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SUMMARY 

Intra- and interassay imprecision was evaluated in 3 in vitro 
ligand binding assays using different types of filtering devices, glass 
fiber filters and variations in methodology. In the [3H]-spiroperidol 
test, the already low unspecific binding seemed to be dependent on 
the type of filters employed, whereas in the [3H]-ketanserin- and 
[3H]-GR 65630-binding tests, differences were within the range of 
the normal variabilities. However, in the latter test, which is 
problematic owing to the high unspecific binding of [3H]-GR 65630, 
it was found that although the percentage of specific binding was 
fairly constant on different sheets, large differences in the absolute 
amounts of total and unspecific binding were observed on 
consecutive sheets in the same experiment. Thus, it is critically 
important to filter samples for total and unspecific binding together 
on the same filter sheet for the calculation of specific binding. 
Under these precautions, highly reproducible results for R e -
values in the screening of potential 5HT3-receptor ligands were 
obtained in spite of using rat entorhinal cortex, a relatively large 
area with suboptimal 5HT?-receptor density. In contrast, when 
using rat area postrema, which is optimal with respect to receptor 
density, more than 10 times the number of rats is necessary for a 
competition experiment due to the small size of this brain part. 
Since ICJ0-values for both areas compare favorably, entorhinal 
cortex should be used for ethical reasons and to minimize costs. 
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INTRODUCTION 

Although in vitro ligand binding assays are very widely used for 
the screening of new drugs and the characterization of receptor 
subtypes, relatively few reports exist in the literature on the 
methodology and the optimal experimental conditions of these 
tests. This is probably due to the fact that for many receptor types, 
sufficiently high values for the ratio of total vs unspecific binding 
are found, i.e., a high signal-to-noise ratio. Typically, these assays 
are rather robust and insensitive to slight variations in the 
experimental conditions. On the other hand, if receptor density of a 
tissue is low, the signal-to-noise ratio may become unfavorable. 
Thus, under these conditions, the specific binding (the difference 
between total binding and unspecific binding) may become rather 
low and highly variable, depending on the variations of the total 
and the unspecific binding, and IC5Q-values may differ by several 
orders of magnitude in different experiments. We therefore 
investigated several experimental parameters, for instance the 
influence of the filter blank and the time of pre-soaking, on total 
and unspecific binding. Furthermore, glass-fiber filters from two 
different manufacturers and two types of filtering devices were 
compared. 

Male Wistar rats of 200-250 g body weight were used (Iva: 
WTWU, Ivanowas, Kisslegg, FRG). Striatum and frontal cortex 
were dissected out as described /I/ for spiroperidol and ketanserin 
binding, respectively. These assays were performed according to 
the literature with slight modifications /2/. Briefly, incubations were 
performed in 50 mmol/1 Tris/HCl-buffer, pH 7.7, final volume 2 ml, 
containing membranes from about 3 mg or 10 mg of original 
striatal or cortical tissue, respectively, and final concentrations of 
about 0.2 nmol/1 

Unspecific bindin 
butaclamol and l u μιιιυι;ι uioiisciui I U I ^ nj-apu u}jci I U U I CUJU [ n j -
ketanserin binding, respectively. For central 5HT3-receptors, [3H]-
GR 65630 and membranes from rat entorhinal cortex were used 
/3/. Entorhinal cortex was dissected according to the stereotactic 
atlas of König and Klippel at the following coordinates: A: 2.4-1.7; 

MATERIALS AND METHODS 

and 0.4 nmol/1 
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L: 2.5-6.5; V: 2.0-4.0. Incubations were carried out in 
HEPES/NaOH-buffer, final volume 2 ml, pH 7.4, containing 
membranes from about 10 mg original entorhinal cortex tissue and 
0.05 or 0.2 nmol/1 [3H]-GR 65630. Unspecific binding was obtained 
in the presence of 1 /xmol/l zacopride. 

Generally, filter sheets were pre-soaked in the corresponding 
assay buffers for 30 min, although shorter or longer time periods 
(15 min to 3 h) did not influence the results. 

In two experiments (indicated by an asterisk in Table 4), filter 
sheets were also pre-soaked in 0.1% polyethyleneimine for 3 h. 
Filter blanks were prepared by filtering the incubation mixture 
lacking the membrane preparations. Glass-fiber filter sheets 
Whatman® GF/B (lot # 7584 or 7823) were purchased from 
Bender and Hobein, 8 München, F.R.G. and GF/C (without lot #) 
from Brandel, Gaithersburg, MD, U.S.A. Alternatively, glass-fiber 
filter sheets Ederol® T60 (lot # 1539) and T61 (lot # 1239) from 
J.C. Binzer GmbH, 3559 Hatzfeld/Eder, F.R.G., were used. 
Radioactive ligands, i.e. [3H]-spiroperidol, 888 GBq/mmol (24 
Ci/mmol, NET-565), [3Hl-ketanserin, 2.83 TBq/mmol (76.5 
Ci/mmol, NET-791) and [3H]-GR 65630, 3.22 TBq/mmol (87.0 
Ci/mmol, NET-1011) came from DuPont, Biotechnology Systems 
Division, 6072 Dreieich, F.R.G. All other chemicals were of at least 
analytical-grade purity. For filtration, either a 24-sample Brandel 
harvester (M-24R) or a 30-sample Brandel harvester (M-30R) in 
combination with a 30-sample Brandel deposit and dispensing 
system (PD-030) were used (Brandel, Gaithersburg, MD, U.S.A). 
The diameter of the deposed filters was 18 mm. Radioactivity was 
counted in a Tricarb 2500TR (Canberra Packard) liquid 
scintillation counter at an efficiency of 40-50%. 

RESULTS 

As can be seen from Table 1, virtually no differences were 
observed in the results obtained using either the M-24R harvester 
and transferring the filters manually to the scintillation vials or the 
M-30R harvester in combination with the automatic deposit 
system, the latter method being much less time consuming. 
Differences between the two systems were in most cases within the 
range of the standard deviations of parallel assays for [3H]-
spiroperidol or [3H]-GR 65630. Similar results were obtained for 
the [3H]-ketanserin binding test (data not shown). Furthermore, 
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pre-soaking of the filter sheets for periods from 15 min to 3 h in the 
corresponding assay buffers had no discernible effect on the results 
(data not shown). It is also clear from the data in Table 1 that with 
[3H]-spiroperidol, in contrast to [3H]-GR 65630, the unspecific 
binding poses a minor problem, the ratio total/unspecific binding 
being > 10, and most of the unspecific binding seems to be due to 
binding to the filter material. In the [3H]-GR 65630 test, filter 
binding seems to contribute much less to the unspecific binding. 

In Table 2, the inter-assay imprecision in the [3H]-spiroperidol 
test is summarized. It is noteworthy that the variability of the 
unspecific binding and the filter blank is rather high in spite of the 
relatively low variability of the total binding. An explanation might 
be that the precision of the radioactivity counting decreases at low 
radioactivity levels at the constant counting periods used. The 
rather high variability of the unspecific binding is reflected in the 
high variability of R. Nevertheless, with R > 10, any determinations 
of IC5p-values of competing ligands will be very precise and differ, 
according to our experience, only by a factor of 2 to 3, which is 
sufficient for the conventional in vitro screening of drugs, by which 
differences of up to six orders of magnitude are assessed. With 
respect to the different filter types, Τ 60 or Τ 61 filters give even 
lower unspecific binding with R-values > 20, at least with the 
batches of filter sheets employed in this investigation. This trend is 
also evident in the data given in Table 1. 

In the [3H]-ketanserin test (Table 3), the results were similar to 
the [3H]-spiroperidol test, with a trend for higher R-values with Τ 
60 or Τ 61 as compared to GF/B filters, although the ranges for the 
R-values overlap for all three types of filters, all giving favorable 
ratios. As in the [3H]-spiroperidol test, most of the unspecific 
binding seems to be due to the filter blank. 

Owing to the high unspecific binding in the [3H]-GR 65630 test, 
variabilities at two ligand concentrations, i.e. 0.2 and 0.05 nmol/1, 
were determined. As mentioned above, most of the unspecific 
binding in this test is apparently not related to the filter blank but 
stems from binding to membrane proteins different from the 5HT,-
receptor-sites that is not displaced even at the high zacopride 
concentration of 1 μπιοΐ/ΐ used. As can be seen (Table 4), the R-
values at 0.2 nmol/1 [3H]-GR 65630 (~ 80000 dpm/2 ml) cluster 
around 1.60, whereas at 0.05 nmol/1 (~ 20000 dpm/2 ml), values 
even above 2.00 are reached, though the difference is probably not 
statistically significant. Compared to the [3H]-spiroperidol and 
[3H]-ketanserin binding assays, these R-values are rather 
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unfavorable. However, sufficiently precise estimations of IC50-
values can be obtained if assay conditions are carefully controlled 
and kept constant. The effect of pre-soaking the filter sheets in 
0.1% polyethyleneimine was also checked, one representative 
example being given in Table 4. As expected, filter blanks are 
reduced dramatically by this procedure; however, the unspecific 
binding is not reduced in the same proportion; in fact, R-values are 
about the same with and without the polyethyleneimine treatment. 
The data in Table 4 suggest that at the ligand concentration of 0.05 
nmol/1, more favorable R-values, i.e. 1.82-2.15, are obtained than at 
0.2 nmol/1, where the range of R-values was 1.43-1.77, irrespective 
of the types of filter material used. 

One important result in the present investigation with the GR 
65630-test is the finding that relatively constant R-values can only 
be calculated if the total binding and the unspecific binding are 
obtained together on the same filter sheet. Otherwise, gross 
discrepancies arise, as illustrated in several examples in Table 4. 
For instance, in the experiment with the T61 filters, when the 
identical samples were filtered together on the same sheet, R-
values of 1.76 and 1.51 were obtained for two consecutive sheets. 
However, both total and unspecific binding were considerably 
higher on the second sheet. Thus, if one were to filter the total 
binding on the first and the unspecific binding on the second sheet 
(or vice versa) in this experiment, R-values of 1.06 (i.e. 2303/2163) 
and 2.50 (i.e. 3267/1307) would be obtained, leading to 
unacceptable variation of IC„-values. 

DISCUSSION 

The results of the present investigation, obtained with three 
representative ligands under carefully controlled conditions, 
underscore several points that might be important to consider 
when setting up new ligand binding assays in the laboratory. Highly 
reproducible results were obtained by either manual or automatic 
(and batchwise) transfer of the filter discs into counting vials. As for 
the different types of filters, considerable differences in the amount 
of unspecific binding may be encountered for some, but not all, 
types of ligands. Thus, T61 filters seem especially well suited for the 
[3H]-spiroperidol assay. Recently, also Bylund and Yamamura /4/ 
noted that "in certain assays, the choice of the filter material may 
be very important"; however, no examples are given. Conceivably, 
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this question may become critical when peptidergic ligands are 
used or, with non-peptidergic ligands, in other cases where receptor 
density is low, as with the 5HT3-receptor in the [3H]-GR 65630 
assay. However, for the latter case, only marginal differences were 
found with respect to different filter types, whereas, unexpectedly, 
the sequence of the filtrations was highly critical for obtaining 
constant, although rather low, levels of specific binding. As seen in 
Table 4, the difference between total and unspecific binding is 
fairly constant if both filtrations are performed together on the 
same sheet, although the absolute values on different sheets may 
vary considerably. It is also noteworthy that, in many experiments 
with replicates, the values for total and unspecific binding were 
found to be lower on the first sheet than on the following sheet (see 
Table 4). The reason for this phenomenon is unclear: it might be 
connected with differences in the vacuum immediately after the 
onset of filtration, leading to different depths of penetration of the 
membrane preparations into the glass fibers of the filter. It is clear 
that care must be taken to avoid calculating the specific binding 
using the total binding on one sheet while using the unspecific 
binding from a different one, which can lead to enormous 
variations (see Results). However, when these precautions are 
taken, the reproducibility of IC50-values is adequate. For example, 
for the potent 5HT3-antagonist zacopride, we obtained an ICJ0 of 
0.29 ± 0.12 nmol/1 (mean ± SD for 4 independent determinations). 
This value is in accordance with literature data for zacopride 
obtained also with other 5HT -receptor ligands: [3H]-BRL 43694, 
K. = 0.10 ± 0.01 nmol/1 /5/; [3H]-quipazine, K. = 0.42 ± 0.2 nmol/1 
/tf; [3H]-GR 67330, IC50 = 0.99 ± 0.02 nmol/1 ΠΙ and [Ή]-
zacopride, IC = 1.98 ± 0.56 nmol/1 /8/. The differences observed 
may be accounted for by the different radioactive ligands and 
different types of brain tissue used. However, it should be 
mentioned that even with assays with low unspecific binding, 
interassay differences of more than one order of magnitude may be 
observed (for review see /9/). Thus, in 43 distinct experiments 
accumulated over several years, the Revalues for [3H]-rauwolscine 
at rat cortical <*2-receptors had a range of 1.0-14.1 nmol/1. 
Importantly, the frequency distribution of results in this, as well as 
in many other in vitro tests, is of the log-normal type /10/. 

The method for screening of 5HT3-receptor ligands described in 
the present paper, using rat entorhinal cortex, represents a 
reasonable compromise between costs for screening and precision 
of obtained data. Although some investigators use larger areas of 
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rat cortex, to increase the yield of membranes per rat, this 
procedure has frequently resulted in a less favorable percentage of 
specific binding than with entorhinal cortex. On the other hand, 
with brain tissue where 5HT3-receptor density is still higher, i.e., rat 
area postrema and cervical vagus nerve preparations /3/, tissue 
from about 50 rats is required for one competition experiment due 
to the small size of these preparations. In contrast, with entorhinal 
cortex, less than 5 rats are necessary for a comparable study. In the 
present method, we obtained the following ICJ0-values (nmol/1) for 
various 5HT3-ligands, which agree well with the data of Kilpatrick 
et al. /3/ (given in parentheses) who employed [3H]-GR 65630 and 
rat area postrema: Quipazine: 1.5 (0.87); ICS 205-930: 1.2 (1.1); 
GR 38032F: 1.8 (2.8); MDL 72222: 13 (27.9); Metoclopramide: 
~ 900 (816). 
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