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ABSTRACT 

Chromatography of 1251-bovine LH (LER-1716-2 and USDA-1-1) 
by means of anion exchange high performance liquid chromtography 
(HPLC) revealed two main peaks of radioactivity regardless as to 
whether or not the tracer was initially purified on cellulose 
CF11. The content of radioactivity in the first peak tended to 
increase as the storage time of the bLH preparation, either befo- 
re or after idnation, increased. The first peak of radiOaCti- 
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278 MADEJ ET AL.  

vity after HPLC fractionation either with or without cellulose 
adsorption consisted of rraterial with low binding ability to bLH 
antisem (6.9%*0.5 and 13.0%k1.0, respectively) and high binding 
ablity to ovine LHa antiserum (51.0%k2.7 and 35.2%f3.6, 
respectively). The average ratio of a-subunit h n o -  reactivity 
to 1251-bLH inmunoreactivity in this material was 7.4k0.1 and 
2.7k0 2 respectively (P<O.OOl) . Peaks in 1251-bLH radioactivity 
and i2hI-bLH irrnrmnoreactivity had different elution times. 
Radioinmunoassays with tracers obtained from fractions derived 
from the first radioactive peak after HPLC chromatography (i.e. 
1251-bLH-LEEt-1716-2) both with and without cellulose adsorption, 
yielded significantly lower mean plasm LH levels in GnRH-treated 
cows conpared with the control tracer routinly purified only on 
cellulose CFll (e.g. 5.7 vs. 8.2 pg/; 4.6 vs. 8.2 pg/l). Plasm 
LH levels in GnRH-treated cows were significant1 P<O.OOl) lower 

tracers than by radioinmunoassays utilizing 1251-blH-LER-17L6-2 
tracers (i.e. ej-ther Y = 0.17 + 0.75X or Y = 1.18 + 0.60X). 
(KEY WRDS: lutropin, HPLC, radioinmunoassay) 

as measured by radiohncassay utilizing T25 I-USDA-blH-I-1 

INTRODUCTION 

The microheterogeneity occurring in ovine (0) LH was 

probably first suggested by Jutisz and Squire (1). Since then a 

number of studies concerning the existence of isoforms of LH in 

domestic species have been published (2-6). For human (h) LH the 

number of reported components has varied from 3 to 14 depending 

on the separation mthod and standard preparation utilized (7- 

12). The highest number of fiLH forms w a s  revealed when enploying 

anion exchange fast protein liquid chromatography. The existence 

of even mre forms cannot be excluded particalarly in light of 

the findings of Wide (13), who reported 20 or mre forms of hLH 

in pituitary extracts. Such heterogeneity can influence the 

reliability of radioirnrrUnoassays (14-17). 
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INFLUENCE OF BOVINE LH TRACER QUALITY 279 

In earlier reports we used anion exchange and reversed phase 

high performance liquid chromatography (WLC) to study the 

behaviour of bovine (b) LH and 1251-0~, respectively (18-19). 

Here we report on the influence of various fractions of 1251-bLH, 

obtained from anion exchange HPLC on assay perfomce when used 

as tracers in a radioimmunoassay of bLH. 

MATERIALS AND METHODS 

Hormones 

Highly purified bLH-LER-1716-2, USDA-bLH-1-1 (AFP-4011-B), 

a-subunit of oLH (WRR-l-a), and 0-subunit of oLH (WRR-2-R) were 

of immunochemical grade. Highly purified NIAMDD-bm-4, 

NIADDK-bTSH-11 and NIAMDD-OFSH-RP1 were of biological grade. 

Small portions of the respective preparation weighed, on a Cahn 

electrobalance, were dissolved in 50 mM phosphate buffer, pH 7.5, 

to reach a concentration of 100 pg/ml. Pa r t  of this solution was 

frozen (-20°C) in 25 1.11 aliquots, stored and used for iodination. 

The rest was diluted 10-fold with 50 mM phosphate buffer, pH 7.5, 

containing 0.5% bovine serum albumin (BSA) , frozen (-20~~1 in 100 

p1 aliquots, stored and used for construction of standard curves. 

Radioiodination 

Idnations (carrier-free 1251 Amersham International plc, 

Buckinghamshire, England) of bLH-LEF-1716-2, USDA-bLH-1-1, oLHa 
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MADEJ ET AL.  280 

(WRR-l-a) and OUR (WRR-2-6) were performed by the Chloramine-T 

(20) ,  based on the procedure described by Stupnicki and Madej 

(21) , except that 8 pg of Chloramine-T per 2 pg of glycoprotein 

and an exposure the of 40 sec were used. The iodinated material 

was inmediately seprated from 1251 by chromatography on a 

Sephadex G25M column (1.5 x 5.6 an). The specific activities of 

1251-bLH, 1251-0L€Ia, and 1251-oLHR achieved were 20-50 pCi/pg. 

The radioidbated hormones were stored at 4OC. For routine 

assay, 1 2 5 1 - b ~  was first adsorbed by cellulose (whatman CFU) 

(21,22). The radioidbated hormone was then eluted with 10 mM 

sodium phosphate buffer, pH 7.5, containing 6% BSA. Radioactivity 

was quantified in a garrana counter (Searle Analytic Inc.,IL, USA). 

HpLc 

Anion exchange HPLC was carried out according to the method 

described by Hallin and Madej (18). Briefly, HPLC was performed 

on a Waters Associates Chrmtographic system, consisting of two 

M 6000 solvent delivery systems, a U6K injector and an M 660 

solvent programer (Waters Associates, Milford, MA, USA). All 

reagents used were of analytical grade. A PAK DEAE 5EW anion 

exchange column (7.5 m x 7.5 cm) was also obtained from Waters 

Associates. The HPLC solvent system consisted of buffer A (20 mM 

Tris-HC1, pH 6.5) and buffer B (20 mM Tris-HC1, 500 mM sodium 

chloride, pH 6.5).  Typically, 0.2-0.9 m l  sanples containing about 
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INFLUENCE OF BOVINE LH TRACER QUALITY 281 

10 pCi (370 kBq) of 1251-bLH either with or without cellulose 

adsorption, were loaded onto a DEAE column. The samples were 

eluted with a linear gradient running for 20 min from 98%/2% of 

buffers A D  to 100% of buffer B with a flow rate of 2 ml/min. The 

gradient started hediately following injection. Every 30 sec a 

1 ml fraction was collected for ganm counting and subsequent 

analysis. A l l  HPK experiments were carried out at ambient 

temperature ( 2 2 0 ~ )  . 

Radioinamnoassam 

The antiserum against bovine LH (a-bLH/R7; 21) was used at 

final dilution of 1:60,000. Bovine LH (NIAMDD-bLH-4) was used as 

standard. overnight incubation, including a 2 h delay in the 

addition of 1251-bLH, was carried out at room temperature. The 

separation of free and antibody-bound hormone was carried out by 

adding a second antibody coupled to Micro Sepharose beads 

(Pharmacia AB, Uppsala, Sweden). A 0.5 ml suspension was 

dispensed into each tube, and after incubation at room 

temperature for 30 m i n  the contents of the tubes were centrifuged 

for 20 min at 1500 x g. The coefficient of variation for bLH 

concentrations in the range of 1.5 to 20.0 pg/1 was below 8.0%. 

The mean bLH concentration in 3 pool sanples and the coefficients 

of variation, estbted in 13 different assays were 3.0 (C.V. 

6.7%), 5.0 (C.V. 8.0%) and 21.3 (C.V. 8.2%) ,ug/l, respectively. 
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282 MADEJ ET AL.  

The system to measure a-subunit hnoreactivity in bovine 

plasma consisted of oLHa (WRR-1-a), as tracer and reference 

preparation, and oLHa antiserum (NIAMDD-anti-oLHa-1) at a final 

dilution of 1:120,000. Additionally, 1.6 ng of bLH was pipetted 

into each tube to diminish the bLH influence in the bLHa system. 

The oLHa antiserum bound 18.2%f0.3 SEM (n=8) of the 1251-0LHa, 

and the standard curve rangd from 0.05 to 3.2 ng. Dilutions of 

bovine plasma were parallel with the oLHa standard. The 

sensitivity of the assay, calculated from the precision profile, 

was 0.027f0.003 SEM ng/tube (n=8) (0.27 pg/l for 100 pl  samples) 

and the amount of oLHa needed to cause 50% inhibition was 

0.328+0.010 SEM ng/tube. The intra-assay coefficient of variation 

was 18.1%. The mean concentration of bLHa in 3 pool samples of 

bovine origin and their coefficients of variation, estimated in 8 

different assays, were 1.2 (C.V. 16.7%), 2.9 (C.V. 13.8%), and 

8.4 (C.V. 13.1%) pg/l. The analysis of cross-reactivity of the 

OLHa antiserum indicated that bLH and bTSH levels up to 2 pg/1 

and bFSH level up to 32 pg/1 did not influence the assay system. 

At higher concentrations cross-reactivities were 9.0% for bLH, 

5.3% for bTSH and <O -1% for bFSH. The incubation and separation 

of free and ant--bound hormone were performed as described 

above for the bLH assay. All assays were performed in 50 mM 

sodium phosphate buffer, pH 7.5, containing 0.45% sodium 

chloride, 10 mM EDTA, 0.001% merthiolate and 0.2% BSA (assay 

buffer). 
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INFLUENCE OF BOVINE LH TRACER QUALITY 283 

After anion exchange chrmtoqraphy, the amount of radio- 

activity was measured i n  0.05 ml of each fraction. The eluted 

fractions were then diluted w i t h  assay buffer to  obtain 

4000 cpn/O.l m l .  These solutions were inchated overnight a t  room 

temperature w i t h  antiserum against either a- or @subunit of oLH 

(NIAMDD-anti-oLHa-1 and NIAMDD-anti-oLH&l, respectively), both 

at  a final dilution of 1:90,000. A t  t h i s  dilution the 1251-0LHa 

did not bind t o  the oU@ antiserum and 1251-0LHp did not bind t o  

the oLHCC antiserum. The oLHa antiserum bound about 58% of the 

1251-0LHa. Each fraction was also tested for i ts  ability to  bind 

to  bLH antiserum (final dilution 1:60,000). The non-specific 

binding was also estimated. A t  t h i s  dilution t h e  1251-0LHa did 

not bind to  bLH antiserum. 

I t  should be noted that a l l  comparisions of various 

iodinated tracers were properly designed and performed always in 

duplicate in a single assay. 

Animals and S m l i n u  Procedure 

Three primiparous dairy cows, crosses between Swedish 

Friesian and Swedish Red and White breeds, were given 100 pg of 

GnRH (Nialuth, NOVO AS, Copenhagen, D e m k )  i.v. during 

proestrus. Blood samples (10 m l )  were  collected at  15-60 min 

intervals in heparinized glass tubes from a cannula inserted into 

the jugular vein a t  least one day before treatment. The blood 
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284 MADEJ ET AL.  

samples were inmediately centrifuged and the obtained plasma was 

kept at -2OOC until assayed. 

Statistical Analysis 

Differences between tracers were analysed by Kruska-Wallis' 

test I van der Waerden ' s test I Student ' s t-test , Duncan ' s multiple 

range test, available from the Statistical Analysis System (23). 

When either 1251-bL,H-LER-1716-2 (Fig. 1) or 1251-bLH-I-l was 

fractionated by anion exchange HPLC, two main peaks of radioacti- 

vity appeared regardless as to whether or not the tracer was 

initially purified on cellulose (3'11. The first sharp peak of 

radioactivity appeared up to 2 min after injection (at about 50 

nM NaCl) and the second, a broad one, had a retention time of up 

to 12 min (up to 300 mM NaCl) . Cellulose adsorption and subse- 
quent HPIC of 1251-bLH-LeR-1716-2 recovered an average of 80.0f 

3.5% (n=4) of the radioactivity, when the cellulose step was 

Omitted the recovery was 46.4-+1.6% (n=4). Changes in the 

percentage of radioactivity in the first peak tended to be 

depended on the length of storage of the bLH preparations both 

before and after idnation. The radioactivity in the first peak 
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0 10 20 30 40 

F r a c t i o n  n u m b e r  ( 1 . 0 m l )  

FIGURF: 1. Anion exchange HeLC of radioiodinated bovine LH (LER- 
1716-2) on a Waters Protein PAK DEAE 5pGJ column (7.5 x 
75 mn) with (0) and without (*)  cellulose adsorption on 
Whatman CFll prior to application onto a DEAE cohm. 
The samples were eluted with a linear gradient running 
for 20 m h  from 20 mM Tris-HC1 (pH 6.5) to 20 mM Tris- 
HC1, 500 mM sodium chloride (pH 6.5) with a flow rate 
of 2 ml/mh. Sample load was 5 p3 (185 kBq). 

increased from 8.7% to 21.4% in the one-week old 1251-bLH-LER- 

1716-2 preparations where it had been stored before iodination 

for 26 weeks. The radioactivity in the first peak was about 30% 

where the tracer had been stored for mre than 4 weeks, and this 

was independent of the storage time of the bLH preparations 

before iodination. 

The elution profile of 1251-bLH radioactivity did not 

correspond to that of 1251-bLH humnoreactivity (Fig. 2). The 

fractions derived from the first peak of radioactivity contained 

lower 1251-bLH imnunoreactivity as compared with the same tracer 
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500 
* HPLC I 

0 10 20 30 40 
Fraction number (1 .Oml) 

10 40 

L 

I 
d 

4 .- 
C 
c 
Q 

01 1 0 8  
0 10 20 30 40 g 

F r a c t i o n  number ( 1 . 0 m l )  

FIGURE 2. Anion exchange HPLC of radioiodinated bovine LH (LER- 
1716-2) without cellulose adsorption (see Fig. 1) - 
radioactivity profile (*); bLH immunoreactivity 
expressed as binding to  bLH antiserum (A) and ratio of 
a-subunit innnunoreactivity (expressed as binding t o  
oLHa a n t i s e m )  t o  bLH hmmoreactivity (A). 
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without HPLC fractionation (i.e. 13.7% vs. 20.8%). The relation 

between 125 I-bLH immunoreactivity and the content of 

radioactivity in the second broad peak seemed to be negative. 

The plateau in 1251-bLH inmunoreactivity reached at fraction no. 

21 (retention time 10.5 m i n )  corresponded to the s t a r t  of the 

gradual decrease in radioactivity. The ratio of a-subunit 

irranUnoreactivity to 1251-bLH inmunoreactivity decreased from 4.8 

in fraction no. 3 to 1.5 in fraction no. 2 1  at the plateau of 

1251-bLH inmunoreactivity (Fig 2 ) .  

when 1251-b~~ was subjected to HPLC fractionation after 

cellulose adsorption, the 1251-bLH innnunoreactivity was very low 

at the maximUm radioactivity of the second peak but began to 

increase concomitantly with a decrease in radioactivity (Fig.3). 

A very high ratio (20.6) of a-subunit inmunoreactivity to 

1251-bLH innnunoreactivity was found for fraction no. 3.  

Thereafter the ratio continuously decreased and reached a value 

of 1.5 in fraction no. 22, which coincided with the highest 

recorded 1251-bLH immunoreactivity (Fig. 3) . 
The changes in fl-subunit inmunoreactivity of the tested 

fractions were parallel to those in 1251-bLH innnunoreactivity 

(data not shown). Overall, it was found that the first peak of 

radioactivity after HPLC fractionation, either with or without 

cellulose adsorption consisted of material with low binding 

ability to the bLH antiserum (6.9%f0.5, n = 3 and 13.0%f1.0, n=4, 

respectively) and high binding ability the oLHa antiserum 
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20 
I 
2 n .- 
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E 
Q - *  2 
I 
2 n .- 
C 
E 
Q 

0 8  

FIGURE 3. 

F r a c t i o n  number (1.0rnl) 

lion exchange HPK of radioidhated bovine B (LER- 
1716-2) with cellulose adsorption on Whatman CFll prior 
to application onto a DEAE column (see Fig. 1) - 
radioactivity profile (0); bLH immUnoreactivity 
expressed as binding to bLH antiserum (+) and ratio of 
a-subunit inmunoreactivity (expressed as binding to 
oLHa antiserum) to bLH inmunoreactivity (0). 
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(51.0%f2.7, n=3 and 35.2%+3.6, n = 4, respectively). Hence the 

average ratio of a-subunit inmunoreactivity to 1251-b~ 

hmnoreactivity in the first radioactive peak was 7.4t0.1 with 

and 2.7f0.2 without cellulose adsorption (~~0.001). 

In a preliminary study the fractions derived from the first 

radioactive peak after HPLC chromtography of 1251-bLH-LER-1716-2 

were used as tracers in a radiohnoassay and campared with the 

control tracer (routine purification of 1251-b~~ on cellulose 

(211). The radiohnoassay with the fomer tracer resulted in 

significantly laver m e a n  plasma LH levels in the GnRH-treated cow 

no. 1 as compared with the levels obtained with control tracer 

(3.1 vs. 4.7 pq/l; P<0.05). 

~dioimmunoassays utilizing different tracers of 1251-b~~- 

LER-1716-2 were then applied to measure plasma LH levels in COW 

no. 2 before and after GnRH injection (Figs. 4 and 5 ) .  All 

tracers were tested within one week after idnation, but bLH was 

stored for either 7 (Fig. 4)  or 26 (Fig. 5) weeks before 

iodination. As can be seen from Figures 4 and 5 the measured LH 

levels both before and after GnRH achinistration were 

substantially influenced by the tracer preparation used in the 

radioinmunoassay. Tracers made up of fractions from the first 

radioactive peak after HpX, with (CF11 + HPX) or without (HPLC) 

previous cellulose adsorption, yielded mean concentrations of LH 

significantly (P<0.05) lower than those obtained with the control 

tracer (CF11) (e.g. 5.7 vs. 8.2 pg/l; 4.6 vs. 8.2 pg/1). The bLH 
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Tracer. 
0 CFll 
A CFlltHPLC ifr.4-51 

20 A 

= 15- CFlltHPLC (fr 15-17] 
\ 
P 
I 
Y 

I 
4 n 

-60 0 60 120 180 240 
Ti me(mi n) 

FIGURE 4. Peripheral blood plasm concentrations of bLH and bLHa 
(0) in cow no. 2 before and after i.v. adninistration 
(at time 0) of 100 ,ug GnRH. Bovine LH levels were, 
measured by radioinmunoassays utilizing different 1251- 
bLH-LER-1716-2 tracers: A) control tracer purified by 
cellulose adsorption only (o), by cellulose adsorption 
+ WIC (fractions no. 4-5: A, fractions no. 15-17:.); 
and B) purified by WLC only (fractions no. 3-4: +, 
fractions no. 15-17: 0 ) .  
Note: bLH was stored for 7 weeks before iodination and 
was tested within one week after idination. 
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-60 0 60 120 180 240 
Time(min) 

- 20 
Tracer: 

HPLC lfr .31 
HPLC [fr .13-151 

15. + HPLC jfr.1~-22) 

20 - 

A 

- \  
UI a 
v 

‘0 

-0 0 
-60 0 60 120 I80 240 

Time(min) 

0 a 
Y 

p 10. 
I 
4 n 

FIGURE 5. Peripheral blood plasm concentration of bLH and bLHcr 
( 0 )  in cow no. 2 before and after i.v. administration 
(at time 0) of 100 pg GnRH. Bovine LH levels were 
measured by radiohnoassays utilizing different 1251- 
bLH-LER-1716-2 tracers: A) control tracer purified by 
cellulose adsorption only ( o ) ~  by cellulose adsorption 
+ HPLC (fractions no. 3-5: A, fractions no. 13-15: rn ); 
and B) purified by HPLC only (fraction no. 
fracions no. 13-15: or fractions no. 18-22: +). 
Note. bLH was stored for 26 weeks before iodination 
and was tested within one week after iodination. 
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TABLE 1 

Average (f SEM) plasma LH levels (pg/l) in two bovine samples 
assayed using five different plasma dilutions (from 100 p 1  to 
6.25 1.11). 

~~ ~ 

Treatment Plasma sample Plasma sample 

of tracer no. 1 no. 2 

CFll 

HPLC (1st peak) 

1251-bLH-I-l HPLC (2nd peak) 

CFll+HPLc 

(2nd peak) 

16.3fl .2a 

8.6f0 .7c 

7.2+0. 6c 

16.1f2 .Oa 

12 .2+0.7b 

9.6fl. 3b" 

6.9f0.3C 

8.0f0. 6c 

17.7fO. gbC 

15.9 f 1. 7dc 

12.9fO. 6d 

12.4f0. gd 

albtcld Means within the same column with different superscripts 
differ (PC0.05) 

levels obtained using these tracers from the first radioactive 

peak were similar to the levels of the bma which averaged 4.4 

pg/1 (Figs. 4B and 5B). 

As seen in Table 1 the use of 1251-LH-LER-1716-2, obtained 

either by cellulose adsorption (cF11) or cellulose adsorption and 
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HPLC fractionation (CFll+HPLC), led to significantly higher 

concentrations of bLH than the use of the corresponding fractions 

of tracer 1251-~LH- I - 1 . 
The difference between the two radioiodinated standard 

preparations disappeared in radioirrarmnoassays using HPLC tracers 

without previous cellulose adsorption and derived either from the 

first or second peak of radioactivity. The tracer frm the first 

HPLC peak of 1251-bL&I-l did not result in significantly lower 

LH concentrations as did the Corresponding tracer from 

1251-bLH-LER-1716-2 when compared with the respective CFll 

tracers (Table 1). 

Overall, bLH concentrations were lower when measured by 

radioinmunoassay utilizing control 1251-bLH-I-l than when 

measured by control 1251-bLH-LER-1716-2 (Y = 0.17 + 0.75X) 

despite a high and significant correlation (r = 0.99, n = 25, 

P<O.OOl). For tracers obtained from fractions of the second 

radioactive peak after HPLC with cellulose adsorption, the 

difference between the two radioiodinated standard preparations 

(i.e. bLH-1-1 vs. bLH-LER-1716-2) was even larger (Y = 1.18 + 

0;60X, r = 0.87, n = 25). 

DISCUSSION 

Our results reveal that 1251-bLH-LER-1716-2 and 1251-bLH-I-l 

are hetercgenous when fractionated by means of anion exchange 
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HPLC. The cbzmtographic profile obtained resembles the profile 

of hLH reported by Stockell Hartree et al. (12). These authors 

found that about 11% of the hLH was not adsorbed by the anion 

exchange column ( Mono Q) and that the lowest and highest 

receptor binding activity appeared in the fractions derived from 

the ascending and descending part, respectively, of the second 

broad peak. The pH used in their study (pH 7.8) was, however, 

higher than that used in the present study (pH 6.5). Josic et al. 

(24)  suggested that anion exchange column (i.e. Mono Q) is very 

sensitive to the pH of the mobile phase and under slightly acidic 

conditions (e.g. pH 6.5) it is a suitable tool for protein 

separation. Additionally, Scopes (25) reported that due to the 

Donnan effect, the pH in the microenvironment of the matrix was 

usually about 1 unit higher than that in the surrounding buffer. 

Accordingly, a pH of 6.5 applied here probably increased to about 

7.5 in the matrix of the column. 

Stanton et al. (26) found that anion exchange chromatography 

at pH 9.0 yielded different components from crude bTSH 

preparation but not from pure 1251-bTSH. In contrast, recent 

results from gel permeation and HPLC by the same group (27,28) 

indicate that pure 1251-bTSH preparation obtained by mild 

lactoperoxidase radioiodination exists as the multiple tracer 

components. The differences between the chromatographic pattern 

of unlabelled bLH-4 (18) and 1251-bLH-L,ER-1716-2 as well as 

1251-bLH-I-l (present study) when subjected to the same 
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chromtographic procedure suggest that differences exist between 

bLH preparations - i.e. , those for biological studies vs. those 
for icdination, or between unlabelled and labelled hormones. It 

is tempting to assume that the former alternative is mre 

probable, particularly in the light of the findings of Takai et 

al. (29,30), who concluded that the different profiles of 

bicactivity and radioactivity depend more on variability as a 

function of the homne preparation subjected to radioidnation, 

than on the iodination per se. In addition, Keel and Grotjan (31) 

reported that three highly purified oLH preparations differed in 

the percentage of acidic and basic forms. Even by m e a n s  of gel 

filtration on Sephadex G l O O  there was a slight difference in the 

elution volume between unlabelled and radioidnated hLH (14,32). 

In contrast, Sharp and Pierce (33) found that bLH radioiodinated 

twice was indistinguishable from native bLH after 

rechromatcqraphy on Sephadex G l O n  and polyacrylamide gel 

electrophoresis. However, some of the radioactivity represented 

either free a-subunit or a small population of dissociated 

subunits. 

The significant increase in the ratio of a-subunit 

inarmnoreactivity to 1251-b~~ inmunoreactivity after cellulose 

fractionation accords with the findings of Marana et al. (34). 

These authors concluded that a large amount of 1 2 5 1 - ~ S H  was 

formed by fractionation on cellulose. However, this process did 

not occur in the case of 1251-hLH (15) and 1251-cynconolgus LH 
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( 3 5 ) .  Moreover, Khan et al. (35) reported that cellulose 

adsorption was an effective method for purifying radioiodinated 

cynamolgus LH. 

In conclusion, the anion exchange HPLC prification of 

radioligand in carbination with a test for hnoreactivity may 

be particularly advantageous in studies of LH microheterogeneity, 

especially for those investigating the cause of discrepancies 

between concentrations obtained by different radiohnoassay 

procedures (e.g. 3 6 ) .  Further, the importance of appropriate 

purification of hFSH radioligand to improve sensitivity and 

specificity of both radiohncassay and receptor assay has 

recently been reported (37). 

This study was supported by the Swedish Council for Forestry and 

and Agricultural Research. The authors are indebted to the USDA 

Animal Hormone Program and NIAMDD-NPA Pituitary Hormones Distri- 

bution Program, USA for generous donation of all hormones and 

their subunits. 

REFERENCES 

1. Justisz, M. and Squire, P.G. Further evidence for the 
existence of several active components in sheep pituitary 
interstitial cell-stinndating hormone. Acta Endocrinol 
(Copenhagen) 1961; 37:96-102. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



INFLUENCE OF BOVINE LH TRACER QUALITY 297 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11, 

Shemcd, O.D., Grimek, H.J. and McShan, W.H. Purification 
of luteinizing horrnone frm sheep pituitary glands and 
evidence for several physicochemically distinguishable 
active cconponents. Biochim. Biophys. Acta 1970;221:87-106. 

Blocaofield, G.A., Faith, M.R. and Pierce.,J.G. Sepharose- 
linked concanavalin A in the purification and 
characterization of glycoprotein hormones of the bovine 
pituitary. Biochim. Biophys. Acta 1978;533:371-382. 

Yora. T. and Ui, N. Purification and subfractionation of 
bovine thyrotropin and lutropin using radioirnrmnoassays for 
evaluation of the purification processes. J. Biochem. 

Matteri. R.L., Papkoff. H., Ng, D.A., Swedlow, J.R. and 
Chang, Y.S. Isolation and characterization of three forms of 
luteinizing hormone from the pituitary gland of the horse. 
Biol. Reprod. 1986;34:571-578. 

Keel, B.A., Schanbacher, B.D. and Grotjan, Jr H.E. mine 
lutehizing hormone. I. Effect of castration and steroid 
administration on the charge heterogeneity of pituitary 
luteinizing hormone. Biol. Reprod. 1987;36:1102-1113. 

Peckham, W.D. and Parlow, A.F. Isolation from human 
pituitary glands of three discrete electrophoretic 
coqxments with high luteinizing hormone activity. 
Endocrinology 1969;85:618-622. 

Reichert, Jr L.E . Electrophoretic properties of pituitary 
gonadotropins as studied by electrofocusing. Endocrinology 

1978;83:1173-1190. 

1971;88:1029-1044. 

Robertson, D., F’roysa, B. and Diczfalusy, E. Biological and 
hmnological characterization of human luteinizing hormone : 
N. Biological and inmunological profile of two 
international reference preparations after electrofocusing . 
Mol. Cell Endocrinol 1978;11:91-103. 

Zaidi, A.A., Qazi, M.H. and Diczfalusy, E. Molecular 
conposition of human luteinizing hormone: Biological and 
hmnological profiles of highly purified preparations after 
electrofocusing. J. Endocrinol. 1982;94:29-36. 

van G i n k e l ,  L.A. and Loeber, J.G. Heterogeneity of human 
lutropin. Detection and identification of a- and 8-subunits. 
Acta Endocrinol. (Copenhagen) 1985;110:182-192. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



2 98 MADEJ ET AL. 

12. Stockell Hartree, A., Lester, J.B. and Shavnkeen, R.C. 
Studies of the heterogeneity of h m  pituitary LH by fast 
protein liquid chromatography. J. Endocrinol. 1985;105:405- 
413. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Wide, L. Median charge and charge heterogeneity of human 
pituitary FSH, LH and TSH. I. Zone electrophoresis in 
agarose suspension. Acta Endocrinol. (Copenhagen) 
1985;109:181-189. 

Benveniste, R., Frohman, L.A. and Rabinowitz, D. 
Heterogeneity of purified human pituitary luteinizing 
hormone: Effect on homne measurement by radioinnnunoassay. 
Endocrinology 1975;97:20-29. 

Suginami. H., Robertson, D.M. and Diczfalusy, E. Influence 
of the purity of the icdinated tracer on the specificity of 
the radiohumassay of human luteinizing homne. Acta 
Endocrinol. (Copenhagen) 1978;89:506-520. 

Burstein. S., Schaff-Blass. E., Blass. J. and Rosenfield, 
R.L. The changing ratio of bioactive to irrununoreactive 
luteinizing hormne (LH) through puberty principally 
reflects changing LH radioimmunoassay dose-response 
characteristics. J. Clin. Endocrinol. Metab. 
1985;61:508-513. 

Wkitcamb, R.W., Sangha, J.S. , Schneyer, A.L. and Crowley, Jr 
W.F. Improved measurement of free alfa subunit of 
glycoprotein hormones by assay with use of a monoclonal 
antibody. Clin. Chem. 1988;34:2022-2025. 

Hallin, P. and Madej, A. Fractionation of bovine lutropin 
with the aid of anion-&change high performance liquid 
chromatography. J. Liquid Chromtogr. 1985;8:2663-2674. 

Madej, A. and Hallin, P. Pattern of innnunoreactivity after 
reverse-phase high performance liquid chromtography of 
mine lutropin at different pH. J. InmNnoassay 
1986:7:181-197. 

Greenwood, F.G. Hunter, W.H. and Glover, J.S. The 
preparation of i311-labelled human growth hormone high 
specific radioactivity. Biochen. J. 1963;89:114-123. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



I N F L U E N C E  OF BOVINE LH T R A C E R  Q U A L I T Y  299 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

Jeffcoate, S.L. Purification of 1251-LH and 1251-FSH by 
cellulose adsorption chromtography. In: Xirkham, K.E. and 
Hunter, W.H., eds. Radioinmunoassay Methods. Edinburgh, 
London: E & S Livingstone, 1971:30-37. 

SAS Insiitute Inc., SAS User's Guide: Statistics, Version 
5 Editicu. Cary, NC: SAS Institute Inc, 1985. 

Josic, D., Hofmann, W. and Reutter, W. Ion-exchange and 
hydrophobic-interaction high-performance liquid 
chromatography of proteins. J. Chromtogr. 1986;371:43-54. 

Scopes, R.K. Protein purification. New York, Heidelberg, 
Berlin: Springer-Verlag, ed 4, 1982. 

StdntOn, P.G., Simpson, R . J . ,  Lambrou, F. and Hearn, M.T.W. 
High-performance liquid chromatography of amino acids, 
peptides and proteins. XLVII. Analytical and semi- 
preparative separation of several pituitary proteins by 
high-performance ion-exchange chromatography. J. Chromtogr. 
1983;266:273-279. 

Stanton, P.G. and Hearn, M.T.W. Microheterogeneous forms of 
of radioiodinated bovine thyrotropin: Discrimination of 
different receptor-active components by gel permeation 
chrmtography. Endocrinology 1986;118:14-22. 

Stanton, P.G. and Hearn, M.T.W. Characterization and 
purification of iodinated bovine thyrotropin by high 
perforfrance liquid chrcarratography. Endocrinology 
1986;119:887-897. 

Takai, N.A., Filetti, S. and Rapoport, B. Studies on the 
bioactivity of radiolabeled, highly-purified bovine 
thyrotropin. Biochem. Biophys. Res. Corn. 1980;97:566-573. 

Takai, N.A., Filetti, S. and Rapoport, B. Studies on the 
bioactivity of radioiodinated highly purified bovine 
thyrotropin: Analytical plyacrylamide gel electrophoresis. 
Endocrinology 1981;109:1144-1149. 

Keel, B.A. and Grotjan, Jr H.E. Ovine luteinizing homne. 
111. Relationships between the charge heterogeneity of 
partialy purified subunits and the native hormone. Biol. 
Reprcd. 1987;36:1125-1133. 

Ryan, R.J., Jiang, N.S. and Hanlon, S. Some physical and 
hydrodynamic properties of hunk% FSH and LH. Recent. Prog. 
Horn. Res. 1970;26:105-137. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



3 00 MADEJ ET AL. 

33. Sharp, S.B. and Pierce, J.G. Doubly radioidhated 
luteinizing hormone: Preparation and characterization. 
Endocrinology 1981;109:1052-1060. 

34. Wana, R., Suginami, H., Robertson, D.M. and Diczfalusy, E. 
Influence of the purity of the iodinated tracer on the 
specificity of the radiohnoassay of human follicle- 
stimulating hormone. A c t a  Endocrinol. (Copenhagen) 
1979;92:585-598. 

35. Khan, S.A., Lindberg, M. and Diczfalusy, E. Heterologous 
radioirrprmnWssay of monkey luteinizing hormone: A critical 
assessment. J. Med. primatol. 1984;13:191-204. 

36. Loeber, J.G., van de Wiel, D.F.M. and Gaines Das, R.E. An 
international collaborative study on the First International 
Standard of bovine luteinizing hormone for jmunoassay. J. 
Reprod. Fertil. 1987;79:145-152. 

37. Schneyer, A.L., Sluss, P.M., Bosukonda; D. and Reichert 
Jr L.E. Electrophoretic purificatim of radioidhated 
follicle-stimulating hormone for radioligand assay and 
radioimunoassay. Endocrinology 1986; 119: 1446-1453. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


