
others to devise various chromatographic procedures for sample 
preparation prior to spectrophotometric determination. The cur- 
rent method is an advancement over those procedures since the 
sulfonamide is determined directly on the separation medium. 
Presumably, the TLC method could be adapted for measurement 
of specific sulfonamide drug levels when sulfonamide mixtures are 
used. TLC conditions for separation of up  to 15 different sulfon- 
amides on one plate have been reported (19). 

Finally, the lower limit of sensitivity of the TLC procedure is a t  
least 20 times lower than is required for normal sulfonamide plas- 
ma concentration levels. This factor enabled the development of 
the very simple extraction procedure. In most laboratories, TLC 
has been utilized mainly as a qualitative tool. These new assay 
procedures for trimethoprim and sulfamethoxazole in plasma 
demonstrate that  TLC can also provide a rapid, sensitive, accu- 
rate, and specific means for quantitative determinations. 
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Interaction of 8-Hydroxyquinoline Sulfate with Components of 
Tuberculin M i e d  Protein Derivative Solutions III: 
Binding of 8-Hydroxyquinoline by 
Tuberculin Purified Protein Derivative 

H. R. HELD" and S. LAND1 

Abstract The interaction between the preservative 8-hydroxy- 
quinoline sulfate and macromolecules present in tuberculin puri- 
fied protein derivative solutions such as tuberculoprotein, nucleic 
acid, and polysaccharide was studied. In buffered solution (pH 
7.38), 8-hydroxyquinoline sulfate is dissociated to 8-hydroxyquin- 
oline and sulfuric acid, and it is the base 8-hydroxyquinoline 
that forms a reversible association with these macromolecules. 
The degree of binding of 8-hydroxyquinoline to tuberculoprotein, 
nucleic acid, and polysaccharide was shown to be a function of 
the concentration of these macromolecules. In commercial solu- 
tions of tuberculin purified protein derivative, the low concentra- 
tions of purified protein derivative used have little effect on the 
concentration of 8-hydroxyquinoline sulfate. Thus, for all practi- 

cal purposes the antimicrobial activity of 8-hydroxyquinoline sul- 
fate was not affected. 

Keyphrases 0 8-Hydroxyquinoline sulfate-interaction with 
components of tuberculin purified protein derivative Tuberculin 
purified protein derivative-interaction of 8-hydroxyquinoline 
sulfate with solution components, binding of 8-hydroxyquinoline 
0 Binding-8-hydroxyquinoline to tuberculoprotein, nucleic acid, 

and polysaccharide (components of tuberculin purified protein 
derivative) 0 Antimicrobial agents-interaction of 8-hydroxyquin- 
oline sulfate with components of tuberculin purified protein de- 
rivative 

8-Hydroxyquinoline sulfate1 is added to tuberculin 
purified protein derivative solutions as an antimicro- 

bial agent (2) .  In previous reports, the authors de- 
scribed how 8-hydroxyquinoline sulfate disappeared 
from these solutions when dispensed in glass vials 
stoppered with rubber closures. They showed that, in Chinosol (1). Eastman Organic Chemicals, catalog number 1776. 
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a buffered solution (pH 7.38), 8-hydroxyquinoline 
sulfate is dissociated into 8-hydroxyquinoline and 
sulfuric acid and that most of the loss of 8-hydroxy- 
quinoline sulfate from the solution was caused by 
sorption of 8-hydroxyquinoline by the rubber clo- 
sures (3) .  Furthermore, it was shown that 8-hydroxy- 
quinoline interacted with polysorbate 80, used as an 
antiadsorption agent in tuberculin purified protein 
derivative solutions (4),  and that  8-hydroxyquinoline 
reacted with traces of metals present in tuberculin 
purified protein derivative solutions to form dark 
precipitates. These metals also affected the antimi- 
crobial properties of 8-hydroxyquinoline (5, 6). 

In a previous report (41, it was mentioned that the 
interaction of 8-hydroxyquinoline sulfate with some 
macromolecules other than polysorbate 80 such as 
tuberculoprotein, nucleic acid, and polysaccharide, 
which are present in tuberculin purified protein de- 
rivative solutions, would be reported subsequently. 
Since i t  is known that preservatives and other organ- 
ic substances of small molecular weight interact with 
proteins (7-19), polysaccharides (20-23), and nucleic 
acids (19, 24-26) and that the bound preservative 
has no antimicrobial activity (15, 27), it was impor- 
tant to measure the degree of interaction that may 
take place between 8-hydroxyquinoline sulfate and 
these macromolecules. 

The solubility method (28), the equilibrium dialy- 
sis method (28), and the spectrophotometric method 
were used to measure the degree of interaction be- 
tween the components of tuberculin purified protein 
derivative and 8-hydroxyquinoline sulfate. 

EXPERIMENTAL 
Reagents-8-Hydroxyquinoline sulfate’, 8-hydroxyquin~line~, 

and polysorbate 80 (polyoxyethylene 20 sorbitan m ~ n o o l e a t e ) ~  
were used. 

Buffer Solution (pH 7.38)-Isotonic phosphate-buffered solu- 
tion (2) .  pH 7.38 (0.145% KHzPO4, 0.76% NazHP04, and 0.48% 
NaCI) was used. This buffer is also used to prepare the diluent 
(4. 5) for the preparation of tuberculin purified protein derivative 
solutions4, 

Tuberculin Purified Protein Derivative-Tuberculin purified 
protein derivative consists of tuberculoprotein, with its main im- 
purities being mycobacterial nucleic acid and polysaccharide. I t  
was of interest to determine the interaction of 8-hydroxyquinoline 
with each of these substances separately. The tuberculoprotein as 
well as the nucleic acid and the polysaccharide used was prepared 
from the culture filtrate of Mycobacterium tuberculosis grown on 
Long’c synthetic medium (29). The first step of the preparation 
consisted of precipitation of tuberculin purified protein derivative 
with trichloroacetic acid (4% final concentration). Besides tuber- 
culoprotein, the dry tuberculin purified protein derivative also 
contained 0.4% polysaccharide, 5% nucleic acid, and traces of 
metals (5). The tuberculin purified protein derivative was redis- 
solved in a phosphate-buffered saline to a volume of approxi- 
mately 4% of the original volume of the crude filtrate. This pro- 
vided a stock solution of tuberculin purified protein derivative des- 
ignated “tuberculin purified protein derivative stock solution” (29). 

Tuberculoprotein-To decrease the nucleic acid content of the 
purified protein derivative, the tuberculin purified protein deriva- 
tive stock solution was precipitated with an equal volume of satu- 
rated ammonium sulfate solution (pH 7.1). The precipitate was 
washed free of ammonium sulfate by repeatedly treating it with 
1% trichloroacetic acid solution. Finally, to remove most of the 
metals, the precipitate was redissolved in buffer solution (pH 

* Fisher Scientific Co., catalog number 0-261. 
3 Tween 80, Atlas Chemical Industries, Brantford, Canada. 

Mantoux. 

7.38) to form a 2% solution of purified protein derivative, and an 
excess of 8-hydroxyquinoline sulfate was added. This darkened 
the color of the purified protein derivative solution immediately, 
and a black precipitate formed within a few days and was re- 
moved by filtration5 (pore size 0.45 rm) .  To the clear filtrate, tri- 
chloroacetic acid (1% final concentration) was added and the pre- 
cipitate was dried with acetone and ether. The tuberculoprotein 
powder so obtained contained less than 0.1% nucleic acid and, 
when dissolved in buffer (pH 7.38), it did not form precipitates 
with 8-hydroxyquinoline sulfate. 

Polysaccharide-The supernate from the trichloroacetic acid 
precipitation of the culture filtrate was neutralized with sodium 
hydroxide, concentrated under vacuum, and dialyzed against 
running tap water. After dialysis, the contents of the dialysis bags 
were concentrated under vacuum until they became viscous. To 
this viscous concentrate an equal volume of acetone was added, 
and the precipitate obtained was dried in a vacuum desiccator 
until it became brittle enough to be ground in a mortar. The yel- 
lowish powder so obtained was a crude tuberculopolysaccharide of 
relatively high molecular weight and was designated Crude Poly- 
saccharide A. This polysaccharide was purified by passing it 
through a gel filtration column6 using water as an eluant (30). 
The fractions collected from the column were scanned by UV 
spectrophotometry and were tested by the anthrone reaction (31). 
The fractions showing the presence of polysaccharide were pooled 
and precipitated with ethanol. After centrifuging and vacuum 
drying, the polysaccharide, a snow-white powder, was designated 
Purified Polysaccharide A. 

The supernate of the acetone precipitation was evaporated 
under vacuum to dryness. The evaporation residue consisted of 
crude polysaccharides of medium and low molecular weights and 
was designated as Crude Polysaccharide B. 

Nucleic Acid-The supernate from the ammonium sulfate pre- 
cipitation of tuberculin purified protein derivative was dialyzed 
against running tap water. Then the contents of the dialysis bags 
were concentrated under vacuum and precipitated with acidified 
ethanol, washed with ethanol and ether, and vacuum dried. The 
white powder so obtained consisted of nucleic acid (29). A suffi- 
cient amount of this nucleic acid was further purified by paper 
electrophoresis (29). 

Molecular Weight and Light Absorption Spectrum of Tuber- 
culin Purified Protein Derivative-The molecular weight ranges 
of the tuberculoprotein, of the polysaccharides. and of the nucleic 
acid used were estimated from the elution patterns obtained 
when these substances were subjected to gel filtration on a col- 
umn6 (Fig. 1). The elution patterns of Blue Dextran, human 
serum albumin, egg albumin, ribonuclease, and phenol with ap- 
proximate molecular weights of 2,000,000, 67,000. 45,000, 14,700, 
and 96, respectively, are shown for comparison (Fig. 1).  The ab- 
sorbance, measured a t  various wavelengths and concentrations, is 
recorded only to show the relative locations of the peaks. There- 
fore, no values are given for the absorbance (Fig. 1 ) .  

The UV light absorption spectra of the preparations used are 
shown in Fig. 2. 

Preparation of Solutions-A 5% solution of the test substance 
in buffer (pH 7.38) was prepared first. Solutions of lower concen- 
tration were obtained by diluting the 5% solution with buffer (pH 
7.38) to the required concentration. When the 5% solution of tub- 
erculoprotein was prepared, the required amount of 1 N NaOH 
was added to maintain the pH of the buffer a t  7.38. In the case of 
nucleic acid, the following procedure was used. Nucleic acid and 
an equivalent amount of sodium bicarbonate were dissolved in as 
little buffer as possible while stirring until the development of 
carbon dioxide stopped and the pH of the solution was pH 7.38. 
Then more buffer was added to obtain concentrations of nucleic 
acid of 5% or lower. 

Determination of 8-Hydroxyquinoline Sulfate-The 8-hy- 
droxyquinoline sulfate concentration of a solution was determined 
by measuring its absorbance7 a t  239 nm after dilution with buffer 
(pH 7.38) and comparing it with the absorbance at the same 
wavelength of a standard solution. 

Since tuberculoprotein, polysaccharide, and nucleic acid also 
absorb UV light (Fig. 2). their own absorption had to be taken 

5 Millipore 
6 Sephadex G200, Pharmacia Fine Chemicals, Uppsala, Sweden ’ Beckman model DU spectrophotometer. 
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Figure 1-Elution pattern of various substantes after passing 
through one column. Key:  a (from left to right), Blue Dextran, 
human serum albumin, egg albumin, ribonuclease, and phenol 
of molecular weights 2,000,000,67,000,45,000,14,700, and 96, 
respectively; b, tuberculoprotein; c, Purified Polysaccharide A 
of high molecular weight (the solid line) and Crude Polysac- 
charide B (the broken line representing a mixture of  crude 
polysaccharides of medium and lower molecular weight) ; and 
d ,  mycobacterial nucleic acid. 

into consideration when 8-hydroxyquinoline was measured in 
their presence. The absorption at  239 nm due to the known 
amount of tuberculoprotein or polysaccharide present was sub- 
tracted from the absorption of the mixture to obtain the absorp- 
tion due to 8-hydroxyquinoline sulfate. 

In the case of nucleic acid, this correction was considered too 
large to obtain precise results. Therefore, the following procedure 
was used to remove most of the nucleic acid from the samples. To 
1 ml of the solution containing nucleic acid and 8-hydroxyquino- 
line sulfate was added 3 ml of acidified ethanol. The mixture was 
centrifuged8 in closed Pyrex glass tubes at 5000 rpm for 10 min. A 
0.1-ml aliquot of the clear supernate was added to 9.9 ml buffer 
solution (pH 7.38), and the UV absorption at 239 nm was mea- 
sured. An identical solution containing the same amount of nu- 
cleic acid but no 8-hydroxyquinoline sulfate was submitted to 
the same procedure; to obtain the absorption due to 8-hydroxy- 
quinoline sulfate, the absorption of this solution was subtracted 
from the absorption of the solution containing nucleic acid and 
8-hydroxyquinoline sulfate. 

Solubility Method-The solubility of 8-hydroxyquinoline sul- 
fate in buffered solution (pH 7.38), containing various amounts of 
the tested macromolecular substance, was evaluated by placing 
into glass ampuls 1.5 ml of this solution and an excess of 8-hy- 
droxyquinoline sulfate (40 mg of a mixture consisting of equivalent 
amounts of 8-hydroxyquinoline sulfate and sodium bicarbonate). 
The ampuls were flame sealed and agitated for 48 hr a t  23". The 
contents of the ampuls were then clarified either by centrifuga- 
tion in glass-stoppered tubes or by filtrationg (pore size 0.45 pm), 
and the 8-hydroxyquinoline sulfate in the clear solution was de- 
termined spectrophotometrically. To reduce evaporation losses, 
pressure rather than vacuum was applied to the filter. 

Dialysis Method-The dialysis membranes consisted of small. 
thin nylon bagsl0 which had been preequilibrated against 8-hy- 
droxyquinoline sulfate by ke6ping them for 10 days in 1 liter of 
buffered solution (pH 7.38) containing 0.08% 8-hydroxyquinoline 

Servall SS-3 centrifuge. 
Millipore HAWP1300. 

lo Supplied by Holland Rantos Co.. New York, N.Y. 

sulfate. Into each bag was placed 2 ml of a buffered solution (pH 
7.38) containing 0.08% 8-hydroxyquinoline sulfate and various 
amounts of the tested macromolecular substance. Each nylon bag 
was then placed in a glass-stoppered weighing bottle containing 2 
ml of a 0.08% solution of 8-hydroxyquinoline sulfate in buffered 
solution (pH 7.38). Each bottle was then stoppered tightly with 
the end of the nylon bag protruding to the outside of the bottle, 
thus providing also a tight closure for the nylon bag. To minimize 
evaporation losses, the weighing bottles were then placed in a 
larger closed glass container which also contained some buffer 
(0.08% 8-hydroxyquinoline sulfate), and the whole system was ag- 
itated for 4 days a t  23". After this time, an equilibrium between 
the inner and outer solutions of the dialysis membranes was 
reached, and samples were taken from the inside and outside of' 
the nylon bags to determine the concentration of S-hydroxyquino- 
line. 

Spectrophotometric Method-If a solution contains two sub- 
stances that do not interact, the light absorption of the solution 
at each wavelength will be the sum of the light absorption of 
each substance. If an interaction occurs, then the light absorption 
of the mixture will not be the same a t  all wavelengths and a shift 
in the spectrum will occur. Obviously, the shift will increase with 
an increasing percentage of the bound substance present. There- 
fore, these spectrophotometric observations had to be done a t  
fairly high concentrations of 8-hydroxyquinoline sulfate (0.05%) 
and of the interacting substances, namely, 1 and 5% polysorbate 
80. 0.3% tuberculoprotein, 1% polysaccharide, and 0.2% nucleic 
acid. At these concentrations, some absorbance measurements7 
had to be done in quartz cells, allowing light paths of 1, 0.1, and 
0.01 cm. 

Different light paths (0.1-10 cm) were also employed when 
measuring the spectrum of 8-hydroxyquinoline sulfate a t  various 
concentrations. The values for the 2- and 10-cm light paths were 
obtained by calculation from the absorbance of the I-cm light 
path. 

On the other hand, the quantitative determination of 8-hy- 
droxyquinoline sulfate (1-cm cells) was not affected by the shift in 
the spectrum due to the presence of tuberculin purified protein 
derivative, since these measurements were done after a high dilu- 
tion of the sample. 

RESULTS 

Interaction between Components of Tuberculin Purified Pro- 
tein Derivative and  8-Hydroxyquinoline at pH 7.38-When 8- 
hydroxyquinoline sulfate is dissolved in a buffered solution (pH 
7.38), it is dissociated into 8-hydroxyquinoline and sulfuric acid; 
it is the base 8-hydroxyquinoline that interacts with polysorbate 
80 (4), with metals (5), or with other macromolecules such as tu- 

g 1.0 

z 
z 

rY 

a m 

m a 
0.5 

220 240 260 280 300 320 
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Figure 2-UV absorption spectra in buffered solution ( p H  
7.38). Key:  A ,  Purified Polysaccharide A (1000 pg/ml);  B ,  
polysorbate 80 (100 pgglml); C ,  tuberculoprotein (100 pgglml); 
D,  nucleic acid (50 pgglml); and E ,  8-hydroxyquinoline sulfate 
(5 pglml) .  
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Table I-Degree of Binding of 8-Hydroxyquinoline by 
Tuberculoprotein Calculated* from the Solubility Increase 
of 8-Hydroxyquinoline Sulfate due  t o  the Presence of 
Tuberculoprotein 

Binding of 8-Hydroxy- 
quinoline, Expressed as 

Ra t io  of 
Tuberculoprotein 

% w / v  T u b / m l  To ta l /F ree  % of T o t a l  

5 1 . 9 4  48.45 
3 . 7 5  
2 .50  
1 .25  
1 . 0  

1.709 41.49 
1.470 31. G i  
1.235 19.03 
1 .188  15 .82  

0.625 1.1175 10.51 
0 . 2  100,000 1.0376 3 . 6 2  
0 . 1  50.000 1.0188 1.85 ~ _ _  
0.01  5 1000 i.oOiS8 0 . 1 8 8  
0,001 500 1.00019 0.019 
0.0001 50 1.00002 0.002 
0 0 1.00000 0.000 

Calculated from the slope (0.188) of curve a (Fig. 3), using the following 
equation: % bound = 100% - (100/R)(&. R = ratio of total/free. 'The 
biological potency of tuberculin is expressed in tuberculin units (Tu). One 
Tu is biologically equivalent to 0.00002 rng of PPD-S (36), which is the 
mtemational standard for tuberculin purified protein derivative. 

berculoprotein, polysaccharide, and nucleic acid. Nevertheless, 
since in the literature dealing with tuberculin the concentration 
of this preservative is given as percentage of 8-hydroxyquinoline 
sulfate, the authors have expressed all measurements in 8-hy- 
droxyquinoline sulfate equivalents. 

Interaction Evidenced by Solubility and Dialysis Methods 
-7'uberculoprotein-Figure 3 (curve a )  shows the degree of inter- 
action of tuberculoprotein with 8-hydroxyquinoline sulfate, as de- 
termined by the solubility method. The degree of interaction, ex- 
pressed as the ratio R = total/free preservative, was small when 
compared to the interaction of 8-hydroxyquinoline sulfate with 
nonionic surfactants, such as polysorbate 80 (Fig. 3, curve e )  (4 ) .  

0.3 

3 
0 cn 

0.1 

W 
w 
IL 
U -. 1 

4 

2L 

1 

0- 
0 1 2  3 4  5 

Figure 3-Solubility of 8-hydroxyquinoline sulfate in  a 
buffered solution ( p H  7.38, 23")  containing various amounts 
of macromolecular substances present in  tuberculin purified 
protein derivative. The increase in solubility represents the 
bound 8-hydroxyquinoline. The binding, calculated as the 
ratio R = total/free, is shown at the right scale. Key:  a,  tuber- 
culoprotein; b, nucleic acid; c, Crude Polysaccharide A; d ,  
Purified Polysaccharide A; and e ,  polysorbate 80. The slopes 
for the interaction curves (solubility method) were: a ,  0.188; 
b,0.160;c,0.068;d,0.018;ande,1.06. 

MACROMOLECULE, % w/v  

Table 11-Degree of Binding of 8-Hydroxyquinoline b y  
Tuberculoprotein Calculated0 from the Ratio Ci/C, 
(Dialysis Method at  pH 7.38 using a Nylon Dialysis Bag) 

Binding of 8- 

droxvauinoline Inside (C.1 Exuressed as 
Concentration of 8-Hy- Hydroxyquinoline, 

a n d  Outside (C,) of '  -' 

Tuberculo- Nylon B a g  Ra t io  of 
protein, To ta l /  % of 
% W/V ci, % C,, % CJC, F r e e  To ta l  

5 0.105 0.057 1 . 8 4  1 . 8 4  4 5 . 6  
3.75 0.102 0 .062  1 . 6 5  1 . 6 5  3 9 . 4  
2 5  0 093 0 065 1 43 1 43 30 0 
1 25 0 086 0 071 1 21 1 21 17 4 
0 625 0 082 0 074 1 11 1 11 9 9 
0 0 .08  0 .08  1 . 0  1 . 0  0 

The ratio Ci/Co is numerically equal to the ratio R = total/free preserva- 
tive. For calculation of the degree of binding, the equation given as a foot- 
note in Table I was used. The slope of the interaction curve (dialysis method) 
was0.171. 

Based on the slope of the interaction curve (Fig. 3, curve a) ,  the 
amount of 8-hydroxyquinoline sulfate bound to tuberculoprotein 
could be calculated. Table I shows that in a concentrated stock 
solution (170 tuberculoprotein). approximately 15.8% of the total 
8-hydroxyquinoline sulfate present was bound to the tubercu- 
loprotein, while in a dilute solution [O.OOOl% tuberculoprotein, 50 
tuberculin units (Tu)/ml)], a negligible amount of approximately 
0.002% of the total 8-hydroxyquinoline sulfate present was bound 
to tuberculoprotein. 

When the dialysis method was used for the determination of 
the interaction of 8-hydroxyquinoline sulfate with tuberculopro- 
tein (Table II), the findings obtained by the solubility method 
were confirmed. In fact, Tables I and I1 show that the degree of 
binding of 8-hydroxyquinoline sulfate to tuberculoprotein as de- 
termined by these two methods was of the same order. 

The interaction between tuberculoprotein and 8-hydroxyquino- 
line sulfate was reversible. This was evidenced by the fact that 
the nylon bags, from the dialysis experiment containing tubercu- 
loprotein and 8-hydroxyquinoline sulfate, lost all of their 8-hy- 
droxyquinoline sulfate when dialyzed against a large volume of 
buffer at  pH 7.38. 

Nucleic Acid-If mycobacterial nu'cleic acid and 8-hydroxyquin- 
oline sulfate were simultaneously present in buffered solution 
(pH 7.38), the nucleic acid interacted reversibly with 8-hydroxy- 
quinoline. Figure 3 shows that the degrees of interaction between 
8-hydroxyquinoline sulfate and nucleic acid (curve b )  and tuber- 
culoprotein (curve a )  as determined by the solubility method are 
of the same order. 

PolS'saccharide-Figure 3 (curves c and d )  represents the inter- 
action between 8-hvdroxyquinoline sulfate and Crude Polysaccha- 
ride A and Purified Polysaccharide A, as  indicated by the solu- 
bility method. The degree of interaction of 8-hydroxyquinoline 
sulfate with Crude Polysaccharide A and B was practically the 
same (curve c) but much less than the interaction between 8-hy- 
droxyquinoline sulfate and tuberculoprotein (curve a) or nucleic 
acid (curve b) .  However, the degree of interaction with Purified 
Polysaccharide A was extremely small (curve d). Presumably, 
part of the interaction shown by the crude polysaccharides was 
due to some impurities. 

Interaction Evidenced by Spectrophotometric Methods-Bv 
using the solubility and dialysis methods, it was found that the 
degree of interaction between 8-hydroxyquinoline and substances 
of relatively high molecular weight, which are present in tubercu- 
lin purified protein derivative, is small. Therefore, additional 
evidence of this interaction was sought by measuring the spectrum 
of 8-hydroxyquinoline in buffered solution alone and in buffered 
solution containing a fairly high concentration of these substances. 
The evidence that interaction had occurred was based on the change 
in the spectrum of 8-hydroxyquinoline in the presence of these sub- 
stances. Polysorbate 80, which is known to interact strongly with 
8-hydroxyquinoline (4 ) .  was included for comparison. To see the 
effect of the interaction, Figs. 4-7 each shows three curves ob- 
tained by measuring the absorption of W light, namely of 8-hy- 
droxyquinoline, of the tested macromolecular substance, and of the 
mixture of 8-hydroxyquinoline with the macromolecular sub- 
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Figure 4-Effect of polysorbate 80 on the absorption spectrum 
of 8-hydroxyquinoline sulfate in buffered solution ( p H  7.38). 
Key: . . ., 5% polysorbate 80; -.-., 5% polysorbate 80 and 
0.05% 8-hydroxyquinoline sulfate; -, 0.05% 8-hydroxyquin- 
oline sulfate; and - - -, 0.05% 8-hydroxyquinoline sulfate in the 
presence of ,  and corrected for, absorption due to 5% poly- 
sorbate 80 (upper section) and 1 % polysorbate 80 (lower sec- 
tion). 

stance. In addition, to see more easily the effect of the macromol- 
ecule on the spectrum of 8-hydroxyquinoline, Figs. 4-7 show a 
fourth curve which was obtained by subtracting the absorption of 
the macromolecule from that of the mixture of 8-hydroxyquino- 
line with the macromolecule. This calculated curve represents the 
light absorbed by 8-hydroxyquinoline when in the presence of the 
macromolecule. 

Polysorbate 80-Figure 4 shows the spectrum of 8-hydroxyquin- 
oline (0.05%) alone and in presence of 5% polysorbate 80 (Fig. 4, 
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Figure B-Effeect of tuberculoprotein on the absorption spec- 
trum of 8-hydroxyquinoline sulfate in buffered solution ( p H  
7.38). Key:  . . . , 0.3% tuberculoprotein; -.-., 0.3% tuber- 
culoprotein and 0.05% 8-hydroxyquinoline sulfate; -, 
0.05% 8-hydroxyquinoline sulfate; and - - -, 0.05% 8-hy- 
droxyquinoline sulfate in the presence of 0.3% tuberculoprotein 
and corrected for absorption due to tuberculoprotein. 
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Figure 6-Effect of polysaccharide on the absorption spec- 
trum of 8-hydroxyquinoline sulfate in buffered solution (PH 
7.38) .  Key:  . . . , 1 % polysaccharide; -.-. , 1 % polysaccharide 
and 0.05% 8-hydroxyquinoline sulfate; -, 0.05% 8-hy- 
droxyquinoline sulfate; and - - -, 0.05% 8-hydroxyquinoline 
sulfate in the presence of 1 % polysaccharide and corrected for 
absorption due to polysaccharide. 

upper section) and 1% polysorbate 80 (Fig. 4, lower section). Po- 
lysorbate 80 caused the disappearance of the absorption peak at  
270 nm, and there was a spectral shift over the whole spectrum 
from 220 to 500 nm which was especially pronounced between 370 
and 500 nm . 

In the case of polysorbate, the spectral change was also visually 
recognizable by the disappearance of the yellow color of the 8- 
hydroxyquinoline solution when polysorbate 80 (5% final concen- 
tration) was added to it. 

Tuberculin Purified Protein Derioatiue-Tuberculoprotein as 
well as Purified Polysaccharide A or nucleic acid caused an in- 
crease in absorption from approximately 350 to 420 nm (Figs. 
5-7). In addition, tuberculoprotein and Purified Polysaccharide A 
caused the disappearance of the light absorption peak at  270 nm 
(Figs. 5 and 6). No attempt was made to measure the effect of 
nucleic acid on the spectral peak of 8-hydroxyquinoline at  270 
nm, since the absorption of nucleic acid was too strong in this re- 
gion (Fig. 7). 

DISCUSSION 

The fact that  tuberculoprotein, mycobacterial nucleic acid, and 
polysaccharide present in tuberculin purified protein derivative 
interacted with the preservative 8-hydroxyquinoline sulfate was 
not surprising, since it was well known that other representatives 
of these groups of macromolecules interact with numerous sub- 
stances. For instance, proteins such as plasma proteins (7-13). 
lactoglobulins (14). gelatin (15) ,  bacterial proteins (16), and oth- 
ers (17-19) interact with numerous drugs, preservatives, deter- 
gents, dyes, and other substances. Polysaccharides such as 
starches ( Z O ) ,  dextrins (21, 22), sucrose esters (23), and others 
(19) interact to a low degree with drugs, dyes, and other sub- 
stances. Nucleic acids (19, 24-26) interact with peptides, dyes, 
antibiotics, and other substances. However, Table I shows that 
the loss of preservative due to its binding to tuberculoprotein was 
negligible because of the relatively low concentration in which tu- 
berculin purified protein derivative is usedll. Furthermore, the 
degree of interaction with some impurities contained in tubercu- 
lin purified protein derivative solutions, such as nucleic acid and 
polysaccharide, was still smaller and, therefore, the loss of preser- 
vative due to their presence was also negligible. 

The small degree of interaction of 8-hydroxyquinoline with tu- 
berculin purified protein derivative as measured by the solubility 
method and the dialysis method was confirmed by observing 
changes in the light absorption spectrum of 8-hydroxyquinoline 

l1 Mantoux testing (O.OOOl%i and for Heaf testing (0.2%). 
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Figure 7-Effect of nucleic acid on the absorption spectrum 
of 8-hydroxyquinoline sulfate in a buffered solution ( p H  7.38). 
Key: . . ., 0.2% nucleic acid; -.-., 0.2% nucleic acid and 
0.05% 8-hydroxyquinoline sulfate; -, 0.05% 8-hydroxy- 
quinoline sulfate; and - - -, 0.05% 8-hydroxyquinoline sulfate 
in  the presence of 0.2% nucleic acid and corrected for absorp- 
tion due to nucleic acid. 

when tuberculoprotein, polysaccharide, or nucleic acid was pres- 
ent. No attempt will be made here to draw any conclusions from 
the spectral changes as to which groups of 8-hydroxyquinoline 
and of the macromolecules do interact except to say that the ab- 
sorption peak of 8-hydroxyquinoline a t  270 nm may be caused by 
association between several molecules of 8-hydroxyquinoline, 
since this peak disappeared at  higher dilution but became more 
pronounced with increasing concentration of 8-hydroxyquinoline 
(Fig. 8 ) .  Thus, if the presence of polysorbate 80, tuberculoprotein, 
or polysaccharide reduced the size of the peak at  270 nm, it would 
indicate that the association of 8-hydroxyquinoline was retarded 
by interacting with these macromolecules, and this would explain 
the increase in solubility of 8-hydroxyquinoline in the presence of 
these macromolecules. Furthermore, the changes in the light ab- 
sorption spectrum due to interaction are of interest, since they 
can be determined in a few minutes, while the solubility and di- 
alysis studies require days to be completed. The spectral shifts 
shown in Figs. 4-7 were determined 5-10 min after the mixing of 
8-hydroxyquinoline sulfate with the test substance, and there was 
no further change afterward. This would indicate that the inter- 
action between 8-hydroxyquinoline and purified protein deriva- 

250 350 450 
WAVELENGTH, nm 

Figure 8-Effect of various concentrations of 8-hydroxy- 
quinoline sulfate on its absorption spectrum at p H  7.38. Con- 
centration of 8-hydroxyquinoline sulfate was: A ,  5 pglml;  
B, 2ii pglml; C,  100 pg/ml;  and D ,  500 pg/ml. The light path 
was 10,2,0.5, and 0.1 cm for A ,  B ,  C,  and D ,  respectiuely. 

tive may take place very fast after the mixing of these two sub- 
stances. 

One difficulty in obtaining valid measurements of the interac- 
tion between the components present in tuberculin purified pro- 
tein derivative solutions and 8-hydroxyquinoline sulfate was due 
to the fact that  tuberculoprotein is a very complex mixture of 
proteins which differ in their physical properties and which cover 
a wide range of molecular weights (32, 33); hence, the percentage 
distribution pattern of these proteins will vary from lot to lot of 
purified protein derivative. Therefore, the values determined for 
the interaction can only be expected to be strictly valid for the 
particular lot of tuberculoprotein, polysaccharide, or nucleic acid 
used. However, the degree of interaction of 8-hydroxyquinoline 
and, for instance, tuberculoprotein prepared from different lots of 
culture filtrate can be expected to be of the same order. 

Some difficulties encountered when 8-hydroxyquinoline sulfate 
is used as a preservative (34) can be overcome if phenol, which is 
the preservative used in our tuberculin purified protein derivative 
solutions, is employed. In fact, work done in these laboratories 
(35) showed that the degree of interaction between phenol and 
the components present in tuberculin purified protein derivative 
solutions is much smaller for phenol than for 8-hydroxyquinoline 
sulfate. This is particularly true in the case of tuberculin solution 
for Heaf testing where the presence of glycerol binds 61.5% of 8- 
hydroxyquinoline sulfate as compared to 28.5% of phenol (35). 
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Influence of Sodium Salicylate on Metabolism of 
Lathyrogen-Treated 3T6 Fibroblasts in Culture 

JOSEPH J. A L E 0  

Abstract The effect of sodium salicylate on the metabolism of 
3T6 fibroblasts treated with the lathyrogen P-aminopropionitrile 
was studied. A 5 m M  concentration of the lathyrogen and/or 
0.5 m M  sodium salicylate was used to study proliferation, collagen 
synthesis, and mucopolysaccharide synthesis as measured by 
35S04 incorporation. Sodium salicylate was able to reverse all la- 
thyrogen-mediated changes to control or near control values. The 
diversity of these biosynthetic activities suggests that  the influ- 
ence of sodium salicylate on lathyrogen-treated cells is a result of 
a general metabolic effect rather than a specific one; the exact 
mechanism of action remains unknown. 

Keyphrases Sodium salicylate-effect on metabolism of fibro- 
blasts treated with 8-aminopropionitrile, proliferation, collagen 
synthesis, and mucopolysaccharide synthesis 0 Lathyrogens, 0- 
aminopropionitrile-used to treat fibroblasts, effect of sodium sa- 
licylate on fibroblast metabolism p-Aminopropionitrile-used to 
study effects of sodium salicylate on metabolism of lathyrogen- 
treated fibroblasts Fibroblasts (3T6), P-aminopropionitrile 
treated-effects of sodium salicylate on metabolism, proliferation, 
collagen synthesis, and mucopolysaccharide synthesis 0 Metabo- 
lism-p-aminopropionitrile-treated fibroblasts, effects of sodium 
salicylate 

The lathyrogen 0-aminopropionitrile fumarate in a 
concentration of 5 m M  has been shown to depress cell 
proliferation while enhancing the synthesis of colla- 
gen, noncollagenous protein, glycogen, and mucopol- 
ysaccharides (1-4). Lesser concentrations of the la- 
thyrogen do not exhibit these changes. Both the 
higher and lower concentrations, however, do affect 
collagen maturation, which is thought to be due to 
an inactivation of lysyl oxidase resulting in a defi- 
ciency of lysine-derived aldehydes (5).  The dis- 
crepancies in data among studies are no doubt due 
to differences in cell lines used, experimental condi- 
tions, and, most important, concentrations of the la- 
thyrogen employed. 

Among the antirheumatic drugs, salicylates have 
been shown to have a beneficial influence on changes 
in experimental lathyrism by decreasing the elevated 
proportion of extractable collagen in tissues and the 
disappearance of the typical histological changes 
seen in the disease (6-8). Salicylates have also been 
shown to modify collagen and mucopolysaccharide 
synthesis to a greater extent than noncollagenous 
protein (9). Other researchers reported that they 
stimulate the turnover of collagen in general and its 

maturation in particular (10) while inhibiting the 
growth of human embryonic cells (1 1). 

In the present study, an attempt was made to as- 
certain whether the influence of sodium salicylate 
was limited primarily to correcting the collagen mat- 
uration defect brought about by low concentrations 
of the lathyrogen (1 or 2 mM) or whether sodium sa- 
licylate affects other metabolic alterations such as 
those resulting from a 5 m M  lathyrogen concentra- 
tion. 

EXPERIMENTAL 

Materials and  Methods-The 3T6 fibroblasts (12) were grown 
in the presence of 10% COz in 60 X 15-mm plastic petri dishes in 
the Dulbecco-Vogt modification of Eagle's medium containing 
10% calf serum. Five-day-old cultures were trypsinized and resus- 
pended into a common culture having approximately 100,OOO 
cells/ml. The common culture was then divided into four equal 
portions: P-aminopropionitrile was added to one a t  a concentra- 
tion of 5 mM; sodium salicylate was added to the second a t  a con- 
centration of 0.5 mM; P-aminopropionitrile (5 mM) and sodium 
salicylate (0.5 mM) were added to the third; and the fourth served 
as a control. The dosages of the lathyrogen and sodium salicylate 
used were established by assessing the toxicity of various concen- 
trations. It was found that 5 m M  6-aminopropionitrile and 0.5 mM 
sodium salicylate produced the maximum response without al- 
fecting cell viability. 

Replicate cultures were prepared by dispensing 5 ml of cell sus- 
pension into each culture plate and incubating them a t  37". The 
medium was changed three times weekly for the duration of the 
experiment. Cells were harvested a t  2, 4, 7, 9, 11, and 14 days. All 
media were pooled and saved for analysis, so the data represent 
total synthesis of material to the day of harvest. For analysis the 
medium was decanted and centrifuged at  200Xg for 10 min to re- 
move any dislodged cells or debris, and the cell layer was de- 
tached by using a razor blade or by incubation with 0.02% ethyl- 
enediaminetetraacetic acid in a phosphate buffer. Quantitation 
was based on both the cell count and DNA content (13), taking 
the average of three identically treated plates separately ana- 
lyzed. 

Chemical Analysis-Collagen Synthesis-Hydroxyproline in 
the medium and cell layer was determined by the method of 
Prockop and Udenfriend (14). Recoveries by this method aver- 
aged 86.8 f 4.2%. All readings' were made at 560 nm. The medi- 
um was dialyzed exhaustively and then hydrolyzed in 6 N HCI for 
16 hr at 104" before analysis. Unused medium served as a blank. 

The solubility of the cell layer was determined as follows. Salt- 

Hitachi-Perkin-Elmer spectrophotometer. 
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