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Testosterone,  Epitestosterone and Androstenedione in the Pollen of Scotch Pine P. siivestris L. 

Some d a t a  ex is t  a b o u t  the  f ind ing  of es t rogens  in 
pol len 1,~ and  i t  was  p r e sumed  t h a t  pol len con ta ins  
androgens ,  b u t  expe r imen t s  to  f ind  androgenic  a c t i v i t y  
in corn  pol len were  w i t h o u t  success a. Con ta in ing  s tudies  
on  t h e  pol len of some p ine  species  4, we t r i ed  to  f ind  and  
e s t i m a t e  t e s tos te rone ,  ep i t e s t o s t e rone  and  andros t ene -  
d ione  in  t he  pol len of  Sco tch  p ine  P.  silvestris L. 

I so la t ion  and  q u a n t i t a t i v e  d e t e r m i n a t i o n  was  carr ied 
ou t  b y  4 m e t h o d s  c o mbined  f rom t h e  3 d i f fe ren t  proce-  
dures  for ex t r ac t ion  a n d  pur i f ica t ion  of ex t rac t s ,  and  2 
p rocedures  for s epa ra t ion  of t he  s te ro ids  m e n t i o n e d  a n d  
t h e i r  q u a n t i t a t i v e  or  s e m i q u a n t i t a t i v e  de t e rmina t ions .  
Two  procedures  for  e x t r a c t i o n  were  of r ecen t  da te ,  one  
for  t he  d e t e r m i n a t i o n  of  t e s to s t e rone  in  p l a sma  5 a n d  the  
second one  for t h e  d e t e r m i n a t i o n  of t e s to s t e rone  and  
and ros t ened ione  in h u m a n  ur ine e e x t e n d e d  for ep i tes to-  
s terone.  The  th i rd  p rocedure  was  t h a t  of BUTENANDT 
a n d  JAconI  ~ for i sola t ion of ~-follicle h o r m o n e  f rom the  
press  cake of p a l m  kernels .  The  p a p e r  c h r o m a t o g r a p h i c  
s epa ra t ion  of  ke tos te ro ids  a n d  t h e  q u a n t i t a t i v e  de te r -  
m i n a t i o n  of t e s tos te rone ,  ep i t e s tos t e rone  a n d  and ros t ene -  
d ione  were  m a d e  b y  the  m e t h o d  of TAJI~ ~. The  t h i n  
layer  c h r o m a t o g r a p h y  for s epa ra t ion  of ke tos te ro ids  was  
carr ied ou t  on Silicagel H F  254 in 3 so lven t  sy s t ems  and  
t h e  aforesa id  s te ro ids  were eva lua t ed  unde r  U V - l a m p  254. 

I n  Tab le  I are  shown  m e t h o d s  in  pe r fo rmance ,  in 
Table  I I  t h e  resul ts  ob ta ined .  None  of  these  s te ro ids  
could be d e t e r m i n e d  b y  m e t h o d  1, whereas  such  low 
values  as those  o b t a i ned  by  m e t h o d  2 could no t  be 

coun ted  in cons ider ing  the  color imetr ic  d e t e r mi n a t i o n .  
The  h ighes t  va lues  were  o b t a i n e d  by  us ing m e t h o d  3. 
The  m e a n s  of t he  3 d e t e r m i n a t i o n s  were  for t e s to s t e rone  
0.8, ep i t e s tos t e rone  1.1 and  and ros t ened ione  5.9 ~g/10 g 
pollen.  W h e n  the  hydro lys i s  w i t h  f l -glucuronidase was  
o m i t t e d  in m e t h o d  3a and  the  suspens ion  oI pol len  was  
hyd ro lyzed  on ly  w i t h  hyd roch lo r i c  acid, t h e  values  were  
less t h a n  ha l f  of t he  former ,  p r o b a b l y  ind ica t ing  presence  
of s te ro id  g lucuronides  in t he  mater ia l .  

By  the  s e m i q u a n t i t a t i v e  m e t h o d  4 t h e  values  o b t a i n e d  
agreed well w i t h  those  of m e t h o d  3. I n  t h e  so lven t  
s y s t e m s  used, t h e  zones of t e s to s t e rone  a n d  ep i t e s tos t e rone  
ove r l apped  a n d  t h e  va lues  shown  in Table  I I  a re  t h e  
s u m  of b o t h  of  t hem.  Moreover  th i s  m e t h o d  se rved  as 
t he  qua l i t a t ive  proof,  which  a t  t he  s ame  t ime  gave an 

x A. HASSAN and M. A. WAFA, Nature 159, 409 (1947). 
R. D. BENNETT, S. T. Ko and E. HEFTMAN, Phytochemistry 5, 
231 (1966). 

s L. W. BuTz and R. M. FRAPS, Proc. Soc. exp. Biol. Med. 60, 213 
(1945). 

4 B. DURBABXd, M. VIDAKOVId and D. KOLBAH, Experientia 23, 
295 (1967). 
G. W. O~RTEL, Acta endocr. Copenh. 37, 237 (1961). 

e M. TAJi6, Acta med. iugosl. /9, 89 (1965). 
A. BUTENANDT and H. JACOB1, Hoppe-Seyler's Z. physiol. Chem. 
218, 104 (1933). 

Table I. The flow sheet of methods used for the determinations of testosterone, epitestosterone and androstenedione 

Method 1 Method 2 Method 3 Method 4 

pollen suspension of pollen 
extraction with methanol extraction with ether 

I I 
hydrolysis of dry residue hydrolysis with ~-glucuronidase 

with methanolic KOH extraction with ether 
I I 

at pH 5.5 extraction acid hydrolysis 
with ether extraction with ether 

separation ketonic from 
nonketonic steroids by 

means of Girard T 

I 
paper chromatography 

of ketonic steroids 

I 
elution of testosterone, 

epitestosterone 
and androstenedione 

I 
spectrophotometric 

determination at 565, 600 
and 635 nm 

suspension of pollen 
extraction with ether-ethanol 

I 
hydrolysis with ~-glucuronidase 

extraction with ether-ethanol 

I 
acid hydrolysis 

extraction with ether-ethanol 

t 
dry residue of the combined 

extracts treated with 
70% methanol at -15°C 

and n-hexane 
I 

separation ketonic from 
nonketonic steroids by 

means of Girard T 

I 
paper chromatography 

of ketonic steroids 

I 
elution of testosterone, 

epitestosterone 
and androstenedione 

I 
spectrophotometric 

determination at 555, 600 
and 635 nm 

separation ketonic from 
nonketonic steroids by 

means of Girard T 

I 
paper chromatography 

of ketonic steroids 

I 
elution of testosterone, 

epitestosterone 
and androstenedione 

spectrophotometrie 
determination at 565, 600 

and 635 nm 

suspension of pollen 
extraction with ether 

I 
hydrolysis with ~-glucuronidase 

extraction with ether 
I 

acid hydrolysis 
extraction with ether 

I 
dry residue of the combined 

extracts treated with 
70% methanol at -15°C 

I 
separation ketonic from 
nonketonic steroids by 

means of Girard T 

I 
thin layer chromatography 

on Silicagel HF 254 
nonacetylated steroids 

in 
chloroform/acetone 9:1 

benzene/ether]acetic acid 70: 30:1 
acetylated steroids 

in 
benzene]ethyl acetate 8: 2 

I 
semiquantitative 

determination 
under lamp UV 254 
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Table 1I. Micrograms of testosterone, epitestosterone and andro- 
stenedione found in I0 g pollen of P. silvestris L. 

Methods 
Testosterone Epitestosterone Androstenedione 
Indi- Means Indi- Means lndi- Means 
vidual vidual vidual 
values values values 

1 Not Not 
detected detected 

2 Not 0.06 
detected 

3 0.7 0.7 
0.6 0.8 1.5 1 .I 
1.1 1.1 

3a • 0.3 0.3 
0.3 0.3 0.3 0.4 
0.3 0.6 

4 b Testosterone + Epitestosterone 
2 - 3  

3 

Not 
detected 
0.03 

6.6 
4.4 5.9 
6.7 
0.6 
0.2 0.8 
1.6 
Androstenedione 

3 - 4  
5 

s The hydrolysis with/~-glucuronidase was omitted, b The zones of 
testosterone and epitestosterone overlapped. 

iden t i f i ca t ion  of  t h e  subs t ances  de t e rmined .  In  t h e  3 
d i f f e ren t  so lven t  s y s t e m s  t h e  Rf -va lues  of free a n d  
a c e t y l a t e d  reference  s te ro ids  covered  those  of t e s tos te rone ,  
ep i t e s to s t e rone  a n d  a n d r o s t e n e d i o n e  isola ted  f rom pollen.  
On th i s  base  t e s tos te rone ,  ep i t e s tos t e rone  and  andros t ene -  
d ione  are p r e s e n t  in t h e  pol len of Sco tch  p ine  in a m o u n t s  
f rom 0.8 to  5.9 ~g/10 g pollen.  

Zusammen]assung. I m  Pol len  v o n  Pinus silvestris L. 
w u r d e n  die and rogenen  S te ro ide  Tes tos te ron ,  ep i -Tes to-  
s t e ron  und  4-Androsten-3,  7-dion n a c h  vier  ve r sch iedenen  
Me t h o d e n  b e s t i m m t .  
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Interaction of Glutaraldehyde with Some Micro-organisms 

G l u t a r a l d e h y d e  is a 5-carbon d i a ldehyde  wh ich  is 
ac t ive  aga ins t  viruses,  fungi  and  bac ter ia l  spores  and  

/ C H ~ "  CHO 
CH z 

~ C H ~ .  CHO 

vege ta t ive  cells. I t s  an t imic rob ia l  a c t i v i t y  is e n h a n c e d  
a t  a lkal ine p H  1-~, a n d  i t  is used as a chemica l  s teri l -  
izer e-s. The  mode  of  ac t ion  of g lu t a r a ldehyde  is unknown,  
b u t  in t e rac t ions  b e t ween  the  d i a ldehyde  and  p ro te ins  
have  been  descr ibed  0,10, and  i t  has  been  sugges ted  ~ t h a t  

g l u t a r a l d e h y d e  reac ts  w i th  a m i n o  groups  p resen t  in t h e  
bac te r ia l  cell. 

Recen t ly ,  it  was  found  in th is  l abo ra to ry  n t h a t  u n d e r  
alkaline,  b u t  no t  unde r  acid, condi t ions ,  g lu t a r a ldehyde  
p r o d u c e d  a red  co loura t ion  wi th  whole  cells and  peni-  
c i l l in- induced sphe rop las t s  of, and  cell enve lopes  isolated 
f rom,  Escherichia coli NCTC 9001. Since th i s  sugges ted  
possible  b i n d i n g  s i tes  for g l u t a r a l d e h y d e  wi th  com-  
p o n e n t s  of  bac ter ia l  ceils, t he  effects  of a lkal ine glutara l -  
d e h y d e  (g lu ta ra ldehyde  0.2% + sod ium b ica rbona te  
0.3%) on var ious  bac te r i a  were  inves t iga ted .  

Interaction of glutaratdehyde with some micro-organisms 

Organism Strain of organism Culture or preparation ~ Colour after 
exposure to alkaline 
glutaraldehyde b 

E. coli NCTC 9001 NB 2, 18 h, 37°C Red 
Penicillin-spheroplasts Red 
Cell walls Red 
Cytoplasmic constituents Yellow 

Klebsidla aerogenes NCTC 8172 NB 2, 18 h, 37 °C Red 
Serratia marccscens NCTC 8706 NB 2, 18 h, 30 °C Red 
Proteus vulgaris Laboratory NB 2, 18 h, 37°C Red 
Micrococcus lysodeiklicus NCTC 2605 NB, 18 h, 37 °C None 
Staphylococcus aureus NCTC 6571 NB, 18 h, 37 *C Slight yellow 
Bacillus subtilis NCTC 8236 NB, 18 h, 37 °C Yellow 
B. subtilis (fattened) NCTC 8236 GB, 10 subcultures for 24 h, 37 *C Light yellow 
B. subtilis spores NCTC 8236 Penicillin assay medium 7 days, 37 °C Light orange/yellow 

(24 h only) 
B. polymyxa NCTC 10343 NBY, 18 h, 37 °C Light orange/yellow 
B. rnegaterium NCTC 6005 NB, 18 h, 37*(:: Yellow 

Lysozyme-protoplasts None detectable 
Cytoplasmic constituents Yellow 

Saccharomyces carlsbergensis NCYC 74 NBG, 36 h, 37 °C None 
PeniciUium ¢krysogenum Laboratory S, 7 days, 25 °C None 

NB, nutrient broth (Oxoid); NB 2, nutrient broth no. 2 (Oxoid); GB, nutrient broth + 3% glycerol; NBY, nutrient broth + 1% yeast 
extract; NBG, nutrient broth-t-1% glucose; S, saboraud liquid medium (oxoid). b Exposure for 2 h at 37°C to 0.2% glutaraldehyde + 0.3% 
sodium bicarbonate. 


