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NSFORVMIG IDEAS INTO INSTRUMENTS

Superfusion System

General

Neurotransmitter release is the major step of neuro-
transmission. Abnormalities in neurotransmitter re-
lease have been proposed to be involved in many
pathological conditions.

Therefore, understanding the physiological mecha-
nisms of transmitter release and how the process
can be modified by pathological states is essential
to develop therapeutically useful pharmacological
agents.

UGO BASILE 14900 Superfusion System has been
especially designed to perform release studies
from synaptosomes, although brain slices can be
employed as well.

On the other hand, presynaptic nerve terminals are
the sites where release specifically occurs; therefore
superfusion of synaptosomes is best suited to ex-
plore presynaptic events.

Superfused synaptosomes are the preparation of
choice to study release-regulating presynaptic re-
ceptors and to explore the intimate mechanisms of
neurotransmitter release.

Main Features

Synaptosomes
RAITERI'S METHOD Release
Studies

® Specifically designed to perform release studies from synaptosomes

® Brain slices can be employed as well

® More than 300 full papers using superfused synaptosomes have been published
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SUPERFUSION SYSTEM (RAITERI’S METHOD)

Cat. 14900

1 GENERAL

Neurotransmitter release is the major step of neurotransmission. Abnormalities in neurotransmit-
ter release have been proposed to be involved in many pathological conditions.

Therefore, understanding the physiological mechanisms of transmitter release and how the proc-
ess can be modified by pathological states is essential to develop therapeutically useful pharma-
cological agents.

UGO BASILE 14900 Superfusion System has been especially designed to perform release
studies from synaptosomes, although brain slices can be employed as well.

On the other hand, presynaptic nerve terminals are the sites where release specifically occurs;
therefore superfusion of synaptosomes is best suited to explore presynaptic events. Superfused
synaptosomes are the preparation of choice to study release-regulating presynaptic receptors
and to explore the intimate mechanisms of neurotransmitter release.

UGO BASILE 14900 Superfusion System is a semi-automated version of that originally devel-
oped in Raiteri’s laboratory, where about 200 papers have been published exploiting the tech-
nique, see paragraph 6-BIBLIOGRAPHY.

We have developed this Superfusion System in order to make commercially available an instru-
ment in which the original design of the superfusion chambers has remained intact.

1.1 Instrument Description

The 14900 Superfusion System consists of:-

1) a Superfusion Bath Cat. 14900-002
2) an Electronic Unit Cat. 14900-001
3) a Suction/Draining Pump Cat. 14900-004

An optional (not supplied with standard package) Water Circulator/Heater and a multi-
channel Peristaltic Pump are necessary complements to this system and are to be pur-
chased separately.

See paragraph 5.1-Optional.
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1.1.1 Superfusion Bath

The Superfusion Bath 14900-002 consists of 12 open superfusion chambers, working in parallel,
combined with 12 upper reservoirs. Both reservoir and chamber sets are lodged into appropriate
temperature-controlled baths.

Pre-warmed oxygenated media of the desired composition can be delivered simultaneously from
the reservoirs to the superfusion chambers.

Synaptosomes deposit as very thin layers on microporous filters placed on suitable glass-filter
supports.

Synaptosome or slice superfusion is provided by a multi-channel peristaltic pump; superfusate
samples may be directly collected into scintillation vials.

1.1.2 Electronic Unit

The Electronic Unit 14900-001 is lodged into a resilient cabinet provided with splash-proof side
slots for ventilation and tilting front feet.

@ O

ﬂl 14900 SUPERFUSION SYSTEM

O @

OXIGEN BURST DRAINING
VALVES PUMP

o O o O

Figure 1, "Front Panel "

The cabinet front panel (see Figure 1) of anodized aluminium feature extremely durable en-
graved markings, indicating:-

OXYGEN BURST
VALVES : The green switch which opens the valves must be held depressed
until the liquid from the upper chambers has completely been
drained into the lower chambers.

See also 3-OPERATION, 3" and 4" paragraphs.

DRAINING PUMP : this blue push-button activates the draining (or suction) pump
for the duration of 4 seconds. A green LED, when lit, indicates
that the pump is working. See also paragraph 3-OPERATION.
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POWER : this red LED indicates when the power is ON.

The back panel (see Figure 2) embodies, beside the POWER MODULE the following
socket connectors:-

SUCTION PUMP : to plug the suction/draining pump, see paragraph 3-OPERATION.

OXYGEN : to plug the cable of the oxygen-burst valves located on the
bath assembly, see paragraph 3-OPERATION.

ELECTROVALVES : to branch the electrovalve block located on the bath assembly. A
second connector is provided to plug-in a second bath assembly
(optional), see paragraph 3-OPERATION.
3D

=0 [0 [0

- o ~ O
O o5 °%° o3
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SUCTION PUMP OXYGEN ELECTRO VALVES

Figure 2, "Back Panel "

1.1.3 Suction Pump

This is a self-priming 24V DC electric pump, provided with strainer, whose purpose is the rapid
drain of the superfusion chambers via the draining manifold.

The pump is directly fed by the electronic unit

2 INSTALLATION

2.1 How to Handle the Instrument

The Superfusion Bath is a relatively bulky and heavy and it is recommended that two
people lift it.

Once the set-up is assembled, do not attempt to lift or move the combined unit.
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2.2 Unpacking & Preliminary Check

Check the contents of the shipment for completeness, packing list to hand, and visually
inspect the instrument as soon you take it out of the packaging. Use the Check List sup-
plied.

If the instrument is damaged or, after having tested it, fails to meet rated performances,
notify the carrier and our company immediately.

Protect the environment!

Dispose of packaging properly, according to existing and ap-
plicable waste management rules and regulations.

2.3 Notes on the Instruction Manual

The 14900Instruction Manual included in the Electronic Unit package is necessary for the
correct installation and operation of the instrument.

We recommend keeping the manual in good conditions, ready to be consulted by the
qualified personnel who use the instrument.

Free of charge copies of the instruction manual are available upon request: please con-
tact our service department (see paragraph 4.4-Customer Support) specifying the series
number of your instrument.

2.4 Assembling the Instrument

Assemble the instrument on a stable and reasonably flat bench or table surface, following
the scheme suggested by the pictures 3 to 10 for a correct assembly of the whole sys-
tem.
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The Main frame includes:

the electro-valve block

and
the pressure gauge.

This block is the basic unit
and is shipped assembled
as shown in picture Figure
3 “Main Frame”.

Figure 3 “Main Frame”

Assemble the Oxygenation and Draining Manifolds, see Figure 4 “Manifolds”. Both
manifolds must be locked with the 3mm hex. (Allen) wrench provided.

Oxygenation Manifold

Draining Manifold

Figure 4 “Manifolds”

Assemble the Upper Chamber Bath and lock it by the knobs, mounted on the bath itself.
See Figure 5 “Upper Chamber Bath”.
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Upper Chamber Bath

Figure 5 “Upper Chamber Bath”

Assemble the Lower Chamber Bath proceeding as for the Upper Bath.

Lower Chamber Bath

Figure 6 “Lower Chamber Bath”

Now consider the Suction Pump:

Suction Pump Body

Strainer

Plastic Spacer

Figure 7 “Suction Pump”
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First lock the plastic spacer on the pump body, then position the strainer as shown by
Figure 7 “Suction Pump”.

2.5 Connections

Connect the Tygon
tubes as indicated in
Figure 8 “Piping”.

Carefully fasten all the
Tygon tubes by the
plastic Tie-Wraps pro-
vided.

Figure 8 “Piping”

The upper and lower baths must be connected in parallel and fed by the Water Circula-
tor/Heater (optional).

Connect the circulator output to the lower water outlet of both lower and upper baths by
the “T” junction provided.

The output tubes of these baths are led to the circulator by another “T” junction. In this
way, the bubble-purging operation becomes easier.

The Oxygenation “Y” tube is mounted on the main frame and connected to the pres-
sure gauge of the O, manifold on one arm of the “Y” and to the O, Electrovalve on the
other arm. Link the “Y” stem to an Oxygen cylinder, adjusted for a pressure of about 1
or 2 bars.

The pressure must beheld quite low, just to have a moderate air flow bubbling into the
chambers.

Connect the suction pump to the draining manifold (see Figure 4 “Manifolds”), paying
attention to the vacuum direction, as shown by an arrow marked on the pump itself.

Each chamber of the upper bath is provided with a small oxygenation tube; connect it
to the corresponding output of the O, manifold.

Connect a tube to the bottom outlet of each chamber in the upper bath; the tube goes
throughout its electrovalve and drops into the corresponding chamber on the lower
bath.
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Connect the bottom outlet of the lower chambers to a Multi-channel Peristaltic Pump
(optional), in order to collect the perfusate.

R
OB QO I B
o 3O e o e e
iIEy NIAE L

d ol ." . ‘.‘ i 1

Figure 9 “Assembled Instrument”

The Suction Pump and the Valve Block must be electrically linked to the back panel of
the Electronic unit, via the corresponding connectors, see also paragraph 2-Electronic
Unit. A second connector marked “electrovalves” is provided in case the system is
doubled to 24 chambers.

2.6 Before Applying Power

Take a look at the Power Module, on the right of the Electronic Unit back-panel, which
encompasses — from left to right - the inlet connection of the mains cord, the mains
switch and the fuse holder/voltage selector.

-

slot indentation

=0 |
o —

Figure 10 “Power Module”
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2.6.1 Mains Switch

This two-pole toggle switch, which complies with international safety standards, provides a visual
cue, meaning:-

e OFF when the “O” side is depressed
e ON when the “I” side is depressed

2.6.2 Fuse Holder & Voltage Selector

The fuse holder comprises two fuses, one on the live, and the other on the neutral. For operation
at 220-230 Volts, we recommend 1.25 A timed fuses (type T1.25). Use 2.5 A fuses (type T2.5) for
operation at 115 Volts. To replace the fuses, see paragraph 4.1-Electrical.

The fuse holder also embodies the Voltage Selector. Make sure that the flag indicates the correct
voltage (i.e., the voltage of your mains). To change the selected voltage, see paragraph 4.1.

2.6.3 Mains Cord

It is a standard cable, Cat. # E-WP008. Make sure your power outtake is provided with a reliable
ground connection, see also 2.7 & 2.8.

2.7 Connection to the Mains

Connect the mains cord of the Electronic Unit to a power outtake, provided with a reliable earth
connection, protected by a differential earth-leakage switch (CGFI) that breaks at the threshold
of 0.03A, within a max. acceptable delay of 1s. The maximum breaking compliance required by
the CGFI is10kA at rated current is 6A.

2.8 Additional Safety Consideration

UGO BASILE DOES NOT ACCEPT ANY RESPONSIBILITY FOR PROB-
LEMS OR HARM CAUSED TO THINGS OR PERSONS ARISING FROM:

¢ INCORRECT ELECTRICAL SUPPLY;

¢ INCORRECT INSTALLATION PROCEDURE;

¢ INCORRECT OR IMPROPER USE OR, IN ANY CASE, NOT IN AC-
CORDANCE WITH THE PURPOSE FOR WHICH THE INSTRUMENT
HAS BEEN DESIGNED AND THE WARNINGS STATED IN THE IN-
STRUCTION MANUAL SUPPLIED WITH THE INSTRUMENT;

¢ REPLACEMENT OF ORIGINAL COMPONENTS, ACCESSORIES OR
PARTS WITH OTHERS NOT APPROVED BY THE MANUFACTURER,;

¢ SERVICING CARRIED OUT BY UNAUTHORIZED PERSONNEL.

a. Place your Superfusion Bath Assembly on a steady flat surface (e.g. your ex-
perimentation table).
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b. Do not obstruct free and comfortable access to the power module.

C. Use original accessories and spare parts only, see also paragraph 5-
ORDERING INFORMATION.

d. Immediately disconnect and replace a damaged mains cable.

e. Do not operate in hazardous environments or outside prescribed environ-

mental limitations (i.e. +10C°/ +40C°, 95% relative humidity, non-condensing),
see also paragraph 5.2-Specifications.

f. Do not spray any liquid on the connectors; see also paragraph 4-
MAINTENANCE.

3 OPERATION

Switch on the electronic unit. The two push-button switches located on the electronic-unit front-
panel activate the valves and the pump respectively. The green LED, located near each buttons,
show when the valves are open and the pump is working. See also paragraph 1.1.2-Electronic
Unit.

The blue switch activates the suction pump for approximately 4 seconds; this time is usually suffi-
cient for carrying out a complete draining.

The green switch which opens the valves must be held depressed until the liquid from the upper
chambers has completely been drained into the lower chambers.

Note that when the green switch is released, the circuit automatically activates the Oxygen
Valves for a short period (approx. 4 seconds), to provide a pressure burst to the system in order
to eliminate bubbles. After the burst, the pressure resumes the usual operational pressure, which
can be adjusted on the pressure-reducing valve of the oxygen-cylinder, in order to attain 0.5-1
bar.

A visual check is the best way to assess the ideal pressure.
At this point the upper chambers can be filled again for further experimental trials.

The core of the system is 0,65 micron MILLIPORE FILTER type DA, mounted at the bottom of
the lower chambers. Its individual plastic holding-ring is attached to the chamber by 4 small mag-
nets.

It is important each chamber is filled with the same amount of liquid in order to have a constant
oxygenation rate and to ensure a complete simultaneous draining of all the chambers.

See paragraph 7-APPENDIX — RELEASE EXPERIMENTS (written by Prof. Raiteri and his team)
for a description of the experiment step by step.

A reprint of paper mentioning the 14900 Superfusion System is also attached for reference, see
also paragraph 6.2.
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4 MAINTENANCE

While any service of the instrument is to be carried out by Ugo Basile personnel or by qualified
personnel, authorized by UGO BASILE organization, this section of the instruction manuals de-
scribes normal maintenance procedures which can be carried out at the customer’s facilities.

! UNPLUG THE MAINS CORD BEFORE CARRYING OUT ANY MAINTE-
NANCE JOB!

4.1 Electrical

To inspect and/or replace the fuses, disconnect the mains cable first! Insert a minia-
ture screwdriver in the slot indentation, see paragraph 2.6, and snap out the slide which
houses the fuses.

For operation at 220-230 Volts, we recommend 1.25 A timed fuses (type T1.25). Use 2.5
mA fuses (type T2.5) for operation at 115 Volts.

Having extracted the fuse slide, the Voltage selector becomes accessible. The same miniature
screwdriver will help you to pry out the cross jumper on which the operation voltage is engraved.
Place the jumper upside down if you have to shift from 115 to 230V or viceversa.

Snap in the fuse slide: the mechanical “click” ensures that it is locked. Check the voltage
flag before applying electrical power.

4.2 Cleaning

Organic solvents should not be used for cleaning the Bath assembly as they may impair the Per-
spex surface. A mild detergent and cotton wool are recommended.

4.3 Long Inactivity

The instrument does not require any particular maintenance after long inactivity, except cleaning.

4.4 Customer Support

For any further information you may desire concerning the use and/or maintenance of the Dy-
namic Plantar Aesthesiometer, please do not hesitate to get in touch with our local distributor or
with our service department at:-
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UGO BASILE
Viale G. Borghi 43
21025 COMERIO - Varese, ITALY

Phone : +39 0332 744574
Fax: +39 0332 745488
e-mail : service@ugobasile.com

@B

We recommend you to get in touch with our service department before sending any instrument
to our factory for repair.

5 ORDERING INFORMATION

14900 SUPERFUSION SYSTEM, standard package, including:-

14900-001 Electronic Unit

14900-002 Superfusion Bath Complete Assembly
14900-004 Suction Pump

14900-302 Instruction Manual

E-WP008 Mains Cable

Set of 2 fuses for either 115 VAC or 230 VAC mains

5.1 Optional

14900-003 Water Circulator/Heater
14900-005 Masterflex Multi-Channel Peristaltic Pump

5.2 Specifications

Power Requirement : 115 0r 230 V, 50/60 Hz, 100 W max.
Operating Temperature : 15°t0 30°C

Sound Level : <70dB (A)

Dimensions

- electronic unit : ¢m 38 (w) x 30 (d) x 13 (h)

- assembled bath : cm 46 (w) x 28 (d) x 60 (h)

Total Weight : 34.00 Kg
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Shipping Weight : 45.00 Kg approx.

Packing Dimensions . No. 1 carton box 80x60x44 cm
No. 1 carton box 66x50x63 cm
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In addition, more than 300 full papers using superfused synaptosomes have been pub-
lished
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7 APPENDIX - RELEASE EXPERIMENTS

71 Preparation of Physiological Solution

1.5 | of standard medium and 0.25 | of stimulation medium are normally sufficient for a typical ex-
periment.

7.1.1 Standard Medium

Two 20 x stock solutions (sol. A and sol. B) are prepared as follows:

Solution A composition (20x)

Salt final concentration g/l (20 x) MwW
(mM)

NaCl 125 146.1 58.44

KCI 3 4.473 74.56

MgSO,*7H,0 1.2 5.916 246.48

CaCl,*2H,0 1.2 3.528 147.02

Solution B composition (20x)

Salt final concentration g/l (20 x) MW
(mM)

NaHCO; 22 36.96 84.01

NaH.PO,*H.O 1 2.760 137.99

Sol. A and sol. B are mixed and diluted to the final salt concentration. The correct procedure con-
sists of transferring the needed volume of sol. A in a cylinder and to dilute it with some water,
then to add sol. B to reach the final volume.

Note: never add concentrated A and B solutions together: precipitation of Ca++ or Mg++
hydroxides may occur.

The medium prepared as described above is supplemented with 10 mM glucose (1.8 g/l).

The solution is aerated with a mixture of 95% O, and 5% CO, (carbogen) for about 30 min, which
keep the final pH to 7.2-7.4.
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Note: this time interval (30 min) is required to equilibrate the O, concentration in solution.

7.1.2 Stimulation Medium

Stimulation of release from synaptosomes can be obtained by adding appropriate substances (4-
AP, veratrine, ecc) to the standard medium or by using a high potassium depolarising solution.
The latter is prepared as to the standard solution using an appropriate “high K+” sol. A that
should be mixed to the standard sol. B as described above.

Example

Composition of the 15 mM K" solution (20 x)

Salt* g/l (20 x)
NaCl 113 mM 132.1
KCI 15 mM 22.37

* the amount of MgSO,*7H,0 and CaCl,*2H,0 remains unchanged.

7.2 Superfusion Apparatus Preparation

The superfusion apparatus can be prepared during aeration of the solutions:

a. the thermostat provided with external circulation is switched on to reach and maintain
the temperature of the reservoirs and of the superfusion chambers at 37°C;

b. the microporous filters, on which synaptosomes will be stratified, are lodged on the
fritted glass holders and fitted to the bottom of each superfusion chamber;

Note: we normally use Millipore filters 0.65 um (cat. n. DAWP02500) but a number of mi-
croporous filters have been proven to work as well (e.g. other Millipore filters,
Whatman GF-B filters, etc.)

C. when all the holders are positioned, the superfusion chambers will be filled with few
ml of water that will be eliminated just before starting superfusion. This enables the
leakage due to one or more misplaced filter to be detected;

d. two ml of standard medium is placed into each reservoir and aerated with carbogen.
During labelling of synaptosomes (see below) the following procedures are suggested:

a. drain the water contained in the superfusion chambers first by vacuum suction, then
via the peristaltic pump through filters for a complete elimination;
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b. allow the two ml of warm and aerated medium contained in the reservoirs to descend
into the superfusion chambers;

C. fill the reservoirs with 7 ml of standard medium, which will be used during the first pe-
riod of superfusion (see below).

Note: filling of the reservoirs in advance enbles the media to warm upand aerate sufficiently
before operation. Less than 5 min are normally sufficient for 10 ml of medium to reach
37<C.

7.2.1 About aeration

While media can be continuously aerated without problems, blowing O,/CO, mixture directly into
the synaptosomal suspension or in the superfusion chamber is not recommended.

In fact, due to the lipid materials contained in the synaptosomal preparations, the aeration may
create problems (foaming and so on). We overcame this problem by aerating again all the media
that will be put in contact with synaptosomes at least for 5 min and by replacing these media at
least every 10 min. The pH remains constant during this time interval.

7.3 Labelling

Crude or purified synaptosomes, prepared with standard procedures, are resuspended in 5 ml of
standard medium, which had been aerated at room temperature, and transferred into a glass
scintillation counting vial.

The correct amount of radioactivity is added to the synaptosomal suspension directly into the vial.
The vial ambient is insufflated with carbogen for one minute, then the vial is capped and placed in
a rotary water bath at 37°C for 15 min.

At the end of the incubation period, the 5 ml of synaptosomal suspension are transferred to a pre-
warmed conical flask and diluted with 35 ml of pre-warmed and aerated standard medium (final
volume 40 ml). Three ml of synaptosomes are put in each of the 12 superfusion chambers.

7.4 Superfusion

7.4.1 Stratification

Synaptosomal suspension will be stratified in each chamber by aspiration, using the peristaltic
pump at a speed of 1-2 ml/min.

a. Check that stratification proceeds evenly
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Note:

7.4.2

Note:

Note:

Note:

7.4.3

if one or more chambers are much slower that the others it is more convenient to cut
them off rather than risking damage of synaptosomes in the other chamber (it is very
harmful to leave synaptosomes dry!)

At the end of the stratification, switch off the peristaltic pump and allow the pre-
warmed 7 ml medium to descend into the superfusion chambers.

Superfusion

Set the pump to the desired superfusion speed (we suggest 0.5 ml/min) and start su-
perfusion (t = 0).

Add another 7 ml of standard medium in the reservoirs (2nd addition).

At t = 10 min superfusion, renew the medium in the superfusion chambers with the 7
ml of pre-warmed and aerated medium already put in the reservoirs, without stopping
superfusion.

Fill the reservoirs with another 7 ml of fresh medium (3rd addition).

At t = 20 min superfusion, renew the medium chambers, without stopping superfu-
sion.

Fill the reservoirs with another 7 ml of fresh medium (4th addition).

At t = 30 min, again allow the pre-warmed medium to move downward for a next su-
perfusion period. The following period lasts 8 min; afterwards synaptosomes will be
stimulated.

Fill the reservoirs with 10 ml stimulation medium (5th addition).

the first three 10 min superfusion will balance the system and allow a constant base-
line level.

the superfusion flow is about 0.5 ml/min; thus, after each 10 min interval some me-
dium will remain in the chamber. This medium can be eliminated “on line” by the vac-
uum pump by sucking it directly from the inside of the superfusion chamber.

during each of the described periods, synaptosomes can be exposed to different
drugs added to the superfusion medium, accordingly to the experimental design. In a
typical experiment we add receptor agonists concomitantly with the depolarizing stim-
uli and antagonists, 8-min before the stimulus.

Stimulation and sample collecting

This type of experiment is designed to study the effects of drugs on the depolarization-evoked
transmitter release: a standard 90 s of depolarization pulse is described.
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Note:

Note:

Note:

7.4.4

At t = 36 min, collection of the superfusate fractions begins according to the following
scheme: two 3-min fractions (t = 36-39 and t = 45-48, basal release) before and after
one 6-min fraction (t = 39-45; evoked release);

superfusate fractions are collected into vials that can be directly counted for radioac-
tivity (when radioactive tracers are used)

At t = 38 min, the medium containing the depolarizing stimulus and the drug(s) under
study is introduced in the superfusion chamber. About 10 s before this action, the ex-
cess of medium left in the chambers can be drained by vacuum suction;

Due to the length of the tubing from the filter holder to the collecting vial, a lag time,
normally longer than 1 minute takes place; this is the reason why the depolarizing
medium is introduced 1 min before the change of the collecting vial

The reservoirs are filled immediately with 10 ml of pre-warmed and aerated repolariz-
ing medium (usually standard medium);

you have about 45-50 s to fill the reservoirs, before starting the collection of the sec-
ond fraction. Filling all reservoirs during this time will be easy if you have to hand a
dispenser of adequate capacity, containing the pre-warmed and pre-aerated repolar-
izing medium.

At t = 39 min, collection of the second fraction is started and continued for 6 min;

At t = 39 min and 15 s the excess of depolarizing solution (about 9 ml) in each super-
fusion chamber is collected by vacuum suction;

At t = 39 min and 30 s, allow the prewarmed 10 ml of repolarizing medium to descend
into the superfusion chambers (stimulus length = 90 s);

At t = 45 min, the collection of the third fraction is started and continued for 3 min;
At t = 48min, the peristaltic pump is switched off and the remaining medium elimi-
nated by suction.

End of the experiment

Holders are disconnected from the superfusion chambers and the filters placed into
12 scintillation vials;

Filters are added with a scintillation mixture or extracted for endogenous transmitter
determination.

Collected samples and superfused filters are counted for radioactivity or analyzed for
their endogenous transmitter content.
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N.B.:

The apparatus needs to be carefully washed immediately after each experiment. In
particular, to avoid ooze formation into the fritted glass we suggest washing with di-
luted sulphochromic solution (once every 8-10 experiments) followed by prolonged
rinsing with distilled water.
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