflavin- 
low semi-synthetic diet 1, containing 0.06% 3'-Me-DAB, for periods 
varying Irom 1 to lg weeks. After the respective periods of dye 
feeding the animals were continued to be fed the same diet without 

dye, and were sacrificed after a total of 7 mo~tths5. 

No. of tumor bearerS Percentage 
Weeks of teeding over total survivors of tumor incidence 

1 
2 
3 
4 
5 
6 
8 

10 

0/14 
0/15 
1113 
4/16 
8/16 

11/17 
16/16 
16/16 

0 % 
0 % 
7.5% 

25 % 
50 % 
65 % 

100 % 
loo % 

S t u d i e s  on  the  S w e l l i n g  of  R a t - L i v e r  

M i t o c h o n d r i a  i n  R e l a t i o n  to  T u m o r  

I n c i d e n c e  D u r i n g  F e e d i n g  of  A m i n o a z o  D y e s  

I t  was r epor ted  prev ious ly  by  one of us 1 t h a t  the  swell- 
ing abi l i ty  of ra t  l iver  microsomes  decreases  duri l lg 
feeding of Y - m e t h y l - p - d i m e t h y l a m i n o a z o b e n z e n e  (3'-Me- 
DAB),  reaching a m i n i m u m  level a t  4 weeks.  E v e n  t h o u g h  
the  feeding of the  dye  is con t inued ,  th is  swelling ab i l i ty  
eventua l ly  recovers  and  reaches  a no rma l  level a t  a b o u t  
20 weeks. The  mic rosomes  f rom h e p a t o m a ,  i nduced  w i t h  
Y-Me-DAB, swell to an  e x t e n t  comparab l e  to  those  of t he  
liver af ter  4 weeks of feeding of th is  s a m e  dye.  The  non-  
carcinogenic isomer,  2-Me-DAB, however ,  does no t  
p roduce  these  effects.  

This repor t  2 describes a cor re la t ion  t h a t  has  now been 
es tabl ished be tween  microsomal  swell ing and  the  ap-  
pearance  of gross tumors .  Table  I shows  t h a t  il t h e  feeding 
of 3"-Me-DAB ±o ra t s  is con t inued  b e y o n d  4 weeks  u n d e r  
our  exper imenta l  condi t ions ,  the  an imals  r ap id ly  reach  
a po in t  of no re turn ,  since the  pe rcen tage  of t u m o r  in- 
cidence in the  groups  shows a sudden  s teep  rise a t  a b o u t  
4 weeks. 

The fine s t ruc tura l  a l te ra t ions  in the  cell, t h a t  can  be 
de t ec t ed  by  t h e  s t u d y  of swelling, dur ing  chemical  
carcinogenesis  are, however ,  n o t  r e s t r i c t ed  to  t h e  endo-  
ptasmic re t iculum,  origin of t he  'mic rosome '  f ract ion.  Of 
more  par t icu lar  in te res t  in th is  respec t  are  t he  f indings  of 
E,XtMELOX and Bos,  t h a t  the  t hy rox ine - induced  swelling of 
ra t  l iver mi tochondr i a  decreases  a f te r  feeding D A B  for 
5 mon ths  8 or by  incuba t ing  these  par t i cu la tes  in  vitro wi th  
carcinogens 4. 

Table I I  shows a l te ra t ions  of the  mi tochondr i a l  swell- 
ing, essential ly similar to  those  of microsomal  swell ing 
dur ing  feeding 3"-Me-DAB L There  is a m i n i m u m  swell ing 
wi th  tile l iver a t  abou t  4 weeks, and  low values  have  been  
observed wi th  the  hepa toma .  As wi th  the  microsomes  1 no 
appreciable  change  in mi tochondr ia l  swelling was  observed  
dur ing feeding 0.06% of t he  iron-carcinogenic dye,  2-Me~ 
DAB, for 6 weeks. 

1 j .  c. ARcos and M. ARcos, Biochim. biophys. Acts 2a, 9 (1958); 
Naturwissensehaften 44, 33t (1957). 

2 These investigations are supported by the U.S. Public Health 
Service Grant C-4351. 

a p. EMMELOT and C. 3- Bos, J. exp. Cell Res. 12, 191 (1957). 
4 p. EMMELOT and C. J. Bos, Bioehim. biophys. Acta 24, 442 

(1957). 

The differences  b e t w een  the  macromolecu la r  organi-  
za t ion  of l iver  m i toehondr i a  and  of h e p a t o m a  mi tochondr i a  
are ev i d en t  no t  only  f rom the  e x t e n t  of swelling, bu t  also 
f r o m i t s  p H  dependence  (eL 1). Swel l ingwas  s tud ied  in 0.17M 
sucrose,  and  in  0-30 M sucrose  in presence  of i × 10 -~ M/1 
t hy rox ine  or of  5 × 10 -a M / I  CaCI 2. The  p H  range  was 
f rom 5-0 to  9.6. All curves  o b t a i n ed  w i t h  l iver mi tochon-  
dr ia  show rela t ively  sha rp  m a x i m a  a round  p H  7.4, while 
t he  curves  ob ta ined  w i t h  t h e  h e p a t o m a  were r a the r  f lat  
wi th  no c lear-cut  max ima .  

Table I I  
Animals and diet were identical to those described in Table t. The 
method of isolation of the mitochondria and the swelling test (40 rain) 
were essentially those described by TAPT-EY ~. Percentage swelling 

was calculated as in previous workL 

"Percentage Swelling' 

Weeks 
of dye 
feeding 

0 
2 
3 
4 
5 
8 

10 
12 

Tumor 

0"17 M 
sucrose 

50.2 
44.1 

35-0 

38'6 

18"7 

0-30 AI 
sucrose 

1 × 10 -2 
thyroxine 

37"2 
24"1 
28"1 
13"8 

9"3 
19"2 
21.2 
29"8 
12.1 

0-30 M 
sucrose 

5 x 10 -a 
CaC12 

38.0 
46.5 
41 "4 
29-9 
32-3 
36"2 
37-1 
41 "4 
19.7 

0"g0 M 
sucrose 

1 X 10 -~ 
HgCI? 

65.1 
55.8 
50.2 
29.4 
30.9 
35.9 

47.6 
21.3 

The inf luence of v a ~ o u s  c o m p o u n d s  on the  swelling on 
n o rma l  m i t o c h o n d r i a  was  s tud ied  w i t h  pa r t i cu l a r  em- 
phas i s  on the  role of sulf l lydryt  groups.  Since carbonyI  
c o m p o u n d s  are known  to  i n t e r ac t  w i th  su l fhydry t  groups 
of prote ins ,  the  effect  of such  agents  was inves t iga ted .  The 
fact ,  t h a t  a t  the  same molar  co n cen t r a t i o n  of 1 × 10 -2 only 
a l loxan and  d iace ty l  are inh ib i tors  of swelling, while 
acetolle,  ch loroace tone ,  ace ty lace tone ,  and  acetonyl-  
ace tone  are inact ive ,  seems to  ind ica te  t h a t  a t  leas t  two 
vicinM ca rb o n y l  g roups  in t h e  molecule  are  r equ i red  for 
t he  inh ib i t ion  of m i tochondr i a l  swell ing b y  these  corn- 

5 The authors wish to thank Dr. V. M. AREAN and Dr. J. St~tox 
for the histopathological examinations. 

6 D. F. TAPLEV, j .  biol. Chem. 222, 325 (1956). 


