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. INTRODUCTIDN.’

ERTHIOLATE® was first nsed as a biologic preservative in 1931.® Since
that time, this antiseptic has been used for this purpose in a wide range
of products including vaccines, toxoids, antigens of one kind or anather, plasma,
antisers, antitoxins, and others. Some of the properties of Merthiolate which
contributed to its acceptance as a preservative in parenteral preparations are
(1) water solubility, (2) compatibility with biologic materials, (3) relatively
Jow toxicity, and (4) effectiveness as a growth inhibitor of bacteria and fungi.
Our present interest in re-examining the use of Merthiolate as a biologic
preservative was stimulated by information from Dr. Jonas Salk? concerning
the deterioration in antigenicity of some poliomyelitis virus vaccines which con.
tained Merthiolate. When these preserved vaccines were subjected to in-
creased temperatures in the incubator or to shipping conditions during the sum-
mer, the protective value of the vaccine was severely reduced in many in-
stances. Although there was a significant variation of the effect of Merthiolate
in the various vaccines, this preservative appeared to be deleterious to the vac.
cine. Either the Merthiolate had an’ unexpeeted direct action on poliomyelitis
virus vaccine, or an unexpected set of conditions were being encountered in
which Merthiolate was being degraded and was being rendered destructive to
antigenieity.?

The antiseptic aetivity of Merthiolate (ethylmereurithiosalicylie acid,
sodium salt) can be attributed to a partial ionization of the compound to give
a low but effective level of ethyl mercuri jon (C.H,H,*), which blocks enzymatic
processes by combining with sulfhydryl groups on the enzymes. This ionization
is represented by the following equilibrium reaction: ¢

™ co,- CO,-

LE +] pd + GHE,

¢ SH,C,H, SH

The value of Merthiolate as a preservative over C.H,H,OH depends upon
the fact that it provides a reservoir of C,H,H,* at low concentration. The con-
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centration of thiosalieylate ion obviously controls the level of free C:H,H,* in

the solution. A study of some of the faet

thiosalicylate and Merthiolate in soluti

problem of the apparent incompatibility of Merthio

MATERIALS AND METHODS

Mertbialatc.—Mnrthinhu, 10 per cent agueous scluti

aAs amber-glass bottls under refrigeration

as a atock aolution.

ors which affect the stability of
ade_it possible to selve the

late and poliomyelitis vaccine.

on, Mfg. Lot 606083, was kept in

Water.—Glass redistilled water was ueed for the physical and chemieal studies in order
to minimize the effects of trace metal jons,

Chemicals —Analytical reagent grade chemicals were

reagents throughout, except as otherwise indica

dinlﬂdevrenpnpamdbythal.ﬂlyhbomm

Vorious M, lent and Trival

Poliomyelitis Virus

used for buffer salts and for

. Triglycice and 0,0’ dicarboxydiphenyl

Vaccines—~Thess were supplied

by the Biological Production Division of this company. The vaccines wern prepared from
the .

beutralized, had Merthiolate added in various concentrations. Varioua vaccines containing
Merthiolate ineluded additives such sa gelatin and glycine, whereas othera bad the trizodium

=it of ethylene diamins tetra-acetic acid (EDTA).
after beating at 37° Q. for varions Feriods, generally

Bffects of Trace Metal Ions on Merthiolate.—An

of different compounds on Merthiclate

The vactines were tested before and
up to 14 or 15 daya. )

accelerated test to study the effects

simply required holding the sample at elevated

temperatures. The buffered sclutions (px.':.o potassium

phosphate or pH 8.7 sodium

for specified times. After chilling, the samples were diluted and subjected to ultraviolet
analysis. Appropriate control samples were woed simultanecously.

Adsway of Merthiolote in Polio Vaccine~Detection of =ubtle changes in the Merthiolats
in vaccine required its extraction from the vaecine. Five milliliters of vaccine was scidified
ﬂhoxmLotuNHmudMﬁ&SnLofﬁuﬂydhﬁnzdc&n. After
nnwulo!thcctherhm,thenqumhyumsgﬁnﬂctadﬁth!nl.of'e&cr. The
combined ether solutions.were shaken with 5 ml of 1 per cent NaHCO,. This bicarbonate
solution was wsed for ultraviclet analysis.

dssays of Antigenicity—In order to

mice 1 week after 3 weekly deees of vaccine.
Thldlaﬂcnguﬁmwhichnhnmdin the onc-dose mouse immuaity testa of
different poliomyelitia vaccine Preparations (for example, special Mahoney, MEF, and Leon

straina) have already been described.?

serum-vitus neutralization tests conduct

“Model 11 Cary.

Mahoney, Lansing,
ed in mice.s

and Leon straina were used in,
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Comparative Bacteriostatic and Fungistatic Action.—~Soms of the above lots of polio-
myelitis vaccine preserved with Merthiolate jo the pressmes of EDTA and glycine were

uti] in comparative terioatatic an gistatic tests,_Tet organisms included »
laboratory strain of Staphylococcus aurews apd four atrains of fungi kept in these
laboratories for use in chemotherapy tests, Buch bacteriostatic and fungistatic tests were
deemed netessary to prove the efficacy of Merthiclats as a preservative in the vaceine in the
presence of these additives.

Effects of Thiosalicylote Ion on Fungicidal Activity of Merthiolate~—~One hundred.
ten-milliliter culture tubes containing starile Babouraud media were treated with 1 wl. of the
test golutions before inoculation with s mixture of 13 yeasta. The tubes were left at room
temperature and observed at intma}a for aigns of growth.

L3 v L]
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Fig. 1.~Ultraviclet spectra of 1.23 10-31 agueous Merthiolste sclutiona determined at
o 7 and 10 (Curve 1) and st o 2 iGimie sl PH

EXPERIMENTAL RESULTS

The Ultroviolet Absorption Curves of Merthiolate.—These are shown in
alkaline, neutral, and acid solution in Fig. 1. Although the spectrum at neutral
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PH does not have characteristic maxima and minima, the absorption is sufficiently

in a solution if control solutions of kmown composition are used as standards,

The changes in the ultraviolet spectrum of Merthiolate resulting from
-heating the solutions in the presence of 1.0 p.p.m. Cu* for various- periods are
illustrated in Fig. 2. This degradation of Merthiolate, as indicated by the
reduced absorption near 250 mp, was also proportional to the amount of Cp~
present in the solution. Sufficient amounts of metal ions were present in glass

T L T

ABSORBANCE

350 400
WAVE LENGTE (mp)

d?n ation of the compound. erthiolate, 1.23 X
10+, In 0.04M phosphate bufter, pH 7.0, and with 1 Cu*s was heated at 100° in
s amptles for §, 15, and 3 m&utm (Curves n.n.anl.n' mneeum vely Curve V shows

- {Ci and
memmuamu migutes heating when 0.01 per t
chelale the added Cu *». Curve IV resulted from heating 1.23 10-M CyHL.H, and 0.§2
10-M 0,0’ dicarboxydiphenyl disuifide for 30 minutes. x < x

redistilled water and analytical reagent grade chemicals to catalyze this break-
down at 100° C. The ferrie ion had less than 1 per cent of the catalytic effect
of the cupric ion.

'on'a-'feasihlemeﬁmﬂ'of'detectingﬁmhiohte S
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The ultraviolet absorption curve of the degraded Merthiolate was essen-
tially reproduced by warming a solution of ethylmerecuric chloride and 0,0
dicarboxydiphenyl disulfide at pH 7.0. (Curve IV of Fig. 2.) This indicates
that Cu** catalyzes the oxidation of thiosalicylate to the disulfide under these
conditions.

After the addition of stoicheiometric quantities of EDTA to chelate the
cupric jon, the Merthiolate remained stable in boiling water for prolonged
periods. The ultraviolet spectra before and after 30 minutes of heating are
reproduced as Curve V in Fig. 2. Although only one curve is shown, the
spectrum of the heated sample coincided exaetly with the unheated Merthiolate.
Glycine afforded some protection against the effects of Cu** but less than 6 per
cent as effective as EDTA. Triglycine and gelatin were nearly inactive as
stabilizing agents.

In order to determine the unchanged Merthiolate remaining in vaccines,
the preservative was extracted from the acidified vaccine with freshly distilled
ether. After shaking the ether solution with a bicarbonate solution, the aqueous
phase was subjected to ultraviolet analysis. Typical ultraviolet spectra of
samples extracted from vaccines subjected to different treatments are shown in
Fig. 3. Freshly added Merthiolate was readily extracted from the vaccine
(Curve I). When the preserved vaccine had been incubated for two weekn at
37° C., very little Merthiolate remained in an ether extractable form (Curve ITI).
In fact, the ether soluble material was very nearly the same as that from the
fresh vaccine without preservative (Curve III), indicating that the thiosalicylic
acid, the ultraviolet absorbing structure of Merthiolate, had been changed to
an ether insoluble compound. The addition of the EDTA at the same time
as the Merthiolate, however, prevented the accelerated breakdovwn of the
preservative. The ultraviolet absorbing material of this sample (Curve IV)
after three months at 37° C. was quite similar to that of freshly added Merthi-
olate (Curve I), but at a reduced concentration. Curve V was from a sample of
the same vaccine as used for Curve IV, but this vaccine was stored for three
months at §° C, :

Stability of Type 2 Vaccine Component in One-Dose Mouse Tests.—
Information gained from numerous exploratory tests led to the establishment of
comparative immunity and stability tests of the type 2 component in trivalent
poliomyelitis vaccine treated under controlled conditions as follows: vaccine
produced, inactivated, and neutralized in the regular wave was divided into
three samples. The first sample was used as the control without further treat-
ment. Merthiolate was added to the second sample at a concentration of 1:10,000
(0.000247 molar)., To the third portion were added Merthiolate at 1:10,000
and EDTA, trisodium salt, at a concentration of 0.00247 molar, After various
pericds of heating at 37° C. to accelerate deterioration, single 0.5 ml. doses of
the various vacecines in fivefold dilutions were injected intraperitoneally into
different groups of 10 mice. Three days later, these mice were given a challenge
dose of 0.1 ml. of special MEF1 poliomyelitis virus intravenously. This dose,
established by previous titrations, was inténded to be ahout 10 PD,,, and
was sufficient virus to kill or paralyze from 7 to 10 of a group of 10 norinal
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mice, included in every test. Furthermore, one-tenth.of this challenge dose
was sufficient usually to kill from 2 to 6 of another group of 10 normal mice.
Precise determination of exact number of PD,, of virus used in each test is
not necessary if the challenge dose is maintained in these limits. Seven days
after the injection of the challenge virus, final readings were made and recorded
in terms of mice appearing normal.

ABBORBANCE

WAVE LENGTH (mpn)

Fig. 3.—~Stabilization of Mutl;muu in vaccine. Ultraviolet apoctra of bicarbonate sclu-
tions containing the ether-extractable materia) Irom acidified vaceines. When Mecrthiclate was
used, the inj concentration way 0.01 &e cent. Curve 1, Freshly added Mcrthioiate. Curve
G AT R X L ST B
mmm'.ohundm.xmaammus-c. il . e T Vae

Results of these first tests are shown in Table 1. The unheated and
undiluted vaecine protected 10 of 10 mice, and vaccine diluted 1:5 protected
5 of 10 mice against the challenge dose of virus which killed (or paralyzed)

9 of 10 controls. Samples of all three vaccines heated for 5 or 10 days, respec-
tively, at 37° C. were included in this same test. It is noted from these results

6€ -¢THL
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that the vaccine sample preserved wi'th Merthiolate 1:10,000 (vaccine 2684-B),

——ﬁarlosr-ajl-of"its”type'z‘pmin!‘y‘a’fférjoﬂrn"mg. Vaccine withont

preservative (2684-A) and vaccine with Merthiolate and EDTA (2685-B)
appear practically unaffected by.heating. Subsequent tests of vaccine heated at
37° C. for eleven and fifteen days and certain repeat tests of vaceine heated
fifteen days as indicated in Table 1, gave the same general results; in other words,
by using the type 2 component of trivalent vaccine as an index of stability,
Merthiolate causes deterioration in potency, but the vaccine containing EDTA
in addition to the Merthiolate immunizes as well as the unpreserved vaceine.
Thus it became apparent in the early stages of this work that degradation
products of Merthiolate, and not the Merthiolate molecule, were responsible
for the loss of potency of the poliomyelitis vaceine.

Tasrxz L Brapmsry or Tyrx 2 CoMPoNENT OF TmivarEnT Isouolnfmm Vaccuiz Assarzn
b BY ONE-Desz Mousz Trsr

NCBMAL MICE/MICX USED, BIVEIN DAYS AFTER
CHALLENGE

15 | 15 15
DAYS | pAYS | DAYS

0 5 10 11 15 (x| (rx-| (me-
VACCINE DILUTION | DAYS | paYS | DaYS | DAYS | DaYE PEAT) | PRAT) | PRAT)
2684-A 8tr. 10/710 — 7710 — 8/10 — _— —
No Merthiolate 1:5 5710 — 510 — 7710 — — 6/8
1:25 -_— -— — —_ -— — 4710 §/10
1:125 - = = = = = 1710 -
2684-B 8tr. —_— - V10 —-— 1710 — _— —_—
Merthiolats 1:5 —_— - VIO — 1710 — — —
1:10,000 1:85 —_— -— —_ —_ — — J— —

. 1:125 —_— —_— - -— -— —_ — —
2685-B Str. —_— 710 — 8710 -_— 5/9 — o—
Merthiclate 1:5 — 810 — 810 ~ 7710 — 6/10

1:10,000 1:25 —_ — - — -— - 68710 110
EDTA 0.00247 M 1:125 — — — -_— -— —_— 410 —
Virus virulence 1 challenge /10 /10 1720 0/10 0710 2/10 3/10 0/10

controla dosae
o.:d challenge  7/10 7710 /10 2710 2/10 8/10 7/10 5710
ose

Dlumtnwuo!lﬂmmmw U toneal dose of 0.5 ml of the
indicated vaccine dijuticna ang 3 later were challonpagehite

Q-3 vlm“ The vertical columns in: te results with vactines heated at 37° C for varioua

Many different production lots of vaccine were tested for comparative type
2 response in mice using the same triad of samples (vaccine alone, vaceine with
Merthiolate, and vaceine with Merthiolate and EDTA) and different periods of

heating. These tests Proved to be feasible and rapid in assessing various produc- .

tion methods in Jarge scale preparation of vaceine.

Stability Tests of All 8 Components of Neutrolized Trivalent Vaccine in
N.1LH. Three-Dose Mouse Tests—The results just described from the one-dose
mouse tests with the type 2 component in trivalent poliomyelitis vaceine have

are injected with 3 weekly intraperitoneal doses of 0.5 ml. of vaccine in fivefold
dilutions, and one week after the third dose the mice are bled and the pooled

oy ~ECHL
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sera from the groups are subjected to serum-virns neutralization tests in
additional mice. Serum-virus dilutions involving types 1 and 3 are injected
intraspinally into groups of 10 mice for each sérumm aihrtiom; but—for—type—2
virus, the serum-virns dilutions are injected intracerebrally into similar groups
of mice. Test doses of virus per mouse comprise about 10 PD;, for types 1
and 3 and about 40 PD;, fof type 2. After final reading of the tests, the serum
dilution saving 50 per cent of the mice is computed. Table II gives the results
of this test applied to the same three heated vaccines tested previously by the
one-dose test. In Table II it is noted that vaccine 2684-A after 15 days at 37° C.
and without preservative immunizes mice sufficiently to show definite serum
antibody titers to all three types of virus. Contrastingly, vaccine 2684.B heated
with Merthiolate 1:10,000 does not immunize appreciably. However, when
0.00247 molar EDTA is added to Merthiolate 1:10,000 vaccine 2685-B, normal
immunization of the mice against all three types of virus is attained with the
heated vaccine. Thus, it has again heen demonstrated that the addition of 10
moles of EDTA per mole of Merthiolate prevents the decrease in protective
value of the poliomyelitis vaccine resulting from the addition of Merthiolate
alone.

Tastx II. STABILITY or TRIVALINT POLIOMYEZLITIS VACCINE ASSAYED 3Y Mounz
IMMUMIZATION AND SxEuM NEUTRALIZATION TrsTs®

e e e e e ——
BERUM-VIRUB NEIUTRALIZATION TEST OF BIRUM
FROM MICE IMMUNIZED A6 BHOWN IN
COLUMN 2
THRPE WEEELY (COMPUTED STRUM DILUTION FROTICIING
VACCINEG (BZATZD 15 | posEs or 0.5 Mi. 80% ar Mmicr)
pAYS AT 37° ) VACCINE DILUTED TYPE ) | T 2 | TYPE 3
2664-A. Undiluted 16.8 63 8.6
No Merthiclate 1:5 15 S.6 5.7
2684-B Undiluted <4 <4 <4
Merthiolste 1:10,800 1:8 <4 <4 <4
2685-B
: . Undilated 19.4 7.3 8.5
Merthiclate 1:10,000 + 1:5 .5 43 6.0

EDTA 0.00247 M
*Tests made as described by N. 1. H. Minimum Requirements.

Stability of Trivalent Vaccine Including Different Concentrations of

Merthiolate Without EDTA —In similar experiments, it was observed that the

type 1 component in neutralized trivalent polxomyeht.is vaccine falls in potency
somewhat faster in heat astability tests of vaccine preserved with Merthiclate
alone than the types 2 and 3 components. At a concentration of 1:10,000,
Merthiolate causes severe damage to the type 1 component and partial damage
to the type 2 component after 5 days of heating at 37° C. Only slight loss
in antigenicity of type 1 oteurs during the same peried if 1:20,000 Merthiolate
is used, whereas 1:40,000, 1:50,000, and 1:100,000 are nearly without effect.
However, if the period of heating is increased to 15 days, 1:100,000 Merthiolate
causes appreciable loss of potency of the type 1 component.

Effects of Different Concentrations of EDTA.—In earlier experiments, 10
moles of EDTA were used for each mole of Merthiolate. Since the optimum

Iv-€Z-HL
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concentration of the stabilizing aéem may be related to the amount of heavy

——

. -®__

metal 608 i the sohition and not to the amount or concentration of Merthiolate,
experiments were conducted to determine the margin of safety which a concen-
tration of EDTA of 0.00247 M would-have in stability tests of 2 weeks at 37° C.
under the ‘conditions surrounding the preparation of vaccine in these labo-
ratories. For this purpose, three fivefold decreasing conecentrations of EDTA
(0.00049 M, 0.000098 M, and 0.000019 M, respectively) were used in three Jots
of vaccine which were heated for 7 and 14 days at 87° C. Potency of the type
2 component in these three vaccines was determined by the one-dose vaccine
test in mice with direct challenge 3 days later. The results are shown in Table
III. If5 to 10 mice of groups of 10 live, the vaccine is considered reasonably
immunogenic. It appears, especially from the results in the 14 day column,
that EDTA 0.000019 M, or 0.08 mole per 1 mole Merthiolate, is not sufficient,
whereas 0.000098 M, or 0.4 mole EDTA per 1 mole Merthiolate is the minimal
concentration of stabilizing agent hecessary. This amount is one-twenty-fifth
the amount used in the test deseribed above; hence, there is a twenty-fivefold
safety factor in terms of stability of the type 2 component in the vaccine. Sinee
the type 1 component is somewhat more labile than the type 2, this safety factor
would be less, but still adequate, for type 1. EDTA, 0.00247 M, alone added to
meutralized vaccine has not been found to affect the potency of the vaccine
when heated at 37° C. for 15 days.

TaeLe ITI. ErrzcT or CONCENTRATION OF EDTA ox Hxar Srasmarr or Tyrz 2 CoxMpoNENT
or PoLioMYZLITIS Vaceinx Prrszmven Witw MerraloraTe 1:10,000

MO0LES

XDTA PER
MOLE NORMAL MICE/MICT USED

MERTHI- | pin. or | 7 DAYS AYTER CHALLYNGE
VACCINE EDTA OLATE VACOINE | 0 DAYB l z DAYS | 14 DAYS

2751 one (also zo Str. 10710 — —
(Parent lJot)* Merthjolate) -— g:gs 5/10 —_— _—
2759-A 8tr. — 10/10 -—
Merthiolate 1:10,000 0.00049 M 2 1:5 -_ 8/9 5/10
1:25 -— 9/9 4/10

3759-B Str. . -— 10710 -—
Merthiclate 1:10,000 0.000058 M 0.4 1: — 10/10 7/10
. 1:25 —_— 10/10 3710

2759-C 8tr. — 8/10 —
Merthiolate 1:10,000 0.000019 M 0.08 1:5 -_— 8/10 3/10
1:25 — 7/10 2/10
Virns virulence 1 chdllenge dose 110 2/10 1710
controla 0.1 challenge dose 7/10 7/10 5/10

at "guc-e-d’mrnan?e m:‘a:tn'mo\r a3say. Columns at right shaow days of heating of vaceine

*Same vaccine as 2684-A in Table I where hest stability §a shown.

Gelatin at 1:1,000 and 0.3 M glycine were also tried as a protective agent
for the vaccine. Although some stability was afforded by these compounds,
14 days of incubation at 37° C. caunsed an appreciable loss of activity in these
vaceines,

Cv-ET-H1L
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Lack of Stability of Nonneutralized Vaccines Containing Merthiolats and

_EDTM@aem—iomdd&deHMemmeemd—mme_bad*- N

been nentralized with sodium bisulfite. Vaceine preparations similar to those
referred to above, but comprising ‘‘ nonneutralized’’ samples, have been used in
parallel stability tests similar to the heating experiment indicated with the
neutralized vaceines. In contrast to the neutralized vaceine, the nonneutralized
vaccines with the Merthiolate preservative and EDTA suffer a loss in potency
in heat stability tests at 37° C. It is believed these results are so consistently
negative, either at 7 or 14 days’ heating, that detailed results need not be
tabulated here. It is impractical to use nonneutralized nonpreserved polio-
myelitis vaccine since the resigual formaldehyde per se causes loss of anti-
genicity (first of the type 1 component, then of the other types) and this is
readily demonstrable in stability tests conducted at 37° C. Furthermore, such
vaccine does not show inhibitory action against mold growth.

On the Lack vf Interference of EDTA on Antiseptic Action of Merthiolote.—
Tests were conducted to determine if addition of EDTA along with Merthiolate
to poliomyelitis vaccine, as has been described for the stabilization of the
vaceine solution, would affect the otherwise strong antiseptic activity of Mer-
thiolate.? Serial dilutions of various samples of poliomyelitis vaccine containing
Merthiolate 1:10,000 (0.000247 M) and varying EDTA concentrations were
made in Pen assay broth, and 0.1 ml. of a 24-hour broth cunlture of Staphylococcus
sureus was planted into 5 ml. amounts of these dilations. Readings of turbidity
were made after 24 hours’ incubation at 37° C. Concentrations of EDTA from
1 to 100 moles per mole of Merthiolate did not affect the antistaphyloccoceal
bactericstatic action of Merthiolate. A secand reading at 85 hours showed the
same results as the 24-hour reading except in onme tube which showed some
growth in the presence of 1:1,600,000 Merthiolate,

Additional tests were done against certain fungi, with the same general
result as follows: Dilutions of vaccines, both neutralized and nonneutralized,
containing EDTA (0.00247 M), glycine (0.3 M), and EDTA and preserved
with Merthiolate 1:10,000 were made up in medium 199; similar dilutions of
Merthiolate 1:10,000, alone, were made up in medium 199. These serial doubling
dilutions were planted with a heavy dose of spores of Penicillium frequentis,
Pusarium moniliforme, Mucor genevensis, and Aspergillus niger. The tubes
were left standing at room temperature for 10 days before readings were made.
Spore controls in medium 199 grew out in 1 or 2 days. The fungistatic titers
of the preparations containing Merthiolate and EDTA were the same as those
without EDTA. These data agreed with our results on the antifungal action
of Merthiolate published in 1934° It appears there i3 no suppression of the
fungistatic or bacteriostatic activity of Merthiolate by EDTA.

Effect of Thiosalicylate Ion on M. erthiolste—Twenty-five parts per million
of Merthiolate completely inhibited growth of a mixture of 13 yeasts in
Sabouraud media for 14 days. The addition of 8 x 10 M thiosalicylate ion
sufficiently reduced the fungistatic activity of Merthiolate at 100 parts per
million for growth to appear after seven days, Although the rate of growth
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