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Many techniques in immunology require the
rapid and accurate measurement of a large number
of small volumes of fluid. A day's work in a

routine Wassermann laboratory doing 100 tests,
for instance, involves the performance of nearly
1,500 volumetric measurements.
Of the many devices for performing such measure-

ments, one of the simplest and most satisfactory is the
throttled pipette shown in Fig. la. It is a slightly
modified version of one described by Wright and Cole-
brook in 1912, and has been in continuous use in the
laboratories of St. Mary's Hospital and the Wright-
Fleming Institute for many years. It consists of two
pieces of thin-walled glass tubing, one, the barrel, having
an internal diameter of about 6 mm., and the other, the
stem, which is graduated, having an internal diameter
of about 2 mm. The stem is fitted into the barrel with
sealing-wax so as to make an air-tight junction. The
throttle, a finely drawn out piece of capillary tubing, is
fitted into the open end of the barrel with a further air-

tight plug of sealing-wax as shown in the figure. A
rubber teat is then placed over the throttled end of the
barrel. When a fine throttle is used expansion of the
compressed teat is so slow that the volume of fluid in
the graduated stem can be very accurately controlled,
and small volumes of, for example, 0.1 ml. of fluid can

be discharged into a series of tubes with considerable
speed and accuracy. This design of pipette has three
major drawbacks. First, the sealing-wax joints are liable
to fracture; second, the pipette cannot be cleaned without
melting the joints and subsequently reassembling the
apparatus; and, third, the throttle tends to become
blocked by minute particles of dust.
The pipette described below (Fig. lb, c, and d) has

been designed to overcome these disadvantages. It is
made entirely of borosilicate glass. The stem usually
consists of a standard 1.0 ml. " blow out " pipette cali-
brated in 0.05 or 0.01 ml. divisions (Fig. lb). Alterna-
tively, a 0.2 ml. "blow out" pipette graduated in
0.05 ml. divisions will also be found useful. The pipette
is fused to the " male " component of an interchangeable

a

d

FIG. la.-Almroth Wright throttled pipette. The joints are made with sealitig-wax. b. Throttled pipette with ground glass joint. The stem
is a standard 1.0 ml. " blow out " pipette graduated in 1/100 ml. divisions. The pipette, joint, and throttle are made of borosilicate glass.
c. Throttle connected to a 0.1 ml. capillary pipette through a short piece of pressure tubing. d. Throttle connected to a finely drawn
Pasteur pipette (see text).
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INTERCHANGEABLE THROTTLING DEVICE

Conical ground glass joint No. B.7 and a bulb of 1-2 ml.
capacity is blown between the two. This acts as a reser-
voir for any excess fluid accidentally taken up, and so
minimizes the danger of aspirating fluid into the throttle.
The throttle is made by fusing a sintered glass disc

10.0 mm. in diameter into the glass tubing immediately
above the " female" component of the ground glass
joint. Sintered glass of porosity 2 or 3 has been found
satisfactory. During the process of fusing in the disc,
a certain depth of the sintered glass will become solid,
leaving only a central porous area. By increasing the
amount of heating, this area can be reduced with a
consequent increase in the throttling effect. In this way
throttles of different speeds can readily be produced.
The " male " and " female " components are now

joined together and a rubber teat is fitted over the open
end of the throttled " female" component. The
ground glass joints fit so well that they will not come
apart, even after hours of use. Some may prefer to use
spring clips attached to glass hooks on the two sides of
the joint, but these have not been found necessary, and
add to the weight of the pipette, an important point when
very large numbers of measurements are being made.

If a 1.0 ml. pipette having an unconstricted tip is
attached to the throttles then these can be graded
according to the time taken to fill the pipette with water.
Throttles giving filling times of about four to five and
about 15 seconds have been found to be the most useful.
These, of course, give somewhat greater slowing when
attached to pipettes having normally constricted tips.

This design of pipette has several advantages: (1) The
pipette can readily be separated from the throttle for
cleaning, or a new pipette can be substituted. (2) The
throttle can be instantly changed for one which is faster
or slower. (3) The pipette and throttle can be sterilized
by heating, as they are made entirely of borosilicate glass.
(4) The pipette can be used for the accurate measurement.
of small volumes of fluid when oral suction is undesirable.
(5) The use of the pipette can be widely extended as
shown in Fig. lc and d, if one "male" component is
cut off a short distance below the joint and a piece of
rubber pressure tubing is attached. A large variety of
small pipettes can be inserted into the open end of the
rubber tubing, and so be connected to the throttle.
(6) If a finely drawn out Pasteur pipette is attached to a
slow throttle, the apparatus will be found to be extremely
useful for aspirating one layer of fluid from above
another, without disturbing the boundary. This has
been found particularly valuable when isolating protein
fractions separated in a small Tiselius type of electro-
phoresis apparatus.

Accuracy of the Throttled Pipeffe
The accuracy of the throttled pipette, when used to

make a series of small volumetric measurements, was
compared with that of the same pipette used in the
normal way, the outflow being controlled by keeping a
finger over the open end of the " male" component, the
throttle having been detached. Water, 10.0 nl., was
measured accurately into each of a series of 24 test tubes.
Then 0.1 ml. of a solution of methylene blue in water

was measured into 12 of these tubes with a throttled,
graduated 1.0 ml. pipette and into the 12 remaining
tubes with the pipette used in the normal way. The
tubes were closed with rubber bungs and the contents
were mixed by inversion. In each experiment, the
pipette was filled to the 1.0 ml. mark, and 0.1 ml. of the
methylene blue solution was run into each tube until
the pipette was empty. It was then refilled, and 0.1 ml.
of the solution was run into the two remaining tubes.
The coefficient of extinction of each sample was then
estimated with a Spekker photoelectric absorptiometer.
The concentration of methylene blue used in these
experiments was adjusted so that the final solution, after
dilution, had a coefficient of extinction of approximately
0.3, as this is in the region of maximal sensitivity of the
absorptiometer. The results with the pipette used in
the normal way and with the throttle are shown in
Table I. The means of the coefflcients of extinction are

TABLE I
COMPARISON OF ACCURACY OF DILUTIONS MADE WITH
A THROTTLED PIPETTE AND WITH THE SAME PIPETTE

USED IN THE NORMAL WAY

Dilution Performed with Dilution Performed with
Throttled Pipette Pipette Used Normally

Tube
No. Coefficient Coefficient

of of
Extinction Extinction

1 028 0285
2 0 2925 0-29
3 0285 0285
4 0 2825 Mean=0 28458 0-29 Mean=0 28458
5 0 28 0-2825
6 0285 a=00041 0285 e=00055
7 0285 0285
8 0 28 V= 1 44 0 2825 V= 193
9 0-2925 0 27
10 0 2825 0 29
11 0285 029
12 0285 028

identical with the two methods, and there is no significant
difference between the standard deviations and the
coefficients of variation, what slight difference there is
being in favour of the pipette used with the throttle
(a with throttle=0.0041, V= 1.44; a with pipette used
normally=0.0055, V= 1.93). This test was performed
to investigate the use of the pipette in producing accurate
dilutions, rather than by weighing volumes of water
discharged, as this is the way in which the pipette will
generally be used. These results show that the use of
the throttle involves no loss of accuracy in the measure-
ment of small volumes of fluid.

The author is indebted to the Medical Research
Council for a grant for expenses; and to Mr. William
Brough for his help in making this pipette.
The pipette can be obtained from Messrs. Ebcol

Scientific Glassware Co., Webbs Works, Chislehurst
West, Kent.
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