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PRESERVATION OF BIOLOGICAL LH AND FSH 
ACTIVITY AFTER APPLICATION ON HPLC. 

COMPARISON BETWEEN CATION-EXCHANGE 
AND REVERSE-PHASE HIGH PERFORMANCE 

LlQU ID CHROMATOGRAPHY 

Per Hallin1 and Shafiq A. Khan2 
1 Department of Zooph ysiology 

Uppsala University 
Box 560 

S-751 22 Uppsala, Sweden 
2Reproductive Endocrinology Research Unit 

Karolinska Hospital 
Box 60500 

S-104 01 Stockholm, Sweden 

ABSTRACT 

A cation-exchan e high-performance l i q u i d  chromatography pro- 
cedure i s  described !or the separation o f  b i o a c t i v e  l u t r o p i n  from 
f o l l i t r o p i n  i n  a human u r i n a r y  gonadotropin standard prepara t ion  
( 1 s t  IRP 70/45). The r e s u l t s  c l e a r l y  demonstrate t h a t  recovered 
p r o t e i n  re ta fned most o f  i t s  b i o l o  ical ,  a c t i v i t y  f o l l ow ing  the  
chromatography. Due t o  a l ack  o f  e a f i c i e n t  and quick methods f o r  
p u r i f y i n g  p i t u i t a r  o r  u r i n a r y  gonadotro ins.  t h i s  method could 
prove t o  be valuabfe f o r  t h i s  purpose. TRis method has a lso  been 
shown t o  be quick ( l e s s  than 20 minl  and e f f i c i e n t  f o r  separation 
o f  i m p u r i t i e s  o r  degradation products from bovine f o l l i t r o p i n  w i t h  
92% preservat ion o f  i t s  b i o l o g i c a l  a c t i v i t y .  Our r e s u l t s  suggest 
t h a t  i o n  exchange HPLC procedure w i l l  p l ay  a powerful r o l e  i n  the 
i s o l a t i o n  o f  gonadotropins and o ther  b i o l o g i c a l l y  a c t i v e  com- 
pounds. 
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INTRODUCTION 

HALLIN AND KHAN 

Attempts to  use the reverse-phase high performance l iquid 
chromatography ( H P L C )  technique to  purify or  isolate  the glycop- 
rotein hormones and the i r  subunits have been made ( 1,2,3,4,5 
& 6 1. With a i d  of reverse-phase HPLC, the procedures for prepa- 
r i n g  highly purified hormones have been shown t o  be more rapid 
t h a n  using conventional methods. I n  an ea r l i e r  report ( 6 ),we 
have used the same method for purifying bovine lutropin ( L H ) ,  
which resulted in a considerable loss of bioactivity.  

I n  a l l  of the previously mentioned reverse-phase HPLC met- 
hods, purification resulted i n  partial  reduction of the biological 
act ivi ty  of the glycoprotein hormones. T h i s  is not surprising, 
since the pH must be very acidic for  good resolution w i t h  hydrop- 
hobic solvents in these procedures. 

In t h i s  report we describe the biologic properties of bovine 
fol l i t rop in  (bFSH - NIH-FSH-B1) and human urinary gonadotropin 
standard preparation ( I R P )  when they are subjected t o  e i ther  a 

reverse-phase or cation-exchange HPLC system. Lutropin and f o l l i t -  
r o p i n  bioactivity recovered i n  the eluted fractions of the two 
standard preparations was determined by the use of i n  v i t ro  
bioassays. 

MATERIALS 

Rats of the Sprague-Dawley s t ra in  and mice of NMRI st ra in  
were obtained from AB Anticimex, Stockholm, Sweden. Falcon tissue 
culture plates (Type 3040) containing 96 chanbers were purchased 
from Falcon Plast ics ,  Oxnard,CA.,USA, Eagle-s M i n i m  Essential 
Medium, Hank’s Balanced Sal t  Solution, Fungfzone, Penicfll in,  
Streptomycin, L-Glutamine and chicken serum were a11 obtained from 
Flow Laboratories, Imine,  Scotland. Bovine serum albumin (Frac- 
tion V ) ,  trypsin,  soybean trypsin inhibi tor ,  collagenase and deox- 
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BIOLOGICAL LH AND FSH ACTIVITY 2857 

y r i b o n u c l e a s e  were a l l  ob ta ined  f rom Sigrna,St. Louis,FII.,USA. 

sed f rom Radiochemical Centre, Amersham, U I(. 

3 -3 
[2,4,6,7-] H O e s t r a d i o l  andj2,4,6,71 ti Tes tos te rone  were purcha- 

1 s t  I n t e r n a t i o n a l  Reference P r e p a r a t i o n  ( IRP) o f  human p i t u i -  

t a r y  gonadotrop in (FSH and LH) f o r  b ioassay (code no. 69/104) was 

used as a s tandard  i n  bo th  FSH and LH b ioassays and t h e  I n t e r n a -  

t i o n a l  Reference Prepara t i on  o f  human u r i n a r y  gonadotrop in (FSH 

and LH 70/45) a p p l i e d  t o  HPLC were p r o v i d e d  by t h e  N a t i o n a l  

I n s t i t u t e  o f  B i o l o g i c a l  Standards and C o n t r o l  (NIBSC), London, UK. 

Bovine FSH s tandard  p r e p a r a t i o n  NIH-FSH-B1 , k i n d l y  s u p p l i e d  by 

NIAMDD Uethesda ,USA , was a l s o  a p p l i e d  t o  HPLC. Androstenedione 

(19 OH Ll ,17 d ione)  was purchased f rom Research Plus, S t e r o i d  

Lab. Inc., Denville,NJ.,USA. The Waters h i g h  performance l i q u i d  

chromatographic  system was used, which i n c l u d e d  two M 6000 pumps, 

a M 660 s o l v e n t  programmer and an U6K i n j e c t o r  (Waters Associates,  

M i l f o r d ,  USA) .  

(Waters P r o t e i n  Pak SP 5 PW) o r  i n  two s t a i n l e s s  s t e e l  columns 

1150 x 8 rim) connected i n  s e r i e s  and packed w i t h  reverse-phase 

coa ted  s i l i c a .  The l a t t e r  columns were s l u r r y  packed w i th  Spher i -  

sorb 5 urn ODs s i l i c a  (Phase Separat ions Ltd., Queensferry ,  U K )  i n  

ou r  l a h o r a t o r y  a t  450 b a r  (45 MPa) pressure.  The samples were 

analyzed a t  280 nrn w i t h  a LDC Spec t romon i to r  I11 (Labora to ry  Data 

C o n t r o l ,  R i v i e r a  Beach, USA) v a r i a b l e  wavelength UV-detector. E l u -  

t e d  f r a c t i o n s  were i n m e d i a t e l y  p laced  i n  a f r e e z e r ,  u n t i l  a n a l y s i s  

i n  t h e  b ioassays.  A l l  reagents were o f  e i t h e r  HPLC grade o r  o f  

reagent  grade. 

3 4  

The samples were e i t h e r  r u n  i n  t h e  cation-exchange column 

Column e f f i c i e n c y  

A v a l u e  f o r  t h e  h e i g h t  e q u i v a l e n t  t o  a t h e o r e t i c a l  p l a t e  

(HETP) was measured on t h e  b a s i s  o f  t h e  to luene  peak a t  v a r y i n g  
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28x1 HALLIN AND KHAN 

f l ow  ra tes  w i t h  methanollwater (7081 30%) as the eluant.  The 

lowest HETP values were found t o  be 13.2 pm and 1 5 . 0  pm a t  1.5  
ml/min f o r  to1 uene w i t h  the two reverse-phase columns used here. 

METHODS 

Determination o f  FSH b i o a c t i v i t v .  

An i n  v i t r o  bioassay procedure based on the FSH s t imu la ted  

e s t r a d i o l  product ion by the immature r a t  S e r t o l i  c e l l s  was u t i l i -  

zed ( 8 1. 

Bioassay o f  LH 

An i n  v i t r o  bioassay method based on the LH dependent tes- 

tosterone product ion by the mouse Leydig c e l l  suspension was u t i -  

l i z e d  ( 9 1. The standards and the t e s t  ma te r ia l s  produced respon- 

se l i n e s  p a r a l l e l  t o  one another i n  both assays. 

F rac t i ona t ion  o f  bFSH and 1 s t  I R P  on reverse-phase HPLC 

The s o l u t i o n  compositions and t h e i r  f l ow  ra tes  used i n  t h i s  

i nves t i ga t i on ,  were the same as repor ted  prev ious ly  ( 6 1, i.e. 

A-buffer contains 0.5% t r i f l u o r o a c e t i c  ac id  i n  water and B-buffer 

contains 80% a c e t o n i t r i l e ,  19.5% water and 0.5% t r i f l u o r o a c e t i c  

acid. The two b u f f e r s  were t i t r a t e d  i n  the f i r s t  experiment t o  pH 

3.3 w i t h  a concentrated ammonia so lu t ion .  In the same manner, 

the pH was adjusted t o  4.3 and 5.3 i n  the  second and t h i r d  expe- 

r iments, respec t ive ly .  A f l ow  r a t e  o f  1.5 rnl/min was used, which 

was monitored by a pressure o f  approximately 2000 p s i  ( 1 3  MPa). A 
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BIOLOGICAL LH AND FSH ACTIVITY 2859 

l i n e a r  gradient was r u n  from (A% / 8%) 95/5 t o  37/63 over 39 m i n u -  
tes. A l l  separations were performed a t  room temperature. The  elu- 
ted f r ac t ions  were co l lec ted ,  rapidly frozen a n d  s tored  a t  -20 C 
un t i l  the  bioassays were performed. The bovine FSH was applied a t  
th ree  pH l e v e l s  b u t  I R P  (70/45) was only applied a t  pH 3.3. Samp- 
les were loaded i n  the range of 250 t o  2000 ).ig f o r  bFSH and app- 
roximately 25 IU f o r  FSH/LH (IRP) i n  t h e i r  respective experiments. 

0 

Fractionation of bFSH and 1st IRP on cation-exchange HPLC. 

The solvent system consisted of two buffers ,  A and U, mixed 
by the  solvent programmer and the pumps to  appropriate proportions 
of the  respective buffers.  Buffer A was prepared by d i l u t i n g  20 
mrno1/1 phosphate buffer t o  the required pH. Buffer B was made a s  
buffer A ,  with the addition of sodiumchloride t o  a f i na l  concent- 
ra t ion  of 340 mnol/l. T h e  pH was a d j u s t e d  w i t h  mono-and disodium 
phosphate t o  7.0 , 6.0, 5.0 and f i n a l l y  5.5 i n  the experiments 
when bFSH was applied to  the system. The 1 s t  IRP was only applied 
a t  pH 5.5. 

RESULTS 

Fractionation of bFSH and 1st IRP on reverse-phase HPLC. 

The p r o f i l e s  of the  two standard preparations a re  shown i n  
Figure 1. Bovine FSH was f rac t iona ted  in to  three  major components, 
whereas the  e lu t ion  pattern from the  1st IKP (70/45) was resolved 
in to  multiple components w i t h  t h i s  procedure. 

The co l l ec t ion  of f r ac t ions  f o r  bFSH was s t a r t e d  31 minutes 
a f t e r  t he  in j ec t ion  and was continued every 30 seconds up t o  47 
minutes. The co l l ec t ion  of f r ac t ions  f o r  the 1 s t  IRP was s t a r t e d  
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2860 HALLIN AND KHAN 

Figure 1. 
Reverse-phase high performance l i qu id  chromatography o f  human uri- 
nary onadotropin (1st IRP 70/451 and bovine f o l l i t r o p i n  
( N I H - h - B l ) .  Column: 5 urn ODs s i l i c a  (150 x 8 )  x 2 ;  Flow rate: 
1.5 ml/min, room temperature; AUFS: 0.1 , UV-280 nm; Sample s ize :  
25 IU of 1st IRP ,  2 mg of NIH-FSH-B1; Gradient from 95% / 59, of 
buffers A/B t o  37% / 63% during 39 m i n .  Buffer A )  0.5% t r i f luo roa -  
c e t i c  ac id  i n  water; Buffer B )  80% a c e t o n i t r i l e  - 19.5% water - 
0.5% t r i f luoroacewt ic  acid . Both buffers adjusted t o  ptl 3.3 with 
concentrated ammonia so lu t ion .  FSH bioac t iv i ty  in hatched area.  

25 minutes a f t e r  in jec t ion  a t  an in te rva l  of one minute up t o  47 
minutes. All e lu ted  f r ac t ions  from the  two s t a n d a r d s  were t e s t ed  
i n  the i n  v l t r o  bioassay f o r  bFSH and f o r  both FSH and LH in 

the  case of IRP. 

The highest  FSH bioac t iv i ty  was found in  f r ac t ions  6-11 (see 
Figure 1) f o r  bFSH. However, the recovered b ioac t iv i ty  was approx- 
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BIOLOGICAL LH AND FSH ACTIVITY 2861 

i m a t e l y  4 % o f  t h a t  found i n  n a t i v e  bFSH. I n  comparison, m a t e r i a l  

f rom the  e l u t e d  f r a c t i o n s  from t h e  1 s t  IRP e x h i b i t e d  no FSH b ioac-  

t i v i t y  b u t  had a s l i g h t  LH b i o a c t i v i t y .  S ince t h e  pH a t  t h e  above 

mentioned reverse-phase separa t ion  i s  very  a c i d i c ,  t h e  pH i n  t h e  

two f o l l o w i n g  experiments was changed t o  4.3 and 5.3. The chroma- 

tograph ic  p a t t e r n  f o r  bFSH was very s i m i l a r  t o  t h a t  found a t  pH 

3.3, b u t  t h e  b i o l o g i c  potenc ies o f  a l l  f r a c t i o n s  were s t i l l  very  

low ( d a t a  n o t  shown). 

F r a c t i o n a t i o n  o f  bFSH and 1 s t  IRP on cation-exchange HPLC. 

The observa t ion  t h a t  hFSH as w e l l  as t h e  1 s t  IRP l o s t  most o f  

t h e i r  b i o l o g i c a l  a c t i v i t y  a f t e r  f r a c t i o n a t i o n  on reverse-phase 

HPLC, suggested a s u b s t i t u t i o n  o f  reverse-phase w i th  a m i l d e r  pro- 

cedure such as u s i n g  an i o n  exchange column. 

descr ibed by Kato e t  a l .  ( 7 1. As  shown i n  F i g u r e  2 ,  t h e  bov i -  

ne s tandard p r e p a r a t i o n  NIH-FSH-B1 was r e s o l v e d  i n  a lmost  one main 

component a t  pH 7.0 and 6.0 w i t h  t h i s  b u f f e r .  Bioassay o f  t h e  

m a t e r i a l  e l u t e d  f rom the  column gave a h i g h  FSH b i o l o g i c a l  poten- 

c i e s  f o r  a l l  t h e  f r a c t i o n s  tested.  

blhen pH was ad jus ted  t o  5.0, t h e  e l u t i o n  p a t t e r n  changed and 

two peaks on t h e  chromatogram were observed. B i o l o g i c a l  a c t i v i t y  

was found o n l y  i n  the  m a t e r i a l  e l u t e d  i n  t h e  second peak. However, 

t h i s  m a t e r i a l  represented o n l y  6% o f  t h e  p r o t e i n  loaded on to  t h e  

c o l  umn. 

Our i n i t i a l  s t u d i e s  were conducted u s i n g  the  mobi le  phase 

The pH s h i f t  t o  5.5 o f  t h e  mob i le  phase r e s u l t e d  i n  t h e  b e s t  

separa t ion  o f  o t h e r  components f rom t h e  o r i g i n a l  bFSH 

(see F i g u r e  3a), and improved the  r e l a t i v e  b i o l o g i c  FSH a c t i v i t y  

t o  n a t i v e  FSH. Almost a l l  b i o l o g i c  FSH a c t i v i t y  (92%) was r e t a i n e d  

and was e l u t e d  i n  one f r a c t i o n  (see F i g u r e  3b). No LH b i o a c t i v i t y  

c o u l d  be found i n  any o f  t h e  f r a c t i o n s  ob ta ined f rom t h i s  s tandard 

prepara t ion .  
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Figure  2. 
High performance i o n  exchange chromato raphy o f  bovine f o l l i t r o p i n  
(NIH-FSH-B1) on Waters Pro te in  Pak SP 8 PW column (75 x 7.5 p;m 
I.D.) a t  d i f f e r e n t  pH. Flow ra te :  2.0 ml/min, room temperature; 
AUFS: 0.2 , UV-280 nm; Sample size: 250 u i n  1 m l  bu f fe r ;  Gra- 
d ien t  from 98% / 2% o f  bu f fe rs  A/B t o  1008 o f  b u f f e r  B du r in  20 
min. B u f f e r  A )  20 r.mol/l phosphate bu f fe r ;  Bu f fe r  B )  20 m o ? / l  
phosphate b u f f e r  + 340 m i o l / l  sodiucchloride. 

Using these chromatographic cond i t ions ,  the 1 s t  I R P  (70/45 1 
was a l so  app l ied  t o  f i n d  s i m i l a r i t i e s  o r  d i f f e renc ies  i n  reso- 

l u t i o n  hehavior o f  t h i s  preparat ion compared t o  the bFSH standard. 

The e l u t i o n  p r o f i l e  obtained from t h i s  f r a c t i o n a t i o n  revealed 

the presence of two f rac t i ons ,  very s i m i l a r  t o  t h a t  o f  bFSH (see 
F igure  4a). No add i t i ona l  d i s t i n c t  peaks i n  between these two pro- 

ducts were seen. Most o f  the b i o l o g i c a l  FSH a c t i v i t y  f o r  the  1 s t  

I R P  was l i k e  bFSH found i n  the mater ia l  e lu ted  a t  the end o f  the 

grad ien t  (see F igure  4bl. The d i s t r i b u t i o n  of LH b i o a c t i v i t y  was 

also determined f o r  1 s t  I R P  (70/45) and was found i n  the e lu ted  

mater ia l  which a l so  contained FSH b i o a c t i v i t y  . Analysis o f  the 

e lu ted  f rac t fons  a f t e r  cation-exchange HPLC revealed a b i o l o g i c a l  

FSH d i s t r i b u t i o n  reasonably s i m i l a r  t o  t h a t  o f  bFSH. 
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Figure 3. 
A) High erformance ion  exchange chromato r a  hy o f  bovine f o i l i t -  
rop in  (N!H-FSH-Bl) on Waters Prote in  Pak !P !I PW column (75 x 7.5 
mm 1.D.) a t  pH 5.5.  Sample size:  400 ug i n  1 ml  b u f f e r .  
A l l  o ther  condit ions as i n  Figure 2. 
6) FSH b i o a c t i v i t y  i n  e l u t e d  mater ia l  based on e s t r a d i o l  produc- 
t i o n  by the  immature r a t  S e r t o l i  c e l l  c u l t u r e .  
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2864 HALLIN AND KHAN 

1 IRP (70145) 
pH 5.5  

-1 00 

L 

0 10 20 
Retention time (min) 

Figure 4. 
A )  High performance ion exchange chromatography of human urinary 

onadotropin (1st IRP 70/45) on Waters Protein Pak SP 5 PW column 9 75 x 7.5 mn I.R.) a t  pH 5.5. Sample s ize :  25 IU of FSH/LH i n  1 ml  
of buffer.  All  conditfons a s  i n  Figure 2. 
B )  FSH b ioac t iv i ty  i n  eluted material based on e s t r ad io l  produc- 
t ion  by the immature r a t  Se r to l i  ce l l  cu l ture .  L H  b ioac t iv i ty  
i n  cl Lited iadterial based on tes tos te rone  production by the mouse 
Leydig c e l l  suspension. 
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BIOLOGICAL LH AND FSH ACTIVITY 2865 

Only 35% o f  the o r i g i n a l  LH b i o a c t i v i t y ,  wh i le  almost a l l  o f  

the FSH b i o a c t i v i t y ,  was recovered i n  the  e lu ted  f rac t i ons .  

DISCUSSION 

Fur ther  p u r i f f c a t i o n  o f  standard preparat ions has been 

attempted w i t h  th ree  main purposes: 1)  t o  remove breakdown pro- 

ducts obtained dur ing  storage 2) t o  separate b ioac t i ve  mater ia l  

from immunoreactive contaminants (such as f r e e  subuni ts)  which are 

devoid o f  b i o a c t i v i t y ,  and 31 t o  separate LH b i o a c t i v i t y  from FSH 
b i o a c t i v i t y  i n  the  u r i n a r y  gonadotropin preparat ion.  

The r e s u l t s  from the reverse-phase HPLC app l i ca t i on  o f  bFSH 

and 1 s t  I R P  showed reso lu t i on  of more than one homogenous peak. 

For bFSH, the b i o l o g i c a l  a c t i v i t y  was reduced t o  on ly  4 X o f  n a t i -  

ve bFSH. Likewise, we were no t  able t o  increase t h i s  a c t i v i t y  f o l -  

low ing  pH adjustment t o  4.3 o r  5.3. The observat ion t h a t  1 s t  I R P  

a l so  l o s t  i t s  b i o l o g i c a l  a c t i v i t y ,  suggested a denaturat ion from 

the  low pH o r  from the r e l a t i v e l y  h igh  concentrat ions o f  the orga- 

n i c  solvents.  Th is  l a t t e r  problem cou ld  perhaps be resolved i f  

shor t -a lky l -cha in  s i l i c a  are chosen ins tead o f  ODS s i l i c a .  

The ion-exchange HPLC technique according t o  Kato e t  a1 . ( 7 )  
and described i n  t h i s  repor t ,  can be r o u t i n e l y  app l ied  w i thou t  any 

mod i f i ca t ion .  It has the advantage o f  us ing  a phys io log ica l  so l -  

vent systems and can provide, as i n  one o f  these experiments, 

a recovery o f  p r o t e i n  greater than 90% w i t h i n  10 minutes. This 

technique a l so  achieved a good separat ion (see F igure  3a) o f  b io -  

l o g i c a l l y  a c t i v e  from non-b io log ica l l y  a c t i v e  mater ia l .  

The use o f  t h i s  procedure r e s u l t e d  i n  the  p u r i f i c a t i o n  o f  

bFSH which re ta ined  more than 92% o f  i t s  o r i g i n a l  b i o a c t i v i t y .  I n  

the case of the bovine FSH preparat ion,  no LH b i o a c t i v i t y  cou ld  be 

recovered i n  any of the e lu ted  f rac t i on .  However, 35% o f  the t o t a l  

LH b i o a c t i v i t y  i n  the  human u r ina ry  p repara t ion  was e lu ted  i n  the 
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2866 HALLIN AND KHAN 

same fractions as material hav ing  FSH bioactivity. Previous stu- 
dies r J i t h  the same standard preparation (10, 11) have indicated 
the presence of significant ariounts o f  LH ( a b o u t  304 of the to t a l )  
, which exhibit  u n u s u a l l y  h i g h  acidic PI (pH 4.0 t o  5.5) values 
and remain present i n  the same fractions as FSH af te r  high resolu- 
tion isoelectrofocusing procedures. The resul ts  of the present 
study suggest t h a t  the LH activity recovered a f te r  ion-exchange 
HPLC most probably represents th i s  acidic LH fraction, as about 
60% of  the bioactive L H  i s  not eluted by the cation-exchange chro- 
matography. As t h i s  acidic LH is a part  of circulating and pitui-  
tary LH only i n  postmenopausal women and does not exis t  i n  women 
and men of f e r t i l e  age (12,13, Ndeto e t  a l . ,  unpublished d a t a ) ,  
i t  i s  reasonable t o  suggest t h a t  t h i s  procedure will be useful for  
normal p i tui tary and plasma samples. 

molecular forms, which can be separated due to differences in 
the i r  charge properties by u s i n g  isoelectrofocusing (see 14 for 
review). However, the c r i t i ca l  studies on the physiological signi- 
ficance of this molecular heterogeneity are  hampered by the tech- 
nical d i f f icu l t ies  in the use of isofocusing procedures t o  frac- 
t ionate serum samples w i t h  low gonadotropin content. The present 
method provides a very eff ic ient  and quick procedure to  concent- 
ra te  and par t ia l ly  purify FSH for such analysis. Whether or not, 
th i s  method resul ts  i n  a change i n  the composition of different  
molecular forms of FSH, should, however, be established before 
such studies can be started.  A similar method using anion-exchange 
columns, may also be useful for par t ia l  purification and concent- 
ration of LH from different  species. 

ion-exchange HPLC procedure will become a powerful tool to  a t ta in  
p a r t i a l  purification of gonadotropins without any obvious loss  of 
biological ac t iv i t ies .  Moreover, th i s  method may be a very useful 
intermediate step for concentration of plasma and pi tui tary gona- 
dotropins before they are subjected to  h i g h  resolution isofocusing 
procedures to  study the structure function re1 ationship i n  these 
hormones. 

The pi tui tary and peripheral gonadotropins ex is t  i n  multiple 

On the basis of the data presented, i t  i s  hoped t h a t  the 
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