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determined by their ability to maintain their posi-
tion on a rotating rod.

(d) The most pronounced prolongation of hexo-
barbital sleep time in mice was produced by GPIB.
Less impressive, but nonetheless significant, was
the sleep potentiating effect of APIM. In equi-
molar concentrations neither PIA nor BPIP ex-
hibited any influence on barbiturate depression.

(e) At comparatively high doses, the aldehydes
were frequently observed to produce lacrimation,
salivation, and flushing of the paw pads and ears,
observations that prompted examination of the
drugs for possible cholinomimetic activities.

{f) The estimated order of decreasing activity as
lacrimatory stimulants in rats was APIM, BPIP
(PIA), GPIB. This action was blocked by atropine
premedication.

(g) None of the aldehydes provoked chromo-
dacryorrhea in rats.

(k) PIA and BPIP and GPIB evoked short-lived
tonic contractions in isolated guinea pig ileum that
could be blocked by atropine. APIM produced only
mild gut relaxation. There appears to be little rela-
tionship between the aldehydes’ spasmogenic prop-
erties and their ability to stimulate lacrimation.

REFERENCES

(1) Liebreich, O., “Das Chloralhydrat ein neuer Hypno-
ticum und Anastheticum,” Berlin, Germany, 1869.

(2) Wheeler, K. W, in ‘“Medicinal Chemistry,” vol. VI,
Campaigne, E. E., and Hartung, W. H,, eds., John Wiley &
Sons, Inc., New York, N. Y., 1963, p. 210.

819

(3) Sollmann, T., ““A Manual of Pharmacology,”’ 8thed.,
W. B. Saunders Co., Philadelphia, Pa., 1957, p. 929_.

(4) Maynert, E. W., in “Drill’s Pharmacology in Medi-
cine,” 3rd ed., Di Palma, J. R., ed., McGraw-Hill Book Co.,
New VYork, N.Y., 1965, p. 169.

(6) Radde, E., Ber., 55b, 3174(1922); through Chkem.,
Abstr., 17, 1785(1923).

(6) Balenovic, K., Jambresic, 1., and Furic, I, J. Org.
Chem., 17, 1459(1952). .

7) Foye, W. O., and Hefferren, J. J., J. Pharm. Sci., 43,
124(1954).

{8) Rosenmund, K. W., Ber., 51, 585(1918).

(8) Litchfield, J. T., and Wilcoxon, F., J. Pharmacol.
Exptl. Therap., 96, 99(1949).

(10) Dunham, N. W., and Miya, T. 8., J. Pharm. Sci., 46,
208(1857).

(11) Dunnett, C. V., J. Am. Statist. Assoc., 50, 1096
(1855)

(12) Malone, M. H., Robichaud, R. C., Tyler, V. E., and
Brady, L. R., Lloydia, 24, 204(1961).

(13) Turner, R. A., “Screening Methods in Pharma-
cology,”’ Academic Press Inc., New York, N. Y., 1965, p. 297,
(14) Burgen, A. 8. V., Brit. J. Pharmacol., 4, 185(1949).
(15) Freud, J., Acta Brev. Neerl. Physiol., 3, 159(1933).

@  Keyphrases

Phthalimidoaldehydes—synthesis,
pharmacology

LDy values—phthalimidoaldehydes

Locomotor activity—depressed

Hexobarbital sleep—prolonged

Lacrimatory responses—increased

Spasmogenic activity—evaluated

Thin-Layer Chromatography and IR
Spectrophotometry of Commercial
Sodium Sulfobromophthalein Solutions

By F. BARBIER and G. A. DEWEERDT

Techniques and results of analysis of some commercially available sulfobromo-
phthalein (phenoltetrabromphthalein disulfonate) solutions by means of TLC and
IR spectrophotometry are reported. The IR spectra of sulfobromophthalein and
sulfobromophthalein-like compounds are presented and discussed. Three of the
additional fractions found could be identified as phenoltetrabromphthalein and its

mono- and trisulfonate derivatives,

These impurities probably are due to imperfec-

tions in the synthesis of sulfobromophthalein. With but one exception they repre-

sent less than 1 percent of the total absorbance at 578 my.

Such low concentrations

do not interfere with the clinical use of sulfobromophthalein.

ESPITE THE WIDE use and established value of
D sulfobromophthalein (phenoltetrabrom-
phthalein disulfonate) in the diagnosis of liver dis-
ease, little information is available on the compo-
sition of the dye solutions for intravenous use
(1-5). The purpose of this study was to analyze
some sulfobromophthalein solutions, commer-
cially available in Belgium, with the aid of thin-
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layer chromatography (TLC) and IR spectro-
photometry.

METHODS

Sulfobromophthalein solutions for intravenous use
and marketed by the following laboratories were
analyzed: Vitarine Co., lot 9364; E. Merck, lots
R483, R879, R959, and T059; Ilynson, Westcott
and Dunning, lots Py, Ryg, T4z, and Ugg; and Simes,
lot 3E29.

Thin-layer Chromatography—TLC was carried
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out on chromatoplates (20 X 20 em.) prepared by
the technique of Stahl (thickness of the absorptive
layer of Silica Gel G, Merck, 250 u) with two solvent
systems: butanol-acetic acid—water (30:7.5:12.5v/
v) and butanol-propionic acid-water (30:20:7.5
v/v). When the solvent front reached a height of 10
cm,, the plate was removed, dried in air, and de-
veloped in ammonia vapors. The fraction cor-
responding with phenoltetrabromphthalein disul-
fonate was located with bromsulfalein Fuka. [The
other reference compounds (phenoltetrabromphtha-
lein and its mono- and tetrasulfonate derivatives)
were kindly provided by N. B. Javitt, New York,
N.Y.] All these compounds develop a purple color
on alkalization. The fractions obtained were
scraped off the plate, eluted with 0.1 N NaOH, and
centrifuged. The absorptions in the visible range of
the spectrum (wavelength scan from 320 to 750 mgu)
of each fraction were scanned on a Beckman DB re-
cording spectrophotometer. The percentage of each
fraction was estimated from its absorbance at 578
muy.

IR Spectrophotometry—All IR spectra were
obtained with a Perkin-Elmer NaCl Infracord using
the potassium bromide pellet technique.

Prior to preparative TLC of the fast-running frac-
tions, RI and RII, 400 ml. of sulfobromophthalein
solution (Simes) was alkalized with 1 Gm. of KOH
and extracted twice with butanol. To this extract
HBr was added till the purple color disappeared.
Next the extract was washed twice with distilled
water, evaporated inm vacwo until saturation, and
chromatographed on MN Silica Gel N-HR/UV 254
(Macherey, Nagel and Co.) absorptive layers of 500-
u thickness., Fraction RI was isolated with butanol~
acetic acid—water (12:4.5:5.5 v/v) and fraction RII
with hexane~butanol (20:1 v/v). Both fractions
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were visualized under UV light (wavelength of 254
my), scraped off the plate, and eluted with ethanol.

Sufficient amounts of pure fraction SIT were ob-
tained from lot P23 of Hynson, Westcott and Dun-
ning and lot 3E29 of Simes. The dye solutions were
chromatographed on MN Silica Gel N-HR with feri-
butanol-water—butanol (32:10:5 v/v), visualized
with KOH spray, scraped off the plate, eluted with
water, concentrated iu vacuo, and finally filtrated on
Sephadex G 25.

RESULTS

Commercial sulfobromophthalein solutions always
proved to be separable into several fractions by TLC
(Table I). After alkalization, a total of eight addi-
tional purple fractions was demonstrated. In both
chromatographic systems the Ry of the fastest run-
ning fraction (RII) corresponds with phenoltetra-
bromphthalein, and that of the other fast-running
fraction (RI) with phenoltetrabromphthalein mono-
sulfonate. No fraction corresponding with phenol-
tetrabromphthalein tetrasulfonate was found.

Table II shows the percentages of the fractions
found in the sulfobromophthalein solutions. With
the exception of the sulfobromophthalein, Simes lot
3E29, the additional fractions always represent less
than 19 of the total absorbance at 578 mu.

The visible spectra of sulfobromophthalein and all
additional fractions were indistinguishable; so this
technique is unable to characterize the multiple frac-
tions eluted from the chromatogram. Fortunately
IR spectrophotometry gives more gratifying results.

The phthalein compounds studied differ by the
number of Br atoms linked to the phthalide group,
and the number and the localization of the sulfonate
substituents on the hydroxyphenyl groups (Fig. 1).

TABLE I—SULFOBROMOPHTHALEIN-LIKE FRACTIONS OF COMMERCIAL SULFOBROMOPHTHALEIN
SOLUTIONS SEPARATED BY TLC

Phenol- Phenol-
tetra- tetra-
brom-  brom-
Phenol- phtha- phtha-
tetra- lein lein
brom- Mono- Tetra- Mfy.
phtha-  sulfo-  sulfo- ——————MIfr. A%————my B® Mifr. C¢ ————Mfr. D%\
lein nate nate RI59 R879 R493 TG59 9364 3E29 P23 RO T4 U28
RII + + +
RI . + + + + + + + + + + +
Sulfobromo-
phthalein + + + + + + + + + +
I + + +
SIT + + + +
SIII + + + + . + + + + +
SV -+ +
SVI +
No. of fractions 3 3 3 3 2 & 8 4 4 [J
% Merck. ° Vitarine. ‘Simes. ¢ Hynson, Westcott & Dunning.

TABLE II—PERCENTAGE OF SULFOBROMOPHTHALEIN-LIKE Fractions Founp I COMMERCIAL SULFO-
BROMOPHTHALEIN SOLUTIONS

Mfr, A% Mfr. B® Mir. C° Mir. D4 ——

R959 R879 R493 T959 9364 3E29 P23 R96 T47 u28
RII 0.0723 0.0009
RI 0.0012 0.0007 0.0008 0.0020 0.0026 3.8718 0.0618 0.0683 0.0223 0.5762
Sulfobromophthalein 99 .9558 99,9990 99.9990 900.9956 99.9974 95.9318 09.9054 99.9280 99.9741 99.4203
SI 0.0445 0.0054 0.0009
SII 0.0032 0.0027 0.0009  0.0007
SITL 0.0030 0.0003 0.0002 0.0024 0.0796 0.0205 0.0010 ©0.0027 0.0010
SIV 0.0016
sV’ Traces 0.0017
SVI1 s 0.0004

4 Merck. ? Vitarine. °© Simes. 9 Hynson, Westcott & Dunning.
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Fig. 1—Structural formulas of some of the phthalein dyes examined.

Phenolphthalein (Table III)—The band at 5.7
u can be assigned to the —C==0 group in the phthal-
ide nucleus. This absorbance is present in all com-
pounds examined and sufficiently individualized to
provide reliable measurements of the concentration
of the compound in the KBr pellet. Aromatic ring
vibrations: in most cases three peaks are found (6.2,
6.6, and 6.9 u); a fourth peak at 6.85 u is perhaps
due to the aromatic ring in the phthalide group.
The strong 12-u band arises from the adjacent pairs
of H atoms on the phthalide group.

Phenoltetrabromphthalein (Fig. 2, Table III)—
The halogenation has the following effects on the IR
spectrum: absence of the band at 13.2 g, and the
mass increase induces a lowered vibrational fre-
quency of the aromatic ring of the phthalide group
and hence shifts its absorption from 6.85 u toward
longer wavelengths (7.4 u).

Phenoltetrabromphthalein Monosulfonate (Fig.
2, Table III)—The introduction of one sulfonate
substituent results in the following changes: (a) the
band at 9.7 u, which can be assigned to the sulfonate
substituent, isvery well individualized and provides a
simple means of estimating the number of sulfonate
substituents on comparing to the absorbance at 5.7 u.
(b) The site of the new substituent causes the loss of
one adjacent pair of H atoms (decrease at 12 u) which
is replaced by one isolated H atom {weak absorption
at 11 u). (c¢) The mass increase in one hydroxy-
phenyl group lowers its frequency and shifts the
aromatic ring absorption toward longer wave-
lengths. As only one group is involved, a redupli-
cation of these bands results (6.6 and 6.7 u; 6.9
and 7.1 ).

Phenoltetrabromphthalein Disulfonate (Sulfo-
bromophthalein) (Fig. 3, Table III)—The introduc-
tion of a second SO;~ substituent restores the
symmetry of the hydroxyphenyl groups. Hence,
the reduplication of the aromatic ring peaks dis-
appears and an absorption is now found only at
6.7 and 7.1 u; the SO;~ band at 9.7 u doubles in
comparison to the absorbance at 5.7 u, and another
adjacent H pair is replaced by an isolated H atom
(further decrease at 12 u, increase at 11 u).

Phenoltetrabromphthalein Tetrasulfonate (Fig. 3,
Table III)—Two more SO;~ substitutents are intro-
duced, resulting in a more pronounced shift of the
aromatic ring peaks toward 6.9 u (and perhaps 7.4
u?); once more a doubled absorbance at 9.7 g,
four SO;~ substituents now being present in one
molecule; and since all adjacent H atoms are
eliminated, the absorption at 12 u disappears while
the intensity of the band at 11 u is much enhanced.
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Fig. 2—Infrared spectra of phenoltetrabromphthalein
(top curve), and phenoltetrabromphthalein monosul-
fonate (bottom curve).
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Fig. 3—Infrared specira of phenoltetrabromphthalein
dzsulfonate (sulfobromophthalein) (top curve) and phe-
noltetrabromphthalein teirasulfonate (bottom curve).




Journal of Pharmaceutical Sciences

ys 016 't 1 016 0°11 1 016 01 T T 016 0’11 1 016 01T T 016 011 Tt Tt H

H
H
H
Os  0g8 0'g1 @ g8 0'¢T g ge8 0gl ¥ 0¥8 6 11 s ge8 0zl & qg8 ozl 9 or8  6°11 ¥ 868 611

Z 080T L6 9 9%OT SL°6 & 080l LB £ GFOT 996 9 0g0l L6 £ 080T LA M 04—
4qs 0601 ﬁ.mw L G80T Z6 9 9801 36 ¢ L 0630 SU'6 9 0600 SI'6 -
g8 SII1 06 L 0311 68
gs 0S8l ¥L ¢ o0ggl ¥'L ¢ 0%eTl FL ¢ 0SET PL 5 gsel ¥L € 0S¢l B2 g 0981 'L 9 09T 'L v
e goPl €80
qs  00%1 2.3 g  SOPl mﬁ.ﬁ g ost 172l 2 ¢g6e1 crLl g oirt 12l g oipt 1°2)
g OFFL 69/ ¥ OVPL 69 " ﬂ j & OFFI 69 ¢ oFFl 69 4 0FFT 69
g 09%1  $8°91 ¥ 09%T 989
g 08¥1 SL'9) ¢ 081 ﬁ.& g g6%1  L°9) /e os¥tl h.@v £ GBI ch
¥ CIST 99/ 9 03¢T 99 Focist 99 8 03sT 99 8 03T 99
L 0091 mm.ov 3 0091 mw.ov
gs ¢g91 S1°9/ ¢ 039I %9 ¢ 0391 F'9 9 0291 T'9 z 0891 SI'9 € 0391 z°9 ¥ 0391 29 0 0291 29 9 0391 39
b 0221 ©€9°¢ & OQLLT 99°¢ 2 OLLT 9§ OF QSLl gL'¢ & OLLL §9°'¢ 9  QLLL §9°G . QLLL g9'¢ oI 09.1 LS or  ObLL SL°G 0=D—
L 00¥e G6'c OI 0SPe G6'C 9 00FE S6'C 8 00FE G6'% 9 o0SP¢ 6 ¢ 9 0%%¢ 63 ¢  00¥¢ ¢6°C 9 05ge 0'¢ ¢ o09ee 08 —0—
1 P S ) I - W o I (- md o I 1. um " [ ¢-m n 1 (- [ 1. 'md i 1 (.m0 1 j- @I i
111IS Booely upeyiydowsosq ¥ uonoesrg 1Y uonorl,g 3)BUOINSEIII ], ajeuoynsicl 3)eUOJ[NSONOIN upjeyiydmolq uRegiqdjonag g
-0J[Ig UOOBI] u.9jegiydarolq ureygdmolq uReglgdwolq -eL)a3ouagg
-eijdljoudydg ~B1)d3joUaYy 4 -wl3a3jouayJ

SANNOJKOD) AHIT-NIATVHLHIOWOAE041NS 40 SANVY NOILIJOSHY dIYVIAN] NVEAIN—]II ga1av ],

822



Vol. 57, No. 5, May 1968

Fraction RII (Table III)—The very low concentra-
tion of this compound resulted in tedious isolation
and difficult purification. Two spectra were ob-
tained but the purification was still incomplete.
Nevertheless some conclusions were possible: (a)
the phthalide group is present as a Br derivative
(7.4 u instead of 6.85 u4). A four-Br derivative is
most likely, as the corresponding H atoms would
give supplementary bands in the region 11-13 u.
(b) The hydroxyphenyl groups are symmetrical
(6.6 and 6.9 u); neither presence of SO;~ groups
(no absorption at 9.7 u) nor of other substituents
(strong band at 11.9 g, no band at 11 x). {(¢) The
region 12-15 4 is identical with that of phenoltetra-
bromphthalein. Therefore it is concluded that
compound RII is identical with phenoltetrabrom-
phthalein.

Fraction RI (Table III)—A tetrabromphthalide
group is present (7.4 u). Asymmetry of the hy-
droxyphenyl groups (6.6 and 6.7 u; 6.9 and 7.1
u) related to the presence of one SO;~ substituent
(absorption at 9.7 x) in one molecule (ratio of the
absorbance at 565 x to the absorbance at 9.7 u)
and a weak absorption at 11 u suggest the replace-
ment of one adjacent H pair by an isolated free
H atom. The region 12-15 u is identical with that
of phenoltetrabromphthalein monosulfonate. It is
concluded that fraction RI is identical with phenol-
tetrabromphthalein monosulfonate.

Fraction Sulfobromophthalein (Table III)—A
tetrabromphthalide group is present (7.4 u); hy-
droxyphenyl groups are symmetrical but shifted
(6.75 and 7.15 u); two SO;~ substituents are
present (ratio of the absorbance at 9.7 u to the
absorbance at 5.7 u); adjacent pairs of H atoms
are diminished but still present (12 u); isolated
free H atoms are present, indicating a substitution
in the hydroxyphenyl groups (11.0 x). The region
12-15 g is identical with that of sulfobromophtha-
lein. The conclusion is that fraction sulfobromo-
phthalein is identical with phenoltetrabrom-
phthalein disulfonate.

Fraction SIII (Table III}—The ratio of the
absorbance at 9.7 u (8O;~ group) to the absorbance
at 5.65 p argues for the presence of three sulfonate
substituents in one molecule. The number of Br
atoms in the phthalide group cannot be clearly
stated, as a (inconstant) band at 7.2 u (NH,*?)
obscures the region of 7.4 u. The most probable
number is four, as there is a little shoulder appearing
at 7.4 u. The band at 11 x (isolated H atom in
the hydroxyphenyl ring) is stronger, and the band
at 12 p (adjacent free H atoms) is weaker as com-
pared to sulfobromophthalein. This argues for the
presence of only two adjacent free H atoms in one
molecule.

Phthalide groups with 2 adjacent H atoms as
found in 8,6-dibromo-, 34-dibromo-, and 3,6-
dichloroderivatives absorb at 11.6 p (unpublished
data). The absorbance of this band from the
spectrum of fraction SIII suggests that the ad-
jacent H atoms are situated on one of the hydroxy-
phenyl groups, which obviously contains only one
of the sulfonate substituents. A similar type of
hydroxyphenyl group is found in sulfobromo-
phthalein and results in absorptions at 6.7 and 7.1
u# (shifted aromatic ring vibrations) and at 9.15
u (SO; ™ substituent).

As a matter of course the other hydroxyphenyl
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group contains the two remaining sulfonate sub-
stituents and two free isolated H atoms. The
latter type of hydroxyphenyl group is found in the
tetrasulfonate derivative and results in absorptions
at 6.85 and 7.15 u (aromatic ring) and at 89 u
(SO; ™ substituent).

In fraction SII, the corresponding bands are found
at 6.75 and 6.85 u (aromatic ring); 7.1 and 7.15 g,
obscured (aromatic ring); 9.0 and 9.15 ux (803~
group). This configuration is very well explained
by the presence of both kinds of hydroxyphenyl
groups in one molecule. Therefore this is most
probably phenol (tetra ?) bromphthalein trisul-
fonate.

Fractions SI, SII, SIV, SV, and SVI were not
obtained in sufficient amounts for IR analysis.
Finally, the stability of aqueous solutions of phenol-
tetrabromphthalein and its mono-, di-, and tetra-
sulfonate derivatives was investigated. Chromato-
grams developed 1, 2, 3, and 4 months after prepar-
ing the solution revealed no additional fractions.
Chromatograms of an aqueous solution of sulfo-
bromophthalein (50 mg./ml.) autoclaved at 120°
during 20 min. showed only one band, comparable
in R; to the standard dye.

DISCUSSION

TLC having a greater resolving power than paper
and column chromatography successfully separates
several sulfobromophthalein-like impurities in com-
mercial sulfobromophthalein solutions. The chemi-
cal structure of two of the additional fractions was
defined by IR spectrophotometry as phenoltetra-
bromphthalein and phenoltetrabromphthalein mo-
nosulfonate, whereas the third fraction has been
tentatively identified as phenoltetrabromphthalein
trisulfonate.

These investigations suggest that the additional
fractions are due to imperfections in the synthesis
of sulfobromophthalein. Because these impurities
represent less than 19, of the total absorbance at
578 myu in all but one of the sulfobromophthalein
solutions for intravenous use examined, their influ-
ence on the disappearance rate of the dye from
plasma must be negligible. Of paramount impor-
tance is the possible influence of these impurities on
the number and composition of the sulfobromo-
phthalein conjugates found in blood and bile. Indeed,
Javitt (6, 7) demonstrated that phenolsulfodibrom-
phthalein and phenolsulfotribromphthalein (8) are
recovered mostly in bile, primarly as a glucuronide,
and that conjugation of phenoltetrabromphthalein
monosulfonate occurs mainly with glutathione al-
though a glucuronide conjugate has also been found.

Phenoltetrabromphthalein  tetrasulfonate and
phenol 3,6-dibromphthalein disulfonate (9), on the
other hand, formed no conjugates. At the present
time no data are available about the fate of injected
phenoltetrabromphthalein trisulfonate. Based on a
considerable body of evidence (1-3, 10-12), it is now
known that at least three of the four major ninhy-
drin-positive sulfobromophthalein compounds ap-
pearing in the bile consist of cleavage products and
isomers of a conjugate of sulfobromophthalein and
glutathione. In contrast to paper and column
chromatography, TLC separates trace amounts of
one to three additional sulfobromophthalein-like
compounds in bile and blood of most patients (13).
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It seems unlikely that these additional compounds
have their origin in the tiny quantities of sulfo-
bromophthalein-like impurities found in the dye
solutions. Anyhow, free sulfobromophthalein and
its major conjugates form the bulk of the dye appear-
ing in the bile. Thus, the present investigation
indicates that the small quantities of sulfobromio-
phthalein-like impurities found in most commercial
dye solutions for intravenous use do not interfere
with the clinical use of the dye.
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Relationship Between Sputum Viscosity
and Total Sialic Acid Content

By R. MUNIES, T. C, GRUBB, and R, E. CALIARI

Sputum samples collected from patients suffering from pulmonary diseases were
hand homogenized, and the viscosity of the samples determined by measuring the
flow time through a No. 100 Cannon-Fenske capillary viscometer at 37°, Totalsialic
acid content (free plus bound) was determined on an aliquot of each sample., In
some patients producing an insufficient volume, samples from different patients were
pooled and the data obtained treated separately, A sputum model was developed,
and the viscosity and sialic acid content were determined in the same manner as
the sputum. The data show a statistically significant linear relationship between
viscosity and sialic acid concentration, until a point is reached where the acid con-
tent approaches a maximum and then plateaus, although the viscosity continues to
increase.

1scosITY measurements of sputum have
Vfrequently been used for evaluating mucolytic
or expectorant action of drugs. This measure-
ment alone does not adequately describe the
physicochemical properties of sputum. Measure-
ments of adhesiveness and tensile strength of
fibers should provide a more complete evaluation.
However, reduction in viscosity is the prime ob-
jective to make the sputum more easily elimi-
nated from the respiratory tract. Unfortunately
“‘viscosity’ is a term applied to homogeneous sys-
tems and is inappropriate for sputum, which is
nonhomogeneous. Therefore, what is the ap-
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propriate measurement of viscosity to provide
meaningful results?

Sputum viscosity has been measured in many
different ways. Basch et al. (1) used a narrow
glass tube and measured flow under pressure,
However, Forbes and Wise (2) using the same
technique could not obtain consistent readings on
the same specimen. They, therefore, used a
torque viscometer which measures viscosity by
its dampening effect on the rotation of a metal
cylinder suspended in it by a torsion wire. This
instrument has limited use, because not less than
25 ml. is needed for each measurement and only
fairly viscid samples can be measured accurately.
In a study comparing the action of various ex-
pectorant drugs Simon and Harmon (3) blended
the sputum specimens by vigorously stirring at





