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Prevention of Chinosol Absorption by Rubber
Stoppers Used to Seal Glass Vials Containing

Tuberculin PPD Mantoux Solutions
S. LANDI 1 & H. R. HELD 1

Chinosol (8-quinolinol sulfate), which is employed as an antimicrobial agent in tuber-
culin PPD solutions usedfor the Mantoux test, is known to disappear from these solutions
after storage. It has been established that the loss of this preservative from tuberculin
solutions dispensed in glass vials is caused by the rubber stoppers used to seal the vials. All
the rubber stoppers tested absorbed Chinosol very readily.

The nature ofthe binding of Chinosol by a rubber stopper is both chemical (irreversible)
and physical (reversible). The capacity to bind Chinosol chemically was determined for
12 types ofrubber stopper, and wasfound to varyfrom 0 to more than 25 % by weight of the
stopper. This phenomenon can be attributed mainly to metal ingredients in the stopper.
The capacity ofstoppers to bind Chinosol physically is expressed quantitatively by a parti-
tion coefficient. This was determined for 7 types of rubber stopper and found to be high
when compared with the partition coefficients of other preservatives.

We have shown that all stoppers presaturated in Chinosol can be equilibrated against
a buffered solution containing 0.01 % Chinosol. Equilibrated silicone, white, and red oxi-
glazed stoppers can be used satisfactorily for sealing multi-dose vials of tuberculin PPD
containing 0.01 % Chinosol.

Chinosol (8-quinolinol sulfate) is added as a pre-
servative to tuberculin PPD solutions used for the
Mantoux test (Jensen et al., 1938; Magnusson et al.,
1958; Landi, 1963). However, it has been found that
these solutions, which originally contained 0.01 %
Chinosol, when dispensed in glass vials sealed with
rubber stoppers (V-32-69 yellow 2), contained ap-
preciably less Chinosol, or none at all, after storage
(Landi, 1964). Although it has been known for some
time (Lachman et al., 1962; Lachman, Urbanyi &
Weinstein, 1963; Lachman, Sheth & Urbanyi, 1964;
McGuire & Falk, 1936; Royce & Sykes, 1957;
Wiener, 1955; Wing, 1955, 1956a, 1956b) that rubber
stoppers absorb antimicrobial agents from solutions,
yet, as far as the authors are aware, no work had
been carried out on Chinosol. It was therefore the
purpose of this study to establish the cause of the
loss of Chinosol from tuberculin PPD preparations,

1 Connaught Medical Research Laboratories, University
of Toronto, Toronto, Canada.

' Designation given by The West Company, Phoenixville.
Pa., UISA.

as well as to seek a satisfactory solution to this
problem. To be consistent with the literature dealing
with tuberculin PPD we have chosen to use the term
Chinosol throughout this work, although the sub-
stance absorbed by the rubber stoppers is not 8-
quinolinol sulfate but its base 8-quinolinol. This
dissociation takes place when Chinosol (8-quino-
linol sulfate) is added to tuberculin solutions at
pH 7.38.

MATERIALS AND METHODS

Chinosol
8-Quinolinol sulfate was supplied by Eastman

Organic Chemicals, Rochester, N.Y., USA.

Buffered solution

Isotonic phosphate-buffered saline (Magnusson
et al., 1958; Landi, 1963), pH 7.38, containing
1.45 g of KH2PO4, 7.60 g of Na2HPO4, 2H20 and
4.80 g of NaCl per litre, was used. Tween 80 was
added to give a final concentration of 0.005 %.
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TABLE I
PARTICULARS OF RUBBER STOPPERS TESTED

Amount of Chinosol taken up by the stopper
after the following treatmant: b

Approxi- Partition
Designation of stopper a Colour mate Density 0.2 % Chino- 0.2 % Chino- Chemi- coefficientweight (g/CM3) 0.2 % sol followed sol followed (alyK25OC d

(mg) Chinosol by 0.01 % by buffer bound 0.01 %)
(mg/g) Chinosol (no Chinosol) (mg/g)

~(m /g (m /g

V-32-456 pink oxiglazed Pink 620 1.48 16.7 6.5 4.3 4.3 44.4

V-36-815 grey butyl Grey 570 1.30 55.3 53.7 51.8 51.8 c

V-32-86 white 4-3-1 White 480 1.23 24.2 7.4 2.0 2.0 45.3

V-32-X-9711 silicone Translucent 350 1.13 8.3 0.8 0.0 0.0 11.5

C-10-A No. 999 red chlorinated Red 470 1.21 119.0 105.0 102.2 102.2 36.8

V-32-79 gum 4-3-1 Translucent 360 0.92 35.6 13.2 6.3 6.3 50.3

V-32-69 yellow lacquered Yellow 550 1.45 100.6 85.5 78.0 78.0 c

V-32-87 red lacquered Red 500 1.29 266.0 253.0 247.0 247.0 c

V-32-66F red Red 530 1.39 219.0 208.0 201.0 201.0 c

V-32-87 pink Pink 500 1.24 177.0 161.0 153.4 153.4 c

V-32-109 brown acetoned Brown 410 1.13 155.8 139.0 135.5 135.5 47.5

V-32-69 yellow Yellow 540 1.45 100.3 87.5 79.6 79.6 71.6

a Designations given by The West Company, Phoenixville, Pa., USA, except for the "C-10-A " stopper, which is manufactured
by Carron Products Co., Philadelphia, Pa., USA.

b Treatment of stoppers according to Indications given in Fig. 3: heating in a buffered solution of 0.2 % Chinosol at 98°C for
44 hours, followed by equilibration against a buffered solution of 0.01 % Chinosol at room temperature for 7 days, followed by equi-
libration against a buffered solution (free of Chinosol) at room temperature for 15 days.

c Not determined.
d 0.01 % Chinosol in a buffered solution of pH 7.38.

Stoppers
Particulars of the rubber stoppers employed are

listed in Table 1.

Metal caps

Three-piece lacquered aluminium caps for vials
(No. 13-31) were supplied by The West Company.
Vials
United States Pharmacopeia type I clear vials

"No solvit " (1-ml and 5-ml size) were supplied by
the T. C. Wheaton Glass Co, Milville, N.J., USA.

Determination of Chinosol in solution at pH 7.38

Chinosol, dissolved in a buffered solution, has a
distinct absorption maximum in the ultraviolet
region at 240 m,u (Fig. 1). The Chinosol concentra-
tion of a solution was determined by measuring its
optical density at 240 m, and comparing it with the
optical density of a standard solution at the same

wavelength. A Beckman Model DU spectrophoto-
meter was used for these measurements.

Determination of Chinosol in rubber stoppers
Chinosol that has been absorbed by rubber stop-

pers can be extracted from the stoppers with mineral
acids, and identified in the extracting solution by
spectrophotometry. However, this method is time-
consuming and cumbersome. We therefore decided
to use the following methods for the quantitative
determination of Chinosol in the stoppers:

(1) The amount of Chinosol present in the
buffered solution was determined before and after
contact with the rubber stopper, using the spectro-
photometric method described above. From the
difference in ultraviolet absorption at 240 m,u the
amount of Chinosol absorbed by the stopper could
be evaluated.

(2) The weight of each stopper before and after
contact with the buffered solution containing
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FIG. I
ABSORPTION SPECTRUM OF CHINOSOLa

IN THE ULTRAVIOLET REGION BETWEEN 210
AND 280 MILLIMICRONS

0.8

_

0.6
40
0-

VI
C

0
-0

X 0.4
0

0.2

240 260
Wavelength (mp)

280

WHO 50915

a Concentration: 5 ppm of Chinosol in a buffered solution
(pH 7.38).

Chinosol was directly measured by the use of a semi-
micro-balance (type H-16 Mettler, Zurich, Switzer-
land). Although this method is simple some precau-

tions had to be taken when it was employed. When
the stoppers were taken out of the buffered solution
containing Chinosol they were wiped dry with a

paper towel and allowed to stand at room temper-
ature (25°-28°C) for 30 minutes. Identical stoppers
were kept in a buffered solution containing no Chino-
sol. In this instance, an increase in weight was re-

corded for each stopper, although it was very much

smaller than the weight increase for the stoppers
immersed in a solution containing Chinosol. How-
ever small, this increase had to be taken into con-
sideration and appropriate correction was made to
determine the exact amount of Chinosol absorbed
by the stoppers.

(3) The presence of Chinosol in rubber stoppers
was also detected by placing a cross-section of the
stoppers under an ultraviolet lamp (3660 Angstrom
units). In those stoppers containing zinc oxide an
intense and well-delineated fluorescent glow ap-
peared (Fig. 2), defining an area on which the forma-
tion of a Chinosol-metal complex had occurred.
Other metals form less- or non-fluorescent com-
plexes.

Determination ofpartition coefficient
Stoppers of different chemical composition were

saturated with Chinosol by heating them at 98°C for
44 hours in a buffered solution containing 0.2%
Chinosol. The stoppers were then equilibrated at
room temperature for 15 days against a buffered
solution containing no Chinosol.
One of the above pretreated stoppers was placed

in a glass-stoppered tube containing 10 ml of buf-
fered solution to which 4 mg of Chinosol had been
added (0.04% final concentration). The tube was
shaken on a mechanical shaker at room temperature
until equilibrium was reached between the stopper
and the solution. Silicone stoppers reached equili-
brium in 3 hours, while pretreated rubber stop-
pers needed at least 5 days. The Chinosol content
of the buffered solution was measured by ultraviolet
spectrophotometry before and after the experiment.
The amount of Chinosol dissolved in the stopper
that had been pretreated as described above could be
calculated from the depletion of Chinosol from the
buffered solution.
The partition coefficient was calculated by divid-

ing the concentration of free Chinosol in the stopper
(in mg/ml) by the concentration of Chinosol in the
buffered solution (in mg/ml) (see footnote to Table 3).

RESULTS

Depletion of Chinosol from an aqueous buffered solu-
tion in contact with rubber stoppers of different
chemical composition
Table 2 shows the rate o fabsorption of Chinosol

by rubber stoppers of different chemical composition
when each stopper is placed in 5 ml of a buffered
solution containing 0.01 % Chinosol. This table also
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FIG. 2
CROSS-SECTION OF RUBBER STOPPERS (V-32-69 YELLOW) VIEWED UNDER AN ULTRAVIOLET LAMP

(3860 ANGSTROM UNITS)

1. Control stopper.
2. Stopper used to seal vial containing 5 ml of a buffered solution (0.01 % ChInosol)..
3. Stopper treated at 250C for 3 days In a buffered solution (0.1 % Chinosol).
4. Stopper treated at WC for 2 days In a buffered solution (0.2 % Chinosol).

indicates that, although all stoppers absorb Chinosol
from the solution, some stoppers, such as pink oxi-
glazed, grey butyl, white, silicone and gum, exercise
a slower rate of absorption. In fact a 0.01 % solution
in contact with silicone stoppers retains more than
50% of its Chinosol content even after 2 days.

Uptake and release of Chinosol by rubber stoppers

It was thought that if the rubber stoppers could be
saturated with Chinosol and then kept in a buffered
solution containing 0.01 % Chinosol, an equilibrium
between the stopper and the solution would be
established at this concentration of Chinosol in the

TABLE 2
RATE OF DEPLETION OF CHINOSOL FROM AN AQUEOUS SOLUTION IN CONTACT

WITH RUBBER STOPPERS OF DIFFERENT CHEMICAL COMPOSITION

Concentration of Chinosol in solution
Weight after different times of contact (ppm)

Designation of stopper of stopper
(mg) 0 30 min 90 min 180 min 1 day 2 days

V-32-456 pink oxiglazed 616 100 84 60 40 0 0

V-36-815 grey butyl 541 100 78 61 45 0 0

V-3246 white 4-3-1 483 100 75 55 40 9 4

V-32-X-9711 silicone 350 100 67 55 53 53 53

C-10-A No. 999 red chlorinated 424 100 66 32 0 0 0

V-32-79 gum 4-3-1 364 100 62 44 32 17 3

V-32-69 yellow lacquered 543 100 60 22 0 0 0

V-32-87 red lacquered 501 100 54 14 0 0 0

V-32-66F red 527 100 52 14 0 0 0

V-32-87 pink 498 100 46 7 0 0 0

V-32-109 brown acetoned 414 100 41 4 0 0 0

V-32-69 yellow 542 100 27 3 0 0 0

a Designation given by The West Company, Phoenixville, Pa., USA, except for the " C-10-A "stopper, which Is manufactured
by Carron Products Co., Philadelphia, Pa. USA.
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FIG. 3
UPTAKE AND RELEASE OF CHINOSOL BY STOPPERS OF DIFFERENT CHEMICAL COMPOSITION

10 20 30
Time (hours)

Buffer with 0.2% Chinosol, 98°C
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V-32-87 red lacquered.
V-32-66F red.
V-3247 pink.
V-32-109 brown acetoned.
C-10-A No. 999 red chlorinated.
V-32-69 yellow and V-32-69 yellow lacquered (these two stoppers gave practically identical curves).
V-36-815 grey butyl.
V-32-79 gum 4-3-1.
V-32-86 white 4-3-1.
V-32-456 pink oxiglazed.
V-32-X-9711 silicone.

buffered solution. To verify this hypothesis, 12 stop-
pers of different chemical composition were placed
in 1 litre of buffered solution containing 0.2% Chino-
sol, and the solution was maintained at 98°C for
44 hours. Fig. 3 shows that silicone, pink oxiglazed,
white and gum stoppers were saturated after 3 hours;
yellow with and without lacquer, red chlorinated,
brown acetoned and pink were practically saturated
after 44 hours, while red laquered (V-32-87), red

without lacquer (V-36-66F) and grey butyl were not
completely saturated even after this period of time.
The stoppers were then placed in 1 litre of a buffered
solution containing 0.01 % Chinosol at room tem-
perature and equilibration was allowed to take place.
The solution employed for equilibration was renewed
after 1 day and again after 4 days. Fig. 3 indicates
that all stoppers released some Chinosol into the
solution until equilibrium was reached. This took
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TABLE 3
PARTITION COEFFICIENTS FOR DIFFERENT PRESERVATIVES

Preservative Partition coefficient a Reference

Benzyl alcohol K25C 5 0.63-1.66 Lachman et al. (1963), p. 249

Phenol K~~~~~~370C071
Phenol | K0.5%-0.7-1.30 Wing (1956b), pp. 739-741

Methylparaben K250C = 1.36-7.27 Lachman et al. (1963), p. 249

Cresol K 0.3 1.48 Calculated from data in Royce & Sykes (1957),KRT =1.48 ~~~~~~p.817

Phenylethyl alcohol K250C = 1.72-4.23 Lachman et al. (1963), p. 249

p-Chloro-.8-phenylethyl alcohol K250C = 6.05-16.40 Lachman et al. (1963), p. 249

Chlorobutanol K25SC = 9.85-14.50 Lachman et al. (1963), p. 249

Chlorocresol | K0370C = 6-442.9 Wing (1956a), pp. 735-736, and (1956b), pp. 739-Chlorocresol ~~~~~~0.1%=-. 4

Phenylmercuric nitrate KRTb% - >57.0 Calculated from data In Royce & Sykes (1957),0.002% p. 817

Chinosol c K0010- 36.8-71.6 (rubber Table 1, p. 396
K250 =0 11.5 (sillicone)0.01% 2

a The partition coefficient determined at temperature f for rubber Immersed in a bacterlostatic solution of strength c, as

expressed by Wing (1956a), Is: K i
- Cr

where Cr = concentration of bacteriostat In rubber (mg/ml), and
Cw - concentration of bacterlostat in water phase (mg/ml).

b RT = room temperature.
C Chinosol In buffered solution (pH - 7.38).

place in approximately 1 day, although equilibration
was continued for 7 days. At the end of this period
the stoppers were placed in a buffered solution with-
out Chinosol. Here again a small amount of Chinosol
was released into the solution until a new equilibrium
was reached, in approximately 1 day. No further
release of Chinosol was evidenced even after 14 days.
These results indicate that we are most likely dealing
with two different phenomena rather than with a
single distribution of Chinosol between stopper and
aqueous solution. Fig. 3 indicates that some of the
Chinosol taken up by the rubber is irreversibly
bound, while some is released as shown by the drop
in Chinosol content in the stoppers when they were

placed in a buffered solution without Chinosol or in
one containing 0.01 % Chinosol (Fig. 3 and Table 1).
Wing (1955, 1956a) has defined the partition

coefficient for phenol and chlorocresol as being the
ratio, at equilibrium, between the concentration of
preservative in the stopper and the concentration of
preservative present in the aqueous solution. Others
have determined this coefficient for other preserva-
tives (Table 3). However, the results reported in
Fig. 3 show that to determine the amount of Chino-
sol taken up by the stoppers after reaching equili-
brium not only should the partition coefficient be
evaluated, but a constant amount of Chinosol,
which is directly related to the composition of each
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TABLE 4
AMOUNT OF CHINOSOL PRESENT IN TUBERCULIN PPD SOLUTIONS OBTAINED

FROM OTHER LABORATORIES

Volume Batch No. and strength of PPD Concentration
Type of stopper Veluvial Batch No. anutiongth of PPD Storage time of Chinosolper vial solution ~~~~~~~~~~~Insolution (ppm) a

A. Vials from the Statens Seruminstitut

Grey rubber (0.45 g) Approx. 20 ml PPD (RT 23 with 0.005 % 3 days 32
Tween 80), 1 TU/0.1 ml

3 months 13

6 months 7

9 months 9

Grey rubber (0.29 g) Approx. 10 ml PPD (RT 23 with 0.005 % 3 days 13
Tween 80), 10 TUI0.1 ml

3 months 6

6 months 2

9 months 0

B. Vials from the Illinois Department of Public Health

Red rubber (0.25 g) Approx. 9 ml PPD lot 12, 5 TU/0.1 ml 3 days b 61

10 days c 16

21 days c 0

a Average flgures.
b Shipping time (no refrigeration).
c Samples were shaken continuously for 18 days on a mechanical shaker at 5°C.

stopper, should be added to the amount of Chinosol
dissolved in the stopper, as determined by the parti-
tion coefficient. Therefore, if A represents the total
amount of Chinosol absorbed by the stopper at
equilibrium, B the amount of Chinosol chemically
bound, and a the amount calculated by using the
partition coefficient Kt (see Table 3), the following
relation can be formulated:

A = B + a,
where a = volume of stopper in ml x K' x con-
centration of Chinosol in aqueous phase in mg/ml.

Evaluation ofamount of Chinosolpresent in tuberculin
PPD solutions obtainedfrom other laboratories
Eight vials of tuberculin PPD solutions were kindly

supplied by the Statens Seruminstitut, Copenhagen,
and 12 vials (one broken on arrival) were kindly
supplied by the Division of Laboratories, Illinois
Department of Public Health, Chicago. The amount
of Chinosol in each vial was determined on arrival.
Of the samples received from the Statens Seruminsti-
tut, 2 vials had been freshly prepared, 2 vials had
been stored for 3 months, 2 for 6 months and 2 for

9 months. The vials received from Chicago were
placed on an automatic shaker and shaken con-
tinuously for 18 days at 5°C. On the 7th day and on
the 18th day Chinosol determinations were carried
out. The results are reported in Table 4.

Use of equilibrated stoppers for sealing glass vials
containing tuberculin PPD and 0.01% Chinosol as
preservative
The results described above strongly suggest that

a satisfactory equilibration between the stoppers and
the aqueous solution can be achieved for any type of
stopper. Fig. 3 shows that some stoppers absorb
much less Chinosol than others, and two with a low
rate ofabsorption-namely, V-32-X-971 1 silicone and
V-32-86 white-were used to carry out the following
experiments.
One hundred stoppers were placed in 10 litres of

buffered solution containing 0.2% Chinosol, and
maintained at 750C for 42 hours. These stoppers
were then equilibrated in one litre of buffered solu-
tion containing 0.01 % Chinosol, and maintained at
room temperature for 9 days. Because of the release
of Chinosol from the rubber stoppers in the sur-
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TABLE 5

EFFECTIVENESS OF PRETREATMENT OF SILICONE STOPPERS (V-32-X-9711) IN PREVENTING ABSORPTION
OF CHINOSOL FROM TUBERCULIN PPD SOLUTIONS ORIGINALLY CONTAINING 100 PPM CHINOSOL

1-mi vials ab

Time Untreated Pretreatedstpesto er
(days) stoppers Pretreated stoppers strs Pretreated stoppers

250C - 51C 250C 37-C 600C 250C j 50C 250C 37°C _ _60°C

| ppm | ppm ppm ppm ppm | ppm ppm | ppm ppm | ppm
1 23 101 95 93 96 62 92 90 89 93

2 17 96 97 90 95 53 90 89 88 82

4 14 100 88 90 80 52 94 88 90 83

8 18 107 93 93 66 54 95 89 90 76

14 19 102 92 86 58 53 98 92 88 74

32 9 96 91 76 21 48 97 88 84 37

a Filled volume 1.2 ml.
b Filled volume 5.7 ml.

rounding buffered solution, the solution was renewed
every day.

Tuberculin PPD (5 TU per 0.1 ml) was added to a
buffered solution containing 0.01 % Chinosol. and
0.005% Tween 80. 1-ml and 5-ml vials were filled
with this tuberculin preparation and were then
sealed with either equilibrated or untreated stoppers
and with lacquered aluminium caps. All stoppers
had been autoclaved for 45 minutes at 121 °C
and at a pressure of 15 lbf/in2 (1.05 kgf/cm2). The
stoppered vials were placed at 5°C, 25°C, 370C and
60°C and continuously shaken during the first 14
days; thereafter, the vials were kept in a horizontal
position at these temperatures. The vials were tested
for their Chinosol content after 1, 2, 4, 8, 14 and 32
days. Table 5 shows that, after 32 days, the tuberculin
solution in the 1-ml and 5-ml vials sealed with an
untreated silicone stopper retained only 9 ppm and
48 ppm, respectively, of the initial 100 ppm of Chi-
nosol. There was no appreciable loss in the solution
in contact with equilibrated silicone stoppers at 5°C,
25°C and 37°C, although a significant depletion
occurred in the solution kept at 60°C. Table 6 shows
that the white stoppers behaved in a similar manner
to the silicone stoppers.

Stoppers such as V-32-X-9711 silicone and
V-32-86 white, which absorb only a small amount
of Chinosol, can also be saturated and equilibrated
at room temperature within a reasonable time.

DISCUSSION

The loss of Chinosol in tuberculin PPD solutions
has been found to be due to the rubber stoppers
used by us, by the Statens Seruminstitut, and by the
Illinois Department of Public Health. This is in
agreement with previous findings regarding other
preservatives. However, we have established that the
capacity of a rubber stopper to absorb Chinosol is
dependent on two different phenomena, one irrever-
sible and the other reversible. It does appear that
the irreversible phenomenon is brought about by the
presence of metals in some rubber, and that the
Chinosol is chemically bound to these metals. In
fact, the following evidence can be provided in sup-
port of the existence of this irreversible phenomenon:
(a) the free base of Chinosol is commonly used as an
analytical reagent for the determination of metals;
(b) we have shown that some of the Chinosol
absorbed by the stoppers is permanently bound to
them; and (c) the presence of a well-defined fluo-
rescent (ultraviolet) area of penetration of Chinosol
in the stopper could only be observed in the cross-
section of those stoppers that contained an appreci-
able amount of metals.
The second phenomenon is reversible and brought

about by the solubility of Chinosol both in the
rubber and in the buffered aqueous solution. This
phenomenon is identicali o the one previously
described for phenol and chlorocresol by Wing
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TABLE 6
EFFECTIVENESS OF PRETREATMENT OF WHITE STOPPERS (V-32-86) IN PREVENTING ABSORPTION
OF CHINOSOL FROM TUBERCULIN PPD SOLUTIONS ORIGINALLY CONTAINING 100 PPM CHINOSOL

1-mi vials a 5-mi vials b

Time Untreated Pretreated stoppers Untreated Pretreated stoppers
(days) stoppers UtetdPerae stoppers

250C 50C 250C 3rC ] 600C 250C 50C [25°C 3PC [60°C

| ppm |ppm |ppm pIpm |ppm | ppm |ppm |ppm |ppm |ppm
1 21 120 122 125 145 60 102 103 110 121

2 16 125 121 124 136 48 104 110 108 118

4 13 130 124 122 126 44 102 110 108 111

8 11 129 121 122 115 37 109 108 113 113

14 7 130 122 120 102 25 115 115 113 98

32 4 141 111 120 92 16 118 111 111 75

a Filled volume 1.2 ml.
b Filled volume 5.7 ml.

(1955, 1956a), who characterized it quantitatively by
introducing a partition coefficient.
The total amount of Chinosol present in a stopper

after equilibrium has been reached is composed of an
amount of Chinosol chemically bound and an
amount physically present, and can easily be de-
termined by using the formula given on page 401. It
has been shown that when the rubber stopper has
been saturated and then equilibrated against a known
volume of buffered aqueous solution containing
0.01 % Chinosol, no significant amount of preserva-

tive is released into the solution or taken up by the
stopper. This finding indicates that once rubber
stoppers have been equilibrated as described in this
paper, they can safely be used for sealing multiple-
dose vials containing tuberculin PPD solution and
0.01 % Chinosol as an antimicrobial agent.

The results of this study fully explain why
tuberculin PPD solutions in vials sealed with the
type of rubber stopper generally used at present may
contain very little, if any, preservative.

RItSUMIt

La tuberculine PPD utilisee pour le test de Mantoux
contient, comme pr6servateur antimicrobien, du Chinosol
(sulfate de 8-quinolinol), A la concentration de 0,01 %.
Stock6es en flacons fermes par des bouchons de caout-
chouc, ces solutions contiennent moins de Chinosol
d'une fa9on appreciable ou plus de Chinosol du tout.
Le but du present travail est de chercher la cause de la
perte du Chinosol et une fagon satisfaisante d'y remedier.

I1 6tait d6jA connu que les gommes absorbent l'agent
antimicrobien des solutions. Les auteurs etablissent que
cette absorption est en partie chimique et irr6versible, par
liaison du Chinosol aux m6taux contenus dans les gommes,
en partie physique et reversible, le Chinosol etant A la
fois soluble dans la solution tamponnee utilis6e et dans

le caoutchouc, ph6nom6ne identique A celui que Wing
a d6crit pour le phenol et le chlorocresol.

Les auteurs d6crivent une m6thode de dosage spectro-
photom6trique et une m6thode pond6rale de dosage du
Chinosol dans les solutions et diverses sortes de bou-
chons. L'exposition d'une section de bouchon A la lumi6re
de Wood fait apparaitre une lueur fluorescente sur la zone
oft le Chinosol est lie aux metaux du caoutchouc. Le
bouchon peut etre sature puis 6quilibr6 en Chinosol, de
fa$on a ne plus en 6changer avec la solution contenue
dans le flacon. La methode de saturation et d'equilibrage
est indiquee. Les auteurs concluent de leurs essais que
les bouchons des types a V-32-X-9711 silicone * et
* V-32-86 white * donnent les meilleurs r6sultats.
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