6.3 mg/dl; 0.01% pravastatin, 88.5 * 6.2 mg/dl; 0.1% prava-
statin, 81.6 * 2.6 mg/d}; n = 4-5 in each group). However,
0.1% but not 0.01% pravastatin sipnificantly increased he-
patic mBNA levels of HMG-CoA synthase 1 (Fig. 3A). Con-
sistent with the in vitro findings of HepG2 cells, pravastatin
treatment did not affect Abcal transcript levels in the livers
{Fig. 3B). Moreover, 0.1% pravastatin significantly increased
LXRo mRNA levels (Fig. 3C). In the leukocytes, 2-week treat-
ment with 0.1% pravastatin did not significantly affect either
transcript levels of HMG-CoA synthase 1 {control, 1 + 0.07;
pravastatin, 1.06 = 0.07; n = 4 in each group) or Abcal
{control, 1 + 0.06; pravastatin, 1.05 = 0.12), whereas the
drug increased LXR mRNA levels (control, 1 + 0.08; prava-
statin, 1.38 = 0.10; P < 0.05).

Because it remained possible that some of the effects of
pravastatin observed in vitro were transient, we further in-
vestigated the effects of 24-h treatment with 0.1% pravasta-
tin. Serum total cholesterol concentrations did not differ be-
tween the two groups (control, 73.5 *+ 1,9 mg/dl; pravastatin,
72.3 * 4.3 mg/dl; n = 4 in each group). As shown in Fig. 44,
the treatment still did not significantly increase hepatic
HMG-CoA synthase 1 mRNA levels, but it had already in-
ereased LXRa transcript levels. Interestingly, pravastatin
tended to increase hepatic Abcal mRNA levels. In the leuko-
eytes, 24-h pravastatin treatment also increased LXRa
mRNA expression without affecting Abcal mRNA levels (Fig.
4B).

Effects of Pravastatin on ABCA1 Protein Levels. We
further investigated whether pravastatin affects protein lev-
els of ABCAl. In RAW264.7 cells cultured without 22(R)-
OHC, ABCA1 level was very low, and obvious effect of prav-
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Fig. 3. Effects of 2-week pravastatin treatment on hepatic mRNA expres-
gion levels of HMG-CoA synthase 1 (A), Abcal (B), and LXRea (C) in mice.
Male C57BL/6 mice were divided into three groups at 8 weeks of age.
These animals were given drinking water with or without pravastatin
(0.01 or 0.1%) for 2 weeks, and thereafter mRNA expression levels of the
target genes in the whole-liver were determined by the real-time quan-
titative reverse transcription-PCR. Data are means + S.E. of four to five
mice in each group and expressed as relative value to control. », P < 0.05
versus control. #, P < 0.05 versus 0.01% pravastatin.
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Fig. 4. Effects of 24-h pravastatin treatment on mRNA expression levels
of HMG-CoA synthase 1, Abcal, and LXRa in the liver (A) and the
leukocytes (B). Male C57BL/6 mice were divided into two groups at 8
weeks of age. These animals were given drinking water with {(closed
column) or without (open column) 0.1% pravastatin for 24 h, and there-
after hepatic and levkocyte transeript levels of the target genes were
determined by the real-time gquantitative reverse trnascription-PCR.
Data are means + 5.E. of three to four mice in each group and expressed
as relative value to control. *, P < 0.05, #, P < 0.1 versus control.

astatin was not detected (Fig. 5A). Moreover, in concordance
with the effects on mRNA expression, pravastatin did not
affect ABCA1 mass in RAW264.7 cells cultured with 22(R)-
OHC (Fig. 5A) nor in HepG2 cells (Fig. 5B). Furthermore,
oral dosing of pravastatin for 2 weeks to mice did not affect
hepatic or leukocyte ABCA1 protein levels (Fig. 6).

ABCAA1 protein

0

Pravastatin
22(R)-OHC

B

ABCA1 protein

Pravastatin - +

Fig. 5. Effects of pravastatin on ABCA1 protein levels in RAW264.7 {A)
and HepG2 cells (B), Cells were cultured for 48 h in DMEM supplemented
with 10% LPDS * pravastatin (10 gM) in the presence or absence of
22(R)-OHC (25 pM). Western blot analysis of ABCAL was performed as
described under Materials and Methods. Equal quantities of protein (40
pg) were run in each lane. Samples from one representative experiment
are shown. Data are means + S.E. of three independent experiments and
expressed as relative value to control, ¥, P < (0,05 versus control.
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1.3+£03

Control Pravastatin

Fig. 6. Effects of pravastatin treatment on ABCA1 protein levels of the
liver (A) and the leukocytes (B) in mice. Male C57BL/6 mice were divided
into two groups at 8 weeks of age. These animals were given drinking
water with or without 0.1% pravastatin for 2 weeks, and thereafter
hepatic and leukocyte ABCAL protein levels were determined by the
Western blot analysis. Equal quantities of protein {40 ug) were run in

each lane. Data are means = S.E. of three mice in each group and-

expressed as relative value to control.

Discussion

HMG-CoA reductase inhibiters, which are widely used in
the treatment of hypercholesterolemia, not only reduce LDL
cholesterol but also increase HDI, cholesterol (National Cho-
lesterol Education Program, 2001). The increase in HDL is
reported to be accompanied by the enhanced production of
apolipoprotein A-I (Schaefer et al., 1999). Therefore, HUG-
CoA reductase inhibitors seem to activate the reverse choles-
terol transport pathway, especially at the first step. On the
other hand, the previous studies clearly demonstrated that in
vitro inhibition of HMG-CoA reductase causes the suppres-
sion of LXR activity (Forman et al., 1997). Because LXR
regulates the expression of ABCA1, which is essential for the
first step of the reverse cholesterol transport pathway, we
examined the effects of HMG-CoA reductase inhibitors on
ABCAI] expression.

Consistent with the findings of the effects on LXR activity,
this study showed that pravastatin suppresses ABCA1
mRNA expression in RAW264.7 macrophages in the absence
but not in the presence of an LXE agonist. Contrary to the
results in RAW264.7 cells, pravastatin did not decrease
ABCAl1 mRNA levels in HepG2 hepatocytes. Moreover, in
vivo treatment with pravastatin did not suppress either he-
patic or leukocyte ABCA1 mRNA expression in mice. The
precise mechanism that HMG-CoA reductase inhibition does
not decrease ABCA1 mRNA levels in HepG2 cells or in vivo is
not clear, but the present and previous results suggest the
following mechanisms.

First, the increase in LXRo expression levels by pravasta-
tin might compensate the suppression of IXR activity in-
duced by the decrease of mevalonic acid. HMG-CoA redue-
tase inhibitors have been shown to activate peroxisome
proliferators-activated receptor o (Martin et al., 2001) and v
(Fajas et al., 1999). Ligand activation of either nuclear recep-
tor can lead to primary induction of LXRa and subsequent
induetion of ABCA1 (Chawla et al., 2001; Chinetti et al.,
2001). The results obtained in this study showed for the first
time that in vivo treatment with pravastatin induces LXRo
mRNA expression.

Second, the decrease of geranylgeranyl pyrophosphate, one
of the major products of mevalonate pathway, by HMG-CoA
reductase inhibition may be involved in the changes of

ABCA1 mRNA expression. It has been reported that gera-
nylgeranyl pyrophosphate can reduce ABCA1 expression by
acting as an LXR antagonist (Forman et al., 1997; Gan et al.,
2001) and through the activation of Rho proteins (Gan et al.,
2001). It is possible that the depletion of geranylgeranyl
pyrophosphate might obviously affect ABCAI expression in
presence but not in absence of LXR agonists.

Finally, there may be enough endogenous LXR agonists in
HepG2 cells and in vive, such as oxysterols, to compensate
the decrease of mevalonic acid. In fact, ABCAIl mass in
HepG2 cells or in vivo was more than that of RAW264.7 cells
(cf. Figs. 5 and 6). In RAW264.7 cells, not only 22(R)-OHC but
also cholesterol compensated the effects of HMG-CoA reduc-
tase inhibition on Abeal and Abegl transcript levels (Fig. 1,
B and C). Denis et al. (2003) also reported that cholesterol
could increase ABCAL expression levels prebably through
the formation of hydroxysterols in fibroblasts. Because both
macrophages in atherosclerotic lesions and hepatocytes are
relatively rich in cholesterol and oxysterols, it dose not seem
likely that HMG-CoA reductase inhibitors suppress ABCA1
expression in those cells that are main components in the
reverse cholestercl transport pathway. Moreover, ABCAl
mRBNA levels in RAW264.7 cells were less than 1% of those in
the murine leukocytes (data not shown), and its protein lev-
els were very low without induction by LXR agonists (Fig.
5A). Accordingly, the effects of HMG-CoA reductase inhibi-
tors in lowering ABCA1 expression from very low to even
lower under these conditions might not be important.

Currently, LXR-activating therapy is expected to decrease
atherosclerosis also in human (Lund et al., 2003). Adminis-
tration of synthetic LXR agonists actually can inhibit the
development of atherosclerosis in mice, but it also causes
fatty liver and hypertriglyceridemia at least partly by the
induction of sterol regulatory element binding protein-lc
{Lund et al., 2003). Therefore, some strategies for dissociat-
ing antiatherosclerotic from triglyceride raising effects are
needed to use LXR apgonists for the treatment or prevention
of cardiovascular disease. On the other hand, many previous
data demonstrate both efficacy and safety of HMG-CoA re-
ductase inhibitors and further suggest that they have not
only lipid-lowering but various pleiotropic effects such as on
macrophages {(Ando et al., 2000, 2003; Ota et al., 2003).

"Because LXR agonists may also have various effects, it must

be carefully evaluated whether addition of ABCAl-activating
therapy to HMG-CoA reductase inhibitor treatment im-
proves the outcome of patients with cardiovascular disease.

In conclusion, although the inhibition of HMG-CoA reduc-
tase suppressed ABCA1l mRNA exzpression in RAW264.7
macrophages in the absence of LXR agonists, pravastatin did
not reduce its levels in the maerophages ecultured with LXR
agonists or HepG2 hepatocytes. Oral dosing of pravastatin to
mice did not suppress either hepatic or leukocyte ABCA1
expression. It is unlikely that pravastatin has adverse effects
on the action of the reverse cholesterol transport pathway by
inhibiting ABCA1 expression.
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Aims

This study was undertaken to evaluate removal of 22-oxacalcitriol (OCT), an active
and intravenously used vitamin D3 analogue with less calcaemic activity, by polysul-
phone haemodialyser in vive and in vitro. We further compared the pharmacodynamic
efficacy [suppression of intact parathyroid hormone (iPTH)] when given intravenously
either during or at the end of the haemodialysis.

Methads

(i Drug clearance by the polysulphone dialyser was measured during a single
continuous infusion (5 ug) for 30 min into the arterial side of the dialyser in end-
stage renal failure patients with secondary hyperparathyroidism (n = 7). (i) The drug
adsorption by the hollowfibre membrane during incubation for 30 min was measured
in vitro. (jii} To evaluate efficacy, the drug was given (i.v. bolus) during or at the end
of haemodialysis for 4 weeks in a cross-over fashion with a washout period of
8 weeks (n = 9). Serum Ca?®, phosphate (P) and iPTH concentrations just before the
initiation of the dialysis were monitored every week.

Results ‘

(i) OCT was significantly cleared by the polysulphone haemodialyser, but the clearance
declined in a time-dependent manner to approach zero at 30 min. Arterial (at the place
between the drug infusion site and the haemodialyser column) drug concentrations
did not change during the infusion (mean =2064 + 233 pg ml™"). Venous (just after
the dialyser) drug concentrations at 10 min after the infusion were significantly lower
than those of the arterial side (mean =784 + 84 pg mI™"); however, they increased
with time and reached those of the arterial side at 30 min. (i) In vitro, OCT was
adsorbed by the membrane. The amount of adsarption was concentration-dependent
and was lower in the presence of human serum (55 + 4% without and 23 + 4% with
serum at 600 pg ml™" of OCT). (iii} Although serum Ca?* and P increased and iPTH
decreased by both treatment regimens (i.e. OCT administered either during or at the
end of haemodialysis), these changes did not significantly differ. Mean differences (and
95% confidence interval) of Ca®*, P, and iPTH at the end of the trial were 0.03 (-0.04,
0.09) mum, 0.41 (-0.43, 1.26) mg dI-! and 38 (-42, 88) pg ml"', respectively.

Conclusion

QCT is adsorbed by polysulphone dialyser in vitro and in vivo. However, the pharma-
codynamic effectiveness was largely independent of the administration regimen of
OCT given either during or at the end of haemodialysis.
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Introduction

Hyperparathyroidism, with its related complications, is
a serious threat to haemodialysis patients [1]. Treat-
ment with vitamin D analogues, given either orally or
intravenously, is the cornerstone of therapy [2]; how-
ever, their therapeutic use in suppressing intact
parathyroid hormone (iPTH) may be limited by the
development of hypercalcaemia [1]. 1,25 dihydroxy 22-
oxacalcitriol (OCT), an analogue of calcitriol, is a
newer active vitamin D analogue that is licensed in
Japan for intravenous use in the treatment of secondary
hyperparathyroidism. The substitution of an oxygen in
place of carbon 22 in the side chain is the only differ-
ence between OCT and 1,25 dihydroxy-calcitriol. It is
reported that OCT did not increase serum Ca con-
centration at doses which reduced plasma PTH con-
centrations while 1,25 calcitriol increased serum Ca
concentrations at doses which affected PTH concentra-
tions in normal [3], parathyroidectomized [4] and renal
ablation [4, 5] rats. Although there are no definite clin-
ical studies directly comparing OCT and conventional
vitamin D analogues, it is believed that the chance of
drug-related hypercalcaemia by OCT might be smaller
than that associated with other vitamin D3 analogues in
humans [6]. When OCT is given to patients on haemo-
dialysis, the administration during a haemodialysis ses-
sion offers advantages in terms of practicability and
safety compared with administration immediately after
the cessation of haemodialysis. However, if adminis-
tered during dialysis, it is of great importance to know
whether the chosen vitamin D analogue is cleared by
haemodialysis.

Against this background, it was the aim of this study:
(1) to determine the clearance of OCT by the polysul-
phone dialyser when given during haemodialysis
into the dialysis system; (ii) to determine in vitro the
amount of adsorption of OCT to the dialyser membrane;
and (iii) to compare the pharmacodynamic efficacy of
OCT (suppression of parathyroid hormone, PTH) when
given intravenously either during or at the end of
haemodialysis.

Methods

Three studies were performed: (i) a pharmacokinetic
study after a single dosing of OCT during a haemodial-
ysis session in end-stage renal failure patients; (ii)
assessment of the adsorption of OCT in vitro by the
hollowfibre membrane used for haemodialysis; and
(1ii) a pharmacodynamic study after repeated dosing of
OCT during or at the end of the haemodialysis session
in end-stage renal failure patients with secondary
hyperparathyroidism.

Adsorption of oxacalcitriol by haemodialyser—l

Subjects

A total of nine patients (seven men and two women,
mean 47 + 4.5 years) on a long-term haemodialysis pro-
gramme at Moka Hospital (Tochigi, Japan) participated
in the study. Seven patients took part in the pharmaco-
kinetic study and nine patients in the pharmacodynamic
study. The protoco! was approved by the Institutional
Review Board and Ethics Committee of the hospital. All
patients gave written informed consent before the initi-
ation of the study. Mean predialysis serum concentra-
tions of creatinine, inorganic calcium, phosphate, urea,
Ca*, K, bicarbonate and intact PTH are shown in
Table 1. We selected the secondary hyperparathyroidism
patients with serum concentration of intact parathyroid
hormone >400 pg ml™' despite treatment with a small
daily (0.25-0.5 pg) dose of oral calcitriol therapy. The
diameter of the largest parathyroid gland measured by
ultrasonography was >1.0 cm in each patient. Mainte-
nance haemodialysis (4-4.5h) was performed three
times a week in each patient.

Although the prescription of haemodialysis was not
changed until the end of the study, dry weight was
changed as appropriate. Blood flow rate during haemo-
dialysis (180-250 ml min™) was not altered throughout
the study in any patient. Ca® concentration of the dialy-
sate was 1.375 mM. All the patients used a hollowfibre-
type haemodialyser made of polysulphone (APS-S,
Asahi Medical, Tokyo, Japan). The surface area of their
haemodialysers varied from 1.3 to 1.5 m?, and size and
type of the dialyser were not changed throughout the
study in any patient. All patients received CaCQ; as a
phosphate binder (1.5-3.0 g day™) and seven received

Table 1
Patient profiles

Parameters Value - -
Creatinine 92+ 1.5 mgd"
Urea _ 825+1.9mgd -
Inorganic calcium 93+03 mgd
Ca* ' 1.2+008 mM
Phosphate 53+£03mgd™
Potassium 52103 mM
Bicarbonate 223+08mMm
Haemoglobin 89+05gd
Intact PTH 552 + 48 pgml”’
Body mass index 212413

KT ' 1.34+0.08

Mean £5.E n =9,
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erythropoietin (epoietin alpha} before the initiation of
the study. The dosage regimens were not changed until
the end of the study. The patients did not adhere to a
specific diet. Haematocrit of each patient was >25%
during the study. Eight already received oral active
vitamin D before the study. After obtaining informed
consent from these patients, the D3 analogue was dis-
continued for 6 weeks just before the study.

Pharmacokinetic study

The pharmacokinetic study was performed 1 week
before the initiation of the pharmacodynamic trial. The
drug (Chugai Pharmaceutical Co., Ltd, Tokyo, Japan;
5 pg) was dissolved with 50 ml of saline and continu-
ously infused from the arterial side of haemodialyser
over 30 min. The syringe was covered with aluminium
foil to avoid light degradation. During the infusion,
blood samples were obtained from the arterial side
(between the infusion site of the drug and haemodialy-
ser} and venous site (after the haemodialyser) every
10 min to measure the haematocrit and plasma drug
concentration. The dialyser clearance (CL) was calcu-
lated using the arterio—venous difference method
according to the following equation [7-9]:

CL(ml min™ m™) = 0, x (1 - HA) X {CA-CV
% [1 — (HV — HAYHV]}/CA/S

in which @, is blood flow rate (in ml min™'), HA and
HYV are the haematocrits of the arterial and venous sides,
CA and CV are plasma OCT concentrations of arterial
and venous sides, and § is surface area of the dialyser.
The elimination fraction (EF) was calculated as follows
[7-9]:

EF (%) =100-CV x [1 — (HV - HAY/HV]/CA

We did not collect dialysate. Plasma was obtained and
kept at =70 °C until the assay.

In vitro adsorption study
Hollowfibres of the haemodialyser used in this study
(APS-S) were generously supplied by the manufacturer
(Asahi Medical). The inner diameter of the fibre is
200 pm. One hundred fibres were bundled and cut to 1-
cm lengths. The 100 bundled fibers were put in a small
tube for incubation in vifro. OCT for clinical use (10 pg
ampoule) was diluted with either 2ml of saline or
serum. The serum was obtained from three healthy male
volunteers (age 28-42 years) after obtaining informed
consent. Each volunteer was asked to donate 20 ml of
blood and their serum was mixed before usage.

The diluted drug and bundle of fibres were added to
the tube and incubated for either 10 or 30 min at 37 °C
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in the shaker [10]. The tubes were covered with alumin-
ium foil during the study. After the end of the incuba-
tion, fibres were removed and fluid was kept at —80 °C
until the assay. Adsorption rate was calculated as

(Cx — Cpre)/Cpre x 100

where Cx and Cpre are OCT concentrations at the exam-
ined point and before experiments, respectively.

Pharmacodynamic study in secondary
hyperparathyroidism patients

The study was performed by an open-labelled, random-
ized, cross-over design with a washout period of
8 weeks. OCT (5 pg, i.v. over 1 min) was injected into
the venous side of haemodialysis at 2 h after the begin-
ning or at the end of each haemodialysis session for
4 weeks. A blood sample was obtained from the A-V
fistula every week, immediately before each haemodial-
ysis session.

Assay

OCT concentrations were measured by liquid chroma-
tography-mass spectrometry [11]. The detection limit
was 10 pg ml™' and the interassay coefficient of variation
was 3.1% at 6000 pgmI™. All the measured plasma
concentrations were within the range of standard solu-
tions. Plasma intact PTH concentrations were measured
by radioimmunoassay (Nichols Institute Diagnostics,
San Clemente, CA,USA) [12, 13]. The detection limit
was 2 pgml™ and coefficient of variation was 2.5%.
Tonized Ca concentration (Ca*") was measured by a blood
gas analyser (Model 288; Ciba-Corning East Walpole,
MA, USA) [13]. Plasma urea nitrogen was measured by
the urease-urtraviolet method with antoanalyser.

Statistical analysis

Data are presented as the mean * SE. Statistical analysis
was performed by one-way ANOVA and ¢-test with Bon-
ferroni correction as appropriate, by personal computer
software (StatView 5.0). A P-value <0.05 was regarded
as significant.

Results

Pharmacokinetic study during the continuous infusion of
OCT in haemodialysis patients

All the patients completed the protocol without any
major adverse reactions. Figure 1A,B shows individual
and mean plasma OCT concentrations taken from the
arterial and venous sides of the haemodialyser during
the continuous infusion. The mean arterial concentration
at 10 min after the initiation of the infusion was
2064 + 233 pg ml™, which was not different from those
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at 20 and 30 min. On the other hand, the venous OCT
concentration at 10 min was significantly (P <0.01)
lower than that of the arterial side (mean=784+*
84 pg ml™). However, the value went up to a level com-
parable to that of the arterial side at 30 min.

Individual and mean results of calculated dialyser
clearance and elimination fraction are shown in Figure

2AB. The mean clearance at 10min was 442+
54mimin” m?, which decreased thereafter and
reached almost zero at 30 min. Elimination fraction
showed a similar tendency (58.4 £ 6.3% at 10 min and
—2.1+3.4% at 30 min).

Plasma urea nitrogen concentration was measured
using the same specimens. Its venous concentration was
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nearly zero in all the samples, indicating that the reduc-
tion of solute clearance was specific to OCT (Figure 3).

In vitro adsorption of OCT

Figure 4A shows OCT concentrations before and after
the incubation with fibres used for haemodialysis in
vitro, At all different concentrations, the OCT concen-
tration significantly decreased with time after the incu-
bation. The decrement with serum was significantly
smaller than that without serum. The adsorption rate
is shown in Figure 4B. It was nearly 58 +3% with
6000 pg ml™" of the drug at 10 min after the initiation
of the study and increased after 30 min to 78 & 1%.
Adsorption was also reduced by incubation with
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human serum (15 * 1% at 30 min with the same con-
centration, the difference of 95% confidence interval
58, 67).

Effect of timing of OCT administration on Ca**, P and intact
PTH concentrations after the repeated treatment

The time course of serum ionized Ca and P concentra-
tions are shown in Figure 5A,B. The values of these
parameters significantly increased 1 week after the treat-
ment and persisted until the end of the study. On the
other hand, serum intact PTH concentrations signifi-
cantly decreased at 4 weeks after the treatment
(Figure 5C). There were no significant differences in
these values between the two different dosage regimens.
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Serum concentrations of ionized Ca (A), phosphate (P) (B) and intact
parathyroid hormene (iPTH, C) during the repeated infusion of OCT. Drug
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week During HD (@); after HD (O). There was no difference between
the two different dosing regimens but a significant time effect (Anova,
£ < 0,05 vs. O week). Mean £SE, n =9
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Discussion

In this study, we found that OCT was cleared by hae-
modialysis in the early period after the initiation of the
infusion, but this gradually decreased to nearly zero at
30 min after the infusion. In the same samples, such a
decrease in clearance was not detected for urea, indicat-
ing that the removal of OCT was specifically decreased.
Although we did not measure drug concentration in
dialysate, these results strongly indicate a possible
adsorption of the drug by the membrane and its satura-
tion during the infusion. The in-vitro study directly
demonstrated adsorption of the drug in a concentration-
dependent manner with human serum.

It is well-accepted that the haemodialyser membrane
can adsorb some solutes, especially proteins. It is also
reported that several drugs, such as erythropoietin,
adsorb to dialyser membrane [14]. Previous studies on
the adsorption of the drug were generally done in vitro
without serum or protein. Thus, interpretation of these
findings in clinical settings might be difficult. To our
knowledge, this is the first study to show the adsorption
of a vitamin D analogue by haemodialyser membrane
in secondary hyperparathyroidsm patients in vivo as
well as in vitro. To evaluate the removal of OCT by
haemodialysis irn vivo, the drug was continuously
infused into the arterial side during a single dialysis
session. Because the distribution volume of OCT is
reported as 290 ml kg™ [15], the maximum concentra-
tion after 5 pg of bolus infusion in patients of 50 kg
body weight was estimated to be 344 pg ml™, which
was within the range of concentrations that we selected
for the in-vitro study.

Arterial concentrations of the drug did not change
during the infusion in the pharmacokinetic study. This
might be because either the amount of drug entered into
the body is small or drug metabolism in the body is
rapid. Tz, and Typp after a single injection were
0.71 £0.16 and 108.1 % 45 min, respectively, in a Phase
I study (unpublished manufacturer’s observation),
which may support the rapid drug clearance in the body.
Low drug concentrations at the venous side from signif-
icant adsorption by the haemodialyser observed in this
study may also support the first possibility. A future
study is needed to resolve the question. In this study,
venous drug concentrations at 30 min after the infusion
were not different from those of the arterial side, which
is compatible with the irn-vitro study that OCT is not
dialysed but adsorbed.

We used a polysulphone membrane, which is one of
the high-flux membranes most used clinically. It was
reported that nafamostat mesilate is the only substance
reported to bind to polysulphone membranes [16]. The
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mechanism of OCT adsorption by polysulphone is not
clear at the present time. Direct adsorption of protein-
unbound drug might be involved in the mechanism
because the adsorption capacity was decreased by incu-
bation with serum. It is reported that neutrally charged
membranes have a small but significant adsorption
capacity to hydrophobic proteins [17]. Because polysul-
phone membrane is neutrally charged [17], vitamin D,
a hydrophobic drug, might be adsorbed to this mem-
brane. We did not use serum secondary hyperparathy-
roidism patients in the in-vitro study because of the
difficulty of obtaining a large volume of blood from
these anaemic patients, and this is a limitation of the
study. We did not reuse the dialyser in this study. The
reused membrane is partly coated with intrinsic proteins
and possesses better biocompatibility [18], which may
affect adsorption. According to the present in-vitro data,
reused dialyser may reduce the clearance of OCT in
vivo.

As the final part of this study, we further tested the
hypothesis that the repeated infusion of the drug at an
intermediate period of the haemodialysis sessions may
alter therapeutic efficacy due to the adsorption of the
drug to the dialysis membrane observed in our in-vitro
and in-vivo studies. We unexpectedly observed that the
repeated injection of OCT at the middle point of the
haemodialysis had similar efficacy (estimated by iPTH
reduction) and safety (estimated by blood Ca and P
elevations) to the injection of the drug just before the
termination of the haemodialysis in the cross-over study.
Drugs, including OCT, which are given by i.v. bolus
infusion and removed by the haemodialyser membrane,
are usually infused just before the termination of the
haemodialysis session. The period just before the termi-
nation of the haemodialysis session is one of the critical
times for intradialysis complications, mainly due to the
reduction of blood pressure with ultrafiltration [19].
Thus, medical staff and nurses in the dialysis centre
should watch the patients more carefully during the crit-
ical period, and we think that it would be safer if a drug
was able to be given intravenously at a middle of the
dialysis session if it were also effective. The pharmaco-
kinetics of subcutaneously injected erythropoietin at the
start of haemodialysis has been reported to be no differ-
ent from that without haemodialysis [20]. These authors
concluded that adsorption of erythropoietin to the dial-
yser is not significant in the clinical situation. Although
OCT was developed to avoid the drug-related hypercal-
caemia by conventional vitamin D analogues, there has
been no definite comparative report and such a study is
needed in the future.

In conclusion, this study showed that OCT was
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adsorbed by polysulphone haemodialyser both in vive
and in vitro. The amount of adsorption was lower in the
presence of human serum. However, this adsorption
does not appear to affect significantly the therapeutic
efficacy of the drug since OCT given in the middle of
the haemodialysis session exerts a similar efficacy in the
suppression of iPTH compared with administration at
the end of haemodialysis. Therefore if i.v. OCT is used
for the treatment of secondary hyperparathyroidism, it
can be administered during haemodialysis without loss
of therapeutic efficacy.

We thank Ms T Hayasaka, and Ms ¥ Naoi, for technical
assistant. We also thank Chugai Pharmaceutical Co.,
Ltd (Tokyo, Japan) for measurement of OCT concentra-
tion and providing information about the results of the
unpublished Phase I study.

References

1 Llasch F, Bover } Renal osteodystrophies. In Brenner and Rector's
the Kidney, ed Brenner BB. Philadelphia: WB. Saunders, 1596;
2187-273.

2 Slatopolsky E, Weerts C, Thielan J et al. Marked suppression of
secondary hyperparathyroidism by intravenous administration of
1,25-dihydroxy- cholecalciferol in uremic patients. J Clin Invest
1984, 74: 213643,

3 Brown AJ, Ritter CR, Finch JL et al. The noncalcemic analogue of
vitarmin D, 22-oxacalcitriol, suppresses parathyroid hormone
synthesis and secretion. J Clin Invest 1989; 84: 728-32.

4 Finch JL, Brown AJ, Mori T et al. Suppression of PTH and
decreased action on bone are partially responsible for the low
calcemic activity of 22-oxacalcitriol relative to 1,25-(OH) 2D3. )
Bone Miner Res 1992; 7: 835-9.

5 Hirata M, Endo K, Katsumata K et al. A comparison between 1,25-
dihydroxy-22-oxavitamin D(3) and 1,25-dihydroxyvitamin D(3)
regarding suppression of parathyroid hormone secretion and
calcaemic action. Nephrol Dial Transplant 2002; 17 {(Suppl. 10):
41-5.

6 Tsukamoto Y, Hanaoka M, Matsuo T et al. Effect of 22-oxacalcitriol
on bone histology of hemodialyzed patients with severe
secondary hyperparathyroidism. Am J Kidney Dis 2000; 35: 458—
64.

7 Gabutti L, Taminelli-Betraminelii L, Marone C. Clearance of
ceftriaxone during hemodialysis using cuprophane, hemophane
and polysulfone dialyzers. Eur J Clin Phamacol 1997; 53: 123~6.

8 GehrT, Sica D, Slugg P et al, The pharmacokinetics of pravastatin
in patients on chronic hemodialysis. Eur J Clin Pharmacol 1997;
53 117-21.

9 Tsurucka S, Sugimoto KJ, Hayasaka T et al. Ranitidine clearance
during hemadialysis with high-flux membrane: comparison of
polysulfone and cellulose acetate hemodialyzers. Eur J Clin
Pharmacol 2000; 56: 581-3.



10

1

12

13

14

15

Tsurucka S, Osono E, Nishiki K et al. Removal of digoxin by
column for specific adsorption of beta(2)-microglebulin: a
potential use for digoxin intoxication. Clin Pharmacol Ther 2001;
69: 422-30. _

Ishigai M, Asch Y, Kumaki K. Determination of 22-oxacalcitriol, a
new analog of talpha,25-dihydroxyvitamin D3, in human serum
by liquid chromatography-mass spectrometry, J Chromatogr B
Biomed Sci App! 1998; 706: 261-7.

Frolich M, Walma ST, Paulson € et al, Immunoradiometric assay
for intact human parathyroid hormone: characteristics, clinical
application and comparison with a radio-immunoassay. Ann Clin
Biochem 1990; 27: 69-72.

Tsurucka S, Sugimoto K, Ohmori M et al. Chronotherapy of high-
dose 1,25-dihydroxyvitamin D3 in hemodialysis patients with
secondary hyperparathyroidism: a single-dose study. Clin
Pharmacol Ther 1999; 66: 609-16.

Mori H, Hiraoka K, Yorifuji R et al. Adsorption of human
recombinant erythropoietin on dialysis membrane in vitro. Argf
Organs 1994; 18: 725-8,

Kebayashi T, Tsugawa N, Okano T et al. The binding properties,
with blood proteins, and tissue distribution of 22-oxa-1 alpha,25-
dihydroxyvitamin D3, a noncalcemic analogue of 1 alpha, 25-

16

17

18

19

20

Adsorption of oxacalcitriol by haemodialyser I

dihydroxyvitamin D3, in rats. | Biochem (Tokyo) 1994; 115: 373~
80.

Nakagawa K, Irmagaki O, Iwaki R et al. Study of the binding capacity
of FUT-175 on dialysis membrane. Jpn J Artif Organs 1991; 20:
27-31.

Moachon N, Boullange C, Fraud S et al. Influence of the charge
of low molecular weight proteins on their efficacy of filtration and/
or adsorption on dialysis membranes with different intrinsic
properties. Biomaterials 2002; 23: 651-8.

Scott MK, Mueller BA, Sowinski KM. The effects of peracetic acid-
hydrogen peroxide reprocessing on dialyzer solute and water
permeability. Pharmacotherapy 1999; 19: 1042-9,

Amerling A, Cu G, Dubrow A et al. Complications during
hemodialysis. In Clinical Dialysis, eds Nissenson AR, Fine RN,
Centile DE. London: Prentice Hall International Inc, 1995; 233
67. '

Opatmy K Jr, Krouzecky A, Wirth J et al. The effects of a
polyacrylonitrile membrane and a membrane made of
regenerated cellulose on the plasma concentrations of
erythropoietin during hemodialysis. Artif Organs 1998; 22: 816-
20.

BrJ Clin Pharmacol | 585 | 495



FULL PAPER Immunology

Effect of Lipopolysaccharide (LPS) Injection on the Inmune Responses of LPS-
Sensitive Mice '

Yasuaki OGIKUBOY, Mari NORIMATSU?, Yoshimasa SASAKIY, Akinori YASUDA?, Junzo SAEGUSA® and
Yutaka TAMURA!

NNational Veterinary Assay Laboratory, 1-15-1, Tokura, Kokubunji, Tokyo 185-8511, Japan,®Institute for Animal Health, Compton,
Newbury, Berkshire, RG207NN, UK, ¥National Institute of Industrial Health, 6-21-1, Nagao, Tama, Kawasaki, Kanagawa 214-8585 and
! Depariment of Veterinary Public Health, School of Veterinary Medicine, Rakuno Gakuen University, 582 Bunkyoudai-Midorimachi,
Ebetsu, Hokkaido 069-8501, Japan

(Received 6 February 2004/Accepted 13 May 2004)

ABsTRACT. The effect of lipopolysaccharide (LPS) on humoral and cell-mediated immunity was assessed using LPS-sensitive C3H/HeN
mice. A single injection of LPS significantly decreased the anti-sheep red blood cells (SRBC) antjbody titers, but not the number of
anti-SRBC antibody producing spleen cells. In contrast, double LPS injection did not significantly decrease the anti-SRBC titers and
even increased the number of anti-SRBC antibody producing spleen cells. Similarly, single LPS injection significantly suppressed the
swelling of the footpad, but double LPS injection caused milder suppression. These results suggest that a difference in the level and

timing of exposure to LPS may influence the immune response to infection or vaccination.
kEY worns: CIH/HeN, immune response, lipopolysaccharide, tolerance.

In an effort to improve the health of domestic animals,
chronic infection is recently being paid more attention than
acute epidemic infection, as most acute infections are under
control. Since many chronic infections are caused by gram-
negative bacteria, vaccines against these microbes have
been increasingly produced, most of which are inactivated
whole-cell vaccines. Lipopolysaccharide (LPS), whichis a
common component of the cell walls of gram-negative bac-
teriz, is capable of eliciting a wide variety of pathophysic-
logical effects such as endotoxin shock, tissue injury, and
lethality in both man and animats [8, 10]. In addition, LPS,
which is known to be a potent stimulant of the host immune
system, stimulates proliferation and differentiation of B
cells and initiates the activation of mononuclear phagocytes
such as macrophages, thus enhancing immune responses {6,
9,17, 18].

It has been reported that LPS can induce apoptosis of
lymphocytes and the elevation of serum level of tumor
necrosis factor (TNF)-¢ in both piglets and mice {4, 5, 13,
14). Moreover, it has been recently hypothesized that Toll-
like receptor 4 (TLR4) is the critical receptor for LPS signal-
ing in host defense, and the innate imrmune system may be
involved in the regulation of the adaptive immunity, which
is mediated by B and T lymphocytes [16, 21]. However, lit-
tle is known about the effects of LPS on the immune
response of domestic animals as well as the mechanism
behind.

In this report, we describe the effect of single and double
LPS injections on the immune responses of an LPS-sensi-
tive mouse strain as a model for domestic animals.

MATERIALS AND METHODS

LPS: LPS from Escherichia coli 055:B5 extracted by the

J. Ver. Med. Sci. 66(10): 1189-1193, 2004

hot phenol-water extraction method was purchased from
Difco Iaboratories, U.S.A. and was suspended in pyrogen-
free saline (Otsuka, Tokyo, Japan).

Quantification of antibody titers and antibody producing
spleen cells: Eight-week-old female mice of the LPS-sensi-
tive C3H/HeN strain (Japan SLC, Inc., Shizuoka, Japan}
were intravenously immunized with 0.2 m! of 5% of sheep
red blood cells (SRBC) and boosted 14 days later in an iden-
tical manner. The single LPS injection (single LPS) group
was intravenously injected with 1 mg/kg of LPS 2 days
before the booster immunization (n=5). Accordingly, the
double LPS injection (double LPS) group was intravenously
injected 2 days before both the priming and boosting immu-
nizations (n=5). As a positive control, 5 mice were immu-
nized with 5% of SRBC wwice in the same way without LPS
injection. Negative controls were injected with pyrogen-
free saline. The anti-SRBC antibody titers and the number
of anti-SRBC antibody producing spleen cells were mea-
sured 7 days after the second immunization by the SRBC
hemaggiutination test and by use of a chamber made up of
two glass slides [2], respectively.

Delayed type hypersensitivity assay: 1.PS-sensitive C3H/
HeN mice were intravenously immunized with 0.2 mi of
0.01% of SRBC. Three days after immunization, mice were
challenged by injection of 0.03 m! of 20% SRBC intrader-
mally into the left footpad. Delayed type hypersensitivity
(DTH) responses were determined 3 days after challenge as
the percentage increase in thickness of the left footpad com-
pared with the right footpad, which was injected with 0.03
m! of pyrogen-free saline. The single LPS group was intra-
venously injected with 1 mg/kg of LPS 3 days before the
immunization (n=10) and the double LPS group was
injected both 3 days and 17 days before the immunization
(n=6). Positive controls were treated in the same way with-
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out LPS injection (n=6).

Flowcytometry analysis: C3H/HeN mice were injected
with 1 mg/kg of LPS at day 0-(single LPS} or day 0 and 14
(double LPS). Either 3 or 6 animals were processed for
floweytometry at each time point: 0, 2, 5, 14 days post injec-
tion (dpi) and 2 days after the second LPS injection {14+2
dpi). For flowcytometry analysis, single cell suspensions
containing approximately 10° cells were stained with mono-
clonal antibodies for 20 min at 4°C after incubation with
anti-mouse Fey IV receptor antibody (2.4G2) (PharMin-
gen, San Diego, CA, U.S.A)) for 20 min at 4°C. Mono-
clonal antibodies used for staining included: fluorescent
isothiocyanate-conjugated (FITC}-anti mouse CD3 epsilon
(PharMingen), FITC-anti mouse CD8a (Ly-2) (PharMin-
gen), Phycoerythrin-conjugated (PE)-anti mouse B220
(PharMingen), PE-anti mouse CD4 (L3T4) (Becton Dickin-
son, Franklin Lakes, NJ, U.S.A.). Analysis was conducted
on a FACScan (Becton Dickinson) and the data were ana-
lyzed by software Consort 30 (Becton Dickinson). Dead
celis and debris were gated out of the analysis on the basis
of forward and side light scatter, The flowcytometry data
were presented as the number of cells by calculating from
the number of total cells of the organ and the percentage of
each cell population.

Statistic analysis: Differences between groups were
determined by analysis of variance using the StatView J-4.5
(Abacus Concepts, Inc., Berkeley, CA, U.S.A.).

RESULTS

The anti-SRBC antibody titers and the number of anti-
SRBC antibody producing spleen cells: When LPS was
injected 2 days before the second immunization (single
LPS), the anti-SRBC antibody titers were significantly
lower than those of the positive controls (p< 0.01). How-
ever, when mice were pretreated with the same dose of LPS
14 days before the first LPS injection (double LPS), the anti-
body titers were significantly higher than those of mice
given a single LPS injection (Fig. 1).

When LPS was injected 2 days before the second immu-
nization (single LPS), the number of anti-SRBC antibody
producing spleen cells were similar to those of the positive
control group. However, when mice were pretreated with
the same dose of LPS 14 days before the first LPS injection
(double LPS), the increase in the number of these cells was
significantly higher than those of mice given a single injec-
tion with LPS and the positive control group (p< 0.05) (Fig.
2).

Influence of LPS injection on delayed type hypersensitiv-
ity responses: In the group given a single LPS injection, the
footpad swelling was significantly lower than that of the
positive control group (p< 0.01). However, swelling was
significantly higher in the double LPS group than the single
LPS group (p< 0.05) (Fig. 3).

Changes of thymus weight and leukocyte subpopulation
in thymus and spleen by the LPS injection: In order to ana-
lyze the effect of LPS on immune system further, we also
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Fig. 1. Differences in the anti-SRBC antibody titers of C3H/HeN
mice after the single and double LPS injection. L: single LPS
injection, LL: double LPS injection, PC: positive controls, NC:
negative controls. Data are expressed as mean * standard devia-
tion {n=5). Statistical analysis was conducted by the Fisher’s
protected least significant difference. Significant differences are
expressed as *; p<0.05 and **; p<0.01.
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Fig.2. Differences in the anti-SRBC antibody producing spleen
cells of C3H/HeN mice after the single and double LPS injec-
tien. L: single LPS injection, LL: double LPS injection, PC:
positive controls, NC: negative controls, Data arc expressed as
mean + standard deviation (n=5). Statistical analysis was con-
ducted by the Fisher's protected least significant difference.
Significant differences are expressed as *; p<0.05.

examined the thymuses and spleens of the mice treated with
either single or double LPS injection by flowcytometry and
histology.

The weight of the thymus decreased at 2 dpi, accompa-
nied by cortical atrophy by histological observation, and
recovered to the negative control tevel by 14 dpi (Fig. 4a).
Flowcytometry showed that the number of CD4+CD8+
cells significantly decreased at 2 dpi, almost disappeared at
5 dpi and recovered by 14 dpi (Fig. 4b}, coinciding with the
observation in the weight and histology. In contrast, 2 days
after the second LPS injection, neither the weight nor the
number of CD4+CD8+ cells in thymus decreased to the
same level as 2 days after the fist LPS injection i.e. the sup-
pressive effect of LPS was reduced after double LPS injec-
f1on.

In the spleen, B cells represented by B220+ cells did not
change significantly in number after the first LPS injection,
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Fig. 3. Differences in footpad reaction in delayed type hypetsen-
sitivity (DTH) assay of C3H/HeN mice after the single and dou-
ble LPS injection. L: singie LPS injection, LL: double LPS
injection, PC: positive controls, NC: negative controls. Data are
expressed as mean * standard deviation (n=5 to 10). Statistical
analysis was conducted by the Fisher's protected least signifi-
cant difference. Significant differences are expressed as *: p<
0.05 and **: p<0.01.

AR

*

[ us
50 T T
E 4 1
|
T
10
0 [§} 2 . 5 14 14+2
dpi

Fig. 4a. Changes of thymus weight of C3H/HeN mice after the
LPS injection. Data are given as mean * standard deviation.
Statistical analysis was conducted by the Fisher's protected
least significant difference. Significant differences are
expressed as ¥*: p<0.01.

but significantly increased after the second injection (Fig.
4c).

DISCUSSION

In this study we have shown that a single LPS injection
into SRBC-immunized mice induces suppression of anti-
SRBC antibody production and footpad swelling. Double
LPS injection abrogated this immunosuppressive effect and
enhanced the number of anti-SRBC antibody producing
spleen cells.

T lymphocyte may be mainly classified into CD8+ cyto-
toxic T cell (CTL) which participates in the cell-mediated
immune response and CD4+ helper T (Th) cell which may
be divided into two functionally different Thl and Th2 sub-
set [11]. The Th1 cells are crucial for the activation of the
CTL, whereas Th2 cells provide help to B cells leading to
the production of antibodies [19, 20]. We revealed that the
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Fig. 4b. Changes of CD4+CD8+ phenocyte in thymus of C3H/
HeN mice after the LPS injection. Data are given as mean *
standard deviation. Statistical analysis was conducted by the
Fisher’s protected least significant difference, Significant dii-
ferences are expressed as **: p<0.01.
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Fig. 4c. Changes of B lymphocyte in spleen of C3H/HeN mice
after the LPS injection. Data are given as mean * standard devi-
auon. Statistical analysis was conducted by the Fisher’s pro-
tected least significant difference. Significant differences are
expressed as **: p<0.01.

single LPS injection dramatically induced the depletion of
CD4+CD8+ cells in the thymus at 2 dpi and completely
recovered by 14 dpi (Fig. 4b). Moreover, the number of
both CD4+ CD8- and CD4-CD8+ cells in the thymus
decreased approximately one third of the control level at 5
dpi {data not shown). These results, therefore, suggest that
the single LPS injection suppress the humoral and cell-
mediated immune responses.

In our result, the change of B lymphocyte in the spleen
corresponds to the change in number of anti-SRBC antibody
producing spleen cells (Fig. 2 and Fig. 4¢). T cells repre-
sented by CD3+ cells decreased after the first LPS injection
in the spleen and almost recovered by 14 dpi, whilst they did
not decrease after the second LPS injection (data not
shown). Antibody production depends on B cell activation
by antigen followed by the stimulation by antigen-specific
Th cells [20]. Thus, the change in the number of B and T
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cells may partly explain the observation that the anti-SRBC
antibody titers were significantly lower following single
LPS injection, but not in double LP5S injection. It is also
suggested that the function of T cells did not recover enough
to activate antibody production by B cells in the double LPS
injection, in which the anti-SRBC antibody titers did not
increase compared with the positive control group.

It is well known that LPS can directly activate polyclonal
B cells to differentiate into antibody producing cells [1].
However, this in turn may transiently exhaust the existing
memory B cells that can interact with Th cells to stimulate
proliferation, resulting in a suppressive effect on antibody
production. This may partly explain the results presented
herein that show a single LPS injection induces significant
suppression of antibody titers, but does not affect on the
number of antibody producing spleen cells. Simultaneous
injection of SRBC and lipid A from Salmonella Minnesota
R595 enhances the number of IgM-plaque-forming spleen
cells in mice 3 and 4 days after injection and the serum IgM
titer 4 and 5 days after injection [7). Thus, the timing of LPS
injection may complicate the consequent immune response
to particular antigens.

It has been reported that LPS isolated from different bac-
terial strains exhibits a wide diversity in strength of adjuvant
action in the induction of delayed type hypersensitivity to
ovalbumin measured by footpad reaction in mice when anti-
gen is simultaneously injected with each LPS [15]. How-
ever, it has also been reported that LPS can induce apoptosis
mainly of CD4+CD8+ thymocytes and destruction of T cell
area in the spleen in mice 1 to 3 days after LPS injection {4,
5, 14, 23]. Our results confirmed the latter observation,
which may have caused the suppression of cell-mediated
immunity measured by footpad reaction when mice were
treated with single LPS injection 3 days before immuniza-
tion.

Compared with the single LPS injection, the double LPS
injection induced much’ less suppressive effects on both
humoral and cell-mediated immune responses. In addition,
we also observed that single LPS injection induced signifi-
cant levels of mRNA expression of TNF-o and interferon-
gamma in thymus I hr after injection, whercas in double
LPS injection, the levels of these cytokines were dramati-
cally reduced 1 hr after the second LPS injection (data not
shown). This phenomenon is described as a late phase tol-
erance when a second LPS injection 5 days or more after the
first induces little biological response. Late phase tolerance
is thought to be associated with the development of specific
antibodies against the polysaccharide side chain of LPS [3,
22]. This may partly explain our results, however, the pre-
cise mechanism of late phase tolerance is yet to be under-
stood. It has recently been revealed that induction of earty
phase tolerance was regulated by TLR4 expressed on anti-
gen-presenting cells, such as macrophages and dendritic
cells, and production of pro-inflammatory cytokines [12,
21]. Itis assumed that late phase tolerance is also regulated
by Th cells and pro-inflammatory cytokines produced by
antigen-presenting cells. The further study into the mecha-

nism of late phase tolerance should also be conducted.

Our data suggest that LPS may induce suppression in
both humoral and cell-mediated immunity on LPS-sensitive
animals. The results also suggest that a difference in the
level and timing of exposure to LPS, which may mimic the
differences in the conditions where animals are reared (e.g.
specific pathogen free environment or natural environment)
and/or the history of infection with gram-negative bacteria,
may influence the outcome of immune response. This may
have profound consequences on the immune responses elic-
ited during infection or vaccination.
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Abstract: Reproductive toxicity of 2-bromopropane (2BP), a substitute for ozone layer-depleting
chloro-fluorocarbon, was found among the workers in an electronics factory in Korea in 1995,
Furthermore the importance of testicular toxicity has been realized since the problem of endocrine
disruptors arose all over the world, but manual methods must rely on subjective assessment. Recently,
computer-assisted sperm analysis (CASA) was proposed but this system requires vast investment.
We then investigated the applicability of the MTT method with a microplate and sperm quality
analyzer (SQA) as simple, rapid, and economic instrumental methods for the examination of sperm
quality in rats, comparing it with the manual microscopic method and CASA. Epididymal fluid
derived from male F344/N Slc (Fischer) rats intraperitoneally injected with 2BP in the dose range of
125-1,000 mg/kg/d twice a week (total 8 times) were examined by these methods as a model
experiment. Sperm count measured by the manual method and CASA in the epididymal fluid,
absorbance by the MTT method and sperm motility index value by the SQA method were significantly
lower in the 2BP 1,000 mg/kg administered group than in the control group. This result suggests
that the MTT method can detect oligospermia. With the microplate and microplate reader, the
efficiency of detection becomes much better. Sperm analyses by the MTT method with the microplate
reader and the SQA method are available for reproductive toxicity study in rats.

Key words: 2-Bromopropane, Tetrazolium salt, MTT (3-(4,5-dimethylthioazol-2-y1)-2,5-diphenyl
tetrazolium bromide), SQA (sperm quality analyzer), CASA (computer-assisted sperm analysis), Manual
microscopic method, Reproductive toxicity, Rat

Introduction

Certain substances found in the environment can upset
normal endocrine balance and become a health hazard. An
example of growing concern is their effect on sperm”. Some
workers in semiconductor factories in Korea were found to
have affected in their reproductive functions after exposure
to 2-bromopropane (2BP)*?. Subsequently, the reproductive

*To whom correspendence should be addressed.

effects of 2BP were confirmed to the animal experimental
studies*". These reports prompted close reappraisal of the
efficacy and feasibility of mass screening for toxicity to male
reproductive functions in industrial populations.
Surveying the method of investigating sperm activity, each
method now in use has its own serious shortcomings. For
instance, the conventional, manual method of sperm count
and assessment of motility under the optical microscope is
fraught with inevitable subjective variations which would
make inter-institutional comparison of data practically
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impossible. The introduction of computer-assisted sperm
analysis (CASA) eliminated variations due to subjective
evaluation but this apparatus is expensive®'® and has not
enjoyed wide acceptance. Meanwhile, the sperm quality
analyzer (SQA), which measures éperm count and motility
by the optical method, was introduced as a simple and
inexpensive alternative™ '*. The third approach is the
biochemical method (MTT method) which measures color
changes in the tetrazolium reaction to mitochondrial reductase
by absorption spectrometry reflecting the overall numerical
and functional power of sperm activity'® '™ Although these
methods of sperm testing have proliferated, their performance
and efficacy have been evaluated individually and never
collectively using the same test samples. In particular,
comparative investigation of the MTT method with CASA
has never been performed. Their performance in terms of
mass handling of large numbers of samples has not been
evaluated properly.

We attempted to develop a method for measuring toxicity
to the sperm by combining an absorption spectrophotometer
with a microplate reader so that a large number of specimen
can be processed rapidly. The method is objective, simple,
inexpensive and efficient and can be applied to mass screening
of workers in suspicious environments. In the days when
more and more clinical tests for male reproductive disability
need to be performed on an everyday basis, the ability to
processing a large number of samples will be an important
prerequisite in the selection of test methods. Furthermore,
the MTT method, with its speed and simplicity to deal with a
large number of facilities, is a technique suitable for the animal
studies of male reproductive disturbance induced by various
chemicals. In this study, we induced reproductive toxicity
with 2BP as a representative of bromopropanes, which are
used widely in the industrial workplace.

We report the results of a study carried out on rats given
repeated doses of 2BP using the MTT method with a
microplate reader in comparison with other methods of sperm
testing including CASA, The advantages and merits of
various methods were compared and problems in performing
the tests will be discussed.

Materials and Methods

Chemicals and supplements

2BP and MTT were purchased from Tokyo Kasei Kogyo
(Tokyo, Japan) and Dojin (Kumamoto, Japan), respectively.
Olive oil, HC] and isopropy] alcohol were from Wako Pure
Chemical (Osaka, Japan). Bovine serum albumin Fraction
V (BSA), Medium 199 and phosphate buffered saline (PBS)
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were from Seikagaku Kogyo (Tokyo, Japan), GIBCO (Grand
Island, USA) and Nissui Pharmaceutical (Tokyo, Japan),
respectively.

Instruments

The semen analyzer (HTM-IVOS Ver. 10.9i) was from
Hamilton Thome Research (Beverly, MA, USA). SQA was
the product of Medical Electronic Systems (Migdal Haemek,
Israel). The microplate reader {Immunoreader NJ2000) was
purchased from Nalge Nunc (Tokyo, Japan). The optical
microscope (Eclipse E600) was from Nikon (Tokyo, Japan).

Experimental protocol

F344/N Slc (Fischer) male rats (11 wk of age) from Japan
SLC (Shizuoka, Japan) were kept in cages under standard
conditions and received pellets (Oriental Yeast, Tokyo, Japan)
and water ad libitum. The body weight was monitored just
before each administration and sacrifice. Each of 4-5 rats
(12 wk of age)/group received intraperitoneal instillations
of 2BP dissolved in olive oil twice a week for 24 d in doses
of 125, 250, 500 and 1,000 mg/kg. Control rats received an
equal volume of olive oil. So each rat received a total of §
injections. After a one week rest period following the last
dose, the animals were sacrificed under ether anesthesia and
the testes, epididymis and epididymal cauda were separated
and weighed immediately. And then relative organ weights
were calculated.

Preparation of epididymal cauda sample

Epididymal cauda was minced with scissors to release
sperm in 2 ml of Medium 199 containing 0.5% BSA at 37°C.
This sperm suspension sample served for the MTT and SQA
methods. The aliquoet of this sample was stored at ~80°C.
Before sperm count analysis, this aliquot was diluted 1:4
with PBS, further homogenized at room temperature, and
served as a sample for the manual method and CASA.

Manual method

After staining with trypan blue the spccimen was spread
on a hemocytometer and the sperm heads were counted
manually under the optical microscope. The data were
expressed as the total number of sperm per one cauda
epididymal tissue.

CASA

Each sample was stained with the attached staining kit (Supra
Vital IDENT Stain Kit, Hamilton-Thome Research, Bevely,
MA, USA), dropped intc a disposable counting chamber
CELL-VU (Millennium Sciences Corp. NY, USA) and

Industrial Health 2004, 42, 219-225
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Fig. 1. Mean body weight of F344 rats exposed to 2BP ip.

mounted on the Semen Analyzer. Sperm heads fluorescence
under an ultra-violet beam were counted in RAT-IDENT mode
automatically. The data were expressed as the total number
of sperm per cauda epididymal tissue sample.

SQA method

The disposable SQA capillary (Medical Electronic
Systems, Migdal Haemek, Israel) containing the specimen
was inserted into the slot in the SQA and the sperm motility
index (SMI) was determined.

MTT method

Fifty microliters of the sperm suspension sample in the
sterile $6-microplate well was incubated with MTT reagent
(5 mg/ml in PBS, 25 micro liter) at 37°C for two hours.
Then the reaction was stopped by rapid cooling, After the
addition of 0.04 M HCl-isopropylalcohol and pipeting
exhaustively to dissolve the formazan thus formed in the
process, the absorbance in each well was estimated at 574
nm by the microplate reader.

Correlation among data from various methods

In an attempt at evaluation of various methods, we carried
out the following experiments. Epididymis cauda obtained
from an untreated rat (17 wk of age) was dissected with a

pair of scissors in 2 ml of medium to suspend sperm. The
sample consisted of this undiluted suspension and its dilutions
with Medium 199 containing 0.5% BSA to 4 strength. Data
on sperm count, SMI and absorbance obtained by pair of
investigating methods were compared and correlation was
sought.

Statistical analysis

The data were analyzed by one-way ANOVA, The
statistical significance of difference between the control and
2BP-treated groups was determined with Fisher’s PLSD test.
In all cases, P < 0.05 was considered statistically significant.

Results

Body and organ weights

Body weight decreased in the groups with a dose of 1,000
mg/kg (Fig. 1) on and after day 14 as compared to the control
group. The retative weights of testis (TE, right (R) and left
(L)), epididymis (EP, right (R) and left (L)), and epididymis
cauda (EPC, right (R) and left (L)) are shown in Tabie 1.
The weight of both the right and left testis decreased in the
500 and 1,000 mg/kg dose groups. In the 250 mgfkg dose
group, only the left testis weight decreased significantly,
but no significant difference was found in the right testis.
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Table 1. Relative weight (%) of reproductive organ in 2BP-treated (mg/kg) rats
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2BP (mg/kg) TER TEL EPR EPL EPCR EPCL
0 0.503+£0.010 0.521 +0.018 0.172 £0.007 0.176 £ 0.011 0.030 £ 0.004 0.076 £0.005
125 0.505 + 0.020 0.512 £0.020 0.186 £0.012 0.176 £0.017 0.089 £ 0.003* 0.082 +0.006
250 0.493 £0.023 (.480 £ 0.025* 0.183 £ 0.01% 0.184 £ 0.014 0.087 + 0.006 0.089 £ 0.011*
500 0.407 £0.021* (1409 £ 0.038* 0.168 £0.012 0.179 £ 0.008 0.086 £ 0.006 0.076 £ 0.003
1000 0.193 £ 0.010* 0.199 £ 0.019* 0.130 £ 0.007* 0.056 + 0.006* -0.055 £ 0.004*

0.131 £ 0.009*

TER: Right Testis, TEL: Left Testis, EPR: Right Epidydymis, EPL: Left Epididymis. EPCR: Right Epididymal Cauda, EPCL:

Cauda. Each value represents the mean = SD. *: Significantly different at p<(.05,

And the weights of the epididymis and epididymal cauda
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decreased in the 1,000 mg/kg group, but some reverse results

were found in lower dose groups (EPCR: 125 mg/kg, EPCL:
250 mg/kg), but they were not in both sides of the tissues,

500

Correlation between the sperm analysis methods

Figure 2 shows the correlation between the two methods.

A high correlation was found between the SMI value found
by the SQA method and absorption by the MTT method
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