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Studies on Phenol and Chinosol Used as
Preservatives in Tuberculin PPD Solutions

S. LANDI,I H. R. HELD 2 & H. PIVNICK:;

Phenol and chinosol (8-hydroxyquinoline sulfate), used extensively in commercial
preparations of tuberculin PPD, were compared.for their antimicrobial activity and their
stability during storage.

The antimicrobial activity ofphenol (0.3 %) was found to be much greater and to cover
a wider spectrum of organisms than chinosol (0.01 %). In ampoules, the pkenol content
of' a tuberculin PPD solution did not change during 24 months of storage at 5°C or 37°C
while the chinosol content decreased approximately 30 % in 24 months of storage at 5°C.
Tuberculin solution stored in rubber-stoppered vials, lost less phenol than chinosol.

Chinosol formed crystalline deposits during storage as a result of the reaction of
8-hydroxyquinoline with traces of metals present in the tuberculin solution; phenol did
not form any precipitate.

On the basis of its wider antimicrobial spectrum and greater stability, the authors
suggest that phenol rather than chinosol should be used as a preservative in tuberculin PPD
solutions.

Preparations for injection that are capable of
supporting growth of microbes must contain a
preservative if dispensed in a multi-dose container
(Food & Drug Act of Canada, 1961; British Pharma-
copoeia, 1963; United States Pharmacopoeia, 1965).
The preservative should prevent growth of micro-
organisms accidentally introduced in the solution
during serial withdrawal of the contents.

In 1963 we decided to employ for our tuberculin
PPD preparation the diluent devised by Magnusson
et al. (1958) and widely used, especially in studies
sponsored by the World Health Organization.
This diluent contains chinosol (8-hydroxyquinoline
sulfate) which was introduced by Jensen et al. (1938)
as a preservative for tuberculin. Jensen et al. pre-
ferred chinosol to phenol on the basis of an exper-
iment that seemed to show that tuberculin loses its
potency faster in a dilution with phenol.
We were not able to find a significant influence of
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either chinosol or phenol on the potency of tuber-
culin. However, we soon learned that chinosol had
several deficiencies as a preservative, namely:
(1) Chinosol rapidly disappeared from tuberculin
solutions in glass vials sealed with rubber stoppers
(Landi, 1964; Landi & Held, 1965). (2) Upon
standing for any length of time, a deposit precipitated
from tuberculin preserved with chinosol (Landi
& Held, 1968). (3) Pivnick et al. (1965) showed that
the antimicrobial activity of chinosol, at the recom-
mended concentration of 0.01 %, although satis-
factory against yeasts and moulds, was low against
bacteria. This low activity against bacteria could lead
to regrettable incidents; for example, Olin & Lithan-
der (1948) reported that measles serum containing
chinosol became contaminated with bacteria and the
contaminated serum caused illness in 1 child and the
death of 2 others. In the same report, they described
the results of injecting a contaminated solution of
tuberculin which contained no preservative: of the
11 children given Mantoux tests with thecontaminated
material, all showed symptoms of toxicity, and
1 died. In both of these incidents, Staphylococcus
aureus was the contaminant., (4) The usefulness of
chinosol as an antimicrobial agent is decreased by
its dependence on the presence of traces of certain
metals (Rubbo et al., 1950, 1965; Albert et al., 1953;
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Reddish, 1957; Albert, 1965). For these reasons we
felt that chinosol should be replaced by a more
efficient and more stable preservative.
Phenol has been used extensively as a preservative

in biological materials, and in this study we report
the antimicrobial activity of phenol in tuberculin
PPD solutions. Furthermore, because some labo-
ratories consider chinosol as the preservative of
choice for PPD, we have compared the stability of
phenol with the stability of chinosol in tuberculin
PPD solutions dispensed in glass ampoules and vials
and stored at 5°C and 37°C.

MATERIALS AND METHODS

Reagents
Chinosol was supplied by Eastman Organic

Chemicals, Rochester, N.Y., USA; phenol (Ana-
lytical Reagent grade) by The British Drug Houses
Ltd., Poole, England, and Tween 80 (polyethylene
20 sorbitan mono-oleate) by Atlas Chemical Indus-
tries, Wilmington, Del., USA.
Buffer 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 as an anti-adsorption agent to give a final
concentration of 0.0005% (Landi et al., 1967).
Tuberculin PPD solution
A tuberculin PPD solution containing 50 Inter-

national Units (IU) per ml was used throughout this
work (1 IU = 0.00002 mg of tuberculoprotein).
The tuberculin solution was prepared from a con-
centrated tuberculin PPD stock solution (Landi,
1963) using phosphate-buffered saline as diluent
(pH 7.38). To this diluent either 0.01 % chinosol or
0.3% phenol had been added as a preservative.
Containers
Large and small glass ampoules (10 ml and

1.5 ml) were supplied by Owens-Illinois Inter-
America Corporation, Toledo, Ohio, USA. Large
and small glass vials (8.6 ml and 1.7 ml) were
obtained from T.C. Wheaton Co., Milville, N.J.,
USA.

In the storage experiments the large ampoules and
vials contained 5 ml and the small ampoules and vials
contained I ml of tuberculin PPD solution. The
chemical composition and physical properties of the
ampoules and vials were reported previously (Landi
et al., 1966).

Closures
The glass ampoules were flame-sealed and the

vials were closed with either pre-treated (pre-
equilibrated) or untreated (non-equilibrated) white
or yellow rubber stoppers (V-32-86 and V-32-69,
respectively, obtained from The West Co., Phoenix-
ville, Pa., USA) and sealed with 3-piece aluminium
caps (No. 13-31, The West Company). Pre-treated
rubber stoppers were equilibrated at 25°C in
pH 7.38 buffer against 0.01 % chinosol (Landi
& Held, 1965) or 0.3% phenol. The approximate
weight of the stoppers was 0.48 g and 0.54 g for
the white and yellow stopper, respectively.

Assay for preservatives
Chinosol was determined by measuring the optical

density of the tuberculin PPD solution in the ultra-
violet region at 240 nm as described previously
(Landi & Held, 1965). Phenol was determined by
measuring the optical density of the solution in the
ultraviolet region at 270 nm and comparing it with
the optical density of a standard solution at the
same wave-length. A Beckman Model DU spectro-
photometer was used to make these measurements.

Tests for antimicrobial activity
Two tests were used to challenge both the pre-

served tuberculin PPD solutions and the control
tuberculin PPD solutions which were devoid of
preservatives. The first test (H. Piersma, personal
communications), hereafter referred to as the USP
test, was developed by the Biological Section of the
Pharmaceutical Manufacturers' Association. This
test challenged the PPD solutions with 5 x l04
cells per ml and quantitatively determined the
microbial populations at intervals during incubation
at 30°C. The cultures for the USP test are available
from the American Type Culture Collection, 12301
Parklawn Drive, Rockville, Md., USA. The second
test (Pivnick et al., 1963) employed I x 108 cells
per ml of PPD, with subculture after 4 and 11 days
at room temperature (20°C ±44C).

RESULTS AND DISCUSSION

Antimicrobial activity of phenol and chinosol in a
tuberculin PDD solution
Phenol. In the USP test we determined microbial

populations after 0.5, 4.0 and 24 hours, and after
1 week, 1 month, and 2 months. Table 1, abbreviated
to show only significant results, gives averages for
duplicate experiments. When phenol was omitted
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TABLE 1
USP PRESERVATIVE TEST OF PHENOL IN A TUBERCULIN

PPD SOLUTION n'

Time at
30°C C. albicans

No. 10231 b No

Viable cells per ml

i. niger E. coli
).16404 b No. 4532 b

Lot A; 0% phenol

4.1 x 105

4.4 x 105

1.7 x 10'

2.6 x 105

4.1 x 10'

2.0 x 108

1.7 x 10'

1.3 x 10'

Lot B; 0.3% phenol

4.1 x 10'

3.3 x 10'

5.5 x 10'

0

4.1 x 10'

1.3x 10'

1.2 x 10'

0

Lot C; 0.5% phenol

4.1 x 105

8.2 x 10'

7.5 x 102

0

4,1 x 10`

0

0

0

3.3 x

0.7 x

0

0

10'

10'

a 50 lU/mI.
b American type-culture collection number.

(lot A), Aspergillus niger and Staphylococcus aureus

grew little or not at all, while Escherichia coli and
Pseudomonas aeruginosa grew abundantly and Can-
dida albicans showed a little growth. In contrast,
0.3% and 0.5% phenol (lots B and C, respectively)
in the tuberculin PPD solution destroyed all of the
micro-organisms within 1 week (Table 1). Similarly,
when we challenged PPD solutions with the 13 test
cultures described by Pivnick et al. (1963) to obtain
I x 108 cells per ml, we found that solutions containing
0.3% and 0.5% phenol were sterile after 4 days, the
earliest period tested. In contrast, controls of tuber-
culin PPD devoid of phenol challenged to obtain
1 x 102 cells per ml contained viable cells for at least
1 1 days after inoculation.

Chinosol. The efficacy of chinosol as a preserva-
tive had been described by Pivnick et al. (1965), who
showed that 0.01 % chinosol destroyed all fungi
inoculated into a tuberculin PPD solution, while 3
strains of Pseudomonas aeruginosa and I Proteus

species were able to grow in PPD solutions contain-
ing 0.01 % chinosol.

Chinosol in a tuberculin PPD solution (pH 7.38)
is completely dissociated into 8-hydroxyquinoline
and sulfuric acid (Landi & Held, 1965, 1968). The
antimicrobial action of 8-hydroxyquinoline is altered
by the presence of traces of certain metals (Albert,
1965). In the case of total absence of traces of iron
and copper, 8-hydroxyquinoline exhibits no anti-
bacterial activity at any concentration (Albert,
Gibson & Rubbo, 1952; Reddish, 1957). The
antibacterial activity of the metal chelate complex is
antagonized by cadmium, zinc, nickel and, especially,
by traces of cobalt ions (Albert, 1965; Rubbo &
Gardner, 1965). Furthermore, the concentration of
8-hydroxyquinoline must be carefully adjusted in
relation to the metallic ions available, in order
to secure maximal antibacterial activity (Albert,
Gibson & Rubbo, 1953). The pronounced effect of
metallic ions on the efficacy of 8-hydroxyquinoline

S. aureus
No. 6538 1)

0

1 day

1 week

1 month

P. aeruginosa
No. 9027 b

4.5x 10,

1.0x 10,

1.7 x 106

1.0x 10'

3.3 x 10'

7.0 x 105

5.1 x 10'

4.7 x 10'

1.0 x 10.

5.0 x 108

8.2 x 107

1.3 x 10'

0

4 hours

1 day

I week

4.5 x 105

3.2 x 10'

3.0 x 105

0

3.3 x 10'

2.0 x 105

3.0 x 103

0

108

105

1.0 x

3.1 x

0

0

0

4 hours

1 day

1 week

4.5 x 10'

1.8 x 10'

6.3 x 102

0

lOx 106

0

0

0
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FIG. 1

STABILITY OF PHENOL AND CHINOSOL IN A TUBERCULIN PPD SOLUTION a

DISPENSED IN AMPOULES b

"501U per ml.
b Large ampoules (10 ml) filled with 5 ml of tuberculin PPD solution; small ampoules (1.5 ml)

filled with 1 ml of tuberculin PPD solution.

FIG. 2

STABILITY OF PHENOL AND CHINOSOL IN A TUBERCULIN PPD SOLUTION *t
DISPENSED IN VIALSb CLOSEDWITH NON-EQUILIBRATEDWHITE RUBBER

STOPPERS (TYPE V-32-86) AND 3-PIECE ALUMINIUM CAPS

A

0.3% PHENOL

5 ml (5°C)

I.1 ml (5 C)

5 ml (37°C)

ml (37°C)

3 6 9 12 15 18 21 24

STORAGE TIME (MONTHS)

B

0.01% CHINOSOL

'Sm

ml m

Iml~~~~~m
olm Iml -

m

_a l + ml ~

5 10 15 20 25 30

STORAGE TIME (DAYS)

- -A-- large and small vials were stored upright,
*p- --oo-- horizontal, or

-0- --3-- continuously shaken.

" 50 IU per ml.
b Fig. 2A; large vials (8.6 ml) filled with 5 ml and small vials (1.7 ml) filled with 1 ml of tuberculin

PPD solution were stored upright at 5°C and 37 C.
Fig. 2B; at 25 C.

812

.-Z 0.3

0

w.Z0.2
I

0.1

0012

0.010

0008 J
0
(I)

0.006 °z

0004 ()

0002



PHENOL AND CHINOSOL AS PRESERVATIVES IN TUBERCULIN PPD SOLUTIONS

FIG. 3
STABILITY OF PHENOL AND CHINOSOL IN A TUBERCULIN PPD SOLUTION Cl

DISPENSED IN VIALS b CLOSED WITH NON-EQUILIBRATED YELLOW
RUBBER STOPPERS (TYPE V-32-69) AND 3-PIECE ALUMINIUM CAPS

A

0.3% PHENOL

5ml (511C)

8°~~- 5sm1 (37°C)

ml (50C)

*Iml (37C)

3 6 9 12 15 18 21 24

STORAGE TIME (MONTHS)STORAGETIME(MONTHS) STORAGE TIME (DAYS)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-__A__ large and small vials stored upright,
-4->- horizontal, or

-0- continuously shaken.

a 50 1 U per ml.

b Fig. 3A; large vials (8.6 ml) filled with 5 ml and small vials (1.7 ml) filled with 1 ml of tuberculin
PPD solution were stored upright at 5'C and 37'C.

Fig. 3B; at 25 C.

in a tuberculin PPD solution renders chinosol
extremely inconvenient to handle, and unreliable.

Stability ofphenol and chinosol in a tuberculin PPD
solution

Since 0.3% phenol was practically as effective
as 0.5% phenol in preventing microbial growth in
tuberculin PPD solutions (and considerably more
effective than 0.01 % chinosol), it was of interest to
determine the stability of 0.3% phenol and 0.01 %
chinosol in PPD solutions under identical conditions
of storage for 24 months.

Ampoules. Fig. 1A shows that phenol was stable
during 24 months at 5°C and 37°C, while Fig. 1B
shows that chinosol decreased by 21 % during 4
months at 370 and by 31 % during 24 months at 5°C.
The main loss of chinosol from solution is due to the
formation of tiny black crystals caused by the reac-

tion of 8-hydroxyquinoline with traces of metals
present in tuberculin PPD solutions (Landi & Held,
1968). Only the ampoules containing chinosol

developed these tiny black crystals, and they were

developed more rapidly at 37°C than at 5°C. No
precipitate was formed in the ampoules containing
tuberculin PPD solution preserved with 0.3%
reagent grade phenol.

Vials closed with untreated stoppers. Phenol is
much more stable than chinosol in vials closed with
non-equilibrated rubber stoppers. Fig. 2 and 3 show
the effects of white and yellow rubber stoppers,
respectively, each sealed with 3-piece aluminium
caps. The large vials (8.6 ml) and the small vials
(1.7 ml) contained, respectively, 5 ml and I ml of
a tuberculin PPD solution with either 0.3% phenol
or 0.01 % chinosol.

Loss of phenol was not affected by the type of
rubber stopper but was affected by the size of vial
and the temperature of storage. PPD solution in
small and in large vials stored at 5°C for 24 months
lost 30 %-40 % and 5% of its phenol, respectively.
At 37°C the losses were greater: 90% from the PPD
solution in small vials and 35% from PPD solution
in the large vials (Fig. 2A and 3A).

0.4

a 0.3

-J
0
Z 0.2

0-

0.I

813

STORAGE TIME (DAYS)



S. LANDI, H. R. HELD & H. PIVNICK

The partition coefficient of chinosol between rubber
and the buffered solution of pH 7.38 is in the order
of 50 times higher than the partition coefficient of
phenol (Landi & Held, 1965). Therefore, as expected,
the decrease in chinosol was very rapid. In fact, the
percentage loss of chinosol was greater after 1 month
at 25°C (Fig. 2B and 3B) than was the loss of phenol
after 24 months at 37°C (Fig. 2A and 3A). The
condition of storage of vials (upright, horizontal
or continuously shaken) influenced the rate of loss of
chinosol from the PPD solution in the following
order: shaken > horizontal > vertical (Fig. 2B and
3B). This indicates that the rubber stoppers are
capable of absorbing 8-hydroxyquinoline at a much
faster rate than the rate at which chinosol reaches
the stoppers by diffusion.

Fig. 2B & 3B show also that a basic difference
exists between the white and yellow rubber stoppers
in relation to their absorption of chinosol. These two
types of rubber stoppers were selected for this study
as representative samples of a type suitable (white)
and a type unsuitable (yellow) for equilibration
against chinosol (Landi & Held, 1965). Although
both have a high capacity for absorbing chinosol,
they differ greatly in their irreversible (chemical)
binding capacity: the yellow stopper irreversibly
binds 40 times more 8-hydroxyquinoline than the
white stopper (Landi & Held, 1965).
The chinosol-depletion at 25°C for the white

stopper (Fig. 2B) approached equilibrium during the
first month of storage at a low residual level of 29%
and 7% of the original concentration of chinosol
(0.01 %) for the large and small vials, respectively.
This level was then further influenced by evapora-
tion and chemical reaction of 8-hydroxyquinoline
upon extended storage. On the other hand, owing to
the great irreversible binding capacity of the yellow
stopper for chinosol, the chinosol-depletion curves
for this stopper did not result in an equilibrium
since they reached zero at 8 hours, 27 days or 2
monthswhen the large vials were continuously shaken,
placed horizontally or kept vertically, respectively.
When the small vials were shaken, placed horizontal-
ly or kept vertically, as expected, the depletion of
chinosol was accelerated and reached zero at 2 hours,
6 days, and 29 days, respectively.
Absorption of preservatives from preparations for

injection by rubber stoppers can be prevented by
pre-equilibrating the stoppers against a solution
containing the preservative in the same concentration
(final concentration) as in the preparation. This had
been demonstrated for vials containing tuberculin

PPD solution preserved with 0.01 % chinosol during
a storage period of 1 month (Landi & Held, 1965)
and in this work we have determined the effect of
pre-equilibration on the loss of phenol and chinosol
in vials stored for 24 months at 50C and 370C.

Vials closed with pre-treated rubber stoppers

Fig. 4 and 5 show that, by pre-equilibrating the
rubber stoppers, the loss of phenol or chinosol is
negligible if the vials are stored at 50C. The vials,
their contents and the aluminium caps were identical
to those used with untreated stoppers (Fig. 2 and 3).

Vials closed with pre-treated white or yellow
rubber stoppers lost 4% and 14% phenol in the
large and small vials, respectively, during 24 months
at 5°C (Fig. 4A and 5). At 37°C the losses were 30%
in the large and 85% in the small vials (Fig. 4A and
5). There was no appreciable difference in phenol
content between the vials closed with the pre-
equilibrated white or pre-equilibrated yellow rubber
stopper, and the visual appearance and the physical
properties of the stoppers were not adversely
affected during 24 months at 5°C or at 37°C.

Pre-equilibration of the white stoppers against
chinosol prevented loss of chinosol from both large
and small vials during 24 months at 5°C (Fig. 4B).
In contrast, at 37°C the loss of chinosol was 70%
in both the large and small vials during the same
period.
An increase in concentration of chinosol may

occur if stoppers, pre-equilibrated at a higher temp-
erature, are used to close vials which are subsequently
stored at a lower temperature. Fig. 4B shows that
stoppers pre-equilibrated at 25°C caused an increase
in chinosol content of PPD solution during storage
at 5°C. This increase is due to the fact that the
partition coefficient of 8-hydroxyquinoline between
rubber and the aqueous solution is higher at 25°C
than at 5°C, thus causing a release of 8-hydroxy-
quinoline from the stopper into the tuberculin
solution (Landi & Held, 1965). However, at 9
months the level of chinosol in either vial was reduced
to its original concentration of approximately 100
ppm. This decrease is attributed to chelation and
the precipitation of tiny black crystalline particles
(Landi & Held, 1968). In fact, in a closed system
such as a flame-sealed glass ampoule, where evapora-
tion is not possible, we have shown that a decrease
of chinosol concentration of the order of 30%
takes place over a period of 24 months (Fig. iB).
A similar phenomenon is believed to have caused the
decrease in chinosol concentration from 120 ppm to
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FIG. 4

STABILITY OF PHENOL AND CHINOSOL IN A TUBERCULIN PPD SOLUTION a DISPENSED
IN VIALS b CLOSED WITH PHENOL-EQUILIBRATED OR CHINOSOL-EQUILIBRATED WHITE

RUBBER STOPPERS (TYPE V-32-86) AND 3-PIECE ALUMINIUM CAPS

a50IU per ml.
b Large vials (8.6 ml) fllled with 5 ml of tuberculin PPD solution; small vials (1.7 ml) fllled with I ml

of tuberculin PPD solution.

FIG. 5
STABILITY OF PHENOL
IN, A TUBERCULIN PPD
SOLUTION a DISPENSED IN
VIALS b CLOSED WITH
PHENOL-EQUILIBRATED
YELLOW RUBBER STOPPERS
(TYPE V-32-69) AND 3-PIECE
ALUMINIUM CAPS

a 50 lUper ml.
b#Large vials (8.6 ml) filled

with 5 ml of tuberculin PPD
solution; small vials (1.7 ml)
filled with 1 ml of tuberculin
PPD solution.
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approximately 100 ppm (Fig. 4B) since similar
crystalline particles were found in both the vials
and the ampoules.
Although pre-equilibration of the white rubber

stopper against 0.01 % chinosol was effective in
preventing loss of chinosol from vials containing a
tuberculin PPD solution, it had an unfavourable
effect on the appearance of the closure. In fact, after
several months of storage, encrustations of a brown-
ish white material had formed between the stopper
and the aluminium seal. Furthermore, the stoppers,
pre-equilibrated with chinosol, on vials stored at
37°C for 9 months or longer had become very sticky,
especially on that part of their surface in contact
with the aluminium seals. Therefore, in order to
maintain a neat appearance of the closure, pre-
equilibration of stoppers with chinosol should be
carried out only if an appropriate seal is used to
fasten the stoppers in position.
No experiments were carried out with yellow

stoppers pre-equilibrated with chinosol because
these stoppers take up large amounts of chinosol and
swell so much that it is difficult to insert them into
the neck of the vial. It has been established earlier
that the uptake of chinosol by these yellow stoppers
during equilibration against 0.01 % chinosol is
8.5% by weight of the stopper, 8% of the chinosol
being chemically bound and 0.5% physically bound
(Landi & Held, 1965).

Vials stored in an upright or a horizontal position
The concentration of phenol and chinosol in

tuberculin PPD solutions dispensed in vials has
been determined from vials which had been stored
either in an upright or in a horizontal position. The
following results were obtained.
No significant difference in phenol content between

vials placed upright or horizontally was found when
large and small vials, containing a tuberculin PPD
solution (0.3% phenol) and closed with pre-equili-
brated or non-equilibrated rubber stoppers, were
stored for 24 months at 5°C or 37°C. Therefore, in
the diagrams (Fig. 2A, 3A, 4A, 5) only one position
(upright) was plotted.
Owing to the high absorptive capacity of rubber

stoppers for chinosol, the position of the vial had a
great influence on the rate of depletion of chinosol
when the vials were closed with non-equilibrated
white or yellow rubber stoppers (Fig. 2B and 3B).
However, when pre-equilibrated white rubber
stoppers were used as closures, there was no signifi-
cant difference in chinosol content between the vials

placed horizontally or kept upright during 24 months
at 5°C or 37°C. The actual readings plotted in
the diagram (Fig. 4B) are those of vials placed
upright.
These results do not come as a surprise, since the

vial represents a closed system in which the stopper
is permanently in contact with the solution con-
taining the preservative regardless of the vial's
position. This permanent contact takes place in the
upright vial owing to the formation of a liquid film
on the wall of the glass and of the rubber above the
level of the liquid. Therefore, when the rate of
diffusion of the preservative through the liquid film
is equal to or larger than the rate of uptake of the
preservative by the rubber stopper, then the position
of the vial does not influence the rate of depletion of
the preservative.

Loss ofpreservative by evaporation

We have shown that the loss of phenol or chinosol
is much higher in tuberculin PPD solutions dispensed
in containers closed with rubber stoppers than from
the same solutions dispensed in ampoules. We have
also shown that when the rubber stoppers were pre-
equilibrated, and the vials were stored at 5°C, practi-
cally no loss of preservative occurred from the
tuberculin solutions over a period of 24 months.
However, upon storage at 37°C, even with pre-
equilibrated stoppers, a significant loss of both pre-
servatives was found. This loss was postulated to be
due to evaporation from the vials. It was therefore
of interest to determine what part evaporation might
play in the loss of either preservative from these
solutions. However, since chinosol is such an
inefficient and inconvenient preservative and evapor-
ates at twice the rate of phenol (Fig. 6), we felt that
any further work on the loss of chinosol by evapora-
tion would be superfluous. On the other hand, since
it has been shown that phenol is a reliable pre-
servative, further work was warranted and the fol-
lowing experiments were carried out. A tuberculin
PPD solution containing 0.3% phenol was dispensed
in small vials closed with pre-equilibrated white and
yellow rubber stoppers. The 3-piece aluminium cap
was applied in 3 different ways, namely, (A) as a
" partial seal " where only the lower part of the
3-piece aluminium cap was applied in such a way that
the stopper presented to the air an area 6 mm in
diameter (Fig. 7); (B) as a " complete seal "; (C) as a
" coated complete seal ". The latter was effectuated
by dipping a sealed vial into melted paraffin to coat
the outer surface of the complete sea and part of the
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FIG. 6
RATE OF EVAPORATION OF PHENOL AND CHINOSOL FROM A BUFFERED

SOLUTION OF pH 7.38a
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a550 ml of a phosphate-buffered saline containing the preservative (A-C) was kept in an open
Pyrex glass beaker (65-mm diameter). The water that evaporated was replaced before the determina-
tions of the preservative content were made.

The curves for a phosphate-buffered saline to which either O.01% chinosol (8-hydroxyquinoline
sulfate) or the equivalent amount of 8-hydroxyquinoline had been added were identical. This is
in agreement with our previous findings that chinosol at pH 7.38 is dissociated into 8-hydroxyquino-
line and sulfuric acid (Landi & Held, 1965, 1966).

FIG. 7
VIALS WITH THE ALUMINIUM CAP APPLIED IN 3 DIFFERENT WAYS a

a Vials were sealed with a " partial seal " (A), with a " complete seal " (B), or with a " coated
complete seal" (C).
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FIG. 8
STABILITY OF PHENOL IN A TUBERCULIN PPD SOLUTION a DISPENSED IN VIALS b CLOSED

WITH EQUILIBRATED RUBBER STOPPERS AND SEALED IN 3 DIFFERENT WAYS

a 50 IU per ml.
b 1 ml of atuberculin PPD solution containing 0.3% phenol was filled into 1.7-mi vials closed with

equilibrated white and yellow stoppers (V-32-86 and V-32-69, respectively). Vials were sealed
with a " partial seal " (A), a " complete seal " (B) and with a " coated seal " (C).

neck of the vial. All these vials were stored at
50C and at 37°C for a period of 24 months.

Fig. 8A and 8B show that at 37°C, a marked loss
of phenol from a tuberculin PPD solution occurred,
and that this loss was dependent on the manner in
which the aluminium cap was applied but was almost
independent of the type of rubber stopper used.
In fact, the loss of phenol by evaporation was

greater with the partial seal than with either the
complete seal or the coated complete seal. Although
the loss of phenol at 5°C can be considered negligible
for all practical purposes, it none the less shows the
same trend as the loss recorded at 37°C. Similar loss
of preservatives has been reported by Lachman et al.
(1962). They explained this loss as due to " vaporiza-
tion of the preservatives through the rubber
caps ".

Interaction of phenol and chinosol with components
present in a tuberculin PPD solution

Patel & Kostenbauder (1958) have shown that
non-ionic surfactants (e.g., Tweens) interact reversi-
bly with preservatives, and that the degree of inter-

TABLE 2

INTERACTION a OF TWEEN 80 WITH PHENOL AND
CHINOSOL

Bound preservative (expressed as
Tween 80 percentage of total preservative)

concentration
(% w/v) Phenol Chinosol b

10 72.2 91.14

1 23.6 51.46

0.01 0.3 1.03

0.005 0.13 0.52

0.0005 0.013 0.05

a The degree of interaction can best be expressed as the
slope of the interaction curve resulting from the plotting of
(total preservativelfree preservative) against Tween 80 concen-
tration.

For chinosol in buffered solution (pH 7.38) the slope is 1.06
according to Landi & Held (1966). For phenol in aqueous solu-
tion the slope is 0.26 according to Patel & Foss (1964).

b 8-hydroxyquinoline interacts with Tween 80. The dissocia-
tion of 8-hydroxyquinoline sulfate into 8-hydroxyquinoline and
sulfuric acid takes place when chinosol is added to pH 7.38
buffer.

B(5"C)-. -

o *& ~~~~~A(5C)-
zw0

C(q37`)* .........

B (37"C)

3 6 9 12 IS IS 21 24 3 6 9

STORAGE TIME (MONTHS)
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action (binding) is proportional to the concentration
of the surfactant. The preservative activity in the
presence of non-ionic surfactants is primarily a func-
tion of the concentration of the unbound preservative
(Pisano & Kostenbauder, 1959).

Since a tuberculin PPD solution usually contains
traces of a non-ionic surfactant (Tween 80) added as
an anti-adsorption agent (Magnusson et al., 1958;
Landi et al., 1966), we felt it would be of interest
to compare the degree of interaction of Tween
80 with either chinosol or phenol. Table 2 shows
that the degree of interaction between Tween 80 and
chinosol at pH 7.38 is 4 times higher than with
phenol. This is supported by the fact that the slope
of the curve obtained by plotting the quotient
between total preservative and free preservative
versus Tween 80 concentration is 1.06 for chinosol
(Landi & Held, 1966) and 0.26 for phenol (Patel
& Foss, 1964). Table 2 also shows that for low con-

centrations of Tween 80 (50 ppm or 5 ppm), as used
in tuberculin PPD solutions (Magnusson et al.,
1958; Landi et al., 1966), the amount of bound pre-
servative (loss of effective preservative) is negligible
for both chinosol and phenol.
The reaction of chinosol in tuberculin PPD solu-

tion with traces of metals, which leads to the forma-
tion of precipitates-and hence the loss of chinosol-
has already been described (Landi & Held, 1968).
Although phenol is also capable of forming metal
salts, these are of much higher solubility and cannot
therefore lead to a loss of phenol.
Other known substances in a tuberculin PPD

solution which could possibly interact with pre-
servatives are tuberculoprotein, nucleic acid and
polysaccharide, but these are present in even a lower
concentration than Tween 80, so that from a practical
point of view their influence on the efficacy of pre-
servatives is negligible (Landi, unpublished data).

R1ESUMt
On a compar6 les proprietes antimicrobiennes et la

stabilit6 durant le stockage du phenol et du Chinosol,
substances largement utilisees comme agent de conserva-
tion des solutions de tuberculine (PPD).
Le degr6 et le spectre d'activite antimicrobienne du

phenol a 0,3% sont de loin superieurs a ceux du Chinosol
'a 0,01 %. Le fait que le Chinosol n'agit qu'en presence de
certains ions metalliques rend en outre son emploi
aleatoire.
On ne constate aucune deperdition de phenol dans les

solutions de tuberculine gardees en ampoules de verre at
5°C ou 37°C pendant 24 mois. Par contre la perte de
Chinosol atteint 30% environ apres stockage a 5°C
pendant 24 mois et 20% environ apres stockage a 37°C
pendant 4 mois. Lorsque les solutions sont conservees
it 5C dans des flacons de verre obtures par un bouchon
de caoutchouc non equilibre et une capsule d'aluminium,
la deperdition du phenol est beaucoup plus faible que
celle du Chinosol. On pourrait adopter ce mode de
fermeture pour les grands flacons renfermant des solu-
tions phenolees, mais on ne peut envisager d'y recourir si
les solutions renferment du Chinosol. Lorsqu'on emploie
des bouchons de caoutchouc pre-quilibre et des capsules
d'aluminium, on ne constate pratiquement aucune perte
de l'agent de conservation, qu'il s'agisse du phenol ou du
Chinosol, apres un stockage de 24 mois 'a 5°C. Si le
stockage a lieu a 37°C, la perte est au contraire tres

elevee. Le traitement des bouchons par le phenol a 0,3%
n'affecte ni leur apparence ni leurs propriet6s 'a l'issue de
24 mois de stockage 'a 5C et 37°C, alors que le traitement
par le Chinosol entraine apres stockage des flacons a 37°C
ou 25°C I'apparition de d6p6ts sur le caoutchouc qui
devient collant. On peut reduire fortement la perte par
evaporation du phenol ou du Chinosol durant le stockage
ia 37°C en enrobant de parafline la capsule et la partie
superieure du goulot du flacon. Le stockage des flacons
en position soit horizontale soit verticale n'affecte guere
la teneur des solutions en phenol ou en Chinosol si l'on
utilise des bouchons traites.
Quand les solutions de tuberculine sont additionnees

de Chinosol, le stockage provoque la formation d'un
precipite cristallin. Ce phenomene ne se produit pas avec
le phenol. Dans les solutions tampons de pH 7,38,
l'inactivation de l'antimicrobien par liaison avec le
Tween 80 est quatre fois plus importante dans le cas du
Chinosol que dans le cas du phenol. Cette liaison,
reversible, n'a toutefois qu'une importance reduite etant
donn6 la faible teneur en Tween 80 des solutions de
tuberculine.

Selon les auteurs, ces resultats montrent que le Chinosol
ne convient guere comme agent de conservation des
solutions de tuberculine. II devrait etre remplace par un
produit antimicrobien plus efficace et le phenol pourrait
avantageusement etre utilis6 ia cet effet.
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