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The clinical value of serum or plasma is now 
so well established, that no well-equipped 
institution can afford to be without a store of 
the fluid. Although citrated whole blood is 

necessary in a 
' banka proportion of one 

titrated blood to 10 of liquid serum or plasma 
ls a good practical arrangement. Plasma from 

14-day-old citrated blood can be pooled and 
filtered for later use, but its processing is more 
tedious than that of serum. It is therefore 
advisable to keep for 30 days?or less if haemo- 
lysis occurs?a sufficient amount of citrated 
blood for emergency purposes, and then discard 
Jt- All other blood withdrawn is used for 

processing as serum. 
Processing serum presents no difficulties pro- 

vided the closed-circuit method is used. In the 
Method used by us during the last 2 years, 
there is no exposure to air?except that filtered 
through a large well-packed cotton-wool filter 

from the time the needle enters the vein of the 
donor to the final packing of the liquid serum. 
The method is particularly suited to India where 
the air is heavily laden with dust. Beyond 
turning off the fans during the separation and 
pooling process, and when assembling the clari- 
fying and filtering apparatus, no special 
Precautions are taken, and no attempt is made 
to sterilize the air in the working room. We use 

a. technique that can be described as a combina- 
tion of surgery and bacteriology. 

All apparatus, with the exception of Seitz 
niter pads, has been made locally. 

Utilizing the existing medical staff, we have 
regularly bled 20 to 25 donors per week for 2 
years, producing 6 to 8 pints of serum. Separa- 
tion and pooling occupy a session of about 
t hour weekly. Clarification and filtration, a 

session of 1 to 2 hours weekly. The above 
aniounts could be increased, if desired, to 40 
honors weekly, and filtering 20 pints of serum 
without imposing an undue strain on the staff 
0r needing additional assistance. 
An institution should therefore have no diffi- 

culty in adequately providing for its own needs, 
and with very little extra assistance could in- 
crease its filtering capacity to 50 pints per 
week, as the process is practically automatic. 

Blood-withdrawing for serum preparation 
The method of blood-withdrawing has been 

Previously described (Hayes and others, 1941). 
-tlorlick's bottles are used. The caps are tinned, 
Perforated by 2 holes of -^-inch diameter, and 
ntted with rubber washers made from a motor 
torry inner tyre. (All cap washers are so made.) 

Bottles are specially cleaned before being taken 
into use (see appendix). The capacity is 16 

ounces, which we consider a suitable amount to 
withdraw from the average donor. Blood for 
Wassermann reaction is taken from the with- 

drawing tube. After the bottle is filled the cap 
holes and edges are sealed with paraffin wax 
and the bottle stored at 2? to 6?C. for as long 
as 5 days. 

Separation and pooling 
The apparatus is shown in figure 1. Vacuum 

is obtained by means of a reversed Higginson's 
syringe, or a water vacuum pump. For separa- 
tion of a large number of bottles, two sets of 

apparatus are used connected by a Y-piece to 
a large Winchester which is connected to the 
vacuum. The Horlick's bottle (C) shown in 

figure 1 is replaced by a whisky bottle fitted 
with a rubber bung in which a short inlet and a 

long exit tube are fixed. The long glass tube is 
connected to the Y-piece of the pooling bottle. 
Each operator therefore has his own bottle in 
which he can observe the rate of flow of serum, 

and adjust it with the glass stopcock (A) 
attached to the rubber tubing. The top of the 
Horlick's bottle is thoroughly flamed, and the 
9-inch steel needle plunged sharply through the 
rubber washer; the stopcock is then fully opened 
and 2/3rds of the serum aspirated; moving the 
needle as required to avoid the clot, the stopcock 
is then closed to slow down the flow to a rapid 
drop, and finally to a slow drop. When as much 
serum as possible has been aspirated the stop- 
cock is closed and the process repeated with 
another bottle. 
Used needles are syringed through with cold 

distilled water and then boiled in distilled 
water. 
The average time taken to separate one 

bottle is 6 minutes. 
The pooled serum bottle is closed with a 

rubber cork under a flame, the neck is covered 
with cellophane or lint, and the bottle stored 
at 2? to 6?C. for as long as 5 days. 

Clarification 
Pooled serum is turbid, due to deposition of 

fat. Red cells are also present. Filtration or 

Fig. 1. 
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clarification is necessary, otherwise the Seitz 

filter-pad will clog. We clarify and filter at 
the same time. The combination of apparatus 
is shown in figure 2. Positive pressure, provided 
by a foot pump, is used throughout and usually 
2 pounds per square inch is sufficient. A motor 

tyre valve is connected to the pressure tubing 
leading to the cotton wool air filter. 

Double lines = Glass tubing. 
Single lines = Rubber tubing. 

In clarifying, pooled serum is forced through 
the clarifying chamber containing a pad (see 
appendix) into the serum container. It is then 
' 

gin' clear. Pinchcocks PI and P8 are opened 
and all others closed. To allow air to escape, 
the tubing and P2 are removed from the serum 
container, the end of the tube being wrapped 
in a sterile cloth. After clarification, the tube 
is replaced, pressure is applied by means of 
the pump and the pooled serum forced through 
the clarifying pad into the serum container, 
after which PI and P3 are closed, P2 opened 
and filtration commenced. 

Filtration 

Consists of forcing the serum through a 

bacterial pad. The filter used is a 14 cm. 
Seitz. The pads are either Seitz E[K. or Ford 
S.B. pads. 
With the above, 2 litres can be filtered in 

approximately 1 hour, and 3 litres can be filtered 
through one pad, provided the closed circuit 
method is used. 

All pinchcocks between the filter and bottles 
to be filled must be open. At first, pressure 
is applied slowly?4 to 5 strokes of the pump 
will suffice followed by an interval of 2 to 3 

minutes, in order that the filter pad may become 
thoroughly wet. The pressure is then gradually 
raised to 2 pounds and maintained. 

Filling 
Two methods are described : 

A. Needle method.?Three bottles (gin or 

whisky) can be used for one filter. Two glass 
T's are inserted into the tubing?to the free ends 
and also to the end of the tubing?adaptors and 
pinchcocks (P5, 6 & 7) are fitted. 

Bottles fitted with screw caps pierced by one 
i-inch hole and rubber washers are sterilized in 
the high-pressure sterilizer with their caps loose. 
The cap is flamed, and an intravenous needle is 

plunged through the central hole in the cap and 
fitted to the adaptor on the T-piece. Samples 

for sterility tests can be taken in a similar 
manner (2 c.cm. of serum to 20 c.cm. sloppy 
agar). 

B. Hood method.?The serum passes directly 
from the filter into a large bottle (filtered serum). 
When full, P4 is closed. A bottle is placed under 
the filling hood, P8 is opened and pressure 
applied to the air filter. A pint bottle is filled in 
one minute. It is then removed and capped 
under the flame. This method is useful when 
automatic working is required as several bottles 
can be connected in series, or very large bottles 
used. Until the bottles are filled the only 
attention required is that of maintaining 
2 pounds of pressure in the serum chamber. 

_ 

After filling, the caps of the bottles are screwed 
tight and paraffin wax applied to the central hole 
and edges. The cap and neck are covered with 
cellophane. 

Appendix 

Cleanliness of apparatus 
It is essential that the inside of all apparatus 

should be thoroughly clean. Efforts should be 
concentrated on the inside and not the outside 
of all tubes. Rubber tubing should be of short 
lengths, to facilitate cleaning. This applies to 
all tubings, whether glass, rubber, or the narrow 
lumen of needles. After use, tubings should be 
cleaned under pressure with cold water. The 
final washing, prior to sterilization, should 
always be in distilled water. Too much time 
cannot be spent on cleaning the inside of hibing 
used for intravenous work. " 

Preparation of rubber 
New rubber must be boiled for 30 minutes in 

alkali (0.1 per cent NaOH or washing soda 2 
teaspoonfuls to half a pint of water). It is then 
rinsed thoroughly in tap water, followed by dis- 
tilled water. At fairly frequent intervals rubber 
should be re-treated. 

Preparation of bottles and glassware 
Bottles and glassware should be first boiled 

in soapy water for 15 minutes, washed in tap 
water and immersed in the following mixture for 
24 hours : Potassium dichromate (commercial) 
100 gm., sulphuric acid (commercial) 250 c.cm., 
water 750 cm. Following this they should be 
thoroughly rinsed in tap water until water is 
neutral to litmus, and finally in distilled water. 

Preparation of clarifying pad 
Perfecta pulp is the best material to use, if 

available. It is broken into pieces, immersed 
in distilled water for 12 hours and then auto- 
claved. 

Equal parts of half-beaten paper pulp and 
white blotting paper make an efficient sub- 
stitute. They are soaked in tap water for 24 
hours in a large bowl. The mixture is then 

thoroughly beaten with a large fork or egg 

beater, and the water removed by passing 
through a very fine sieve. This is repeated until 

Fig. 2. 

gCW Fitter 

ON 
P5 4< P6 f P? 

Fig. 2. 



April, 1942] A NEW TYPE OF DRIP REGULATOR : HAYES 199 

the mixture is white?when distilled water is 

used, for about 5 changes. It is then placed in 
Horlick's bottles, capped and autoclaved twice. 
The component parts of the clarifying chamber 
are shown in figure 3. The perforated plate 
and layer of cotton wool are inserted into the 

chamber prior to sterilization. Before the 

assembly of the completed apparatus (figure 
the clarifying chamber is fitted into the 

bottle, and the pulp poured in and rammed with 
a rammer made of a rubber cork on a glass rod, 
Parting at the centre. During this operation a 
vacuum is created which extracts the remaining 
Water. Failing this, the lid of the chamber may 
be applied and positive pressure applied. The 

ramming must be thorough, and as much water 
as possible removed. The upper perforated plate 
*s then applied and the lid screwed down. A pad 
4 belies X i inch will clarify 2 litres of serum. 

Sterilization of bottles and other apparatus 
. Bottles, after thorough cleansing and rinsing 
ln distilled water, are sterilized at 20 pounds 
Pressure for one hour. Before sterilizing, the 
caPs are screwed down tightly and loosened 
lalf a turn. If a vacuum is required, as in 

Mood-witlidrawing bottles, the caps are again 
^ghtened following sterilization and when the 
b?ttles are hot. 

kietz filters containing the pads are/sterilized 
as above. The serum container and clarifying 
chamber can be sterilized in the sterilizer or by 
attaching a steam pipe, and raising the pressure 
0 

p pounds for one hour. Glass and rubber 
ubing are best sterilized by boiling in distilled 
^ater for half an hour. 

(Concluded at foot of next column) 
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