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It is interesting to note that in the present study LH-RH treat-
ment resulted in cytomorphological changes in only one cell type
whereas in mammals it affects the cytomorphology of two cell
types namely LH and FSH gonadotrops®. Therefore, it is sug-
gested that the pars distalis of R. cyanophlyctis contains one type
of gonadotrop represented by the B2 cell type and the hor-
mone(s} secreted by B2 cells regulate the spermatogenetic and
steroidogenic activity of the testis in R. cyanophlyctis.

1 The free gift of LH-RH from NIH is gratefully acknowledged. Au-
thors are grateful to CSIR, New Delhi, for the award of a SRF to the
first author and to Karnatak University, Dharwad for providing
laboratory facilities.
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Clomiphene citrate can mimic the augmentative (positive) but not the depressing (negative) effect of estradiol on the
LHRH-stimulated release of LH and FSH by the pituitary gland of the long-term ovariectomized rat
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Summary.In the long-term ovariectomized rat, both estradiol benzoate (EB) and clomiphene citrate enhance the release of LH
induced by luteinizing hormone-releasing hormone (LHRH). EB also enhances the release of FSH. In rats pretreated with LHRH,
EB strongly depresses the LHRH-induced LH/FSH release, but clomiphene enhances this release, regardless of the presence of EB.
Key words. Ovariectomized rat; LHRH; estradiol benzoate; clomiphene citrate; LH release.

Clomiphene citrate is a nonsteroidal agent which is frequently
and successfully used for induction of ovulation in anovulatory
women* . Despite its widespread use, the drug’s mode of action
has not been fully clarified, e.g. data obtained with pituitary cell
cultures indicate the drug to have both estrogen-agonistic and
estrogen-antagonistic properties® 202, Tt is, however, generally
believed that clomiphene acts as a competitive inhibitor of estra-
diol at hypothalamic and/or pituitary receptor sites"'>'.

When estradiol benzoate (EB) is administered to long-term ova-
riectomized (OVX) rats, the elevated, pulsatile secretion of LH
of such animals decreases almost instantaneously 3. This acute
effect of estrogen is not due to suppression of the hypothalamic
LHRH pulses, but to decreased pituitary LHRH-responsive-
ness?*. However, about 9 h after administration of EB the pitui-
tary LHRH-responsiveness begins to increase markedly, a devel-
opment which coincides with the EB-induced suppression of the
hypothalamic LHRH secretion®®?, This might suggest that sup-
pression of the hypothalamic LHRH secretion is involved in the
estrogen-induced sensitization of the pituitary gland. In this
study we tested this hypothesis and re-investigated the mode of
action of clomiphene on the pituitary gland in 2-week OVX rats.
One series of rats was pretreated with exogenous LHRH, deliv-
ered by s.c. implanted Alzet osmotic minipumps, in order to
prevent lowering of LHRH exposure of the pituitary gland due
to EB-induced suppression of the hypothalamic LHRH secre-
tion. The LHR H-releasing minipumps were therefore implanted
before administration of EB. Another series of OVX rats was
not pretreated with LHRH.

Materials and methods. Wistar rats were ovariectomized at the
age of 3 months and used for experiments 2 weeks later. Ovariec-
tomy was performed to eliminate the influence of ovarian hor-
mones. The general arrangement of the experiments was as fol-
lows: some of the rats received LHRH for 6 days at the rate of
250 ng/h (released by Alzet® osmotic minipumps, model 2001,
s.c. implanted at 09.00 h on day 1); other rats received a ‘sham-
pump’, i.e. a piece of silastic with the dimensions of a minipump.
In all rats responses of LH and FSH were induced on day 6 by
continuous infusion (through an intra-jugular cannula) of
LHRH at the rate of 1 pg/h for 21 h (the infusions started at
12.00 h). The high dose of LHRH was chosen for methodolo-
gical reasons: after the described LHRH pretreatment signi-
ficant LH/FSH responses could only be induced in the rats still
bearing the minipumps with a strong stimulus.

Both in the case of the LHRH pretreatment and of the sham-
procedure four different pretreatments preceded the LHRH in-
fusions. I: clomiphene (100 pg by s.c. injection) was given 75,
27 and 0 h before the LHRH infusion. II: estradiol benzoate (3
pg by s.c. injection) was given 75 and 27 h before the infusion.
III: treatments I and 1T were combined. IV: control rats received
solvent.

Blood samples were taken via an intra-carotid cannula (cannula-
tion was performed at least 2 h before LHRH infusion). Opera-
tions were carried out under appropriate ether anesthesia. Plas-
ma LH and FSH concentrations were measured by double anti-
body radioimmunoassay with NJAMDDK rat LH- and FSH-
RP-1 as reference preparations. LH/FSH responses were judged
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Analysis of data of figures 1 and 2. Plasma LH and FSH as maximal height (ng LH/FSH-RP-1 per ml plasma) and quantity of LH/FSH secreted
from t = 0 to t = 21 h (area units; see ‘Materials and methods’ and Koiter et al.'> (means + SEM) as caused by 21 h of infusion of LHRH at the rate

of 1 ug/h
Maximal height Quantity secreted (21 h)
Experimental group LH FSH LH FSH
Not pretreated Solvent (n = 8) 5271+ 536 3092 + 195* 2287+ 15.9° 195.7 + 11.12
with LHRH EB (n=7) 14282 + 11677 5516 + 285® 291.6 + 16.3? 209.4 + 33.7%
Clomiphene (n = 6) 10235 + 2514° 3530 + 6922 330.3 + 79.9%° 162.0  36.2°
EB plus clomiphene (n = 6) 13482 + 1823® 4107 + 600? 442.5 + 44.5° 171.8 £ 42.6%
F=788 F = 6.00 F=4.51 F=048
Pretreated Solvent (n = 6) 2996 + 104%* 1591 + 140%° 1324+ 7.9 923+ 4.6°
with LHRH EB (n=6) 860+ 97> 776 + 96* 521+ 58° 600+ 4.6°
Clomiphene (n = 6) 5298 + 992° 2446 + 508° 143.9 + 18.8* 119.0 + 20.5
EB plus clomiphene (n = 6) 4944 + 1081>° 2746 + 754 141.0 + 2422 129.3 + 24.0°
F=1769 F=3.70 F =740 F=23.70

EB: estradiol benzoate. Statistical method: see “Materials and methods’. For each column holds: data without common superscript differ signif-

icantly. *p = 0.05.

according to 2 parameters: 1) the maximal height of the re-
sponses (MH; ng LH/FSH-RP-1 per ml plasma) and 2) the
quantity of LH/FSH secreted during 21 h of LHRH infusion
(QS). QS is expressed in arbitarary ‘area units’, a measure for the
area-under-the-curve of the LH/FSH curves (see figs 1 and 2).
Under the present experimental conditions QS, or integrated
LH/FSH release, is linearly proportional to the amount of
LH/FSH secreted during LHRH infusion. See Koiter et al.'* for
method. Data are expressed as mean £SEM. Statistical compa-
risons were made by analysis of variance and then by Duncan’s
multiple comparison test”’. A difference was considered to be
significant when the analysis of variance showed significant
heterogeneity for the whole group and the multiple comparison
gave a value of p < 0.05 for the two groups concerned.

Results and discussion. The present regimen of EB treatment
gave plasma estradiol concentrations which at t = 0 h amounted
to 22.3 &+ 5.1 pg/ml (n = 3), a value well in the pro-estrus range
(21.8 £ 0.8 pg/ml; n= 3). In rats not pretreated with LHRH
both EB (cf. Ross et al.'?) and clomiphene (cf. Hsueh et al.?) as
well as EB plus clomiphene had a positive effect on the secretion
of LH induced by LHRH infusion, the effect of clomiphene
being slightly weaker than that of EB (fig. 1 A; table). Also on the
comparable secretion of FSH EB, but not clomiphene, had a
positive effect. The combination: EB plus clomiphene tended to
be less effective than EB alone, which is probably due to the
weaker estrogenic activity of clomiphene (fig. 1B; table).

In animals pretreated with LHRH (250 ng/h for 6 days; fig.2;
table) the LHRH infusions caused I.LH and FSH responses which
were lower in solvent-injected rats than in similar rats not pre-
treated with LHRH. This phenomenon, already known from
previous studies in which LHRH was infused according to the
same regimen, is due to the partial depletion of the pituitary
LH/FSH stores which is caused by the LHRH pretreatment.
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Figure 1. The course of the plasma >
LH (A) and FSH (B) concentrations a
(mean + SEM) during 21 h of cons- @
tant rate infusion of LHRH (1 pg/h) S
in OVX rats having been implanted ‘;‘
with a silastic ‘sham-pump’ and in- =

jected with:  solvent (O—-1;
n=38); OB (&—®; n=7); clomi-
phene (O——O; n = 6) or with OB
plus clomiphene (l—; n = 6).

These observations thus confirm that though constant exposure
of the pituitary gonadotrophs to LHRH may cause ‘desensi-
tization’ or ‘down-regulation’ of the mechanisms which underly
LH and FSH release %, a pituitary gland, desensitized by a
non-maximal LHRH-stimulation, is still able to respond to a
higher LHRH concentration: LH/FSH responses to staircase
stimulation patterns are additive (cf. Koiter et al.'®). The same
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Figure 2. The course of the plasma
LH (A) and FSH (B) concentrations
(mean + SEM) during 21 h of cons-
tant rate infusion of LHRH (1 ug/h)
in OVX rats having been pretreated
for 6 days with LHRH, 250 ng/h, by
means of s.c. implanted osmotic
minipumps, and injected with:
solvent (O—/_1; n=6); OB
(0—®@; n=6); clomiphene

phenomenon was observed during in vitro studies on the pattern
of LH release induced by exposure to LHRH of dispersed pitui-
tary cells?.

The positive effect of EB, observed in rats not pretreated with
LHRH, was'not seen in animals bearing LHRH-releasing mini-
pumps for 6 days: in LHRH-pretreated rats injected with EB,
the LHRH infusions caused a secretion of LH and FSH which
was not enhanced as in the experiments depicted in figure 1, but
impaired, suggesting that a pituvitary gland, influenced by both
LHRH and EB at the same time, is relatively unresponsive to
LHRH. Statistically, the negative effect of EB on the LHRH-in-
duced secretion of LH is only significant as far as the quantity of
LH secreted is concerned. The mean value of the maximal height
of the plasma LH concentration is at the limit of significance
(p = 0.05). In the case of FSH neither parameter is significant.
The reported data, however, support the view that the positive
effect of EB cannot develop in the presence of significant con-
centrations of LHRH (cf. Schuiling and Gnodde?).

Although in the experiments depicted in figure 1 clomiphene
bahaved like a ‘normal’ (though weak) estrogen, it did not do so
in rats pretreated with LHRH: unlike EB, clomiphene did not
exert a negative effect in LHRH-pretreated rats. As in rats not
pretreated with LHRH, it enhanced the MH (though not the
QS) of the LHRH-stimulated gonadotropin responses. This sug-
gests that at least in the present OVX rats clomiphene, unlike
EB, is unable to depress the pituitary LHRH-responsiveness.
Also in LHRH-pretreated OVX rats injected with both EB and
clomiphene no depression of the LHRH-responsiveness was
seen: in these rats clomiphene did not only antagonize the effect
of EB (see above), it also increased the LHRH-responsiveness®.
The reported effects of clomiphene are not easy to understand
on the basis of clomiphene being only an estrogen-antagonist.
As a weak estrogen it can indeed compete with estradiol, but at

(O—C0; n=6) or with OB plus
clomiphene (l—M;n = 6).

the same time clomiphene exerts a positive estrogen-effect on the
pituitary LHRH-responsiveness of the OVX rat. It thus seems to
lack a property which estradiol (and possibly other estrogens)
does possess in this experimental animal, namely the ability to
activate the estrogen-sensitive feedback system which is involved
in the regulation of the gonadotropin secretion®,

The present study does not deal with the effect of clomiphene on
the hypothalamic secretion of LHRH. However, a stimulatory
effect of clomiphene has been demonstrated in vitro using rat
hypothalami'” and there is indirect evidence that in healthy
males”52! and females® clomiphene enhances the secretion of
LHRH by the hypothalamus while depressing the pituitary
LHRH-responsiveness. This depressing effect of clomiphene on
the pituitary LHRH-responsiveness of healthy individuals is not
necessarily in contradiction to the present results; by competing
with endogenous gonadal steroids, notably estrogens, clomi-
phene may weaken the sensitizing effect of these steroids on the
pituitary LHRH-responsiveness. Also, the clomiphene-induced
sustained secretion of LHRH by the hypothalamus may cause
down-regulation of the LH/FSH secretion mechanisms?.
Administration of clomiphene may thus lead to stimulation of
the hypothalamic LHRH secretion as well as to an increased
LHRH-responsiveness of the pituitary gland. These combined
effects may start the sequence of events which leads to ovulation
in a number of anovulatory women™'>1&12,
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Comparison of counterimmunoelectrophoresis (CIE), latex agglutination (LA) and staphylococcal coagglutination

(COAG) in pneumococcal antigen detection in vitro
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Summary. CIE was compared to agglutination assays employing commercial kits (Directigen, Phadebact), as well as our own LA and
COAG reagents, in detection of pneumococcal capsular polysaccharide (PCP) antigens in vitro. Directigen provided the most
sensitive assay. CIE was of comparable sensitivity except for PCP antigen types 7 and 14.

Key words. Pneumococcal capsular polysaccharides; antigens; antibody; counterimmunoelectrophoresis; latex agglutination; staph-

ylococcal coagglutination.

Etiologic diagnosis in infectious diseases should be established
rapidly and accurately to permit optimal therapy. Current re-
search centers on detection of microbial antigens in body fluids.
Many different techniques are being evaluated. The purpose of
this study was to compare the sensitivity of counter-
immunoelectrophoresis (CIE), latex agglutination (LA) and
staphylococcal coagglutination (COAG) in detection of pneu-
mococcal capsular polysaccharide (PCP) antigens in vitro. Re-
agents came from commercial kits or were prepared in our own
laboratory.

Latex agglutination (LA). Polystyrene latex particles coated
with specific antibodies are reacted with soluble antigens. Agglu-
tination occurs when there is sufficient antigen to cause the
sensitized particles to clump together and form a visible ag-
gregate. Two preparations of latex reagents were used in this
study, Directigen (Hynson, Westcott & Dunning, Baltimore,
Md) and Bacto latex (Difco Laboratories, Detroit, MI) which
were sensitized in our laboratory. The sensitization procedure
was based on that of Kumar et al.' and was briefly as follows:
Latex particles, 0.81 pm (undiluted, unwashed) were mixed in
equal volume with Omniserum (Statens Seruminstitut, Copen-
hagen, Denmark), which had been diluted 1:10 in glycine buff-
ered saline (GBS), pH 8.2, 0.1 M. This mixture was then incu-
bated and rotated (Labquake, Labindustries, Berkeley, CA) at
37°Cfor 3 h, then left to stand at 4°C overnight. This sensitized
preparation was diluted 1:2 with 0.1% bovine serum albumin
(BSA, 0.1% in GBS) and was then ready to use. Antigen dilu-
tions were prepared from the 14-valent pneumococcal vaccine,
Pneumovax™ (Merck, Sharp and Dohme, West Point, PA)

containing PCP types 1-4, 6, 8, 9, 12, 14, 19, 23, 25, 51, 56 and
individual PCP types 3, 7, 9, 14 (Eli Lilly Laboratories, Indi-
anapolis, IN). The test was run by adding one drop of latex
reagent (20 pl) to one drop of antigen, mixing with a wooden
applicator and then rotating on a Junior Orbit Shaker (Lab-line
Instruments, Inc., Melrose Park, IL) for 5 min. Directigen test
was performed according to the manufacturer’s instructions.

Counterimmunoelectrophoresis (CIE). In performing CIE, a
buffered diffusion medium is used into which a series of oppos-
ing wells have been punched for samples containing either anti-
gens or antibodies. At the pH usually employed (weakly al-
kaline), the antigens generally will be negatively charged and will
migrate towards the anode on application of electric current
through the diffusion medium. Antibodies, although weakly
negative or neutral, will be swept towards the cathode by a

Comparison of counterimmunoelectrophoresis (CIE), latex agglutina-
tion (LA) and staphylococcal coagglutination (COAG) in pneumococ-
cal capsular polysaccharide (PCP) antigen detection

Technique Least amounts of (PCP) antigen detected (pg/ml)
Pneumococcal types
3 9 7 14
CIE 0.09 0.78 25 50
LA-Directigen 0.0055 0.045 1.56 0.39
COAG-Phadebact 0.045 0.78 6.25 1.56
COAG-Pansorbin  0.19 0.78 3.1 3.1
COAG-Cowan 1 0.78 0.78 3.1 31




