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J.H.F. %kens*, A.H. Visscher, and B. Fngel** 

W Bcm 501, 3700 AM W s t ,  The Netherlanls 
**+icultural I&.thnatics Gruup, W-W, 

W Bmt 100, 6700 AC bhgeninp~, The Netherlards 

"-d" *MD-Research Institute for Iuliml FYuduch I 

Al3slwm 

A sensitive, specific ard accurate hamlogous radioirmunoas- 

0FSH-serum at  a final dilution of 1:224,000. Iha sapration of 
freeamianWxxiy-kcnnxitracerisbased on the dcuble ant ihdy 
solid phase systan. Ihs assay- folnd to be specific for opsI; 

detection l i m i t  ms 7 w per tube. Inter- and intra- assay coeffi- 

Iha use of a few sel- appliances in anWnatim w i t h  a 
well-amsidenxi time-schedule enabled the pcocessing ofthree 
thowand blood plasm sanples in triplicate w i t h i n  tvm weeks. The 
particular advanage of the mthcddescribedhereis the fast, 
easy and safe separation of free and an--M tracer w i t h  
nliniml handling of radioactive tubes. 

KEY KRE: (radioimmncassay) (ovine follicle stinulating h o r n )  

-~-nadwvli th 0Prl and CQi- 1- than 0.2%. Ihe 

cients Of variatian (CV) 3.7 - 8.5% and 6.6%, respectively. 

I" 

Endocrinological msearch often requules ' the analysis of 

large nunbrs of blood samples for several pmtdn homnnes. Anal- 

ysis of all samples of an exprimnt w i t h i n  a few- tinne has a 
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3 76 ERKENS, VISSCHER, AND ENGEL 

-of advan ta~ .  canparability of the results of several 

groups of sanplee is  bec cause of theuseof one (fresh) 

label for a l l  sanples. In addition, the total number of iodina- 

ticu-18 for diffemnt assays is reduced to a minimrm. Ihe financial 

ad time benefits of such a procedure are also obvious. 

m s  paper describes the devleloprrent of a sensitive, high ca- 

pacity RIA procedure for the assessrent of wine FSH blood plasma 

levels. 

lQvmuxsANDm 

Ma-ialS 

ovine follicle s t i r d a t i n g  h o r n ,  highly purified for 

iodination ("DD-OFSH-I-l), plyclonal rahbit anti wine folli- 

cle stinulating homzme semn (NIAMDD.anti-oFsH-1) and wine fol- 

licle stirmlating hormone reference prgraratian (NIAMDD-OFSH- 

RP-l), all by Dr. A.F. Parlow, kindly pmvided by 

Dr. S. R a i t i  (National I-kmmne and Pituitary program, University 

of Maryland school of Medicine) through the progrerns of the Na- 

tianal Institute of Diabetee , Digestive, andKidneyDiseases. 

ovine plam (NM-P-s-11) and wine luteinizing h o r n  (NM- 

LHS15) wxe a gift fm the National I n s t i t u t e s  of Health, 

~ethesda. mmmes and anti- wxe  stonxi a t  -EOOC until use. 

Na1251 (IMS-30, 1 mci per vial) in alkaline solution wis o b  

tained f m  the RBdiochanical centre, Amemham, Bbgland; secmxky 

sod.iumphc@ate, dumaz ide ,  hydrochloric acid, sodium chlo- 

ride, chloramin~+T ad potassium iodide (all analytical @) 
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HIGH CAPACITY RIA FOR oFSH 377 

fromMerCkPG, DaRKEltadt, c32nnany; bwine serum albumm - (=A, 

fraction V) and scdimn metabirmlphite (analytical grade) from 

Fluka AG, wlchs, Switzerlad; Sac-Cel (donkey-anti-rabbit solid 

w) f m  Well- D h p t i ~ 8 ,  mgLand and sephadex (650-  

coarse and G l O O )  from Pha.?mcia Fine olanicals, Uppsala, Sweden. 

General hrocedures 

TIE increase of the number of sanples that could be analysed 

byRIAduringaertam * period of time was based on a wll-cansid- 

ered tineschedule canbined w i t h  the use of a n m b r  of selhade 

and tinre-saving appliances. During the f i rs tweekof  anewIUA 

period an assay, cuprising 600 blood plasma smrp?les in t r ip l i -  

cate, was started eachday. tluring the -week, following a 

six day incubation w i t h  the first antibcdy (seven days for the as- 

say started on llnnday), the seccmd antibodywas added and the as- 

say was finished ane day later. m s  way of working has several 

advantages. Pipetting equipllent could be used for five days i n  the 

same f o m t i o n  and the l q  incubation time w i t h  the first anti- 

body all-: a)  the reaction to be prfozmxi a t  ~ O C  instead of 

roam tapexatwe and b) a l l  tubes to reach equilibrimn, so that  

thae was no effect of the six hours time difference between the 

start of the f b x t  and the last tube of an assay. m s  was checked 

for each assay by canparing txm standard curves and txm series of 

contml sanples that were started a t  the beginning or a t  the end 

of the day. 

Reference FSH or sample, tracer and f irst  antisennn s o l u t i ~  

and RIAbUffer-  a&kd sirmltaneausly to each RIAtube byllleans 
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310 ERKENS, VISSCHER, AND ENGEL 

PlUIU 1 - Aapiratins device. A -t of the apn of the 
sim&lId d r i l l  d t s  in the sirml- aspiration of the su- 
pernatants of mentyfive tube8 until a volume of 0.4 m l  is left. 
Remval of mre supernatant, w i t h  the risk of losing the F i p i -  
tate, is preventedbyblockingthedownwmdnuvmmtbyxreansof 
theadjuslmmt cmthe stardarddrill. Ihe tubing of the holder 
carrying the needles isaumecmdtoavacuumpnpviaaliquid 
mservoi~ and a safety bottle. 

of a mdel 24006 Mi- 'c autcmted pipetting mation mupled to 

a mdel 25006 Kicrnnedic autatratic pipette (Micxndic 

Inc., €braham, USA). subeequently the tubes UEare placed in eelf- 

nradeccnpecttubeholdera, amsistingof a plastic (prc) block 

w i t h  two hurxhd holee, that fitted in ths HL-2 rptor of a Sor- 

vall-X-3 oentrifu9e (Dupcnt Ccnparry, Newtown, -Cut, USA). 

mhea stayed intheseholdareduringallplrooedureg.Inthisuwy 
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HIGH CAPACITY RIA FOR oFSH 379 

pI1cIID 2 - washing device. washing mfer is adchid silnll-ly 
to five tubes byrmvingtheannofthestandarddrilldowmard. 

refilled automatically. Ihe required voluws of washing buffer is 
set by blocking theckxanmd-t at the right level by mans 
of the adjuslzmnt cm the Btardard drill. 

Ixlring tha uprwrd -t the w- (B-D -1; 0-5 d) are 

time cxmming and possibly errcnsouB transpositim of tubes - 
avoided. seoand antibody solid soluticm added to four 

t u b a  sirmltaneously by of four 1 ml dispene* pmpe numt- 

ed cm the pipetting staticm. Addlticm of the solid @ase in a -1- 

lrme of 1 m l  Bnsured fast flaw thraagh tlle tubing of the pipetting 

etatial ard avoided Frcecipitatcan in the tubing. SupeInaWts of 

Beriee of twenmive tubes aepFrated eimrltaneously by VaCuLRl 

bymaans of a selfanade dedce, amaieting of a stardard drill w i t h  

aholdercarryingtwentyfivedes that were amected to a 
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380 ERKENS, V I S S C H E R ,  A N D  ENGEL 

vacuum p m p  via a liquid leservoir (see photo 1 ) .  Precipitates of 

series of five tubes were washed sirmltaneously by means of an- 

other sel- device, misting of a standard drill with a hold- 

er carrying five B-D corrrwall syringes (Bectm-DiCkinsan, France 

SA) , each having a capacity of 0-5 m l  (see photo 2 ) .  

The ease and sped of the ample pipetting step was the most 

impoaant amtr iht ian of the autanated pipetting station. Its  

presence, hcmver, is not an absolute prerequisite for the use of 

the ahvemntioned procedure. In our laboratory pipetting of sam- 

ples and RIA Mfer followed by storage a t  -20Oc until the s t a r t  

of the assays pmved to be a very useful alternative. 

Iodinatian and Purification of labelled oFSH 

The procedure of HLlnter (1) was used with the following wdi- 

ficatims: 4 ug of orn-1-1 was iodinated with 1 of N ~ ~ ~ ~ I  for 

30 seconds in the presence of 20 ug of chlo~mnhe-T (60 1.11 volume) 

; the reaction was stopped with 240 ug of sodium Illetabisulpkite 

follcrwed by 2 mg of potassium iodide (360 1.11 end volume). 

labelled FSH and f ree  12’1 w e r e  separated on a 15 x 1 an ml- 

unm of Sepha&x GSO-coarse (40 fractions of 0.5 ml) . Fractions 

(10) with the highest anrxlnt of protein-associated radicactivity 

wm p l e d  and transfarred to a 90 x 1 . 6  an colunm of sephadex 

G l O O  to separate irmMlareective labelled FSH fmm other r n a t e r i a l  

(160 fractions of 1 m l ) .  Ihe colunms, placed a t  4OC, hen= prepared 

and eluted with RIA M f e r  (0.05 M -te M f e r ,  0.15 M sodium 

chloride, 0.1% sodium azide, pH 7.2) containing 0.5% BSA (ackied 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



H I G H  CAPACITY R I A  F O R  o F S H  381 

imtlediately before use). Fradions with the best imnuno-ctivity 

(tested for non-specific and antibcdy binding in both psence and 

absence of 0.1 ng unlabelled oI?SH-RP-l) wen= pled and stored at 

~ O C  until use in the m. 

R a d i o ~ s s a v  procedures 

RIA buffer (0.5% BSA) was used in all dilutions for the first 

antibdy incubation. "he following reagents v~ere added sirnrlta- 

neously to a tube: 50 u1 Containing 20,000 cpn of [1251]E'SH; 50 u1 

of a 1:16000 initial dilution of the antiserum [exept tubes for 

non-specific binding (NSB)]; 100 u1 of reference solution or an 

appmpriate anknmt of sanple; an amnmt of RIA buffer, necessary 

to wash the reference or sanple quantitatively f m n  the delivery 

tip, to achieve a total volume of 0.7 ml. Reference solutions: 

0.00 (initial binding or Bo), 0.01, 0.02, 0.03, 0.05, 0.07, 0.1, 

0.15, 0.2,  0.3, 0.5, 0.7 ,  1, 2 and 5 ng oESH-FP-l/lOO ul. sample 

anknmts: 200 ul of ram lamb or 50 pl of ewe lamb blood plasm. The 

tubes v1~17e vortexed and covered with parafilm to prevent evapora- 

tion during the 6 days incubtion tim at 4OC, after which 1 m l  of 

water/ice cooled secund antibcdy solid phase solution (1 wlume of 

Sac+l anti-rahbit diluted with 7 volumes of 0.1% BSA-RIA buffer) 

was added. Following a secund incubation at 4OC for one night, the 

tubes w x e  centrifugatd for 5 minutes at 1650 g and 4OC, after 

which the supernatants w=re aspirated until a volm of 0.4 m l  was 

left. !Re precipitates w=re washed twice with 2 .2  ml water/ice 
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382 ERKENS, VISSCHER, AND ENGEL 

amled RIA buffer. zhe pn?cipitates were oounted fo r  5 minutes in 

an autclolatic gamna systan. 

Calculatiom 

Evaluatian of the decay 0Orrect.d counting data WBB perfontled 

withacatplterpmgramdevelopedbyRDdbardandUwald ( 2 ) .  

Assav Wuat ion  

mta amwming the specificity of the antiserum ,intY3rmSof 

its reactivity w i t h  anterior pituitary hormrne~ other than FSHl 

were pxwidd by NIAMDD ('pechnical report n- 141 of the Pitui-  

tary Hmmnes and Antisera center); aIH -23 (2.4 x NIH-IH- 

Sl), aPrl AFP-43284 (35 IN&) and CQI AFP-52854 ( 2  IU/IIKJ) 

showed a relative potency of 0.159, 0.0003 and 0.0202% tmards 

oESki-RP-1 (100%) respectively, at  a final antikdy diluticm of 

1:80,000. These data were confinred for the honmnea available. 

Parallelity of the standard cwxe w i t h  r am lamb and - la& blood 

plaslna dilutFcn f x r v e s  was checked. RecweIyof eeveralknmn 

anumts of &ereme kmmne, ackied to wine bload plasma, w a ~  de- 

temined to test accuracy. Fran the results of repeated detemha - 
tiom of seven d i l u t i m  of an wine blood plasma ccmlx-01 eanple 

the intm- and inter-assay Cvs were calculated. Sensitivity of the 

assay WBB c a l c u l a ~  as the detect2 'mlimit, defined by Abraham 

(3)  as the antigen ancentration axmqadq to the lower m i -  

darceLimitofthernaoberofanmtsapecificallybolndinthe a b  

SeMe of unlabelled mtig€m (Bo - 2 sd). 
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HIGH CAPACITY RIA FOR oFSH 383 
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HIGH CAPACITY RIA FOR oFSH 385 

RESULTS 

Purification and linnunon=activiitv of Iabelled oFSH-1-1 

The of inwrporationduringfourcunsecutiveiodin- 

ations ranged 54 and 86%, correspanding to specific activ- 

ities of 135 to 214 uCi/ug of oFSH respectively. A single, regu- 

larlyshapedsephadexGlOOpmteinpeak was observed with a l l  

icdinatims. Fractions with the best innnmoreactivity were in the 

upper half of the peak. FresNy prepused tracers show3 a Bo of 32 

- 40% and were not US& 1- than about three weeks. 

Radioirmauu>asSaV 

specificity tests with oI€I (NI€-I€GS15) and oprl (NIH-P-S-11) 

shawed relative potencies (calculated a t  1/2 Bo) of 0.03 and 

0.003% tmmds oE'Sf3-W-1 respctively (fig. 1). Reproducibility of 

the standard curve and the wntml sample dilution curve is shown 

in fig. 2. No differences were found betwen the triplicates of 

standard or wntx-01 sanple dilution cu~veti started a t  the begin- 

ning or a t  the end of each day. Nan-specific binding for tubes 

m W g  0, 50 or 200 u l  of blood plasma was 1.7 +/- 0.4% (mean 

and sd, n = 7 ) ,  1.4 +/- 0.5% (n = 6)  and 1.5 +/- 0.4% (n = 5),  re- 

spectively. pddition Of 0.1, 0.2, 0.4 and 0.8 IKJ Of oFSH-W-1 to 

FIGURE 2 - Mean standard curve (n=7) and wntrol sanple dilution 
curve (n=6) over a period of 10 mths during f i c h  4 icdinations 
were prformd. V e r t i c a l  bars show positive standard deviations. 
Coefficients of variation (fmn left to right) of the standard 
points are 1.2, 2.2, 1.8, 1.7, 2.4, 3.1, 3.4, 4.8, 6.5,,5.9, 6.9, 
8.7, 10.7 and 16.0% respctively, and of the control sanple points 
are 1.7, 3.8, 5.9, 5.0, 6.8, 9.3 and 9.2% respectively. 
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386 ERKENS, VISSCHER, AND ENGEL 

50 p 1  ovine blood plasma (amtaining 0.124 ng FSH) resulted in a 

reaa~ery of 102, 114, 108 ard 92% respectively. 

statisticalanalysis ' 'ng parallelity of the standard 

curve w i t h  ram ard - la& blood plasma dilution curves (see also 

fig. 3)  yield& the followirag results. Although repeatgl radioac- 

t ivi ty  -ta an the same tube mre following a poissan dis- 

tribution, -ta on replicates wx-3 clearly overdispersed. 

Since the exact nature of the cmxdispersion was nut known it 

d carmenie5t to describe the variance as a amstant ml t ip le  

4 of the m a n p .  lbescaleparameter~msestimatdfranthe 

p l e d  w i t h h  amcentration variance of the five minutes counts 

after using the square poot transfontlation. The following Eh- 

t i c u m h i p b 3 t w e e n t h e m a n p o f a o a u n t a n d t h . e ~  cun- 

centratim x was asBlmE!d: 

P = L ( ) r  

1 + q[- a- Blog(x)] 

wlx3I-e Po is the nraximrm expc td  COLlllt far  aploentration 0. m s  

is equivalent to a linear relatimship between the logit of p / p 

and the log-cuncentration w i t h  intercept a and slope B. Fbr the 

standard curve the f i t  of the xmdel was acceptable ex- for the 

extrane BmrxlTlts (0.01, 0.02, 0.03, 0.05, 0.07, 2 and 5 ng) w h i c h  

mre dmppd f m n  the analysis. The nude1 ms fi t ted w i t h  the sta- 

tistical package &nstat (4). 'Ihe parartleters W X e  estim3M by 

-i-likeW (5). The stardxd curve and blood plasma 

d i l u t i m  curves hexe c a r p a r e d w i t h ~ t o t h e p a r a m e t e r e ~ o  

and B w i t h  the mxhmqmsi-likelihocd ratio test ( 6 ) .  Since 

log(x) is d y  lomwn up to an unknown cglstant the pammter a is 
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388 ERKENS, VISSCHER, AND ENGEL 

not estimble and theref- of no use for a caparison. Ihe non- 

Linear d l  - fitted to the BuIlls of the triplicate five minutes 

counts per concentratim. A significant difference (p<0.005) be- 

tvlRen the curves wa8 found, resulting i n  a slight decrease of the 

determined blood plasma FSH values with haeasing annunts of sam- 

ple. For the ram and ewe lamb blood plasm dilution mmes (going 

f m  rigfit to left) in fig. 3 the FsH amcentration per ml of 

plasm for the highest annunt of sample was 0.78, 0.87, 0.99, 

0.93, 0.97 and 0.98 times the value for the 1-t anuunt of sam- 

ple. 

Wine blood plasm amlxol q l e  m t s  of 50, 75, 100, 

125, 150, 175 and 200 111, that- anal- during 6 assays (fig. 

2) , yielded mean concentratim and inter-assay CVs of 2.38 ng/ml 

and 7.1%, 2.29 ng/ml and 6.8%, 2.27 ng/ml and 7.4%, 2.28 ng/ml  and 

3.7%, 2.21 ng/ml and 6.5%, 2.23 ng/d and 8.5% and 2.24 ng/ml and 

7.6%, respectively. The intra-assay CV for twelve replicates of 

the 50 p l  m t  during these as&ly~ 6.6 +/- 2.0% (IIEan and 

sd). Thedetect l  'on limit of the assay was 7 pg per tube, corre- 

spmding to 0.14 or 0.035 ng/ml if 50 or 200 111 of blood plasma 

was taken fo r  analysis. 

DISC[ISSICN 

The validity of the assay has been carefully evaluated. me 
iodination and tracer plrifiatim pnxedum yieldd tracers w i t h  

excellent binding characteristics, resulting i n  a deaeasd f i r s t  

antiserum amcentration needed and an increased sensitivity of the 
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HIGH CAPACITY RIA FOR oFSH 389 

standard curve, both by a factor three as canpared to data fnrn 

NIAMDD (Wxhnical report number 141 of the Pituitary Ho- and 

Antisera center). Data mgaNhg * repxducibilityof the assay are 

canparable to those reported for other assaysusing thesame 

NIAMDD mine FSH RIA Illaterials (7,8,9). Data f m  NIAMDD, denon- 

strating the high specificity of the antiserum, were dinned. 

Statistical analysis ' parallelity of standard and blood 

p l a m  dilution curves revealed significant differences, hmwer 

resulting only in minor differences in the results of a wide range 

of q l e  volums. 

"he outlined RIA procedure, based on known mthais, has ena- 

bled us to gather highly canparable oFSH data of large nunbers of 

q l e s  w i t h i n  a minirnrm of time. The long inmhtion time w i t h  

the f i r s t  antibody limits the use of the assay as a rapid proce- 

dwe. Although building of the appliances, using carmercially a- 

vailable basic -ts, is not a d i f f i c u l t  task for an experi- 

enced technician, pmvision by a ccmnercial firm would insum 

availability for every laboratory. The procedure has pmven to be 

applicable for a l l  protein radioimmncassays perfomxi in our lab- 

0mtoq. - 
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